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ABSTRACT.- Teider Junior P.I., Ribeiro Junior ].C., Ossugui E.H., Tamanini R., Ribeiro ]., Santos G.A.,
Alfieri A.A. & Beloti V. 2019. Pseudomonas spp. and other psychrotrophic microorganisms
in inspected and non-inspected Brazilian Minas Frescal cheese: proteolytic, lipolytic
and AprX production potential. Pesquisa Veterindria Brasileira 39(10):807-815. Instituto
Nacional de Ciéncia e Tecnologia para a Cadeia Produtiva do Leite, Universidade Estadual de
Londrina, Rodovia Celso Garcia Cid PR-445 Km 380, Cx. Postal 10.011, Campus Universitario,
Londrina, PR 86057-970, Brazil. E-mail: ribeirojuniorjc@gmail.com

The most consumed cheese in Brazil, Minas Frescal cheese (MFC) is highly susceptible to
microbial contamination and clandestine production and commercialization can pose a risk
to consumer health. The storage of this fresh product under refrigeration, although more
appropriate, may favor the growth of spoilage psychrotrophic bacteria. The objective of this
study was to quantify and compare Pseudomonas spp. and other psychrotrophic bacteria in
inspected and non-inspected MFC samples, evaluate their lipolytic and proteolytic activities and
their metalloprotease production potentials. Twenty MFC samples were evaluated: 10 inspected
and 10 non-inspected. Counts of psychrotrophic bacteria and Pseudomonas spp., evaluation of
the proteolytic and lipolytic potential of the isolates, and identification of potential producers
of alkaline metalloprotease (AprX) were assessed. The mean total psychrotrophic counts
were 1.07 (£2.18) x 10°CFU/g in the inspected samples and 4.5 (+5.86) x 108CFU/g in the
non-inspected, with no significant difference (p=0.37). The average score of Pseudomonas spp.
was 6.86 (£18.6) x 10° and 2.08 (+3.65) x 10° CFU /g for the inspected and non-inspected MFC
samples, respectively, with no significant difference (p=0.1). Pseudomonas spp. represented
0.06% and 0.004% of psychrotrophic bacteria found in inspected and non-inspected MFC
samples, respectively. Collectively, 694 psychrotrophic strains and 47 Pseudomonas spp.
were isolated, of which 59.9% and 68.1% were simultaneously proteolytic and lipolytic,
respectively. Of the 470 psychrotrophs isolated from inspected and 224 from non-inspected
cheese samples, 5.74% and 2.23% contained aprX, respectively, while 100 and 86.96% of
the Pseudomonas spp. isolates in inspected and non-inspected cheese samples contained the
gene. The production potential of AprX did not, however, determine the proteolytic activity
on plates of these isolates under the conditions evaluated in this study. Of total, 65.63% of
the psychrotrophs that contained aprX gene were confirmed as Pseudomonas spp., using
genus-specific PCR. Phylogenetic analysis of the 16S rRNA gene of the other psychrotrophs
that were potential producers of AprX identified them as Serratia spp. (n=7), Raoultella
ornithinolytica (n=1), and Acinetobacter schindleri (n=1) in the inspected samples and
Psychrobacter sanguinis (n=1) and Leuconostoc mesenteroides (n=1) in the non-inspected
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samples. The production conditions of Brazilian MFC of these samples, while meeting the
legal determinations, are not sufficient to control Pseudomonas and other spoilage-related
psychrotrophs. Thus, stricter hygienic measures are required during the formal production

of this type of cheese.

INDEX TERMS: Pseudomonas spp., psychrotrophic, microorganisms, Minas Frescal cheese, cheese, AprX
production, alkaline metalloprotease, proteolysis, lipolysis.

RESUMO.- [Pseudomonas spp. e outros micro-organismos
psicrotroficos em queijos Minas Frescal inspecionados e ndo
inspecionados: potencial proteolitico, lipolitico e producio
de AprX.] O mais consumido no Brasil, o queijo Minas Frescal
(QMF) é altamente suscetivel a contaminagdo microbiana e a
producdo e comercializagao clandestina podem representar
um risco para a saude do consumidor. O armazenamento deste
produto fresco sob refrigeracdo, embora mais apropriado,
pode favorecer a multiplicacao de bactérias psicrotroéficas
deteriorantes. O objetivo deste estudo foi quantificar e
comparar Pseudomonas spp. e outras bactérias psicrotréficas
em amostras de QMF inspecionadas e ndo inspecionadas,
avaliar o potencial lipolitico, proteolitico e de producao de
metaloprotease alcalina. Vinte amostras de QMF foram avaliadas:
10 inspecionadas e 10 ndo inspecionadas. Foram avaliadas as
contagens de bactérias psicrotréficas e Pseudomonas spp., o
potencial proteolitico e lipolitico dos isolados e a identificacdo
de potenciais produtores de metaloprotease alcalina (AprX).
A média total das contagens de bactérias psicrotroficas foi
de 1,07 (£2,18) x 10°UFC/g nas amostras inspecionadas e
4,5 (£5,86) x 108UFC/g nas ndo inspecionadas, sem diferenca
significativa (p=0,37). A média de Pseudomonas spp. foi de
6,86 (£18,6) x 10° e 2,08 (£3,65) x 10°UFC/g para as amostras
QMF inspecionadas e ndo-inspecionadas, respectivamente, sem
diferenca significativa (p=0,1). Pseudomonas spp. representaram
0,06% e 0,004% de bactérias psicrotréficas encontradas
em amostras QMF inspecionadas e ndo-inspecionadas,
respectivamente. Das amostras inspecionadas e nao
inspecionadas, foram isoladas 694 coldnias psicrotroficas
e 47 Pseudomonas spp., dos quais 59,9% e 68,1% foram
simultaneamente proteoliticos e lipoliticos, respectivamente.
Dos 470 isolados de psicrotréficos das amostras de queijo
inspecionados e dos 224 isolados das ndo inspecionadas, 5,74%
e 2,23% continham o gene aprX, respectivamente, enquanto
100 e 86,96% das Pseudomonas spp. isoladas em amostras
de queijo inspecionadas e nao inspecionadas continham o
potencial de expressao de AprX. Esse potencial, no entanto, ndo
determinou a atividade proteolitica em placas desses isolados
nas condi¢des avaliadas neste estudo. Do total, 65,63% dos
psicrotroficos que continham o gene aprX foram confirmados
como Pseudomonas spp., utilizando PCR género-especifico.
A analise filogenética do gene 16S rRNA dos outros psicrotroficos
que foram produtores potenciais de AprX os identificou
como Serratia spp. (n=7), Raoultella ornithinolytica (n=1) e
Acinetobacter schindleri (n=1) nas amostras inspecionadas e
Psychrobacter sanguinis (n=1) e Leuconostoc mesenteroides (n=1)
nas amostras nao inspecionadas. As condi¢des de producao
do QMF dessas amostras, atendendo as determinagdes legais,
ndo sdo suficientes para controlar a Pseudomonas e outros
psicrotroéficos relacionados a deterioragdo. Assim, medidas
higiénicas mais rigidas sdo necessarias durante a produgao
formal deste tipo de queijo.
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INTRODUCTION

By definition, Brazilian Minas Frescal cheese (MFC) is a fresh
product obtained by the enzymatic coagulation of milk with
rennet and/or other suitable coagulating enzymes, with
or without supplementation with specific lactic bacteria,
powdered milk, cream, milk solids, sodium chloride, and
calcium chloride (Brasil 1997). It is classified as a semi-fat
(25 to 44.9% fat) cheese with very high moisture content
(not less than 55.0%) (Brasil 2004). The production of this
type of cheese in Brazil is carried out formally by dairies that
follow the legal stipulations of the “Ministério da Agricultura,
Pecuaria e Abastecimento” (Brasil 1997) and mainly small milk
producers, with the objective of adding value and increases
the shelf life of milk through the preparation of derivatives.

The MFC is quite susceptible to microbial contamination
when prepared using raw milk, or during or after processing
(Carvalho et al. 2007). Moreover, it can be a source of food
pathogens (Campos et al. 2017).

In addition to pathogenic microorganisms, proteolytic
and/or lipolytic microorganisms, mainly psychrotrophs, may
interfere with the quality of the MFC, since as it is a fresh
product, refrigeration is necessary for its storage. When
present in the raw material, psychrotrophic bacteria reduce
the industrial yield, flavor, and aroma, being able to render
the cheese improper for consumption (Murphy et al. 2016).

As the degradation of proteins results in non-acid
metabolites, protease activity confers a bitter taste and putrid
smell to the cheese. Undesirable effects are also influenced
by the reduction of the integrity of milk proteins, deficient
coagulation, and greater loss of casein fragments in the
serum, requiring 20-30 percent more milk per kilo of cheese
(Samarzija et al. 2012).

Alkaline metalloprotease (AprX), which is heat-resistant,
is considered the main microbial protease, and is encoded by
aprX. This gene is found in various proteolytic bacteria, such
as Pseudomonas spp. and Serratia spp. (Dufour et al. 2008,
Marchand et al. 2009, Bagliniere et al. 2013). This enzyme is
of great significance to dairy industry, because it leads to the
deterioration of casein, which causes significant alterations of
the physical and chemical quality and organoleptic properties
of raw milk and its derivatives (Dufour et al. 2008).

Milk fat is equally compromised by microbial activity.
Microbial lipases elevate heat resistance and promote a
rancid flavor and aroma in dairy products. Microbial lipases
and proteases remain active even after the elimination of
the vegetative forms of micro-organisms by pasteurization
(Oliveira etal. 2015, Murphy et al. 2016), as in case of Minas
cheese.
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Several studies have demonstrated the predominance
of the genus Pseudomonas among dairy psychrotrophs
(Ozturkoglu-Budak et al. 2016, Vithanage et al. 2016, Xin et al.
2017). Several species of Pseudomonas are responsible for the
deterioration of other refrigerated foodstuffs (Samarzija et al.
2012, Oliveira et al. 2015), since they have the capacity
to produce proteolytic and lipolytic enzymes at different
temperatures, which reinforces their importance as spoilage
agents of the dairy product chain (Scatamburlo et al. 2015,
Ribeiro Junior et al. 2018). Furthermore, because they have
a high capacity to form biofilms, allowing them to proliferate
in a wide variety of environments (Murphy et al. 2016).

Taking into account the technical problems that spoilage
microorganisms cause in dairy products, the objective of this
study was to quantify and compare Pseudomonas spp. and other
psychrotrophic bacteria in inspected and non-inspected MFC
samples, evaluate their lipolytic and proteolytic activities and
their metalloprotease production potentials by identification
of aprX gene.

MATERIALS AND METHODS

Sampling and preparation of cheese. Twenty samples of MFC
marketed in the municipality of Londrina/PR, from May to June 2017,
were evaluated. Ten samples of different brands were collected from
supermarkets and were recorded by the Brazilian state or federal
inspection system and were thus regarded as formal, inspected.
These inspected samples had from 11 to 41 days of manufacture,
with 22 days on average.

The remaining 10 MFC samples were collected from different
fairs in the municipality and were marketed in a clandestine manner,
and were therefore considered non-inspected. It was not possible
to determine the period between the manufacture date and the
analysis of these non-inspected samples, since the sellers were not
necessarily the producers.

The MFC samples evaluated did not present any type of alteration
of coloration (white, slightly yellowish), texture (soft) or smell
(slightly acidic). They had varying amounts of white or yellowish
serum, characteristic of MFC.

The samples were transported under refrigeration to the
Laboratory of Inspection of Products of Animal Origin, which is a
partofthe “Instituto Nacional de Ciéncia e Tecnologia para a Cadeia
Produtiva do Leite” (INCT-Cadeia do Leite) of the “Universidade
Estadual de Londrina” (UEL), Parang, Brazil, where they were
immediately processed.

The external surfaces of packaging were sanitized with 70%
alcohol. For the psychrotrophic bacterial count, a 25-g aliquot
obtained aseptically from different fragments of the cheese sample
was homogenized with 225mL of 0.1% peptone saline in Stomacher
blender for 180 seconds, obtaining a 10 dilution. From this dilution,
serial decimal dilutions were performed with the same diluent.

For estimating the count of Pseudomonas spp., another 25-g
aliquot of each sample was diluted in 225 mL buffered peptone
water (Oxo0id®, England) and homogenized in a Stomacher blender,
according to ISO 11.059 (ISO 2009) recommendations.

Counting of microorganisms. For estimating the psychrotrophic
bacterial count, 0.1mL of the dilutions were grown in duplicate on
the surface of Plate Count Agar (PCA) (Acumedia, Baltimore, USA)
plates and incubated at 7°C for 10 days.

The count of Pseudomonas spp. was performed according to
ISO 11059 (2009). A tenth of mL of the dilutions was spread on
the surface of penicillin pimaricin agar (PPA) plates, prepared with

Pseudomonas agar base (Oxoid) supplemented with 100,0001U/L of
penicillin G potassium (Sigma Aldrich®, United States), and 0.01g/L
of piramicin (Coalhopar F-E-B Biotecnologia® Brazil). The plates
were incubated at 25°C for 48h. All colonies were subjected to tests
for oxidase and glucose fermentation. Only the oxidase positive,
non-glucose fermentative colonies were taken into account for the
counts of Pseudomonas spp.

The counts were compared by the t-test using the Statistica v.
6.0 software (StatSoft, OK, USA).

Proteolytic and lipolytic potential of Pseudomonas spp. and
others psychrotrophic bacteria. The colonies of Pseudomonas spp.
and psychrotrophic bacteria were inoculated onto milk agar plates
(Acumedia) supplemented with a solution of 10% reconstituted
milk powder (Molico®, Nestlé, Sdo Paulo, Brazil), and in tributyrin
agar (HiMedia, Mumbai, India) supplemented with 1% tributyrin
(HiMedia) to assess the proteolytic and lipolytic activity, respectively,
according to the procedure stated by Hantsis-Zacharov & Halpern
(2007). The plates were incubated under the same conditions
recommended for the bacterial counts.

DNA extraction. The psychrotrophic colonies that showed
spoiling potential on plates were grown in brain heart broth (Merck®,
Germany) and incubated at 35°C for 48h, under the same incubation
conditions as that for the colonies of Pseudomonas spp. grown in
tryptone soy broth (Oxoid). An aliquot of 1mL of each broth was
used to extract DNA by the simple boiling method, according to the
study by Ribeiro Junior et al. (2016).

Molecular confirmation of Pseudomonas spp. The isolates of
Pseudomonas spp. obtained in the counts and the other psychrotrophs
were subjected to PCR amplification of a specific region in the 16S
rRNA gene of the genus Pseudomonas, according to the amplification
protocol described by Spilker et al. (2004), using the primers F-GS-PA
(GACGGGTGAGTAATGCCTA) and PA-GS-R (CACTGGTGTTCCTTCCTATA).
PCR reactions were performed using 50ng of template DNA, 10nM of
each dNTP, 1x buffer, 75mmol/L of MgCl,, 20pmol/L of each primer,
and 2.5U of Platinum Taq DNA polymerase (Invitrogen, CA, USA),
to yield a final reaction volume of 50uL, recommended by Ribeiro
Junior et al. (2016). Samples which displayed 618-bp amplicons
were considered as Pseudomonas spp.

Detection of aprX. PCR of aprX gene (AprX enzyme) was
performed using the primers apr [ (TAYGGBTTCAAYTCCAAYAC)
and apr II (VGCGATSGAMACRTTRCC) and amplification conditions
described by Bach et al. (2001). The reaction conditions were the
same as those cited above (Ribeiro Junior et al. 2016), with 194-bp
amplicons being considered positive.

Amplification and sequencing of the 16S rRNA gene. The isolates
that were positive for aprX and were not confirmed as Pseudomonas spp.
by genus-specific reaction were subjected to the partial amplification of the
16S rRNA gene using the primers 27f (5'-GAGTTTGATCMTGGCTCAG-3")
and 1492r (5'-GGYTACCTTGTTACGACTT-3") (Osborne et al. 2005).
The amplification conditions were as follows: 1 cycle of initial
denaturation at 94°C for 5min; 35 cycles at 94°C for 1min, annealing
at 58°C for 1min, and primer extension at 72°C for 1min; and a final
extension cycle at 72°C for 10min.

The PCR product from the 16S rRNA gene was then purified
(PureLink™ Genomic DNA Purification Kit, Invitrogen) and quantified
(Qubit® dsDNA HS Assay Kit, Invitrogen). DNA sequencing was
performed by the Sanger method (ABI 3500 Genetic Analyzer, Applied
Biosystems, Foster City, USA) in both directions. A representative
sequence of each species found was selected for depositin GenBank.

Phylogenetic analysis for species identification. The quality of
the 16S rRNA sequences was evaluated by BioEdit v. 7.2.5 software
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(Hall 1999) and the consensual sequences were generated by CAP 3
(Huang & Madan 1999). Preliminary identification at the genus
level was performed by the BLAST tool of the National Center for
Biotechnology Information (NCBI). Once the genera were identified,
the sequences were individually aligned by Clustal W with the
representative type sequences of all species of the genus available
in the Ribosomal Database Project (RDP)*; the identification of the
species was based on the genetic identity matrix calculated by the
Tamura-Nei model in the MEGA software v. 7.0 (Kumar et al. 2016).
The phylogenetic trees were elaborated in the same software, using
the Neighbor Joining method, Tamura-Nei model, and bootstrap
support for 1000 replicates.

RESULTS

The psychrotroph countsranged from 3.5x107-6.85 x 10° UFC/gin the
inspected cheese samples, with amean of 1.07 (+2.18) x 10°UFC/g.
In the non-inspected cheese samples, psychrotroph counts
ranged between 2.6 x 107-1.65 x 10°UFC/g, with a mean
of 4.5 (%5.86) x 108CFU/g. No significant difference was
observed between the psychrotroph counts in the inspected
and non-inspected cheese samples (p=0.37).

The mean of Pseudomonas spp. counts was 6.86 (£18.6) x 10°
and 2.08 (¥3.65) x 10°CFU/g for formally and informally
marketed cheese, respectively. There was no significant
difference (p=0.1) between the counts of Pseudomonas spp.
among the inspected and non-inspected cheeses, although
the average of counts of Pseudomonas spp. in inspected
cheese samples was only 32.9% of that in the non-inspected
cheese samples.

* Ribosomal Database Project (RDP), Center for Microbial Ecology, Michigan
State University, Michigan, USA. Available at <https://rdp.cme.msu.edu/
hierarchy>
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From the plates used for the psychrotroph counts,
694 colonies were isolated: 470 from inspected cheese and
224 from non-inspected cheese. With regards to the isolation
of Pseudomonas spp. confirmed by biochemical tests (oxidase
positive and glucose negative), 47 isolates were identified,
of which 24 were from inspected cheeses and 23 were from
non-inspected cheese samples. The spoilage potential of these
isolates is described in Table 1.

Of these total number of isolates, 85.9 and 91.5% of
psychrotrophic bacteria and Pseudomonas isolated from the
total number of samples of MFC, respectively, showed some
type of spoilage potential. Moreover, there was a predominance
of proteolytic and lipolytic potential simultaneously in nearly
60% of psychrotrophic and 70% of Pseudomonas spp. (Table 1)

Ofthe 47 isolates confirmed as Pseudomonas spp. by biochemical
tests, 46 (97.9%) were confirmed by genus-specific PCR.

To verify the potential metalloprotease production capacity,
a search of aprX was conducted individually in all isolates of
this study, i.e. 694 psychrotrophic and 46 Pseudomonas spp.
isolates proven by genus-specific PCR, totaling 740 reactions,
as detailed in Table 2.

The 32 psychrotrophicisolates that displayed positive results
in the assessment of aprX (Table 2) were also subjected to
genus-specific PCR for Pseudomonas spp. Of these, 21 (65.63%)
were confirmed, and the other 11 isolates were submitted
to partial sequencing of the 16S rRNA for identification and
phylogenetic analysis.

The identification of these 11 isolates that contained
aprX were not identified as Pseudomonas is described in
Table 3. Five genera were identified: Serratia spp. (n=7),
Raoultella ornithinolytica (n=1), Acinetobacter schindleri (n=1),
Psychrobacter sanguinis (n=1) and Leuconostoc mesenteroides
(n=1). The species of the seven strains of Serratia were not
identified because high percentages of similarity in the

Table 1. Spoilage potential of isolates of psychrotrophic bacteria, and the genus Pseudomonas isolated from 20 samples of
inspected (10) and non-inspected (10) cheeses marketed in the municipality of Londrina, Parand, from May to June 2017

Total number of

Proteolytic and

Minas Frescal cheese Group isolates lipolytic Proteolytic Lipolytic Non spoilage
() n (%) n (%) n (%) n (%)
Inspected Psychrotrophic 470 340 (72.4) 63 (13.4) 49 (10.4) 18 (3.8)
Pseudomonas spp. 24 17 (70.8) 4(16.7) 0(0) 3(12.5)
Non-inspected Psychrotrophic 224 76 (33.9) 31 (13.9) 37 (16.5) 80 (35.7)
Pseudomonas spp. 23 15 (65.3) 1(4.3) 6(26.1) 1(4.3)
Total of samples Psychrotrophic 694 416 (59.9) 94 (13.6) 86 (12.4) 98 (14.1)
Pseudomonas spp. 47 32 (68.1) 5(10.6) 6(12.8) 4(8.5)

Table 2. Production potential of metalloprotease (aprX) of psychrotrophic bacteria and of the Pseudomonas spp., and the
spoilage potential of these isolates from inspected and non-inspected Minas Frescal cheese on agar plates

Total number of

Proteolytic and

Minas Frescal cheese Group isolates aprX lipolytic Proteolytic Lipolytic Non spoilage
m n (%) n (%) n (%) n (%) n (%)
Inspected Psychrotrophic 470 27 (5.7) 21 (77.78) 2(7.41) 4 (14.81) 0(0)
Pseudomonas spp. 23 23 (100) 16 (69.57) 4(17.39) 0(0) 3(13.04)
Non-inspected Psychrotrophic 224 5(2.2) 3 (60) 0(0) 2 (40) 0(0)
Pseudomonas spp. 23 20 (86.96) 15 (75) 0(0) 4(20) 1(5)
Total number of samples Psychrotrophic 694 32 (4.61) 24 (75) 2 (6.25) 6 (18.75) 0(0)
Pseudomonas spp. 46 43 (93.5) 31 (72.10) 4(9.30) 4(9.30) 4(9.30)

Pesq. Vet. Bras. 39(10):807-815, October 2019
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identity matrix (greater than 99%) were observed within
several species of the 17 representative sequences of the
genus available in RDP. The possible species indicated by a
sequence representative of all isolates in the present study
can be observed in Figure 1.

DISCUSSION

The highest mean score of psychrotrophic in the inspected
cheeses compared to non-inspected cheeses can be explained by
the greater control in storage, mandatory refrigeration (Brasil
1997), and strict observation in all inspected samples evaluated.
Sangaletti et al. (2009) found that the psychrotrophic counts
increase in MFC with the refrigeration storage period, increasing
from 1.4x103CFU/g on the first day after manufacturing to
4.5x10''CFU/g after 30 days under these conditions. The lack
of control or even the absence of refrigeration until the moment
of commerecialization of non-inspected cheeses can lead to
higher counts of mesophilic microorganisms, but result in
lower counts of psychrophic bacteria.

As the formally marketed cheese samples already had, on
average, 22 days of manufacture, and therefore, were kept
under refrigeration, it is possible that the psychrotrophic counts
would be lower if the samples were evaluated with a smaller
storage period. In addition, the higher psychrotrophic counts
in inspected cheese samples can be due to the inoculation
of lactic acid bacteria (LAB) cultures in pasteurized milk
intended for the production of cheese in dairy products. Several
LAB cultures are also psychrotrophic and may demonstrate
proteolytic and/or lipolytic activity (Ribeiro Junior etal. 2018).

Pseudomonas is considered the main genus among
psychrotrophic microorganisms in milk and dairy products
(Ozturkoglu-Budak etal. 2016, Vithanage et al. 2016, Xin et al.
2017) and contamination can occur by the hands of milkers, and
from the surface of the cows’ udders and milking equipment,
and from poorly sanitized refrigerated tanks (Vidal et al.
2017). From the average counts in the samples evaluated
in the present study, however, it is possible to affirm that
Pseudomonas spp. represent only 0,06% of the psychrotrophs
(6.86x10°0f 1.07x10°UFC/g) of the inspected Frescal Minas
cheese samples and 0.46% (2.08x10° of 4.5x10%CFU/g) of
the non-inspected ones evaluated in the present study. Other
psychrotrophs than non-Pseudomonas can be more important
for the Brazilian MFC quality and shelf-life, as reported by
Ribeiro Junior et al. (2018) in Brazilian raw milk.

Microorganisms of the Pseudomonas genus in raw milk
are eliminated by pasteurization (Dogan & Boor 2003).
Their isolation from inspected cheese samples can be due
to recontamination after milk pasteurization, at any stage
of production.

Itis known that the low efficiency of cleaning and sanitizing
of utensils (Gruetzmacher & Bradley 1999), the capacity of
biofilm formation on equipment, temperature, storage time,
(Hammad 2015) and the poor quality of water (Cousin & Bramley
1981, Fagundes etal. 2006) may influence the contamination of
processed cheese samples by Pseudomonas spp. in industries.
Therefore, additional cleaning and sanitizing measures for
equipment should be implemented, which will uphold the
quality of pasteurized milk, thus ensuring a better quality
of the final product. The presence of Pseudomonas spp. in

Table 3. Genetic Identification and spoilage activity of psychrotrophic bacteria with expression potential of alkaline
metalloprotease (aprX) not confirmed as Pseudomonas spp., isolated from inspected and non-inspected Minas
Frescal cheese samples

GenBank accession

Genetic similarity

Spoilage potential

Identification No. No. (%) Cheese sample (No.) Affiliation
Serratia spp. 7 MG932677 99.2-99.8 Inspected Prot and Lipo (6) Gammaproteobacteria
Prot (1)
Raoultella ornithinolytica 1 MG932678 100 Inspected Prot and Lipo Gammaproteobacteria
Acinetobacter schindleri 1 MG932679 99.6 Inspected Lipo Gammaproteobacteria
Psychrobacter sanguinis 1 MG932680 99.8 Non-inspected Lipo Gammaproteobacteria
Leuconostoc mesenteroides 1 MG932681 100 Non-inspected Lipo Firmicutes

———msEEEE

36

51 [
58

E1

0.005

S. plymuthica DSM 4540 (AJ233433)

S. grimesii DSM 30063 (AJ233430)

S. liquefaciens CIP 103238T (AJ306725)

@ Seratia spp. INCT_LEITE_19 (MG932677)

S. proteamaculans DSM 4543 (AJ233434)

E7L S, quinivorans DSIM 4597 (AJ233435)

Fig.1. Phylogenetic tree of species of the genus Serratia (GenBank accession number) prepared using the alignment of 668bp of the 16S
rRNA gene, Neighbor Joining method, Tamura-Nei model, and bootstrap support for 1000 replicates. The strain marked with a diamond
symbol is representative of seven species of this genus isolated in this study. The bar indicates the percentage of nucleotide substitution.
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non-inspected cheeses can be due to possible manufacturing
with raw milk or environmental contamination at any point
in the processing or marketing of the cheese.

A study by Sangaletti et al. (2009) demonstrated that
96.38% of psychrotrophic bacteria isolated from MFC showed
lipolytic potential, and 78.17% showed proteolytic potential,
which is as high as the value in the present study (Table 1).

Dogan & Boor (2003) isolated 338 strains of Pseudomonas
spp. from raw milk and found that 51% were producers of
proteases and 67% were producers of lipase, suggesting
that the lipolytic and proteolytic activities varied among
the different species of Pseudomonas spp. In these study the
Pseudomonas are identify only at genus level. In the study
by Hammad (2015), of 80 Domiati cheese samples collected,
70 were positive for Pseudomonas spp. Of the 80 isolates
confirmed as Pseudomonas, 97.5% and 87.5% were potentially
proteolytic and lipolytic, respectively. P. fluorescens was the
most common species isolated.

The results of AprX production by Pseudomonas spp. in this
study were higher than that in the study of Hammad (2015),
who reported that 33 (41.25%) isolates of Pseudomonas spp.
from cheeses were aprX positive.

It can be verified that not all the isolates that exhibit aprX
express it constantly, since isolates that showed the aprX gene
did not present proteolytic activity in plaques (Table 2). This
intermittence in the expression of aprX may be conditioned
by other factors, such as the availability of other substrates in
the medium, as was also observed in another study (Ribeiro
Janior et al. 2018).

Serratia spp. are known psychrotrophs with a potential
expression of AprX (Ribeiro Junior et al. 2018). The present
study identified all the isolates of this genus in samples of
formally produced MFC (Table 3). This bacterium, as well as
all other gram-negative bacteria, is not thermoduric bacteria.
Thus, it is possible to affirm that the contamination of cheeses
by these micro-organisms occurred after pasteurization, i.e.,
during processing.

Despite displaying an expression potential of AprX,
Acinetobacter schindleri, Psychrobacter sanguinis, and
Leuconostoc mesenteroides showed no proteolytic activity
on the plates, but only a lipolytic activity (Table 3). Thus, like
strains of Pseudomonas spp., the expression of aprX may be
related to other unknown factors.

The genus Raoultella was separated from the genus
Klebsiella in 2001 (Drancourt et al. 2001). This is a known

human pathogen (Seng et al. 2016) and presents only four
type sequences available in the RDP. In Figure 2, it is possible
to observe that the isolate of the present study was grouped
with the species Raoultella ornithinolytica and was also
100% compatible with this species in the identification by
the identity matrix (Table 2). No previous reports of the
production potential of AprX were found, but there is a
description of a psychotrophic proteolytic agent of milk in
Slovakia (Pukancikova et al. 2016).

The genus Acinetobacter is a known component of
spoilage-related microbiota of milk (Von Neubeck etal. 2015).
These bacteria are psychrotrophs (Vithanage etal. 2016, Xin et al.
2017) and considered as emerging pathogens associated with
human infections (Turton et al. 2010). The large percentage
of identity matrix similarity (Table 3) observed in the strain
isolated in this study with the species A. schindleri strain
type LUH5232T (accession number AJ278311) can also be
found in the phylogenetic proximity of the strains in Figure 3.
No previous reports on the potential of AprX expression in
Acinetobacter species or the isolation of A. schindleri species
from cheeses were found.

P. sanguinis isolated in this study is reported to be an
uncommon human pathogen (Le Guern et al. 2014) with
a preference for cold (Rodrigues et al. 2009) and aquatic
environments (Wirth etal. 2012). No previous reports of the
isolation of this species in milk or cheeses, or their spoilage
potential, were found. Delbes et al. (2007) found only the species
P, faecalis in raw milk and cheeses in France. In Figure 4, one
can observe the phylogenetic proximity of the strain isolated
by the present work with the P. sanguinis type strain, with a
similarity calculated at 99.8%.

Bacteria of the genus Leuconostoc are described as lactic
acid bacteria (LAB) (Kleppen et al. 2012). Figure 5 indicates
that the isolate from this study presents 100% of phylogenetic
proximity with the type species L. mesenteroides (AB023247).
This isolate was obtained from a sample of non-inspected
cheese. Therefore, the possibility that this strain originates
from some LAB culture used as a fermenting agent in cheese
production is discarded, or rather, it is a component of the
autochthonous milk microbiota. The expression potential of
AprX by this strain is also relevant, since this enzyme is related
to the Gammaproteobacteria class, according to Table 3.

A study by Ribeiro Jinior et al. (2018) also demonstrated
that other psychrotrophic microorganisms from milk, besides
Pseudomonas spp., may present a potential expression of AprX,

R. electrica 1GB (AB762091)

@ R omithinolytica INCT_LEITE_20 (MG932678)

a0|

| R. ornithinolytica (U78182)
| R. termigena ATCC33257T (Y17658)

0.0m

R. planticola ATCC 33531T{ AF129443)

Fig.2. Phylogenetic tree of type sequences of species of the genus Raoultella (GenBank accession number) prepared using the alignment
of 384bp of the 16S rRNA gene, Neighbor Joining method, Tamura-Nei model, and bootstrap support for 1000 replicates. The strain
marked with a diamond symbol was isolated in this study. The bar indicates the percentage of nucleotide substitution.
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Fig.3. Phylogenetic tree of type sequences of species of the genus Acinetobacter (GenBank accession number) prepared using the alignment
of 541bp of the 16S rRNA gene, Neighbor Joining method, Tamura-Nei model, and bootstrap support for 1000 replicates. The strain
marked with a diamond symbol was isolated in this study. The bar indicates the percentage of nucleotide substitution.

5| Psychrobacter pulmonis CECT 5989T (AJ437696)
Psychrobacter faecalis Iso-46 (AJ421528)

Psychrobacter ciconiae 176/10 (KN486054)

5 @ . sanguinis INCT_LEITE_22 (MG932680)
79[ Psychrobacter sanguinis 13983 (HM212668)

a7

0.005

Fig.4. Phylogenetic tree of sequences of type species of the genus Psychrobacter accession (GenBank accession number) prepared using
the alignment of 468bp of the 16S rRNA gene, Neighbor Joining method, Tamura-Nei model, and bootstrap support for 1000 replicates.
The CEPA marked with diamond symbol was isolated in this study. The bar indicates the percentage of nucleotide substitution.

——

— L. pseudomesenteroides NRIC 1777 (AB023237)
a9 4{ 4 L mesenteroides INCT_LEITE_23 (MG932681)
8511 mesenteroides NCFB 543 (AB023247)

L. palmae TMW 2.694 (AM940225)
L. fallax DSM 20189 (AF360738)

0m

Fig.5. Phylogenetic tree of sequences of type species of the genus Leuconostoc (GenBank accession number) prepared using the alignment
of 323bp of the 16S rRNA gene, Neighbor Joining method, Tamura-Nei model, and bootstrap support for 1000 replicates. The strain
marked with a diamond symbol was isolated in this study. The bar indicates the percentage of nucleotide substitution.

CONCLUSIONS

Pseudomonas spp. and other potential spoilage-related

such as Serratia ureilytica, Enterobacter kobei and Yersinia
enterocolitica, all belonging to the Gammaproteobacteria class,

in addition to R. ornithinolytica, A. schindleri and P. sanguinis
identified in this study (Table 3). However, the isolation of
L. mesenteroides (Bacilli) reveals that the dispersion of aprX
can go beyond the Gammaproteobacteria class, broadening
the spectrum of spoilage-related microorganisms of milk
and dairy products.

psychrotrophs can be isolated in equivalent quantities, both
in formally produced and commercialized and non-inspected
MFC in Brazil.

The industrial production processes are not sufficient to
control the contamination of MFC by these microorganisms,
since the cheese possibly manufactured from raw milk present
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lower counts of spoilage-related psychrotrophs than that
industrially processed with pasteurized milk. Or, it is possible
that the lack of refrigeration of the informal cheese was
determinant of the low count of psychrotrophs in relation
to the formal MFC.

Pseudomonas and other psychrotrophs isolated from MFC
are, in their majority, simultaneously proteolytic and lipolytic,
and may deteriorate the quality of the cheeses. Furthermore,
microorganisms notyet described as cheese-spoilage bacteria
may be emerging targets for quality control, and the factors
thatinfluence the expression and the dispersion of aprX gene
between genera of psychrotrophs need to be elucidated.

The production of MFC with pasteurized milk should be
safeguarded to avoid the risk to consumer health. In addition,
industrial hygiene practices should be followed to ensure
cheese production with less contamination by spoilage
microorganismes.
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