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Abstract

Streptococcus spp. cause bovine mastitis, which is a major issue in dairy herds. It decreases milk yield and costs. The
increasing resistance of these pathogens to widely used antibiotics has led to the development of alternative treatment
strategies.

25 milk samples collected from dairy farms suffering from clinical mastitis and used cultural, morphological, and
biochemical methods to identify Streptococcus isolates. The Soxhlet extraction method was used for methanolic extracts
from specific medicinal plants, and the agar well diffusion method was used to test them. We measured the zone of
inhibition to see how effectively the antibacterial activity worked, and we used one-way ANOVA to do the statistical
analysis.

All the plant extracts show the different antibacterial activity, Terminalia bellirica showed the highest inhibition, followed
by Curcuma longa and Azadirachta indica. Moderate activity was observed in Ocimum tenuiflorum, Glycyrrhiza glabra,
and Zingiber officinale, while Moringa oleifera, Piper betle, and Asparagus racemosus showed comparatively lower
activity. The statistical analysis confirmed significant differences among treatments (p < 0.05).

Study indicates that ethnoveterinary plants possess an antibacterial property against the Streptococcus spp., these plants
are potential and supporting therapeutic agents
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Introduction

Streptococcus species remain major udder health threats
in dairy herds(1). They cause contagious mastitis, like
from Streptococcus agalactiae, and environmental
types from S. wuberis or S. dysgalactiae. The S.
agalactiae one is special it's obligated to the mammary
gland. It leads to subclinical infections that are chronic.
These raise SCC levels quite a bit and cut down milk
production, often without anyone noticing right
away(2,3). The environmental ones show up in bedding
materials and soil. They bring acute clinical cases,
which are getting harder to handle these days. This
resistance issue mirrors what we see with E. coli.
Overuse of beta-lactams, tetracyclines—it's led to
resistant strains among these Gram-positive bacteria.
Treatment becomes complicated, there's concern about
resistance moving through milk into human
populations(4,5)

So, ethnoveterinary medicine is gaining attention for
sustainability. In India, traditional remedies use plants
such as Azadirachta indica (Neem), Curcuma longa
(Turmeric), Ocimum tenuiflorum (Tulsi). These have
alkaloids, flavonoid they break bacterial cell walls and
block protein synthesis. There's Aloe vera paste mixed
with turmeric and lime; research validates it for topical
use. It helps restore milk pH, lowers streptococcal
counts effectively. Also, Moringa oleifera and
Phyllanthus emblica offer good antioxidant effects.
They support the cow's own immune response in
clearing intramammary infections(6,7).

* Author for Correspondence: ankitapagedar@gmail.com

Our work here screens extract from exactly these plants.
We test against Streptococcus isolates recovered from
bovine milk samples. The aim is to measure
antibacterial efficacy precisely(8,9). This data supports
developing standardized plant-based treatments either
as main therapies or antibiotic resistance breakers.
Ultimately, it creates sustainable dairy practices
protecting welfare, farmer income, public health going
forward into 2026.

MATERIAL AND METHODS

Sample Collection

Milk sample collection was done under strict aseptic
conditions to prevent environmental contamination.
Labelled the tubes we used to collect the milk with the
date, the name of the farm, the cows ID. First, we
brushed the udders to get rid of any dirt or other things
that were, on them. First udders were washed with
water. After discarding the first three streams of
foremilk to reduce the bacterial load from the teat canal,
teats were examined for clinical signs of mastitis, such
as swelling or heat. All teats were disinfected using a
commercial pre-milking teat dip (0.5% iodine) for at
least 30 seconds and dried. Teat ends were then
vigorously scrubbed with individual swabs saturated
with 70% alcohol until the swabs remained clean.
Samples were collected from the nearest to the farthest
teat to minimize re-contamination of cleaned teats. The
collection tubes were held at a 45° angle to prevent
falling debris from entering the tube, ensuring no
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contact occurred between the tube rim and the teat end.
Composite samples included 1-2 mL of milk from each
quarter. Samples were immediately placed in an ice
chest at 4 °C for transport and subsequently frozen at —
20 °C for long-term analysis(10).

Isolation and Identification of Streptococcus spp.
Streptococcus spp. Were recovered from bovine milk
samples on selective media appropriate for fastidious
Gram-positive cocci. Streak sample on blood agar base
with 5% sterile sheep blood and incubate room
temperature.  Blood agar revealed characteristics
hemolysis reactions distinguishing major pathogens:
alpha type with greenish discoloration and incomplete
hemolysis around Streptococcus dysgalactiae colonies,
beta type showing clear zones of complete lysis of S.
agalactiae and non-hemolytic (gamma) growth as
displayed by S. uberis.

Edward agar confirmed group D streptococci through
esculin hydrolysis, where positive reactors-including S.
uberis developed black pigmentation from aesculetin
complexing with ferric citrate in the medium.
Presumptive  streptococcal  colonies  underwent
subculture onto brain heart infusion agar to establish
pure cultures ahead of confirmatory biochemical and
Antibacterial assay(11).

Gram Staining

Gram staining confirmed the morphology and Gram
reaction of isolates from pure 24-hour cultures. Smears
prepared on glass slides were air-dried then heat-fixed
over flame. Crystal violet went on first for one minute,
followed by Gram's iodine for another minute to lock in
the purple dye complex. Quick decolorization hit with
95% alcohol five to ten seconds till runoff ran clear then
safranin counterstain for 45 seconds. Rinsed under
distilled water, blotted dry, and checked under oil
immersion at 1000x on bright-field scope(12).

Purple cocci showing up in pairs or chains short runs to
long strings screamed Streptococcus spp. at first glance.
Those got flagged for biochemical workup next.

Biochemical Identification

Biochemical tests sorted out the Streptococcus species
linked to mastitis cases in dairy cows. Started with
catalase dropped 3% hydrogen peroxide on fresh
colonies slid onto glass.

CAMP test nailed down S. agalactiae suspects.
Streaked them perpendicular to a beta-lysin pumping
Staphylococcus aureus on sheep blood agar (5%).
Where streaks met, arrowhead-shaped extra hemolysis
zones screamed  positive  classic  synergistic
blowout(13).

Esculin hydrolysis ran on Edwards plates or broth;
blackening showed positives breaking it down. Sodium
Hippurate hydrolysis method to detect group B
Streptococci, inoculate a heavy bacterial suspension
into Sodium Hippurate Broth, incubate at 37°C for 2
hours, and add ninhydrin reagent. A deep purple
colour within 30 minutes indicates positive hydrolysis,
confirming the enzymatic release of glycine(14).
Carban fermentation profiles wrapped it up in phenol
red broths spiked with inulin, mannitol, raffinose,
salicin. Red-to-yellow shifts marked acid makers,
mapping each bug's sugar hit list(15).

Pure cultures went into BHI broth with 20% glycerol
added, then stored frozen at -20°C for later antibiotic
testing work.

Plant sample collection

Ethnoveterinary medicinal plants were collected from
different villages Anand District, Gujarat, India most
samples were collected during the winter and early
summer months from field margins. The selection of
these specific plant parts with the help of local dairy
farmers and livestock attendants, for the treatment of
bovine mastitis symptoms, including udder
inflammation, heat, skin lesions, and abnormalities in
milk secretion(16,17).

Table 1: Selected Ethnoveterinary plants and their Traditional uses in Mastitis management

Botanical Name Common Plant Part Used | Traditional Use in Udder Health
Name
Azadirachta indica Neem Leaves Antimicrobial and wound healing
Curcuma longa Turmeric Root Anti-inflammatory and antiseptic
Zingiber officinale Ginger Roots Immunomodulatory and analgesic
Moringa oleifera Moringa Leaves Nutritional and antimicrobial
Phyllanthus emblica Amla Fruit Antioxidant and vitamin C source
Ocimum tenuiflorum Tulsi Leaves Adaptogenic and antibacterial
Terminalia bellirica Beheda Fruit Anti-inflammatory
Withania somnifera Ashwagandha Roots Stress reduction and immunity
Glycyrrhiza glabra Mulethi Roots Soothing and anti-inflammatory
Asparagus racemosus Shatavari Roots Galactagogue and reproductive tonic
Piper betle Nagarvel Leaves Antiseptic and stimulant

The specimens were formally authenticated by a taxonomist.

Drying and Extraction Procedure
Fresh plant parts such as leaves, rhizomes, fruits were
washed under running tap water to clear soil and debris,

the given a final rinse with d/w. They were Sliced thin
pieces to dry faster. They were Oven-dried in hot air at
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about 40-50°C. low enough to avoid loss oh heat-
sensitive compounds like essential oils and phenols.
Soxhlet extraction: About 25 g of powdered plant
material was taken and placed into sterile cellulose
thimbles and put into Soxhlet extractors. Analytical
grade methanol was used as the solvent because it is
polar and can extract many plant compounds such as
alkaloids, flavonoids and glycosides.

Solvent at about 70°C with vapors condensing through
plant material continuously. Extraction was run for 2—-3
hours until the siphon tube showed a change and the
methanol became almost colorless. The crude extract
was passed through Whatman No. 1 paper to clear fine
particles. The filtrate was then allowed to concentrated
in a rotary vacuum evaporator at about 40-50°C under
reduced pressure. The solvent was removed under
Vacuum, leaving a thick greenish-brown residue
behind. Final crude extracts were weighed, portioned
into sterile bijou bottles and sealed tight. Stored at 4°C
in the dark for antimicrobial testing against mastitis
streptococci. These Soxhlet-methanol extracts were
used for ethnoveterinary plant screening studies(18,19).

Antibacterial Assay Preparation (Agar well
Diffusion method)

Agar well diffusion method checked plant extract
antibacterial activity against Streptococcus spp. from
mastitis cases.

Standardized Inoculum Prep: Pure cultures grown 18 h
in BHI broth at 37°C. Adjusted to 0.5 McFarland
turbidity (1.5%10® CFU/mL) with 0.85% saline.

Plate Setup: BHI Media poured into sterile petri plates.
Added 0.1 mL inoculum per plate, spread even with
sterile L-rod. Punched 6 mm wells using flame-
sterilized cork borer.

Extract Application: Extracts dissolved in 10% DMSO.
Pipetted 100 pL per well.

Controls: DMSO (negative), gentamicin 10 pug
(positive).

Incubation & Measurement: Pre-diffuse 30 min room
temp. Incubate 37°C aerobic 24 h. Measure ZOI
diameters (mm) zone using calipers(20).

Statistical Analysis

Data were entered and analysed in Microsoft Excel.
Each test was done three times (n = 3). The results were
recorded as mean and standard deviation (SD). One-way
ANOVA was used to check differences in antibacterial
activity among the eleven plant extracts. A p value less
than 0.05 was taken as significant(21).

Result

We checked 11 ethnoveterinary plant methanolic
extracts against Streptococcus spp. from bovine mastitis
cases. AMR messing up treatments for these gram+
cocci in dairy cows—chronic intramammary infections
everywhere. Time to test old plant remedies. Extracts
blocked growth from weak to strong, plant by plant.
Probably due to varying alkaloids, flavonoids, phenolics
hitting gram+ walls easy.

Bacterial Isolation and Identification

Twenty-five clinical milk samples were screened, from
which 12 Streptococcus isolates were obtained. This
recovery rate (48%) indicates that Streptococcus spp.
are common mastitis pathogens in the Anand District of
Gujarat. On Blood Agar, the isolates showed different
hemolytic patterns that are commonly used for
preliminary differentiation of Streptococcus species.
Some isolates produced clear zones of beta-hemolysis
consistent with Streptococcus agalactiae, whereas
others showed greenish alpha-hemolysis suggestive of
S. dysgalactiae or non-hemolytic (gamma) reactions
typically reported for S. uberis.

Edwards’s medium aided in the differentiation of
isolates. Esculin-fermenting colonies turned the
medium black, suggesting the presence of S. uberis. The
microscopic appearance and colony morphology were
comparable to those described for Streptococcus
species. Gram staining showed Gram-positive cocci,
mostly occurring in pairs and short to long chains.

Table 2: Colony and Morphological Characterization of Streptococcus isolates
Characteristic Observation
Colony Size Small
Shape Round
Surface Moist
Elevation Slightly convex
Colour/Pigmentation Transparent
Hemolysis alpha, beta, gamma patterns observed
Microscopic View Gram-positive cocci arranged in pairs or chains

Biochemical Profiling

Biochemical confirmation was vital to ensure the isolates belonged to the Streptococcus genus and to differentiate them
from other Gram-positive bacteria like Staphylococcus or Enterococcus.

Table 3: Biochemical Profile of Streptococcus spp. Isolates

Biochemical Test Result
Catalase Test Negative (-)

Interpretation
No effervescence observed; indicates that the isolate does not belong

to the genus Staphylococcus.
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CAMP Test
Esculin Hydrolysis
Sodium Hippurate
Star Hydrolysis
Oxidase Test
Indole Test

Methyl Red

Voges- Proskauer Test

Citrate Utilization

% of Mastitic Milk Samples

= Non Mastitic Samples

Figl: Compration of mastitis samples and Non

Mastitic Samples

Variable (+/-)
Variable (+/-)
Variable (+/-)
Negative (-)
Negative (-)
Negative (-)

Positive (+)

Negative (-)

Negative (-)

Characteristic arrow-shaped hemolysis was seen in S. agalactiae
isolates, whereas other Streptococcus species showed no reaction.
Black coloration of the medium was observed with environmental S.
uberis isolates, while other Streptococcus species remained negative.
Hydrolysis was detected in S. agalactiae strains, whereas other
Streptococcus species were non-reactive.

Absence of a clear zone around colonies indicates a lack of amylase
activity.

No colour change observed, confirming the absence of cytochrome-c
oxidase activity.

The lack of a red ring indicates that the organism does not possess the
tryptophanase enzyme.

S. uberis and S. dysgalactiae gave a positive (red) reaction due to
stable acid production, whereas S. agalactiae generally remains
negative (yellow).

S. uberis and S. dysgalactiae gave a positive (red) reaction due to
stable acid production, whereas S. agalactiae generally remains
negative (yellow).

No growth observed and the medium retained its original green colour,
indicating that the organisms are unable to utilize citrate as the sole
carbon source.

% Distribution of Streptococcus spp.
isolated from BM samples

15.38%

= 8. agalactiae = S. dysgalactiae = S. uberis

= Mastitic samples

Fig 2: Prevelance of Streptococcus spp. Isolates in
Bovine Mastitic Milk Samples

The identification process confirmed that the isolates represented a mix of contagious and environmental Streptococci,
providing a robust challenge for the subsequent antibacterial assays of plant extracts.

Antibacterial Activity of Ethnoveterinary Extracts
The primary objective of the study was to quantify the inhibitory effect of eleven methanolic extracts. The Agar Well
Diffusion method yielded significant data, showing that Streptococcus spp. is generally highly sensitive to these plant-

derived bio actives.

Table 4: Comparative Antibacterial Activity (Zone of Inhibition in mm)

Plant Name Common Name Zone of Inhibition (Mean + SD)
Terminalia bellirica Beheda 25.13 £2.49 mm
Azadirachta indica Neem 22.52 + 0.8 mm
Curcuma longa Turmeric 23.61 £ 1.11 mm
Glycyrrhiza glabra Mulethi 21.36 £ 0.6 mm
Ocimum tenuiflorum Tulsi 21.43 £ 0.43 mm
Zingiber officinale Ginger 20.14 + 1 mm
Withania somnifera Ashwagandha 17.98 £2.01 mm
Phyllanthus emblica Amla 16.14 + 1.89 mm
Moringa oleifera Moringa 13.83 £ 0.46 mm
Asparagus racemosus Shatavari 11.82 + 0.83 mm
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Piper betle Nagarvel 12.41 + 1.08 mm
Gentamicin (10pg) Positive Control 13.7+£0.67 mm
10% DMSO Negative Control 0.0 mm

Among the 11 plant extracts, Terminalia bellirica
(Beheda) showed the highest antibacterial activity,
inhibition zone was about (25.13 + 2.49 mm). The clear
zones of this extract were wide and well defined on the
agar plates. Curcuma longa (23.61 + 1.11 mm) showed
antibacterial activity and consistently produced quite
large inhibition zones. Azadirachta indica (22.52 + 0.82
mm) also showed a clear zone.

Moderate antibacterial effects were observed for
Ocimum tenuiflorum (21.43 + 0.43 mm), Glycyrrhiza
glabra (21.36 = 0.60 mm) and Zingiber officinale (20.14
+ 1.00 mm). These extracts produced visible and
measurable zones of inhibition, although their activity
was slightly lower than the top plants.

Lower activity was recorded for Withania somnifera
(17.98 + 2.01 mm) and Phyllanthus emblica (16.14 +
1.89 mm), which formed smaller clear zones on the agar
plates. The weakest antibacterial effects were observed
for Moringa oleifera (13.83 + 0.46 mm), Piper betle
(12.41 £+ 1.08 mm) and Asparagus racemosus (11.82 +
0.83 mm). In these plant extracts, the inhibition zones
were narrow and, in some plates, difficult to measure
zone of inhibition.

The present study clearly shows the high potential of
ethnoveterinary  plant  extracts as  alternative
antibacterial agents against Strepfococcus spp. in bovine
mastitis. The statistical analysis through One-way
ANOVA (F {10, 12} = 56.04, p < 0.0001) showed that
the plant extract significantly affected the degree of
bacterial inhibition, with several botanicals exceeding
the efficacy of the standard antibiotic gentamicin.

The results show that the antibacterial activity of the
tested plant extracts against Streptococcus spp. varied,
with ZOI values ranging from 11.82 to 25.13 mm. Th
low standard deviation values for most extracts indicate.
Based on the present findings, Terminalia bellirica,
Curcuma longa and Azadirachta indica seem to be the
most effective extracts for bovine mastitis disease.

Discussion

The antibacterial activity of eleven ethnoveterinary
plant extracts was studied against Streptococcus spp.
isolated from bovine mastitis milk samples. in this
experiment, observed the plant extracts did not show the
same level of antibacterial effect. Some extracts
produced visible zones of inhibition. One-way ANOVA
revealed significant differences among treatments
(F10,12=56.04, p<0.0001). Terminalia bellirica,
Curcuma longa, and Azadirachta indica extracts
exhibited superior antibacterial activity compared to
others tested.

These plants produced larger zones of inhibition in most
of the observations. However, slight variation in zone
size was noticed between plates. Research shows
medicinal plants fight streptococci. Amla (Phyllanthus
emblica) extracts blocked Streptococcus spp. Matches

what we know about traditional plant uses against
gram+ bacteria like strep in mastitis. Other work found
similar inhibition zones. Points to phytochemicals—
flavonoids, phenols—disrupting cell walls. Our T.
bellirica results fit right in. More studies needed on
mechanisms. Similarly, Combretum molle root and bark
extracts demonstrated activity against Streptococcus
spp. Such evidence aligns with the current findings,
underscoring the potential of select plants against
mastitis-associated streptococci. This suggests that the
plant parts used as an antibacterial activity.

Moderate antibacterial activity was observed with
Ocimum tenuiflorum, Glycyrrhiza glabra, and Zingiber
officinale. These extracts showed some inhibition of
bacterial growth but did not completely prevent growth.
Similar moderate activity has been reported in earlier
studies where plant extracts showed variable results
depending on extraction conditions and test organisms.
In contrast, Moringa oleifera, Piper betle, and
Asparagus racemosus showed weak antibacterial
activity in our study. These plants produced small
inhibition zones. This indicates that traditional
medicinal use of a plant does not always result in strong
antibacterial activity during in vitro testing.

The variation in antibacterial activity may be related to
differences in phytochemical content of the extracts.
The amount and type of active compounds present in
each plant may affect antibacterial performance. The
ability of compounds to diffuse through the agar
medium may also influence the zone size. Strep spp.
might react different to extracts than other bugs. Only
few plants showed steady antibacterial action. Need
MIC tests and live animal trials before real farm use.

Conclusion

In the present study, different ethnoveterinary plants
were tested against Streptococcus spp. causing bovine
mastitis. It was observed that not all plants showed the
same effect. Terminalia bellirica, Curcuma longa and
Azadirachta indica showed better antibacterial activity
compared to other plants. Their zone of inhibition was
higher, and in some cases, it was close to the standard
antibiotic.

Some plants like Ocimum tenuiflorum, Glycyrrhiza
glabra and Zingiber officinale showed medium level
activity. While Moringa oleifera, Piper betle and
Asparagus racemosus showed less effect in this study.
This difference may be because of variation in plant
chemicals and how they act in the medium.

From the results, it is clear that plant extracts can stop
the growth of Streptococcus to some extent. So, they can
be used as an alternative or along with antibiotics. But
stil, more study is needed to find MIC, active
compounds and their effect in animals.
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Overall, these plants can be useful for mastitis control,
especially in village areas where antibiotic use is limited
or resistance problem is increasing.
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