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ABSTRACT

Treatments for bovine mastitis based on antibitiierapy are not always effective which may leadatdts in
recovery of diseased animals, selection of residbacteria and the presence of antimicrobial regiglin milk. In
this context the use of essential oils configusearaalternative to control mastitis pathogens &irg cows because
they have antibacterial action against gram-positand gram-negative bacteria and no diverse effenthuman
health. The objective of this study was to deteemity the method of broth microdilution, the mimminhibitory
concentration (MIC) of essential oils of Salviaaseh, Eugenia caryophyllata, Thymus vulgaris, Cypdgmn
winterianus, Elettaria cardamomun, Cymbopogon ftesxius, Rosmarinus officinalis and Cinnamomum cafsia
isolates of Staphylococcus aureus and Streptocoagakactiae associated with clinical and subclidiogastitis. C.
cassia, T. vulgaris, C. flexuosus, E. caryophyll&awinterianus essential oils presented high lzatterial action
against both the pathogens. The S. sclarea andffiRinalis oils did not show significant antibacialr activity
against both the microorganisms. High synergismantimicrobial action against S. aureus and S. aga#e was
observed in the combination of C. cassia, C. fleusaand E. caryophyllata essential oils. Moderateesgism in
antimicrobial effect was also observed in assooiaiinvolving the C. cassia essential oil. The ltssndicated the
prospect of using essential oils to control bovimestitis caused by S. aureus and S. agalactiae.

Keywords: MIC, antibacterial, natural compounds, mastigstment, phytotherapics.

INTRODUCTION

Bovine mastitis remains as the most costly inferdidisease and the most frequent reason for ateitaouse in
dairy cattle worldwide [1-3]. The costs of the dise result from reduced milk production from aféelcanimals,
drug expenditures and discarded milk of animalgréatment, and replacement cows and eventuallydéath of
animals. Besides these costs, mastitis causeataites in the physicochemical characteristics dkngausing low
industrial productivity and depreciation in nuwitial value and sensory characteristics of dairgdpets [4-5].

Different microorganisms are involved in the etgjoof the bovine mastitis, howev&. aureusS. agalactiag
Streptococcus dysgalactiaStreptococcus uberiand Escherichia colicause about 80% of cases [B]. aureuds
one of the pathogens most frequently associatdd initamammary infections of dairy cattle on alhtinents and
this agent alone determines the greatest lossdaiig farming [3, 7-8] The mastitis caused By agalactiaeare
generally associated with elevation in bulk tanknatic cell counts (BTSCC) and global bacterial ¢q@BC) and

a decrease in the quantity and quality of milk prcetl by the herd infected [9-10]. According [1He tinfection
rates byS. agalactiaevary widely among herds with high morbidity foumdfarms where control measures are
neglected.
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The treatment of clinical cases and dry cow thempyploying systemic antibiotics or intrammamarygibns are
commonly used alternatives for the control of bevimastitis [4, 12]. However, these control measuames no
always effective, and there have been wide vanatim treatment efficiency for different causatiagents of
mastitis [13], especially when it is performed digrihe lactation period. Furthermore, the use tibantics can lead
to the selection of resistant bacteria and residtuesilk, which creates great concern to the induahd for public
health [14]. Because of these limitations in comniral strategies for bovine mastitis treatmengr¢his a
continuous search for new therapeutic methods.

Essential oils are volatile secondary metabolitésloow molecular weight derived from plants. Thesavé
antibacterial properties, with no reports of resise after prolonged exposure to gram-positive grach-negative
bacteria, and no side effects on human health whigkes them a potential weapon against bactesahdes [15].
Due to the antibacterial and antifungal charadiessof essential oils and their main componentgytare
increasingly studied for the control of microorgans [16]. It was demonstrated [17] that the lipbpliomponents
of lemon grass essential oil play an important aoiehe lipid layer of the bacterial cell membracaysing loss of
its structural organization and integrity. In aretistudy [15] the antibacterial activity of essahtils of Origanum
vulgare Thymus vulgarisLippia graveolensZingiber officinale Salvia officinalis Rosmarinus officinalisOcimum
basilicumand its majority fractions, carvacrol and thymehs demonstrated agairStaphylococcuspp. isolated
from cases of bovine mastitis.

In the search for new alternatives to combat tlentminvolved in the etiology of bovine intramamgniaafections),
in this study it was evaluated the antimicrobidivdiy of some essential oils againSt aureusandS. agalactiae
isolates from cases of bovine mastitis.

MATERIALS AND METHODS

Essential oils used in the experiment

The minimum inhibitory concentration of essentid$ ®f Salvia sclarea, Eugenia caryophyllata, Thymus viigga
Cymbopogon winterianus, Elettaria cardamomun, Cypolgon flexousus, Rosmarinus officinaied Cinnamomum
cassiawas evaluated againsBtaphylococcus aureu&. aureup and Streptococcus agalactiaéS. agalactiag
isolated from mammary glands of cattle sufferimpfrmastitis. The essential oils were commerciallschased and
their major components are listed in Table 1.

Table 1 List of the main components present in thessential oils under study

Essential oils Majoritary components
Salvia sclarea Linalyl acetate, linalool
Eugenia caryophyllata Eugenol
Thymus vulgaris Thymol

Cymbopogon winterianug Citronellal

Elettaria cardamomun Alpha-terpineol, eucalyptol
Cymbopogon flexousus | Geranial, neral

Rosmarinus officinalis 1,8 Cineole, alpha-pinene, camphor
Cinnamomum cassia Cinamaldehyde

Microorganisms

In this study, we used 100 strainsQfaureusand 100 strains d8. agalactiag@solated from clinical cases (50% of
strains) and subclinical cases of bovine mastt®®4 of strains) from 26 dairy herds of Southern &ditGerais State
/ Brazil. The microorganisms were previously chegdzed by phenotypic tests according [18]. Baelesirains that
were frozen at -70°C in maintenance medium wergvéldaand subcultured on Mdller Hinton broth incubas
37°C for 24 hours for execution of the tests.

The medium used in culture and MIC assaysSomlgalactiaevas supplemented with 5% horse serum. Prior to
carrying out the tests, the cultures of both miocganisms were assessed for purity by using sméaised by
Gram. Only strains in pure cultures were usedHertests.

The microdilution method was employed to determihe minimum inhibitory concentration according [19]
Bacterial suspensions were prepared in saline ¥0.88v) and turbidity adjusted to 0.5 by McFarlanchle,
resulting in a suspension containing approximat€fyCFU.ml* for MIC assays. Essential oils were diluted volume
to volume in dimethylsulphoxide (DMSO) to faciléasolubility in the culture medium and serial dibas were
performed for each essential oil in sterile micadg$, resulting in concentrations (v/v) of 2.5925%, 0.63%,
0.31%, 0.16%, 0.08%, 0.04%, 0.02%, 0.01% and 0.005f86r serial dilution of oils, 10uL of the stand&ed
culture of each microorganism to be tested wereaddeptically into each dilution of oil and thatpk were sealed
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and incubated at 37°C for 18-24 hours, after whitghtest readings were conducted. All assays werf@ined in
duplicate and the reading was performed visualBetaon the formation of turbidity and bacterial agp The MIC
value was determined as the higher dilution ofesgential oil that completely inhibited the baetkegirowth.

The occurrence of synergism/antagonism in antib@attaction among the essential oils ©f cassia C. flexousus
and E. caryophyllatawas evaluated against 30 strainsSofaureusand another 30 strains 8f agalactiaeBoth
pathogens were randomly selected. For this purgbsegssential oils were mixed volume to voluménédiated in
Table 2.

Table 2 Essential oils and DMSO volumes of used gerial dilution assays for evaluation of synergismrahtagonism

Assays Cinnamgmum Cymbopogon Eugenia DMSO
cassa flexousus caryophyllata
1 5uL 5uL _ 10 pL
2 5uL _ 5uL 10 pL
3 _ 5uL 5uL 10 pL
4 5puL 5puL 5puL 15 pL

Statistical analysis
The Mann-Whitney test was applied to investigatessfae differences in minimal inhibitory concenioat
(measured on an ordinal scale) of essential oilsbacterial growth of isolates associated with chhiand
subclinical mastitis.

The MIC results of essential oils were compareahgishe Friedman Test followed by multiple compansamf
averages by LSD Test [20]. All statistical analyresre performed using SPSS 20.0 and a minimumfsignce
level of 5% was considered (p<0.05). Additionally,examine synergism/antagonism of associationsngntioe
essential oils, the MIC results were subjected tdtirariate analysis by Principal Component Anaty§PCA),
using the Chemoface Software version 1.4 [21].

RESULTS AND DISCUSSION

Minimum inhibitory concentration of essential oils
The results of MIC for both microorganisms were pded in graphs shown in Figures 1 and 2 that fello

According to the Figure 1A, the strains ®f aureusvere more sensitive to t@innamomuntassiaessential oil,
whose MIC median was 0.04%. The essential oilsTlofmus vulgaris Cymbopogon flexousu€ymbopogon
winterianusandEugenia caryophyllatalso showed good antimicrobial activity with Ml@lues of 0.16%, 0.16%,
0.31% and 0.31%, respectively. The oils frétosmarinus officinalisSalvia sclareaand Elettaria cardamomun
showed low antibacterial effect compared to othiés tested, with MIC value$ 2.5%. The essential oil of
Rosmarinus officinaliexhibited no variation in the MIC distribution, twiequal values (>2.5%) for most of the
isolates.

Using agar diffusion technique to evaluate theoactf the essential oil dinnamomum cassian S. aureug22],
found an MIC of 0.62%, antimicrobial action lowéah that found in the present study. The antimiatadctivity
of essential oil ofZinnamomum cassia attributed to the presence of cinnamaldehydeclwinteracts with the cell
membrane by altering the proton motive force armvéng to cell lysis [23-24].

There were no significant differences in antimidablactivity of essential oils tested agaiSstaureussolated from
clinical (Fig.1B) or subclinical mastitis (Fig.1G)erifying only slight variations in the MIC distitions. The MIC
value distributions were similar for most essentidk, with the exception of essential oil @ymbopogon
winterianus which showed constant MIC values for strains freubclinical mastitis and severe values for some
strains.

The distribution of MICs of each essential oil gnlates of5. agalactiags shown in Figure 2A. The essential oil of
Cinnamomum cassiashowed the best inhibitory effect (median MIC ©2%) compared to the other oils tested,
which showed median MICs of 0.08% fiaugenia caryophyllataCymbopogon flexous@dThymus vulgarignd
0.16% forCymbopogon winterianwuend 0.62% foElettaria cardamomun

The essential oil oRosmarinus officinalind Salvia sclareashowed low antibacterial effectiveness, with MIC

values of 1.25% and higher than 2.5%, respectialyhe MIC distribution, a greater dispersion vedserved for
oils of Elettaria cardamomunCymbopogon winterianuand Salvia sclareaand lower dispersion fdRosmarinus
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officinalis, Thymus vulgarisand Cymbopogonflexousus Cymbopogon flexoususresented higher frequency of
severe values in relation to the other essentigl oi

No difference in MIC was observed for the differessential oils tested agairtagalactiadsolated from clinical
(Fig. 2B) or subclinical mastitis (Fig. 2C), excdpt Elettaria cardamomurand Salvia sclareathat showed the
highest antimicrobial activity against isolates nfircsubclinical mastitis. Besides these differendbgre was
considerable variation in the distribution of MI@ fmicroorganisms isolated in both types of mastéspecially for
essential oil ofCymbopogon flexousushere were no differences in MIC median for eaknils of Salvia sclarea
and Cymbopogon winterianyshowever, these essential oils showed differen€ Mistributions among strains
obtained from clinical and subclinical mastitis.

The differences in MIC related to presentation fayfrmastitis forS. agalactiaemay reflect population diversity
among the population tested, considering thatrstraésted were obtained from 26 different dairydheand that
several studies indicate that there is wide ditgisithe population 08. agalactiaeassociated with bovine mastitis
[25-27].

Antimicrobial activity of Cymbopogon flexoususssential oil against pathogens causing bovine itisastas
previously reported [17]. The researchers demotestrdnat although the main components of essearitmpossess
antibacterial activity again®. aureusandS. agalactiagthe pure components were less effective andathigtthe
essential oil showed bactericidal activity agasidkthe bacteria tested.

The essential oil oThymus vulgarishowed a median MIC switching from 0.16% fraureugo 0.08% forS.
agalactiae In another approach [28], the technique of midutidn in broth was used for evaluation of MIC tbke
Thymus vulgarigssential oil again&. aureusThe MIC value found was 0.31%, higher than the @albserved in
our study.

Antibacterial effects of theEugenia caryophyllataessential oil againsg. aureuswere evaluated [29]. The
researchers observed a MIC (0.3 mgihmuch higher than the value observed in this stiithe eugenol, being
the major constituent, may be responsible for thigbacterial effect oEugenia caryophyllataessential oil. This
compound is capable of denaturing proteins anddtts with the phospholipids of the cell membraitanging

their permeability [30].

The antibacterial activity o€ymbopogon winterianusssential oils against the foodborne patho§eaureusvas
studied using the agar diffusion technique [31]ghdir MIC values than to those observed in this ystwdre
observed.

In another previous study, the broth dilution tdgoe was used to evaluate the antimicrobial agtioftElettaria
cardamomun essential oil and its components against severamgpositive and negative bacteria [32].
Corroborating ours findings§. aureushowed small sensitivity to the essential oil,vgimg inhibition only in high
concentrations. The antimicrobial activity of eds#noil of Elettaria cardamomurns associated with its major
components (alpha-terpineol, eucalyptol) [33].

The antimicrobial activity of essential oils Bosmarinus officinali@nd Salvia sclareawas previously studied in
bacteria causing human or animal respiratory tdéstases [34]. Similar to the results obtainedhis study, the
essential oil oSalvia sclaresshowed no activity again§&t aureusand low activity againss. agalactiagwhile the

essential oil oRosmarinus officinalishowed reduced antimicrobial for both pathogens.

The differences observed in MIC of essential odsfied in different studies may be explained bffatences in the
composition of the essential oils. These variatiomay be caused by several factors, including clrearafe
geographic location, soil characteristics, seastaabrs and plant picking time [35]. Essential sdimples of the
same type of plant, but from different places, enedifferent chemical compositions [36]. Anothetuse for
variations can be attributed to differences amdngjrss. The susceptibility of pathogens to esskofla may be
influenced by the origin (country, host) of the tesi@ strains used in the different studies. Séaralies pointed
great diversity irS. aureug3, 37-40] andS. agalactiag10, 27, 41]populations in function of geographic location
and host of origin of isolates.
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Figure 1. Minimum inhibitory concentration (MIC) ob served for eight essential oils (box-plot) againStaphylococcus aureus isolated
from bovine clinical and subclinical mastitis (A),clinical mastitis (B) and subclinical mastitis (C)
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Minimum inhibitory concentration (MIC): 1: >2.5%; 2.5%, 3: 1.25%; 4: 0.62%; 5: 0.31%, 6: 0.16%).08%,; 8:
0.04%, 9: 0.02%; 10: 0.01%; 11: 0.005%; 12: >0.005%

Distributions followed by the same letter do ndfatiby the LSD test (p > 0.05).
Essential Oil 1 (EO1)Eugenia caryophyllataEO2: Cymbopogon winterianu€0O3: Cinnamomum cassid&04:
Elettaria cardamomunEQO5: Cymbopogon flexousu&O6: Rosmarinus officinalisEO7: Thymus vulgarisEOS:

Salvia sclarea

« Severe extreme value
o Moderate extreme value
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Figure 2. Minimum inhibitory concentration (MIC) ob served for eight essential oils (box plot) again&treptococcus agalactiae recovered
from bovine clinical and subclinical mastitis (A),clinical mastitis (B) and subclinical mastitis (C)
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Minimum inhibitory concentration (MIC): 1: >2.5%; 2.5%, 3: 1.25%; 4: 0.62%; 5: 0.31%, 6: 0.16%).08%,; 8:
0.04%, 9: 0.02%; 10: 0.01%; 11: 0.005%; 12: >0.005%

Distributions followed by the same letter do ndfetiby the LSD test (p > 0.05).

Essential Oil 1 (EO1)Eugenia caryophyllataEQ2: Cymbopogon winteriany€EO3: Cinnamomum cassid&04:
Elettaria cardamomunEO5: Cymbopogon flexousu&O6: Rosmarinus officinalisEO7: Thymus vulgarisEOS:
Salvia sclarea

+ Severe extreme value
o Moderate extreme value

Other variables that may explain the differencedMil€ may be related to the bacterial sensitivityalexation
methods used (diffusion in agar, broth dilutiortubes, microdilution in plates), microorganism gtwevaluation
form in the presence of the antimicrobial agertsolubility or its components in the culture mediwsed and the
type and amount of emulsifier [42-43]. Furthermdies emulsifying agent can interact with esserdild under
evaluation, interfering with antibacterial activityr it can possess antibacterial activity itséliese effects may be
accentuated or minimized, depending upon the patipar manner of the emulsifier agent solution [4R]is
possible that emulsifying agents such as DMSO a@etwcould influence the bacterial growth or cellntbeane
permeability, acting antagonistically or synergialiy with the essential oil active components [44]the present
study, previous assays showed no inhibitory ordtmory effects of DMSO in the microorganisms seuati

MIC for combination of essential oils

The MIC values for different essential oil combinat are listed in Table 3. Figure 3 presents @tbttistributions
of MIC values for associations of essential oilsEoigenia caryophyllata, Cinnamomum casaiad Cymbopogon
flexousudor S. aureugFig. 3A) andS. agalactiagFig. 3B).
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According data shown in Table 3 and Figure 3, athbinations of essential oils tested resulted imesyism in
inhibitory activity againstS. aureusgxcept the association of essential oilsCainamomum cassiand Eugenia
caryophyllata, whose MIC remained unmodified. The only associatitinat resulted in synergism agairgt
agalactiaewere Eugenia caryophyllateand Cymbopogon flexoususnd the mixture of the three oilEugenia
caryophyllata, Cinnamomum cassiand Cymbopogon flexousus The MIC distributions for essential oil
associations were relatively uniform 8¢ aureusand highly variable fo. agalactiaeThe antimicrobial action
resulting from the association of the three esakatis was highly potentiated for both the pathtgecharacterizing
intense synergism among them.

Principal component analysis (PCA) (Fig. 4) shogvaphically, the occurrence of synergism pointetlimTable 3.
Vectors pointing in the same direction 1/MIC ind&asynergism between combinations and the power of
combinations is inversely proportional to the Mi@lue. The PCA reinforce results highlighted in BaB| where
the combination involving the mixture of the thregsential oils resulted in major antimicrobial effagainstS.
aureus(Fig. 4A) andS. agalactiagFig. 4B).

Table 3. Median MIC values obtained from the combiation of Eugenia caryophyllata, Cinnamomum cassia and Cymbopogon flexousus
essential oils forS. aureus and S. agalactiae isolated from bovine mastitis

S s Median MIC
Essential oils associations -
S.aureus S. agalactiae
Only Eugenia caryophyllata 0.31% 0.08%
Only Cinnamomum cassia 0.04% 0.02%
Only Cymbopogon flexousus 0.16% 0.08%
Eugenia caryophyllatplusCinnamomum cassia 0.02% 0.02%
Eugenia caryophyllatalus Cymbopogon flexousus 0.08% 0.04%
Cinnamomum cassjlusCymbopogon flexousus 0.04% 0.04%
Eugenia caryophyllatplusCinnamomum cassjglus Cymbopogon flexousus 0.01% 0.01%

Synergism in antibacterial effects among essewilalhad been the subject of several studies. Ik sindy, the
antimicrobial effect of associations of essentigd of Cymbopogon flexousu®riganum vulgareand Syzygium
aromaticumwas evaluated using the agar dilution method [B5{,no synergism was observed. In another approach
[46] the synergism between the essential oilkadfandula officinalesMelaleuca alternifoliaJuniperus virginiana
Thymus vulgari@ndEugenia caryophyllatavas investigated by the broth microdilution methiodagreement ours
results, this study pointed out an expressive ag®ein antibacterial activity in the mixture of esal oils as
compared to oil alone.

The biological characteristics of the essentiad oén be the result of a synergy of all the mokswalr only of the
interactions of the components present in highercentrations. Generally, the main components refte¢heir
biophysical and biological characteristics and ¢téension of effects depends on their concentratiban tested
alone or included in essential oils [47].

There are some generally accepted interaction méstha that produce antimicrobial synergism suchhibition
of a common biochemical pathway of protective enggnn microorganism, as well as combinations oivact
agents that disrupt cell walls and facilitate theaption of other antimicrobial agents [48].
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Figure 3. Minimum inhibitory concentration (MIC) ob served for combinations of essential (box-plot) alagainstStaphylococcus aureus
(A) and Streptococcus agalactiae (B) isolated from bovine mastitis
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Minimum inhibitory concentration (MIC): 1: >2.5%; 2.5% , 3: 1.25%; 4: 0.62%; 5: 0.31%;
6: 0.16%; 7: 0.08%; 8:0.04%; 9: 0.02%; 10: 0.01%;1.005%; 12: < 0.005%

Distributions followed by the same letter do ndtetiby LSD test (p > 0.05)

Essential Oil 1(EO 1):Eugeniacaryophyllata EO 2: Cinnamomum cassi&O 3: Cymbopogon flexoususO 4:
Eugeniacaryophyllata +Cinnamomum cassi&O 5: Eugeniacaryophyllata +Cymbopogon flexousugO 6:
Cinnamomum cassia + Cymbopogon flexoyde® 7: Eugeniacaryophyllata +Cinnamomum cassia
Cymbopogon flexousus

*  Severe extreme value
@ Moderate extreme value

Figure 4. Principal Components Analysis (PCA) of cambinations of essential oils o€innamomum cassia (CC), Eugenia caryophyllata
(EC), Cymbopogon flexousus (CF) on S. aureus (A) and S. agalactiae (B) isolated from bovine mastitis
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The concept of synergism has been the central tlidmeany discussions in phytochemistry [45]. Thespective
of synergism between essential oils represent @nnakive to the potentiating of their antimicrdbédfects, and
reduction of their therapeutic concentration, miging costs and side effects in humans and animals.
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CONCLUSION

The essential oils o€innamomum cassid&ugenia caryophyllataCymbopogon flexousu$hymus vulgarisand
Cymbopogon winterianushowed potent inhibitory activity againSt aureusandS. agalactiagall presenting as
alternatives to be evaluatedvivo for the treatment of intramammary infections causgthese agents in cattle.

The associations of the essential oilsGdfinamomum cassi&ugenia caryophyllatand Cymbopogon flexousus
generally resulted in enhance of antimicrobial acttagainstS. aureusand S. agalactiag mainly the association
between the three essential oils.

No difference in MIC was observed for the differasisential oils tested agairst aureusn relation to strains
isolated from clinical or subclinical mastiti€lettaria cardamomunand Salvia sclareashowed the highest
antimicrobial activity against strains 8f agalactiagsolates from subclinical mastitis.
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