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ABSTRACT - Probiotics are live microorganisms that confer health benefits onto the host when administered at
adequate doses. Most widely used probiotics, such as lactobacilli and bifidobacteria, are known to be elements of
healthy gut microflora and hence are not considered a threat to the host. However, probiotics may pose a risk in certain
populations with compromised immune systems or defects in gut barrier functions. Herein, we evaluated the safety of
Bifidobacterium breve BB077, according to the safety evaluation guidelines for probiotics produced by the National
Institute of Food and Drug Safety Evaluation (NIFDS). The results show that B. breve BB077 is both non-hemolytic
and non-cytolytic. In contrast, B. breve BB077 exhibited higher streptomycin and tetracycline resistance than the sug-
gested NIFDS standard cut-off values. Hence, a genetic analysis of the streptomycin and tetracycline resistance genes
was performed to determine the origin of antimicrobial resistance. Streptomycin and tetracycline resistance was
shown have arisen from chromosomal mutations and considered intrinsic to the taxonomic group. In conclusion, the

B. breve BB077 strain might be safe for human consumption.
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27} 9. European Food Safety Authority (EFSA)ol wh=
H ZRulo| QEAE HHT ul] 30 A7l XA <
Yol He= &8 &4 WUt 4 54 AN o7 Hrpt A
AT, gk, Sl e AFe] oFERbE 7k o] EFSAS]
T wet ZEulo] Q¥ QA W7t Tl =EklS Al
Alstaor, BANY ERINES Frlshe & HA 3
TWNES ZAsleiATy. ZEnto] Q €Tt 717l Al WA
k] o)zt A Woll Rxsh=s mAEe doid 7%,
el Exshs vAEe] A WS 5 F AP
ol gk Hol7t WA m=o o) o]Foid 9 FAA
AEE QR sh= oA A a37F YepA] &
< g don, o2 QI8 FoAl XA ¥l 2
AT, webA, & Aol b ot 71E 7ked 3
YA WA H7To A streptomycin 2 tetracycline®l] T g WA
S 7= Al BAXE B breve BB077 #55 U ¥
717150l whet &8 e, AlESA, FAA WS gRlste]
z2upo| Qe AR HAYS wo S Hrhstarat gt

i



Safety Assessment of Bifidobacterium breve BB077 as Probiotics 307

Materials and Methods

AR 2=
2 Aol AMg-gF 5= SynBalance Srl (Origgio VA,
Italy) 258 A B. breve BB0770]H, A g A&
3171 95k BL ZA|8)R] (selective medium used for the
cultivation and maintenance of Bifidobacterium spp.,
KisanBio, Seoul, Korea)ol A4 =aHaAHo 7 w1hslo]
37°C, 24X 7}, F71 27102 wiYgE AT #52] S4sE
$& BL A8 A (KisanBio, Seoul, Korea)oll 23] Alt) &
Foto] e 2O E wjgsiairt.

gugy go

24| 7} 7P HH 4GE #F B breve BB077E A LA w2
(sheep blood agar, KisanBio, Seoul, Korea)oll A14%=23
WO R =uste] 37°C, 48417F, 71X S R v gste]
S s

=

AEL A EFo|FEIHG 7ol A G
—E‘ﬂ]"’]_w—‘é}ﬂ QFA/d %7t 71e]=9] lactate dehydrogenase
(LDH) assay®ll wa} $F AL, 54 A SHol+=
Dyne LDH PLUS Cytotoxicity Assay Kit (Dynebio,
Gyeonggi, Korea)”} AH&-EATE 147471524 F 7ol =212l
(F27F 71%678)0l AAE Ao ot 2 A3 A
o= & ME FAHenterocyte-like) M ESQ] Caco-2 Al
Z(HEE A EZF)E ol &ate] 54 A4S lstarxt o
%3, 10%cellsE Dulbecco’s modified Eagle’s medium
(DMEM) (Corning, Tucson, AZ, USA) 8= 5% CO,,
37°C 7oAl 24X 7F vl F3tA T vl =, B. breve
BB077 10* CFUE Caco-2 A3zl &3t 5% CO,, 37°C
SO A 24417k vl Fal Tt Y HI RO 24 pathogenic
strain® 2 U3 Escherichia coli 0127:B892 1 x 10" CFU/
mL E= lysate £ 47]'5]‘04 5% CO, 37°C 73 A
2407 Mgl e, 4 vlaTo 2= g5 5013l
A o2 wiAIRE 3 7Yskod %ao}ﬂl 37°C 734 2447
HjFstaith. 24417 mi g & A EEAS SESHAL, AF
OJFF R 7MY W7 =2 ulo] Q€] b 7} tol
=Rl ArE F-2ldll wE} cytotoxicity (%)E AL

Test sample—Negative control
Positive control —Active control

Cyroroxicity (%) = 100
P U
FAA W dEe 7ol AAgE =
2olo] 9612 Qb W7} kol =e] ETESTOl mhe} 43
A}, #F B. breve BB077 1x10® CFU/mLZE,, Iso-sensitest
v A] (KisanBio, Seoul, Korea)l] A& o2 =23s}3c}. 97}

HElokE

A A Al (ampicillin, vancomycin, gentamycin, kanamycin,

streptomycin, erythromycin, clindamycin, tetracycline,

chloramphenicol) 2~E¥ (E-test®, BioMerieux, La Balme Les

Grottes, France)s =7} 2H& ARl YIX|A]7] AL 37°C
oA 48X 75k WS

TR U S XX} 2

A Wge] B4S FRlsh] flal A Wi 3
A FAAE 2413199 Resistance Gene Identifier H17 5.1.0
A3 E 9 oJ(RGI, Ontario, Canada)E ©]-8-3F4 Comprehensive
Antibiotic Resistance Database 7 3.04(CARD, Ontario,
Canada)®} B] a2 SFA T

Results and Discussion
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ol wAuA o] g oie dnzile] ngE
FRPYOZ <ls) RahE A5 1 Ayl WakshA =,
ol olgdtel VYL ZHT F Ark B Aol A
&3 B. breve BB077 5 DA uA|l wg A
s wiA e Mg Wskrh A egkor, olg Fal 2
Ao AL23F B. breve BB077 4571 €8 &4 S e
WA ol 1= AT

NEZEA =l

LDH assay= a0l 93] A7} vt &iA Al
R2RE AE 9% §55E LDHY A4S ZHshe
Ao e, A F ook 7t o] A g Z2ulo] @
g ¢ebdA W7t sto)lzo wiel A3 B breve BBO77
A B4 56%2 UENT ol 548 A4k
H W73 E. coli 0127:B82] M 5724 236% vl &
A3 e R, B A A3 B breve BB
F7F 545 A AAEA go] A

<

12

_1

YA Uy
EFSASNA A|ASF Bifidobacterium®] cut-off valueE 313}
o B. breve BB0779] A 9%
gentamycin,  streptomycin,

(ampicillin, vancomycin,
erythromycin,  clindamycin,
tetracycline, chloramphenicol)ll Tt Ztzhe] 4 AJS- A3
5% (MIC, minimum inhibitory concentration)s &<15}7] $]

S A WA A BrestE FASIAT.
B. breve BB077> Ay A 7% (ampicillin, vancomycin,
gentamycin, kanamycin, erythromycin, clindamycin,

chloramphenicol) 7}t 4 7|EX|7F EAHA] &=
kanamycing A &s UMA] 65 A= EFSAoA A
Algk cut-off value BT} w2 A WAS YeHoH,
streptomycin, tetracycline> EFSASIA] #|AISt cut-off value
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Table 1. Minimum inhibitory concentrations (pg/mL) of antibiotics to B. breve BB077

Antibiotics
AMP VAN GEN KAN STR ERY CLI TET CHL
B. breve BB077 0.38 0.75 48 64 >128 0.125 <0.016 32 0.75
Suggested cut-off value according to European Food Safety Authority (2018)
Bifidobacterium 2 2 64 n.r.* 128 1 1 8 4

AMP, VAN, GEN, KAN, STR, ERY, CLI, TET, CHL refer to ampicillin, vancomycin, gentamycin, kanamycin, streptomycin, erythromy-

cin, clindamycin, tetracycline, and chloramphenicol, respectively.
* n.r.: not required

Table 2. Antibiotic resistance determinants identified in B.breve BB077 using RGI software with Perfect and Strict algorithm

Locus-tag Annotation Algorithm Best Hit CARD ARO* AMR gene family  Identity (%) Bit Score
Mycobacterium
. tuberculosis o
BB077 01853  Ribosomal Strict rpsL mutations 300395 Antibiotics 82.93 200
- protein S12 . . resistant rpsL
conferring resistance
to Strptomycin
Tetracycline Tetracycline-resistant
BB077_01474 resistance Strict Tet (W/N/W) 3004442  ribosomal protection 64.09 1,300
protein TetW protein

*ARO: Antibiotic Resistance Ontology

U} 2o AL Hol= Aoz B9lEdTtHTable 1).

B. breve BB077 @52 A& '%*MM] et W/ =t
#EE 4 FHAE 2E37] 98] RGI sofiwareE Al

83to, CARDS} H|a-EA] eh=d] AREH AT, &4 2
3} streptomycin} tetracycline®]] et WA g o=
Hodshs FHA AARJAAE FRlsHATtH(Table 2).

Streptomycin W#d @2 ribosomal protein S125 I3}
= BB077_01853> RpsL 312} AR streptomycin
o Y-S Yel= ALeE IR HAULH, °o]= B. breve
Yakult #5-7} streptomycin®] ] HS WAS zte &
/\‘]oﬂ/ﬂt §j—0]6‘]— Z': glq.lz)_

CARDYl| W=2H, B. breve’t 7HA= ©]¢} 722 542
ribosomal protein S125 ¢&3}sl= FHA RpsLe] ofv]
2 x)8ko] dofut streptomycin? 16S rRNAS] A5 2t
&2 Waliste streptomycin®l] AAES 2 He AR
ulalz] 9ok,

EESH tetracycline WA @A TetWE Zdsl= 34
22] BB077 014747} WA el A9 X}i 1A o]
A= CARD ERIA3} Ter (W/N/W)ZE tetracycline®]
o A ZRYH BEES HEshe tiAIAITHY. B. breve
FL FEZHOZ tetracyclinedl th3l WS zt= Ter (W)
FAAE 7R L JdomD B Ao ALLH B breve

BB077 St ol#fst Fo] A weh Ter (W) HHAE
Bt &S sl
uebA] B ATE 53] B breve BB0770] 717 FAA

WAl A FHAR AT F5 Uge] ohde Sl

Tl

93, EFSAIAE MICE 2348 A% si9 S04 A
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o] g5 Aol 0}‘4 oTA AHAEAHo| = AMES 59l
55 Ut webA B breve BB0770] 7121 Al WA

o] Al FafshA S AL = Atk
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