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ABSTRACT. Several sanitary measures must be adopted during the milking process to minimize the
transmission of mastitis-causing agents that can be transferred to the milk, depreciating its microbiological
quality. The aim of this study was to evaluate the efficacy of an emulgel composed by propolis and clove
essential oil in post-dipping for lactating cows. For the in vitro inhibition test against Staphylococcus aureus,
was observed a greater effectiveness (88%) of clove essential oil (Syzygium Aromatum) comparing to the
other components of the emulgel. For the field test, five animals were used for the control group (iodine)
and five animals with emulgel (hydrated Carbopol® + propolis and essential oil of leaf clove) as post-
dipping, applied daily to the teats of lactating cows with the aid of conventional applicators after milking.
Milk samples were collected on days 1, 7, 14, 21 and 28, for the evaluation of milk composition and somatic
cell count (SCC) and microbiological evaluation. No significant effects were observed for the variable fats
and SCC (p > 0.05). However, for the protein variable, effects were significant for the interaction between
the control group, the emulgel and the evaluated days (p < 0.05). The lactose variable showed significant
effects for the evaluation days (p < 0.05). The staphylococcal count in milk was similar for both evaluated
groups. The emulgel has promising characteristics for use as a post-dipping disinfectant.
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Introduction

Bacterial mastitis is one of the most economically important diseases in dairy cattle farming all over the
world. (Fonseca et al., 2021; Franco et al., 2022; Kerslake et al., 2018). This disease not only reduces milk
production, affecting its quality, as well as antibiotic residues from its treatment can also cause allergic
reactions in consumers, putting human health at risk. The global prevalence of clinical mastitis and
subclinical mastitis ranges from 15% to 50% (Fonseca et al., 2021; Krishnamoorthy et al., 2021).

Staphylococcus aureus (S. aureus) is one of the most common infectious agents that causes clinical and
subclinical mastitis. (Alves et al., 2020). Due to concerns about bacterial resistance related to the continued
use of antibiotics in dairy herds, researches about alternative products are needed. Prevention of mastitis
basically consists of washing the teats with water and asepsis with chemical products with antimicrobial
action such as chlorine, iodine or quaternary ammonium. (Ramalho et al., 2012)

Since there is no ideal disinfectant, some considerations must be taken into account when choosing the
appropriate disinfectant, such as having a broad spectrum of action; being non-toxic and non-irritating to
human and animal tissue; being stable on the skin and having an affordable cost. (Ramalho et al., 2012)

The use of natural products to prevent or control mastitis provides fewer side effects (Kher et al., 2019)
and low resistance after prolonged exposure (Amarante et al., 2019) compared to conventional medicines,
therefore giving to the natural compounds a great advantage. Staphylococcal mastitis is one of the most
difficult problems to treat in dairy production, in most cases, this situation is prevented and/or treated with
antibiotics and a livestock management program. However, over the years, S. aureus has developed virulence
mechanisms that protect it not only from antibiotic treatment but also from the host's innate and adaptive
immune responses. (Zaatout et al., 2020)
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Over the past 20 years, more than ten different active compounds have been tested, such as teat
disinfectants, including chlorhexidine, iodine compounds and quaternary ammonium salts. (Dore et al.,
2019). In view of this, studies are necessary to reduce exposure to common disinfectants in dairy animals, so
antimicrobial compounds derived from plants, animals and bacteria are used. A study developed by (Abboud
etal., 2015) evaluated a phytotherapeutic bioadhesive emulgel using clove essential oil (Syzygium aromaticum)
and propolis extract and this proved to be quite efficient in microbial control. According to the mentioned
authors, the composition of clove essential oil contains eugenol, which in addition to being an excellent
anesthetic, has antibacterial and fungicidal potential. Like essential oils, propolis has been widely used in both
human and veterinary medicine. (Loguercio et al., 2006; Peixoto et al., 2012; Saeki et al., 2011). Propolis is a
resinous substance produced by bees through their own secretions, when the bees collect resinous, gummy and
balsamic substances of viscous consistency from tree bark and other plant tissues. It has a characteristic smell and
the color can vary depending on the botanical origin, its chemical composition is complex and varied, including
flavonoids, aromatic acids, terpenoids and phenylpropanoids, fatty acids and several other compounds.

Among the most used natural substances for their antibacterial, antifungal, anti-inflammatory and
immune stimulating activity (Loguercio et al., 2006). The aim of this study was to evaluate the effectiveness
of an emulgel containing clove essential oil and propolis as a post-dipping treatment for preventing mastitis.

Material and methods

The experiment was carried out at the Iguatemi Experimental Farm (FEI) of the State University of Maringa
(UEM), in the Cattle Farming Sector and in the Milk Quality Analysis Laboratory. The analyses were carried
out at the Milk Analysis Laboratory belonging to the Mesoregional Center of Excellence in Milk Technology
(CMETL) Northwest region, located at the Iguatemi Experimental Farm - the State University of Maringa.
Procedures involving animals were previously approved by the Animal Use Ethics Committee (CEUA) of the
State University of Maringa (Protocol no. 3425280722).

Animals and experimental design

Ten animals were used in a crossover design, distributed into two groups: control (iodine 10%) and emulgel
(based on propolis and clove essential oil Engetec™) repeated after 28 days with the animal inversion between
groups. After milking, the milk was collected to evaluate the composition and SCC (somatic cell count) on the
155, 7t 14™ 21t and 28™ days. For application, the animals' teats were washed with water and dried with paper
towels. The products were administered using a non-returnable applicator cup, daily after milking.

Emulgel development

For the laboratory tests, two formulas were developed, called White, composed of hydrated polymer
(Carbopol®) and Carb-PC, as the phytotherapeutic emulgel composed of hydrated Carbopol® polymer and
combined with propolis and essential oil of leaf clove, as described in Table 1. The emulgel formulation was
developed by hydrating carbopol (0.5%) in water (94.4%), after that the compound remained under
mechanical agitation for five hours. After this period, it was added the mixture of clove essential oil (1%) and
propolis (5%), under constant stirring, and then the pH was adjusted (7.0) using triethanolamine (Figure 1).

Table 1. In vitro microbiological evaluation of emulgel compounds against Staphylococcus aureus (1og10)

Treatments Logio
Staphylococcus aureus ATCC 7.90 a
Ethanol 4.32b

Emulgel 3.98b
Propolis 1.73 bc

Clove Essential Oil (CEO) 0.90 c

CV=27.39 DMS= 2.7730.

Determination of the emulgel physical characteristics

The texture profile determination (TPA) for the formulations was performed using the TAXTplus texture
analysis module (Stable Micro Systems, Surrey, United Kingdom).(Jones et al., 2009). The analysis was
performed at 5 and 35°C with three replicates for each sample. In this step, the following parameters were
obtained: Hardness (0.094 N); Compressibility (0.023 N.s); Adhesiveness (0.10 N.s); Elasticity (0.67s);
Cohesion (0.67) (Jones et al., 2009; Junqueira et al., 2016).
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The bioadhesion strength was determined using the texture analyzer in stress mode (Bruschi et al., 2007)
using pig the ear skin of animals from the Iguatemi Experimental Farm (FEI/UEM) slaughterhouse.

Figure 1. Stirring the emulgel before adjusting the pH.

Assessment of antimicrobial capacity

First, 1 mL of sterile distilled water and 3 g of phytotherapeutic emulgel were used. For the other samples
in eppendorf, 200 puL (propolis and essential oil of leaf clove), 100 pL of 95% ethyl alcohol and 700 pL of sterile
distilled water were mixed, and then distributed into twelve-well plates. In the sequence, in each well, the
mixture was homogenized using a sterile tip and 10 uL of the Staphylococcus aureus suspension (ATCC 25923)
was added, leaving it to rest for thirty minutes. Subsequently, 1 mL was collected from the wells and added to
Petri plates containing agar. Mueller Hinton (Campanholi et al., 2022).

Collections and laboratory analyses

Milk samples were collected directly from the gallon and then sent weekly by the Parana Association of
Dutch Cattle Breeders (APCBRH) for composition and somatic cell count (SCC) analyses. The microbiological
analysis of the milk occurred at the beginning (day 1) and at the end (day 28) of the experimental period. The
samples were collected in sterile bottles using the serial dilution method, with 1 mL of milk in 9 mL of sterile
peptone water. At the end of the dilutions, 100 pymL of each dilution was pipetted into petri plates containing
Mueller Hinton Agar. The plates remained for 24 hours in a B.O.D. type incubator at 35°C for the growth of
staphylococcal colonies, after that the counts were carried out.

Statistical analysis

The statistical analysis of the studied variables was performed using the SAEG program (System for
Statistical and Genetic Analysis), developed by the Federal University of Vicosa (UFV, 1997), with the average
of the groups (control x emulgel) being compared by the Tukey test at 5% of probability.

Results and discussion

Evaluation of antimicrobial capacity

It was observed greatest effectiveness (p = 0.00008) (88%) of clove essential oil (Syzygium aromaticum),
followed by propolis (78%) and emulgel (50%). These results (Table 1) demonstrate the real effectiveness of
the evaluated components in reducing Staphylococcus aureus (ATCC-25923) colonies. Similar results were
described by Sethunga et al. (2023) when evaluating in vitro the inhibition halos of clove, cinnamon and
ginger essential oil and their combinations, being effective against the food pathogens Staphylococcus aureus,
Bacillus subtilis and Aspergillus niger.

Antimicrobials from natural origin are effective and economical alternatives because they are obtained
from aromatic plants and spices rich in essential oils characterized by remarkable antimicrobial activity.
(Brixner et al., 2022). The MIC values of red propolis against the Gram-positive bacterial strain S. aureus were
higher, ranging from 64 mg mL™* to 101.6 mg mL"! and 512 mg mL™"! to 1024 mg mL" (Regueira Neto et al., 2017).
Similar results were reported for S. aureus in red propolis and were found in other studies (Bueno-Silva et al., 2013).
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The mechanism of antibacterial action is related to the flavonoids found in propolis. These mechanisms
were summarized as: (1) Inhibition of the nucleic acid synthesis (DNA and RNA); (2) DNA gyrase inhibition
mechanism; (3) inhibition of cytoplasmic membrane function (plasma membrane damage due to reduced
fluidity); (4) Inhibition of energy metabolism (the exchange of nutrients and metabolites is disturbed due to
damage to the cytoplasmic membrane, thus inhibiting energy supply) (5) Inhibition of adhesion and biofilm
formation (Freires et al., 2016; Xie et al., 2015).

The clove essential oil has a significant effect on both Gram positive and Gram-negative bacteria
(Escherichia coli). These results may be due to the lipophilic properties of clove essential oil, which promotes
interaction with lipids in bacterial cell membranes, increasing the permeability (Radiinz et al., 2019).

In studies conducted by Zhao et al. (2021), the MIC and MBC values of clove essential oil against Escherichia
coli were 0.64 and 1.28 mg ml!, respectively, which were higher than those against S. aureus (0.52 and 1.04
mg ml!, respectively). Gram-positive bacteria have a cell wall composed only of a monolayer of
peptidoglycan, so their ability to prevent the invasion of antibacterial agents is considered weak. However,
the structure of the Gram-negative bacteria cell wall is more complex.

Physicochemical and microbiological analysis of milk

There was no difference between the products applied regarding physical-chemical (p > 0.05) (Table 2) and
microbiological (Table 3) composition. The values referring to the physical-chemical composition met the
minimum recommended by current legislation (Brasil, 2018). For the protein variables, there was an effect for
the interaction of products (iodine or emulgel) and Time, and for lactose, there was an effect for the days of
evaluation, however, these parameters can be altered depending on the lactation curve of the animals. The
physical-chemical composition of milk can be influenced by intrinsic factors to the animal, such as:
production level, birth order, lactation stage, breed, diet, age, etc.(Cabral et al., 2016).

Table 2. Percentage of chemical composition and somatic cell count (SCC mL™) of milk from lactating cows using emulgel post-dipping

Treatment! Day Variables

FAT PROT LAC SCC

0 4.75 4.75 4.75 4.75

Control 7 3.54 3.54 3.54 3.54

14 3.98 3.98 3.98 3.98

21 5.23 5.23 5.23 5.23

0 4.70 4.70 4.70 4.70

Propolis + CEO 7 3.43 3.43 3.43 3.43

14 4.13 4.13 4.13 4.13

21 5.10 5.10 5.10 5.10

Standard Error 1.22 0.45 0.55 0.49

CV (%) 25.49 13.02 12.87 9.58

p-value*

Treatment 0.2953 0.1330 0.2074 0.2581
Day 0.7838 0.2548 0.0002** 0.9499
Treatment*Day 0.8509 0.0076** 0.2367 0.0806

!Control commercial product; Propolis + CEO = emulgel made of propolis and clove essential oil (Syzygium aromaticum);*FAT = % fat; PROT = % protein;
LAC = % lactose y=-0.0003 x + 4.2684; SCC = somatic cell count (log 10); *CV (%) = coefficient of variation; *p-valor = **0.0001, * 0.05.

Table 3. Microbiological evaluation of milk from cows treated with emulgel made of propolis and clove essential oil

Staphylococcus milk (logio) 2

1

Treatment Start End
Control 2.795 2.518
Propolis + CEO 2.985 2.963

CV (%)3 23.44

SD* 0.66
p-value®

Treatment 0.1845

Period 0.5290

Treatment*Period 0.5891

!Control = Iodine; Propolis + CEO = emulgel made of propolis and clove essential oil (Syzygium aromaticumy); *Start = evaluation carried out at the beginning of each
period; End = it was performed at the end of each period; *CV (%) = coefficient of variation; “SD = standard deviation; p-value = ** 0.0001, * 0.05.

For SCC, the recommended values are 500.000 cells mL™ (IN 76/2018) (5,70 logio). The average SCC values
of the present study were 5.17 logio. The effectiveness of using propolis as a pre- and post-dipping has already
Acta Scientiarum. Animal Sciences, v. 47, e71018, 2025
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been verified by some authors. Fiordalisi et al. (2016) found that propolis has the potential to be used in the
prevention of subclinical mastitis or during dry cow therapy when the bacterial count is comparable to the
clinical picture. Schelles et al. (2021) when evaluating the use of propolis and iodine as pre- and post-dipping
for lactating cows for 28 days, they found no significant difference between the groups evaluated in the
concentration of protein, lactose and fat in the milk. The values for staphylococcus count in milk did not show
any significant difference between the groups evaluated, which indicates the same efficiency of emulgel when
compared to iodine in maintaining low staphylococcus counts in raw milk (Table 3). Reports of staphylococcal
poisoning are frequently associated with the ingestion of the minimum toxic dose of 100 ng of its heat-stable
toxin and foods with staphylococcal counts between 105-106 CFU g*! or mL™! of food; in this study, counts of
the order of 102 CFU mL! were obtained in milk, for both groups of animals tested.

Nascimento et al. (2022) tested a natural antiseptic product containing 1% propolis in a 10%
hydroalcoholic solution for pre-dipping, and 10% glycerin with 0.2% citronella oil added for post-dipping.
The results obtained showed efficiency in terms of total bacterial reduction, indicating great antibacterial
activity against the bacteria most commonly associated with bovine mastitis.

In the study in vivo Abboud et al. (2015) it was observed the effectiveness of the antibacterial activity of
the essential oils of Thymus vulgaris and Lavandula angustifolia against Staphylococcus spp. and Streptococcus
spp.. Their mixture promoted a significant reduction in the bacterial count in milk samples after four
consecutive days of application of the evaluated products. However, more researches need to be carried out
to better evaluate the effect of exposure to essential oils and its implications on animal health.

Conclusion

The tested emulgel showed in vitro antimicrobial activity against Staphylococcus aureus. The efficiency of
the natural antiseptic was satisfactory comparing to iodine, presenting itself as a natural solution with
antimicrobial efficiency for use as a post-dipping disinfectant product.
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