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ABSTRACT

This study isolated lactic acid bacteria from the feces of a 40-day-old breast-fed infant and screened the sample for any
probiotic potential. Among ten morphologically distinct colonies, Lactobacillus gasseri BG-6 showed the highest DPPH radical
scavenging activity (98.40%) compared to 1 mM L-ascorbic acid (95.43%). Safety assessments indicated y-hemolysis
(non-hemolytic) on 5% sheep blood TSA and negative bile salt hydrolase on 0.5% TDCA-MRS. BG-6 tolerated the simulated
gastric (pH 2.0+0.3% pepsin; 4 h survival 93.19% and 91.95%) and bile conditions (0.3% bile; survival 84.83% at 6 h and
60.33% at 24 h). Antibiotic testing suggested susceptibility to ampicillin, vancomycin, gentamicin, erythromycin, and
tetracycline, with resistance to kanamycin and clindamycin; streptomycin and chloramphenicol were borderline to the EFSA
cut-offs. Collectively, BG-6 exhibited a favorable safety profile and gastrointestinal robustness, supporting its candidacy as a
probiotic ingredient. Future work will genotype resistance determinants and mobile elements via whole-genome sequencing and
deposit the strain in a public culture collection.
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&t dEY gEeRE pAECl lon giAomE
Lactobacillus, Lacticaseibacillus, Bifidobacterium, Enteroco-
ccus, Streptococcus % 5°] U THGupta V & Garg R 2009).
o] Z B3] Lactobacillus 42 -3+ W 23} gts
o 5 19 21 1ol Sl ofel 9754 21
o] ®o] #8531 9t Tuomola EM & Salminen SJ 1998;
Slover CM & Dan21ger L 2008; Shim YH % 2016). ©|&|3gt
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oY M2 H Al
AFA o AddE 3 autoclave,
incubator: Biofree(Seoul, Korea)ollAd] FH3ity. HdS
$]3F high-speed microcentrifuget= Hanil Scientific(Gimpo,
Korea)oll A 43Tk
spectrophotometer+= Thermo Fisher Scientific(Waltham, MA,
USA)IlA #sistsdth Ulabd AdS 913 pH meter=
Ohaus(Parsippany, NJ, USA)ol|4 F+43+th

LAB ¥2]Z2 £]%} Difco™ Lactobacilli MRS broth®} Bacto™
agar= BD(Becton, Dickinson and Company, Sparks, MD,
USA)lA Fistlth w2 w59 tsks H7HE 9la
2] 2,2-diphenyl-1-picrylhydrazyl(DPPH)= Alfa Aesar(Thermo
Fisher Scientific, Waltham, MA, USA)°lA F+43t53.2.H, 38
A W3 H7kll AH8E ampicillin, vancomycin, gentamicin,
kanamycin, streptomycin, erythromycin, clindamycin, tetracycline,

e =
>

clean bench

F4= 23S 3 microplate

chloramphenicol  strip<  Liofilchem™(Roseto  degli ~ Abruzzi,
Italy)ollA 43kt 3834 H7EE 93 sheep bloodE
Synergy Innovation(Seongnam, Korea)llA], BSH &4 7}
o # Q3% taurodeoxycholic acid(TDCA): MilliporeSigma
(Burlington, MA, USA)°|A 43ttt Hiakd &7t &
23+ sodium hydroxide(NaOH)$} hydrochloric acid (HCl)&
Samchun Chemical(Seoul, Korea)o|4], pepsin> Roche
Diagnostics(Mannheim, Germany)°|A 43t o, WEH
/d 7ol E 23k bile salts= Sigma-Aldrich(St. Louis, MO,
USA)elA T4 s8ksitt
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3. getsks 5ot
E2)3l #5= MRS brothol| 4] 37°C, 24 hr Bl 3 A&

2](3,000 rpm, 10min)3}te] *J%QH% A AT} A= PBS=
13] A2 % 100 mg/mLe] ¥ == PBSE AEeict &5 &
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ES 0.2 mM DPPH(2,2-diphenyl-1-picrylhydrazyl) -8}
11 Hl&=2 E38taL 37°CellA 10237 RHEAIZ T o] ¢ <
AE2(13,000 rpm, 10 min)dl] A5AL 3
Spectrophotometer& ©]-8-31A4 517nmolA SF=E =74
Itk o WEFCZE | mM L-ascorbic acidS A3}
ol 3kl Ed2 ol e 22 ALk E o] 8ot Areh
Z 2AS(%) B =S T
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DPPH iz 2AF(%) =
[1 = (A - A) /(A - Ay) ] > 100

A;: A1Z+DPPH

Ay AAEZAEIOHAZ E33)
As: DPPH+PBS(A1 <} th %)
Ay PBS+EtOH(&vl E-233)

»
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3FAC|)-|X-I| LHA‘{ E#jl.
AdE T YA U142 E-test(epsilometer test)E ©]
g3te] H7Fkth @5 MRS brothell 37°CellA] 24 hr vl
&k &, Al2 Hitg MRS broth® 0.5~1.0 McFarland(1.5
~3 x 10° CFUML) s=7F =% 843tgich. 9 W8-S
183t 8433t nokl-2- MRS agar plate©l| lawno] AT =
= streakingdt &, FAYA| strip= BiA] ETHA F2sla, 37C
oA 48 hr B @714 o= wigsisith Mg &
= wet 349 A 7P 2 FES HA A =
(minimum inhibitory concentration; MIC)Z #=3153t) A8
3l gFAYA| = EFSA(European Food Safety Authority)2] MIC

cut-off value 7|50l w2} ampicillin, vancomycin, gentamicin,

(<

5 /\Ea
’

kanamycin, streptomycin, erythromycin, clindamycin, tetracy-

F 9% ALtk

cline, chloramphenicol =,

o] 888442 TSA(tryptic soy agar) blood
agar Hj#| & o]g-slo] F7Fel3itt. el #F= MRS broth

oA 37°C, 24 hr Bl F ARESISATE TSA ¥R Al Zske] 2
e 5 40~50C2] =2 2% 3 5%2] HiH sheep blood
£ 71T vl kS TSA blood agar BA] <l streakingd}<]
37°C, 48 hr F<F #7174 220l wieFslsint. v 5 FE
Ao P& FHFo 2 AFAst] a-hemolysis(F4 F=
Y &4), B-hemolysis(FH3 FZY &A4), y-hemolysis(H
3t gl E RSt 8384dE etk

6. Bile Salt Hydrolase(BSH) &4 Z7|
BSH &4 H7ME 0.5% taurodeoxycholic acid(TDCA)7}

A 0AF A

HoFA oF BAEREAERS

Z7Fe MRS agar plates ©|-&3to] Sttt 2] dTE
MRS broth?l 4] 37°C, 24 hr ¥ F ¥l FE 0.5% TDCAES
718 MRS agar plate©]] streakingdle] @712 7oA 3
7C, 48 hr &< vj<sth TDCAS H7IeHA] %2 MRS
agar plates Z2wC2 AME-31% 0w, BSH €49] H|w
F2E KCTC 3163(L. gasseri)yS AFE3I9TE ©] & bile salt
deconjugation A4 5ol wel BSH o4 2 402 34

]—/\1\
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a-dHo

e #59 WA pH 2.02.2 24 & MRSS} pH 2.0
o2 2%a MRS 0.3% pepsing H7Fek v S o]-&5}
B¥sATh pH 23 2 pepsinS H718HA] 2& 713 MRS
£ dEzTo® ARSSIITh £8] 755 MRS brothol A4 3
7°C, 24713 Wi F- AE21(3,000 rpm, 10 min)ste] FH]
g 2 iAol F=rb 1x10° CFUMmLZE S =5 3Edto] 3
7CAA wiFetATE W F F 0 hr, 3 hro] viFd S 100 &
Al 323t MRS agar plateol] =2alal F7]2 2704 3
7T, 48 hr &<+ wjFate] AdrE St S99 A
Foll tigk ahd-& v 7213 2ol Atttk

WA (%) = 3 hr & A4/ 0 hr F AFF x 100

2l 753 WHEALS 03% bile salt7} H7FE MRS
brothE ©o]-&-38lo] 3 }O]’,\,\E"Et], N ZT2 2+ bile saltS 3
7FkAl 22 MRS brothE A3t #28] TE MRS
brothell 4] 37°C, 24 hr #l<F £ ¥4122](3,000 rpm, 10 min)
3t 3 bile saltS H7VskAY H7lekA] & MRS brothE 2}
ImLA E531e] 37Col A vl dstdt) vl & 0 hr, 6 hr,
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35(6): 634~643 (2025) BEf i oty
A2 E 712 10709] colonyE &2k th o] S 3t 4
7] A B4E ST A Tt o] AEH oz T
At 10709l B8] Lacticaseibacillus rhamnosus 157,
Lactobacillus  gasseri 27, Enterococcus faecalis 67,
Lacticaseibacillus paracasei 1572 At} o3 +4
& gob TR fribe] vl EAIEE Holan, 5
3] 27| gote] AU nAYE G2 DANA Enterococcus &
o] +xdthe Ao #EI} LS THAI-Balawi M
& Morsy FM 2020; Table 1).

2. 2tsts "ot

DPPH &ttZ &7 52 At Zds F3she 8= |
= A E=, gitsl @47 Add 715482 B8k
de] &89t Wang Y 5 2017). ©]¢ £ DPPH o)zt
2AT 716ke] ksl b WAl of ] fAE TFelAE
BoE bl 9lom(Kim S %5 2022; Hu Y % 2023), o]l wleh
2 Az e w3 FAikst A e vlwstsl

L EE SRR CEPOREEEY

[

d 637

I A3 Fig 13 2o} PR T o2 AFE-E L-ascorbic
acid= 1 mM9] FEolM 9543%2] A 2l A AL
UERA e, o9} Hlwale] 1/ T+ 96.66%, 2¥ T+
94.83%, 3 T 95.80%, 49 TF+E 95.76%, S T+
95.73%, 6¥1 T 98.40%, 7H TFE 90.85%, 8 T+
95.22%, 9 TF= 93.34%, 108 TF= 94.83%2] A 2}

gz 27 &4

%
2 Byt A8 ATdE
S 2023), 10719] TF F 98.40%=

# §-2kto] =& DPPH gz &7%
dx|ek= Ao (Hyrslova 1

7V =2 A e

2A BdS HQl 6 T Lactobacillus gasseri BG-65 41

Wate] F4 Aol A b

3. S M Hot
A L gasseri BG-6 5 T

4

B7hl AHeEe

ofj

2O 2 E-testE =3l

9%<] Al gk MIC a2 3573 32 Fig. 29} 2t} &

Z¥E MIC

Table 1. List of isolated lactic acid bacteria and their corresponding strain designations

2 EFSA 7|59l W} Lactobacillus acidophilus

Strains
1 Lacticaseibacillus rhamnosus BR-1 6 Lactobacillus gasseri BG-6
2 Lactobacillus gasseri BG-2 7 Enterococcus faecalis BF-7
3 Enterococcus faecalis BF-3 8 Enterococcus faecalis BF-8
4 Enterococcus faecalis BF-4 9 Enterococcus faecalis BF-9
5 Enterococcus faecalis BF-5 10 Lacticaseibacillus paracasei BP-10
. DPPH radical
Strains . ..
scavenging activity (%)
o 5 1 Lacticaseibacillus rhamnosus 96.66+1.93
E.' 1 r T T . 2 Lactobacillus gasseri 94.83+4.25
2 o5t T s of
- T 3 Enterococcus faecalis 95.80+1.08
o
‘ 4 Enterococcus faecalis 95.76+2.18
& o
>
g 5 Enterococcus faecalis 95.734£2.05
=§ i L 6 Lactobacillus gasseri 98.40+1.87
e
E 7 Enterococcus faecalis 90.85+5.20
[
80 8 Enterococcus faecalis 95.22+2.26
taa 1 2 3 4 5 6 T & 9 10
9 Enterococcus faecalis 93.34+3.86
10 Lacticaseibacillus paracasei 94.83+1.03

Fig. 1. DPPH radical-scavenging activity of isolated lactic acid bacteria. The antioxidant activity of each isolate was
evaluated by measuring its DPPH radical-scavenging ability (%). Data represent the mean+S.D. from four independent
experiments, and L-ascorbic acid was used as the positive control.
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growp®] cut-off & A §31e] 7} GAAle] tslel A4 B UL A ALS b, 954
Aol A=A By, WO Qo] WAL A5 7

o o

\

E-test 23} MIC(mg/L) %2 ampicillin 0.125, vancomycin 7He ARl 735 3 Hole] 91E o] ATHGueimonde M
0.75, gentamicin 8, erythromycin 0.25, tetracycline 0.75% 7|5 % 2013). WA L. gasseri BG-6 TF= 54 = WA
2] n|gke 2 748 HIT] streptomycin, chloramphenicol 4 WA ddE 9 FUF Aol Fad Aotk
= 2 167 42 V| FASE T4 AARE UEoh
Kanamycin®} clindamycine Z+ 256 ©]°3%} 42 EFSAS] 7] 4,

T TAY 648} 15 2] AFAHS Bk TF7F £8EHE 7L AE Al S50 A5 T

ol ¢} o] 7| FA & ISt A-rolle A 74 7182 o]

g

o1t obAA HrF T ETHFAO & WHO
2g w0 §8LGE Hrkeh]

Gentamycin

Clindamycin Tetracycline Chloramphenicol
(A)

Antimicrobial agent Amp Van Gen Kan Str Ery Cli Tet Chl
Lactobacillus gasseri BG-6 0.125 0.75 8 >256" 16 0.25 4 0.75 4
MIC cut-off value (mg/L) 1 2 16 64 16 1 1 4 4

B

Fig. 2. Antimicrobial susceptibility of Lactobacillus gasseri BG-6 determined by the E-test method. E-test strips showing
inhibition ellipses of L. gasseri BG-6 against nine antibiotics (A). Minimum inhibitory concentration (MIC) values of L. gasseri
BG-6 as determined by the E-test and interpreted according to the European Food Safety Authority (EFSA 2018) cut-off values
(B). Amp, ampicillin; Van, vancomycin, Gen, gentamicin; Kan, kanamycin; Str, streptomycin; Ery, erythromycin; Cli,
clindamycin; Tet, tetracycline; Chl, chloramphenicol. “Resistance according to EFSA (2018) criteria.
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3] 5%2] sheep bloodE %718+ TSA blood agar Bl |l 4]

TFE 48 hr < A714 AN v & FHFoz &
ke AFsIh

u

ZA3}= Fig 3% 2o H87e] g zylo] v Es|
g2Rlo g qgte]o] FRY FH w7} mA 02 Al
-hemolysis B== A&7} B = o] FRY FH F
gto] Fd= = B-hemolysis P2 BAHA] edghe
w2} y-hemolysis(H]-&84) o2 FRIE AL} o=
7t A5 Ealr7e =4 JAAE Rl &=
15h, oje] A3 Aol Hud ZZulo] Q8| ~
E°] AR y-hemolysisE UEbdths A= dX|gH
(Lee J & 2022; Hyrslova I & 2023).
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o Ml O oF W o
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o
SN wo 7

5. BSH &4 =7}

BSH @42 7% 0.5% TDCAES % 7}3F MRS agar plate
oA 48 hr Bt 37°C, V1A A vk F 2=y F4
Hjz| o] ERr ek ofekd Axghe] P R 2 ATt
A L gasseri BG-6 #5E W43t A= Fig. 4014 B
ol& A7} o] zgto] JAE|A] ol BSH w922 gl
HAh o2 A e KCTC 3163(L. gasseri)®] 7459
T 2 270 HHge] #AEA] B BU s B
Fi=g

BSH /32l 7% deconjugation® bile salte] 23} thA} 4k
ol 548 7K F JeBR A JHHA s Fo
A1zl d83ithRidlon IM 5 2014). ¥ ATolA] #e]gt
0] 7§ BSH 5422 FRl=o] o]l @54t ¥igh 73
29| o] 7Pede w2 Zlo= Helrh

Fig. 3. Hemolytic activity of Lactobacillus gasseri BG-6
on 5% sheep blood agar. L. gasseri BG-6 was streaked onto
TSA plates supplemented with 5% (v/v) sheep blood and
incubated at 37°C for 48 hr under microaerophilic conditions.
No greenish (a-hemolysis) or clear zones ([3-hemolysis) were
observed around the colonies, indicating Y-hemolysis
(non-hemolytic). These results confirm that L. gasseri BG-6
does not produce hemolytic toxins and supports its safety as
a probiotics candidate.

o] 98| 19| o|58h4] 54 639

MRS agar MRS agar with 0.5% TDCA

Lactobacillus gasseri BG-6

Fig. 4. Bile salt hydrolase (BSH) activity of Lactobacillus
gasseri BG-6 on MRS agar supplemented with 0.5%
TDCA. Growth of L. gasseri BG-6 and the reference strain
(L. gasseri KCTC 3163) was compared on MRS agar (left)
and MRS agar containing 0.5% TDCA (right). Both strains
showed normal growth; however, no precipitation or halo
formation was observed on TDCA-containing plates,
indicating absence of BSH activity in BG-6 under these
conditions. Data represent three independent experiments.
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6. L&t 2 EEY b

Z2ulo| RS FHT & AdA Ve s T
Yl E 2371 Ee] AN BES oF FtH(Mainville 1 &
2005). olo] £ Ao EelE w5 TZulo] g
4 HW7EE e Uik 2 WEsAd S A skTh

WAikd 7= pH 7.0, pH 2.0 2 pH 2.0°1 0.3% pepsins:
H71et 2712] MRS brothollA] 0 hr} 3 hr F2] ATFE =
Zote] YEES AESI Fig 5ol JeRideh 2 23, L
gasseri BG-6 TFE 0 hr 715 Ao 2} 7.74, 7.70, 7.77
log CFUmMLE fARE & B9om, 3 hr 43 Foll= 7}
8.54, 7.18, 7.15 log CFU/mMLE 4%t} oS njgte =
AR WA AEELS 7 110.31%, 93.19%, 91.95%2] =
< FAE Bk

WESA H7H= 0.3% bile salt7} 3 7F8 MRS brothol A
0, 6, 24 hr F<re] At42] Wsh= Fig. 63 . L. gasseri
BG-6752] 279 &1t MRS brothell A 2] A4 0, 6,
24 hroll A 2} 9.17, 9.71, 9.85 log CFU/mLZ A]7ke] &2
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1™
o "
2 4= 30 F
T 2 f <
0 0
pH 7.0 pH 2.0 0.3% pepsin pH7.0 pH2.0 0.3% pepsin
(A) (B)

Acid tolerance (log CFU/mL)

Acid survival rate (%)

0 hr 3 hr
pH 7.0 7.74+0.01 8.54+0.21 110.31
pH 2.0 7.70+0.09 7.18+0.12 93.19
0.3% pepsin 7.77+0.04 7.15+0.39 91.95

Fig. 5. Acid and pepsin tolerance of Lactobacillus gasseri BG-6. Acid and pepsin tolerance of L. gasseri BG-6 after

incubation at pH 7.0, pH 2.0, and in 0.3% pepsin solution for 3 hr

. Cell viability was measured as viable cell counts (log

CFU/mL) (A), and survival rates (%) were calculated relative to the initial cell count at 0 h (B). Both isolates maintained high
viability under acidic and pepsin conditions, indicating strong tolerance to simulated gastric environments. Data are presented

as mean+S.D. from three independent experiments.
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