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Abstract

Background and Aim: The use of antimicrobials in the control of mastitis is of concern in public health due to their
inefficiency in targeting microorganisms. Studies with medicinal plants have risen as an alternative to the use of conventional
products. The objective of this study was to evaluate the efficacy of an experimental disinfectant based on the essential oil
(EO) from Lippia origanoides in preventing the development of new intramammary infections (IMI) in Holstein cows.

Materials and Methods: The conventional protocol of pre- and post-milking was used and the control (Conventional
treatment [CNV]) and experimental (Experimental treatment [PEX]) products containing EO at 120 uL/mL were applied
by immersion. Individual milk samples were analyzed using sheep blood agar methodologies and biochemical tests.
The efficiency of the treatment was defined by the presence or absence of Staphylococcus aureus, coagulase-negative
Staphylococcus, and Streptococcus spp.

Results: There were no clinical and subclinical mastitis cases, no lesions in the mucosal of teats, nor dirt score between
groups in this study. Both treatments did not influence the occurrence of IMI.

Conclusion: The results revealed that PEX acts efficiently against microorganisms compared to the disinfection by the
conventional product demonstrating the efficacy of the alternative product on the prevention of new IMIs in dairy cows.
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Introduction

Mastitis is a major economic problem for the
dairy industry and the predominant causes of bovine
mastitis are intramammary infections (IMI) with
bacteria [1]. Expenses with respect to the preven-
tion or treatment of mastitis and losses due to low
milk production or disposal of milk directly influence
the revenue and profitability in dairy herds [1,2].
Research has shown that the expenses of preventive
treatment corresponded to a maximum of 13.5% of
the economic impact [3]. This percentage was lower
than the economic impact of the expenses of cura-
tive treatment. Therefore, the control of mastitis on
the property is an important factor in reducing milk
contamination.

Copyright: Marcelo, et al. Open Access. This article is distributed
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by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the
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creativecommons.org/publicdomain/zero/1.0/) applies to the data
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Staphylococcus and Streptococcus bacteria alter the
centesimal composition, somatic cell number (somatic
cell counts), and the microbiological, physical, and
chemical qualities of milk [4]. Staphylococcus spp. is
mainly found in milk samples from animals with clinical
mastitis (CM) [5] while Staphylococcus coagulase-neg-
ative (SCNs) are frequently isolated in bovine milk and
are considered similar to secondary pathogens [6] that
promote the inflammation of the mammary gland [7].

The utilization of antibacterial compounds in the
sanitization of teats has been viewed with great concern
by the public health and alimentary security. Hence,
different methodologies are being explored to prevent
the development of mastitis in the herds, including the
development of vaccines. A recent study of vaccines
in the prevention of Staphylococcus aureus bovine
mastitis suggests that live-attenuated SCV's vaccines
can induce strong humoral and cell-mediated immune
responses, which are crucial for protection [§]. As the
use of vaccines is still not well established and there
is an indiscriminate utilization of antibiotics to control
mastitis, the research on the development of alterna-
tive therapeutic methods is heightening [9].
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Some research seeks to find natural products
with antimicrobial activities to be used in animal
production and in the control of bovine mastitis.
Medicinal plants and plant-derived essential oils (EO)
have active biologics with bactericidal characteristics
that are of significance to animal production since the
proven inhibitory and antiseptic activity [10]. In addi-
tion, they are potential alternatives to conventional
medicines that may cause resistance [10].

Lippia origanoides, whose EO is extracted from
its leaves, is a shrub native to the semi-arid regions of
Minas Gerais, and it has antimicrobial activity [10].
Chromatography combined with gas chromatogra-
phy-mass spectrometry (CG-EM) has been used to elu-
cidate the chemical composition of the EO of L. orig-
anoides. The most important constituents identified
were carvacrol (ranging from 29% to 32%), followed
by o-cymene (23% to 25.57%) and methyl thymol
ether (10.03% to 11.50%) [10,11]. These compounds
have shown antimicrobial activity against S. aureus
and Streptococcus mutans [10-12], the most prevalent
microorganisms in mastitis. A concentration of 120
uL/mL of L. origanoides EO inhibited the growth of
Escherichia coli, S. aureus, and Salmonella cholerae-
suis without causing cellular toxicity [10]. At the same
concentration, the EO presented antiseptic activity
against these microorganisms and inhibited their growth
after 5 min (for S. aureus) or 15 min (for S. cholerae-
suis) of treatment [11]. These studies suggest that the
L. origanoides EO can be used to formulate antiseptic
products capable of slowing microbial growth.

The aim of this study was to verify the efficacy
of an alternative antiseptic product, containing the EO
of L. origanoides, and its usability in the sanitization
in pre- and post-milking disinfection of teats to reduce
the microorganisms in bovine milk and to control IMI.

Materials and Methods

Ethical approval

This research was performed within the eth-
ical standards approved by the Animal Use Ethics
Committee (CEUA) of the Federal University of Minas
Gerais (UFMG) under protocol number 230/2014.

Animals test

A total of 16 Holstein cows (64 functional teats
without CM) of lactation duration ranging from 100 to
200 days (DEL) obtained from the Hamilton de Abreu
Navarro Experimental Farm (FEHAN) located at the
Campus of the Federal University of Minas Gerais
(UFMG), in Montes Claros-MG, were enrolled in this
trial from October to December 2015.

The diagnostic tests for clinical and subclini-
cal mastitis (SCM) were performed twice a day for 1
month, from the commencement of the experiment and
until the end of the experiment. The diagnosis of CM
in cows was determined by the examination of changes
in the udder, detection of flakes and clots with gland
swelling or redness, rise in temperature, swelling, hard-
ness of udder, and changes in milk color, or systemic

illnesses such as fever, depression, weakness, and
dehydration. For the diagnosis of SCM, the California
Mastitis Test was used as reported. The milking equip-
ment and management practices were monitored once
a day to minimize machine-mediated infections.

Each test group was composed of 32 teats. The
teats eligible for inclusion in the trial were defined by
the absence of S. aureus, SCN, and Streptococcus spp.,
defined as indicators of infectious agents. Initially, the
defined bacteriological status was that each teat, in
the first milk gathering of the single-sample treatment
period, did not show indicators of infectious agents.
Duplicate milk samples were collected from each teat
to determine the bacteriological status of the quarters
within 7 days before the initiation of the trial [13].

Treatments administered

The two treatments which were administered
were the experimental teat disinfectant (PEX) and
conventional disinfectant (CNV). Each treatment was
administered to two teats in each udder and was dis-
tributed in such a manner that a different pattern of
quarters was allotted the two treatments in each cow
to account for any dependency among quarter location
with respect to the incidence of mastitis [13,14].

The conventional protocol of pre- and post-milk-
ing (CNV)wasadopted; chlorhexidine 1% (Hexiderm®,
Brazil) and iodine 2500 p.p.m. (ULTRADIP 2500°,
Brazil). The experimental product (PEX) was prepared
with 120 uL/mL of EO from L. origanoides provided
by the UFMG School of Pharmacy. The PEX prod-
uct was tested and answered all the requirements for
veterinary antimicrobial products as recommended by
the Brazil regulatory affairs [15]. The CNV and PEX
products were applied by immersion during pre- and
post-milking without the return of the applicator for
reuse. The storage was verified and maintained in
accordance with the manufacturer’s recommendations,
ensuring proper application in the treatments [5].

The score of mucosal integrity was ana-
lyzed (EIET < 3) in addition to the dirt score
(EST < 4) [16-18]. The cows were milked twice a day
at 6:00 am and 2:30 pm. It is notable that the teat scor-
ing should take place before starting the experimental
exposure and at least every 6 weeks during the trial.
For the identification of CM, milkers were trained
to identify any abnormal milk or clinical symptoms
associated with a CM case. To confirm CM, milk-
ers discarded the first streams of milk in a strip cup
before applying the pre-milking teat disinfectant. If a
CM quarter was identified, milkers collected the milk
aseptically before mastitis treatment, and information
from each CM episode was recorded [19].

Study design

Quarter foremilk samples were collected
weekly during the trial. All samples were collected
immediately before regular milking. The milk col-
lection followed the methodology described by
Simoes et al. [20] and the samples were sent to the
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Animal Health Laboratory located at the Institute of
Agricultural Sciences of UFMG. Subsequently, the
microorganisms were isolated and identified follow-
ing Brito’s methodology [21] and the microbiological
identification of the isolates was performed [20-22].

The efficiency of PEX was evaluated follow-
ing the criteria indicated by Schukken et al. [13],
Ceballos—Marquez et al. [5], and the National Mastitis
Council [23]. A new IMI in a quarter was diagnosed
when the same bacterial species is isolated from two
out of three consecutive samples during the trial. An
individual quarter is eligible for only one new IMI
per bacterial species during the trial. In case of the
occurrence of CM, the animal was excluded from the
study [5,24]. A complete cure was determined when
the samples presented without pathogens in three con-
secutive samplings [16].

The evaluation of the effectiveness of PEX was
performed from the rates of reduction of effective-
ness observed during the trial period when compared
to the control [5], according to the equation: Rate of
IMI with PEX/Rate of IMI with control product. The
recommendations of Ceballos—Marquez et al. [5]
were used as criteria to compare the product to the
control [5]; a margin of no inferiority was necessary
(d=50%) [23]. It was defined that:

(1) H,= Rate of IMI with PEX—rate of IMI with
CNV (=d, PEX is inferior to CNV).

(2) HA = Rate of IMI with PEX—rate of IMI
with CNV (<d, PEX no inferior to CNV).

Statistical analysis

The frequency and occurrence of Staphylococcus
spp. and Streptococcus spp. were evaluated using the
two treatments in pre- and post-milking. The differ-
ence observed in the rate of IMI between treatments
was calculated by the Qui-square test. The hypothe-
sis used was that there were no significant differences
between CNV and PEX pre- and post-milking in the
reduction of natural infections [5]. The GraphPad
Prism, Version 5 (GraphPad Software, USA) [25] was
used for a comparative analysis between the standard
media of IMI. Pearson’s correlation evaluated the
positive or negative correlation between the bacterial
presence in both treatments.

Results and Discussion

The present study did not record any cases of
observed clinical and SCM cases, lesions in the muco-
sal of teats, nor dirt score, as related previously [26].
These results indicate that the disinfectant agents used
in this study did not interfere in the incidence of new
IML. It is known that one of the desirable character-
istics of a disinfectant is its non-toxicity or lack of
irritating properties in addition to the promotion of
good hygiene and maintenance of the integrity of teats
throughout the treatment. It is also important to fol-
low-up on the presence of organic matter in the skin
of teats as the washing of the teat before milking is

considered a protective factor for mastitis [27]. Hence,
a teat disinfectant must have several characteristics:
Germicidal efficacy, ability to prevent new IMI, abil-
ity to maintain teat condition, and no deposition of
residues in milk that can affect human health [28].

Therefore, the determination of the efficacy of
teat disinfectant products against bacteria naturally
present on the teat skin is important. A study deter-
mined the impact of ten pre- and post-milking teat
disinfectant products with different ingredients of
varying concentrations on the reduction of teat skin
bacterial load without damaging the teats [29]. The
results revealed that all the tested teat disinfectant
products reduced the teat bacterial load for all three
bacterial groups [26]. Of these, it was notable that the
product containing 0.6% w/w diamine was the most
effective against the bacterial populations of staphy-
lococcal and streptococcal isolates on teat skin with a
reduction of 90% and 94%, respectively, while another
product containing 0.5% w/w iodine resulted in the
highest reduction (91%) in coliforms on teat skin [29].
The results from this study suggest that specific bac-
terial population loads on teats can be reduced using
different teat disinfectant formulations. The results
of this study corroborate with the previous results, as
the product disinfectants tested here did not cause any
alteration in the incidence of new IMI.

On investigation of the presence of the main
pathogens that cause mastitis, it is notable that
S. aureus was not found in any of the 384 samples of
milk. It was noticed that 13.54% of microorganisms
belong to SCN (n=26/192) and 9.89% to Streptococcus
spp. (n=19/192) isolated during treatment. The good
practices in milking and appropriate management, as
well as the separation of animals in batches during
the experimental period may have contributed to the
absence of pathogens. Hence, this indicates that the
tested products, both control and treatment, were efti-
cient in preventing microorganisms from entering by
the ceiling channel causing mastitis. This can explain
the absence of S. aureus in the experimental ani-
mals. It is notable that no significant difference was
observed between the sampling and the treatments
for both SCN and Streptococcus spp. during the trial
(p>0.05) (Figure-1).

The presence of microorganisms in the groups of
teats was identified by comparison between the teat
groups. No significant difference was observed in the
frequency of SNC and Streptococcus spp. (p>0.05)
(Figure-2). Although no significant difference was
observed between the used products, it is important to
consider the frequency of SNC and Streptococcus spp.
observed in the results of Figure-1 as these microor-
ganisms are potentially pathogenic. Mello et al. [30]
established similar results and described that the pres-
ence of these pathogens characterized the occurrence
of contagious mastitis, indicating that prophylactic
measures and the adoption of pre- and post-milk-
ing teat disinfection are essential in mastitis control.
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Sampimon et al. [6] considered SNC as secondary
pathogens with a large prevalence in cattle herds. It
can cause moderate mammary infection acting such as
a causative agent of clinical and SCM with severe dis-
ease [27], increased conventional CS [4], and reduc-
ing the milk production [16].

The residual milk promotes the development
of SNC by acting like a culture medium leading to
IMI [16]. Various results indicate the relevance of SNC
in the occurrence of clinical and SCM in Brazilian cat-
tle with a frequency of 8.35% of CM [27] and vary-
ing from 4.8 to 8.35% in SCM [7,27]. Therefore, a
high prevalence in the herds can be associated with a
deficiency of teat disinfection practices in the pre- and
post-milking routines [16].

A new product for the disinfection of teats based
on copper and zinc (experimental teat disinfectant
ZkinCu) was tested in a herd with an automatic milk-
ing mechanism to verify new intramammary cases
under natural infections. The results of the study

showed that the experimental teat disinfectant ZkinCu,
evaluated in this field trial with naturally occurring
IMI, showed non-inferiority relative to the positive
control for the prevention of new IMI [28]. The pre-
dominant organisms recovered from the quarters with
new IMI were Streptococcus uberis, Corynebacterium
spp., and coagulase-negative staphylococci in both the
ZkinCu and OceanBlu groups. It was observed that
the risk of infection in the OceanBlu group was higher
(B=0.644; 95% confidence interval=0.05.1.22). The
interaction of treatment by week was not significant.
The new IMI rate estimates (95% confidence interval)
for ZkinCu and OceanBlu were 1.7% (0.8.2.5) and
3.2% (1.7.4.7), respectively [28].

These results suggest that the low frequency
of major pathogens such as S. aureus could be due
to the well-managed sanitation of the herd in relation
to udder health. This finding corroborates with the
results of our studies to emphasize the importance in
applying good practices of teat management and sani-
tation in pre- and post-milking associated with a good
disinfectant product that does not cause damage to the
teat.

The Pearson’s correlation between the presence
of isolated agents in the different treatments was neg-
ative (—0.031), indicating that there was no correlation
between these analyzed parameters. Quirk et al. [16]
evaluated the effectiveness of the iodized solution
after dipping and observed that there was a reduction
in the infection-causing species in quarters treated
with iodine. The results presented here show that the
occurrence of infected teats was statistically similar
(p>0.05) for both PEX and CNV protocols (Figure-3).

With these encouraging results, the rates of IMI
induced by SNC and Streptococcus spp. were eval-
uated; additionally, no significant difference was
observed (p=0.8884), as this value was smaller than
the PROB value (0.9711). This suggests that the con-
ventional and alternative treatments did not interfere
with the occurrence of IMI by the microorganisms
under study. The efficacy of PEX analyzed in this
study showed arate of 0.41 for new infections by SCN,
while Streptococcus spp. showed a rate of approxi-
mately zero (0) (Figure-3). This value is according to
the recommendations of Ceballos—Marquez et al. [5],
in whose work; the value of 0.5 was adopted. There
was no significant difference (p>0.05) for SCN and
Streptococcus spp. regarding IMI in both treatments
(Figure-3). When assessing the non-inferiority margin
(d=50%) [31], it is observed that the effectiveness of
the PEX is not inferior to the CNV.

There is a preoccupation about the presence of
iodine residues in milk and its accumulation in animal
tissues and a crescent resistance of microorganisms to
conventional products [14]. Therefore, the use of plant
extracts in the sanitization of equipment and facil-
ities, treatment, and disease control of farm animals
has been authorized by the Normative Instruction
(IN) Number # 64 of September 18, 2008, from the
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Ministry of Agriculture, Livestock, and Supply —
MAPA [32].

Current research is analyzing alternative control
methods and medicinal plants that contribute to natu-
ral, safe, effective, and inexpensive options. Studies on
Minthostachys verticillata demonstrated that the EO
of this species and limonene, one of its compounds,
inhibited the growth of mastitis pathogens [33]. The
EO of M. verticillata with a minimal inhibitory con-
centration of 29.0 mg/mL was more effective than
limonene, also showing bactericidal action against
Enterococcus faecium [33]. This oil affected the
mature biofilm of isolated strains serving as a therapy
against bovine mastitis pathogens by inhibiting the
development of pathogenic bacteria [33].

The antimicrobial activity of crude ethanolic
extract from the bark and leaves of Commiphora
leptophloeos against the isolates of Staphylococcus
spp. from the milk of ruminants with SCM was
evaluated. The extracts of the bark and leaves at a
concentration of 781.2 ug/mL were able to interfere
with the initial stages of biofilm formation; how-
ever, there was no interference of the extract on the
established biofilm [34]. There was a high sensitiv-
ity of Staphylococcus spp. isolates from SCM cases
in ruminants when subjected to the extracts from the
bark and leaves of C. leptophlocos, with respect to
the ability of extracts to interfere in biofilm forma-
tion, indicating their potential in use for ruminant
mastitis therapy [34].

Oleoresin (OR) and the EO of Copaifera spp.
were investigated against microorganisms isolated
from milk samples of cows diagnosed with Grade
IIT SCM. The OR exhibited significant antimicrobial
activity (minimum inhibitory concentrations [MIC]
<100 ug/mL) against samples of Staphylococcus
coagulase-positive, Staphylococcus coagulase-nega-
tive, and Streptococcus but were inactive and weak
to inactive, respectively, against E. coli. This demon-
strates that this raw plant material is promising for the
development of phytotherapeutic drugs against bovine
mastitis [35].

Sperandio et al. [36] investigated the antimicro-
bial activity and the cytotoxicity of Tagetes minuta L.
EO against S. aureus and E. coli and observed a MIC
of 1.0 mg/mL for strain of S. aureus and five bacte-
ria isolated from mastitis milk, including a multi-re-
sistant strain; and 3.0 mg/mL for strain of E. coli and
two bacteria isolated from mastitis milk. However, a
strong cytotoxic effect in the MAC-T cells was found
in the oil concentrations from 10 pg/mL and resulted
in over 90% of cell death. These results suggested
that although the antimicrobial activity was identi-
fied against the main agents of bovine mastitis, the
intramammary use of 7. minuta oil may not be recom-
mended. On the other hand, it is important to highlight
the potential of the EO as an antiseptic or use as a
sanitizer [36].

The data obtained in this study are similar to the
data from the literature with regard to the efficiency
of disinfectants based on medicinal plants against the
microorganisms that cause mastitis. Nevertheless,
there is only one study from Morao et al. [26] demon-
strating the efficiency of the EO from L. origanoides
in disinfecting teats.

The effectiveness of the experimental prod-
uct presented in this study is further backed by the
in vitro tests that displayed the good rates of inhibi-
tory and bacteriostatic activity of the EO of L. orig-
anoides [10,12,37,38]. It also verified the acute
and chronic toxicity of this oil; the concentration of
120 uL/mL did not cause toxicity in mice [10].

Conclusion

This study demonstrated that the experimental
product based in L. origanoides EO did not influence
the rates of the clinical and subclinical diagnoses with
respect to isolated SCNs and Streptococcus spp. The
disinfectant product obtained demonstrated no infe-
riority to the conventional product and did not alter
the rates of IMI induced by SNC and Streptococcus
spp. presenting the same rates of IMI in positive con-
trol. Hence, it can be concluded that this product acts
like the disinfectant used in conventional protocols
of pre- and post-milking. The disinfection of utensils
allows for the minimizing of economic losses caused
by mastitis and increases food security. The results of
this study suggest that the formulated product with
L. origanoides shows the potential to become an effi-
cient alternative to conventional milking management
and for the prevention of new IMI.

Authors’ Contributions

NAM, RPM, MHFM, AAGF, and ACA designed
the work. NAM, CNS, RPM, and LVMS collected the
data and did the laboratory work. ACA and MHFM
supervised the work. NAM, VAA, and ACA analyzed
the data and drafted the manuscript. AREOX and
MASX helped in critical review and data representa-
tion of the manuscript. All authors read and approved
the final manuscript.

Veterinary World, EISSN: 2231-0916

2456



Available at www.veterinaryworld.org/Vol.13/November-2020/23.pdf

Acknowledgments

We would like to thank everyone who have

contributed to this study with financial support from the
agencies CAPES (Coordenagdo de Aperfeicoamento
de Pessoal de Nivel Superior, Brazil), Finance Code
001 and FAPEMIG (Fundagao de Amparo a Pesquisa
do Estado de Minas Gerais, Brazil) for funding the
Master’s project. CAPES research grant to the authors
Marcelo, N.A. and Pro-Reitoria de Pesquisa of UFMG
(PRPq/UFMG).

Competing Interests

The authors declare that they have no competing

interests.

Publisher’'s Note

Veterinary World remains neutral with regard

to jurisdictional claims in published institutional
affiliation.

References

1.

10.

I1.

Aghamohammadi, M., Haine, D., Kelton, D.F,
Barkema, H.W., Hogeveen, H., Keefe, G.P. and Dufour, S.
(2018) Herd-level mastitis-associated costs on Canadian
dairy farms. Front. Vet. Sci., 5(14)100.

Ruegg, P.L. (2017) A 100-year review: Mastitis detec-
tion, management, and prevention. J. Dairy Sci., 100(12):
10381-10397.

Demeu, F.A., Lopes, M.A., Costa, G.M., Rocha, C.M.B.
and Santos, G. (2016) Effect of daily milk production on
the economic impact of mastitis in cattle herds. Bol. Ind.
Anim., 73(1): 53-61.

Dufour, S., Fréchette, A., Barkema, H.-W., Mussel, A. and
Scholl, D.T. (2011) Invited review: Effect of udder health
management practices on herd somatic cell count. J. Dairy
Sci., 94(2): 563-579.

Ceballos-Marquez, A., Hemling, T., Rauch, B.J., Lopez-
Benavides, M.E. and Schukken, Y.H. (2013) Noninferiority
trial on the efficacy of pre-milking teat disinfectant against
naturally occurring new intramammary infections using
a novel 2-step diagnostic process. J. Dairy Sci., 96(12):
8081-8092.

Sampimon, O.C., Lam, T.J., Mevius, D.J., Schukken, Y.H.
and Zadoks, R.N. (2011) Antimicrobial susceptibility of
coagulase-negative Staphylococci isolated from bovine
milk samples. Vet. Microbiol., 150(1-2): 173-179.

Santos, L.L., Costa, G.M., Pereira, U.P., Silva, M.A. and
Silva, N. (2011) Clinical and subclinical mastites in dairy
cattle caused by coagulase-negative Staphylococcus). Rev.
Inst. Adolfo Lutz, 70(1): 1-7.

Cote-Gravel, J., Brouillette, E. and Malouin, F. (2019)
Vaccination with a live-attenuated small colony variant
improves the humoral and cell-mediated responses against
Staphylococcus aureus. PLoS One, 14(12): 1-16.

Aamer, A.A., Abdul-Hafeez, M.M. and Sayed, S.M. (2014)
Minimum inhibitory and bactericidal concentrations (MIC
and MBC) of honey and bee propolis against multi-drug
resistant (MDR) Staphylococcus sp. isolated from bovine
clinical mastitis. Altern. Integr. Med., 3(4): 171.

Andrade, V.A., Almeida, A.C., Souza, D.S., Colen, K.G.F.,
Macédo, A.A., Martins, E.R., Fonseca, F.S.A. and
Santos, R.L. (2014) Antimicrobial activity and acute and
chronic toxicity of the essential oil of Lippia origanoides.
Pesqui. Vet. Bras., 34(12): 1153-1161.

Almeida, A.C., Morao, R.P., Martins, E.R., Fonseca, F.S.A.,
Souza, C.N., Prates, J.P.B., Oliveira, F.D. and Silva, L.M.V.
(2016). Antiseptic activity of the essential oil of Lippia

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

origanoides Cham. (Rosemary-pepper) in the presence of
bovine milk. Vet. Bras., 36(9): 905-911.

Almeida, A.C., Sobrinho, E.M., Pinho, L., Souza, P.N.S.,
Martins, E.R., Duarte, E.R., Santos, H.O., Brandi, 1.V,
Cangussu, A.S. and Costa, J.P.R. (2010) Acute toxic-
ity of leaf hydroalcoholic extracts of Lippia sidoides,
Myracroduon urundeuva, Stryphnodendron adstringens
and of Caryocar brasilliense administered by intraperito-
neal route. Ciénc. Rural, 40(1): 200-203.

Schukken, Y.H., Rsuch, B.J. and Morelli, J. (2013) Defining
standardized protocols for determining the efficacy of a
post milking teat disinfectant following experimental expo-
sure of teats to mastitis pathogens. J. Dairy Sci., 96(4):
2694-2704.

Nickerson, S.C., Kautz, F.M., Harding, A.E., Ely, L.O. and
Hurley, D.J. (2020) Mastitis control in crossbred dairy heif-
ers using dry cow therapy and teat sealant to prevent new
infections and to cure existing ones. Appl. Anim. Sci., 36(1):
91-99.

MAPA/ACS, Brasil. (2012) Ministério da agricultura,
pecuaria e abastecimento. Legislacdo relacionada aos
produtos de uso veterinario. In: Secretaria de Defesa
Agropecuaria. MAPA/ACS, Brasilia. p401.

Quirk, T., Fox, L.K., Hancock, D.D., Capper, J., Wenz, J.
and Park, J. (2012) Intramammary infections and teat canal
colonization with coagulase-negative Staphylococcus after
post-milking teat disinfection: Species-specific response.
J. Dairy Sci., 95(4): 1906-1912.

Reneau, J.K., Seykora, A.J., Heins, B.J., Endres, M.IL.,
Farnsworth, R.J. and Bey, R.F. (2005) Association between
hygiene scores and somatic cell scores in dairy cattle. J. Am.
Vet. Med. Assoc., 227(8): 1297-1301.

Meins, G.A., Neijenhuis, F., Morgan, W.F., Reinemann, D.J.,
Hillerton, J.E., Baines, J.R., Ohnstad, I., Rasmussen, M.D.,
Timms, L., Britt, J.S., Farnsworth, R., Cook, N. and
Hemling, T. (2001) Evaluation of Bovine Teat Condition
in Commercial Dairy Herds: 1. Non-Infectious Factors,
National Mastitis Council. p347-351. Available from: http:/
www.nmconline.org/articles/teatcond1.pdf. Retrieved on
04-11-2020.

Martins, C.M.M., Pinheiro, E.S.C., Gentilini, M.,
Benavides, M.L. and Santos, M.V. (2017) Efficacy of a high
free iodine barrier teat disinfectant for the prevention of nat-
urally occurring new intramammary infections and clinical
mastitis in dairy cows. J. Dairy Sci., 100(5): 3930-3939.
Simdes, T.V.M., Oliveira, A.A., Teixeira, K.M.,
Rodrigues, A.S. Jr. and Freitas, .M. (2013) Laboratory
identification of Staphylococcus aureus in bovine milk.
Embrapa Tabuleiros Costeiros, Aracaju. p11.

Brito, M.A.V., Campos, G.M.M. and Brito, J.R.F. (2002)
Simplified scheme for identification of coagulase-positive
Staphylococci isolated from bovine mastitis. Ciénc. Rural,
321(1): 79-82.

Quinn, P.J., Markey, B.K., Leonard, F.C. and Carter, M.E.
(2005) Microbiologia Veterinaria e Doengas Infecciosas.
Porto Alegre, Artmed. p 453-460.

National Mastitis Council. (2013) Summary of Peer-
Reviewed Publication on Efficacy of Premilking and
Postmilking Teat Disinfectants Published Since 1980.
Proceedings of the 52" Annual Meeting, San Diego, CA.
National Mastitis Council, Verona, WI. p225-234.

Reyher, K.K. and Dohoo L.R. (2011) Diagnosing intrama-
mmary infections: Evaluation of composite milk samples
to detect intramammary infections. J. Dairy Sci., 94(7):
3387-3396.

Graphpad Prism Software. (2011) Verséo 5. Available from:
http://www.graphpad.com. Retrieved on 04-11-2020.
Mordo, R.P, Almeida, A.C., Mourthé, M.H.F,
Marcelo, N.A., Maia, PH.B., Gomes, L.V,, Silva, F.E.G.
and Matos, A.S.F. (2019) Effect of antisseptic containing
essential oil of Lippia origanoides cham in the teats in dairy
cattle and milk quality. Unimontes Cient., 20(1): 68-82.

Veterinary World, EISSN: 2231-0916

2457



Available at www.veterinaryworld.org/Vol.13/November-2020/23.pdf

27.

28.

29.

30.

31.

32.

33.

Oliveira, C.M., Sousa, M.G.S., Silva, N.S., Mendonga, C.L.,
Silveira, J.A.S., Oaigen, R.P., Andrade, S.J.T. and
Barbosa, J.D. (2011) Prevalence and etiology of bovine
mastitis in the dairy region of Rondon do Para, state of Para.
Pesqui. Vet. Bras., 31(2): 104-110.

Vissio, C., Mella, A., Amestica, L. and Pol, M. (2020)
Noninferiority study evaluating the efficacy of a teat dis-
infectant containing copper and zinc for prevention of nat-

34.

(Griseb.) epling and limonene on biofilm production in patho-
gens causing bovine mastitis. Front. Vet. Sci., 5(18): 146.
Silva, I.LF., Guimaraes, A.L., Amorim, V.S., Silva, TM.G.,
Peixoto, R.M., Nunes, X.P., Silva, T.M.S. and Costa, M.M.
(2019) Antimicrobial activity of ethanolic extracts from
Commiphora leptophloeos (MART.) J. B. Gillett against
Staphylococcus ssp. isolated from cases of mastitis in rumi-
nants. Ciénc. Anim. Bras., 20(e-57228): 1-14.

urally occurring intramammary infections in an automatic 35 Faria, M.J.M., Braga, C.A.S., Paula, J.R., André, M.C.D.,
milking system. J. Dairy Sci., 103(2): 1776-1784. Vaz, B.G., Carvalho, T.C., Romio, W., Costa, H.B. and
Fitzpatrick, SR., Garvey, M., Flynn, I., Jordan, K. and Conceigdo, E.C. (2017) Antimicrobial activity of Copaifera
Gleeson, D. (2019) Are some teat disinfectant formulations spp. against bacteria isolated from milk of cows with masti-
more effective against specific bacteria isolated on teat skin tis. Ciénc. Anim. Bras., 18(1): 1-14
than others? Acta Vet. Scand., 61(21): 1-5. 36 S ’ can di- J ’ Ve.ieirinhc') B Honorato. LA
Mello, P.L., Agostinis, R.O., Barzon, E.M., Colombo, R.B., ’ perandio, - J., K b L
Silva, A.V. and Martins, L.A. (2012) Prevalence of mastitis Campestrlm, L'HI apd K‘?@‘?“’ $.(2019) In. vitro antibac-
and association of etiologic agents with somatic cell count t?rlal .and cytotox1c1?y act1V1t} es of Tagetes minuta L. essen-
of dairy cows. Vet. Zootec., 19(4): 513-521. tial oil towards bovine mastitis treatment. Arq. Bras. Med.
NMC. (1996) Summary of peer-reviewed publications Vet. Zootec., T1(4): 12,5 1-1259.
on efficacy of pre milking and post milking teat disinfec- 37. Castro, S.LB., Berthiaume, R., Laffey, P, Fouquet, A.,
tants published since 1980. The National Mastitis Council, Beraldin, F., Robichaus, A.E. and Lacasse, P. (2010) lodine
Madison, WI. p14. concentration in milk sampled from Canadian farms.
Diario Oficial da Unido, Brasil. (2008) Ministério da J. Food Prot., 73(9): 1658-1663.
Agricultura Pecuaria e Abastecimento. Instru¢do Normativa 38.  Queiroz, M.R.A., Almeida, A.C., Andrade, V.A, Lima, T.S.,
No. 64, de 18 de Dezembro de 2008. Aprova Regulamento Martins, E.R., Figueiredo, L.S. and Careli, R.T. (2014)
Técnico Para os Sistemas Orgénicos de Produ¢do Animal e Assessment of the antibacterial activity of the essential oil
Vegetal. Seg. 1. Brasilia, DF: Diario Oficial da Unido. p21. of Lippia origanoides in relation to Staphylococcus sp. iso-
Cerioli, M.F., Moliva, M.V., Cariddi, L.N. and Reinoso, E.B. lated from food of animal origin. Rev. Bras. Plant Med.,
(2018) Effect of the essential oil of Minthostachys verticillata 16(3): 737-743.

seskeoskoskoskskoskosk

Veterinary World, EISSN: 2231-0916

2458



