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Antibacterial and antibiofilm activity of methanolic Indian propolis extract
against ESBL Pseudomonas isolated from buffalo mastitis
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ABSTRACT

Increasing antimicrobial resistance poses a major challenge to mastitis treatment in dairy animals, highlighting the
need for alternative therapeutics. This study analysed the antibacterial and antibiofilm activity of methanolic propolis
extract (MPE) against extended-spectrum f-lactamase (ESBL) positive Pseudomonas spp. recovered from mastitis
affected Murrah buffaloes. Of the 175 environmental isolates from mastitis-affected buffalo milk (n= 472 animals),
Pseudomonas spp. accounted for 23.4% (n=41), making it the second most prevalent pathogen after Escherichia coli
(24.6%). Six clinical ESBL positive Pseudomonas isolates were selected for analysis. MPE exhibited antibacterial
activity with minimum inhibitory concentration (MIC) in the range of 7.81 to 15.62 mg/mL. Scanning electron
microscopy and fluorescence microscopy revealed membrane disruption in treated cells, and flow cytometry further
confirmed a high proportion of apoptotic cells post-treatment. All isolates were strong biofilm producers, and MPE
showed significant antibiofilm activity with 72.5+ 0.39% and 71.2 + 0.95% biofilm inhibition at 2MIC and MIC,
respectively. The findings indicate that Indian propolis is a promising natural alternative with potent antibacterial and
antibiofilm activity against Pseudomonas associated with bovine mastitis.
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Pseudomonas 1is an opportunistic environmental
pathogen, causes environmental mastitis in dairy animals,
contributing to inflammatory responses ranging from
chronic subclinical to severe clinical manifestations.
Pseudomonas aeruginosa 1is resistant to multiple
antibiotics, making it a persistent challenge in treatment due
to repeated therapeutic failures. Controlling Pseudomonas
mastitis requires culling chronically infected animals and
addressing contamination sources, including udder wash
water, intramammary antibiotics and milking equipment
(Kirk and Bartlett 1984, Erskine et al. 1987). Contaminated
bedding, manure, contaminated wash-water sources,
udder wash water, teat dips and milking equipment,
including wash hoses serve as potential infection sources
(Daly et al. 1999). Additionally, biofilm formation and
inadequate hygiene in the milking parlor increase the
risk of intramammary infections (Erskine e al. 1987). In
dairy animals, Pseudomonas intramammary infections
typically arise due to prolonged exposure to contaminated
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environmental sources (Schauer et al. 2021). Over the
recent decades, researchers have investigated novel,
economically viable and highly effective antimicrobial
therapeutics for combating infections induced by biofilm
forming pathogens (Aslam et al. 2018). Scientific focus
has increasingly shifted towards exploring natural plant-
based products for the development of potential potent
antimicrobial agents, for treating and preventing infectious
diseases (Anand et al. 2019). Propolis is derived from
the floral and resinous exudates of plants. Honeybees,
particularly Apis mellifera, collect and modify this gummy
substance with the help of secretions from their salivary
glands and beeswax, yielding propolis (Erskine er al.
1987). Propolis primarily safeguards beehives against
humidity and invaders by closing cracks and maintaining a
temperature homeostasis. Extensive literature supports the
diverse therapeutic properties of propolis, encompassing
antimicrobial, antiviral, antiprotozoal, antimycotic and
anticancer properties (da Silva et al. 2018) and antimicrobial
properties of propolis have demonstrated potential efficacy
against diverse bacterial species, including both Gram-
positive and Gram-negative organisms (Rivera-Yafiez
et al. 2021). This study aimed to evaluate the in vitro
antimicrobial and biofilm inhibitory activity of Indian
propolis against Pseudomonas strains isolated from
mastitis cases of Murrah buffaloes.
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MATERIAL AND METHODS

Bacterial samples: From 2019 to 2022, composite milk
samples were aseptically collected from mastitis buffaloes
(n=472) at the farmers’ doorstep in villages covered under
the ICAR Farmer FIRST Project (Haryana and Rajasthan)
and from organized herds maintained at ICAR-CIRB,
Hisar. Bacterial isolation and identification were carried
out on the basis of standard procedures (Quinn 1994).

Determination  of  antimicrobial  susceptibility:
Antimicrobial susceptibility of 41 Pseudomonas strains
isolated from mastitis milk of buffaloes was performed
on Mueller-Hinton agar (MHA) (Himedia) by disc
diffusion method in accordance with the guidelines of
Clinical Laboratory Standards Institute (CLSI 2012). Five
antimicrobial discs (Himedia) from four antimicrobial
classes were used: amoxycillin/sulbactam (AMS, 30/15 pg),
gentamicin (GEN, 10 pg), cefoperazone/sulbactam (CFS,
75/30 pg), ceftriaxone (CTR, 30 pg) and enrofloxacin (EX,
10 pg).

Pseudomonas test strains: Six clinical Pseudomonas
test isolates (bacterial codes PS 01 to PS 06) were
selectively chosen and evaluated for ESBL, MIC, biofilm
and antibiofilm assays. These isolates were confirmed by
PCR targeting the outer membrane lipoprotein gene opr/
for genus-level identification of Pseudomonas and the
oprL gene for species-specific detection of Pseudomonas
aeruginosayielding amplicons 0f 249 and 504 bp fragments
respectively (De Vos et al. 1997).

Phenotypic identification of extended-spectrum beta-
lactamase (ESBL) enzyme: Initial screening for potential
ESBL production was conducted using two antibiotic discs:
ceftazidime (CAZ, 30 pg) and cefotaxime (CTX, 30 ug)
on Mueller-Hinton Agar (MHA) plates inoculated with
bacterial cultures with bacterial culture (0.5 McFarland
standard) as per CLSI method. The confirmative combined
disc test for ESBL was conducted if the inhibition zone
of these antibiotics on initial screening was <22 mm and
<27 mm, respectively as per CLSI ESBL disc screening
criteria. Phenotypic confirmation of ESBL producing
strains was done by combined disc test using ceftazidime-
clavulanate (CAC, 30/10 pg); ceftazidime (CAZ, 30 ng)
and cefotaxime-clavulanate (CEC, 30/10 ng); cefotaxime
(CTX, 30 pg) disks (Pantha ef al. 2024). An expansion of
>5 mm in zone of inhibition observed with either of two:
Cefotaxime with clavulanic acid (CEC) or ceftazidime
with clavulanic acid (CAC) in contrast to their respective
cefotaxime (CTX, 30 pg) or ceftazidime (CAZ, 30 ng)
disks alone, confirmed ESBL producing strains.

Genotypic screening of ESBL genes: Isolates confirmed
as ESBL producers were further screened by PCR for the
presence of B-lactamase encoding genes: blaTEM, blaSHV
(Doosti et al. 2015) and blaCTX-M (Pitout et al. 2004).

Extraction of propolis: Propolis was manually collected
from honeybee colonies by the Entomology department of
CCS Haryana Agricultural University, Hisar. The resinous
material was stored at -20°C until its processing. Propolis
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(100 g) was cut into small pieces and ground using a
mortar and pestle. Crude propolis was extracted using the
maceration method (El-Sakhawy 2023). Briefly, 20 g of
dried and finely ground propolis was extracted with 100
mL of respective pure solvent methanol (1:5 w/v) through
regular shaking at room temperature for seven days to
obtain 20% (w/v) propolis extract (Suran et al. 2021).
The extract was clarified by centrifugation at 7,000 rpm,
25°C for 15 min. Extracts were kept for 2-3 hours at 4°C
to remove wax and then filtered using Whatman filter
paper. The supernatant was collected and evaporated at
room temperature for 1-2 weeks to remove the solvent.
The resulting dried material was stored at -20°C for further
studies. Stock solutions of the extracts were prepared by
dissolving 0.25 g of dried extract in 1 mL of the respective
pure solvent to obtain a final concentration of 250 mg/mL
(25% w/v) and were designated as methanol propolis extract
(MPE). MPE was then filtered and the stock solution was
serially diluted in a range of concentrations from 250 mg/
mL to 0.49 mg/mL for antibacterial and antibiofilm activity
assays using micro-broth dilution method.

Preparation of inoculum: Pseudomonas test strains
(n=6) were sub-cultured overnight at 37°C on Mueller-
Hilton agar plates. Three to four discrete colonies from
agar plates were inoculated into 5 mL tryptic soy broth
(TSB) and then incubated for 3-4 h at 37°C. The turbidity
of bacterial suspension was standardized with sterile
TSB to achieve an optical density (OD)., = 0.8-1 using
spectrophotometer and further diluted to 1:20 to get cell
count of 107 CFU/mL.

Antibacterial activity: Antimicrobial activity of MPE
was evaluated against Pseudomonas test strains using broth
microdilution as recommended by the CLSI (Wayne 2011).
In broth microdilution assay, MIC of propolis extract
against these strains were determined by serial two-fold
dilution of concentrations ranging from 250 mg/mL to
0.49 mg/mL in TSB on a 96-well microtiter plate with a
few minor modifications. For negative control, methanol
was used in place of MPE. A growth control, comprising
only bacterial culture without propolis extract and a
positive control using gentamicin antibiotic at 250 mg/mL
concentration were used. Additionally, TSB was employed
as a sterility control. Plates were incubated overnight at
37°C. After incubation, the bacterial growth was verified
by adding 20 pL of 2,3,5-Triphenyltetrazolium chloride (5
mg/mL) to each well and incubating for an additional 15—
20 min at room temperature. The bacterium’s viability was
then shown by the formation of a reddish bacterial button at
the bottom of each well. MIC was determined as the lowest
propolis concentration capable of inhibiting bacterial
growth by preventing the color shift of the solution from
yellow to red.

Scanning electron microscopy (SEM): Scanning electron
microscopy was done to evaluate morphological alterations
in bacterial cells following propolis treatment. For this,
100 pL of propolis solution at the minimum inhibitory
concentration (MIC, 15.62 pg/mL), 100 pL of broth and
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20 pL of bacterial suspension (107 CFU/mL) were added to
wells of a 6-well plate containing sterile glass coverslips.
Control wells received only broth and bacterial suspension.
Following incubation at 37°C overnight, non-adherent
bacteria were removed by washing the wells three times
with PBS. Fixing was done using 2.5% glutaraldehyde in
PBS for 4 h at 4°C. A stepwise ethanol gradient (30% to
100%) was used for dehydration, with samples immersed
for 5 min in each concentration. The dried samples were
submitted to Guru Jambheshwar University of Science and
Technology (Hisar, India) for SEM imaging. Gold sputter
coating was performed prior to imaging.

Flow cytometry: Bacterial viability and membrane
integrity post-treatment were further assessed using
flow cytometry (Beckman Coulter Cytoflex BB38280)
(Rozloznik et al. 2020). To quantify live (green) and dead
(red) bacterial populations, cells were treated with SYTO 9
and propidium iodide (PI) according to the manufacturer’s
protocol (Thermo Fisher Scientific, L34856). (Berney
et al. 2007). This allowed a validation of cell death and
membrane damage induced by propolis treatment.

Live/dead bacterial staining assay: Fluorescence
microscopy was used to visualize bacterial viability.
Bacterial cultures (107 CFU/mL) from control (without
propolis) and treatment (exposed to MIC of MPE) groups,
maintained in the logarithmic phase, were incubated
overnight and centrifuged at 10,000 x g to sediment the
cells. Following washing, the samples were reconstituted
in 1 mL of 0.85% sodium chloride solution. A staining
solution containing SYTO 9 (3.34 mM, 1.5 pL) and PI
(30 mM, 1.5 puL) was added to each sample and incubated
at 37°C in darkness for 15-30 min. Twenty microliters of
stained cells were mounted on a slide with a coverslip.
Imaging was conducted using a confocal fluorescence
microscope equipped with FITC (excitation 465—495 nm)
and TRITC (excitation 532554 nm) filters, following the
manufacturer’s protocol in the LIVE/DEAD BacLight
bacterial viability and counting kit (Thermo Fisher,
L34856). SYTO 9, a green-fluorescent nucleic acid stain,
penetrates intact bacterial membranes, marking viable
cells. In contrast, propidium iodide, which fluoresces
red, only enters bacteria with compromised membranes,
indicating non-viable cells.

The Congo Red method: The Congo Red Agar (CRA)
assay was followed to qualitatively evaluate slime
formation, as a presumptive test for biofilm formation,
where slime-producing strains form black colonies, while
non-producers remain red (Freeman ez al. 1989, Cotter et al.
2009). Pseudomonas strains were grown on BHI agar
supplemented with 0.08% Congo Red and 8% glucose at
37°C for 2448 h, with autoclaved Congo Red added to the
medium cooled to 55°C.

Evaluation of antibiofilm activity

Phenotypic biofilm formation assay: The ability of
bacterial isolates to form biofilms was phenotypically
quantified employing the microtitre plate method in 96-
well sterile flat-bottomed microtitre plates with a lid

(Nunc), where a 20 pL aliquot of bacterial inoculum (107
CFU/mL) and 180 puL of TSB were added to each well in
triplicate and incubated at 37°C for 24 h as per (Stepanovié
et al. 2000). After incubation, the contents of the wells were
removed and rinsed twice using distilled water to clear
non-adherent (planktonic) cells. To fix the biofilm, 200 uL
of 99% methanol was added to each well and incubated
for 15 min. After removing the methanol, the plates were
left to air-dry at ambient temperature for one hour. To stain
the biofilm biomass, each well was treated with 200 pL of
1% crystal violet solution and incubated for 20 min. Excess
stain was rinsed off under running tap water. To solubilize
the bound crystal violet, 200 uL of 33% glacial acetic acid
was added to each well and absorbance was recorded at
570 nm using a microplate ELISA reader. The positive
control consisted of a known biofilm-producing strain,
while wells with only 200 uL of TSB acted as negative
controls. The optical density cut-off (ODc) was determined
by adding three times the standard deviation to the mean
OD of the negative control (ODc = mean OD of negative
control +3xSD). Based on the measured OD values, strains
were grouped into four categories: non-biofilm formers
(OD < ODc), weak (OD > ODc to < 2x0ODc), moderate
(OD > 2x0ODc to < 4x0ODc) and strong biofilm formers
(OD > 4x0Dc).

Crystal violet antibiofilm microtiter plate assay: The
antibiofilm activity of MPE was evaluated by assessing
its ability to inhibit biofilm formation when administered
prior to biofilm development. The assay was performed
following the method described by Saeloh and Visutthi
(2021). In brief, bacterial isolates (107 CFU/mL) were
incubated in tryptic soy broth (TSB) in a 96-well microplate
at 37 °C for 24 h, with 2MIC, MIC, 1/2 MIC and 1/4 MIC
of propolis (treated) and without propolis (untreated). The
biofilm was fixed by treating with absolute methanol for
20 min, followed by air drying. Subsequently, 200 uL of
0.1% crystal violet was added to each well and allowed
to stain for 15 min. After rinsing with water, the plate was
air-dried. The stained biofilm was then solubilized using
200 pL of 33% (v/v) glacial acetic acid and the optical
density was measured at 595 nm using a microplate reader.
Biofilm inhibition was calculated by evaluating the optical
density (OD) of treated samples with that of the untreated
control using the formula: [(OD of control — OD of treated
sample)/OD of control] x 100, as described by (Prabhakar
et al. 2024).

Statistical analysis: Bioassays were conducted with three
independent experiments, each performed in triplicates.
Results are presented as mean + standard deviation (SD).

RESULTS AND DISCUSSION

Prevalence rate of Pseudomonas: Out of 175
environmental bacterial isolates obtained from milk samples
of subclinical and clinical mastitis cases in buffaloes (n =
472 animals) from organized and unorganized herds, 41
isolates were identified as Pseudomonas spp. Pseudomonas
spp. accounted for 23.4% of the total environmental
isolates, as the second most prevalent environmental
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Table 1. Antimicrobial Susceptibility profile of Pseudomonas isolates (n=41).

Antibiotic sensitivity pattern of Pseudomonas, (n=41)

Class Antimicrobials S % I % R %
Penicillin with beta-lactamase inhibitor AMS 31 74 8 19 3 6
Aminoglycoside GEN 38 91 3 9 0 0
Cephalosporin CFS 27 66 7 17 7 17

CTR 10 23 16 38 16 38
Fluoroquinolone EX 13 32 27 66 1 2

AMS (30/15 pg): amoxycillin/sulbactam, GEN (10pg): gentamicin, CFS (75/30ug): cefoperazone/sulbactam, CTR (30ng):

ceftriaxone, EX (10pg): enrofloxacin

mastitis pathogen after Escherichia coli (24.6%). These
findings are consistent with a previous report highlighting
Pseudomonas as an emerging environmental pathogen
in bovine mastitis, particularly in herds exposed to poor
environmental sanitation (Schauer et al. 2021, Mallick et
al. 2025). All 41 isolates showed yellow-colored colonies
on MacConkey agar and were oxidase positive.

Resistance profile of Pseudomonas: The results of
antimicrobial susceptibility testing of 41 Pseudomonas
strains to 5 antibiotics from four antimicrobial classes are
summarized in Table 1.

The highest susceptibility was observed for gentamicin
(GEN) at 91%, followed by amoxicillin/sulbactam (AMS)
with 74% and cefoperazone/sulbactam (CFS) with 66%
susceptibility. Gentamicin showed the highest susceptibility
against Pseudomonas, indicating their potential as effective
treatment which is in agreement with the previous reports
(Park et al. 2014, Yadav et al. 2020, Sekhri et al. 2021,
Kumari 2024). The low resistance rates to gentamicin
among Pseudomonas isolates in this study could be
attributed to short-term, limited usage and low preference
for its use in mastitis treatment (Yadav et al. 2023).

Molecular detection of P. aeruginosa: Genus-level
identification of Pseudomonas spp. was performed by
targeting the outer membrane lipoprotein gene oprl,
which yielded the expected 249 bp amplicon in all six
clinical isolates (PS_01 to PS_06) (Fig. 1). Species-specific
confirmation of P. aeruginosa was carried out using primers
targeting the oprL gene, resulting in a 504 bp amplicon. Out

Fig. 1. Amplification of outer membrane lipoprotein genes
(oprl) of Pseudomonas, M: 100 bp DNA marker, lane 1-6:
the amplified gene segments of PS_01 to PS_06, 249 bp from
representative Pseudomonas isolates.

Fig. 2. PCR amplification of the Pseudomonas aeruginosa
-specific opr L gene (504 bp). M: 100 bp DNA marker, lanes
1-5: positive amplification from clinical isolates PS_01 to PS_05,
lane 6: no amplification in PS 06, lane 7: negative control (no
template DNA).

of the six isolates, five (PS_01 to PS_05) showed positive
amplification for the oprL gene, confirming their identity as
P. aeruginosa, while PS_06 showed no amplification (Fig. 2).

Extended-spectrum beta-lactamase (ESBL) detection:
All six isolates showed inhibition zone <27 mm for CTX
whereas five isolates with <22 mm for CAZ, therefore all
isolates were screened positive for ESBL. All these were
further confirmed as ESBL producers by combination
disk ESBL phenotype confirmatory test (Table 2, Fig. 3).
The detection of ESBL producing Pseudomonas strains
in mastitis milk supports earlier observations of p-lactam
resistance in Pseudomonas spp. from dairy environments
(Salem et al. 2023, Kumari 2024).

Molecular detection of ESBL: ESBL genes (blaTEM,
blaSHV and blaCTX-M ) tested in this study demonstrated

Fig. 3. Combined disk synergistic test (CDT)* for phenotypic
confirmation of ESBL producer Pseudomonas (n=0).
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Table 2. Combined disk synergistic test (CDT)* for phenotypic
confirmation of ESBL producer Pseudomonas (n=6)

Required Positive ESBL
Antibiotic inhibition zone isolates by  confirmation
for screening test screening test by CDT*
CAZ <22mm 5 4
CTX <27mm 6 6
"With  CEC (cefotaxime with clavulanic acid)/ CTX

(cefotaxime, 30 pg) and CAC (ceftazidime with clavulanic acid)/
CAZ (Ceftazidime, 30 pg)

Fig. 4. PCR amplification of blaTEM gene showing
positive bands in all six isolates, M: 100 bp DNA marker ,
lane 1-6: the amplified gene segments of PS 01 to PS 06,
296 bp of blaTEM gene, lane 7 negative control.

that all 6 isolates were positive for blaTEM gene (Fig. 4),
while no amplification was observed for blaSHV and
blaCTX-M genes.

Antibacterial activity: The antibacterial potential of
different concentrations of crude MPE in the concentration
range of 250 mg/mL to 0.49 mg/mL was evaluated using
broth microdilution assays. The MPE showed MIC ranging
from 7.81 mg/mL to 15.62 mg/mL toward the tested strains

Fig. 5. Assay showing detection of MIC for MPE against
Pseudomonas isolates in a 96 well plate. A1-10 to F1-10: MPE
against different Pseudomonas strains, G1-G10: Gentamicin, H1-
H10: methanol control, A11-H11: bacterial culture without MPE,
A12-H12: broth control. MIC was determined as the lowest propolis
concentration capable of inhibiting bacterial growth, indicated by the
absence of a color change in the medium from yellow to red.

Fig. 6. Representative

scanning electron micrographs
of Pseudomonas for morphological changes: membrane
rupture, surface irregularities (wrinkled and irregular), and cell
deformation in the presence of MIC of MPE: a & b) control; ¢ &
d) MIC 15.62 mg/mL.

(Fig. 5) Kazemi et al. 2024 reported MIC values of 25-50
mg/mL for Iranian propolis against P. aeruginosa, whereas
De Marco et al. 2017 observed a much lower MIC of 0.125
mg/mL for Brazilian propolis against the same pathogen.
These findings highlight the variability in propolis efficacy,
which may be attributed to differences in its chemical
composition, geographical origin, and the specific bacterial
strains tested, which significantly influence its antibacterial
activity.

Membrane integrity evaluation

SEM analysis: As depicted in Fig. 6, morphological
changes in bacteria treated with MPE (at MIC) showed
wrinkled, irregular and fractured surface of bacterial
cells, indicating structural damage. These results further
validated the above experiment on antibacterial activity of
propolis. These findings corroborate that propolis exerts its
antibacterial activity by damaging the structural integrity
of the cell, resulting in the leakage of essential ions and
macromolecules critical for cell viability (Wang et al.
2021).

SYTO 9 /propidium iodide flow cytometric analysis:
Treatment of Pseudomonas with Indian propolis at MIC
(15.3 pg/mL) significantly increased late apoptotic cells
(97.59%) compared to control (48.39%), as assessed by
SYTO 9/PI flow cytometry. (Fig. 7). These findings are
consistent with the above experiment assessing cellular
structural integrity, supporting the apoptosis-mediated
antibacterial action of Indian propolis. Similar flow
cytometric analyses have previously confirmed that
propolis can induce apoptosis-like pathways in eukaryotic
systems, highlighting the potential of propolis as an
apoptosis-inducing agent (Begnini et al. 2014, Elnakady et
al. 2017, Silva et al. 2017).

Fluorescence microscopy: Pseudomonas cells in the
logarithmic growth phase were stained with the LIVE/
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Fig. 7. Apoptosis induction by Indian propolis at MIC value
at 15.3 pg/mL in Pseudomonas bacterial culture after overnight
treatment was determined by flow cytometry. (a) Dot plot of
control showing the percentages in each panel: late apoptotic
(48.39%), upper right quadrant and necrotic (5.72%), upper left
quadrant bacterial cells, (b) Treatment with propolis MIC 15.3 pg/
mL indicating late apoptotic (97.59%), upper right quadrant and
necrotic (0.57%), upper left quadrant bacterial cells.

DEAD BacLight Bacterial Viability Kit in the presence
and absence of MPE for fluorescence microscopy analysis.
In the untreated control, most cells showed predominant
green fluorescence, indicating intact cell membranes
(Fig. 8a). In contrast, treatment with MPE at its minimum
inhibitory concentration (15.3 pg/mL) led to an increase
in red-fluorescing cells (Fig. 8e, 8f), indicating membrane
damage and loss of viability. These observations are
consistent with SEM and SYTO 9/PI flow cytometry
results, further supporting that MPE induces membrane
damage as a mechanism of antibacterial action. Similar
membrane permeabilizing effect of propolis have been

Fig.8. Fluorescence images of Pseudomonas with LIVE/DEAD
BacLight Bacterial Viability and Counting Kit (a) Control sample
without propolis, showing live bacteria with intact membranes
fluorescing green. (b) Control sample exhibiting red fluorescence
due to propidium iodide (PI) uptake. (c) Merged image of live
and dead Pseudomonas cells in the control sample. (d) Propolis-
treated bacterial suspension, showing a reduced number of live
cells. (e) Propolis-treated bacteria with compromised membranes
fluorescing red due to PI uptake. (f) Merged image of live and dead
Pseudomonas cells following propolis treatment. Fluorescence
microscopy was performed using FITC/TRITC filter sets.
SYTO 9, a green-fluorescent nucleic acid stain, penetrates intact
membranes, marking viable cells, whereas PI, a red-fluorescent
stain, selectively enters membrane-compromised cells, indicating
loss of viability.
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Fig. 10. Biofilm biomass phenotype of six Pseudomonas
isolates a) crystal violet-stained biofilms on 96 well
microtiter plate and b) the corresponding quantification of
biofilm. Error bars represent standard deviation.

previously reported by (Veloz et al. 2019, Grecka et al.
2020) confirming the ability of propolis components to
disrupt bacterial membrane integrity.

The Congo Red method: All 6 isolates were strong
biofilm producers by CRA method (Fig. 9).

Bacterial biofilm biomass quantification by crystal
violet staining: As shown in Fig. 10, all Pseudomonas
isolates exhibited high biofilm biomass, as quantified by
crystal violet absorbance at 570 nm, with values ranging
from 2.56 to 3.69, indicating that all tested isolates were
strong biofilm producers.

Antibiofilm activity: Biofilm inhibition was assessed by
considering the untreated control as representing 100%
biofilm formation. When MPE was added at 2MIC and
MIC, the values of biofilm inhibition were 72.5+0.39% and
71.240.95%, respectively across six clinical Pseudomonas
isolates (Fig. 11). A dose-dependent decline was observed
at %> MIC and % MIC resulted in biofilm inhibition of
68.07+0.8% and 21.42+2.29, respectively. Compared to
the untreated control, all treatment concentrations showed
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Fig. 11. Dose-dependent antibiofilm activity of
methanolic propolis extract (MPE) against clinical
Pseudomonas isolates (PS_01 to PS_06) at concentrations
of 2 MIC, MIC, % MIC, and Y MIC. Maximum biofilm
inhibition was observed at 2MIC, with a gradual decline at

lower concentrations.

statistically significant biofilm inhibition (p< 0.001).

In conclusion, the current study indicates that MPE
exhibit antibacterial properties, presenting a potential
alternative antimicrobial and antibiofilm agent against
Pseudomonas mastitis infection in buffaloes. Furthermore,
it is suggested to carry out the identification of the bioactive
compounds found in propolis fractions, aiming for their
potential use as antibacterial agents.
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