
1887
Semina: Ciências Agrárias, Londrina, v. 38, n. 4, p. 1887-1896, jul./ago. 2017

Received: Mar. 14, 2016 - Approved: Apr. 28, 2017

DOI: 10.5433/1679-0359.2017v38n4p1887

Evaluation of biofilm formation by bacterial strains isolated from 
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Abstract

The presence of biofilm-forming bacteria from the mammary gland of dairy cows adhered to equipment 
in the milking environment represents one of the major causes of bacterial resistance during mastitis 
treatment. The aim of this study was to identify strains of Staphylococcus aureus, Staphylococcus 
epidermidis and Escherichia coli in milk samples from cows with mastitis, as well as in the expansion 
tank and milking set liners. We aimed to quantify the extracellular proteins and polysaccharides in 
the biofilm produced by each strain. A total of 294 samples were collected from a dairy farm in the 
municipality of Uberlândia, Minas Gerais. To identify the S. aureus, S. epidermidis and E. coli isolates 
responsible for biofilm production, we tested the phenotype using the Congo red agar (CRA) and 
microplate adhesion tests. Protein quantification was performed with a Bicinchoninic Acid Protein 
Assay Kit (BCA kit), and polysaccharides were quantified by the phenol sulfuric acid method. We 
identified eight strains of S. aureus, one strain of S. epidermidis and 11 strains of E. coli responsible 
for biofilm production, all of which showed a higher concentration of polysaccharides than proteins 
in the matrix. Escherichia coli was considered the most prevalent bacterium among the samples, and 
S. aureus was determined to be the largest biofilm producer. The results of the CRA and microplate 
adhesion tests were similar in regard to identification of the biofilm-producing strains according to their 
phenotype and matrix composition. The classification of S. aureus strains as major biofilm producers 
is of great concern for producers, as such bacteria are considered one of the predominant contagious 
etiological agents that cause bovine mastitis. In addition, our observation that E. coli and S. epidermidis 
can produce biofilms highlights the need to reassess prophylactic measures to avoid the adhesion of 
biofilm-producing bacteria.
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Resumo

A presença de bactérias formadoras de biofilme microbiano, na glândula mamária de vacas leiteiras e 
aderidas aos equipamentos e utensílios do ambiente de ordenha, constitui uma das causas de resistência 
bacteriana no tratamento de mastite em vacas leiteiras. O estudo teve como finalidade identificar cepas 
produtoras de biofilme de Staphylococcus aureus, Staphylococcus epidermidis e Escherichia coli, em 
amostras de leite de animais com mastite, tanque de expansão e teteiras do conjunto de ordenha. Visou-
se quantificar as proteínas extracelulares e polissacarídeos das estirpes. No total, foram colhidas 294 
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amostras, em uma propriedade no município de Uberlândia, Minas Gerais. Para identificar as estirpes 
de S. aureus, S. epidermidis e E. coli isoladas produtoras de biofilme, foram utilizados testes fenotípicos 
como cultivo em ágar Vermelho Congo (CRA) e teste de adesão em microplaca. A quantificação de 
proteínas foi realizada com o Kit BCA e de polissacarídeos pelo método do ácido fenol sulfúrico. 
Identificou-se oito cepas de S. aureus, uma de S. epidermidis e 11 cepas de E. coli produtoras de 
biofilme, todas compostas com maior concentração de polissacarídeo do que proteína na matriz. E. coli 
foi considerada a bactéria mais prevalente das amostras e S. aureus a maior produtora de biofilme. Os 
resultados do CRA e do teste de adesão em microplaca foram similares ao identificar as cepas produtoras 
de biofilme, conforme a expressão do fenótipo e quantificação da matriz. A classificação de estirpes de 
S. aureus, como maiores produtoras de biofilme, preocupa ainda mais os produtores, pois tais bactérias 
são consideradas um dos principais agentes etiológicos contagiosos causadores da mastite bovina. Além 
disso, a capacidade de E. coli e S. epidermidis produzirem biofilme torna indispensável a reavaliação 
das medidas profiláticas, com o intuito de evitar a adesão de bactérias produtoras de biofilme.
Palavras-chave: Staphylococcus aureus. Staphylococcus epidermidis. Escherichia coli. Bovino leiteiro.

Introduction

Bovine mastitis threatens both the income of 
cattle farmers and the reputation of the dairy sector, 
due to problems related to animal welfare, milk 
quality and public health (DE VLIEGHER et al., 
2012). Although mastitis can be caused by numerous 
pathogens, bacteria of the Staphylococcus genus are 
recognized as the predominant etiological agents in 
cases of mastitis (DE VLIEGHER et al., 2012).

One of the causes of failure in the antimicrobial 
treatment of mastitis is the ability of biofilm-
producing microorganisms to adhere to the surface 
of the breast tissue. The extracellular polymeric 
substance (EPS) present in the biofilm matrix 
protects the colonies from environmental stress 
(DONLAN, 2002; MELCHIOR et al., 2006; MELO 
et al., 2012).

Stepanovic et al. (2000) stated that the plaque 
adhesion test is one of the most frequently used 
methods for quantifying the biofilm production of 
Staphylococcus spp. It can also be used as an indicator 
of the pathogenicity of microorganisms. Strains that 
produce slime in the microplate assay potentially 
have the ability to adhere to mammary gland tissue. 
The presence of this mucopolysaccharide hinders 
the antibiotic treatment of mastitis, as well as 
reducing the innate immune response of the host 
(MARQUES et al., 2013).

It is imperative that quick and easy methods are 

available to investigate the presence of biofilm-
producing bacteria so that more effective control 
and prophylaxis measures can be implemented 
(AGNOL et al., 2013; DARWISH; ASFOUR, 2013). 
The Congo red agar (CRA) culture and microplate 
adhesion tests are used to detect biofilm production 
by bacteria. The former is used to determine the 
phenotype based on the color of the colonies that 
grow, and the latter is used to quantify components 
of the biofilm matrix. Quantification of extracellular 
proteins and polysaccharides can be used to 
characterize the composition of the biofilm matrix, 
as the concentration of proteins and polysaccharides 
represent two factors that can be used to evaluate 
the virulence of each strain (SOUZA et al., 2009).

The purpose of this study was to identify the 
strains of Staphylococcus aureus, Staphylococcus 
epidermidis and Escherichia coli in milk samples 
from cows with mastitis, in the expansion tank 
and in the components of the milking set liners. 
We also aimed to verify biofilm-production by the 
strains identified, in addition to quantifying the 
extracellular proteins and polysaccharides of the 
biofilm produced by these strains.

Materials and Methods

We evaluated milk samples collected from 
80 Girolando cows at a dairy farm in the city of 
Uberlândia, in the State of Minas Gerais, under 
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the Federal University of Uberlândia. The average 
milk yield was around 1600 L per day, with milking 
performed mechanically in a closed-circuit system 
twice per day. We only selected milk samples from 
animals that were reactive to California Mastitis Test 
(CMT) and from those that showed signs of clinical 
mastitis, with all samples collected according to the 
aseptic standards proposed by Harmon et al. (1990).

A monthly harvest was carried out in the months 
of February, April and May of 2014, amounting to 
a total of 261 milk samples. After each monthly 
harvest, a milk sample was collected from the 
expansion tank following the second milking of the 
day, as recommended by Brito et al. (1998), totaling 
three samples. In order to collect samples from 
the liners, sterile swabs were rubbed in a circular 
motion around the final section of each liner across 
all milking sets, then the swabs were placed in 
Stuart medium as recommended by McDonald et al. 
(1993). We collected 10 monthly samples according 
to the number of insufflators used for milking, 
totaling 30 samples.

The samples were preserved in a box made of 
isothermal material containing recyclable ice, and 
transported to the Laboratory of Infectious Diseases 
at the Federal University of Uberlândia, Minas 
Gerais. Staphylococcus aureus strains were selected 
because of their contagious nature and recognition 
as being the major etiological agent in several cases 
of bovine mastitis. We also evaluated the presence of 
E. coli strains commonly found in the environment, 
the presence of which represents an indicator of 
environmental contamination (LANGONI et al., 
2015). Considering increased recognition of the 
role of coagulase-negative staphylococci in biofilm 
production and pathogenicity, S. epidermidis was 
also chosen as it represents the most important 
and frequently reported bacteria in the literature 
(OLIVEIRA et al., 2007).

For the isolation and identification of 
Staphylococcus spp., we firstly spread 10 µl 
of the milk samples onto the surface of Baird 

Parker (Himedia) agar selective medium (SILVA 
et al., 1997), then left the plates to incubate at 
37°C between 24 and 48 h. Colonies found to be 
positive for catalase, and the Gram-positive cocci 
tests were further submitted to a tube coagulase 
test to differentiate between coagulase-positive 
staphylococci (ECP) and coagulase-negative 
staphylococci (ECN) (KONEMAN, 2001).

Staphylococcus aureus was identified by acetoin 
production and fermentation of maltose and trehalose 
(KONEMAN, 2001). Staphylococcus epidermidis 
was identified by a simplified method described by 
Koneman (2001) based on their use of sucrose and 
trehalose, growth in anaerobic thioglycolate medium 
and resistance to polymyxin B.

In order to isolate and identify E. coli, we 
spread 10 µl of the milk samples onto the surface 
of selective eosin methylene blue (EMB; Merck) 
medium, then incubated the samples at 35 ± 2°C 
for 18 to 24 h in a microaerophilic environment in 
anaerobic jars. From the colonies that grew, those 
that presented a large size and a black-blue color 
with metallic green reflection were submitted to 
Gram staining to evaluate the morphology of the 
Gram-negative bacteria. The identified colonies 
were seeded by puncture into a tube containing 
Rugai medium (Newprov), then incubated at 35ºC 
for 18 to 24 h, followed by biochemical screening, 
differentiation of enterobacteria and identification 
of E. coli (KONEMAN, 2001).

Biofilm production was determined by culturing 
CRA, consisting of 0.8 g of Congo red dye (Vetec) 
and 50 g of sucrose (Himedia) for every 1 L of 
brain-heart infusion agar (Himedia) (FREEMAN 
et al., 1989). The CRA plates were inoculated and 
incubated for 48 h at room temperature, followed 
by incubation for 48 h at 37ºC. The black, rough 
colonies were able to be differentiated from non-
biofilm-producing strains, which were smooth, red 
colonies.

The in vitro biofilm production capacity was 
determined according to the method described by 
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Cucarella et al. (2004) with minor modifications, 
as described below. The bacteria were cultured 
individually overnight in tryptic soy broth (TSB) 
(Kasvi) at 37°C. Suspended cells were diluted 
1:200 in TSB containing 0.25% glucose (Synth), 
inoculated into sterile, flat bottom 96-well 
polystyrene microplates, then incubated for 24 h at 
37°C with shaking, with medium renewal after 12 h.

The wells were washed three times with 200 
μl of sterile saline solution (0.85% NaCl), then 
incubated for about 30 min in an oven at 60°C 
until the plate had dried. A 200-μl aliquot of 1% 
crystal violet was added to each well and left for 
5 min. The plates were washed with distilled water 
and dried, then 200 μl of 33% acetic acid (Isofar) 
was added to each well and the plates were read 
at 570 nm using a spectrophotometer (Multiskan 
GO; ThermoScientific,). Non-inoculated wells 
containing TSB and glucose were used as the 
blank. Strains with an absorbance greater than 0.1 
were considered to be biofilm-producing bacteria. 
Each strain was tested for biofilm production in 
triplicate, and the experiment was repeated twice. 
The intensity of slime production was classified 
as either strong (absorbance greater than 0.3), 
moderate (absorbance between 0.2 and 0.3) or weak 
(absorbance between 0.1 and 0.2) depending on the 
absorbance (DEMO, 1996).

For protein and polysaccharide quantification, 
the biofilm-producing strains were diluted at 1:200 
with TSB and 0.25% glucose, then incubated in 96-
well microplates for 24 h at 37°C with shaking, with 
medium renewal after 12 h. The material was then 
scraped with phosphate buffered saline (PBS) after 
removal of the culture medium to perform the tests 
described below (GOMES, 2010).

For the quantification of extracellular biofilm 
proteins, we added 25 μl of the sample and 200 μl of 
the reagent mixture from the BCA kit (Sigma) to the 
microplate, which was homogenized for 30 s then 
incubated for 30 min at room temperature. Plates 
were read at 562 nm using the spectrophotometer 

(ThermoScientific), with phosphate buffer used as 
the blank (AZEREDO et al., 1999).

For quantification of the polysaccharides, we 
placed 0.5 ml of the sample into a tube with 0.5 
ml of phenol (50 g/L; Dynamic), then 2.5 ml of 
sulfuric acid (95-97%; Isofar) was added. The 
solution was homogenized in a vortex and left to 
react for 15 min at room temperature. The solution 
was measured at 490 nm in the spectrophotometer 
(ThermoScientific), with phosphate buffer used as 
the blank (DUBOIS et al., 1956).

This project was approved by the Ethics 
Committee on the Use of Animals (CEUA) of the 
Federal University of Uberlândia (UFU) under 
protocol number 076/14.

Analyses of the prevalence and production of 
biofilms by S. aureus, S. epidermidis and E. coli 
strains were performed using the binomial test for 
two proportions with a significance level of 5%. All 
analyses were performed using BioEstat software 
(AYRES et al., 2007). The test of averages (t-test) 
was used to compare the protein and polysaccharide 
content of biofilms (TRIOLA, 1999).

Results and Discussion

Among the 294 analyzed samples, we identified 
85 samples (28.91%) of Staphylococcus spp., 
namely 11 (12.94%) coagulase-positive and 74 
(87.06%) coagulase-negative. Of the coagulase-
positive staphylococci samples, eight (72.72%) 
were S. aureus and three (27.27%) were S. schleiferi 
subspecies coagulans. Of the coagulase-negative 
staphylococci, three (4.05%) were S. epidermidis, 
17 (22.97%) S. simulans and 54 (72.98%) were 
other species of ECN. No Staphylococcus spp. were 
observed in either the expansion tank samples or 
liner swabs. Twenty-two samples of E. coli were 
isolated, 17 of which were from cows with mastitis 
and five from the swabs. Six milk samples and 
five liner swab samples were identified as biofilm-
producers.
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Martins et al. (2010) examined 432 milk samples, 
of which 304 showed positive results in the CMT 
test. According to the microbiological analysis, 80 
(26.31%) were Corynebacterium spp., 71 (23.35%) 
were S. aureus, 18 (5.90%) were S. intermedius, 
two (0.65%) were ECN and one (0.32%) was E. 
coli. These data differ from the results of the present 
study, in which comparison between the identified 
strains of S. aureus, S. epidermidis and E. coli by 
the binomial test (AYRES et al., 2007) showed 
that E. coli was significantly more prevalent than 
Staphylococcus spp.

The expansion tank and swabs were investigated, 
and among the investigated bacteria, five E. coli 
strains were isolated from the liners. The presence 
of biofilm-producing E. coli in the dairy farm 
indicates a lack of hygiene in regard to the animals 
and equipment. Sanitizing agents may have been 
used for an insufficient amount of time or in an 
inadequate quantity, allowing the establishment of 
E. coli strains related to fecal contamination. The 
isolation of biofilm-producing strains on the milking 
equipment and in the environment suggests a high 
risk that the raw milk may be contaminated, which 
poses health risks to both humans and the animals 
themselves.

In their research on the adhesion of E. coli to 
surfaces, Pompermayera and Gaylarde (2000) 
reported that Gram-negative microorganisms can 
better adhere to surfaces and produce biofilms, due 
to the presence of flagella and the reduced time 
required for multiplication, which may explain its 
presence on the equipment.

A total of 20 biofilm-producing strains were 
identified, eight of which (40%) were S. aureus, 
one (5%) was S. epidermidis and 11 (55%) were E. 
coli, all of which tested positive in both the CRA 
and adhesion tests. All strains were classified as 
strong biofilm producers, as their slime production 
intensity was higher than 0.3 absorbance (Table 1). 

Among the identified bacteria, S. aureus showed the 
highest biofilm production level (p < 0.05).

The presence of biofilm-forming bacteria in the 
mammary gland is considered one of the major 
challenges for treating cows with mastitis, because 
their presence in the mammary gland is difficult for 
the antibiotic, and consequently the active ingredient, 
to reach. The process of biofilm formation occurs 
over five steps: colonization, reversible adhesion, 
irreversible adhesion, matrix production and an 
increase in the number of cells, then detachment or 
exit of biofilm cells (COSTERTON et al., 1999). The 
release of cells from biofilms formed in the alveoli 
in the mammary gland allows for the contamination 
of other healthy mammary glands, as well as the 
contamination of equipment including insufflators 
and hoses. In light of this, it is essential that all 
equipment that comes into contact with the animals 
be properly cleaned and disinfected, particularly the 
milking machine sets.

Fabres-Klein et al. (2015) evaluated 54 strains 
of S. aureus isolated from cows with subclinical 
mastitis in farms in the state of Minas Gerais, of 
which 47 (87.03%) were identified as biofilm 
producers in the adherence test. However, only 
19 (35.18%) were classified as slime producers 
according to the colony phenotype determined in 
the CRA test. Furthermore, Darwish and Asfour 
(2013) evaluated 108 samples of Staphylococcus 
spp., isolating 40 strains of S. aureus. Among the 
27 (67.50%) strains identified as biofilm producers, 
21 (52.50%) were classified as strong, 11 (27.50%) 
as moderate and eight (20%) as weak. These results 
differ from those obtained in the present study, in 
which all identified S. aureus strains expressed 
the phenotype in the CRA test, produced matrix 
in the crystal violet microplate test, and were 
classified as having a high adhesion capacity. These 
characteristics represent the greatest pathogenic 
potential of the identified strains, possibly due to 
acquired virulence and resistance factors.
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Table 1. Evaluation of biofilm formation in milk samples collected from dairy cows with mastitis and expansion tank 
at a dairy farm located in the municipality of Uberlândia, Minas Gerais, in February, April and May 2014.

Microorganisms N %

Biofilm test
Presence of biofilmCongo red Test with crystal 

violet microplates
N % N % Yes No

Staphylococcus aureus 8 24.24 8 40 8 40 8a 0
Staphylococcus epidermidis 3 9.10 1 5 1 5 1b 2

Escherichia coli 22 66.66 11 55 11 55 11b 11
Total samples 33 100 20 100 20 100 20 13

Values followed by the same letter do not significantly differ from each other (p > 0.05), as determined by the binomial test for two 
proportions.

Figure 1 shows the results of the quantification of 
polysaccharide and protein in all biofilm-producing 
samples. We observed that the EPS was mainly 
composed of polysaccharides, as most strains 
showed greater absorbance for polysaccharides 

than proteins. In addition, even though there was 
a statistically significant difference between the 
variables, there was no correlation between the 
content of proteins and polysaccharides.

Figure 1. Biochemical composition of the extracellular matrix of eight samples of Staphylococcus aureus (1 to 8), a 
sample of Staphylococcus epidermidis (9) and 11 samples of Escherichia coli (10 to 20), analyzed using the BCA kit 
and sulfuric phenol acid test.
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Melo et al. (2012) observed that crystal violet 
stained the exopolysaccharide matrix produced 
by bacteria in a microplate adhesion test, which 
enabled determination of the ability of strains to 
form a biofilm. The presence of proteins in the 
extracellular matrix is fundamental for the biofilm 
structure. Therefore, any mutations that occur 
within the genes responsible for the production of 

EPS proteins alter the bacteria, causing it to behave 
as a biofilm producer (BRANDA et al., 2006). In 
this study, we observed that all biofilms had high 
concentrations of protein and polysaccharide.

Souza et al. (2009) extracted and quantified the 
proteins and polysaccharides in the biofilm produced 
by four strains of S. epidermidis. They observed that 
the amounts of protein and polysaccharide were 
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proportional to the amount of biomass detected 
in the microplate assay, representing an indirect 
method for determining biomass. They found that 
the concentration of polysaccharides was higher 
than proteins for three of the tested strains. These 
data are similar to the results observed in the current 
study, in which most of the biofilm-producing 
strains had higher concentrations of polysaccharide 
than protein, except for two strains of S. aureus 
(Figure 1).

The method used to extract EPS may influence the 
yield and chemical composition of the extracellular 
polymers, leading to different degrees of cell lysis, 
and consequently, contamination of exopolymers 
with intracellular components (BURA et al., 1998). 
In addition, the amount of polymers may vary 
significantly depending on the strain (CHAIGNON 
et al., 2007). The biofilm matrix acts as a barrier 
that prevents the penetration of antibiotics and 
sanitizers, and high concentrations of proteins and 
polysaccharides act as a defense mechanism against 
external agents (SOUZA et al., 2009).

In this study, we used rapid techniques that 
cause minimal lysis of bacteria. We observed that S. 
aureus, S. epidermidis and E. coli presented different 
concentrations of polysaccharides dependent on 
the bacterium, although the protein concentration 
remained almost constant across the strains. These 
compounds play different roles in the formation and 
pathogenicity of biofilms of each strain. Our results 
suggest that the composition of the biofilm matrix 
varies according to the bacterial strain.

There is a need to define prophylactic strategies, 
such as the implementation of an effective cleaning 
plan and the regular use of proper disinfection 
processes, in order to prevent the formation of 
biofilms and obtain a higher quality product.

Conclusions

In this study, we observed that biofilm-producing 
strains of S. aureus, S. epidermidis and E. coli were 
present in milk samples from cows with mastitis, 
with E. coli also present in the insufflators; however, 
none of the strains were identified in the expansion 
tank. These results suggest that the presence of 
extracellular polymers in the biofilm is related to the 
total biomass, the composition of which was found 
to contain a higher concentration of polysaccharides 
than proteins.
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