Microbiol. Biotechnol. Lett. (2021), 49(4), 552-558
http://dx.doi.org/10.48022/mbl.2106.06004

pISSN 1598-642X elSSN 2234-7305

22, st

A\t slopstetoyet e ofstal

PueL

Microbiology and Biotechnology Letters

Z0M 22|t Probiotics2| %! & Synbiotics

Received: June 8, 2021 / Revised: July 23, 2021 / Accepted: August 9, 2021

Characteristics of Probiotics Isolated from Korean Traditional Foods and Antibacterial Activity of Synbiotics
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Traditional foods are manufactured according to the characteristics of each region for the nations of the
world. Korea has mainly farmed, and seasonings have developed around rice and vegetables. In fermented
foods, lactic acid bacteria such as Lactobacillus sp. and Pediococcus sp. and Bacillus sp. were isolated and
identified from fermented foods. In this study, lactic acid bacteria were isolated and identified from com-
mercially available traditional Korean fermented foods, and candidate strains were selected through anti-
bacterial activity tests on human and fish disease bacteria. Thereafter, the final strain was selected by
examining the resistance to simulated gastric and intestinal fluids, and hemolysis. The three (M1, K1, C13)
final selected latic acid bacteria were miced with prebiotics and the antibacterial activity of synbiotics was
evaluated. As for the fist antibacterial activity result, C13 showed high antibacterial acitivity in human dis-
eases and fish diseases. Then, M1, K1 and C13, which did not produce p-haemolysis and were resistant to
simulated gastric and intestinal fluids, were subjected to the second antibacterial activity of synbiotics.
When the three prebiotics (FOS, GOS, Inulin) and probiotics (M1, K1, C13) were mixed, the antibacterial
activity was increased or inhibited. Based on the 16S rRNA gene sequencing results, K1 and M1 were ana-
lyzed as Bacillus tequiensis 99.72%, Bacillus subtilis 99.65%, Bacillus inaquosorum 99.72%, Bacillus cabrialesii
99.72%, Bacillus stercoris 99.58%, Bacillus spizizenii 99.58%, Bacillus halotolerans 99.58%, and Bacillus
mojavensis 99.51%. And C13 was analyzed as Bacillus velezensis 99.71%, Bacillus nematocida 99.36%, Bacillus
amyloliquefaciens 99.44%, Bacillus atrophaeus 99.22%, and Bacillus nakamurai 99.44%.
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K; ZA A7, C; st AZHE A Zepo] 1 g7t myof
W28 0.85% 42440 o HARA0S-1092 314
Al#A MRS agar (MRS, Difco., USA)9]| Z+Z+ 100 pl¥ =2
StAch WA Al A Aehd 2 B colony® 24 2]
sho] 22 wjA] Aol 48A17F FF A HiFAIZ] = 25%(viv)
glycerolo] @EFAIA -80TC oA EBstGT.

Y f4ihtE synbiotics 3t 24 24

gt A G2 n| YER YA E (Korean Collection for
Type Cultures, KCTC)2} 3+=u|AE 2 ZAE Korean
Culture Center of Microorganisms, KCCM)ol| A 21433}
ANt oA F AP A S 22t £ ot AHE-51 %3l (Table
1), Wild type QIA|9] o HE Faf =gttt 123 25%
glycerolo]] @E A|A AHE-8}7] A7HA] -80T ol A st
ok ol Al gE2 v QoA viQkEI Yl S E
A EFoA Bt #5F= MRSe|| FEAIA 35T ol A 4847
e s Hth 242 it # = 1.5 ml tube ¢tof 4§
o] 14240 xg2 Y4 T F A5HH FAE UFo| £
23}t ASHL 045 um syringe filter (Whatman,
UK)E &3 o FAIZ L FA= 0.85% F2 4 F4= 50 uE
Yol ZojWith o5 o & A5 g | #A= 7
ZF ¥ = 8 mm paper disc (Advantec, Japan)ol 50 ul
A B8t 35TCoA 24X 7HE et ARAFH T HYd2
MacFarland turbidity 0.42 ZZ&3 & Muller Hinton
Agar (MHA, Difco, USA)ol| =d3}o] Z}79] ujof 2= o
wo] 48X7F B B4 B AT 2712 245,

S-AF+ 3} prebiotics®] &3} (synbiotics)> S8 A I} Q-F
Yol % BEAAN LA 7 FEE AEsto] Aol
AHE-E R}, Prebioticst= Galactooligosaccharides (GOS,
Carbosynth., UK), Fructooligosaccharide (FOS, Carbosynth.,
UK) ¥ Inulin from chicory (Inulin, Carbosynth)& Z+Z}
1-5%% S8 2A45k] ARLSIATH o2 0.45 um syringe

LA Bl filter (Whatman)S 238 oJatA)7) 1 GARFE 10°-107 cfu/g!
AFAFLANEC] A AARS Bejaly] o) @ 02 R3o] BUsA TS T FAT YSalo] 9o 2
8 M92 A AZROL DA AL R FH A2, S AP WPHAS
Table 1. List of strains used of antibacterial experiment.
Information Strain No. Medium Temperature (C) Type
Straptococcus iniae KCTC3657 1.5BHIA 25 -
Fish pathogen Streptococcus parauberis KCTC3651 1.5BHIA 25 -
Edwardsiella tarda KCTC12267 1.5BHIA 25 -
Escherichia coli KCTC1682 TSA 37 -
Micrococcus luteus KCCM11211 NA 26 -
Human pathogen
Streptococcus mutans KCCM40105 BHIA 37 -
Salmonella enterica BHIA 37 Wild type
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St 91F AL A2H 0.5% B YA E42 3.0 g1
SEZ A2 pepsin (Sigma-Aldrich P7000, pH 2.0) ©]
L3t AF GENL2 05% B B E5} 1 gl
pancreatin (Sigma-Aldrich P-1500)2 Z3A171 § 4.5%
bile salts (Oxoid, UK)E A7}l &£ pHE 8.00.2 24
stof ARgStith EHE A AR 10 ml FYZARE
o gof §-AHt 1 ml cell suspensione FEHA TYZE
Hof do] 2 Z3A|A =t} o3 37CelA 0, 30, 60, 90,
12080 A ZHzE s FA R T Al HE e EFES
MRS agar plateo] 100 ul¥ EF3}o] 35T oA 24417 )
FEt F ofef Mg Agst] AEES A2

REE%) = (AL & +(CFUgY=7] & (CFU/g)] x 100

£EA H2E

AT ol gaololH YA AT $4UE FHE A
3} 5% (w/v) human blood BT 8] X o HE3s}e] 35T
oA 4847 RFERSAT). 1213 WA} YA T NS
HH o-haemolysis, FEY FHOE HF L7} JHsHA &
=] B-haemolysis, TEAS ZA| ¢oH y-haemolysisZ

27k A=t

165 rRNA Q7|4 & B4

Az A¥"E #FE Genomic DNA Extraction Kit
(Bioneer, Korea)2 DNAZ FZ3}¢th th& genomic
DNA 1 ul®} 27F/1492R universal primer+ Z+-Z} 0.5 pM
primer2} DNA polymerase, reaction buffer, dNTPs7} Z
3+E 20 ul PreMix (Bioneer)E AME-3le] PCRS 435} ch.

PCR 4Ig Z7AL Intial denaturation (95C, 2&),
Denaturation (95T, 30%), Annealing (65T, 30%),
Extension (72, 30%)2.2 F 30 cycle2 433} npx]qt
o2 thA 39 Extension (72C, 5&) 3ttt £Z © PCR
AFEZ Red safe (Intron, USA)7} #H7}E 1% agarose
(Promega Co., USA) gel2 7| ¥ F 35l &elstgct. ot
AccuprepTM PCR purification Kit (Bioneer)S A}&-3}¢]
PCR AFE9o] Fo}3lE primers, nucleotides, polymerase,
saltsE A A 2L AA 3L elution buffer (10 mM Tris-Cl,
pH 8.5) 30 nl2 2239t} PCR products®] g7 A d 2l
4L (FEHAE (Korea)ol st} 27E AUt &4
H F7INEL EzTaxone (http://eztaxon-e.ezbiocloud.net/)
< 9]€3t9 homologyE &<ttt the ClustalX&
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multiple alignmentE 33t F MEGA 6.0 AFT:Z
(phylogenetic tree)S ZAJ3l A Tt.

C13& AAGHANE E. coliolA 11 mm, M. luteus=
12mm9 A& EFL o] FAHAF S. iniae 22 mm,
S. parauberis 26 mm 18|31 Cl4= E. coli 14 mm, S.
enterica 11 mm, S. iniae 19 mm, E. tarda 20 mmO 2
2% 78 W2 I+t 29 EFSE B th(Table 2). M1
E. coli 11 mm, S. iniae 24 mm, S. parauberis 21 mm<>
2 U K12 dAFsAltol M= o+t 84S UEY
2] Fgkont, o 2AWAIFQ S. iniae (20 mm), S. parauberis
(20 mm)¢} E. tarda (14 mm)ojA= 3t AS YERITH Rl
2 8. iniae 18 mm, S. parauberis 25 mmo| L C2=
E. coli 13.5 mm, S. parauberis 21 mmOZ B FH I C4+=
S. iniae 20 mm, S. parauberis 16 mm, C8Z E. coli
16 mm, S. parauberiso] A= & #3F £ 34 mm=Z 7}%
=2 A BHt CI9= E. coli 12 mm, S. inige 9 mm
o]glon, M2, M3, R2, R3, K5¢} C162 S. parauberisol Al
ZFZ} 27 mm, 26 mm, 25 mm, 25mm, 18 mm ¥ 21 mm,
C10& E. coli 11 mm, C15= S. iniae 14 mm=E Z}ZF #|3f
ol 2HHUT YAl BF BAo| VR B
frARES GRbARl A &S AZdt=d 15 78S &
7] 98t 3}5t E-S gjAlste] bacteriocind Z2 A AY
A B4 peptide A AE Rolot BUFS o hekn B
FAE ZRTH13]. AAZL 3¢ 77l 700F ©]/4d9
Alatol AAl[14-16]8FaL le=dl o] 29 AHA E4F S o
7] 913l probiotics= F+-8&3HA AHEE 4= itk EEA ¢
o FAELE 8 AEY A & E gl slo] 2 A
b5t FAAE A gtk 2 A, GAAY] EAHl
o 93} plasmid®] w7} AFHE Ad WAF=7F 5748t
A = RQL[17], o] F HA LR FH 2 S 2 probioticsE
o] &3 |2[18], E=[19] E 7] [20] 59 oA +4 A
oA A&t I A3 fAt Y o] &2 ARE 54
4 H| 5ol HYS B § FAdT 2HE Y5
2kth. o] &3t probioticse] E 3+ S22 bacteriocin® 2
27} CiAPALE O] ofd Tl El Y B AR B
A& 7HAIH[21, 22], B+t M7 W W {3 Al o
A L AFE A7l ad o2 dEA ATh[23, 24].
Synbiotics @] &t S 7] &9 fAt ol gt A& e
2717t EREHE +FE AET F, AT HAT F5Y 4
SN ABAE B #FE Aol APH Y. ¢

December 2021 | Vol. 49 | No. 4



555 Moon and Heo

Table 2. Antibacterial activity of LAB isolated from Korean traditional food.

Diameter of inhibition zone (mm)

Pathogenic bacteria

Isolated
strain E. coli S. mutans S. enterica M. luteus S. iniae S. parauberis E. tarda
PP pellet WP pellet "UP" pellet *UPT peller PUPCT pellet UPT peljer U™ peler
M1 - 11 - - - - - - - 24 - 21 - -
M2 - - - - - - - - - - - 27 - -
M3 - - - - - - - - - - - 26 - -
R1 - - - + - - - - - 18 - 25 - -
R2 - - - + - - - - - + - 25 - -
R3 - - - + - - - - - + - 25 - -
R7 - 1 - + - - - - - 20 - 18 - -
K1 - - - - - - - - - 20 - 20 - 14
K5 - - - - - - - - - + - 18 - -
K6 - - - - - - - - - + - - - -
Q2 - 135 - - - + - - - - - 21 - +
a3 - - - - - - - - - - - + - -
C4 - - - - - + - - - 20 - 16 - -
(€5 - - - + - - - - - - - - - -
cé - - - + - - - - - - - - - -
c7 - - - - - - - - - 20 - + - -
c8 - 16 - - - - - - - - - 34 - -
C9 - 12 - - - - - - - 9 - - - -
c10 - 1 - - - - - - - - - - - -
C12 - - - - - - - - - - - + - -
13 - 11 - - - - - 12 - 22 - 26 - -
C14 - 14 - - - 11 - - - 19 - + - 20
C15 - - - - - - - - - 14 - + - -
Cle6 - - - - - - - - - + - 21 - -

TR FF2 AdtE M1, K1 C13& 3%2] prebioticsE &
L HE st ol RANANTES BALE AYE AP
A1}, E. tardad| A& 5= YW A E%TH©No Data).
M1Z-2 79 S. iniged| A E337] AHTh W2 23 mmE
B oU S parauberisd A= 7129 s ETt £
FOS 3%°lA] 24 mm®] &+ AL Yellth(Table 3). K1
2 7|29 E. tarda° X EHE Aol T3hE o A
Y& ALY, S iniaec A wm|sHA EFEE A3 A
32to] 1 mm %L, S. parauberisol| A= Inuline 3%%}
23 Al 256 mmO 2 7]E Hth 5 mmé] FXE F S
B AT C132 S. parauberiso A Inuline 1%} £33 A
27 mm8 7H} w& Pt S BALU S iniaed A&
o e g Asjehs YERl T o dFold = FOSet

Lactobacillus sp.¥+ £ A g4 A o] Z71E S XA
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11[25, 26], Inulin< bifidogenic prebioticsZ Eo] & A
=127, 28] Lactobacillus paracasei CMGB16 [29]¢]
bacteriocin®] EH|E A2 A|ZIttT B EQTH B Lo
A= Prebiotics®} probiotics®] 3L 3t A =85S =
7R = AE FE QI o] E A= 4lupe] o
27 ALY STl "ol WA Aer €
olo} BeAE QL of ujua Ao A&Hel AT
Zag Zolth oY% =3 in vitrox T3 F7H AP LS
2 synbiotics®] ETE YZSH=] £ ol Azten

&S BIou 602 7 WS Se AS s
208 5 C130] 71O+ 11.9%2 714 &L HELS

= oX
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Table 3. Antibacterial activity of synbiotics (probiotics + prebiotics) treated with different concentrations.
Pathogenic Diameter of inhibition zone (mm)
bacteria Prebiotics
S. parauberis FOS GOS Inuline
Isolated strain 1% 2% 3% 4% 5% 1% 2% 3% 4% 5% 1% 2% 3% 4% 5%
M1 23 22 24 22 21 20 20 20 23 22 22 22 23 23 23
K1 23 22 24 22 24 21 20 23 23 22 22 24 25 24 23
c13 23 22 22 23 22 22 23 23 22 25 27 23 23 25 24
Pathogenic Diameter of inhibition zone (mm)
bacteria Prebiotics
S. iniae FOS GOS Inuline
Isolated strain 1% 2% 3% 4% 5% 1% 2% 3% 4% 5% 1% 2% 3% 4% 5%
M1 21 20 23 21 23 20 19 18 20 20 21 22 22 23 21
K1 20 21 17 21 19 15 18 18 18 20 20 19 21 21 18
ci13 + + + + - + + + + + + + + + +
A1 o2 K19] 55.4£5.9%, R3 42.8+ 7.5 181 M19] A RAESIA] EPgou dF FSH A= BESI= AL
164+1.8 222 AT YA YA S Ueadeh Uwx B 2 AT £ AW ol AT AT gl 1

FFE o T o oA AEe R 2L
BRI A5H0 Y SER0] S5 2 O13
OS2 489+29%2 E4AL, thS Cl15 45.1+13.3%, C16
40.51£7.0%, C7 36.5+1.4%, R1 26.2+3.9%, M1 23.7+3.7%
2 K1 20.5+3.9% <22 YEITHTable 4). 11 €] YA
a0 oehe] JERS Rk 2R FRE AF

AL probioticsEA Q] 4 QAR A Y}t £ A
Ao A= K1, C8, C13 ‘}l C157} y-haemolysis& 2 %17,
M1, R2, R39} R4+ a-haemolysis® YERGI, Y A& p-
haemolysisE Y45t A7AH 02 B-haemolysisE YA
BHA| &l 9l F YTl ool YAS Ad M1, K1 2 C13
o] probiotics2 ©]8&3 4= 9t} WHE Q.

Table 4. Simulated gastric juice and intestinal juice tolerance and hemolytic test of LAB isolated from Korean traditional food.

Survival (%)

Issotlrz;tiid Gastric juice Intestinal juice Haemolysis
30 min 60 min 90 min 120 min 30 min 60 min 90 min 120 min
M1 176+£22 155+23 144136 1671+18 290+73 507+81 36.0+9.0 23.7+32 a
M2 05+0.1 ND ND ND 1.0+0.2 0.3+0.1 ND ND B
R1 39+038 33+03 29106 1.6+09 522+17 406+06 267167 262+39 B
R2 341+77 291+39 38+13 52+07 114+07 58+06 40+04 1.8+£0.7 a
R3 288+35 416+14 387124 428+75 95+13 39+1.1 345 21+04 a
R4 ND ND ND ND 09+0.5 05+.5 03+0.2 0.1+£0.2 o
K1 598+26 472+10.1 500+83 52.0+80 554+59 414+24 401+66 20.5+39 Y
K2 ND ND ND ND 41+18 38+13 29+1.0 3.0+£0.8 B
c7 269+78 23.7%75 ND ND 533+47 12+02 406%+72 365+14 B
c8 ND ND ND ND ND ND ND ND Y
Ci13 309+41 33.1+68 316+34 238+65 71.0£119 923+63 369+40 489129 Y
c15 83.0+20.2 ND ND ND 540+18.1 559+14.7 375%+127 451%133 v
C16  1333+220 ND ND ND 653+30 502+60 470+59 405+7.0 B
*ND: No data.
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57 | Bacillus halotolerans (LPVF01000003)

Bacillus cabrialesii (MK462260)
K1

Bacillus mojavensis (JH600280)

Bacillus stercoris(MN536904)
Bacillus spizizenii(CP002905)
5 | Bacillus inaquosorum (AMXNO1000021)

Bacillus nakamurai (LSAZ01000028)

Bacillus subtilis(ABQL01000001)

21 |
2 Bacillus tequilensis (AYTO01000043)

Bacillus atrophaeus (AB021181)
C13

56

40
48 |Bacil/us velezensis (AY603658)

— =

Bacillus nematocida (AY820954)

0.0005

Bacillus amyloliquefaciens (FN597644)

Fig. 1. Neighbour-joining phylogenetic tree determined from the 16S rDNA sequences of probiotics from the Korean tradi-
tional fermented food. GenBank accession numbers given in parentheses. Boostrap values (> 50%) based on 1,000 replications are

shown.

165 rRNA 714 <e] A3t 24

Probiotics2A 2] AT 4 Y= HF #F 322 168
ribosomal RNA PCREZ ZZ3lo] g7] AgE A3t o0&
EZbiocloud2 &3] 4% ZAx, Kid M1L Bacillus
tequiensis 99.72%, Bacitllus subtilis 99.65%, Bacillus
inaquosorum 99.72%, Bacillus cabrialesii 99.72%, Bacillus
stercorts 99.58%, Bacillus spizizenii 99.58%, Bacillus
halotolerans 99.58%, Bacillus mojavensis 99.51% % X4

ok 183 C13L Bacillus velezensis 99.71%, Bacillus
nematocida 99.36%, Bacillus amyloliquefaciens 99.44%,
Bacillus atrophaeus 99.22%, Bacillus nakamurai 99.44%

2 24U, 7P 7k $4 AlsE Ask itk Fig. 1).

O OF
L0 =

AlA Zt=9] R[S A48 FE 9 47 7|5 S &, A9
EA AT Al 9 A Fo et AT E AEAE
o] gh5o] Zth. =2 LHEY FHS FHLE YAYE
slom A o ZEY JAaFE FHLE 2RI U
HAA, dE 7S Tl YaAFES WS ojg ¢
A EA F2 ZolE = Y= 2L Lactobacillus sp. It
Pediococcus sp. & Bacillus sp. 51 & §AFS 288
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£ AR e o2 5 Hogkth £ AFAE
AZA A= Qe FFATLENES Tl A S
w2 2 TR, oMol et Fdsol 5T o
FE AEsY 281 ¢ T FRo AT 4 &
SN gt WA £85 52 AESY T 48 A
Attt 2 APE A2 359 prebioticst EgH3H
synbiotics2 41 9] FHEA S B8 12 - 2
oA C132 A & ol YA AN 7HY W2 3 &

YEYS B, f-haemolysisE BAFSHA] ¢Fil AE A
I FE5H9 WAL Xd M1, K1 2 C132 synbiotics?]
22} &+ B L Y5 Th Prebiotics 3F(FOS, GOS,
Tnulin)zh A2 257 £3E synbioticso| 4 o] R
Fat B0l 4 B AdEE € 4 ASiTh 16 rDNA &
71449 Z3, K1k M1E& Bacillus tequiensis 99.72%,
Bacillus subtilis 99.65%, Bacillus tnaquosorum 99.72%,
Bacillus cabrialesit 99.72%, Bacillus stercoris 99.58%,
Bacillus spizizenii 99.58%, Bactllus halotolerans 99.58%,
Bacillus mojavensis 99.51% %2 £A At 183 C132
Bacillus velezensis 99.71%, Bacillus nematocida 99.36%,
Bacillus amyloliquefaciens 99.44%, Bacillus atrophaeus
99.22%, Bacillus nakamurai 99.44%%2 2X = ¢ic}.
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