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Abstract
Background  Bovine mastitis results in significant economic losses for the dairy industry globally due to milk 
production losses and decreased herd efficiency. This research aimed to isolate, select, and characterize indigenous 
lactobacilli with probiotic properties. A total of 40 lactobacilli were isolated from healthy milk samples of cattle and 
identified at the species level through 16S rDNA sequencing. All isolates were initially screened for antimicrobial 
activity, and selected isolates underwent in vitro assessment of probiotic properties.

Results  Among the lactobacilli isolates, varying levels of activity (9 to 19 mm) against cattle mastitogens; 
Stapylococcus aureus (Staph. aureus), Escherichia coli (E. coli) and Streptococcus dysgalactiae (Strep. dysgalactiae) were 
observed in the well diffusion assay. These isolates demonstrated auto-aggregation (ranging from 14.29 ± 0.96% to 
62.11 ± 1.09%) and co-aggregate (ranging from 9.21 ± 0.14% to 55.74 ± 0.74%) with mastitogens after 2 h. Lactobacillus 
(Lb.) plantarum CM49 showed sensitivity to most antibiotics tested and exhibited strong inhibitory effects, with mean 
log10 reductions of 3.46 for Staph. aureus, 2.82 for E. coli, and 1.45 for Strep. dysgalactiae in co-culture experiments. 
Furthermore, Lb. plantarum CM49 significantly decreased the adhesion rate of mastitogens on the bovine mammary 
cell line and mouse model, demonstrating its potential effectiveness in preventing mastitis.

Conclusion  It is concluded that Lb. plantarum CM49 has remarkable probiotic potential with activity against cattle 
mastitogens in the laboratory and cell culture and competitively excludes mastitogens from bovine mammary cells 
and ameliorates Staph. aureus-induced mastitis in mice.
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Background
Livestock drives Pakistan’s socioeconomic advancement, 
contributing approximately 62.68% to agricultural merit 
and 14.36% to the overall GDP. With a cattle population 
of 55.5  million and a buffalo population of 45  million, 
Pakistan is the fourth-largest milk-producing country 
globally, trailing only China, India, and the USA, with 
an annual gross production of 67,873 thousand tons [1]. 
This sector provides livelihoods for over 8  million rural 
families, constituting around 35 to 40% of their income 
[2]. Despite its significance, milk production in Pakistan 
faces various challenges, including infectious diseases 
and management issues [3].

Mastitis, a prevalent disease in the dairy sector, 
imposes severe clinical and economic burdens, resulting 
in significant economic losses [4]. Mastitis, characterized 
by mammary gland inflammation, is primarily caused 
by microorganisms such as Staph. spp., Strep. spp., and 
E. coli [5]. The mastitis caused by Staph. aureus has the 
highest prevalence (30%) [6]. The mastitis manifests in 
two forms: subclinical, characterized by no visible symp-
toms but decreased milk quantity and altered milk com-
position, and clinical, presenting with swollen and painful 
udders, clots, and sometimes blood in the milk [7].

Traditional control methods for bovine mastitis include 
diagnostics, animal isolation, enhanced hygiene, and 
antibiotic therapy [8]. However, the emergence of anti-
biotic resistance underscores the urgent need for alter-
native treatment strategies [9]. In this context, plant 
extracts, essential oils of medicinal plants [10], vaccines 
[11] and bacteriophage therapies have emerged as prom-
ising alternatives to antibiotics [12, 13]. Probiotics are 
another alternative approach that has gained reasonable 
success in controlling and treating various microbial dis-
eases in livestock and Poultry [14, 15].

Probiotic lactobacilli have gained particular attention 
as a preventive measure against bovine mastitis. A recent 
study in Pakistan demonstrated that Lb. rhamnosus GG 
has the potential to be a therapeutic agent in the man-
agement of sub-clinical mastitis by reducing somatic cell 
count and inhibiting the growth of mastitis-causing bac-
teria [16]. Lactobacilli, known to be safe for consump-
tion, provide various benefits such as adhesion to bovine 
mammary epithelial cells, colonization, and bacteriocin 
production, which helps suppress pathogen growth [17]. 
Other than mitigation of mastitis, probiotics can provide 
a wide range of additional benefits [14, 18, 19].

Our previous studies using the 16  S rDNA metage-
nomic approach revealed that the milk microbiota of 
mastitic and healthy cattle and buffalo varies, indicating 
a possible role of udder microbial communities in pre-
venting mastitis. This highlights the possible importance 
of exploring and enhancing the udder microbiome using 
probiotic candidates [20, 21]. Therefore, this study was 

designed to isolate and characterize lactobacilli strains 
from the udder microbiota of cattle, evaluate their anti-
bacterial properties against selected mastitogens, and 
assess other probiotic traits. Through comprehensive 
analysis and experimentation, our goal is to develop 
indigenous probiotics tailored for controlling and treat-
ing bovine mastitis, addressing a critical need in Paki-
stan’s dairy industry.

Methods
Place of study and milk sampling
This study was conducted at the Probiotics Research 
Laboratory, Institute of Microbiology, University of Vet-
erinary and Animal Sciences, Lahore, Pakistan. The milk 
samples were collected from healthy Holstein Friesian 
(n = 50) and Sahiwal cattle (n = 20) from different dairy 
farms in Lahore after confirming the animals’ health 
(absence of mastitis) using the California mastitis test 
[22]. The teats and udder surfaces were washed with tap 
water and dried. They were then swabbed with a cotton 
swab soaked in 70% alcohol. After discarding the first 
three milk strips, approximately 10 ml of milk sample was 
collected. The samples were then placed on racks for easy 
handling and transferred to the laboratory in a transport 
container with ice packs to maintain a cold chain.

Isolation and identification of lactobacilli
For the isolation of lactobacilli, milk samples underwent 
10-fold serial dilutions in normal saline, and 100  µl ali-
quots were spread on MRS (De man, Rogosa, and Sharpe 
agar) media plus nystatin (100 µg/100 ml) to prevent fun-
gal growth. The media plates were incubated at 37 °C for 
24–48 h in an anaerobic environment. Colonies with dis-
tinct morphologic characteristics were selected, purified, 
and subjected to subsequent Gram staining and catalase 
testing. Once confirmed, the selected colonies were pre-
served in MRS broth supplemented with 20% glycerol. 
For molecular identification, DNA from isolates identi-
fied as Gram-positive, rods and catalase-negative was 
extracted using a Thermo Scientific Genomic DNA puri-
fication kit and confirmed using a Lactobacillus genus-
specific PCR. Species-level identification was achieved by 
amplifying the partial 16  S rRNA gene using previously 
described primers and conditions [23]. On 1.5% agarose 
gel electrophoresis, the genus-specific (250 bp) and 16 S 
rRNA gene (1400 bp) amplicons were resolved and sent 
for sequencing from Macrogen, Seoul, South Korea. 
After analyzing the sequences with BioEdit, the species 
were determined by BLAST comparison of the recovered 
sequences with the NCBI GenBank database. Addition-
ally, the sequences were submitted to NCBI GenBank to 
obtain accession numbers.
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In vitro characterization of lactobacilli for their probiotic 
properties
Screening of lactobacilli for anti-mastitogen activity
Lactobacilli isolates were screened for activity against 
mastitogens (Staph. aureus, E. coli and Strep. dysgalac-
tiae) of bovine origin using the well diffusion assay. The 
lactobacilli were cultured in MRS broth anaerobically 
for 24  h, and their cell-free supernatants (CFS) were 
obtained by centrifugation for 5  min. Mastitogens were 
swabbed onto Muller-Hinton agar plates, wells were 
made, and CFSs of lactobacilli were added to wells. The 
media plates were then incubated for 24 h at 37 °C, and 
the diameter of the zone of inhibition was measured in 
millimeters around the wells [24]. Mastitic milk samples 
from various dairy farms in a separate study in our lab 
were processed for the isolation of bovine mastitogens 
(Staph. aureus, E. coli, and Strep. dysgalactiae), con-
firmed by PCR followed by sequencing and used as indi-
cator organisms in this study.

Antibiogram of selected lactobacilli
Probiotic bacteria must not exhibit transferable antibi-
otic resistance [25]. The antibiogram of selected lactoba-
cilli was determined using a method outlined in previous 
studies [26]. Lactobacilli were cultured on MRS media, 
and a 1 McFarland (~ 3 × 10^8  cfu) suspension was pre-
pared. This suspension was then swabbed onto MRS 
media plates, and the most commonly used antibiotic 
discs, including penicillin, amoxicillin, cefixime, poly-
myxin B, bacitracin, vancomycin, tetracycline, erythro-
mycin, chloramphenicol, and fusidic acid were placed 
on the plates. The plates were incubated anaerobically at 
37 °C for 24 h. After incubation, the isolates were classi-
fied as sensitive (S) or resistant (R) based on the zone of 
inhibition (mm) and breakpoints adopted by the Clinical 
Laboratory Standards Institute (CLSI) or European Food 
Safety Authority (EFSA) as described previously [23].

Auto-aggregation, co-aggregation of selected lactobacilli 
isolates with selected mastitogens
The evaluation of auto-aggregation of lactobacilli was 
conducted according to a previously established protocol 
[24]. Fresh lactobacilli cultures were centrifuged, washed 
with PBS, and re-suspended in PBS. The lactobacilli sus-
pensions were then incubated at 37 °C, and optical den-
sity (O.D.) was measured after 1 and 2 h at 600 nm using 
a spectrophotometer. Additionally, the co-aggregation of 
lactobacilli with mastitogens (Staph. aureus, Strep. dysga-
lactiae and E. coli) was determined following the method 
described previously [24]. Co-aggregation was quantified 
as a percentage, indicating the potential of lactobacilli to 
inhibit the indicator organisms (Staph. aureus, Strep. dys-
galactiae and E. coli).

Coaggregation% = 1 − Amix(Aisolate + Apathogen /2) × 100.

Where Aisolate, Apathogen and Amix, respectively, stand for 
the test strains, pathogenic strains, and their mixing fol-
lowing a two-hour incubation period.

Inhibition of mastitogens in broth culture
Equal amounts of 106 cfu per mL of freshly grown cul-
tures of selected lactobacilli (100  µl) and mastitogens 
(Staph. aureus, Strep. dysgalactiae and E. coli) (100  µl) 
isolated from cattle were mixed in 10 ml nutrient broth 
in separate tubes and then incubated at 37  °C. Mastito-
gens were enumerated on Mannitol salt agar, Edward 
medium, and MacConkey agar, respectively, from this 
mixture after different time intervals (0, 8, 16, and 24 h) 
to determine the growth kinetics in terms of log10 reduc-
tion of mastitogens with potential lactobacilli [27].

Effect of Lactobacillus plantarum CM49 against 
mastitogens on bovine mammary cell line
Mammary epithelial cells
Primary cell culture was utilized to establish the mam-
mary cells. Bovine mammary tissue was obtained [28] 
Under sterile conditions, transported to the lab within 
1  h and cut into small pieces. Tissue digestion was 
achieved by incubation in Dulbecco’s Modified Eagle 
Medium (DMEM), with 100  µg/mL penicillin G. The 
cells were separated through centrifugation at 300×g for 
10  min, washed twice, transferred into T25 flasks, and 
maintained at 37 °C with 5% CO2. These cells were then 
cultured in DMEM, having 10% heat-inactivated fetal calf 
serum. The cells were kept in humidified conditions at 
37 °C, 5% CO2 until they reached confluence [29].

Before the adhesion assay, bacteria grown in nutrient 
broth were centrifuged at 6000 rpm for 5 min, and pel-
lets were obtained. The pellets were washed thrice with 
PBS and resuspended in antibiotic-free DMEM to get the 
suspension of Lb. plantarum CM49 to (10^8 cfu/mL) and 
mastitogens (10^7 cfu/mL). Mammary cell monolayers at 
a 2 × 10^5 density per well in 6-well plates were seeded 
with Lb. plantarum and mastitogens for the adhesion 
assay.

Adhesion assay
Adhesion assays were conducted following the protocol 
established previously [30], modified to include Compe-
tition, Displacement and Inhibition assays: Competition 
assay: Lb. plantarum CM49 (10^8  cfu/mL) and Staph. 
aureus (10^7  cfu/mL) suspension in DMEM was added 
to the cells and incubated for 2 h at 37  °C in a 5% CO2 
environment. Following the incubation phase, MEC 
monolayers underwent three PBS washes, and 1  ml of 
0.2% Triton-X100 in sterile water was used to lyse the 
cells. The adhered bacteria was quantified using a total 
viable count, followed by percentage inhibtion by com-
paing with their controls. Displacement assay: cells were 
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incubated with 4 ml of Staph. aureus suspension for two 
hours to achieve infection and then washed thrice with 
PBS, followed by incubation with 4 ml of Lb. plantarum 
CM49 suspension for two hours. Inhibition assay: cells 
were initially exposed to Lb. plantarum CM49 for 2  h, 
washed thrice with PBS and infected with Staph. aureus 
for 2 h. The adhesion assay involved using Staph. aureus 
alone, and Lb. plantarum CM49 alone was used as a con-
trol. The same protocol was followed for each E. coli and 
Strep. dysgalactiae separately, along with Lb. plantarum 
CM49.

In vivo evaluation of the probiotic potential of 
Lactobacillus plantarum CM49 against Staphylococcus 
aureus-induced mastitis in mice
Based on its superior in vitro activity, the isolated strain 
Lb. plantarum CM49 was selected to evaluate its effects 
on preventing and controlling experimentally induced 
Staph. aureus mastitis in mice, following a modified 
protocol [31]. Lactating mice (approximately 35–40  g), 
12–14 days post the birth of their offspring, were used 
for this experiment. The pups were separated 1–2  h 
before the inoculation of Staph. aureus into the mam-
mary gland. The fourth mammary gland (L4), the largest 
one from head to tail, was disinfected with 70% ethanol 
before intramammary (IMAM) infection with Staph. 
aureus.

A total of 25 lactating mice were divided into five 
groups. Mice in Group A were given intramammary 
injection of Staph. aureus (1 × 105 cfu, 100  µl) only, and 
group B (treatment model) was infected with Staph. 
aureus (1 × 105 cfu, 100 µl) followed by inoculation of Lb. 
plantarum CM49 (3 × 107 cfu, 100 µl) for 24 h. In Group 
C (prevention model), the Lb. plantarum CM49 was 
inoculated 24  h before the infection with Staph. aureus 
for 12  h. Group D was the PBS control group, while 
Group E was inoculated with Lb. plantarum CM49 alone. 
Following that, the mice were anesthetized with ket-
amine/xylazine at doses of 87 and 13 mg/kg, respectively. 
Mammary glands were collected, and Lb. plantarum 
CM49 and Staph. aureus were enumerated on respective 
selective media. The enumeration data was converted to 
the reduction in log10 cfu/gm.

Statistical analysis
Enumeration data were presented as the mean ± standard 
deviation to describe the variability of the data. A one-
way ANOVA (Analysis of Variance) was performed to 
evaluate significant differences among the isolates and 
determine any significant differences between the means 
of the groups. Following the ANOVA, Tukey’s Multiple 
Comparison Test was used to show significant differ-
ences in their means. These analyses help to understand 
where the isolates’ performance differences exist.

Results
Isolation and identification of lactobacilli isolates
Culturing milk samples on MRS agar plates resulted 
in isolating 55 probable lactobacilli, characterized as 
catalase-negative and gram-positive rods. Among 55 
isolates, 40 were confirmed to be lactobacilli through 
genus-specific PCR. Out of the 40 confirmed lactoba-
cilli, five isolates underwent further species identifica-
tion by sequencing a partial 16 S rRNA gene. Sequencing 
analysis of the selected lactobacilli strains revealed their 
species identification as Lb. plantarum (03) and Lb. pen-
tosus (02). The Gene Bank accession numbers assigned to 
these lactobacilli are OR230148, OR230149, OR230150, 
OR230130 and OR230152. An evolutionary tree based on 
16 S rRNA gene sequences, is presented in Fig. 1.

Anti-mastitogens activity of cell-free supernatants of 
lactobacilli
All lactobacilli isolate cell-free supernatants (CFS) were 
used directly after being adjusted to pH = 7. The CFS of 32 
out of 40 lactobacilli isolates showed anti-Staph. aureus 
activity (32/40, 80%) while 20 lactobacilli isolates exhib-
ited anti-Staph. aureus and anti-E. coli activity (20/40, 
50%). Additionally, 5 lactobacilli isolates (CM12, CM22, 
CM28, CM41, CM49) demonstrated activity against all 
three selected mastitogens (Staph. aureus, E. coli, and 
Strep. dysgalactiae), with no zone of inhibition observed 
at pH7 in all cases. The highest anti-mastitogens activ-
ity, indicated by the zone of inhibition in millimeters 
(mm), was shown by the CFS of lactobacillus isolates 
CM49 (19 ± 1 mm, 15 ± 1 mm and 12 ± 0.57 mm), CM28 
(16 ± 0.57  mm, 15 ± 0.57  mm and 12 ± 1  mm), followed 
by CM22 (15 ± 0.57  mm, 13 ± 0.57  mm and 11 ± 1  mm) 
against Staph. aureus, E. coli, and Strep. dysgalactiae, 
respectively, compared to other isolates. Figures 2 and 3, 
and 4 illustrate the activity of CFSs derived from various 
isolates against mastitogens.

Auto-aggregation and co-aggregation pattern of 
lactobacilli
Optical density (OD) values were measured using a spec-
trophotometer at 1 and 2 h in the auto-aggregation and 
co-aggregation experiments. The auto-aggregation activ-
ity of the isolates after 2 h ranged from 14.29 ± 0.96% to 
62.11 ± 1.09%. The highest percentage of auto-aggre-
gation was observed in lactobacilli isolates CM49 
(62.11 ± 1.09%), followed by CM22 (58.08 ± 0.86%) and 
CM41 (56.80 ± 0.75%) after 2 h, showing a significant dif-
ference from other lactobacilli isolates. In contrast, CM9 
(15.62 ± 0.68%) and CM14 (14.29 ± 0.96%) exhibited poor 
auto-aggregation activity after the 2-hour time interval 
compared to the control LGG isolate (38.58 ± 0.20%), as 
detailed in Table 1.
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The co-aggregation activity of the isolates after 2  h 
ranged from 15.43 ± 0.17% to 55.74 ± 0.74%. Isolate CM49 
exhibited the highest percentage of co-aggregation 
activity (55.74 ± 0.74%, 51.99 ± 0.41% and 49.41 ± 0.57%) 
after the 2-hour time interval, followed by isolate CM22 
(52.84 ± 0.57%, 45.32 ± 0.45% and 44.45 ± 0.71%) against 
bovine mastitogens (Staph. aureus, E. coli, and Strep. 
dysgalactiae) respectively. Isolates CM4 and CM9 dis-
played poor co-aggregation activity after the 2-hour 
interval compared to the control LGG isolate activity 

(46.07 ± 0.70%, 40.07 ± 0.70% and 39.07 ± 0.70%) against 
Staph. aureus, E. coli and Strep. dysgalactiae, as detailed 
in Supplementary Table S1.

Significant differences (p < 0.05) exist between means 
that do not share a letter in the same column.

Antibiogram of selected lactobacilli
The study results indicated that lactobacilli exhibited 
high levels of resistance to vancomycin (32/32, 100%) 
and polymyxin B (32/32, 100%). On the other hand, they 

Fig. 2  Anti-Staph.aureus activity of CFS of lactobacilli. The non-significant (p > 0.05) difference between isolates is indicated by a-e bars with the same 
alphabet, and the significant difference (p < 0.05) between isolates is indicated by bars with distinct alphabets

 

Fig. 1  Phylogenetic tree generated using the neighbor-joining method by MEGA software
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Fig. 4  Anti-mitogens activity of CFS of lactobacilli against Staph.aureus, E.coli and Strep. dysgalactiae. The non-significant difference between isolates is 
indicated by a-c bars with the same alphabet and the significant difference between isolates is indicated by bars with distinct alphabets

 

Fig. 3  Anti-Staph.aureus and anti-E.coli activity of CFS of lactobacilli. The non-significant (p > 0.05) difference between isolates is indicated by a-e bars with 
the same alphabet and the significant difference (p < 0.05) between isolates is indicated by bars with distinct alphabets
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showed lower levels of resistance to cefixime (16/32, 50%) 
and fusidic acid (10/32, 31%), while no antibiotic resis-
tance was seen against all other six antibiotics, penicillin, 
amoxicillin, bacitracin, tetracycline, erythromycin and 
chloramphenicol. The resistance profiles of each isolate 
are detailed in Supplementary Table S2. Isolates CM1, 
CM10, CM12, CM25, CM28, CM35, CM42 and CM49, 
displayed susceptibility to most antibiotics tested.

Inhibition of mastitogens in broth culture by Lactobacillus 
plantarum CM49
The Lb. plantarum CM49 was co-cultured with bovine 
mastitogens (Staph. aureus, E. coli and Strep. dysgalac-
tiae) in nutrient broth. The counts of these microorgan-
isms were measured at four different time points: 0, 8, 
16, and 24 h using their respective selective media. The 

kinetics in terms of the mean log10 cfu/gm for mastito-
gens are shown in Fig. 5.

Lactobacillus plantarum CM49 demonstrated the abil-
ity to reduce the viable counts of mastitogens at vari-
ous time points in the experiment. The mean log10 cfu/
mL for Staph. aureus was 4.90 ± 0.11, 3.30 ± 0.21, and 
2.20 ± 0.13 at 8, 16, and 24  h, respectively, compared to 
the initial count of 5.66 ± 0.10 cfu/mL. Similarly, the mean 
log10 cfu/mL for E. coli was 5.01 ± 0.20, 3.54 ± 0.21 and 
2.80 ± 0.16 at 8, 16 and 24 h, respectively compared to the 
initial count of 5.62 ± 0.23  cfu/mL. For Strep. dysgalac-
tiae, the mean log10 cfu/mL was 5.07 ± 0.16, 4.17 ± 0.14 
and 3.5 ± 0.18 at 8, 16, and 24  h respectively, compared 
to the initial count of 5.62 ± 0.23  cfu/mL. The findings 
suggest that after 8  h, Lb. plantarum CM49 resulted in 
a non-significant decrease in bovine mastitogens count 
(p > 0.05), while a significant reduction (p < 0.05) was 
observed after 16 and 24 h, respectively, compared to the 
initial counts.

Inhibition of mastitogens adhesion on bovine mam-
mary cell line by Lactobacillus plantarum CM49.

Various models, including Competition, Inhibition 
and Displacement, were tested to assess the ability of Lb. 
plantarum CM49 to inhibit the adhesion of mastitogens 
(Staph. aureus, Strep. dysgalactiae and E. coli) on the 
bovine mammary cell line. Lb. plantarum CM49 signifi-
cantly inhibits the adhesion rates of mastitogens on the 
bovine mammary cell line in different experimental con-
ditions, as shown in Table 2.

The results of the Competition showed that the adhe-
sion values of mastitogens decreased when Lb. planta-
rum CM49 and mastitogens were added simultaneously. 
Staph. aureus exhibited a more substantial reduction in 
adhesion (69%), followed by Strep. dysgalactiae (64%) and 
E. coli (61%). In the Inhibition assay, the Lb. plantarum 
CM49 was first allowed to attach to the cells. Afterward, 
mastitogens were added, and the reduction in the attach-
ment rate was measured as 77% for Staph. aureus, fol-
lowed by Strep. dysgalactiae (69%) and E. coli (65%). The 
Inhibition assay showed that Lb. plantarum CM49 sig-
nificantly (P < 0.05) inhibited Staph. aureus attachment, 
whereas Staph. aureus did not inhibit the Lb. plantarum 
CM49. Similarly, in Displacement, where mastitogens 
were first allowed to attach to cells, followed by Lb. plan-
tarum CM49, the percentage inhibition was measured 
61%, 54% and 50% for Staph. aureus, E.coli and Strep. 
dysgalactiae respectively.

Inhibition of Staphylococcus aureus-induced mastitis in a 
mouse model by Lactobacillus plantarum CM49
The results of this study indicated a decrease in the 
Staph. aureus count in both the treatment and preventive 
models as compared to a positive control group where 
the Staph. aureus count (cfu/gm) remained higher. The 

Table 1  Auto-aggregation activity of lactobacilli after 1 and 2 h
Isolates Percentage Auto-aggregation

(Mean ± SD)
1 h 2 h

CM1 24.85 ± 0.55 m 29.37 ± 0.67 n

CM4 15.38 ± 0.32 m 19.23 ± 0.14 p

CM5 28.77 ± 0.44 gh 41.03 ± 0.46 hij

CM7 11.51 ± 0.43 nop 21.58 ± 0.5 op

CM8 10.1 ± 0.41 p 15.33 ± 0.71 q

CM9 12.5 ± 0.82 no 15.62 ± 0.68 q

CM10 35.13 ± 0.92 abc 44.87 ± 1.12 g

CM11 12.41 ± 0.69 no 21.57 ± 0.54 op

CM12 24.47 ± 0.38 k 38.54 ± 1.01 jklm

CM14 10.71 ± 0.80 op 14.29 ± 0.96 q

CM15 31.89 ± 0.58 de 40.74 ± 0.51 hijk

CM16 15.43 ± 0.44 m 30.86 ± 0.59 n

CM17 27.08 ± 0.66 hij 42.18 ± 0.47 ghi

CM19 31.31 ± 0.53 ef 42.30 ± 0.58 gh

CM20 18.31 ± 0.62 l 30.69 ± 0.54 n

CM22 30.43 ± 0.82 efg 58.08 ± 0.86 bc

CM25 9.69 ± 0.36 p 23.03 ± 1.08 o

CM27 34.67 ± 0.39 bc 39.19 ± 1.01 ijkl

CM28 14.97 ± 0.61 m 20.29 ± 0.56 op

CM29 30.34 ± 0.21 efg 37.81 ± 0.99 klm

CM31 13.16 ± 0.64 n 21.54 ± 0.33 op

CM34 28.69 ± 0.52 ghi 54.26 ± 0.80 de

CM35 26.02 ± 0.38 jk 36.22 ± 1.02 lm

CM36 36.59 ± 0.54 a 44.89 ± 1.44 g

CM39 26.81 ± 0.36 ij 35.75 ± 1.13 m

CM41 33.29 ± 0.99 cd 56.80 ± 0.75 cd

CM42 28.91 ± 0.77 gh 39.75 ± 0.66 hijk

CM43 33.29 ± 0.25 cd 50.80 ± 1.24 f

CM46 36.96 ± 0.39 a 60.58 ± 1.54 ab

CM48 29.58 ± 0.59 fg 52.08 ± 1.33 ef

CM49 35.71 ± 0.70 ab 62.11 ± 1.09 a

CM50 33.60 ± 0.52 cd 57.26 ± 1.06 cd

LGG 18.40 ± 0.30l 38.58 ± 0.20klm
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mean log10 reduction of 1.25 and 1.9 in the Staph. aureus 
count in treatment and preventive models was noted. 
Results also revealed an increase of 3.01 mean log10 and 
1.73 mean log10 for lactobacilli in the prophylactic and 
treatment models, respectively, as shown in Fig.  6 and 
Supplementary Table S3.

Discussion
The treatment of mastitis in cows typically involves 
using antibiotics for both therapeutic and prophylactic 
purposes during the drying-off period. However, due to 
the excessive and improper use of antibiotics, there is 
increasing concern over antibiotic resistance in bacteria, 
which has posed a significant challenge in this approach 
[12]. Hence, there is an immediate need to explore alter-
native methods such as using probiotics to manage mas-
titis in dairy cattle effectively. Lactobacillus species are 
widely used as dairy probiotics as they offer several ben-
efits. These bacteria are considered safe [32] for the host 
and have been categorized as Generally Recognized As 
Safe (GRAS). Lactobacillus species are naturally found 
in various environments, including fermented foods and 
the GIT of both humans and animals [33, 34]. The bovine 
udder microbiota comprises diverse microorganisms, 
making it a valuable source for identifying effective pro-
biotic strains [35].

From this research, 40 lactobacilli were isolated from 
the milk of healthy cattle. Among the 40 lactobacilli iso-
lates, 32 showed anti-Staph. aureus activity, while 20 
isolates exhibited activity against Staph. aureus and anti-
E. coli activity. Five lactobacilli isolates (CM12, CM22, 
CM28, CM41, and CM49) demonstrated activity against 
all three selected mastitogens (Staph. aureus, E. coli, and 
Strep. dysgalactiae). Previous studies have successfully 

Table 2  Percentage inhibition in adhesion of mastitogens by Lb. 
Plantarum CM49
Mastitogens Competition 

(M + L)
Inhibition 
(L/M)

Dis-
place-
ment 
(M/L)

Staph. aureus 69.49 ± 0.6 a 77.8 ± 0.75 a 61.09 ± 
0.45 a

Strep. dysgalactiae 64.4 ± 0.56 b 69.63 ± 0.41 b 54.29 ± 
0.3 b

E. coli 61.14 ± 0.48 b 65.07 ± 0.65 c 50.93 ± 
0.44 b

Significant differences (p < 0.05) exist between means that do not share a 
letter in the same column. Adhesion inhibition of the control mastitogens was 
considered as 0%.

Competition (M + L): Mastitogen and lactobacillus added simultaneously.

Inhibition (L/M): Mastitogen added after Lactobacillus.

Displacement (M/L): Lactobacillus added after mastitogen.

Fig. 5  Enumeration of mastitogens after different time intervals in co-culture assay
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isolated lactic acid bacteria from the raw milk of healthy 
cattle and examined their antimicrobial properties 
against mastitogens [36]. The species-level identifica-
tion of the five selected lactobacilli revealed their classi-
fication as Lb. plantarum and Lb. pentosus. Our research 
findings align with previous studies that have similarly 
identified lactobacilli, such as Lb. plantarum, Lb. fermen-
tum, and Lb. acidophilus [37]. Additionally [38], identi-
fied lactic acid bacteria from cow milk as a potential 
probiotic strain to prevent mastitis. Jimenez’s study also 
identified lactobacillus strains, Lb. salivarius CECT5713 
and Lb. gasseri CECT5714, from breast milk and found 
them to be an effective treatment for lactational infec-
tious mastitis during lactation after oral administration 
[39]. Similarly, a recent study isolated 55 lactobacilli from 
healthy chickens and observed a significant reduction in 
Salmonella gallinarum in broilers [40].

The antimicrobial activity demonstrated by lactobacilli 
strains against three key mastitis pathogens is an attrac-
tive research area with two significant roles. Firstly, it 
aims to impede the invasion of bacterial strains identified 
as disease-causing agents. Secondly, it seeks to prevent 
new infections caused by multidrug-resistant bacterial 
strains [41]. The inhibitory impact of probiotics against 
mastitis pathogens is recognized as a crucial characteris-
tic in selecting effective probiotic strains [42].

Lactobacillus plantarum CM49 used in this study was 
selected based on in vitro probiotic criteria, including 
antimicrobial activity against mastitogens, auto-aggre-
gation, co-aggregation, antibiotic resistance profile and 
in vitro inhibition in broth culture. The mechanism of 
action of probiotics is still an area of ongoing research, 
and factors such as their ability to produce hydrogen per-
oxide, lactic acid, acetic acid, organic acids, and bacterio-
cins are believed to contribute to their inhibitory effects. 
Probiotics can also compete for nutrients, secrete anti-
bacterial substances, modulate immune responses and 
cytokine patterns, competitively exclude pathogens, colo-
nize mammary epithelial cells and promote the establish-
ment of a healthy udder flora [43]. Kober further suggests 
that immunobiotics play a beneficial role in mammary 
gland immunobiology offering a potential preventive 
strategy for managing bovine mastitis and addressing 
antimicrobial resistance [44].

Autoaggregation and coaggregation are crucial charac-
teristics to consider when selecting probiotics. Autoag-
gregation refers to the strain’s ability to cluster together, 
indicating its tendency to adhere to epithelial cells. This 
property is unique to each microorganism and can pre-
dict its adhesion capability [45]. On the other hand, coag-
gregation plays a role in creating a barrier effect against 
the colonization of pathogens [46]. The study demon-
strated a range of auto-aggregation among the lactobacilli 

Fig. 6  Column graph showing mean log10 cfu/gm of Staphylococcus aureus and lactobacilli. Significant differences (p < 0.05) exist between means that 
do not share a letter in the same group
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isolates, with values varying from 14 to 62% after 2  h. 
Similarly, co-aggregation values ranged from 25 to 56% 
for Staph. aureus, 18–51% for E. coli, and 15–49% for 
Strep. dysgalactiae after 2 h, with reduced co-aggregation 
activity observed after 16 h. This co-aggregation pattern 
was also noted between four strains of Lb., specifically 
Lb. acidophilus, Lb. plantarum, Lb. casei and Lb. reuteri, 
and two strains of Staph. aureus [47]. Boris proposed that 
this inhibitory effect would impede the colonization of 
epithelial cells by pathogenic bacteria, thereby facilitating 
their elimination from the system [48].

Antibiotic resistance patterns of the isolates were also 
examined due to safety concerns regarding probiot-
ics. The study’s results indicated that some lactobacilli 
resisted vancomycin and polymyxin B only, while others 
showed resistance to vancomycin, polymyxin B, cefix-
ime, and fusidic acid. However, no antibiotic resistance 
was observed against the six major antibiotics: penicil-
lin, amoxicillin, bacitracin, tetracycline, erythromycin 
and chloramphenicol. Isolates that displayed acquired 
resistance to more than two antibiotics were considered 
unsuitable for probiotic use and excluded from further 
consideration. Lactobacillus plantarum CM49 was sus-
ceptible to this study’s most commonly used antibiotics. 
It did not possess acquired resistance, indicating its safety 
for inclusion in the food chain without the risk of anti-
biotic resistance transfer. A previous study by Danielsen 
and Wind reported that lactobacilli isolated from milk 
exhibited chromosomal resistance to bacitracin, cipro-
floxacin, kanamycin, gentamicin, metronidazole, strepto-
mycin, and vancomycin [49, 50].

Another approach for determining the antibacterial 
action of probiotic lactobacilli is the co-culture assay, 
where two organisms are cultured together in broth 
to measure how one organism affects the growth of 
the other [51, 52]. Lactobacillus plantarum CM49 was 
selected for the co-culture experiment in this study due 
to its probiotic potential, antimicrobial efficacy against 
mastitogens in the well-diffusion assay, auto-aggregation 
and co-aggregation capabilities and lack of resistance to 
the majority of antibiotics studied. The outcomes showed 
that Lb. plantarum CM49 significantly reduced (> 3.4, 
> 2.5 and > 1.4 log reduction) the growth of mastitogens 
(Staph. aureus, E. coli, and Strep. dysgalactiae) by more 
than 3.4,2.5, and 1.4 log reductions, respectively. These 
findings align with those of Bilge et al., who found that 
lactobacilli-producing antimicrobial substances have a 
high potential for preventing the growth of pathogenic 
bacteria [53].

Afterward, Lb. plantarum CM49 was observed to 
inhibit the adhesion of mastitogens on the bovine mam-
mary cell line. Specifically, in the Inhibition assay, Lb. 
plantarum CM49 significantly reduced the adhesion rate 
of mastitogens on the bMEC line, in the order of Staph. 

aureus (77%) > Strep. dysgalactiae (69%) > E. coli (65%) 
indicating the higher adhesion capability of Lb. plan-
tarum CM49 on bMEC when competing with mastito-
gens. After that, reduction in inhibition of mastitogens 
was also noted in the Competition and Displacement 
assays by Lb. plantarum CM49 on bMEC. Bouchard et 
al. reported that the capacity of Lb. plantarum to com-
pete with pathogens for colonizing bMEC varies based 
on species and specific strains [30]. Previous findings also 
suggest that various strains of Lb. casei, among lactic acid 
bacteria (LAB) can prevent the colonization of bMECs 
by Staph. aureus RF122 up to 40% [42] while Lb. gasseri 
LA806 resulted in a five-fold decrease in the adhesion 
and internalization of Staph. aureus NB305 into bMECs 
[54].

We also assessed the preventive and therapeutic 
impacts of Lb. plantarum CM49 on Staph. aureus–
induced mastitis in mice. In the treatment and preventive 
models, Lactobacillus plantarum CM49 led to a mean 
log10 reduction of 1.25 and 1.9 in mastitogen counts, 
respectively. This indicates the ability of Lactobacillus to 
effectively compete with the mastitogen and inhibit their 
colonization in the mammary gland tissue of mice. A pre-
vious study have demonstrated strong anti-inflammatory 
effects of Lb. plantarum mice with E. coli-induced mas-
titis, suggesting its potential as a therapeutic option for 
mastitis [55]. Furthermore, another recent study revealed 
that Lb. casei possesses diverse bioactivities, including 
anti-inflammatory and antioxidant properties, showing 
its preventive effectiveness against E. coli-induced mas-
titis in mice [56]. The novelty of this work lies in isolating 
lactobacilli from the milk of healthy cattle from different 
dairy farms experiencing a mastitis outbreak. The ratio-
nale behind choosing these particular dairy farms was 
based on the hypothesis: cattle that remain unaffected 
during mastitis outbreak may possess superior microbi-
ota. By exploring the microbiota of these healthy cattle, it 
was anticipated that potential probiotic strains could be 
identified and selected for further investigation. To the 
best of our knowledge, this is the first study conducted in 
Pakistan to examine the probiotic capabilities of Lb. plan-
tarum CM49 against bovine mastitogens both in vitro 
and in vivo.

Conclusions
From the results of the current study, it is concluded that 
Lb. plantarum CM49, an indigenous strain isolated from 
healthy cattle milk, has remarkable autoaggregation and 
co-aggregation ability and is safe regarding no acquired 
antibiotic resistance. Furthermore, Lb. plantarum CM49 
can inhibit cattle mastitogens in the laboratory, com-
petitively exclude mastitogens from bovine mammary 
cells, and ameliorate Staph. aureus-induced mastitis 
in mice. It is recommended that anti-mastitis activity 
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of Lb. plantarum CM49 may further be investigated in 
cattle before developing probiotic products based on this 
strain.
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