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Abstract: Probiotic products have attracted increasing attention for their potential to modulate the
microbiota. However, most commercial products are designed for oral administration, and their
probiotic properties relevant to topical use in the reproductive tract remain insufficiently evaluated.
[Objective] To assess the probiotic properties of lactic acid bacteria (LAB) derived from probiotic
products, with a particular focus on their potential for topical application, thus providing scientific
evidence for their use in vaginal health. [Methods] Seven common oral probiotic products (P1-P7)
containing at least two different LAB species were selected from major e-commerce platforms via
keyword screening, along with one clinical probiotic product (P8). LAB strains were isolated and
identified from these products. We evaluated the acid tolerance, as well as the growth
characteristics under different pH conditions, of the isolates by culturing them in the media of
varying pH values. The antimicrobial activities of the isolates were determined via co-culture
assays with pathogenic microorganisms, while hemolysis assays and genomic comparison were
conducted to assess safety. [Results] The isolation rates of LAB strains from P1 to P8 were 50.0%
(2/4), 0 (0/4), 66.7% (2/3), 12.5% (1/8), 33.3% (2/6), 40.0% (2/5), 0 (0/7), and 100.0% (1/1),
respectively. Most strains grew well at pH 6.0-7.0, and some maintained growth at pH 4.0. Strains
P4 and P8 exhibited superior acid tolerance to the others. The inhibitory effects of different strains
against common vaginal pathogens varied significantly. Strains P1-2, P5-1, P6-1 and P6-2
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demonstrated moderate to strong broad-spectrum inhibitory activity against all tested pathogens.
Other isolated strains except P8 exhibited inhibitory activity against Gardnerella vaginalis, while
strain P8 showed weak inhibitory activities against the tested pathogens. Strains P4, P5-2, P6-1,
and P6-2 achieved inhibition rates exceeding 99.73% against Candida albicans across all three
tested inoculum concentrations, and strain P5-1 reached an inhibition rate of over 94.64%. None of
the strains exhibited f -hemolytic activity, and no antibiotic resistance or virulence genes were
detected. [Conclusion] Several LAB isolates from commercial probiotic products exhibited notable
inhibitory activities against pathogenic microorganisms and demonstrated good safety profiles.
Topical administration may therefore offer greater practical value in promoting female reproductive

tract health.
Keywords: antimicrobial activity;

microbiota; probiotic properties
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Fx1 WESHFIPLABHSESEEER
Table 1

Isolation and identification of LAB from commercial probiotic products

PGS rERERGS EERM I3 LU (o3 B R b R )
Product ID  Isolate ID Identified species Isolation ratio (number isolated/
number labeled) (%)
P1 P1-1 JNICHLFT T Lactobacillus gasseri 50.0 (2/4)
P1-2 EWEFLE FLAT B Lacticaseibacillus rhamnosus
P3 P3-1 VERRFLAT I Lactobacillus acidophilus 66.7 (2/3)
P3-2 JNERFLFFEA Lactobacillus gasseri
P4 P4-1 K IEEFRFLFT I Limosilactobacillus fermentum 12.5 (1/8)
P5 P5-1 *E%?L*Eﬁ%ﬁLactiplantibacillus plantarum 33.3 (2/6)
P5-2 R ERGFLFT I Limosilactobacillus fermentum
P6 P6-1 B R G RN FLAT I Limosilactobacillus reuteri 40.0 (2/5)
P6-2 FEIFLAEAT B Lactiplantibacillus plantarum
P8 P8 5 [ FLAT ] Lactobacillus delbrueckii 100.0 (1/1)
PR DA S IRELFF TR P=0.000 2). P3-2 (~=15.988, P<0.000 1). P6-1
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C Significant groups (within pH)
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STATAFTATAR FTATAFTATAR FTATAFTTATAR FTATAFTATAR FraTAFTATAR
§—~mm N\O\O NN N T VVINO\O AT TN N T NN\O\O AT NN T NN\O\O NN T NN\O\O

Strain

Bl SEEHREARpHTEKBEAREEEMESR. A: B EKIEAFpH T 1537 18-20 hfi7 #ODeoo
{H; B: A WHRIEPH 3.006 00 N BIODeoolH[ .5 TE 22 AR E N HA e 2 B2 S AUREA (P4, P8, 1.984) 5
R B VE2E R BREAR(PL-2)I 0, W PRACARI R *#* P<0.000 1, **** P<0.000 01]; C: A[FE#ItHpHER
B2 N g0 0 v bR 18] A S 2 1 22 S R AU (7 (W] — pHAEL I AH [) 5 BB T8 A9 T A [8) AN 77 78 1 3% 1 22 57 (Sidak-
adjusted, P>0.05), AN[E]S-BERRTTAY TR ] A77E 5 22 5 (P<0.05)].

Figure 1 Growth performance and significant differences of isolated strains under different pH conditions. A:
ODyg values of isolated strains after 1820 h of cultivation at different pH levels; B: ODgg values of strains at
pH 3.0 [Significant differences are indicated between the sample with the highest number of significant
differences (P4, P8, 1.984) and the sample showing the greatest difference (P1-2), significance levels are
indicated as *** P<0.000 1, **** P<(0.000 01]; C: Significance in growth differences among strains across
different initial pH environments [Within the same pH level, strains labeled with the same letter are not
significantly different (Sidak-adjusted, P>0.05), while those with different letters indicate significant differences
(P<0.05)].

20.5-26.5 mm), L. gasseri P1-1 X} S. agalactiae XFF5IE BV &5 WHIEBURE G. vaginalis,
Ia MEAVREH SR EEE S, MEBERE  BR2SSORIERY PS8 ARIRELH MSIVE AN, HiAthsy
ik 29.0 mm, BRI B — R A A B 1 T (O P AR
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R2 BEKREFSEpHFHTEKBERAIANOVA
DITEER
Table 2 ANOVA results for the growth of isolated

strains under different pH conditions

Factor df Sum  Mean Fvalue Pr (>F)

Sq Sq
Strain 10 2413 241 873.0  <2x]07'6 #xx
pH 4 12749 31.87 11530.1 <2x]107'0#*x
StrainpH 40  26.46 0.66 2393 <2x10716 wwx
Residuals 110 0.30 0.00

**%: P<0.000 1.

Y5 8.0-15.0 mm), XF T H AWM, P8 Y]
IFEREAIX R 22, X 1 BRZ =R R AL S, aureus
2 PR T B M T 25780 K. pneumoniae . 1 ¥k E. coli
F 1 KK S. agalactiae (1a L35 ) H A v BE 406 68
J1, W EAAS 5 10,0, 9.0, 8.0, 18.0 Al
11.0 mm, XJHEEEXT G. vaginalis ROFIHIVE Rt
%, TR BN 6.0 mm. A 2557045 55
LAB HHEE 8 X S, aureus f E. coli BA —EM
HIVEIH . P4, P5-2. P6-1 il P6-2 X [0 2k
B 2R3k 99.73% LA b, PS-1 B4R 1] 35
94.64% VL b5 FrA WKW B iwm, Hi
ik 24 35 R AN B 3 A
2.3.2  Xf C. albicans B3|

Bk P1-14b, 2 B WX F VVC & UL U
H I C. albicans 14 — & M H R (F 3), H
i, P4, P5-2. P6-1 Fl P6-2 7& 3 MMk
FE RN C. albicans FIHNHIPR A RER ] 99.73% L)
b, P51 ANAERIEA R A 10* CFU/mL B
TR K 94.64%, r H AT GG FP iR T 3435 2]
99.77% VA |,

2y Ay ERR P8 FERIIAREF VR 10° CFU/mL
ISEX C. albicans (FANHIFH 56.98%, BEE H Bk
FEFHE, X C. albicans WM #A4E 10° CFU/mL
35 %] 86.98%. P3-1. P3-2 K X MR #k Xf
C. albicans NI BLS P8 AHAL, BEWI 4 H:F
WRETFE, HXF C. albicans BIAMEI R 5, 7
W 33.82%. 52.73%. 65.78% 7 & 91.05%.

85.80%. 90.74%.

A 591 TR R S B Al R AR S [ R
T A) R 1 PG e 2 A4 390 O v AR R L i
FERD R R VR B I RS R A . P12 7
WAL P FE B X C. albicans 15 3] S A il
2(98.45%), THIZRKEE [ B I iR R
(T TR, ZERIT AR LRI B A 10° CFU/mL
HHMHIR R ZE 56.09%, P1-1 ERIIREERRE N
10" CFU/mL B A6 R4 15.97%, FEXIERT%
FPvRE R 10° CFU/mL BHIIHIZEE 2 3.36%.
24 REMIFMN

AU 2 TR0 53 TR S PR 4L A A S T 2
LN KB SR . Ao B R AR R B B
MATE LR 3). TEREFR 24 h BIAT 5 BR(50%)
oo WM., P3-1 7E 24 h KN w4,
48 h Ji I o I

3 W54 ®

AW RGEVEAL T 20 W g5 Az v 0] 40
B TR R I A g R REVE B AE OO 2 o T R
PAPRLREE . FEAIR] pH MR8 T B9 AR KRR S %
Ve, R T R LR A 25 2R AR R A EAE
VT o

TR A 2350 4 8 TR KR 41 TR 3 M 3R B
S L. plantarum P6-2 JEILH AR o 1)) 1%
YU TEY:, L. fermentum P4, P5-2 R H %5
WM E . ST S. aureus M1 E. coli, JLF
T A 51 15 R 34 B A [ R R B 9 AR .
L. plantarum P5-1 F L. reuteri P6-1 X C. albicans
W BA SRR BE T, 72 3 A W) Ih
VTR XS C. albicans (T A REIL E] 99.00%
PLE. MHEEZ TR, P1LLK P3 43 B 4 AN B
Xt C. albicans WA 68 )1 8 25, ¥6 B %) B Fb
345 L. rhamnosus . L. acidophilus # L. gasseri.
Ak, 4% B A [l W0 bR e 2 LAB W R 5
C. albicans 3L R 55 3% )5, LAB 29 Ji 13K 5|
10° B, BRI T 74 BRAG TR B (L0 =
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A G. vaginalis | S. aureus | K. pneumoniae | E. coli S. agalactiae Inhibition halo  Inhibiton
S63 6538| 95 5933 7614|FXS9FX43 Ia b 1 I IV V diameter (mm)  level
Pl-1 30
P1-2
P3-1
20 High
P3-2
P4
12
P5-1 Medium
P5-2 7
Po-1
P6-2 I 0 Null
P8
i
B
P6-2 P8 P6-2 1.984 P6-2 P3-1 P6-2 P8 P6-2 P4
A
® o
P3-1 1.984 N P5-1 P6-1 P3-2 P5-2 P5-2 P8
FHE I fEa B O i v AT KIGHTF TCFLSERR A
Gardnerella vaginalis Staphylococcus aureus  Klebsiella pneumoniae Escherichia coli  Streptococcus agalactiae

B2 SEERMAEERHEERENMNERET. A 78RR Z M0 B 1w B A B: 570
R R X 5L ) 41 B S 6 A DN ZE 2 A 20 D B IE PN T L B o (R A BR T (6538) . il 28 se A A

H#(95). KIBFFE(FX59). TR (1a%)],

Figure 2 Antagonistic activity of isolated strains against common vaginal pathogens. A: Heatmap illustrating

the inhibition zones of isolated strains against various pathogens; B: Representative plate images showing the

antagonistic activity of selected isolates [From left to right: Gardnerella vaginalis, Staphylococcus aureus (6538),

Klebsiella pneumoniae (95), Escherichia coli (FX59), and Streptococcus agalactiae (serotype la)].

BRI )W, LAB B RE AR A K RE T
FR. LAB X C. albicans B4 -5 4] tH 2 Fh
W BEAHOG, 3 AT BB B BT ey B A 42 vk B
LAB 345 T m AR, Harwnadk
PESACRAE 1 TRIPR BB B 4 Ml k4% X9 S T ) 41 ) g
J1. LAB Al 3Ll . A dmER, L

P4 actamicro@im.ac.cn, & 010-64807516

s e PEHE R 2 07 S0 s B AR U R
FURE AT AT P25 C. albicans BA7 3E5m il VE
MMPTEE N, WA FLFF R (plantaricin)',
AFsEsg s, YRR R S HAL LAB g5
B, 405 L. fermentum $E153%, L4 ] gedg oAt
WA R, MR s A Z =il L. reuteri
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10* CFU/mL 10° CFU/mL 10° CFU/mL
100.00 -
80.00 -
&
> 60.00
8
=
2
Z
= 40.00F
=
20.00 -
0.00
P1-1 P12 P3-1 P3-2 P4 P5-1 P52 P6-1 Po6-2 P8 1.984
E3 SEEATBESIREINGZE
Figure 3 Inhibition rate of isolated strains against Candida albicans.
®3 OBEEKALER
Table 3 Hemolysis activity of isolated strains
eI o B RS 5 S P R Fi %] Cultivation time (h)
Product ID Isolate ID and species name 24 48 7
P1 P1-1 (L. gasseri) Y Y Y
P1-2 (L. rhamnosus) o o o
P3 P3-1 (L. acidophilus) v o o
P3-2 (L. gasseri) o o o
P4 P4 (L. fermentum) Y Y Y
P5 P5-1 (L. plantarum) o o o
P5-2 (L. fermentum) Y Y Y
P6 P6-1 (L. reuteri) o o o
P6-2 (L. plantarum) o o o
P8 P8 (L. delbrueckii) v Y Y
AR B PRI R (reuterin), XJE—F0EL ATRESE, FETE AR BAY DT, m R 2457

WY, XAIREfRE T L. reuteri 18 A /E v
RIBUF IR o SR 0T 2 o3 2 B R R
B (1-2 BRABCEASTIRD, ARRexT HAbARR
YRR LA TPEA

A NI, HIm IR 25 & 40 B85 1Y 1A bk
L. delbrueckii P8 B I TR 1% YRR 55 o HED iR

BRU BEIN Al BEOLSC % e e | AR RAREE
FhRM SRR, TARMIRALRE . AL, T
VER NI 2R 25 i AR N 2 d, AT 25 JE O HA T
Ak, 2L BENLX IR K 25 A Bk
FHIE R 45 T &% LAB A4 a7 77055 1 iz FP A
WEARLE , B AR ol A AR R A
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KRR /NG REIERNL, e, A LAB #:47
BV. VVC % RTIs iR AG 7 BA R 5. H
A, 78 TR E BT E g 25 At T ) 6 e i
PR 5 2 i 32 BEAL 4G b 2 25 24 b (n v 2
FH i e S5 0 A 22) R Bl A A SR SIS 28 5 (an LA
PR TR )[R . I 5K 2 R R R O
(https://www.nmpa.gov.cn/)]. i i K 2 < 24 fil B
5 SR 55 AE O e R B, R AR 2 24
TEIT 5 ARS8 40 S T i 0y A 15 2 B AR 3
XRUIGIRES A G B DL R E A
ARSI S 24 S N ] B L 4552 B AT 3 oK
TRAEZ AP o DL, $EIR G PR 24 & b 78 5F
Z A A 25 AT T TR
T 0T B ARTE) 3 pH (ETE RN AR K BE

RAf, [H5 58 G pH A5 52 A 2 . AFH 1A
pH {H 32 ME W R A ZL IR AT AL RIME T, 2 A
PEE Sh O, R E WA I L R AR A G pH A
Rl 38 35 N 3.8-4.5, T RTIs & B8 pH 18 Al
ik 47-55, HEE S B, ERE pH EA
4.0-6.0 Y [H N A9 2E K B8 ) 2% i HLAE B T A 5%
R A YIfe . 8 E A CH BB PR R LA FL
FFEE B 4N B (U0 L. gasseri . L. crispatus 55 ) 5 185 W
(14 87 T N R S 2 St 1 [ = )
L. gasseri RIMAE . AR B WK T, P4,
P5-1. P5-2 Fll P6-2 7& pH {8 4.0-7.0 7 FEl N i A=
KAEIAIXT AL, W M EEFIN L. fermentum
L. plantarum. ARG , #FIGRFEE pH {EHM 5.0
B, KA R O A B R A& v, T pH
3.0 I PIrAT TR R AR A ) 5 FRAR . LAB f Rl
A K PR3 R 55 R PE 2 M (pHL (H 5.5-6.5),
XEAMREGR . BT AT 2404
A EAFFEER, S EARTE pH 3.0 B Y &k
EMIPM A T2, (BW e LIE L P4, P8 X
ek ELAT W AN T oAt 2 58 R RR 38 N RE . Utk
Hh, B TRIMNE SR I 5 AR N A A e 22
5, AIRE R AR AR B I PR A5 R B —
2=, BT, & F IR 45 A TR A OC 09 45 1
o, AR G OR BT N T RV RO R 20K .
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I T/CNFIA 131—2021 ¢ %5 2E B £ ah YU,
T/CHC 1014—2024 { z5& A= B il 70 2 b ) U R
T/CIFST 009—2022 £ & H 25 AF B i ) ) ()
AR bR OME 45 IR bR PR A =1x107
8¢ >1x10® CFU/g 8 CFU/mL, T/CNHFA 006—
2022 (25 A B ST B RGO ) U T
% A TIE RIS bR, fa A IR R %=50% . 10% .
1% LA 0.1% BIXT R —ZR 2 PUZ . A AR IERY
B = 25 A B R R PR IS A7 05 R ] B R A .
BRI RR S 1 0 A i 38 R B A, o LT R
RE ST AL, o 3 B AR 11 IR S A T AR A7 76 %
S BRI AL 036 B BCR B, AT £
tE AR DIREM KA . T2 2 A SR
PRAFTE R, Q™A% Ui sRi Ak . JRAE I3 T 255,
AL R 05 RGN A 20k, s
T8 SR 4 24 T RE RO B R e, R e kA
RGO R A 2 TR R e A e ) AR

AR5 T 3 i 24 285 1 3910 49 43 8 A PR T I
i 245 36 P L B 0 L ARy T A e s, (R
HARRS SRl 2 B W R B AF A 22 5. 5h5
WEMRBCR AL, 43 BSRE 32 S BR AR50 LAB B
BB R0 . AT B BE AR A ) R 25.0%
QYA HATATHR IR B RE, 3X 2 Rt b 2S5
FRIRBEAREC B0 4 B 7 Fp . HAW 48
B TR R B AR R, BR P8 AR R BE ST
B AT AR LR A, 4 B SRR AU 12.5%
(1/8 ), S BSRCREAK o 90 [ 5/ b IX 7 T 48
B (18 Al A 25 A R0 U A7 A 25 v P B I R R R
K Hh O A B A AR L, X AT RE S £ TR R
(1) 5 P A A B TR R S L AR AR A
AL TR R RIG B R AN E RS 3R IR B LA
3 T FR T RE UE TS A9 IR T K 3% (viable but
nonculturable, VBNC) Ik 25 45 £ Flt Jit [H A7 56,
PEAl, B WA AR TEARZE I A B A
FLEAAER VR AEBUR R IS, B A
6T FF AR A 2 P I 3 B A ST Y A KUK o 45
SRR, WS 22 TR AR AR S o 0 s 56 v HL A
T S I B R [ 5 e e ) o T R
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AR —E R YE . B, X Tk
AR T ERH T EME RN L, &
HEBRAT I 43 TR AT 58 I AN GG W 3 P AR Sh 35 5%
e, BFER DI TG PR RE T B hT o R R
PRI AT AR AL (W1<1% Oy)o HAK, APRIEDE
W RET g —VE, DL RGEE S5 | A AT HE B 8T 1Y
AW AL, AR IR ARSIt R rh YR
HT 8— R uER 4G pH 5% (pH 5.0)E 17 1 kR
WAL, X AT REfHER 4 TR R I AR AL T H RIS 'Y
AR A A, FRATRFF R 5L T4 My 5/ R
B AY ) G0 TR SC G, 0 T D R 0 RE O A PR
S A R NS BG FEATIRAIE , AR TEAS B AR X FHAE
R LR R R T, = Sh ) A 3 R AE OC
Febn . RN BT M B B AR R . S E SR
PR T IAE Y AE K R FR A B, 5 A
RO REfFTE 22 5

AL, AR BoR T T T R R
AL 1790 3 B TR X 22 8 9] 205 i o g A s
RE R AR RER BE 1 8255, (HER 4 TR AR AE B
IRBEAHAL pH R Bl N BAA A IE 7 . e il 57
3 TRRR A LA s I XU B g L T 2 3 PR A
RS, ZaetEim. Pt olnl it i
TR iR gh 2R A%, PR 4 2E TR R Bl IR
Ktz A E
Hug

SRR P R g T I s 1) A2 Y 91 BT 92 BT AT
NI MR R F . RIPER A DL K A
[l 2AAE SR R P BRI S Bl s b I RR A B s E oY
JrH B AR AR T R R S B s i Bk
VA FR ST AR AR AR 245 T i A D7 Y
HBURAS B

1 SRk A= FH

BlAL: MBS, LRV AL, B
Lggitort, semliRBl, ECE; GHE . AT
WHWE, S5 MERGIE; S, AR
W, 5508, 2GR RaE RN s 2 E AR
S5, BARICREER XU 252N K T2

DA ZEm . BEPZLMBT e s INESC: 25
S, SCEWN; HEM. SRR, SCEH
Bl S BESHE, SCEWR; 25 el
Higit, RECGEG, THRESEH, SCREEN .

e P MR AT AR

VR PRI AEATAT A BE 22 RN AS SR i T A
BRI M 2 AR R
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