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Abstract This study aimed to assess the in vitro safety of a probiotics mixture
(Zactobacillus acidophilus PBS066, Lactiplantibacillus plantarum PBS067, and
Limosilactobacillus reuteri PBS072), along with its inhibitory effect on carbohydrate
digestion. All three strains met the antibiotic resistance profile of the European
Food Safety Authority (EFSA) guidelines. None of the strains exhibited hemolytic
activity or cytotoxicity against Caco-2 cells. Strains PBS067 and PBS072 inhibited
a-amylase activity, whereas all three strains suppressed e-glucosidase activity,
indicating that the mixture might limit carbohydrate digestion in the gastrointestinal
tract. These findings support the safety of this probiotics mixture and its potential
to modulate carbohydrate metabolism in the gut.
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1. ME
H]Rke o1 7] Aok 4] Alolo] #o] A wf WAk Age] IFOR FuY, 1
o IAES 5 OF AT Aol HEA Atk LRt e g Hnte] £Re AATA
]

4(body mass index, BMDZ AR5, WHOO| w2 4J919] 49 BMI 30 kg/m?* o]AHY
o Hvko 2 EF%tHKang 5, 2020). oAl tieke|Rtstsle] 7o) @aw 25 kg/m?
o4 30 kg/m? HHd o 1A Blgh 30 kg/m” ©l4 35 kg/m? vt wf 244 B|gh 35
kg/m? o2 39A Hgto g BERIckKim, 2021). ¥ Q= A AAF oz 353t
Ao (Tucci 5, 2010), FHoIAME g8t B glo] & - 1§ HFoA 715kl QITHOh,
2017). B[Rt} A BZ0] HABAE BARE 23} o9 A5 BTk Heto] A4t Hetol| Hls]
A3 G vl &8k BlEo] =11 AW HlEgo] WA UE 2w (Bangt Hyeon, 2018),
HIRE Febo] A4 Hdto] mls) JAE ©3E AFHPel =2 AC2E SRIFSIHHan 5
2017). ol=3t 23E vigo 2 v|uty}; Bt FA| gheshE A3 Atole] fojnlgh 03'1:]'3":}74]
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v} FARSHA Al 28 BieB(T2DM)E -2 H2tol A
FEH S7F6t A= A% 39 shv=E 18G5 &t
5t= EAS YEPHTHChongd Han, 2022). A 28 Yk
Ho] A =HHo R AU ©dhE thalo] Bojdo=s 35
g3 4 = M7= = ABAE F& ARESH
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, |ZAZ & AT AAA|, e-glucosidase
AR 5ol AdHHLee 5, 2022). A F2 AHREHIL 9
= G aA 9 @9t g4 2 IoH A BA 2
AL 94, HAASY 22 A 59 FAgol b
Bt 202 48A AtHKim &, 2015). TEbA] H2R8
o] gl MZL e-amylase?} a-glucosidase &4 A3
287} glow, o]e} st E—E-—H}O]EFJ
29| g-amylase®} a-glucosidase®] et &/ s &

of thigt A7t XF= 2 JHKumari &, 2022; Wangﬂr
Li, 2022).
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2. XMz % diH

2.1. A& ZF

E A= Lactobacillus acidophilus PBSO66(DSM
24936), Lactiplantibacillus plantaruni®\A Lactobacillus
plantarum) PBS067(DSM 24937), Limosilactobacillus
reuterfA Lactobacillus reuteri) PBS072(DSM 25175)
7} HYst v&2 FAE0] Qe probiotics mixtureS
SynBalance Srl(Via Celeste Milani, Origgio VA, Italy)
ERE AFHol AMESFAITE Presti 5(2015)00 TWEH,

o] probiotics mixtures FASHL A& 4 +FE2 A%
ek QA9 FHOoZHE FEEElon, WAMY} EE4
4Jo] holx]o] L Z2Hlo|QElAR ARSH 4= 9)-80] 3
ATt Probiotics mixtures 1435k 2 @Y 455 4
o AMEst7] Y8l deMan Rogosa and Sharpe(MRS)
14| 8§A(BD Difco, Franklin Lakes, NJ, USA)o =&s}
o] 37T, 24~k @727 02 Hidsision, ¢ E5Y
£ A9slo] 16S rRNA 84S 53 Z 224E 29 ¢
S5kt 5780 ¥R ZF #FE MRS HA #i&(BD
Difco, Franklin Lakes, NJ, USA)] 23] At} wiFs}H .0
o, BjgHS dilEE]oto] vt o S, o
%+ phosphate buffered saline(PBS)(Dyne Bio Inc.,
Gyeonggi-do, Korea)E ©o]-83sto] Mgt & A3 AL

stetch

O.

rO r—r‘
L)

=

ZE]:]

2.2 g4 LI BOF

Probiotics mixture®] YA WAH7}+= European
Food Safety Authority(EFSA) 7152 wat 2= et 3
A WeB7Iol= 97k /-39 A 2EH(E-TEST®,
BioMérieux, Marcy ['Etoile, France)o| AREE it}
LSM A A1 (90% Isosensitest broth, 10% MRS broth,
1.5% bacto agar)s A|Z3t
3 3x10° CFU/m % Eé % 5ol &

probiotics mixture?] Z+
B3 A LSM

TARAG] B R F57h HAe] F AvE B
AT 20E o189 44 VYA FHE AEGE LS 7
Aol 22 3L, 37C, 48A Wrlzlow ek % 7t

FAAE A
At ofe AEY B9 717

QSES HASHET, HaAsEE ol
BROZ st
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247 45 MRS HAHIA|o] HFEsto] 37T, 24A1%F
Z70= HieFsIla, HiYHY] ARE EHIAHA]
(Sheep blood agar)(KisanBio, Seoul, Korea)ol| AAL
TP oR Tgsto] 37C, 48417t videt &, E2Y F
ol B71= g TEste] 8384 SRIsHATHAIEY

FEFHA, 2022).

24, NESH M4 =0/

Probiotics mixture®] B #F9] AZ =4 BF7ol=
Dyne LDH PLUS Cytotoxicity Assay Kit(Dyne Bio
Inc., Gyeonggi-do, Korea)7} AM&E|RIT}. Caco-2 A|E
(L AEF) 1x10% cellsE Dulbecco’s modified
Eagle’s medium(DMEM)(Corning®, Glendale, Arizona,
USA), 10% Fetal bovine serum(FBS)(Gibco, Carlsbad,
CA, USA), 1% penicillin/streptomycin(v/v)(Gibco,
Carlsbad, CA, USA) #iAol &staL, 5% CO,, 37C 4
oA 24A17F viFstHLt. ¥iF &, probiotics mixture2]
4 #5E FER(107, 108 10° CFU/well) Caco-2 Al
2o HEotal 2 TR0 vigsilet. ¥ vl
OS2+ lysate U5 ARESIGOH, &4 HIT O 2=
F7F 50194 %2 DMEM HiA|E ARESIYIT Hlu7 o2
= AAZ = 71} wo| A+E ZEHPO|REA #F 5 of
Rl Lacticaseibacillus rhamnosus(®|1d Lactobacillus
rhamnosus) GG(LGG)E A&ttt o33 22 34

w2} cytotoxicity(%) S AAFSFITH

Cytotoxicity (%) =

Test sample - Negative control

= . x 100
Positive control - Negative control

2.5. a-Amylase Xof E4& =&

a-Amylase A3l @42 Gowri 5(2007)9] FHS W
@oto] o]-&sI3itt. e-Amylase A5 B/ A¥ol= 20 mM
sodium phosphate buffer, 6.7 mM NaCl, pH 6.9
2739 &HZ ARESHILL, o] &HZ ol&sto] 1 U/mL

a-amylase(Sigma-Aldrich Co., St. Louis, MO, USA)

540

4 SHAT 2 AFEe] #5F 1x10° CFUZE e¢8
A3} A 2AIGHI. 2AIGE 54 34N | mLeot o
b A 8 1 mLE 6l 25T oA 30% &<
AR, EFdHo] 1% starch §HS 1 mL H7}sto]
25T 15 &<t BHAIZAL, DNS &H(96 nM 3,
5-dinitrosalicylic acid, 5.31 M sodium potassium
tartrate, 2 M NaOH, deionized water) 1 mLE 7}5}0]
85CoA oF 1587 THAIZ] &, 9 mLY| SR/STE F7Is}
1l microplate reader (BioTek, Winooski, VT, USA)Z
540 nmollA FFEE S SAANRLCE= o5
7} S0 &2 20 mM sodium phosphate buffer, 6.7
mM NaCl, pH 6.9 2AH 284S Ags3lon, Foiz
O Z = acarbose(Alfa Aesar, Tewksbury MA, USA)S
ARESEAT) ot 22 34)of| W} g-amylase inhibitory
activity(%)E A4t Lt.

N

e}

a-Amylase inhibitory activity (%) =

Test sample
100 - x 100
Negative control

2.6. @—-Glucosidase Xoff &4 =&

a-Glucosidase A3l 84 4 9l e-Glucosidase
Activity Assay kit(Sigma-Aldrich Co.)& ARSIt
A%, Saccharomyces cerevisiae25E QoA q-
glucosidase(Sigma-Aldrich Co.)E 50 mM phosphate
buffer, pH 7.0 €402 3|43}t 0.5 U/mL a-
glucosidase 5 pL9F 7t A|g#9] #3 1x10° CFU7L &
8 A8t 89 20 pLE Tk £FA0 50 mM
phosphate buffer, pH 7.0 €9 200 xLe} «-NPG
Substrate 5 pL7} £3+E master reaction mix 200 gL
£ Z7lsto] Aof F11, 208 B9t A0A] ¥EGAIZ] F
microplate reader(BioTek)Z 504 nmollA] SLLE =
Aottt SAAHRT L E= 757 SUA &2 50 mM
phosphate buffer, pH 7.0 &8-S AMESIR O™, FIT]
ZXHO 2= acarbose(Alfa Aesar)E AREoITE ThX
22 FA9 Wt ¢-glucosidase inhibitory activity(%)S
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a-Glucosidase inhibitory activity (%) =

Test sample
100 - x 100
Negative control

3. ZW o 3%

3.1. SHH LIS

£ Ao AHE3t probiotics mixtured #F 3%9]
YA 9% ampicillin, vancomycin, gentamycin,
streptomycin, erythromycin, clindamycin, tetracycline,
chloramphenicolol 3t 4 B& Adls=s BF7lsto]
YA W3S ERISHT}. EFSACNA AR L. acidophilus,
L. plantarum ‘}l L. reuteri®| cut off valueg #1153
OM[EFSA Panel on Additives and Products or
Substances used in Animal Feed(FEEDAP) &, 2018],
1 A A 9%l tiet 359 +5 25 EFSA7F AA]
St cut off value®Eth W2 A A8 AdlsrrF 1=
H(Table 1).

3.2 8E8Y ol

ILzHpo] QE A0 GHEYL HAIA Ao B /‘]
o] &afoll ofgt A AuA| ] A HIkE &9
A 4 ot Tz H A0 FEEY L AT E%
A Eoiz F2Y F9 549 25 A45k= e-hemolysis,
Ao & o= 99X B R 2k BA5hs 8-

hemolysis 18|31 &8&A4o] Qlo] 3 AR Y= -
hemolysisZ2 F+E¥HthHalder 5, 2017; Kim &, 2018).
= *e]cqoﬂ ARERE 359w FH A Ao A gt

A, §Y BHL Ui 2Lo) HlsigirkFig. 1)

3.3 HESY 44 22/

Lactate dehydrogenase(LDH) assay= Z4°f 2J3|
APESH A Z2RE Azujgdo s WEE= LDH &4
< S4oks YRR, LZHO|QE A DRHIO|QEA
-’] ol 9f| Caco-29] A|lZ2Hf &4 Y& F7tsk= H

F-EtHChen 5, 2017). ¥ 434 AME3F probiotics
mixture ¥+ 359 AlEE/4 gl 23, FHET tfH|
@ #5o] 9J3) Caco-2 AIZZRE W&EE= LDHY| &
ol Fo8 o2 @A Yehtom(p<0.001, Fig. 2), #59)

H7F 2575 Caco-2 M| AR &4A1A LDH %
2 57 o] Aie bttt AF 9 H3AR ARSH
of A3 o] B2 v LGGE fARE A A2
sRIE o, mebx B Ao AM3E L. acidophilus
PBS066, L. plantarum PBS067 X L. reuteri PBS072+
H a5 LGGRHE AFol e o= wasr)

3.4. a-Amylase Xfoff Z4&
Probiotics mixture?] @5+ 3% ¥ probiotics mixture
9] @-amylase A5 &4 SHsIA. SR ]

Table 1. Minimum inhibitory concentration (MIC) of antibiotics for probiotic strains

Species Strain MIC (ug/mL)
AVPY VAN GEN KAN STR ERY CLI TET CHL

L. acidophilus PBS066 0.50 0.50 4 64 6 0.125 2 2 4
L. plantarum PBS067 15 Y256 4 64 3 1 0.125 12 8
L. reuteri PBS072 0.38 »256 1 12 3 0.50 0.032 12 4
Microbiological cut-off value (mg/L) proposed by EFSA

L. acidophilus 1 2 16 64 16 1 4 4 4

L. plantarum 2 NR? 16 64 NR 1 2 32 8

L. reuteri 2 NR 8 64 64 1 4 32 4

DAMP, VAN, GEN, KAN, STR, ERY, CLI, TET, and CHL refer to ampicillin, vancomycin, gentamycin, kanamycin, streptomycin, erythromycin,

clindamycin, tetracycline, and chloramphenicol.
INR, not required.

https://www.ekosfop.or.kr
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(A) L. acidophiius PBS066

(B) L. plantarum PBS067

(C) L. reuteri PBS072

y-hemolysis

(non-hemolytic)

Fig. 1. The hemolytic activity of the probiotic strains.

y-hemolysis

(non-hemolytic)

,—r"'ﬂ,

y-hemolysis

(non-hemolytic)

GV (B) ©
100 100 1001
£ £ 8op £ sof
>
T sof ‘5 60 ‘E, 60
g 40 g 40 2
[+] o - 3
g 2 g 4
) ) 9
T . [ . mil 5 = 10

NC Pc 10" 10° 10° 10" 10® 10°

Nc Pc 107 10* 10° 107 10° 10°

NG Pc 107 10° 10° 107 10° 10°

L acidophilus PBS086  L.rhamnosus GG
(CFU/well) (CFUMwell)

L.plantarum PBS067 L.rhamnosus GG
(CFU/well)

L.reuteri PBS072  L.rhamnosus GG

(CFU/well) (CFUMwell) (CFUwell)y

Fig. 2. Cytotoxicity of the probiotic strains against Caco—2 cells. LDH assay performed on Caco-2 cells after probiotic exposure

to estimate their cytotoxicity. Values are meantSEM of three independent experiments and analyzed by one-way ANOVA.

"p¢0.001

vs. PC. NC, negative control; PC, positive control in which cells were damaged with lysate solution.

a-amylase A3 L2 acarbose(78.0+£1.30%), L.
plantarum PBS067(59.49+1.68%), probiotics mixture
(56.79+2.75%), L. reuteri PBS072(30.91+2.64%) 1]
1 L. acidophilus PBS066(3.4913.81%) <02 A5 &
Ao] BRlEl o, L. acidophilus PBSO66S A5t

<= AdTolA SR tiH] 220 E A5 &40l
=4 U AE gI6HATHp<0.001, Fig. 3). a-
Amylaset= EEH0] 940 AE U o]9] & 1FHQ
OFIEQ2E Hofloh=s B4R, QA4 840 &do] A
g G5 &rolE] 45 2 FeEEE AT &
HA AcHPark 5, 2009; Shivanna 5, 2015). ©T&hA],
4 #3F L. plantarum PBS067, L. reuteri PBS072%}+

542

probiotics mixturex= SANR T Y] ¥ e-amylase
A5 &/gdo] gRlxfo], 'rdhE 4% 3 F4 Asjayrt
AL Aoz wotE

3.5. a-Glucosidase *fof 24

Probiotics mixture®] w5 3% 2 probiotics mixture
9] a-glucosidase A5 &4 A5ttt 1 A3 L
plantarum PBS067(91.70+0.55%), acarbose(82.73+
0.65%), L. acidophilus PBS066(56.47+0.55%), L. reuteri
PBS072(54.42+3.02%) ¥ probiotics mixture(52.91 +
1.23%) 22 A5 &/do] gl glon, BE AL
Al a-glucosidase A3 Z4do] FAHRT HiH| FH2
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-
=
1=}

S mm Control
3 R
E' probiotics mixture
3o L.acidophilus PBS066
2% ¢ - 5 L plantarum PBS067
EEgw .
® fad - ex L.reuteri PBS072
52 > > mm Acarbose
2 NS
S -
= o
0 v v
@ & & v 2
& & &L &L 5 &
< & < < & &
& & ¢
& S & @
o & N
< N v

Fig. 3. a-Amylase inhibitory activity (%) of the probiotics mixture,
the individual strains, and acarbose. Values are meantSEM of
three independent experiments and analyzed by one-way
ANOVA. "p¢0.001 vs. control.; NS means no significant
difference compared to control.

Bt °1Zﬂ°ﬂ/‘H a4 g0 1’3H 5 & J@‘E}C’ﬂi
L—’Ffﬂrg —S—’F% AAA7IE dge o, geokE AH

Aty dEA JAHKim 5,

A #F9 probiotics mixturex
SAHZTE Y] 52 ¢-glucosidase A3l o] EHolH
of, &dlE &5 A ¥ S AR 9l Ao

= gddEd
4. QO

E 9= probiotics mixture(Zactobacillus acidophilus
PBS066(DSM 249306), Lactiplantibacillus plantarum

-
=}
=3

—_ wrx
é - . mm Control
z é‘ = probiotics mixture
Sz 8 I L.acidophilus PBS066
885 s0 . = L plantarum PBS067
O > © .
E g‘ @ L.reuteri PBS072
D >
5 5% mm Acarbose
<
- 0 T T T
o“o\ S e“é e“é\ ~'=§(L &
€ & & & & &
& g & & ¥
S o & N
R

Fig. 4. a—Glucosidase inhibitory activity (%) of probiotics mixture,
the individual strains, and acarbose. Values are meantSEM of
three independent experiments and analyzed by one-way
ANOVA. ™ p(0.001 vs. control.
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PBS067(DSM  24937), Limosilactobacillus reuteri
PBSO72(DSM 25175)9] b4 3 &poleE 49 a4 A
3 EYE /n vitro® B7Vel= AL EFOR Sith RE
TF= Oﬁ/ﬂ-‘-‘-o}x-];ﬂ(EFSA) Z]X]Cﬂ]/q ?JX]‘O = o]—/xﬂx—"
WA ZEES SEAIZOH, BE 75 &8 &4 4 A4
Z =4S YerlA] &t} Probiotics mixture, L.
plantarum PBS067 18]il L. reuteri PBSO72%& a-
amylase AL AA5H= A0 2 YERG O, probiotics
mixture®} 0|9 #F 35 E% ¢-glucosidase Z/3E A
Sh= Ao & UERGTE o244 B oitof| ARE3H probiotics
mixture % 0|9 T #5 359 FHA epdlE 40}
AA a5 elstgon, wakAl probiotics mixture ©]
o] I 5 3T AFstE kAstH HAH Al AU &
FiE A FAFCE 2Este AZ RISk
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