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Spoilage potential of spore-forming bacteria from refrigerated raw
milk

Potencial deteriorante de bactérias formadoras de esporos do leite
cru refrigerado

José Carlos Ribeiro Junior'"; Ronaldo Tamanini?; André Luis Martinez de
Oliveira®; Juliane Ribeiro?; Vanerli Beloti?

Abstract

Aerobic bacterial spores are an important group of microorganisms in raw milk. These microbes are
thermoduric, whereas the vegetative forms are thermophilic, thermoduric and psychrotrophic and reduce
the shelf life of pasteurized milk. In Brazil, there are a lack of studies on the load of aerobic spores in
raw milk; thus, little is known about the spoilage activity of these organisms. The aim the present study
was to quantify the aerobic spores in Brazilian refrigerated raw milk of dairy region of Castro, Parana
state, assess the potential proteolytic and/or lipolytic isolates and identify the microorganisms derived
from the germination. Twenty milk samples were evaluated, and the aerobic spore count was performed
after plating the samples following heat treatment at 80°C for 12 min. The activity proteolytic and
lipolytic isolates were evaluated through subculture on milk agar and tributyrin agar, respectively, and
these microorganisms were identified using partial 16S rRNA gene sequences that were compared
through GenBank. The aerobic spore counts ranged from 1 to 3.7 log CFU.mL"!, with a mean of 1.75 (£
0.59) log CFU.mL"!. After spore germination, 137 aerobic bacterial isolates were obtained, 40 of which
(29.2%) showed milk spoilage activity. Among these, 31 isolates (77.5%) were proteolytic and lipolytic,
seven isolates (17.5%) were exclusively lipolytic and two isolates (5%) were only proteolytic. Based on
the 16S rRNA gene analysis, Bacillus licheniformis (55%), Bacillus spp. (27.5%), Paenibacillus spp.
(7.5%), Bacillus pumilus (5%), Bacillus circulans (2.5%) and Brevibacillus spp. (2.5%) were identified.
Studies of Brazilian raw milk microbiota have not yet described B. circulans which are frequently
detected in milk from other countries. Among the 22 B. licheniformis isolates, 21 microbes (95.5%)
showed proteolytic and lipolytic activity, and one isolate (4.5%) exhibited only proteolytic activity. The
two B. pumilus isolates were proteolytic and lipolytic, whereas the B. circulans isolate was only lipolytic.
Among the 11 Bacillus spp. isolates, eight isolates (72.7%) were proteolytic and lipolytic, one isolate
(9.1%) was proteolytic and the other two isolates (18.2%) were lipolytic. The three Paenibacillus spp.
and Brevibacillus spp. isolates were primarily lipolytic. Therefore, to extend the shelf life of pasteurized
milk, preventive measures must be adopted to reduce contamination with spores because one-third of
these microorganisms exhibited proteolytic and/or lipolytic activity.
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Resumo

Esporos de bactérias aerobias sdo um importante grupo de micro-organismos no leite cru. Esses micro-
organismos sdo termoduricos, ¢ suas formas vegetativas sdo termofilicas, termoduricas e psicrotroficas
e reduzem a vida util do leite pasteurizado. No Brasil, ndo ha estudos sobre os esporos aerdbios no
leite cru, assim, pouco se sabe sobre o potencial deteriorante dessa microbiota no leite cru brasileiro. O
objetivo do presente trabalho foi quantificar esporos aerobios no leite cru refrigerado brasileiro, avaliar o
seu potencial proteolitico e/ou lipolitico e identificar esses micro-organismos originarios da germinagdo
dos esporos. Foram avaliadas 20 amostras de leite cru refrigerado, nas quais foi realizada a contagem de
esporos aerdbios ap6s o tratamento térmico de 80°C por 12 min. A atividade proteolitica ¢/ou lipolitica
dos isolados foi avaliada ap6s o repique das colonias em agar leite e tributirina, respectivamente, ¢ a
identificag@o desses micro-organismos deteriorantes foi realizada pelo sequenciamento parcial do gene
16S rRNA e comparagdo com as sequencias depositadas no GenBank. As contagens de esporos acrobios
variaram de 1 a 3.7 log CFU.mL", com média de 1.75 (= 0.59) log UFC.mL"'. Ap6s a germinagio
dos esporos, foram obtidas 137 colonias, das quais 40 (29.2%) apresentaram algum tipo de atividade
deteriorante: 31 (77.5%) isolados foram proteoliticos e lipoliticos, sete (17.5%) foram exclusivamente
lipoliticos e dois (5%) foram apenas proteoliticos. Baseado nas sequencias do gene 16S rRNA, foram
identificados Bacillus licheniformis (55%), Bacillus spp. (27.5%), Paenibacillus spp. (7.5%), Bacillus
pumilus (5%), Bacillus circulans (2.5%) e Brevibacillus spp. (2.5%) entre os esporulados deteriorantes.
Estudos preliminaries sobre a microbiota do leite brasileiro ainda ndo haviam descrito B. circulans e
Paenibacillus, géneros frequentemente descritos no leite de outros paises. Entre os 22 B. licheniformis,
21 (95.5%) cepas apresentaram atividade proteolitica e lipolitica e um (4.5%) isolado apresentou
apenas atividade proteolitica. As duas cepas de B. pumilus foram proteoliticas e lipoliticas, ¢ a cepa
de B. circulans foi apenas lipolitica. Entre os 11 Bacillus spp., oito (72.7%) cepas foram proteoliticas
e lipoliticas, uma (9.1%) foi apenas proteolitica ¢ as outras duas (18.2%) foram apenas lipoliticas. Os
trés isolados de Paenibacillus spp. ¢ as cepas de Brevibacillus spp. apresentaram somente atividade
lipolitica. Dessa forma, para aumentar a vida util do leite pasteurizado brasileiro, medidas preventivas
devem ser adotadas para reduzir a contaminag@o do leite cru por micro-organismos esporulados, uma
vez que um ter¢o dessa microbiota apresenta potencial deteriorante do leite.

Palavras-chave: Bacillus. Lip6lise. Protedlise. Vida util.

Introduction

In Brazil, refrigerated raw milk has low
microbiological quality (MATTOS et al., 2010;
SILVA et al., 2011; BELOTI et al., 2012; RIBEIRO
JUNIOR et al., 2015), which results in a shelf life
of less than 6 days for pasteurized milk. However,
some Brazilian dairy regions produce milk with
high microbiological quality, thus meeting the
international quality standards (RIBEIRO JUNIOR
et al., 2015; 2018), and can lead to the potential
production of long-life pasteurized milk that
has a shelf life of up to 20 days. In this context,
controlling the microbiota could shorten the shelf
life of Brazilian pasteurized milk and ensure that
the consumer is provided long-life pasteurized milk
with improved nutritional quality.

The formation of bacterial spores, particularly
those of Bacillus species (SCHELDEMAN et al.,
2004; 2005), is typically observed in raw milk
and represents a problem for the dairy industry
because bacterial spores confer resistance to
pasteurization (BUEHNER et al., 2014) and Ultra
High Temperature (UHT) treatment (ESPEJO et al.,
2014). Thus, pasteurized milk microorganisms group
is comprise by these bacteria, thermoduric non-
sporulated microorganisms and post-pasteurization
contaminants (JAY, 2000). Spore formers also
can multiply at refrigerated temperatures (HULL
et al., 1992; RIBEIRO JUNIOR et al., 2018) and
might deteriorate the shelf life of pasteurized milk
(SCHELDEMAN et al., 2004; RANIERI et al.,
2012).
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Some spore-forming microorganisms multiply
at higher temperatures and are therefore considered
thermophilic (BURGESS et al., 2010; YUAN
et al.,, 2012; GLEESON et al., 2013). These
microorganisms are of fundamental importance
to the dairy industry because they adhere to
pasteurization plates, contaminate processed milk
and resist the cleaning and sanitizing process.

InBrazil, thereare fewstudiesofthe contamination
of refrigerated raw milk with bacterial spores; thus,
little is known about the spoilage potential of this
microbiota. Therefore, the aim the present study was
to verify the aerobic spore-forming bacterial counts
in refrigerated raw milk produced in the dairy region
of Castro, state of Parana, southern Brazil, and to
evaluate the proteolytic and lipolytic potential of
these microorganisms and genetically identify these
microbiota, so that later studies can determine their
origin and, consequently, measures that control the
contamination of raw milk by sporulates.

Material and Methods
Sampling Unit

We evaluated 20 refrigerated raw milk samples
produced in the municipalities of Castro (n = 14)
and Arapoti (n = 6), the central region of the state
of Parand, southern Brazil. All samples selected for
the study were obtained on different properties with
an average daily production ranging 5,000-29,000
liters. All lactating animals of these properties were
maintained in free stalls with sand bed or sawdust
and fed corn silage, with concentrate commercial
and mineral protein salt. The water was obtained
from artesian wells, and milking was conducted
in a closed circuit and one using a robot. Six
properties used raw milk plate cooler before storage
in bulk tanks. These properties were previously
characterized by Ribeiro Junior et al. (2015; 2017).

Subsequently, 500-mL samples of the refrigerated
raw milk were aseptically collected from bulk tanks
on farms from November 2013 to May 2014 and

then transported under refrigeration to Animal
Products Inspection Laboratory of State University
Londrina for further analyses. The samples were
evaluated for aerobic spore count within 4 hours of
collection.

Milk treatments and aerobic spore counts

The aerobic spore count in the milk was
performed according to the Standard Methods for
the Examination of Dairy Products. Two hundred
milliliters of each sample were subjected to 80 °C
(= 0.5)/12 min to remove the bacterial vegetative
forms and stimulate spore germination (FRANK;
YOUSEEF, 2004).

After the thermal treatment, the samples were
serially diluted (up to 10?) in saline (0.85%) and
peptone (0.001%), followed by surface plating (0.1
mL) in plate count agar (Oxoid Ltd., Basingstoke,
Hampshire, UK) supplemented with 0.1% soluble
starch (Synth®, Diadema, Sdo Paulo, Brazil). The
plating was performed in duplicate for each dilution,
and the plates were inverted and incubated for 48
hours at 32°C.

Spoilage potential and morphological identification
of isolates

Immediately after counting the colonies derived
from the germination of the spores, all these
bacteria were inoculated onto milk agar (Acumedia,
Baltimore, USA) supplemented at a ratio of 9:1 with
sterile 10% skim milk solution and onto tributyrin
agar (Himedia, Mumbai, India) supplemented a
ratio of 99:1 with tributyrin to verify the proteolytic
(BEERENS; LUQUET, 1990) and lipolytic activity
(HANTSIS-ZACHAROV; HALPERN, 2007),
respectively.

The colonies of spore-forming bacteria that
showed proteolytic and/or lipolytic activity were
fixed using heat onto optical microscopy slides for
morphological identification using Gram staining
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(TORTORA et al., 2013) and cultured in brain heart
infusion broth (BHI) (Acumedia, Baltimore, USA)
for 24 hours at 35°C for DNA extraction.

DNA extraction and polymerase chain reaction

The DNA was extracted from all proteolytic and/
or lipolytic bacteria isolated after spore germination
according to Ribeiro Junior et al. (2016a). For
molecular analysis, the 16S rRNA gene was partially
amplified using the primers Y1f and Y3r (CHEN
et al., 2000) in a thermocycler (Aeris™ Thermal
Cycler, Esco® Micro Pte, Singapore) according to
Young et al. (1991), incrementing the 2°C annealing
temperature (62°C) as previously described.

Sequencing and sequence analysis

The purification of the amplified DNA was
performed using the PureLink® Quick Gel Extraction
Kit (Life Technologies, Carlsbad, CA, USA) and
quantified using the Qubit® BR dsDNA Assay Kit
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions.

The amplified TDNA was sequenced in both
directions with primers 27f and 1492r (OSBORNE
et al.,, 2005) using the commercial kit BigDye®
Terminator v3.1 Cycle Sequencing Kit (Life
Technologies, Carlsbad, CA, USA) according to
the manufacturer’s instructions, and the results
were read using an automated sequencer based on
the Sanger method (ABI 3500 Genetic Analyzer,
Applied Biosystems, Carlsbad, CA, USA).

The chromatograms were analyzed using the
platform “Electropherogram quality analysis”
(http://asparagin.cenargen.embrapa.br/phph/)
EMBRAPA Genetic Resources and Biotechnology.
The quality of the sequences was analyzed using
the Phred program. Subsequently, the consensus
sequence was obtained using the CAP3 “Sequence
Assembly Program” - (http://pbil.univ-lyonl.fr/
cap3.php) (HUANG; MADAN, 1999).

The generated consensus sequence was
compared with the other sequences deposited in
public databases (GenBank) using the BLAST
2.0 program (Basic Local Alignment Search
Tool - http://www.ncbi.nlm.nih.gov/blast/Blast.
cgi) developed by the National Center for
Biotechnology Information (NCBI) for similarity
search. Representative sequences of the identified
species were deposited in GenBank.

The alignment of the nucleotide sequences with
the sequences previously determined standard
isolates was estimated using CLUSTAL W (version
1.4) using the MEGA 6 software (TAMURA et
al.,, 2013). Phylogenetic analysis was conducted
using the distance evolutionary model Tamura-Nei
(TAMURA; NEI, 1993) and the neighbor-joining
algorithm with bootstrap supporting for 1000
replicates.

Results and Discussion

The mean count of aerobic spores in the samples
was 1.75 log CFU.mL"!, with a range of 1.0 to 3.7
log CFU.mL".

One hundred thirty-seven pure isolates of spore-
forming aerobic bacteria were isolated, of which 40
(29.2%) showed milk spoilage activity. Among these,
31 (77.5%) isolates were proteolytic and lipolytic,
seven isolates (17.5%) were exclusively lipolytic
and two isolates (5%) were only proteolytic. Gram
staining revealed 40 colonies with the morphologies
of Gram-positive bacilli.

The partial sequencing of the amplified 16S
rRNA gene identified 25 species of the 40 isolates
through comparison with other sequences deposited
in public databases (GenBank) using the BLAST
2.0 program. The genus level identification of the
remaining 15 isolates are shown in Table 1. The
identification at the species level was not possible
due to the high genetic proximity of the 16S rRNA
gene fragment with several species of the same
genus.
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Table 1. The spoilage potential of spore-forming bacterial isolates isolated from 20 samples of Brazilian refrigerated

raw milk.
. . Total Proteolytic and lipolytic Proteolytic Lipolytic

Identification

(n) (%) (n) (%) (n) (%) (n) (%)
Bacillus licheniformis 22 55 21 95,5 1 4.5
Bacillus spp. 11 27,5 8 72,7 1 9,1 2 18,2
Paenibacillus spp. 3 7,5 3 100
Bacillus pumilus 2 5 2 100
Bacillus circulans 1 2,5 1 100
Brevibacillus spp. 1 2,5 100
Total 40 100 31 77,5 2 5 7 17,5

A majority of the B. licheniformis isolates
showed proteolytic and lipolytic activity and,
unlike the results of American studies reporting the
proteolytic activity of Paenibacillus spp. (HUCK et
al., 2007; MARTIN et al., 2011), the isolates from
these microorganisms obtained in the present study
only showed lipase activity, as shown in Table 1.

After the alignment of the
phylogenetic tree (Figure

sequences, a
1) was generated,
which demonstrated the cluster similarity of B.
licheniformis isolates isolated (GenBank accession
numbers KP713760 through KP713762) with
different isolates of the same species deposited
in the database and proximity with others species
of spore-forming bacteria isolated from raw milk
in several countries (KF879302, KF879293, and
KJ622304).

The deposited sequences for B. pumilus
(KP713763 and KP713764) were grouped with B.
altitudinis (KC414717), B. aerophilus (KC414715)
and B. safensis (JIN699023), demonstrating the great
similarity between Bacillus species that can interfere
in clustering identification analyzes. B. pumilus was
recently described for the first time in Brazilian raw milk and its
vegetative form was described as thermoduric, proteolytic and
psychrotrophic (RIBEIRO JUNIOR et al., 2017).

The aerobic spore counts in the raw milk of
the region studied were considered low compared

with the results of Huck et al. (2007), showing
averages of 4.69 and 4.03 log CFU.mL"! of spore-
forming bacteria in the raw milk obtained from
the cooling tanks of two industries in the state
of New York (United States). In that same state,
Martin et al. (2011) followed four dairy industries
for a year and observed aerobic spore counts in
raw milk ranging from 3.57 to 5.08 log CFU.ml"'.
Accordingly, Buehner et al. (2014) evaluated the
aerobic spore counts of raw milk during the winter
(-9°C) and summer (30°C) in the state of South
Dakota, United States, and observed significant
differences in the average scores of 2.06 and 1.08
log CFU.mL""; higher spore counts were observed
in winter and were associated with the increased
adversity in the environmental temperature drop,
thus favoring the sporulation of vegetative forms of
these microorganisms.

Considering only the counts, therefore, it is
expected that the refrigerated raw milk of the studied
region presents microbiological quality compatible
or better than the American milk, which when
pasteurized has an average shelf life of 21 days.
Therefore, the milk evaluated by the present work
can be considered of high microbiological quality
and high technological potential, considering only
aerobic spore counts, mainly responsible for the
compromise of the shelf life of the US pasteurized
milk.
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Figure 1. Phylogenetic tree constructed using the neighbor-joining method based on alignment of 602 bp of the 16S
rDNA of spore-forming bacteria. The samples in the present study (isolates Lipoa/UEL, followed by the GenBank
deposit numbers) were marked with diamond symbol and grouped in the same phylogenetic position as the recognized
isolates of Bacillus licheniformis, Bacillus circulans, Bacillus pumilus, Brevibacillus and Paenibacillus (sequence
number deposited in GenBank). The 16S rRNA sequence of Streptococcus pyogenes (isolate 1-273) was used as an
outgroup. The phylogenetic distance is indicated as 0.01 nucleotide substitutions

33

@ Bacillus licheniformis strain LIPOA/UEL 1 (KP713760)
@ Bacillus licheniformis strain LIPOA/UEL 2 (KP713761)

Bacilluslicheniformis strain TS.17 (KM657265.1)
100

Bacillus sonorensis strain CCMMB990 (KF879302.1)
Bacillus aerius strain CCMMB968 (KF879293.1)

Bacillus subtilis strain RLM2 (KJ622304.1)

@ Bacillus licheniformis strain LIPOA/UEL 3 (KP713762)

2054

100

95
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B. licheniformis is aerobic spore bacteria
frequently isolated from raw milk in several
countries, such as Belgium (SCHELDEMAN et
al., 2005; COOREVITS et al., 2008), Uruguay
(REGINENSI et al., 2011), China (YUAN et al.,
2012) and the United States (BUEHNER et al.,
2014), and the spores of these bacteria can be
spread through air (TORTORA et al., 2013). These
microorganisms multiply at temperatures from 15
to 55°C and in sodium chloride concentrations of
up to 7%, and endospores, which are present in the
central region and multiplied at a pH of 5.5 to 8.5,
produce casein hydrolases to reduce nitrate to nitrite
(BURGESS et al., 2010).

Bacillus altitudinis strain KUDC1738 (KC414717.1)
Bacillus pumilus strain 2.1 (KM265462.1)
Bacillus aerophilus strain KUDC1736 (KC414715.1)

100 | Bacillus safensis strain Bs18 (JN699023.1)

@ Bacillus pumilus strain LIPOA/UEL 4 (KP713763)
@ Bacillus pumilus strain LIPOAJUEL 5 (KP713764)

Bacillus nealsonii gene for 16S (AB547220.1)
100 _|0 Bacillus circulans strain LIPOA/UEL 6 (KP713765)
73! Bacillus circulans strain Jz12 (JF833093.2)
@ Paenibacillus sp. strain LIPOA/UEL 7 (KP713766)
| Paenibacillus thermophilus strain WP-1 (NR 118419.1)
| Paenibacillus macerans strain EHFS1 S05Ta (EU071599.1)
100] Brevibacillus sp. ML1 (KF217127.1)
| @ Brevibacillus sp. strain LIPOA/UEL 8 (KP713767)

Streptococcus pyogenes strain I-273 16S ribosomal (NR 028598.1)

Very similar, B. pumilus was isolated from milk
in Belgium (COOREVITS et al., 2008), Uruguay
(REGINENSI et al., 2011) and the United States
(BUEHNER et al., 2014) and characterized as a
producer of proteases that hydrolyze casein in the
central position of the spore, with multiplication at
temperatures of 5 to 55 °C in up to 7% of sodium
chloride (BURGESS et al., 2010).

The lactase production in B. circulans has been
previously described and used in biotechnological
processes (BULTEMA etal.,2014), and cyclodextrin
glycosyltransferase, which catalyzes the conversion
of starch into cyclic or linear oligosaccharides, is
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an important industrial product for complexing
nonpolar (COSTA et al, 2015).
However, little is known about the lipase activity of
these bacteria.

substances

The microorganisms of the Paenibacillus genus
have frequently been reported as a component of the
spore microbiota of raw milk in the United States
(SCHELDEMAN et al., 2004; HUCK et al., 2007;
RANIERI et al., 2012.). This first report in Brazilian
raw milk was previously published (RIBEIRO
JUNIOR et al., 2016b), for the team of this study.

The origin of the milk contaminated with
spp. is
the animal feed, and one of the sources of
contamination is Bacillus sp. (GIFFEL et al., 2002).
The germination of the spores of Paenibacillus

Paenibacillus likely associated with

spp. occurs during the shelf life of pasteurized
milk, thereby initiating sensory changes that cause
deterioration (SCHELDEMAN et al., 2005) and
promote lipolysis and proteolysis. However, in the
present study, only lipase activity was verified.

Huck et al. (2007) reported that in the United
States,
stored for 14 days at 6°C, presented microbiota
predominantly composed by Paenibacillus spp. (83
of 88 isolates), which resulted in the germination

experimentally pasteurized raw milk

of the spores of these microorganisms during the
shelf life under cooling and in the deterioration of
pasteurized milk. Martin et al. (2011) also showed
the germination of Paenibacillus spp. spores in
pasteurized milk after 14 days, and after 21 days,
this microbiota primarily comprised Bacillus and
Paenibacillus.

Vissers et al. (2007) estimated that among
a contamination of 1,000 CFU.ml! of spoilage
microorganisms in milk, 33% of these microbes
originate in the soil. Other studies have reported
that milk can be contaminated with microorganisms
sporulated from animal food, water, feces, ceilings
and milking equipment (HULL et al., 1992;
CHRISTIANSSON et al., 1999; TORP et al., 2001;
GIFFEL et al., 2002). In the food animal group, corn

silage submitted scores of 11.81 to 6.30 log CFU/g
of sporulated bacteria depending on the time of year
(BUEHNER et al., 2014), and these bacteria were
considered a major source of milk contamination,
in addition to the production and storage conditions.

Borreani et al. (2013) evaluated these storage
conditions for corn silage and reported that the
aerobic spore counts might vary from 2.65 to 9.30
log CFU/g silage between the first and 14th day of
exposure to air. These authors indicated that the
Paenibacillus spp. population in this silage was
58.2% and 88.9% of these counts, respectively.

Thus, the implementation of preventive hygiene
measures, such as contamination points, the
avoidance of dust and animal feed into contact with
the milkand the maintenance of all milking circuits
and properly sealed storage units is necessary to

reduce these microorganisms in milk.
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