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Highlights

High somatic cell count negatively affects constituents present in milk.

MecA gene was not detected in any of the coagulase-negative Staphylococcus isolates.

Antibiotic resistance to Enterobacter isolates is higher in terms of good traits.

Dairy farm classification differs in antibiotic resistance against Staphylococcus spp. 

Abstract

Milk and its derivatives are highly consumed foods worldwide, with recognized nutritional importance. The 

search for the production of products with superior quality is constant. For the present work, 26 milk-producing 

properties were selected, with a total of 506 milk samples collected during the period from October 2019 to 

May 2020 being evaluated. The objective of this study was to evaluate the quality of milk produced in dairy 

properties in the region west Paraná, classified as good or bad based on the results of the Somatic Cell Count 

(SCC) and through sampling (n = 10) to evaluate the resistance profile of enterobacteria and Staphylococcus 

spp. isolated from milk samples, in addition to the presence of the mecA gene in strains of Staphylococcus 
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spp. resistant to oxacillin. There were significant differences between the good and bad properties for the 

levels of lactose, SCC (cell/mL), and Standard Plate Count (SPC) (CFU/mL). The strains of Staphylococcus spp. 

showed differences in the percentage of resistance in relation to the good and bad properties for antibiotics: 

tetracycline, ciprofloxacin, oxacillin, amikacin, clindamycin, gentamycin, and erythromycin. The mecA gene 

was not detected in any of the coagulase-negative Staphylococcus isolates that showed resistance to 

oxacillin. For enterobacteria, the isolated species differed in relation to the classification of properties, with 

predominance for Escherichia coli (40%) for properties classified as bad and Hafnia alvei (40%) for those 

classified as good. The percentage of antibiotic resistance compared to enterobacteria isolates was higher in 

properties classified as good. Monitoring through microbial culture and antibiogram is extremely important, 

favoring the correct choice for the treatment of animals with a reduced selection of resistant strains.

Key words: Milk quality. Staphylococcus spp. Enterobacteria. SCC. SPC. 

Resumo

O leite e seus derivados são alimentos altamente consumidos em todo mundo, com importância nutricional 

reconhecida. A busca pela produção de produtos com qualidade superior é constante. Para o presente 

trabalho foram selecionadas 26 propriedades produtoras de leite, sendo avaliado um total de 506 amostras 

de leite colhidas durante o período de outubro de 2019 a maio de 2020. O objetivo deste estudo foi avaliar a 

qualidade do leite produzido em propriedades leiteiras da região oeste do Paraná, classificadas como boas 

ou ruins com base nos resultados da Contagem de Células Somáticas (CCS) e por meio de amostragem 

(n=10) avaliar o perfil de resistência das enterobactérias e Staphylococcus spp. isolados das amostras de 

leite, além da presença do gene mecA em cepas de Staphylococcus spp. resistentes à oxacilina. Houve 

diferenças significativas entre as propriedades boas e ruins para os teores de lactose, CCS (cél./mL) e 

Contagem Padrão em Placas (CPP) (UFC/mL). As cepas de Staphylococcus spp. apresentaram diferenças 

no percentual de resistência em relação às propriedades boas e ruins para os antibióticos: tetraciclina, 

ciprofloxacina, oxacilina, amicacina, clindamicina, gentamicina e eritromicina. Não foi detectada a presença 

do gene mecA em nenhum dos isolados de Staphylococcus coagulase negativa que apresentaram perfil de 

resistência à oxacilina. Para as enterobactérias as espécies isoladas diferiram em relação à classificação das 

propriedades, com predomínio para Escherichia coli (40%) para as propriedades classificadas como ruins 

e Hafnia alvei (40%) para as classificadas como boas. O percentual de resistência aos antibióticos frente 

aos isolados de enterobactérias foi maior nas propriedades classificadas como boas. É extremamente 

importante o monitoramento por meio de cultura microbiana e antibiograma, favorecendo a correta escolha 

para o tratamento dos animais com redução da seleção de cepas resistentes.

Palavras-chave: Qualidade do leite. Staphylococcus spp. Enterobactérias. CCS. CPP.

Introduction

Milk is a food of great nutritional 
importance, with proteins, fats, vitamins, and 
minerals in its composition (Salvador, Burin, 

Frias, Oliveira, & Faila, 2012). Due to this fact, it 
becomes an excellent culture medium for the 
development of deteriorating microorganisms 
or with pathogenic potential (Perin, Pereira, 
Bersot, & Nero, 2019).
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Thus, several prophylactic hygiene 
measures are important to mitigate the effects 
of microbial contamination, always seeking a 
better-quality product and increased herd 
productivity (Langoni, 2013). In addition, 
several problems caused by lack of hygiene 
in milking compromise the production and 
microbiological quality of milk, with bovine 
mastitis being one of the most important 
problems reported (Menezes et al., 2015).

Cows affected by mastitis usually 
need to be treated with antimicrobials, which 
can cause bacterial resistance, generating 
an alert for One Health, in addition to the 
damage caused to lactation (Artursson, 
Söderlund, Liu, Monecke, & Schelin, 2016) and 
as a consequence to quality of milk (Pereira & 
Scussel, 2017).

Oxacillin resistance in Staphylococcus 
aureus is mediated by the production of a 
supplemental penicillin-binding protein (PBP 
2 or PBP 2a), which shows a low affinity for 
penicillins and is encoded by the mecA gene. 
Therefore, when the mecA gene is present, the 
cell is able to grow in the presence of oxacillin 
and other beta-lactams (Cunha, 2017).

In this sense, the objective of the 
present work was to classify, as good or bad, 
26 dairy farms in the western region of the 
state of Paraná, Brazil, based on the results 
of geometric means of somatic cell count 
(SCC). Then, evaluate, through sampling, five 
rural properties classified as good and five 
rural properties classified as bad in relation 
to the resistance profile of enterobacteria 
and Staphylococcus spp. isolated from milk 
samples and evaluate the presence of the 
mecA gene in isolates of oxacillin-resistant 
Staphylococcus spp.

Material and Methods

Animals and study site

Data regarding milk quality control 
from 26 dairy farms, which belong to a 
cooperative located in the western region of 
Paraná, were organized in tables. The data 
and characterization of the properties were 
provided by the veterinarian responsible for 
the cooperative’s milk development. After 
tabulating the data and previous analysis 
of the results of the arithmetic mean of the 
geometric mean of the somatic cell count 
(SCC), obtained from milk samples from dairy 
farms in the period from October 2019 to May 
2020, the rural properties were classified as 
good or bad, being considered good those 
with SCC less than 500,000 cells per mL and 
bad those with a value greater than 500,000 
cells per mL.

The median of production and 
milk quality data for each rural property 
was calculated. Subsequently, they were 
analyzed in relation to this classification. 
In addition, 10 properties were randomly 
chosen, five classified as good and five as 
bad in relation to the parameters previously 
described, for subsequent collection of milk 
samples in order to a) isolate enterobacteria 
and Staphylococcus spp., b) to evaluate 
the antibiotic resistance profile and c) to 
detect the presence of the mecA gene from 
Staphylococcus spp isolates that were 
identified as resistant to oxacillin.

Sample collection

Samples of raw bovine milk 
refrigerated at 4 °C in sterile flasks were 
collected. After collecting the milk samples, 
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the biological materials were kept and sent 
under refrigeration to the Laboratory of 
Preventive Veterinary Medicine and Public 
Health of the Postgraduate Program in Animal 
Science with Emphasis on Bioactive Products 
at Universidade Paranaense (UNIPAR) for 
processing.

Bacterial culture, isolation, and identification

Milk samples were streaked onto plates 
containing Blood Agar Base enriched with 
defibrinated blood (8%) and kept in an oven for 
24 hours at 37 °C. Subsequently, each isolate 
was submitted to the analysis of macroscopic 
characteristics of the colonies, microscopic 
(Gram stain), and biochemical tests (Koneman, 
Allen, Janda, Schreckenberger, & Winn, 
2008). Gram-positive catalase-positive 
cocci were submitted to the coagulase test 
for classification into coagulase-positive 
Staphylococcus (CoPS) or coagulase-
negative Staphylococcus (CoNS). Gram-
negative bacilli were submitted to biochemical 
tests to identify enterobacteria.

Biochemical identification of bacterial isolates

Bacteria of the Enterobacteriales 
order were biochemically identified using 
an enterobacteria kit (NewProv®, Paraná, 
Brazil) according to the manufacturer’s 
recommendations (Quinn, Markey, Cater, 
Donnely, & Leonar, 2005).

Phenotypic assays of antimicrobial sensitivity

Assays were performed according to 
the Clinical and Laboratory Standards Institute 

[CLSI] (2013). The agar diffusion method was 
performed after standardization, in BHI broth, 
of the inoculum according to the 0.5 McFarland 
standard. The results obtained were registered 
considering the interpretation of the Brazilian 
Committe on Antimicrobial Susceptibility 
Testing [BrCAST] (2020) for bacteria isolated 
from animals and the measurement of the size 
of the inhibition zones, in millimeters (mm). 
The antimicrobials evaluated against Gram-
positive cocci were ampicillin (10 µg), oxacillin 
(1 µg), amoxicillin (30 µg), cefoxitin (30 µg), 
imipenem (10 µg), ciprofloxacin (5 µg), amikacin 
(30 µg), gentamicin (10 µg), tobramycin (10 
µg), tetracycline (30 µg), clindamycin (2 µg), 
erythromycin (15 µg), meropenem (10 µg) and 
ceftriaxone (30 µg).

In turn, the gram-negative isolates 
were tested against ampicillin (10 µg), 
amoxicillin (30 µg), amoxicillin + clavulanic acid 
(20/10 µg), cefotaxime (30 µg), ceftazidime 
(30 µg), ceftriaxone (30 µg), gentamicin (10 
µg), aztreonam (30 µg), imipenem (10 µg), 
ciprofloxacin (5 µg), amikacin (30 µg) and 
sulfazotrim (25 µg).

Molecular tests

mecA gene search

DNA from oxacillin-resistant 
Staphylococcus spp. isolates was extracted 
using the PureLink Genomic DNA Kit 
(Invitrogen, Carlsbad, California, USA) 
according to the manufacturer’s information 
and polymerase chain reactions (PCR) were 
performed using Platinum PCR SuperMix 
(Invitrogen, Carlsbad, California, USA); primer 
mecA1 (AAAATCGATGGTAAAGGTTGG) and 
mecA2 (AGTTCTGCAGTACCGGATTTG) at 
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5 µM; DNA from the isolates and nuclease-
free water totaling 25 µL. For amplification, a 
thermocycler, Thermo, model Px2, was used 
under the parameters described by Murakami 
et al. (1991).

The amplification of the products was 
visualized by 2% agarose gel electrophoresis 
stained with GelRed (Uniscience, Osasco, São 
Paulo, Brazil), and the products were visualized 
as a single band of 533 bp. As a positive control 
for the mecA gene, S. aureus ATCC 33591 was 
used and for the negative control, S. aureus 
ATCC 25923 was used.

Identification of Staphylococcus aureus

The polymerase chain reaction 
(PCR) was performed for samples classified 
as CoPS to verify which of these isolates 
were Staphylococcus aureus. The DNA was 
extracted with the PureLink Genomic DNA 
Kit (Invitrogen, Carlsbad, California, USA), 
according to the manufacturer’s information, 
and the reactions were performed using the 
primer Sa442-1 (5’- AAT CTT TGT CGG TAC 
ACGATA TTC TTC ACG- 3’) and the primer 
Sa442-2 (5’-CGT AAT GAGATT TCA GTA GAT 
AAT ACA ACA-3’), following the methodology 
of Martineau, Picard, Roy, Ouellette and 
Bergeron (1998). For DNA amplification, an 
Applied BiosystemsTM VeritiTM 96-Well Thermal 
Cycler was used.

Amplification of products was 
visualized by 2% agarose gel electrophoresis 
stained with GelRed (Uniscience, Osasco, São 
Paulo, Brazil) using a 100 bp molecular marker, 
and the products were visualized as a single 
241 bp band. As a positive control, S. aureus 
ATCC 33591 was used.

Statistical analysis

Descriptive data analysis was 
performed by determining the mean and 
median of the milk quality parameters and the 
characteristics of the properties in relation 
to their classification as good or bad. For the 
resistance results, the absolute and relative 
(%) frequencies were determined. Continuous 
variables were analyzed for data normality 
(Lilliefors test) and differences between the 
classification of properties were analyzed 
by Student’s t-test for independent samples 
when data were normally distributed or by 
Mann-Whitney U test when the data were 
not normally distributed. Characterization of 
properties was analyzed by Fisher’s exact 
test. The analysis was performed using the 
BioEstat 5.0 software (Ayres, Ayres, Ayres, & 
Santos 2007) and for all tests, the significance 
level of 5% was considered.

Results and Discussion

The milk quality parameters must be 
considered independent of the production 
system, the size of the properties, or the 
socio-economic level of the producer, 
given that hygiene is the main practice to be 
adopted (Langoni, 2013). To assess the quality 
of raw milk, in addition to the physicochemical 
analysis, the health of the mammary gland 
is measured by evaluating the SCC and the 
hygienic-sanitary quality by determining the 
standard plate count (SPC).

Currently, Brazilian legislation, through 
normative instruction No. 76, provides that 
SPC geometric means must have a maximum 
limit of 300,000 colony-forming units (CFU) 
per mL and 500,000 somatic cells per mL of 
milk for SCC (Instrução Normativa n. 76 de 26 
de novembro de 2018.).
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In Table 1, the descriptive statistics 
of the properties classified as good and bad 
can be observed in detail, as a function of 
the geometric mean of the SCC. The average 
monthly milk production was higher in 
properties classified as good, with higher fat 
content (Table 1). It should be noted that higher 
production was also observed in the average 
milk yield per animal in properties classified as 
good.

Rural properties classified as bad had 
higher averages in protein and casein contents 
in milk and higher levels of urea nitrogen in milk 
when compared to good properties (Table 1).

The results were significant for the 
mean percentage of lactose present in milk, 
which was 4.49% and 4.33% for the good and 
bad properties, respectively. Miller and Nesi 
(2012) report the increase in lactose levels 
as production increases, corroborating the 
results of this research.

The concentration of lactose linearly 
decreased from the increase in the count of 
somatic cells present in the milk of animals 
with different genetic patterns (Ludovico, 
Trentin, & Rêgo, 2019). Studies show that this 
decrease occurs due to the increase in the 
microbial load in milk, where microorganisms 
use lactose as a substrate, reducing the 
synthesis of this compound by the mammary 
gland (Araújo et al., 2018).

For SCC, significant results were found. 
The averages were 345.86 (x 1000 cells/mL) 
for good properties and 991.47 (x 1000 cells/
mL) for bad properties (Table 1). Higher levels 
of SCC can decrease production and change 
its composition (Lima, Coelho, Bueno, & 
Neves, 2016), which corroborates the present 
study. Although not significant, the production 
averages of good properties were higher than 
those classified as bad.

The increase in SCC resulted in a linear 
decrease in milk production in different breeds 
evaluated (Ludovico et al., 2019). According 
to Miller and Nesi (2012), SCC significantly 
reduced as production increased.

Elevated SPC is associated with 
ineffective hygiene in the milking process, 
due to dirt present in the mammary gland, 
inadequate cleaning of equipment and utensils 
used in milking management, and subsequent 
failures in the milk cooling process (Scabin, 
Kozusny-Andreani,, & Frias, 2012). In the SPC 
evaluation, the results showed significantly 
lower averages, that is, 130 (x 1000 CFU/mL) 
for the good properties and 177.83 (x 1000 
CFU/mL) for the bad ones.

In Brazil, numerous characteristics are 
present in dairy properties, whether in land 
area, level of technology used, production 
systems, socioeconomic and cultural factors. 
Based on these particularities, studies seek to 
correlate these variables with the quality of the 
milk produced (Miller & Nesi, 2012; Eckstein et 
al., 2014; Reis et al., 2020). However, it is known 
that the greater the specialization of the 
production system, the better the results of 
milk production per animal, and lower levels of 
somatic cell counts are found in milk (Simioni, 
Baretta, Stefani, Lopes, & Tizziani, 2013).

According to Taffarel et al. (2015), milk 
from properties with volumes greater than 15 
thousand liters per month has lower levels of 
SPC and somatic cell count, and the variations 
in SPC are smaller in properties that have 
milking with a piped system. In the search to 
find possible variables correlated with the 
quality of the milk produced, it was decided to 
characterize the properties classified as good 
and bad (Table 2), evaluating the facilities, 
production system, and some management 
techniques.
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Table 1
Descriptive statistics of the classification of bovine milk-producing properties classified as good and 
bad based on the geometric mean of the Somatic Cell Count (SCC) (n=506)

Parameters
Dairy farm classification

Good Bad

Average milk production (liters/month)* 22681.82 14866.67

Median milk production (liters/month) 16.000 13.000

Average number of lactating animals*** 29.00 22.93

Median number of lactating animals 22.00 21.00

Average number of employees*** 2.45 2.47

Median number of employees 2.00 2.00

Average fat percentage* 3.70 3.64

Average percentage of protein* 3.15 3.26

Average percentage of lactose** 4.49a 4.33b

Average percentage of total solids*** 12.11 12.12

Average SCC (*1000 cells/mL)** 345.86b 991.47a

Median SCC (*1000 cells/mL) 352.00 780.50

SPC Average (CFU/mL)**** 130.00b 177.83a

Median SPC (CFU/mL) 42.00 153.50

Average Urea Nitrogen in milk (mg/dL)** 9.62 11.34

Average percentage of casein*** 2.51 2.60

*Not significant by Student’s t-test
**Means followed by different letters differ by Student’s t-test (P<0.01)
***Not significant by Mann-Whitney U test
****Means followed by different letters differ by the Mann-Whitney U test (P=0.032).

Table 2
Characteristics of bovine milk-producing properties classified as good and bad based on Somatic Cell 
Count (SCC)

Variable Response
Dairy farm classification

Bad Good

Milker’s sex

Male 1 (20%) 1 (20%)

Female 1 (20%) 1 (20%)

Both 3 (60%) 3 (60%)

Milker**
Owner 4 (80%) 5 (100%)

Employee 1 (20%) 0

Milker’s age

Up to 30 years old 0 1 (20%)

31 to 45 years old 4 (80%) 2 (40%)

Above 45 years old 1 (20%) 2 (40%)

continue...



Fanin, M. et al.

148 Semina: Ciênc. Agrár. Londrina, v. 43, n. 1, p. 141-158, jan./fev. 2022

Only source of income?**
Yes 2 (40%) 2 (40%)

No 3 (60%) 3 (60%)

Does the farm have technical 
assistance?**

Yes 3 (60%) 2 (40%)

No 2 (40%) 3 (60%)

Time in activity**
5 to 10 years 0 1 (20%)

More than 10 years 5 (100%) 4 (80%)

Milking system**
Pipeline 2 (40%) 3 (60%)

No pipeline 3 (60%) 2 (40%)

Are pre- and post-dipping done?**
Yes 5 (100%) 3 (60%)

No 0 2 (40%)

Is the strip cup mastitis test 
performed as a routine?**

Yes 4 (80%) 5 (100%)

No 1 (20%) 0

Are paper towels used?**
Yes 2 (40%) 2 (40%)

No 3 (60%) 3 (60%)

Is the CMT done?**
Once a month 2 (40%) 2 (40%)

Never 3 (60%) 3 (60%)

Milking Machine Maintenance**
Once a year 1 (20%) 1 (20%)

Only when necessary 4 (80%) 4 (80%)

Is dry cow therapy done?**
Yes 5 (100%) 3 (60%)

No 0 2 (40%)

Production system

Extensive 1 (20%) 2 (40%)

Semi-intensive 4 (80%) 2 (40%)

Intensive 0 1 (20%)

Does the milker participate in 
courses and lectures?

No 0 1 (20%)

Once a year 5 (100%) 3 (60%)

Twice or more a year 0 1 (20%)

Are culture and antibiotic sensitivity 
testing performed on the milk?**

Yes 0 1 (20%)

No 5 (100%) 4 (80%)

What treatment is used for 
mastitis?**

Others 1 (20%) 2 (40%)

Systemic and intramammary treatment* 4 (80%) 3 (60%)

Owner’s income (reais/month)

Below 10.000 1 (20%) 1 (20%)

10.000 to 20.000 3 (60%) 3 (60%

Above 20.000 1 (20%) 1 (20%)

*Not significant by Student’s t-test
**Means followed by different letters differ by Student’s t-test (P<0.01)
***Not significant by Mann-Whitney U test
****Means followed by different letters differ by the Mann-Whitney U test (P=0.032).

continuation...
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Among the variations found in the 
characterization of properties, for those 
classified as good, the person responsible 
for milking was the owner himself and most of 
them had a milking pipeline system. According 
to Taffarel, Costa, Oliveira, Braga and Zonin 
(2013), milk obtained by the milking pipeline 
system has better microbiological quality.

In all properties classified as good, the 
strip cup mastitis test is routinely used, which 
according to Gonçalves, Tomazi and Santos 
(2017) has a high correlation and reliability 
to prove the existence of clinical mastitis in 
animals.

For properties classified as bad, 
most have technical assistance, indicating 
that failures may be occurring and/or the 
producers or employees may not be following 
the indications suggested by the specialized 
professionals. This result is justified since 
studies indicate the improvement of milk 
quality after the adoption of prophylactic 
management measures and good practices in 
milking hygiene (Eckstein et al., 2014; Picoli et 
al., 2014; Werncke et al., 2016).

Some important variables were found in 
all rural properties evaluated (data not shown), 
being recommended in several situations 
to improve the health of the property, such 
as the non-use of gloves during the milking 
process, the order of the animals at the time 
of milking following the health standards of the 
mammary gland and, finally, the non-treatment 
of the water used in the properties.

The treatment of water used in 
rural areas is currently still rudimentary 
(Orwa, Matofary, & Muliro, 2017). The use of 
contaminated water can act as a vehicle for 
disease transmission, compromising the 
hygiene of milking equipment and coolers, 

affecting the quality of milk (Satake, Assunção, 
Lopes, & Amaral, 2012). In the present study, 
all dairy farms did not have treatment for the 
water used, which could contribute to water 
contamination and as a consequence of milk.

From each sample collected, one 
strain of Staphylococcus spp. was isolated, 
being eight strains of CoNS and two strains of 
CoPS. The results of the antibiotic resistance 
analysis showed differences in the percentage 
of resistance in relation to properties classified 
as good and bad based on the geometric mean 
of the SCC for the antibiotics: tetracycline, 
ciprofloxacin, oxacillin, amikacin, clindamycin, 
gentamicin, and erythromycin (Table 3), and 
for ampicillin there was 100% sensitivity.

Differing from the results found in this 
study, E. R. Silva, Pereira, Moraes, Santoro and 
Silva (2012) and Pati and Mukherjee (2016) 
found a high profile of resistance to ampicillin 
in Staphylococcus aureus isolated from 
animals with bovine mastitis, with percentages 
of 88 and 93 %, respectively.

Some antibiotics that are commonly 
used in dairy farms for therapeutic purposes, 
such as gentamicin and tetracyclines, showed 
60% resistance levels in bad properties, very 
similar results found by Noel, Motta, Francisco, 
Almeida and Soares (2016) in isolates of 
Staphylococcus spp. in milk, which obtained 
resistance of 56% to tetracyclines, and Pati and 
Mukherjee (2016), evaluating Staphylococcus 
aureus from animals with mastitis, showed 
resistance of 57% to gentamicin and 54% to 
tetracycline. However, in a study carried out in 
the northeast region of Brazil, lower levels of 
resistance were found for the same classes, 
resulting in 6% for tetracyclines and 18% 
for gentamicin, suggesting less use of these 
drugs in the sampled herds (E. R. Silva, et al., 
2012).
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Table 3
Absolute and relative frequencies (%) of the antibiotic resistance profile against Staphylococcus spp. 
isolates from bovine milk samples from producers classified as good and bad in relation to Somatic 
Cell Count (SCC)

Class Antibiotics
Dairy farm classification

Bad Good

Ampicillin --- ---

Amoxicillin 2/5 (40%) 2/5 (40%)

Oxacillin 3/5 (60%) 1/5 (20%)

Beta lactams Cefoxitin 2/5 (40%) 2/5 (40%)

Ceftriaxone 2/5 (40%) 2/5 (40%)

Imipenem 2/5 (40%) 2/5 (40%)

Meropenem 2/5 (40%) 2/5 (40%)

Aminoglycosides

Tobramycin 2/5 (40%) 2/5 (40%)

Amikacin 3/5 (60%) 1/5 (20%)

Gentamicin 3/5 (60%) 2/5 (40%)

Tetracyclines Tetracycline 3/5 (60%) 2/5 (40%)

Quinolones Ciprofloxacin 0/5 (0%) 1/5 (20%)

Lincosamides Clindamycin 2/5 (40%) 1/5 (20%)

Macrolides Erythromycin 1/5 (20%) 2/5 (40%)

As for the good properties, 
erythromycin and ciprofloxacin showed 
higher resistance, 40%, and 20% 
respectively, showing results close to those 
found by Pati and Mukherjee (2016), with 
66% for erythromycin and 37% resistance 
for ciprofloxacin. The results differ from 
those found by Bitencourt et al. (2018), who 
demonstrate a sensitivity profile of 95% for 
erythromycin and 100% for ciprofloxacin, 
reporting a high profile of resistance to 
penicillin, favoring the development of a higher 
prevalence of samples resistant to this active 
principle, reducing the selection of resistance 
for other classes of pharmaceuticals.

Evaluating 29 samples of 
Staphylococcus spp. from cows with mastitis, 
the highest percentages of resistant samples 
were penicillin (34.48%), oxacillin (20.69%), and 

erythromycin (17.24%), with greater sensitivity 
to gentamicin (96.55%) and tetracycline 
(82.76%) (Kurosawa, Cézar, Marques, Oriani, & 
Moraes, 2020).

Antimicrobial resistance was evaluated 
in Staphylococcus spp. strains isolated 
from milk samples by Ceniti et al. (2017), 
demonstrating full sensitivity to gentamicin 
and oxacillin in all isolates. The same authors 
report resistance to ampicillin (34%), 
clindamycin (15.62%), tetracycline (9%), and 
erythromycin (6%).

In most cases, the multi-resistance 
of disease-causing pathogens occurs 
through the indiscriminate, inappropriate, 
and/or mistaken use of drugs, resulting in 
the possibility of selecting resistant bacteria 
(Zimermann & Araújo, 2017).
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Eight species of enterobacteria were 
isolated from milk samples collected from 
farms located in western Paraná. However, 
the isolated species differed in relation 

Escherichia coli is one of the main 
environmental pathogens found in milk, 
being considered an opportunistic pathogen 
and the most isolated species in cases of 
environmental mastitis (Kempf, Slugocki, Blum, 
Leitner, & Germon, 2016). The isolation of E. coli 
reveals contamination carried by animal feces, 
water, and other environmental substrates, 
demonstrating the need for greater rigor in 
the cleaning of the environment, especially 
animal litter, avoiding the occurrence of 
contamination by environmental pathogens 
(Rodenburg, 2012).

In a work carried out by Salina et al. 
(2016), the authors evaluated the occurrence 

to the classification of properties, with a 
predominance of Escherichia coli (40%), for 
properties classified as bad, and Hafnia alvei 
(40%), for those classified as good (Figure 1).

Figure 1. Species of enterobacteria isolated from bovine milk samples from dairy farms located in 
western Paraná, classified as good or bad according to the Somatic Cell Count (SCC).
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of enterobacteria in milk samples from 
different states and found that the most 
frequently isolated pathogen was Escherichia 
coli (74.6%), followed by Hafnia alvei (5.1%), 
corroborating the results of this research.

The isolation of Hafnia alvei strains 
from raw milk has been described and 
considered multiresistant to various classes 
of antimicrobials, showing 100% sensitivity to 
gentamicin (R. T. Silva, Lopes, Oliveira, Ribeiro, 
& Beloti, 2019), results very close to those 
found in the present study, in which 80% and 
100% sensitivity to gentamicin was verified 
for the good and bad properties, respectively.
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There were differences between the 
properties classified as good and bad in 
relation to the antibiotic resistance profile 
against the enterobacterial isolates (Table 
4), and the antibiotic resistance profile was 
higher in the properties classified as good. 
The highest rates were presented for drugs 
belonging to the beta-lactam class, such as 
amoxicillin (80%) and ampicillin (60%).

Studies have demonstrated in vitro 
microbial resistance of strains isolated from 
cow’s milk of 30% to the drug ampicillin 
(Bolaños et al., 2014; Siqueira et al., 2014).

It was described by R. T. Silva et 
al. (2019) the percentage of antimicrobial 
resistance against bacteria isolated from raw 
milk, demonstrating resistance of 33.33% to 
amoxicillin and 16.67% to ampicillin.

Some bacteria have intrinsic resistance 
to certain drugs, not being related to the use of 
antimicrobials, characteristic of the structure 
of some bacteria since their emergence 
without acquiring resistance genes (Cox & 
Wright, 2013).

According to Song et al. (2017), Hafnia 
alvei strains show natural resistance to several 
classes of antibiotics, such as tetracyclines, 

Table 4
Absolute and relative frequencies (%) of antibiotic resistance profile against enterobacterial isolates 
from bovine milk samples from producers classified as good and bad in relation to Somatic Cell Count 
(SCC)

Class Antibiotics
Dairy farm classification

Bad Good

Beta lactams

Ampicillin 1/5 (20%) 3/5 (60%)

Amoxicillin 2/5 (40%) 4/5 (80%)

Amoxicillin + clavulanic acid 2/5 (40%) 2/5 (40%)

Cefotaxime 0/5 (0%) 1/5 (20%)

Ceftazidime 1/5 (20%) 1/5 (20%)

Ceftriaxone 0/5 (0%) 1/5 (20%)

Imipenem 0/5 (0%) 1/5 (20%)

Aztreonam 2/5 (40%) 2/5 (40%)

Quinolones Ciprofloxacin 2/5 (40%) 0/5 (0%)

Aminoglycosides
Amikacin 1/5 (20%) 1/5 (20%)

Gentamicin 0/5 (0%) 1/5 (20%)

Sulfonamides Sulfazotrim 1/5 (20%) 1/5 (20%)

penicillins, and cephalosporins. The resistance 
found to quinolones, such as ciprofloxacin, 
may not be associated with gene transfer, but 
with the intrinsic capacity of E. coli to develop 
resistance when exposed to a selective 
environment (Bhatnagar & Wong, 2019).

The high rate of resistance of the 
isolates to beta-lactam antibiotics can be 
explained by the routine use of these drugs 
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for the treatment of bovine mastitis for many 
years (Kowalski et al., 2015). The incorrect and 
indiscriminate use of antimicrobials represents 
dangers to human and animal health resulting 
from therapeutic failures with increased rates 
of bacterial resistance (Costa et al., 2013).

The demonstrated resistance to 
antibiotics of the beta-lactam class, such 
as ampicillin and amoxicillin, may be related 
to the presence of bacterial strains with 
the production of beta-lactamases or 
penicillinases (Costa et al., 2013). However, 
the growing number of strains resistant to 
antimicrobials, often related to the inefficient 
use of drugs, indicates that one of the 
alternatives for infections caused by multi-
resistant bacteria will be through alternative 
treatments with revolutionary therapies (Fanin 
et al., 2020).

The presence of a higher resistance 
profile for the good properties may be 
related to the production volume, the 
number of animals present in the herd, and, 
consequently, the increased use of antibiotics. 
In a study conducted by Redding, Bender and 
Baker (2019), the authors found a statistically 
significant difference in the incidence of 
treatment and duration of therapy by farm size.

Methicillin resistance in staphylococci 
occurs through the production of an 
anomalous penicillin-binding protein (PBP 2a) 
present in the cell wall, which has a reduced 
affinity for beta-lactams. This altered protein 
is encoded by a chromosomal gene called 
mecA, resulting in the presence of intrinsic 
resistance of staphylococci to methicillin and 
beta-lactams (Cunha, 2017).

The mecA gene was not detected in any 
of the coagulase-negative Staphylococcus 
isolates that showed resistance to oxacillin. 

Among the four Staphylococcus CoNS 
isolates, one was from a property classified as 
good and three classified as bad.

It is suggested that dairy farms with 
the intention of producing milk as a quality 
raw material make use of management 
technologies and monitoring of the health of 
the herd’s mammary gland, performing routine 
microbiological analyzes in order to identify 
the pathogens present on the farm. It is also 
recommended to perform antibiotic sensitivity 
testing to monitor bacterial resistance for 
the correct choice of antimicrobials in the 
treatment of animals affected by diseases, 
implementation of good prophylactic 
management practices to mitigate the effects 
of contamination on milking, and equipment. 
Without a serious program in place at the dairy 
farm with routine monitoring, the challenges 
to reach the minimum standards required by 
current legislation will hardly be met.

Conclusions

It is concluded that, due to the large 
microbiological variability present in raw milk 
in the different properties, demonstrating 
variations in the bacterial resistance profile, 
monitoring through microbial culture and 
antibiotic sensitivity testing is vital, favoring 
the correct choice for the treatment of animals 
with a reduced selection of resistant strains.
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