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Abstract

The serrano artisan cheese produced from raw milk of dairy cattle is a typical product of high-altitude
farms in the states of Santa Catarina and Rio Grande do Sul. However, marketing of the cheeses occurs
illegally because they lack the minimum maturation period required for cheese produced from raw milk.
The production of artisan cheeses is required to follow strict hygiene standards. This study aimed to test
the quality and safety of cheeses that were produced in 31 farms of the Serrana region in Santa Catarina
after 14 and 28 days of maturation. Coliform count was measured at 35 °C, and presence of other
microorganisms such as Escherichia coli, Staphylococcus, Listeria spp., and Salmonella spp. were also
tested. Fat and protein percentages, acidity, salt content, and humidity were also evaluated. Data were
subjected to statistical analyses using the SAS® software. After 14 and 28 days of maturation, 74.19%
(23/31) and 64.52% (20/31) of samples, respectively, showed higher numbers of coliforms at 35 °C than
those permissible by law. Higher than permissible numbers of E. coli were observed in 45.16% (14/31)
and 48.39% (15/31) of the samples analyzed after 14 and 28 days of maturation, respectively. Coagulase-
positive staphylococci values above 10° CFU/g were observed in 54.84% (17/31) and 51.61% (16/31)
of cheese samples after 14 and 28 days of maturation, respectively. Contamination with Sa/monella
spp. was not detected. However, Listeria monocytogenes serovar 4b was isolated in 3.23% (1/31) and
6.45% (2/31) of samples after 14 and 28 days of maturation, respectively. The results of humidity tests
classified the cheese samples into three categories: low, medium, and high humidity. Semi fat cheeses
were predominant in both maturation periods, although the samples were classified in thin, semi fat, and
fat cheeses. The main variations in the compositions of analyzed samples occurred for salt and acidity
levels. The maturation process has not proven to be effective in reducing microbiological contamination
to compliance levels. Considering the heterogeneity of the analyzed cheese samples, the frequency
of non-conformities with respect to microorganisms and pathogens present in the samples, this study
indicates the necessity to improve the Serrano artisan cheese production system through adoption of
good manufacturing practice measures.
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Resumo

O queijo artesanal serrano, produzido a partir de leite cru de bovinos, ¢ um produto tipico dos campos
de altitude dos estados de Santa Catarina e do Rio Grande do Sul. No entanto, a sua comercializagdo na
grande maioria ocorre as margens da legislago, por ser fabricado com leite cru e nao possuir um periodo
minimo de maturacdo. Tendo em vista que a producdo de queijos artesanais necessita seguir normas
rigorosas de higiene, o presente estudo objetivou desenvolver um diagnostico da qualidade e inocuidade
dos queijos com 14 e 28 dias de maturacao produzido em 31 propriedades da Serra Catarinense. Foram
realizadas contagens de coliformes a 35°C, Escherichia coli e Staphylococcus coagulase positiva;
pesquisa de Sal/monella sp. e Listeria monocytogenes. Os percentuais de gordura, acidez, sal, umidade
e proteina também foram avaliados. Os dados foram submetidos as andlises estatisticas realizadas no
software SAS®. Apos 14 e 28 dias de maturagdo, 74,19% (23/31) e 64,52% (20/31) das amostras de queijo
analisadas, respectivamente, apresentaram limites acima do disposto para coliformes a 35 °C. Contagens
de E. coli superiores ao aceitavel foram observadas em 45,16% (14/31) e 48,39% (15/31) das amostras
analisadas ap6s 14 e 28 dias de maturacdo, respectivamente. Quanto a contagem de Staphylococcus
coagulase positiva, 54,84% (17/31) e 51,61% (16/31) das amostras de queijos apresentaram apos 14 e
28 dias de maturagao valores acima de 10° UFC/g. Nenhuma das amostras avaliadas estava contaminada
com Salmonella spp., porém Listeria monocytogenes sorovar 4b foi isolada em 3,23% (1/31) e em 6,45%
(2/31) das amostras aos 14 e 28 dias de maturacao, respectivamente. Em relacdo a umidade, os queijos
foram classificados como de baixa, média e alta umidade. Em relacdo aos teores de gordura houve a
predominancia de queijos semigordos nos dois periodos de maturagdo, embora as amostras tenham sido
enquadradas como queijos magros, semigordos e gordos. As principais variagdes na composi¢ao entre
as amostras avaliadas ocorreram nos teores de sal e acidez. O processo de maturagao ndo demonstrou ser
efetivo na reducdo de contaminagdes microbioldgicas a niveis de conformidade. A heterogeneidade dos
queijos analisados, as frequéncias de ndo conformidades em relagdo a micro-organismos indicadores,
e a presenca de bactérias patogé€nicas nas amostras analisadas indicam a necessidade de adequacao do
sistema de producdo do queijo artesanal serrano mediante a profissionalizagdo do produtor e adocao de
medidas de boas praticas de fabricacao.

Palavras-chave: Coliformes a 35 °C. Escherichia coli. Listeria monocytogenes. Salmonella spp.

Staphylococcus coagulase positiva.

Introduction

In Brazil, cheeses are traditionally produced,
usually in small scales, from raw milk by small
farmers in various regions of the country. Some
examples include the following: Canastra, Salitre,
Serro, and Mantiqueira cheeses in Minas Gerais;
Colonial and Serrano cheese, in Rio Grande do Sul
and Santa Catarina; and Rennet cheese and butter in
the northeast (SLOW FOOD, 2012).

Similar to the Serrano artisanal cheese, artisanal
cheese produced in Minas Gerais has been
marketed illegally for many years because of a law
prohibiting the sale of cheeses made from raw milk
and matured for a time shorter than 60 days. During
this period, several families were seriously affected
because they could only sell milk, considering the
difficulties in marketing the cheese, which was their
main source of income (FRADE, 2013).

In 2013, a normative instruction (NI) signed at
the Agriculture Ministry overturned the legislation
valid at that time for the sale of cheeses made from
raw milk in the state of Minas Gerais, allowing the
export of this product to other states. However,
they had to comply with health and quality rules,
including a monthly analysis of the quality of milk
produced, and validation of the product with the
seal of the Federal Inspection Service (FIS). In
addition, a number of technical and scientific studies
estimated the best maturation time of these cheeses
between 17-22 days of maturation, depending on
the producing region (PEIXOTO, 2013).

The
typical product of fields at high altitudes in the

Serrano artisanal cheese (SAC) is a

states of Santa Catarina and Rio Grande do Sul.
Its main feature is its production from raw milk
obtained from beef cattle breeds and mixed breeds
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(CORDOVA et al., 2011; CRUZ et al., 2008;
KRONE; MENASCHE, 2010). The traditional
recipe of manufacturing SAC has been perpetuated
through several generations without undergoing
major changes. The characteristic climate of the
region, combined with the traditional techniques
used in the manufacture, renders unique physical
and organoleptic characteristics to the product,
differentiating it from other cheeses produced in the
region (CORDOVA et al., 2011; CRUZ et al., 2008;
KRONE; MENASCHE, 2010).

Although the basic process of cheese manufacture
is similar, variations in milk production, technical
processing, and maturation time result in a
heterogeneous product (KRONE; MENASCHE,
2010; PERRY, 2004). Artisanal cheeses have to
follow strict rules of hygiene and quality, because
inadequate sanitary conditions of the herd, poor
quality control in obtaining and processing the
raw material, and improper storage may result in a
nonconforming product, leading to risk of infections
and intoxications for the consumers (ZAFFARI et
al., 2007).

The current rules allow a maturation period
of less than 60 days for artisanal cheese from
raw milk, if technical and scientific studies prove
that the reduction of the maturation period does
not compromise the quality and safety of the
product (MAPA, 2013). Despite the economic,
social, cultural, and historical importance of SAC,
its marketing is mostly irregular (CRUZ et al.,
2008; MELO et al., 2013). However, Legislative
Assembly of Santa Catarina approved a law on
August 3, 2016, that regulates the production and
sale of SAC, which will allow the product to arrive
legally to consumers. The project is now awaiting
the sanction of the governor Raimundo Colombo
(LEGNAGHLI, 2016).

This study aimed to verify the quality and
safety of the SAC produced with different maturity
periods in farms belonging to the Serrano Artisanal
Cheese Producers Association of the State of Santa
Catarina.

Material and Methods

The research was conducted on 31 farms
belonging to the Serrano Artisanal Cheese Producers
Association of the State of Santa Catarina, in which
62 samples of cheese with 14 and 28 days of
maturation were collected.

The cheeses were packaged in craft paper,
identified, and packed in insulated boxes for
transport to the laboratory of the Microbiological
Animal Diagnostic Center (CEDIMA) UDESC
in Lages. Microbial contamination was evaluated
through quantitative analyses of coliforms (35 °C),
Escherichia coli, coagulase-positive staphylococci,
Salmonella spp., and Listeria monocytogenes. The
samples were also sent to the Food Technology
Center of UDESC (NUTA) to determine the
percentage of fat, acidity (lactic acid), salt, humidity,
and protein, according to Normative Instruction 68
of the Ministry of Agriculture Livestock and Supply
(MAPA, 2006). Upon arrival at the laboratory, the
cheeses were weighed and the external part was
aseptically removed, yielding samples of 25 g and
10 g of the internal side of each cheese.

The samples were mixed with 225 mL of 1%
buffered peptone water (BPW) sterile and 90 mL
of University of Vermont broth (UVM), followed by
homogenization using Stomacher ™ for 2 minutes.
Dilutions were carried out in tubes containing 9.0
mL of sterile saline solution (0.85%), for testing
coliforms at 35 °C, Escherichia coli, and coagulase-
after
homogenization, the samples were subjected to
identification and quantitation protocols described
by Silva et al. (2010). Positive controls were

positive  staphylococci.  Immediately

maintained in all procedures: L. monocytogenes
(ATCC 7644), Salmonella spp. (ATCC 8327),
Staphylococcus aureus (ATCC 29213), and E. coli
(ATCC 25922).

For identification and quantification of coliforms
and Escherichia coli, the Petrifilm™ system was
used, following official method of the Association
of Analytical Communities (AOAC) No. 991.14
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(SILVA et al., 2010). The result was obtained by
counting the colonies and expressed in CFU/g.

The
coagulase-positive staphylococci was carried out
according to the NI 62 of the Ministry of Agriculture
Livestock and Supply (MAPA, 2003). The result
was expressed after counting typical colonies.

identification and quantification of

The Salmonella spp. research was carried
out according to [International Organization
for Standardization 6579:2002 (SILVA et al,
2010). The isolates with biochemical profiles
compatible with Salmonella spp. were confirmed by
agglutination test with somatic polyvalent serum.
The testing of Listeria monocytogenes was carried
in accordance with the methodology of the United
States Department of Agriculture (SILVA et al.,
2010). Strains suggestive of Listeria monocytogenes
and Sal/monella spp. were sent to the Oswaldo Cruz
Foundation (FIOCRUZ) for serotyping.

The results of the microbiological analyses
of cheese samples were compared with the
reference values of the Technical Regulation on
Microbiological Standards for Food, standardized by
RDC number 12 of the National Health Surveillance
Agency (ANVISA, 2001). Coliforms at 35 °C and
the humidity and fat contents were compared using
the Technical Regulations of Identity and Milk
Products Quality established by Ordinance number
146 of MAPA (MAPA, 1996).

Data were analyzed using SAS® software (SAS
Institute, 2002). The microbiological variables were
transformed to log (log 10) to obtain normality.
Data were analyzed with descriptive analysis, and
for compliance of cheeses, logistic regression was
used. The effect of maturation periods in the samples
in non-compliance was analyzed using a chi-square
test with 5% significance. Microbiological and
physicochemical data of the cheese at 14 and 28

days of maturation were subjected to analysis of
variance. For analysis of variance between cheese
compositions within the same period of maturation,
humidity according to
established parameters for classification of cheeses,
in accordance with Ordinance number 146 (MAPA,
1996), and classes in accordance with the lowest or
equal to 1 kg and greater than 1 kg.

classes were made

Results

Artisanal cheeses with different maturation
periods were classified according to their evaluated
fat and humidity. The humidity of the cheese
samples was classified as low, medium, and high;
medium humidity (58.06%; 18/31) prevailed after
14 days of maturation. After 28 days of maturation,
cheese samples with medium humidity were 51.61%
(16/31) and those with low humidity were 48.39%
(15/31). Regarding the fat content, semi fat cheeses
predominated with 74.19% (23/31) and 90.32%
(28/31) after 14 days and 28 days of maturation,
respectively.

The Intermunicipal Consortium of Serra Santa
Catarina (CISAMA) approved, through the NI 01
Technical Regulation for Serrano Cheese Identity
Fixation (CISAMA, 2014), which characterizes this
product with low to medium humidity and semi fat.
Thus, according to this norm, only cheese samples
after 14 days of maturation showed humidity values
outside of this parameter, and with regards to the fat
content, there were variations in both periods.

Concerning the physico-chemical composition
of cheeses the
heterogeneous salt and acidity levels after 14 and
28 days of maturation (Table 1), due to different
production systems and hygienic conditions adopted
in the farms.

analyzed, samples showed
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Table 1. Physico-chemical composition and counts of microorganisms from 31 Serrano artisan cheese samples,
matured for 14 and 28 days, collected between April and May 2014 from farms in Santa Catarina state.

. Minimum  Average Median  Maximum ST Reference values
Variable
Cheese 14 days
Thin: 10 —24.9
Fat (%) 19.82 28.63 28.32 45.32 5.58 Semi fat: 25 —-44.9
Fat: 45 -59.9
Protein (%) 20.16 25.32 25.39 33.30 2.43
Acidity (%) 0.16 0.27 0.24 0.58 0.10
Salt (NaCl) (%) 0.52 0.87 0.75 1.81 0.31
Low: <36
Humidity (%) 29.86 40.59 40.95 49.88 4.73 Medium: 36 — 46
High > 46 — 55
Weight (kg) 578.00 1018.52 965.80 1867.40 303.50
Coliforms at 35°C (CFU/g) 0.00 4.16x10° 430x10* 4.00x10° 8.54x10° Cutoff: 103
Low: 5.00 x 10?
E. coli (CFU/g) 0.00 1.57x10° 8.00x 10> 2.00x10°® 4.28x10° Medium: 10?
High: 5.00 x 10°
;’;ﬁ“ylf‘(ffolzgf‘(tg;[j o) 0.00  2.03x10° 6.00x10° 2.58x10° 4.98x 10° 10°
________ Cheese 28 days
Thin: 10 —24.9
Fat (%) 24.35 33.47 32.29 45.32 5.21 Semi fat: 25 —44.9
Fat: 45 —-59.9
Protein (%) 22.69 26.81 26.98 34.92 2.72
Acidity (%) 0.09 0.33 0.22 0.93 0.25
Salt (NaCl) (%) 0.58 1.03 0.93 2.04 0.40
Low: <36
Humidity (%) 25.17 36.42 35.79 45.77 5.62 Medium: 36 — 46
High: > 46 — 55
Peso (kg) 360.23 990.57 914.70 1951.30 333.38
Coliforms at 35°C (CFU/g) 0.00 1.42x10° 9.00x10° 2.60x10° 4.90x 10° Cutoff: 103
Low: 5.00 x 10?
E. coli (CFU/g) 0.00 7.04x10* 4.00x10*> 1.00x10° 2.35x10° Medium: 10°
High: 5.00 x 10°
coagulase-positive 0.0 711x10* 1.50x10° 1.07x10° 2.19x 10° 10°

staphylococci (CFU/g)

Note: 31 samples of each evaluation period were analyzed.
ST: standard deviation

(M Logarithm of base 10/gram.

!actic acid.

The microbiological parameters established by
RDC 12 (ANVISA, 2001) and Decree 146 (MAPA,
1996) and the percentages of non-compliance of
the cheeses after different maturation periods are
shown in Table 2. Salmonella spp. was absent
in the evaluated samples, in accordance with the
parameters established by rules (ANVISA, 2001).

However, Listeria monocytogenes serovar 4b was
isolated in 3.23% (1) of the samples after 14 days
maturation of cheese with medium humidity and
6.45% (2) of cheese samples with low and medium
humidity after 28 days of maturation.

The maturation periods of 14 and 28 days showed
no significant reduction in the microbial counts of the

Semina: Ciéncias Agrdrias, Londrina, v. 38, n. 2, p. 739-748, mar./abr. 2017

743



744

Pontarolo, G. H. et al.

samples, as compared to the compliance parameters
(Table 2). There was a great heterogeneity in
the production of cheeses in several parameters:

coliform count at 35 °C, fat and protein percentages,
as well as humidity between the maturity periods, as
shown in Table 1.

Table 2. Frequency of microbiological non-compliances and effect of the maturation period on the coliform count at
35 °C, Escherichia coli, coagulase-positive staphylococci, and the presence of Listeria monocytogenes in 31 Serrano
artisan cheese samples that were collected between April and May 2014 in Santa Catarina.

Variable

Maturation period

14 days 28 days P
Coliforms at 35°C 74.19% (23/31) 64.52% (20/31) =0.4086
E. coli 45.16% (14/31) 48.39% (15/31) =0.7991
coagulase-positive staphylococci 54.84% (17/31) 51.61% (16/31) =0.7991
Listeria monocytogenes 3.23% (1/31) 6.45% (2/31) =0.5440

Note: 31 samples of each evaluation period were analyzed.

Discussion

Lactose present in raw milk is fermented by
indigenous lactic acid bacteria with consequent
of all
microorganisms present in the milk are present in

production lactic acid. Therefore,
the resultant curd and participate in the biochemical
phenomena occurring during cheese maturation
(ORDONES et al., 2005; PERRY, 2004). Changes
in microflora and contaminations, such as those
found in this study with high counts of coliforms
at 35 °C, influence the lactic acid concentration,
thus interfering in the maturation processes. Acidity
has a big influence on the maturation and texture
of cheese, and pH control is important during the
manufacturing process, especially in the early days
of maturation, to ensure product quality (IDE;

BENEDET, 2001).

According to Cordova et al. (2011), in the
production of the Serrano artisan cheese, the salt
concentration added ranges from 1% to 5% per
liter of milk. Sodium chloride acts as a preservative
in cheese, contributing to the control of growth
and microbial activity by reducing water activity
(PEREIRA et al., 2014). However, the amount of
salt in the cheese used in the study had a mean of
0.87%. This value is relatively low, lacking the
potential to inhibit microbial growth. This may

possibly be one of the reasons for the high count of
microorganisms in the cheese samples.

The maturation periods did not influence the fat,
protein, and humidity of the samples. The variations
in fat content and other physical and chemical
parameters between the samples can be attributed
to the heterogeneity in production processes of
Serrano artisan cheese. According to Ide ¢ Benedet
(2001), heterogeneous humidity percentages are
probably an outcome of the variation in temperature
and relative humidity in the region, as well as,
diversity in the formulation and manufacture of
artisan cheeses. Although the basic process of
cheese manufacture is similar, variations in the milk
sources, processing techniques, and maturation
times result in heterogeneous products (PERRY,
2004; KRONE; MENASCHE, 2010). The studies
conducted in Serrana region of Santa Catarina by Ide
and Benedet (2001) and Melo et al. (2013) confirm
the necessity of standardization of production
techniques to obtain homogeneous products and
acceptable microbiological quality.

The high presence of coliforms at 35 °C
indicates inadequate hygiene and sanitation, show
irregularities in hygienic conditions while procuring
the milk, and/or manufacture of cheese. In addition,
the presence of E. coli indicates contamination with
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fecal matter, which can incur serious public health
problems (SOUZA, 2006) due to the presence of
potentially pathogenic strains. Consistent with the
findings of this study, Ide and Benedet (2001) and
Visotto et al. (2011) found high levels of coliforms
at 45 °C.

of
contamination during

Higher
staphylococci
handling and/or obtaining the raw material (SILVA
et al.,, 2010). It is noted that values above 10°
CFU/g were observed in 25.8% (8/31) and 16.13%
(5/31) of the cheese samples after 14 and 28 days
of maturation, respectively. These bacteria could

counts coagulase-positive

indicates

enable the production of enterotoxins if they
possess active genes for their production, rendering
food improper for consumption. Senger and Bizani
(2011) also found Staphylococcus aureus counts that
were higher than the maximum values acceptable
by law. These results highlight the necessity of
greater care and good manufacturing practices for
the production of these cheeses.

According to the rules, Listeria monocytogenes
should be absent in 25 g of food (in cheeses with
medium, high, and very high humidity), and
presence of the same in higher amounts renders
the food improper for human consumption due to
its risk to consumer health. Thus, quality control
in production, on obtaining raw materials and on
storage of the samples, should be adopted to prevent
contamination of the cheese. Menéndez et al.
(2001), Feitosa et al. (2003), and Melo et al. (2013)
also isolated Listeria monocytogenes in their studies
with cheese samples.

There was a significant reduction in the coliform
count at 35 °C on day 28 day of maturation, but
not enough to render the product suitable for
consumption (Table 2). In a microbiological study
of the Serrano artisan cheese, Melo et al. (2013)
found similar results, characterized by the reduction
in coliforms at 35 °C throughout the maturation
period. Contrary to our findings, research carried
out in the state of Minas Gerais confirmed, through
various technical and scientific studies, that 17-22

days of maturation is enough for safe consumption
of artisan cheese (FRADE, 2013). It is possible that
the differences in the results are due to differences
in the original contamination and in maturation
conditions.

Analyzing the physical, chemical, and
microbiological characteristics of produced artisanal
cheeses, allowing appropriate maturation periods,
using high quality of the raw material, and following
all good practices in the production process would
ensure safety and quality of cheese (PEREIRA
et al., 2014). Melo et al. (2013) highlights the
importance of maturation on qualitative reduction
of contaminants and pathogenic microorganisms.
Brooks et al. (2012), in a study carried out in the
United States, reported 60 days as the minimum
period for maturation for cheese from unpasteurized
milk to ensure production of microbiologically safe
products in that country. The United States legally
formalized in 1949, through a federal law, 60 days
as the minimum maturation time for cheeses made
from raw milk, and this decision affected other
countries in Latin America, as well as in Europe,
Australia, and New Zealand, which have adopted

the same guidelines (CRUZ et al., 2014).

However, according to Perry (2004), because
of pressure from the consumers, the producers sell
their cheeses after a very short maturation period.
In a study of farms that produced the Serrano
artisan cheese in Santa Catarina, farmers reported
that consumers have a preference for cheese
matured between 7-15 days (CORDOVA, 2011).
Thus, although the NI 30 of MAPA (MAPA, 2013)
establishes the reduction of maturation period
of artisanal cheeses, it is evident that this should
be accompanied with high quality raw material
and adoption of good production practices. The
maturation process has to be combined with health
measures, mastitis control, and best practices,
established as mandatory by NI 30 (MAPA, 2013)
for effective reduction of the maturation period and
obtaining acceptable microbiological levels.
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Conclusion

Considering the heterogeneity of the examined
cheese samples, the frequency of non-conformities
in relation to the presence of microorganisms,
including pathogenic bacteria, it can be inferred
that the maturation periods in this study failed to
maintain the levels of contamination in the cheeses at
compliance levels. This study suggests the necessity
to adapt the production system of Serrano artisanal
cheese through adoption of good manufacturing
practice measures. Further studies will have to be
carried out after the implementation of hygiene
procedures to verify the efficiency of maturation
in the new conditions of production, which could
possibly lead to a lower initial contamination. The
law allows reduction of the maturation time through
studies, but this study showed that the maturation
times used were not sufficient to ensure product
safety. Therefore, legal permission should not be
granted, until there are changes in the production
practices, and new studies are conducted to prove
safety of the product.
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