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Mastitis causes inflammation of the mammary gland and physical, chemical and bacteriological alterations
in milk. The control of this disease deserves special attention within health programs of the dairy cattle
industry. The aim of the present study was to assess the minimal inhibitory concentration (MIC) and
minimal bactericidal concentration (MBC) of a commercial product (gentamicin + amoxicillin) indicated
for the treatment of mastitis, propolis,and their association against Staphylococcus spp. In total, 70
samples of Staphylococcus spp. isolated from cases of subclinical mastitis, were used in the present
study. The bacterial isolates were tested against the commercially available association of gentamicin
and amoxicillin, as well as commercially available propolis. Muller Hinton (MH) micro-broth dilution was
used in the present study. The presence of phenolic compounds and flavonoids was confirmed in the
propolis used. The MIC values found for gentamicin and amoxicillin were 0.2258 g/ml and 0.8469 mg/ml,
respectively. The MBC values found for gentamicin and amoxicillin were 1.7793 and 6.6722 mg/ml,
respectively. The mean MBC values of amoxicillin and gentamicin in synergism with propolis were
0.1384 g/ml and 0.5235 mg/ml, respectively. Analysis of propolis showed the presence of derivatives of
the following acids: caffeic; cinnamic; p-coumaric; ferulic and 3,4-dihydroxybenzoic. The results of the
present study showed that gentamicin and amoxicillin, associated with propolis, exhibit synergistic
activity that could reduce the selection of resistant microorganisms. The synergistic effect of propolis is
probably due to the presence of cinnamic acid derivatives.
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INTRODUCTION

Mastitis is one of the most common diseases in dairy to the genus Staphylococcus are among the main micro-
herds. The etiology is wide-ranging and the disease is organisms that cause mastitis. These micro-organisms
primarily caused by microorganisms. Bacteria belonging are the etiologic agents that have most frequently been
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isolated from the mammary gland of cows with mastitis.
Species of this genus can cause long duration infections
and tend to become chronic, resulting in a low cure rate
and great losses in milk production (Godden et al., 2002).

Antibiotic therapy is one of the main forms of mastitis
control and it has been extensively studied over the years
(Sol et al., 1997; Friton et al., 1998; Langoni et al., 2000).
However, the use of antimicrobials results in economic
losses, either from their cost or by the prohibition of com-
mercial milk containing residues of antibiotics (Crisan et
al., 1995). Moreover, mastitis in dairy herds represents a
serious risk for the health of the general public.

Natural alternatives, such as propolis, are currently
being studied in order to reduce the use of antibiotics to
treat mastitis and alleviate the concern for food quality
and milk safety (Vargas et al., 2004). Propolis is a
complex mixture containing resin material and balsamic.
Its chemical composition is associated with the flora of
different regions visited by bees and the periodical
collection of resin (Lustosa et al., 2008). The mechanism
of antimicrobial activity of propolis is complex and can be
attributed to the synergistic activity between phenolic
compounds and other substances present (Krol et al.,
1993), as well as a mechanism of action based on the
inhibition of bacterial RNA polymerase (Uzel et al., 2005).

Besides the antimicrobial potential of propolis, studies
have demonstrated a synergistic effect between propolis
and antimicrobial drugs (Detoma and Ozino, 1991;
Scheller et al.,, 1999; Stepanovic et al., 2003; Junior
Fernandez et al., 2005). Given the importance of reducing
the use and the concentration of antibiotics in the
treatment of production animals, the aim of the present
study was to assess the inhibitory concentrations of a
commercial product in association with propolis extract.

MATERIALS AND METHODS
Bacterial isolates

We tested 70 strains of Staphylococcus spp., which were provided
by the microbiology and animal immunology laboratory of the
Federal University of Vale do Sao Francisco. The microorganisms
isolated were identified based on morphological (color, size,
presence or absence of hemolysis), dyeing (Gram stain) and
biochemical characteristics, as described by Quinn et al. (1994).
The samples were isolated from cattle with subclinical mastitis in
herds from the cities of Petrolina and Arcoverde in the state of
Pernambuco (Brazil). The herds contained animals of various
breeds and ages, and they were also at different stages of lactation.

Analysis of propolis

The quantification of phenolic compounds was performed by the
Folin-Ciocalteau method, which involves the reduction of phenolic
compounds based on the reaction of the samples with the
concomitant formation of a blue complex, the intensity of which(760
nm) increases linearly, as described by Swain and Hills (1959).

The total flavonoid content was determined by adapting the
Dowd method: 500 ug of aluminum sulphate (A2 (SO4) 3); 5%

methanol, mixed with 0.4 mL of the sample. Absorbance readings
were made at 300 nm after 30 min of rest in the absence of light,
using methanol as blank. The total flavonoid content was deter-
mined using a standard curve of quercetin at five concen-trations
(1,5, 10, 20 and 40 mg/mL). Y = 0.0198x + 0.3552, where "y" is the
absorbance and "x" is the concentration, R2 = 0.9807. The total
flavonoid content was expressed as the mg equivalent of quercetin
per gram of propolis, whereas the dry matter content thereof was
described as per Lee et al. (2003).

Chromatographic analysis was carried out using a Shimadzu
Prominence LC20AT high performance liquid chromatography
(HPLC) device equipped with a photodiode array detector (SPDM20)
with a reversed-phase column (Shimpack CLC-ODS, 4.6 mm x 250
mm x 5 pm). For benzoic and cinnamic acid derivatives, the mobile
phase consisted of a mixture of 5% aqueous formic acid (A) and
methanol (B) at a flow rate of 1 mL/min. A gradient elution was
used, starting with 20% B up to 15 min, 30% B for 20 min, 40% B
for 30 min and isocratic at 40% B up to 45 min. The injection
volume was 20 pL. Chromatograms were recorded at 290 nm.
Phenolics were identified based on retention times and UV-spectra
with authentic markers.

The caffeic, p-coumaric, ferulic, cinnamic and 3,4-dihydroxy-
benzoic acid phenolics identified in propolis were quantified using
the external standard method based on peak area. Analyses were
made by plotting a calibration curve. To make the calibration curve
of each phenolic compound, appropriate volumes from each stock
solution were diluted with methanol to obtain working solutions in
the concentration range of 0.5 - 40 mg/mL, which were then
correlated with the measured area. The area of these peaks was
plotted and the corresponding concentration of phenolics was
calculated based on the calibration curve. The quantitative analyses
were performed in triplicate at 290 nm.

Commercial antimicrobial

The commercial antimicrobial product (Gentamox®/Laboratério
Hipra Saude Animal Ltda, Brazil) used in each ml of solution
contained 40 mg of gentamicin, amoxicillin and 150 mg vehicle gs 1
mL, as indicated for the treatment of mastitis caused by bacteria.

Minimal inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC)

The bacterial isolates were tested against commercial propolis from
the southeast region of Brazil, specifically Sdo Paulo. The propolis
was diluted in alcohol, forming the ethanol extract of propolis (EEP).

The in vitro antimicrobial activity of the commercial product
indicated for the treatment of mastitis and the ethanolic extract of
propolis were determined based on the descriptions of the CLSI
(2008). The antimicrobials were diluted in 200 pL (1:2) of Miller
Hilton broth (MH). During the preparation of inocula, MH agar
colonies were used to obtain a bacterial suspension with a turbidity
equivalent to the 0.5 tube of the McFarland scale. From this
suspension, 10 uL were inoculated (1 x 10* UFC) in each microtube
containing a dilution of antibiotics or propolis. The material was
incubated at 37°C/24 h, under aerobic conditions. After 24 h of
cultivation, a reading was performed to identify the MIC. In the case
of dilutions with no signs of bacterial growth, one aliquot of 10 uL
was withdrawn and then spread on the surface of MH agar and
incubated for 24h at 37°C. Subsequently, the MBC was determined
as the lowest concentration capable of causing the death of inocula.
The assays were performed in triplicate.

The determination of the minimal inhibitory concentration followed
the recommendations of CLSI (2008), using a 200 uL distribution of
Mueller-Hinton broth in microtiter plates. Subsequently, 200 pL of
the commercial product (amoxicillin and gentamicin) was added
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Table 1. Minimal inhibitory concentration and minimal bactericidal concentration of commercial antimicrobial (Amoxicillin +
Gentamicin), ethanol extract of propolis (EEP) and the associated commercial antimicrobial (34.35 mg) of EEP against
Staphylococcus spp. isolates from cattle with subclinical mastitis.

Commercial antimicrobial

ethanol extract of

EEP + Commercial antimicrobial

Activit

clivity Gentamicin Amoxicillin propolis (EEP)* Gentamicin Amoxicillin
MIC (ug/ml) 0.2258 0.8469 < 0.00695 < 0.02606
MBC (ug/ml) 1.7793 6.6722 68.7 0.1384 0.5235

*The MICs of antimicrobials associated with EEB were lower than the lowest concentrations studied.

to the first well and, after homogenization, transferred to the second
and so on, until the following final concentrations were obtained:
gentamicin - 0.889; 0.445; 0.222; 0.111, 0.556; 0.028, 0.014 and
0.007 pg/mL; amoxicillin — 3.336, 1.668, 0.834; 0.417, 0.208, 0.104,
0.051 and 0.026 pg/mL. The concentration of ethanol extract of
propolis was common in all wells, with 2 MBC (34.35 pg/mL).
Finally, the minimal bactericidal concentration of antimicrobials
associated with propolis was determined.

RESULTS

After the morphological, dyeing and biochemical tests, the
following distribution of isolates was noted: Staphylococcus
aureus (n=27), coagulase-positive staphylococci (n=26)
and coagulase-negative staphylococci (n=17).

The total phenolic and total flavonoid levels found for
commercial propolis were 126.22 mg (12.62%) of gallic
acid equivalent per gram of propolis extract, and 51.06
mg (5.10%) equivalent of quercetin per gram of propolis
extract. These results are in accordance with the limits
set by the Ministry of Agriculture, Livestock and Supply
(MAPA), with a minimal percentage of total phenolics of
5% and a minimal percentage of total flavonoids of 0.5%
(Brasil, 2001). The HPLC-DAD analysis of propolis
revealed the presence of phenolic compounds. Ferulic
(7.04 pg), caffeic (106.87 pg), cinnamic (222.55 ng),
coumaric (226.55 ug) and 3,4-dihydroxybenzoic (2.20 pg)
acids were detected in 5 mg of dry extract of propolis.

Table 1 displays the minimal inhibitory concentrations
and minimal bactericidal concentrations for the antibiotics
used in the commercial product formulation, as well as
the association of ethanol extract of propolis (EEP) with
the commercial antimicrobial (gentamicin + amoxicillin).

The minimal bactericidal concentration of gentamicin
and amoxicillin, after association with 2 MBC of the
ethanol extract of propolis (34.35 mg), provided mean
values of 0.1384 and 0.5235 pg/mL, respectively.

DISCUSSION

The results of the present study corroborate the findings
of Ashraf and Bassuony (2009), who also found phenolic
compounds and flavonoids in propolis samples from
Egypt. The concentrations of total phenolics and flavonoids
differ due to several factors, including the ecology of the
flora, the period of the collection of the resin, the genetics

of the queen bee, local flora and the collection region,
among others (Park et al., 2002; Bankova, 2005; Sousa
etal., 2007). The HPLC-DAD analysis of propolis revealed
the presence of cinnamic, ferulic, caffeic, coumaric and
3,4-dihydroxybenzoic acids. These compounds were
identified according to their retention time and UV spectral
characteristics and then compared with standards. Deri-
vatives of cinnamic acids are commonly found in propolis
(Akao et al., 2003).

With regards to the mean MBC, Cos et al. (2006) noted
that the ideal antimicrobial concentration of propolis
would be between 100-150 ug/ml. Therefore, the propolis
tested in the present study was effective at lower concen-
trations. Trusheva et al. (2010) studied the consti-tuents
of propolis and highlighted that the exploitation of propolis
is a promising source of biologically active compounds.
For Marcucci et al. (2001), the antibacterial activities of
propolis are higher against Gram-positive bacteria due to
the flavonoids, aromatic esters and acids present in the
resin, which affect the cell wall structure of these
microorganisms.

The combination of amoxicillin and gentamicin, which
has been indicated for the veterinary treatment of mastitis,
was effective against all the Staphylococcus spp. studied.
Very few studies have assessed an asso-ciation between
the antibiotics gentamicin and amoxi-cillin. Brito et al.
(2001) assessed the MIC of ten anti-biotics against
Staphylococcus spp. isolated from bovine mastitis and
found an MICg 0.5 mg/ml of gentamicin. Other studies
have reported efficacy rates of greater than 96% for
gentamicin against microorganisms isolated
from milk (Cunha et al., 2006). On the other hand,
Staphylococcus spp. have shown resistance to amoxi-
cillin, which is more effective when used in combination
with other antibiotics (Langoni et al., 2000).

In the present study, the combination of amoxicillin and
gentamicin with the third antimicrobial, propolis, reduced
the mean value of the two MBC antimicrobials by more
than twelve times. Associations were found between the
antimicrobial aim to potentiate its action, decrease side
effects and increase the spectrum of the action on
microorganisms. It is believed that a combination of
propolis extracts and antimicrobial agents could lead to a
reduction in the doses of the drugs used, resulting in less
pressure for the emergence of resistant strains. It could
also reduce side effects and the waste antimicrobial
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substances in industrial products of animal origin, parti-
cularly in milk and in the environment (Mirzoeva et al.,
1997). It is also well known that cinnamic acid deri-
vatives, including those identified in propolis, exhibit
antimicrobial activity (Sova, 2012).

The results of the antimicrobial activity associated with
the EEP showed that the MIC values of gentamicin and
amoxicillin were lower than the lowest concentrations
studied (0.00695 ug/mL for gentamicin and 0.026063
pg/mL for amoxicillin), when compared with 100% of
isolates of Staphylococcus spp. These results confirm the
high synergism of propolis associated with antibacterial
agents. Fernandes Junior et al. (2005) assessed the
synergistic activity of propolis with antibiotics against
Staphylococcus spp. and noted that propolis exhibits
synergistic activity with drugs that inhibit protein synthesis
(gentamicin, chloramphenicol, tetracycline and netilmicin).
The same author also noted the absence of antagonistic
activity of ethanolic extract of propolis associated with
antimicrobial. Naher et al. (2011) also assessed the
antimicrobial activity of propolis in combination with
several drugs, including amoxicillin, and high activity was
observed for Staphylococcus aureus from human samples.
The similarity in these results reinforces the antimicrobial
activity of these combinations, although the isolates
tested were often obtained from different animal species
and the methods used sometimes differed.

According to Benhanifia et al. (2012), natural products
are still a major source of innovative therapeutic agents
forinfectious diseases, although further studies are required
to elucidate and optimize the effective combination of
propolis and antibiotics in clinical practice.

Based on the results obtained in the present study, it is
possible to conclude that the chemical composition of
propolis is within the standards established, and phenolic
compounds and flavonoids are directly associated with
the antimicrobial activity of propolis.

Furthermore, it was possible to demonstrate the
synergistic effect when combined with greater propolis in
combination with amoxi-cillin and gentamicin. The
synergism reduces the concen-trations of antimicrobials
used and could contribute to a reduction in the selection
of resistant bacteria. Therefore, the importance of in vivo
studies that could lead to the inclusion of these
compounds in the treatment of bovine mastitis is worth
emphasizing.

Conflict of Interest

The author(s) have not declared any conflict of interests.

ACKNOWLEDGEMENTS

TMSS would like to thank FACEPE (PRONEM APQ-
1232.1.06/10 grant number) and CNPQ. JABT would like
to thank CAPES and PPGDITM for fellowship support.

REFERENCES

Akao Y, Maruyama H, Matsumoto K, Ohguchi K, Nishizawa K,
Sakamoto T, Araki Y, Mishima S, Nozawa Y (2003). Cell growth
inhibitory effect of cinnamic acid derivatives from propolis on human
tumor cell lines. Biol. Pharm. Bull. 26:1057-1059.

Ashraf A, Bassuony E (2009). New prenilated compound from egyptian
propolis whit antimicrobial activity. Rev. Latino Amer. Quimica. 37:85-
90.

Bankova VJ (2005). Chemical diversity of propolis and the problem of
standardization. J. Ethnopharmacol. 100:114-117.

Benhanifia M, Sakharkar M, Boukraa L (2012). Action of propolis alone
and/or in combination with ampicillin against pathogenic bacteria. In:
Annual Scientific Meeting. The Australian Society for Microbiology,
Brisbane, Australia.

Brasil (2001). Ministério da Agricultura. Instrucdo Normativa n® 3 —
ANEXO VI — Regulamento técnico para fixagdo de identidade e
qualidade de prépolis. Diario Oficial da Republica Federativa do
Brasil. Brasilia.

Brito MAVP, Brito JRF, Silva MAS, Carmo RA (2001). Concentragédo
minima inibitéria de dez antimicrobianos para amostras de
Staphylococcus aureus isoladas de infecgdo intramamaria bovina.
Arq. Bras. Med. Vet. Zootec. 53:531-537.

CLSI Clinical and Laboratory Standard Institute (2008). Performance
standards for antimicrobial disk and dilution susceptibility tests for
bacteria isolated from animals. Clinical and Laboratory Standards
Institute. Approved Standard, 3rd ed. CLSI/NCCLS document M31 -
A3. Wayne.

Cos P, Vlietinck AJ, Vanden Berghe D, Maes L (2006). Anti-infective
potential of natural products: how to develop a stronger in vitro, proof-
of-concept’. J. Ethnopharmacol. 106:290-302.

Crisan |, Zaharia CN, Popovici F, Jucu V, Belu O, Dascalu C, Mutiu A,
Petrescu A (1995). Natural propolis extract Nivcrisol in the treatment
of acute and chronic rhinopharyngitis in children. Rom. J. Virol.
46:115-133.

Cunha AP, Silva LBG, Pinheiro Junior JW, Silva DR, Oliveira AAF,
Silva, KPC, Mota RA (2006). Perfil de sensibilidade antimicrobiana
de agentes contagiosos e ambientais isolados de mastite clinica e
subclinica de bufalas. Arq. Inst. Biol. 73:17-21.

Detoma P, Ozino OL (1991). Azione della propoli su micror-ganismi
dell'ambiente ospedalino. Ann. Microbiol. Enzimol. 41:231-236.

Fernandes Junior A, Balestrin EC, Betoni JEC, Orsi RO, Cunha MLRS,
Montelli AC (2005). Propolis: anti-Staphylococcus aureus activity and
synergism with antimicrobial drugs. Mem. Inst. Oswaldo Cruz.
100:563-566.

Friton GM, Sobiraj A, Richter A (1998). Effects of various antibiotic
treatments of lactating cows with subclinical mastitis. Tier. Prax.
Ausg. G. Gross. Nutz. 26:254-260.

Godden SM, Jansen JT, Leslie KE, Smart NL, Kelton DF (2002). The
effect of sampling time and sample handling on the detection of
Staphylococcus aureus in milk from quarters with subclinical mastitis.
Can. Vet. J. 43:38-42.

Krol W, Scheller S, Shani J, Pietsz G, Czuba Z (1993). Synergistic
effect of ethanolic extract of propolis and antibiotics on the growth of
Staphylococcus aureus. Arzneimittel-forsch 43:607-609.

Langoni H, Cabral, KG, Domingues PF, Pulga ME, Marinho M, Pardo
RB (2000). Utilizagdo da enrofloxacina (baytril) no tratamento da
mastite bovina estafilocécica. Ciénc. rural. 30:167-170.

Lee YKP, Yang MI, Mischenco BA, Baun YX, Hu HL, Huang WJ, Baran
AJ (2003). Use of circular cylinders as surrogates for hexagonal
pristine ice crystals in scattering calculations of infrared wavelengths.
Appl. Opt. 42:2653-2664.

Lustosa SR, Galindo AB, Nunes LCC, Randau KP, Neto PJR (2008).
Propolis: atualizagdes sobre a quimica e a farmacologia. Rev. Bras.
Farmacogn. 18:447-454.

Marcucci MC, Ferreres F, Garcia-Viguera C, Bankova VS, De Castro
SL, Dantas AP, Valente PH, Paulino N (2001). Phenolic compounds
from Brazilian propolis with pharmacological activities. J.
Ethnopharmacol. 74:105-112.

Mirzoeva OK, Grishanin RN, Calder PC (1997). Antimicrobial action of
propolis and some of its components: the effects on growth,
membrane potencial and motility of bacteria. Microbiol. Res.



152(3):239-246.

Naher HS, Al-Charrakh AH, Hendi NKK (2011). Antimicrobial activity of
ethanol extracts of propolis-antibiotics combination on bacterial and
yeast isolates. Med. J. Babylon 8(3):34-37.

Park YK, Alencar SM, Scamparine ARP, Aguiar CL (2002). Prépolis
produzida no sul do Brasil, Argentina e Uruguai: evidéncias
fitoquimicas de sua origem vegetal. Cienc. rural. 2:997-1003.

Scheller S, Dworniczak S, Waldemar-Klimmek K, Rajca M, Tomczyk A,
Shani J (1999). Synergism between ethanolic extract of propolis
(EEP) and anti- tuberculosis drugs on growth of Mycobacteria. Z. Nat.
Sci. 548:449-453.

Sol J, Sampimon OC, Snoep JJ, Schukken YH (1997). Factors
associated with bacteriological cure during lactation after therapy for
subclinical mastitis caused by Staphylococcus aureus. J. Dairy Sci.
80:2803-2808.

Sousa JPB, Furtado NAJC, Jorge R, Soares AEE, Bastos JK (2007).
Perfis fisico-quimico e cromatografico de amostras de prépolis
produzidas nas microrregides de Franca (SP) e Passos (MG), Brasil.
Rev. Bras. Farmacogn. 17:85-93.

Silva et al. 5

Sova M (2012). Antioxidant and antimicrobial activities of cinnamic acid
derivatives. Mini Rev. Med. Chem. 12(8):749-767.

Stepanovi S, Anti N, Daki IV (2003). In vitro antimicrobial activity of
propolis and synergism between propolis and antimicrobial drugs.
Microbiol. Res. 158:353-357.

Trusheva B, Todorov |, Ninova M, Najdenski H, Daneshmand A,
Bankova V (2010). Antibacterial mono- and sesquiterpene esters of
benzoic acids from Iranian propolis. Chem. Cent. J. 4:1-4.

Uzel A, Sorkun K, Oncag O, Cogulu D, Gencay O, Salih B (2005).
Chemical compositions and antimicrobial activities of four different
Anatonian propolis samples. Microbiol. Res. 160:189-195.

Vargas AC, Loguercio AP, Witt NM, Da Costa MM, SA, Silva M, Viana
LR (2004). Atividade antimicrobiana “in vitro” de extrato alcodlico de
prépolis. Cienc. rural. 34:159-163.



