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RESUMO.- [Desenvolvimento e caracterização de desinfetante 
pós-dipping de óleo de Origanum vulgare.] A mastite bovina 
é caracterizada pela inflamação da glândula mamária, causada 
por lesão no teto ou falta de higiene, ocasionada pela presença 
de microrganismos patogênicos como a bactéria Staphylococcus 
aureus, cuja presença gera infecções que levam ao descarte do 
leite. Este estudo propõe o desenvolvimento de um produto  

desinfetante para pós-dipping de tetos, composto de óleo 
essencial de Origanum vulgare contendo Carbopol para uso 
tópico. Em testes in vitro, o tratamento para prevenção da mastite 
foi capaz de inibir a cepa Staphylococcus aureus (ATCC 25923) 
e a caracterização reológica do material é pseudoclássica com 
comportamento tixotrópico. Em termos de caracterização da 
textura, o emulgel pós-dipping de óleo essencial de Origanum 
vulgare (EFOV) não apresentou diferenças significativas em 
relação ao Iodo em termos de dureza (em Newtons - N), 
compressibilidade (em Newton-segundos - N-s) e adesividade 
(N-s). Para os estudos ex vivo, o EFOV foi mais bioadesivo que o 
Iodo. Para os testes com animais, o EFOV foi utilizado durante oito 
semanas e, durante a sua utilização, os animais não apresentaram 
diferenças significativas na contagem de células somáticas. 
Portanto, o tratamento foi capaz de prevenir o aparecimento da 
mastite, atuando como filme antimicrobiano no teto do animal, 
tornando-se uma alternativa para uso veterinário.

TERMOS DE INDEXAÇÃO: Óleo essencial de Origanum vulgare L., 
vacas em lactação, desinfetante, Carbopol, fitoterapia.
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Brazil. E-mail: msspozza@uem.br

Bovine mastitis is characterized by inflammation of the mammary gland, caused by a 
lack of hygiene or injury to the teat and by the presence of pathogenic microorganisms such 
as the bacterium Staphlococcus aureus, which can cause infections and lead to milk being 
discarded. This study proposes a post-dipping teat disinfection product made of Origanum 
vulgare essential oil, loaded with Carbopol, for topical use. In in vitro tests, the treatment 
for preventing mastitis inhibited the Staphylococcus aureus strain (ATCC 25923), and the 
material’s rheological characterization exhibited pseudoclassical thixotropy. In terms of texture 
characterization, the  post-dipping emulgel of Origanum vulgare essential oil (EFOV)  showed 
no significant differences compared to Iodine in hardness (in Newtons – N), compressibility 
(in Newton-seconds – N-s) and adhesiveness (N-s). In ex vivo studies, the EFOV was more 
bioadhesive than the Iodine. In the animal test, the EFOV was used for eight weeks. During 
its use, the animals showed no significant differences in the somatic cell count. Therefore, 
the treatment was able to prevent the onset of mastitis by acting as an antimicrobial film on 
the animal’s teat, making it an alternative for veterinary use.
INDEX TERMS: Origanum vulgare L. essential oil, lactating cows, disinfectant, Carbopol, phytotherapy. 
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INTRODUCTION
Bovine mastitis reduces milk production and results in poor 
milk quality. It is the most common disease causing economic 
losses and a major concern for the dairy cattle community 
worldwide (Motaung et al. 2017). Brazil is the third-largest 
milk producer in the world, behind only the United States 
and India. Hence, the milk production chain is one of the 
main economic activities in these countries. It generates 
employment, has a significant impact on the economy, and 
requires success in the production chain to avoid negative 
economic impacts (Barros et al. 2022). 

The economic growth of the dairy market has led to 
studies seeking to develop ways of increasing food safety 
and ecologically sustainable dairy production. To this end, 
scientists have used plant extracts and essential oils (EOs) as 
an alternative for developing medicines (Lopes et al. 2020).

Phytotherapy medicines can replace antibiotics (Silva Junior 
et al. 2022), which are currently the main treatment for mastitis, 
with an efficacy of up to 60% in eliminating the pathogens that 
cause the disease (Caneschi et al. 2023). Mastitis is caused by 
Streptococcus uberis, Escherichia coli, and staphylococci that can 
be found in environments or milking equipment; therefore, it 
is extremely important to disinfect equipment after milking, 
for it reduces the risk of developing this disease caused by 
environmental bacteria (Schwenker et al. 2022).

Currently, teat and udder cleaning and disinfection are carried 
out with disinfectants such as benzyl alcohol, chlorhexidine, 
and iodine compounds. However, these compounds can cause 
environmental contamination, interact with anionic substances 
and organic matter, and be deactivated by them, creating 
risks of milk contamination. To avoid these effects, essential 
oils are strong candidates to replace the usual treatments, as 
they have antibacterial effects at low concentrations and are 
sustainable alternatives.

Several studies examining the effects of chlorhexidine 
on the animal’s body have shown its ability to disinfect 
teats, resulting in a significant reduction in bacterial species 
(Schwenker et al. 2022). However, its use can pose risks such 
as cross-resistance of pathogens after the use of chlorhexidine 
and various antibiotics (Kõljalg et al. 2002). Based on this 
premise, research into alternative methods to prevent and 
treat mastitis is necessary.

Essential oils have antibacterial properties, but studies 
on the use of EOs for the application and prevention of 
bovine mastitis are still scarce (Dal Pozzo et al. 2011, Budri 
et al. 2015, Cerioli et al. 2018), especially in the case of film-
forming solutions with antimicrobial properties using EO as 
the bioactive compound.

Studies of the antibacterial activity of EOs have generated 
promising results. The EO of Melaleuca armillaris and cloxacillin 
have pharmacodynamic interactions and are effective against 
a strain of Staphylococcus aureus isolated from cows with 
subclinical mastitis. The concentration of the antibiotic 
required to inhibit bacterial growth was accentuated when 
it was used in the presence of the oil (Buldain et al. 2018).

Oregano essential oil has antimicrobial activity against the 
pathogen S. aureus in bovine mastitis isolates (Dal Pozzo et 
al. 2011). The composition of Origanum vulgare essential oil 
varies depending on the region where it was grown and the 
time of year when the samples were collected. However, its 
composition has two characteristic major products, thymol 

and carvacrol (Enayatifard et al. 2021). Other compounds can 
be found in the composition, such as terpinolene, γ-terpinene, 
and orthocymene (Pimenta et al. 2024). Compounds such as 
β-pinene, p-menthane, benzene, 1,8-cineole, o-cymene, gamma-
terpinene, trans-beta-ocimene, sabinene, and beta-phellandrene 
can also be found at lower concentrations than the major 
characteristic products of the plant (Enayatifard et al. 2021).  

There are implications for the use of plant extracts and 
essential oils, including large-scale industrial manufacturing 
methods and potential concentrations. However, these are 
not limiting factors for using the product and obtaining 
antibacterial effects (Avila et al. 2022). The aim of this study 
was to develop a post-dipping emulgel of Origanum vulgare 
essential oil (EFOV) for topical application by immersion, 
composed of Carbopol, a bioadhesive polymer, and oregano 
essential oil, which was subjected to mechanical, rheological, 
textural, microbiological and bioadhesive characterization, 
as well as in vivo studies.

MATERIALS AND METHODS
Ethical approval. The research project is registered with the 

Animal Ethics Council (CEUA) of the “Universidade Estadual de 
Maringá” (UEM), under protocol number 3425280722. 

Materials. Carbopol® 934P  NF polymer from IMCD Brasil 
Farma® (Lot 0000073563), Origanum vulgare essential oil (EO) 
was purchased from Ferquima®, Vargem Grande Paulista, Brazil, 
(Lot 221); triethanolamine from Química Moderna®; Staphylococcus 
aureus bacteria strain (ATCC 25923); antibiotic “Pentabiótico 
Veterinário” (Fort Dodge Saúde Animal Ltda, Brazil); brain heart 
broth (BHC) and peptone water were purchased from Himedia 
(São Paulo, Brazil); Kasvi brand Muller Hilton agar (São José dos 
Pinhais, Brazil); phenolphthalein; sodium hydroxide in micro pearl 
– NaOH (Neon®) at 0.1 M; oxalic acid; ekoprim (EON TRADING®). 
The solvents methanol, n-heptane and potassium hydroxide were 
purchased from Synth (São Paulo, Brazil). The analytical standard 
methyl tricosanoate (23:0me) from Sigma Aldrich (Darmstadt, 
Germany). Thymol (GRASP®, Brazil); Carvacrol (GRASP®, Brazil).

Determination of the lipid composition (fatty acids) of EO by 
gas chromatography with flame ionization detector (GC-FID). The 
fatty acid composition of the EO samples was obtained using a Shimadzu 
GC-2010 Plus gas chromatograph equipped with a split/splitless injector, 
fused silica capillary column (Select FAME, 100 m x 0.25 mm i.d. x 0.25 μm 
cyanopropyl film as the stationary phase) and flame ionization detector 
(FID). Prior to injection into the GC-FID, a derivatization reaction was 
carried out on the samples to convert fatty acids into fatty acid methyl 
esters (FAMEs). The fatty acid esterification and transesterification 
reactions were carried out according to ISO 5509 methodology.

The fatty acids of methyl esters were identified by comparing 
the retention times of the constituents of the samples with the 
analytical standards (FAME Mix, C4-C24) purchased from Sigma-
Aldrich (Darmstadt, Germany). The results were processed using 
LabSolutions Software and expressed as a relative percentage of 
total fatty acids. All samples were analyzed in triplicate.

 Determination of the composition of volatile substances 
in EO by GC-FID. GC-FID analysis was carried out following the 
method proposed by Reyhani et al. (2022) with some modifications. 
A Shimadzu GC-2010 Plus gas chromatograph equipped with a flame 
ionization detector, DB fused silica capillary column (100 m x 0.25 mm 
i.d. x 0.25 μm film thickness), and a split/splitless injection system 
was used. The carrier gas was N2 at a flow rate of 1.1 mL min-1. The 
oven temperature was increased from 60 °C to 250 °C at a rate of 
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5 °C min-1. The injection and detection systems (FID) were set to 
250 and 280 °C, respectively (Reyhani et al. 2022), and the analysis 
was carried out in triplicate.

 In vitro antimicrobial activity of EO by the disk diffusion 
method. The EO microbial susceptibility test used the disc diffusion 
technique. Sterile 6 mm diameter paper disks were placed on water 
soaked in a suspension of 108 log according to the McFarland scale: 
CFU of S. aureus (ATCC 25923), pentabiotics 30 µg per disc were 
used as a positive control added to disc 1, and 10 µg of oregano EO 
were added to disc 2 (Silva et al. 2014, Pimenta et al.  2024).

Development of post-dipping product. Two formulations were 
prepared for characterization. The control gel, called White, consisted 
only of polymer and water, and was used in comparison with the 
post-dipping phytotherapeutic emulgel of Origanum vulgare essential 
oil (EFOV). The White formulation and the post-dipping EFOV were 
prepared according to the composition described in Table 1. Carbopol® 
934PNF was added to distilled water and stirred continuously for 5 
hours using a mechanical stirrer. Afterward, it was refrigerated for 24 
hours, after which the hydrated polymer platform was ready. For the 
development of the White, the hydrated polymer platform was stirred 
for 10 minutes in a mechanical stirrer, then the pH was adjusted to 
7.0 using triethanolamine and stirred for an additional 10 minutes 
for complete homogenization. To develop the EFOV, Origanum vulgare 
EO (Ferquimia®) was added drop by drop to the hydrated polymer 
platform and stirred for 10 minutes in a mechanical stirrer. 

In vitro studies of post-dipping product. The antimicrobial 
activity of the post-dipping EFOV against the S. aureus strain (ATCC 
25923) was carried out by diluting the EFOV in Mueller-Hinton 
(MH) agar. Proportions of 5% and 10% v/v of the EFOV were used 
(Campanholi et al. 2022b).

Continuous shear rheology. The samples were left to rest 
before analysis with a MARS II rheometer (Thermo-Haake, Thermo 
Fisher Scientific Inc., Newington, Germany) — shear analysis in flow 
mode at temperatures of 37 °C. The sample was carefully placed on 
the lower plate of the rheometer and allowed to rest for 1 minute 
before each analysis. The upward and downward flow curves for 
each formulation are measured at various shear rates (10 to 2000 
s-1), cycling up and down over a period of 150 seconds, with the 
upper limit held for 10 seconds before reduction. The Ostwald de 
Waele (Equation 3) and Herschel-Bulkley (Equation 4) equations 
are used to fit the upward flow curves for three replicates:

Equation 3: σ = k.γn
Equation 4: σ= σ0 + k.γn

Since σ is the shear stress (Pa), σ0 is the yield stress (Pa), k 
is the consistency index [(Pa s) n], γ is the shear rate (s-1), and n 
is the index of flow behavior (dimensionless) (Jones et al. 2009, 
Junqueira et al. 2016).

The thixotropy area of each binary polymer system is calculated 
using RheoWin 4.10.0000 software (Haake®). The yield value is obtained 
using the Casson model, and the hysteresis area is determined using 
the RheoWin 4.10.0000 program (Haake®). The consistency index 

(k) and flow behavior index (n) values ​​are statistically evaluated 
using the t-test (Bruschi et al. 2006, Jones et al. 2009).

Texture profile analysis (TPA). TPA for formulation is carried out 
using the TAXTplus texture analysis module (Stable Micro Systems, Surrey, 
United Kingdom) (Jones et al. 2009). In TPA mode, a polycarbonate 
analytical probe measuring 10 mm in diameter is inserted into the 
sample twice at a depth of 15 mm and at a rate of 2 mm.s-1, with a rest 
period of 15 seconds between the end of the first and beginning of the 
second compression (Jones et al. 2009, Junqueira et al. 2016).

Bioadhesion in ex vivo skin. The bioadhesive strength was 
determined using the TAXTplus texture analyzer (Stable Micro 
Systems, Surrey, UK) in tension mode (Bruschi et al. 2006, Bruschi  
et al. 2007). Initially, pig ear skin from the university abattoir was 
prepared and dried. Measurement was carried out to assess the 
bioadhesive capacity of the EFOV on the surface of the skin at 38 
°C, the temperature of the bovine udder. During the evaluation, the 
analytical probe was lowered until the skin came into contact with 
the EFOV surface. Instantly, a downward force of 0.1 N was applied 
for a set time (30 s), ensuring contact between the skin and the 
release platform. The test probe was then lifted (constant speed of 
1.0 mm/s), and the force required to release the skin from the EFOV 
surface was determined (Said dos Santos et al. 2021).

In vivo post-dipping EFOV studies. The experiment was carried out 
at the “Fazenda Experimental de Iguatemi” (Iguatemi Experimental Farm 
– FEI) of the “Departamento de Zootecnia” (Animal Science Department) 
of the UEM in the Dairy Farming Sector. The milk was analyzed at the 
Milk Analysis Laboratory belonging to the “Centro Mesorregional de 
Excelência em Tecnologia do Leite” (Northwest Mesoregional Center 
of Excellence in Milk Technology – CMTEL), located at the FEI-UEM.

Ten multiparous Holstein and Jersey cows at different stages of 
lactation were used. The animals were housed in a tie-stall system in 
individual stalls and milked twice a day at 6:00 a.m. and 3:00 p.m. Two 
groups were used: group 1 was treated with iodine and designated 
as the control group, and group 2 was treated with a post-dipping 
disinfectant containing Origanum vulgare L. and designated EFOV. 
The applications were made by immersing the teat after milking. 
Milk samples were collected for physicochemical analysis of the 
milk somatic cell count (SCC) on days 1, 7, 14, 21 and 28 (Fig. 1-2). 

Physicochemical composition and SCC analysis of milk. 
Milk samples were analyzed for pH, titratable acidity, composition 
(Ekomilk) and somatic cell count (Ekoscan) (Brasil 2018). 

Statistical analysis. The results of the analyses of pH, lactic acid, 
composition, and SCC were submitted to statistical analysis using 
SAS® Academic Software, and the means were compared using the 
Tukey test at the 5% significance level. 

RESULTS AND DISCUSSION
Determination of the lipid composition (fatty acids) of 
essential oil (EO) by gas chromatography with flame 
ionization detector (GC-FID)

The chromatographic profile of the sample’s fatty acids 
shows higher percentages of myristicenoic acid, palmitoleic 
acid and myristicenoic acid (Table 2). The acids obtained are 
consistent with the manufacturer’s report and corroborate the 
methodology data reported by Tebaa et al. (2017), Stešević 
et al. (2018), Geneva et al. (2021), Almadiy & Nenaah (2022), 
and Moghrovyan et al. (2022). It was possible to check the 
fatty acid composition in accordance with ANVISA Resolution 
RDC 270/05 and Normative Instruction 49/2006 of the 
“Ministério da Agricultura, Pecuária e Abastecimento” (Ministry 
of Agriculture, Livestock and Supply – MAPA) (Table 2). 

Table 1. Composition of the emulgel (% m/m)
Composition White EFOV

H2O 99.5 99.0
Carbopol 0.5 0.5
Origanum vulgare essential oil - 0.5

EFOV = post-dipping emulgel of Origanum vulgare essential oil; Sufficient 
quantity for -qsp = enough for 100g.
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Determination of the composition of volatile substances 
in EO by GC-FID

The chromatographic profile of volatile substances 
determines the quantification of thymol and carvacrol in the 
sample (Khan et al. 2020). The first peak refers to thymol, and 
the second peak refers to carvacrol (Fig. 3). The concentration 
of the major products obtained in the GC-FID analysis was 
a mean ± standard deviation of 34.98 ± 0.07 for thymol and 
480.49  ±  0.79 for carvacrol (mg/g). The concentrations 
obtained corroborate the literature (Stešević et al. 2018, 
Geneva et al. 2021), in which thymol and carvacrol are the 
predominant products of oregano and thyme EO (Budri et al. 
2015, Tuttolomondo et al. 2016, Pimenta et al. 2024).

In vitro antimicrobial activity of EO by the disk diffusion 
method

The mean values obtained for the antimicrobial susceptibility 
of the oils were higher than the antibiotic tested: 11.90 ± 2.85 mm 
for the control and 13.02 ± 2.77 mm for the oil, demonstrating EO 
efficiency (Fig. 4). Pentabiotics (control) contain Penicillin G and 
Benzylpenicillin; a halo of 11.90 mm in the CLSI interpretation 
(< 28 mm) is classified as resistant (DME 2025). The study 
by Bolzan et al. (2016) corroborates the antimicrobial effect 
observed in the test; the authors reported a difference of 
29.0 ± 0.0 mm in the inhibition capacity of the essential oil for 
Staphylococcus aureus. The inhibitory properties of Origanum 
vulgare L. EO have been demonstrated by other researchers. 
Pesavento et al. (2015) obtained antimicrobial susceptibility 

Table 2. Percentage data of fatty acids obtained from the 
oregano oil batch

Fat acids Mean ± standard deviation
Caproic acid 2.82 ± 0.04
Caprylic acid 0.68 ± 0.02
Capric acid 5.09 ± 0.09
Lauric acid 5.04 ± 0.02

Myristic acid 7.49 ± 0.22
 Myristoleic acid 17.69 ± 0.53

Palmitic acid 3.95 ± 0.19
Palmitoleic acid 23.23 ± 0.68

Stearic acid 18.99 ± 0.85
7-Octadecenoic acid 3.06 ± 0.56

Oleic acid 6.81 ± 2.02
Linoleic acid 0.73 ± 0.06

Linolenic acid 2.38 ± 0.03

Fig. 1-2. Application of post-dipping to lactating cattle. (1) Formulated phytotherapeutic emulsion of Origanum vulgare oil (EFOV) applied 
as a post-dipping treatment on teats after milk collection. (2) Iodine applied as a post-dipping treatment on teats after milk collection.

effects capable of suppressing concentrations of < 102 CFU/g, 
and Pimenta et al. (2024) managed to inhibit about 0.625% of 
S. aureus using oregano EO. The antimicrobial activity obtained 
by the authors corroborates the results of this study.

Development of post-dipping product
The formulations developed in Figure 5 were stored for 

24 hours at 5 °C under refrigeration, after which the samples 
were subjected to characterization studies.
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In vitro studies of the post-dipping product
The antimicrobial activity of the EFOV was evaluated 

against the S. aureus strain in Mueller-Hinton agar solution 
in the proportions of 5% and 10% v/v of the EFOV, with 
no significant difference in the antimicrobial activity of the 
bioadhesive phytotherapeutic post-dipping product (10%) 
when compared to the control. For this analysis, the mean ± 
standard deviation in log10 was 8.97B ± 0.41 for 5% EFOV agar, 
9.03A ± 0.14 for 10%, and 9.14A ± 0.20 for the control with 
only bacteria. Different letters denote significant differences 
(p < 0.05), as determined by the Tukey test. Dal Pozzo et al. 
(2011) corroborated the EO activity reported in this study, 
demonstrating antimicrobial activity of oregano oil against 
the pathogen S. aureus isolated from bovine mastitis.

The microbial reduction occurred due to the presence of 
bioactive compounds in oregano EO, carvacrol and thymol, 
which are the majority products (Kozics et al. 2019, Khan 
et al. 2020). Enayatifard et al. (2021) studied the activity of 
Origanum vulgare EO incorporated into a nanoemulsion. The 
results obtained corroborate the antimicrobial capacity against 
the S. aureus strain. Saffarian et al. (2024) reported that, by 
combining oregano oil with alginate, it was also possible to 

obtain an antimicrobial effect. Sajimon et al. (2023) tested a 
whey protein film combined with O. vulgare oil, resulting in 
a nanoemulsion system that, when tested, showed an effect 
of 25.36 ± 0.52 mm against S. aureus.

Continuous shear rheology
Concerning rheological analysis, continuous shear 

experiments provide information about the processing stage 
of the formulation, such as viscosity behavior under vigorous 
stirring, ease of filling, and temporal properties of the system 
at the molecular level under manipulation (De Souza Ferreira 
et al. 2016). The flow rheograms are shown in Figure 6-7, 
and the fits of the upward curves are presented in Table 3 
for statistical comparison. The material formulated for post-
dipping showed pseudoplastic behavior with thixotropy, 
making it an appropriate semisolid for surface application 
and suitable for pharmaceutical use (De Souza Ferreira et al. 
2017). For Iodine was used as the control group, the material 
showed pseudoplastic behavior.

The profile shown in Figure 6-7 results from the displacement 
of the polymeric chains of the Carbopol polymeric network (in 
lamellar mode) with the application of shear stress (applied 
force) on the formulation. As a result of the force, the initially 
tangled polymer chains become aligned towards the flow, 
reducing the overall viscosity of the post-dipping (according 
to the non-linear behavior of the graph) (De Souza Ferreira 
et al. 2016, Campanholi et al. 2023).

The non-linear behavior and the value of n < 1 (Table 3) 
classify the material as non-Newtonian. Pseudoplastic behavior 
is a desirable factor for pharmaceutical formulations, typical 
of ointments, creams, gels and other semisolids, as the tension 

Fig. 4. In vitro study of antimicrobial activity against Staphylococcus 
aureus using the disk diffusion method. Disc with pentavalent 
antibiotic (A). Disc with Origanum vulgare oil (B).

Fig. 3. Chromatographic profile of the essential oil by gas chromatography 
with flame ionization detector (GC-FID).

Fig. 5. Formulations for post-dipping application. White formulation, 
composed of Carbopol© and water (A). Phytotherapeutic emulgel 
formulated from Carbopol© combined with Origanum vulgare 
oil (B). Iodine routinely used in the milking sector as a post-
dipping agent (C).
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applied to evade the storage bottle will allow the apparent 
viscosity to decrease, allowing for easier application without 
generating continuous flow and loss of material on the applied 
surface (De Souza Ferreira et al. 2016). 

The EFOV proposed has different mechanical characteristics 
compared to Iodine. The area of hysteresis in both materials 
is small and positive, which indicates thixotropy, which is the 
absence of overlap between the upward and downward curves, 
a desirable behavior for pharmaceutical formulations, as it 
contributes to the release of the drug which is diffused in the 
sites present in the polymeric networks of the formulation 
(Bruschi et al. 2006, De Souza Ferreira et al. 2016).

Based on continuous rheology analysis, it is also possible 
to assess the dynamic viscosity, a material property that refers 
to the ability and resistance of a fluid to flow when subjected 

to a shear stress or force (Bruschi et al. 2006, Said dos Santos 
et al. 2021). In response to an applied force, the EFOV showed 
higher viscosity than the Iodine; its higher dynamic viscosity 
led to lower flow under the applied stress. 

Thus, based on the data obtained, there is evidence of 
greater Iodine flow after the application of tension (Fig. 8-9). 
This analysis allows us to understand the behavior of the 
material after it has been applied; for example, the Iodine 
drains more than the post-dipping EFOV, giving us a glimpse 
of the material’s behavior after application. There is a partial 
loss of Iodine after application, whereas the EFOV, under force, 
shows greater flow resistance, remaining on the surface of 
the teat, forming a kind of film with no loss of material. The 
study of Campanholi et al. (2022a) corroborates the data 
obtained in this study.

Fig. 8-9. Viscosity reogram at 37 °C. (8) Flow curve diagram of the formulated phytotherapeutic emulsion of Origanum vulgare oil (EFOV). 
(9) Flow curve diagram of the Iodine formulation. Direction of analysis = outward in dark blue and return in light blue.

Fig.  6-7. Continuous shear reogram at 37  °C. (6) Formulated phytotherapeutic emulsion of Origanum vulgare oil (EFOV). (7) Iodine 
formulation. Direction of analysis = outward in dark blue and return in light blue.

Table 3. Analysis of data obtained from the continuous flow diagram
Treatment k n r Thixotropy

EFOV 7.08A ± 0.15* 0.42B ± 0.0014* 0.998 ± 0.00014* 6,884A ± 816.18*
Iodine 0.13B ± 0.0092* 0.55A ± 0.0016* 0.99 ± 0.0026* 573.95B ± 520.54*
p-value 0.00011 0.00011   - 0.0037

k = consistency index, n = flow index, r = correlation coefficient  , EFOV = post-dipping emulgel of Origanum vulgare essential oil; * The values represent 
the mean (± standard deviation) of at least three replicates; A, B Different letters indicate significant differences (p < 0.05) between means.
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Texture profile analysis (TPA)
The texture analysis profile allows the material’s characteristics 

to be determined – hardness and compressibility, which refer 
to the material’s ability to undergo deformation in relation 
to the continuous stress applied during the processing of 
the formulation, or in storage situations when the material 
is in the packaging and undergoes compression during the 
filling process or application stages (Bruschi et al. 2006, 
Özgüney & Kardhiqi 2014). The ability to resist deformation 
and to withstand compression is related to the parameters of 
cohesivity and elasticity (Campanholi et al. 2018).

Adhesiveness is the ability of the material to adhere to a 
surface. It is related to the force applied to remove the formulation 
from the original bottle, and its ability to remain on surfaces 
(Özgüney & Kardhiqi 2014, Said dos Santos et al. 2021). The 
texture of the post-dipping EFOV treatment was compared 
with that of the White and Iodine post-dipping treatments to 
determine whether the percentage of oil incorporated into 
the polymer would cause significant changes in the material’s 
mechanical and physical characteristics (Table 4) (Jones et 
al. 2009). All these properties are crucial for the final clinical 
effectiveness of products. Therefore, texture profile analysis 
is important to predict sample behavior under different 
environmental and physiological conditions (Özgüney & 
Kardhiqi 2014).

In Table 4, the letters refer to the statistical analysis by 
column, comparing products according to property. There were 
significant differences between the formulations of polymer 
White, Emulgel of Origanum vulgare essential oil (EFOV) 
and Iodine in solution in relation to the evaluated texture 
properties. Hardness, measured in Newtons (N), indicates 
the gel’s resistance to deformation under an applied force. 
The White had the highest hardness (0.29 ± 0.0093 N). This 
property is determined by the concentration of the polymer 
used, as increasing it alters the hardness (Çağlar et al. 2023).

The presence of the oil reduced the hardness of the EFOV 
gel by 670% compared to the White sample (p < 0.0001). This 
characteristic may be important in determining how easily 
the gel can be handled during application. The change in 
hardness is due to the presence of the oil (Cook et al. 2017). 

The material must have low hardness to be easy to apply 
(Erel-Akbaba et al. 2022).

Compressibility, measured in Newton-seconds (N-s), 
represents the gel’s ability to deform under pressure (Bruschi 
et al. 2006). The presence of oil significantly decreased the 
compressibility of the gel (p < 0.0001). Although the EFOV 
sample (0.34–0.048  N-s) had a compressibility value 10 
times greater than Iodine (0.039–0.017 N-s), this will only 
be a problem if, at the time of application, there is difficulty 
in spreading the product over the udder.

Adhesiveness, also measured in Newton-seconds (N-s), 
indicates the gel’s ability to adhere to surfaces (Said dos 
Santos et al. 2021). It was observed that gel White showed the 
highest adhesiveness value (0.92 ± 0.073 N-s), post-dipping 
EFOV (0.071 ± 0.027 N-s) and Iodine (0.0097 ± 0.0015 N-s) 
(p < 0.0001). This may be relevant to the effectiveness of the 
gel in remaining on the skin or other applied surfaces.

There was no significant difference on elasticity (measured 
in seconds – s), which indicates the gel’s ability to return 
to its original shape after deformation (Bruschi et al. 2006, 
Junqueira et al. 2016) and cohesiveness, which quantifies the 
stability of the EFOV under shear.

The significant difference in texture between White and 
post-dipping EFOV suggests that the presence of oil can alter 
the mechanical aspects of the material, corroborating the 
improvement of its properties and its aspects for application, 
as already observed by Said dos Santos et al. (2021) and Souza 
Campanholi et al. (2022). The authors investigated the variation 
in the texture of Carbopol combined with copaiba oil or andiroba 
oil with propolis, showing that the polymer changed its behavior.

Bioadhesion in ex vivo skin
The maximum force N-s showed no significant difference 

between the groups. However, the bioadhesion work of EFOV, 
White, and Iodine showed a significant difference between 
White and EFOV (Table 5).

The presence of the oil altered the bioadhesive capacities 
of the polymer, reducing its interaction with the skin surface. 
However, EFOV has better bioadhesive properties than Iodine. 
Such characteristics are linked to the mechanical properties of 
the material, in which the adhesiveness of Iodine was lower, 

 Table 4. Mechanical properties of texture at 37 °C
Formulation Hardness (N) Compressibility (N-s) Adhesiveness (N-s) Elasticity (s) Cohesiveness

White 0.29A ± 0.0093* 1.09A ± 0.057* 0.92A ± 0.073* 0.99C ± 0.061* 0.94B ± 0.13*
EFOV 0.096B ± 0.0077* 0.34C ± 0.048* 0.071B ± 0.027* 1.00B ± 0.016* 0.94B ± 0.018*
Iodine 0.031C ± 0.024* 0.039B ± 0.017* 0.0097C ± 0.0015* 1.38A ± 0.32* 1.28A ± 0.48*
p-value > 0.0001 > 0.0001 > 0.0001 0.080 0.31

N = Newtons, N-s = Newton-seconds, s = seconds, EFOV = post-dipping emulgel of Origanum vulgare essential oil; * Values represent the mean (± standard 
deviation) of at least three replicates; A, B, C Different letters indicate significant differences (p < 0.05) between means.

Table 5. Bioadhesion data
Formulation Maximum force (N-s) Bioadhesion work (N.mm)

Iodine 0.072 ± 0.017* 0.0097 ± 0.0015*
White 0.088 ± 0.0078* 0.22 ± 0.055*
EFOV 0.11 ± 0.0011* 0.072 ± 0.013*

N-s = Newton-seconds, N.mm = Newton-millimeter, EFOV = post-dipping emulgel of Origanum vulgare essential oil; * The values represent the mean 
(± standard deviation) of at least three replicates.
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following the same behavior on the skin. The bioadhesive 
properties of the polymer and its ability to release the active 
ingredients for topical administration were also studied by 
Said dos Santos et al. (2020). By using different oils in their 
formulations, they observed changes in the mechanical and 
bioadhesive characteristics, which corroborates what was 
observed in this study. The data obtained by the authors 
(0.05–0.07 N) were lower than those in this study, and the 
difference in bioadhesion and the characteristics of the polymer 
can be attributed to the different active ingredients used and 
their interactions with the polymer (Safitri et al. 2021).

Physicochemical composition and SCC analysis of milk
The composition and SCC values were in line with those 

recommended by current regulations (Brasil 2018). There 
was no significant difference between the treatments in 
terms of milk quality parameters and SCC, showing that there 
was no mastitis in the animals that received the EFOV as a 
post-dipping treatment, because there were no changes in 
the fat, protein, lactose and mineral content of the milk when 
compared to the Iodine (Table 6).

Studies using Carbopol as a base for herbal active ingredients 
for post-dipping application also suggest that the bioadhesive 
polymer contributed to the antibacterial action of the ceiling 
surface, as its presence creates a bioadhesive film, generating 
more time for the active ingredient to act on the skin, which 
protects the animal until the next application (Said dos Santos 
et al. 2021, Souza Campanholi et al. 2022). Enayatifard et al. 
(2021) have obtained SCC using oregano oil formulation. 
Dal Pozzo et al. (2011) corroborate the data from this study 
and reaffirm the efficacy of EO as a treatment to prevent 
bovine mastitis. The study by Cao et al. (2023) investigated 
the mechanism of action of oregano EO and its molecular fit 
to the targets of mastitis development, and the data support 

its use to treat the disease. The studies by Albuquerque et 
al. (2023) found that oregano EO against clinical strains of 
S. aureus was not cytotoxic and stimulated the growth of 
MAC-T cells, in addition to exhibiting antimicrobial activity. 
The studies by Kovačević et al. (2021) corroborate the use 
of oregano EO in the treatment of mastitis. After verifying 
the complete composition of the oil, the authors identified 
its antimicrobial activity against bacteria that cause mastitis.

CONCLUSION
The phytotherapeutic post-dipping bioadhesive emulgel of 
Origanum vulgare essential oil (EFOV) showed greater viscosity, 
making it an easy-to-apply material with pseudoplastic and 
thixotropic behavior. Comparing the texture profile of the 
Iodine and the EFOV, the herbal post-dipping EFOV showed 
higher adhesion, compressibility, and hardness values, 
making it a viable material for topical use. In ex vivo studies, 
its bioadhesiveness was higher due to the presence of the 
polymer and the combination with the oil. The in vivo studies 
of the herbal EFOV were similar to Iodine when used as a 
post-dipping agent over eight weeks. 
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Table 6. Physicochemical analysis and somatic cell count (SCC) of milk in relation to the respective days of treatment and the 
P > F statistic of significance of the day vs. treatment

TD SCC* Fat (F)* Density (D)* Protein (P)* Lactose (L)* pH* Lactic acid*
1 EFOV 5.49 ± 0.47 4.20 ± 0.87 1.027 ± 1.07 2.97 ± 0.64 4.39 ± 0.97 6.62 ± 0.063 0.14 ± 0.032

Iodine 5.42 ± 0.45 3.52 ± 0.55 1.028 ± 1.04 3.02 ± 0.42 4.49 ± 0.58 6.58 ± 0.074 0.14 ± 0.015
7 EFOV 5.44 ± 0.52 4.76 ± 0.82 1.030 ± 1.04 3.38 ± 0.22 4.98 ± 0.35 6.69 ± 0.052 0.13 ± 0.0055

Iodine 5.31 ± 0.55 3.91 ± 0.82 1.030 ± 1.02 3.25 ± 0.26 4.81 ± 0.37 6.62 ± 0.074 0.14 ± 0.018
14 EFOV 5.36 ± 0.49 5.50 ± 0.49 1.034 ± 1.00 3.77 ± 0.11 5.57 ± 0.16 6.61 ± 0.12 0.15 ± 0.019

Iodine 5.03 ± 0.17 4.70 ± 0.73 1.034 ± 1.01 3.63 ± 0.17 5.37 ± 0.25 6.59 ± 0.083 0.15 ± 0.018
21 EFOV 5.08 ± 0.20 3.96 ± 0.83 1.032 ± 1.01 3.44 ± 0.20 5.10 ± 0.30 6.68 ± 0.076 0.13 ± 0.022

Iodine 5.05 ± 0.23 5.09 ± 0.80 1.033 ± 1.01 3.59 ± 0.16 5.31 ± 0.24 6.85 ± 0.30 0.13 ± 0.025
28 EFOV 5.32 ± 0.55 4.17 ± 0.55 1.032 ± 1.01 3.47 ± 0.16 5.14 ± 0.23 6.54 ± 0.17 0.13 ± 0.035

Iodine 5.20 ± 0.55 4.66 ± 0.67 1.031 ± 1.04 3.41 ± 0.49 5.04 ± 0.73 6.70 ± 0.069 0.13 ± 0.024

Day Treatment Day and treatment
SCC 0.1067 0.1630 0.8657

Fat (F) 0.0118 0.4765 0.0088
Density (D) 0.0047 0.9090 0.9356
Protein (P) 0.0005 0.8181 0.8041
Lactose (L) 0.0006 0.8727 0.8294

pH <.0001 0.2454 0.0644
Lactic acid 0.0276 0.6954 0.9437

TD = Treatment day; * The values represent the mean (± standard deviation) of at least three replicates.
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