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Abstract: In this study we evaluate the anti-
bacterial effect of Brazilian Green Propolis
(BGP) and Brown Propolis (BP) in combina-
tion with Eucalyptus globulus (EG) essential
oil against bovine mastitis-causing strains.
Prior to the evaluation propolis samples were
characterized to determine phenolic total (TF),
flavonoid content (FC), and antioxidant acti-
vity. The phenolic and flavonoid contents of
BGP were found to be 3.60 + 1.2 mg mL" and
0.58 £ 0.12 mg mL", respectively, while for BP,
the values ranged from 14.25 + 0.97 mg mL"
to 5.46 £ 0.12 mg mL". BGP exhibited higher
antioxidant activity (DPPH 62.74% and ABTS
69.40%) than BP (DPPH 7.27% and ABTS
12.97 %). The antimicrobial activity against
pathogens isolated from isolated from bovi-
ne mastitis was evaluated using the macro-
dilution method, including Escherichia coli,
Streptococcus aureus, Staphylococcus dysgalac-
tiae, Staphylococcus agalactiae, Staphylococcus
uberis, and Klebsiella oxytoca. The results for
the combination of BGP and EG at 8 and 24-
hour intervals revealed a significant inhibi-
tory effect on strains of S. aureus (100.58% +
0.59; 89.35% + 0.07), S. agalactiae (101.46% +
0.19; 72.80% + 0.30), S. dysgalactiae (100.51%
+ 0.19; 72.75% + 0.19), S. uberis (102.36% +
0.19; 71.75% + 0.09), E. coli (99.19% + 0.95;
70.91% *2.38), and K. oxytoca (97.94% + 0.23;
69.39% =+ 0.23). The results suggested that the
approach of combining natural compounds
might prove useful in preventing mastitis and
could help minimize the overuse of antibiotics
to control mastitis.

Keywords: Propolis, antimicrobial, Eucalyptus
globulus, Baccharis dracunculifolia, artepillin C

INTRODUCTION

Bovine mastitis is a disease characterized
by severe inflammation of the mammary
gland and udder tissue in dairy cattle. The
etiology of mastitis is complex, involving
multiple factors with bacteria being the most
common cause. However, other pathogens
such as yeasts, fungi, and algae can also
contribute to mastitis [1]. Typical bacterial
strains that cause mastitis are Streptococcus
spp., Staphylococcus spp., and Escherichia coli
(2] [3] [4].

Dairy cattle are susceptible to mastitis,
which has adverse economic impacts and
affects the health of animals. In Brazil, the
prevalence and impact of mastitis in dairy
cattle have been studied. One study reported
that approximately 30% of cattle experienced
at least one case of clinical mastitis annually,
with an average of 1.02 clinical cases per
lactation when repeat cases are included [5].
Another study found a prevalence of 46% for
subclinical mastitis, with 18% of uninfected
cows developing subclinical mastitis each
month [6].

Subclinical mastitis often goes undetected
until it has already caused considerable
damage, resulting in decreased milk yield and
altered milk composition. In dairy farming
contexts, the occurrence of mastitis results in
significant losses, encompassing production,
milk quality, costs related to culling, and
expenses for veterinary medications [1] [7].

To control mastitis, preventive measures
such as pre- and post-dipping sanitizers
containing active substances like iodine,
chlorhexidine, and lactic acid are commonly
used [8]. Additionally, various antibiotics,
including penicillins, sulfonamides, ampicillin,
cloxacillin, and aminoglycosides, are frequently
used to treat bovine mastitis. As a consequence,
the presence of antibiotic residues in milk can
disrupt the production of fermented milk
products, compromise milk quality, and cause
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allergic reactions in consumers. Moreover,
these residues contribute to the emergence
and proliferation of antibiotic-resistant bacterial
strains [9].

The excessive use of medications for the
treatment and prevention of bovine mastitis, as
well as growing concerns about their long-term
effects on the health of the general population
and the dairy industry, emphasize the need for
sustainable and natural alternatives. Given the
aforementioned facts, numerous studies have
demonstrated that natural compounds such as
essential oils and propolis have antimicrobial
properties, suggesting their potential use as
effective alternative therapies for mastitis [10]
[11] [12] [13] [14] [15].

In this work, we investigate the synergistic
potential of combining Eucalyptus globulus
essential oil with Brazilian Green Propolis
(BGP) and Brown Propolis (BP) extracts to
inhibit bacterial isolates of clinical bovine
mastitis as possible bioactive compounds and
natural alternatives to mastitis prevention.

MATERIAL AND METHODS

BGP and BP hydroalcoholic extracts at
12% were donated by Breyer Company from
Unido da Vitdria, Parand, Brazil. The reagents
Folin-Ciocalteu, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,2’-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic) diammonium (ABTS), quer-
cetin, and ascorbic acid, were acquired from
Sigma-Aldrich (St. Louis, MO, USA). Solvents
and gallic acid were purchased from Dinadmi-
ca Quimica (Sao Paulo, Brazil). Ferric chlo-
ride, sodium carbonate, potassium acetate,
metallic zinc, metallic manganese, and alumi-
num chloride, were provided by Vetec (Rio de
Janeiro, Brazil). Oxidase strips were acquired
from Laborclin. Bacterial strains isolated from
bovine clinical cases were kindly provided by
Labvet Animal Pathology from Carambei, Pa-
rana, Brazil.
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THIN-LAYER
CHROMATOGRAPHY (TLC)

Silica-gel GF254 plates (0.250 mm) were
used in the TLC procedure, employing two
mobile phases: 1) toluene-ethyl acetate (95:5),
2) ethyl acetate-ethanol: water (75:15:10).
After the TLC run, visual observations were
made under short- or long-wave UV light (254
nm and 365 nm), followed by nebulization
with an anisaldehyde solution and heating at
100°C for 1 minute [16].

PHYTOCHEMICAL SCREENING

Various qualitative chemical reactions were
utilized to identify phytochemical classes in
EG essential oil and BGB and BP, following
the method recommended by the Brazilian
Society of Pharmacognosy [17].

For the Shinoda reaction, a mixture
comprising 2 mL of hydroethanolic extract (1:5
v/v), six fragments of metallic magnesium, and
1 mL of hydrochloric acid 37% was prepared.
Subsequently, 3 mL of diluted extract (1:5
v/v) in ethanol, metallic zinc (5 portions),
and approximately 8 drops of concentrated
hydrochloric acid were added. Tannins were
detected using 1 mL of propolis extracts
(1:10 v/v) mixed with 5 mL of ethanol and 3
drops of a 1% (m/v) aqueous ferric chloride
solution. For the reducing sugar reaction, 1
mL of the propolis extracts was mixed with
1 mL of Benedict’s reagent in a test tube. The
resulting mixture was then heated, and the
color change was recorded [18].

ULTRAVIOLET SPECTROSCOPY

The hydroalcoholic extracts of BGP and
BP were diluted in ethanol at a ratio of 1:500.
The spectra were obtained by using a quartz
cuvette with an optical path of 1.0 cm. Scan
spectra were acquired using a quartz cuvette
with an optical path of 1.0 cm, in the range
of 190 to 500 nm, using a Thermo Scientific
GENESYS spectrophotometer.
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TOTAL PHENOLICS CONTENT

In a 96-well plate, 5 uL of the sample, 25
uL of Na,CO, solution (10% aqueous), and
25 uL of Folin reagent were added, and the
volume was adjusted with water to 225 pL.
Incubation was carried out for 15 minutes at
room temperature. Absorbance was measured
at 765 nm using the Synergy™ HI1 hybrid
microplate reader. The gallic acid analytical
curve was prepared to determine the content
of phenolic compounds. The results were
expressed in gallic acid equivalents (mg/mL).

TOTAL FLAVONOIDS CONTENT

The determination of total flavonoids
was based on the methodology proposed by
Kosalec and colleges [19] . Briefly, 5 uL of AICI,
10% (w/v) was added to 4 pL of potassium
acetate (0.1 mmol L-1), and the volume was
completed up to 225 pL with methanol. The
absorbance was measured at 420 nm using
the Synergy™ H1 hybrid microplate reader.
The quercetin analytical curve was used to
determine the total flavonoid content. The
results were expressed as quercetin equivalents
(mg/mL).

ANTIOXIDANT CAPACITY

The antioxidant activity of BGP and BP was
assessed using the DPPH and ABTS methods,
following the methodology of Struiving
and colleges [20] with minor modifications.
Ascorbic acid was used as a positive control in
both tests, at concentrations ranging from 1 to
100 ug mL™". The calculation of the inhibition
percentage was carried out according to
equation 1.

Equation 1. Antioxidant activity rate.

[(A sample — A blank) = 100]
A control

Where A is Absorbance

%l =
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In the DPPH reaction, the absorbance was
adjusted to 0.837 £ 0.008. An aliquot of 180
uL of methanolic DPPH solution (120 umol
L™") was mixed with 20 pL of the samples, and
the mixture was incubated for 20 minutes.
The resulting absorbance was measured in
a microplate reader at 518 nm. In the ABTS
assay, the reagent solution was prepared by
mixing the ABTS solution (140 mmol L)
with K,S,0; and incubating for at least 12-16
hours before use. For the test, an aliquot of 10
mmol L™* phosphate buffer (pH 7.0) wasadded
to the ABTS solution, resulting in a solution
with an absorbance of 0.768 + 0.005. Next,
an aliquot of 190 uL of ABTS radical solution
was added to 10 pL of the propolis extracts,
followed by incubation for 20 minutes. Then,
the absorbance was measured at 734 nm.

DIRECT INFUSION MASS
SPECTROMETRY (MS)

MS direct infusion analysis of propolis
samples was performed on a Waters Acquity
Ultra Performance LC system, consisting
of a column manager, heater/chiller, binary
solvent manager, and sample manager,
coupled to a Waters Xevo TQ-S MS/MS mass
spectrometer equipped with electrospray
ionization (ESI) (Waters Co., Milford, MA,
USA). The operational parameters of the
MS detector were as follows: negative mode
electrospray ionization, capillary voltage set
at 3.50 kV, desolvation temperature at 600°C.
Desolvation and cone gas flows were set at 650
L/h and 1 L/h, respectively.

BACTERIA STRAIN
IDENTIFICATION

Bacterial strains were isolated from bovine
clinical cases and identified according to
a specific protocol, strictly following the
standards established in the flowchart [21].
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ANTIMICROBIAL ACTIVITY

The bacterial incubated
on blood agar plates for 24 hours at 35°C.
Subsequently, they were inoculated into
phosphate-buffered saline and adjusted to
a concentration of 10° CFU/mL using the
McFarland scale. The bacterial suspensions
were then transferred to Mueller-Hinton
broth (MHB) supplemented with 0.5%
polysorbate 80 in a 1:10 ratio. In microtubes,
solutions were prepared by combining 850 pL
of MHB with 0.5% polysorbate 80, 50 pL of the
bacterial inoculum in MHB, and 100 pL of the
sample (20 mg/mL for BGP and BP, and 5 mg/
mL for EG essential oil). The solutions were
incubated for 24 hours at 35°C. Positive and
negative controls were carried out under the
same experimental conditions. Absorbance
readings were taken at a wavelength of 630
nm using the Synergy™ H1 microplate reader.
The antibacterial activity was determined
using Equation 2, based on the turbidity of the
culture medium.

Equation 2 - Antibacterial activity rate.

strains were

9, =
A = 100— —

Where AA = antimicrobial activity, A =
absorbance of the samples (MHB + propolis +
bacteria), Ab = absorbance of the blank (MHB
+ propolis), Apc = absorbance of the positive
control (bacteria + Mueller-Hinton) and Anc
= absorbance of the negative control (MHB).

RESULTS

THIN-LAYER CHROMATOGRAPHY
(TLC)

Thin-layer chromatography (TLC) was
used to characterize the phytochemical
profiles of BGP, BP, and EG essential oil. Using
an ethyl acetate mobile phase (90:10) and
anisaldehyde as a reagent, the EG essential
oil showed a blue-violet spot (Rf 0.64)

corresponding to the same retention factor as
the 1,8-cineole standard spot.
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Figure 1 - Thin-Layer Chromatography (TLC)
of the Eucalyptus globulus essential oil and
green and brown propolis.

BGP and BP extracts exhibited distinct
profiles, as illustrated in Figures 1B and 1C.
The chromatography run was carried out
using a mobile phase consisting of toluene
and ethyl acetate (95:5). The TLC plate was
first visualized at 366 nm (Figure 1B) and
then sprayed with acid anisaldehyde (Figure
1C). The BGP extract showed the presence of
flavonoids (Rf 0.26 and 0.36), whereas the BP
extract revealed the presence of coumarins
(Rf0.41 and 0.47).

Figures 1D and 1E show runs performed
using a mobile phase composed of a mixture
of ethyl acetate, ethanol, and water (75:15:10).
The TLC plate was visualized under 366 nm
UVlight (Figure 1D) and subsequently sprayed
with anisaldehyde sulfuric acid (Figure 1E).
The BGP extract revealed the presence of
simple coumarins (Rf 0.13, 0.33, 0.42, and
0.62) and tannin (Rf 0.93). In contrast, the BP
extract showed a single spot at Rf 0.93.

PHYTOCHEMICAL SCREENING

The chemical screening was conducted
to identify different classes of compounds
in the BGP and BP propolis samples. The
results provided valuable information for
distinguishing between the two propolis
samples, as summarized in Table 1. The tests
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revealed the absence of hydrolysable tannins
in both samples, while condensed tannins
were present only in BGP. Additionally,
flavonoids and reducing sugars were detected
in both BGP and BP.

Assay BGP BP
Flavonoids Shinoda Blood-red Reddish-yellow
Pew ++ +
Condesnsed +
Tannins  Hydrolysable
Reducing sugar + ++

Table 1 - Analysis of the chemical composition
of Brazilian green propolis and Brazilian
brown propolis.

ULTRAVIOLET SPECTROSCOPY

The ultraviolet (UV) spectra of propolis
samples indicate the presence of flavonoids,
which exhibit characteristic absorption
bands related to the A and B rings. In the UV
spectrum of BGP, two bands are observed
at 220 nm and 290 nm. In contrast, BP
presents Band I at 275 nm and Band II with
a maximum at 210 nm (Figure 2). These UV
spectra suggest that BGP and BP have distinct
flavonoid compositions, which can influence
their respective biological activities and
potential applications.

[Legerd —ep - --BGP |

0
Wavelength (nm) .

Figure 2 - UV visible spectra of BGP (Brazilian
Green Propolis) and BP (Brown Propolis).
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PHENOLICS, FLAVONOIDS AND
ANTIOXIDANT ACTIVITY

The total phenolic content was determined
using the Folin-Ciocalteu reagent, while the
total flavonoid content was assessed based
on complexation with AICI,. The analytical
curves equations for phenolic compounds (A =
0.002109x +0.2926, R*=0.998) and flavonoids
(A = 0.01615x + 0.0338, R* = 0.9983) were
used to calculate the level of these compounds.
The amounts of phenolic and total flavonoids
in BGP and BP are in agreement with the
criteria of the current Brazilian legislation,
which establish minimum concentrations of
0.5% and 0.25% for phenolics and flavonoids,
respectively.

As shown in Figure 3, the phenolic content
ranged from 3.60 + 1.2 mg/mL in BGP and
14.25 + 0.97 mg/mL in BP. The flavonoid
content ranged from 0.58 + 0.12 mg/mL in
BGP and 5.46 + 0.12 mg/mL in BP.

20 -3

*E ke

15— (=

10—

Total Phenalics [mg mL !J
Total Flavonoids (mg mL :]
.

1

p—
BGP BP BGP Bp

Figure 3 - Total Phenolics and Total Flavonoids.

Note: Mean values followed by different

symbols are significantly different by the T-test
at a 5% probability level.

The antioxidant capacity of the propolis
extracts was determined using ABTS
and DPPH assays. BGP exhibited higher
antioxidant activity (62.74% + 3.42 and
69.40% + 2.88) than BP (7.27% + 0.55 and
12.97% + 1.69) in both radical scavenging
assays (Figure 4).
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Figure 4 - Antioxidant activity of propolis

extracts assessed by DPPH and ABTS assays.

Note: Mean values with different symbols

indicate significant differences based on the
T-test at a 5% significance level.

DIRECT INFUSION MASS
SPECTROMETRY

In this study, the composition of propolis
samples was analyzed using direct infusion
mass spectrometry (MS). This approach is
a rapid and efficient method that enables
the assessment of a wide spectrum of
metabolites without the need to identify each
one individually. The mass spectra pattern
revealed differences between the chemical
compositions of BGP and BP hydroalcoholic
extracts. The chemical composition of BGP
(Figure 5a) was found to be less complex, with
a smaller number of compounds and ions
having m/z values below 700, in comparison
to BP (Figure 5b). Based on previous studies,
the probable components present in BGP and
BP extracts were proposed based on the mass-
to-charge ratio (m/z), as shown in Table 2.

Scan E5-
B

[T scen
100

(b)

Figure 5 - Negative mode mass spectrometry of

Brazilian green propolis (a) and brown propolis (b).

m/z m/z
(v BGP iy PP
163.11 p-coumaric acid 163.27 p-coumaric acid
179.16 caffeic acid 173.12  styrene-acrylic acid
191.11 quinic acid 179.11 caffeic acid
271.2  Naringenin 271.08 Naringenin
285.05 Kaempferol 399,27 beta-acetyl-5-
cholenic
299.12 artepelin C 483.42 poricoic acid B
301.4  Quercetin 515.12 L dicaffeoylquinic
acid
353.05 chlorogenic acid 543.22 Verbenachalcone
19-nor-10-keto-25- S
401.29 hydroxyvitamin D3 763.62 asprelic acid A
51591 1,5.-d1caffeoquu1n1c
acid
519.18 daidzein-7-stearate
577.37 Kaempferitrin

Table 2. Probable compounds in BGP and BP
extracts.




BACTERIAL ISOLATES

The bacterial strains isolated from
bovine mastitis and used in this work were
identified as Streptococcus dysgalactiae,
Streptococcus uberis, Streptococcus agalactiae,
and Staphylococcus aureus (Gram-positive
cocci), as well as Escherichia coli and Klebsiella
oxytoca (Gram-negative), which belong to the
Enterobacteriaceae family.

ANTIMICROBIAL ACTIVITY

Results of antibacterial activity calculated
as a function of concentration of the BGP
and BP extracts are presented in figure 6.
The propolis extracts were tested against
six bacterial pathogens associated with
clinical and subclinical bovine mastitis. BGP
demonstrated inhibitory capacity against
species S. uberis (87.96% + 4.86), S. agalactiae
(85.30% + 2.43), E. coli (73.92% + 1.34), S.
dysgalactiae (38.30% + 3.48), S. aureus (21.30%
+ 4.97), and K. oxytoca (14.71% + 7.54). On
the other hand, BP showed efficacy against
species S. uberis (96% + 5.66), S. agalactiae
(93.76% + 10.06), E. coli (16.72% + 12.93),
K. oxytoca (12.09% = 9.96), S. dysgalactiae
(2.02% + 2.23), and S. aureus (0.98% + 0.87).
The essential oil exhibited higher efficacy
against species S. agalactiae (93.89% = 10.06),
S. aureus (59.49% + 9.04), S. uberis (43.05% +
16.61), and E. coli (37.93% =+ 1.03), whereas it
did not show antimicrobial activity against S.
dysgalactiae and K. oxytoca. The combination
of BGP and EG essential oil was measured at
two different time intervals, 8 and 24 hours,
and exhibited microbial activity against S.
aureus (99.59% =+ 0.58; 89.35% =+ 0.07), S.
agalactiae (99.86% + 0.19; 72.80% + 0.30), S.
dysgalactiae (99.86% + 0.20; 72.75% = 0.19),
S. uberis (99.87% + 0.19; 71.75% + 0.09), E.
coli (99.19% = 0.95; 70.91% + 2.38), and K.
oxytoca (97.94% + 0.23; 69.39% + 0.23).
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Figure 6 - Antimicrobial activity of BGP,
BP, EG essential, and of the combination of
BGP and EG essential oil. Note: Mean values
followed by different symbols are significantly
different by Tukey’s test at 5% probability.

DISCUSSION

Bovine mastitis is a major concern for
dairy farmers, leading to a continuous search
for alternatives to conventional antibiotics.
Recently, essential oils and propolis have
gained the interest of researchers due to their
potential antimicrobial properties and other
health benefits [1][3] [22] [23] [24].

Brazilian propolis is classified into
12 distinct types, each with different
characteristics. Green and red propolis are
particularly interesting in terms of their
pharmacological potential [25]. Brazil is
the main producer of green propolis, which
mainly comes from Baccharis dracunculifolia
DC, a native medicinal plant popularly known
as alecrim do campo. On the other hand,
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brown propolis is a type that has been little
studied. It is produced from botanical sources
such as Pinus spp., Eucalyptus spp., and A.
angustifolia [26] [27].

In the preliminary test using thin-layer
chromatography (TLC), we found 1,8-cineole
(eucalyptol) as the main compound in E.
globulus essential oil, confirming previous
results [28] [29]. This monoterpene is known
for its antibacterial properties, supported by
many studies [30] [31]. Although our study
didn’t find it effective against S. aureus, it did
show some activity against E. coli (over 50%).
Another study supports the effectiveness of
essential oils against bacteria causing mastitis
[32].

The local vegetation affects the chemical
composition of propolis, influencing its
properties [33] [34]. The screening of
propolis extracts by TLC reveals flavonoids,
coumarins and tannins. Propolis contains
over 300 substances, such as caffeoylquinic
acid derivatives, p-coumaric acid, flavonols,
benzoic acids, dihydroflavonols, terpenes,
sesquiterpenes, vitamins, and microelements
[27]. Specifically, among other substances,
BGP contains compounds like artepillin C,
baccharin, and drupanin [35] [36] [37].

Brazilian green propolis (BGP) is recog-
nized for its antibiotic, antioxidant, anti-in-
flammatory, immunomodulator, and wound-he-
aling properties [34.]. These pharmacological
properties are mainly attributed to its high
content of flavonoids and phenolic acids. Our
results are in agreement with Brazilian legis-
lation, which establishes minimum levels of
phenolics (0.5%) and flavonoids (0.25%), res-
pectively.

Antioxidant activity is commonly related
to the health benefits of natural compounds.
Several studies show significant antioxidant
activity in propolis samples [38] [39] [40]. In
our study, BGP had lower levels of phenolic
compounds and flavonoids but showed higher
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antioxidant activity than brown propolis. This
result suggests that specific compounds or
their combinations might support the capacity
to neutralize free radicals.

Mass spectra and UV spectrophotometry
results evidenced significant differences
between the chemical compositions of BGP
and BP. Green propolis shows much less
chemical diversity than brown propolis.
However, mass spectra show that artepillin C,
ap-coumaric acid derivative, is present in BGP
extract. This is significant because it has several
health benefits [41]. Other compounds, like
naringenin, kaempferol, and quercetin, also
have antioxidant and antifungal properties.
Furthermore, these results suggest that the
properties of brown propolis deserve to be
further studied.

BGP has been explored for its potential to
prevent bovine mastitis. and several studies
highlight its effectiveness [10][12][13][42].
Generally, it's more effective against gram-
positive bacteria because gram-negative
bacteria can neutralize chemical compounds
in their outer layers [43]. However, BGP
extract inhibited E. coli (gram-negative), while
BP acted as expected against K. oxytoca. Also,
the microbiological assay showed that BGP is
more effective at inhibiting mastitis-causing
bacteria. About 20 mg of BGP extract was
enough to inhibit E. coli, S. agalactiae, and S.
uberis, showing more than 50% antimicrobial
activity.

Based on our microbial inhibition tests
and on previous studies that found evidence

that propolis can enhance antibacterial effects
when combined with other substances [44]
[45], we chose BGP to explore its antimicrobial
potential combined with EG essential oil.
Our results showed that combining BGP
and EG essential oil significantly improved
antimicrobial activity against the tested
strains, suggesting a potential bacteriostatic
effect.

CONCLUSION

Our findings indicated that the
combination of BGP and the essential oil of
E. globulus synergistically inhibited bacteria
causing cow mastitis. Also, it is clear that the
antimicrobial and antioxidant activities are
not solely dependent on high levels of phenolic
compounds and flavonoids but are likely
attributable to specific bioactive compounds
present in BGP. However, further studies
should be conducted to better elucidate the
mechanism of BGP with EG essential oil as
an environmentally friendly alternative to
prevent cow mastitis.
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