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Abstract
Among the milk contaminating microorganisms, those which are able to form heat-resistant spores are concerning, especially 
for dairy companies that use ultra-high temperature (UHT) technology. These spores, throughout storage, can germinate and 
produce hydrolytic enzymes that compromise the quality of the final product. This study evaluated 184 UHT milk samples 
from different batches collected from seven Brazilian dairy companies with a possible microbial contamination problem. The 
bacteria were isolated, phenotypically characterized, clustered by REP-PCR, and identified through 16S rDNA sequencing. 
The presence of Bacillus sporothermodurans was verified using biochemical tests (Gram staining, catalase and oxidase test, 
glucose fermentation, esculin hydrolysis, nitrate reduction, and urease test). According to these tests, none of the isolates 
presented typical characteristics of B. sporothermodurans. In sequence, the isolates, that presented rod-shapes, were submit-
ted to molecular analyses in order to determine the microbial biodiversity existing among them. The isolates obtained were 
grouped into 16 clusters, four of which were composed of only one individual. A phylogenetic tree was constructed using 
the sequences obtained from the 16S rDNA sequencing and some reference strains of species close to those found using 
BLAST search in the NCBI nucleotide database. Through this tree, it was possible to verify the division of the isolates into 
two large groups, the Bacillus subtilis and the Bacillus cereus groups. Furthermore, most isolates are phylogenetically closely 
related, which makes it even more difficult to identify them at the species level. In conclusion, it was possible to assess, in 
general, the groups of sporulated contaminants in Brazilian UHT milk produced in the regions evaluated. In addition, it was 
also possible to determine the biodiversity of spore-forming bacteria found in UHT milk samples, thus opening up a range 
of possible research topics regarding the effects of the presence of these microorganisms on milk quality.
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Introduction

Considering the availability of formal fluid milk, in Brazil, 
about 6977 billion liters (26.1%) were designated for the 
ultra-high temperature (UHT) milk sector in 2020, which 

was just below fluid milk used for cheese (33.8%) and pow-
dered milk (26.6%) production. UHT milk consumption in 
Brazil has increased significantly and currently accounts for 
about 87% of the country’s fluid milk consumption [1]. This 
fact can be explained by the long shelf life of the product 
and its ease in storage, the practicality of the packaging, and 
the fact that the cold chain is eliminated during the internal 
logistics and distribution of the product.

Ultrapasteurization or UHT treatment consists of a heat 
treatment in continuous flow (130–150 °C/2–4 s), followed 
by cooling at 32 °C and aseptic packing in sterile and her-
metically sealed packages [2]. This legislation establishes 
that UHT milk must not contain microorganisms capable of 
multiplying under normal conditions of storage and distribu-
tion [2]. This heat treatment process is able to eliminate all 
vegetative microorganism cells present in milk, as well as a 
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large number of spores; except for heat resistant spores, such 
as is in the case of Geobacillus stearothermophilus, Bacillus 
subtilis, Bacillus megaterium, Bacillus coagulans, Bacillus 
licheniformis, and Bacillus cereus and Bacillus Sporother-
modurans spores—bacterium that produce one of the most 
heat-resistant spores [3–6].

Thus, there is a great possibility that heat-resistant spores 
can germinate and, after germination, the bacteria can mul-
tiply during product storage and distribution, making it unfit 
for consumption and at odds with the standards of legislation 
[7]. In addition, after germination, the bacteria can multiply, 
achieve high counts, and produce hydrolytic enzymes that 
reduce product quality, mainly texture change and produc-
tion of off flavors [3, 8, 9]. 

Based on this, the objective of this study is to detect 
the presence of spores and spore-forming bacteria in UHT 
milk samples from three Brazilian regions. Furthermore, to 
characterize the presence of B. sporothermodurans strains 
through phenotypic and genotypic analyses and, finally, 
determine the genetic biodiversity among the isolates 
through phylogenetic analysis.

Materials and methods

UHT milk samples

A total of 184 UHT milk samples from batches with possible 
microbial contamination and collected from seven Brazilian 
dairy companies (A, B, C, D, E, F, and G) were analyzed 
over 6 months (June to November).

Microbiological analyses of UHT milk samples 
and determination of spore‑forming bacteria 
presence

Immediately upon receipt, the UHT milk samples were incu-
bated for 7 days at 36 ± 1 °C. Subsequently, the samples 
were evaluated for the occurrence of changes in product 
characteristics (coagulation, flocculation, desorption, off-
odor, or other). When evident change occurred, no further 
analyses were performed with the sample in question, and 
the result was reported as “altered product after incubation 
at 36 ± 1 °C for 7 days.”

Samples that did not display modification after incu-
bation were ten-fold diluted in tubes containing 9 mL of 
0.1% (w/v) peptone saline solution until 10−2 dilution. The 
dilutions were then pour plated onto brain heart infusion 
(BHI; Kasvi, São José dos Pinhais, PR, Brazil) agar and 
nutrient agar free of yeast extract (Kasvi), in duplicate. 
The plates were incubated at 30 ± 1 °C for 72 h. After 

incubation, the colonies that formed on the plates were 
counted and the results of aerobic mesophilic counts were 
expressed in CFU∙mL−1 [10].

To determine the presence of spore-forming bacteria, 
one aliquot of approximately 10 mL of each UHT milk 
sample was collected in sterile test tubes. Each of the ali-
quots was subjected to heat treatment (80 °C/10 min) [11] 
to eliminate all vegetative forms of the microorganisms 
present and to allow for the detection of spores.

After heat treatment, the aliquots were diluted (up to 
10−2) in 0.1% (w/v) peptone saline solution and pour 
plated, in duplicate, using BHI agar (Kasvi) and nutrient 
agar free of yeast extract (Kasvi), and then followed by 
incubation at 30 ± 1 °C for 72 h. The colonies formed on 
the plates were counted, after incubation, and the results 
of spore-forming bacteria expressed in CFU∙mL−1.

Ten percent of the colonies were randomly selected 
from each BHI agar plate, referring to the count of aerobic 
mesophiles and germinated spores, followed by purifica-
tion through the streak plate method on plate count agar 
(PCA; Kasvi). The pure cultures were stored at − 80 °C in 
BHI broth (Kasvi) supplemented with 30% (v/v) glycerol.

Phenotypic analyses of isolates

Each isolate from the UHT milk samples was submitted to 
biochemical tests, according to the methodology described 
by Normative Instruction no. 62 of 2003, with regards to 
phenotypic characterization to identify the presence of B. 
sporothermodurans. The following tests were performed: 
Gram staining, catalase and oxidase test, anaerobic 
growth, glucose fermentation, esculin hydrolysis, nitrate 
reduction, and urease test.

After performing the phenotypic tests, the isolates that 
showed bacilli morphology through Gram staining were 
cultivated in BHI broth (Kasvi) and subsequently sub-
jected to molecular analysis.

Molecular biodiversity analyses

DNA extraction

A pellet of activated isolate culture was obtained by cen-
trifugation at 10.000 × g for 10 min. The DNA of each 
isolate was extracted and purified using the DNA Purifica-
tion Wizard® Genomic kit (Promega Corp., Madison, WI, 
USA). The quality and the concentration of the extracted 
DNA were measured on a NanoDrop™ Lite Spectropho-
tometer (Thermo Fisher Scientific, Waltham, MA, USA) 
and the DNA concentration was standardized to 100 ng/μL.
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Clustering of isolates by Rep‑PCR

Rep-PCR analyses were performed according to the protocol 
described by Dal Bello et al. [12] using a single universal 
primer (GTG)5 (5′-GTG​GTG​GTG​GTG​GTG-3′). PCR reac-
tions contained 12.5 μL of Go Taq Green Master Mix 2x 
(Promega), 1.0 μL of the primer (100 pMol), 100 ng DNA, 
and ultra-pure water (Promega) for a final volume of 25 μL. 
PCR amplification was carried out in a thermal cycler, and 
the cycle used was 95 °C for 5 min as initial step, 95 °C for 
30 s, annealing at 40 °C for 30 s and 65 °C for 8 min 30 
cycles, and a final extension step of 65 °C for 16 min [12].

The PCR products were visualized on 2% (w/v) agarose 
gel stained with GelRed (Biotium Inc., Hayward, CA, USA) 
and left for 2 h at a constant voltage of 75 V in 0.5 × TBE 
buffer, and developed using an LPIX transilluminator (Loc-
cus Biotechnology, São Paulo, SP, Brazil). The banding pro-
file was analyzed using BioNumerics software 6.6 (Applied 
Maths, Kortrijk, Belgium). The similarities between the pro-
files were calculated using the Pearson correlation. Dendro-
grams were constructed using the Unweighted Pair Group 
Method with Arithmetic (UPGMA).

16S rDNA sequencing

A representative isolate of each group generated by Rep-
PCR analyses was randomly selected and subjected to 16S 
rDNA gene amplification using 8f (5″-CAC​GGA​TCC​AGA​
CTT​TGA​TYMTGG​CTC​AG-3″) and 1512r (5″-GTG​AAG​
CTT​ACG​GYT​AGC​TTG​TTA​CGA​CTT​-3″) primers [13], 
which gives rise to fragments of approximately 1500 bp. 
The amplification reaction was done using 12.5 μL of Go 
Taq Green Master Mix 2x (Promega), 1.0 μL of each primer 
(0.1 µM), 100 ng DNA, and ultra-pure water (Promega) to 
a final volume of 25 μL. PCR amplification was carried out 
in a thermal cycler and the cycle used was 95 °C for 5 min 
as initial step, 94 °C for 20 s, annealing at 54 °C for 20 s 
and 68 °C for 2 min for 35 cycles, and a final extension step 
of 72 °C for 7 min. The products obtained from the PCR 
reaction were sequenced by Macrogen Inc. (South Korea). 
The obtained sequences were then aligned with 16S rRNA 
gene sequences present in the GenBank database (http://​
www.​ncbi.​nlm.​nih.​gov/​genba​nk/) of the National Center for 
Biotechnology Information (NCBI) using BLAST software 
(Basic Local Alignment Search Tool) (http://​www.​ncbi.​nlm.​
nih.​gov/​BLAST).

Phylogenetic analyses

A phylogenetic tree was constructed from the partial 16S 
rRNA sequences with MEGA 11 X version 11.0.10 [14] 
using MUSCLE [15] to align the sequences. Reference 
16S rRNA gene sequences were retrieved from NCBI’s 

databases. The evolutionary history was inferred using the 
maximum likelihood method [16], with bootstrap analyses of 
1000 replicates [17], and the Hasegawa-Kishino-Yano model 
[18] using a discrete gamma distribution (+ G) with 5 rate 
categories. The Interactive Tree Of Life (iTOL v.6.4) web-
based tool was used to edit the phylogenetic tree (https://​
itol.​embl.​de/) [19].

Results

Microbiological quality of UHT milk samples

After incubation for 7 days at 36 ± 1 °C, only one UHT milk 
sample from company B presented gelation and was not con-
sidered for the following steps due to it already being con-
sidered unsatisfactory and of an unacceptable quality [20].

Regarding the microbiological quality, approximately 
51% of the analyzed UHT milk samples presented viable 
aerobic mesophile counts above 100 CFU∙mL−1 (Fig. 1), 
which was the maximum limit allowed by current legislation 
at the time the samples were produced [2].

Most samples were found to be above the limit 
(100 CFU∙mL−1) established by legislation and are clas-
sified as nonstandard in relation to the aerobic mesophile 
and spore-forming bacteria counts after heat treatment. Only 
company C presented nonstandard samples that did not have 
any spore counts after heat treatment.

Dairy company “F” presented the worst results and the 
smallest variability, which is shown by the size of the rectan-
gle in the boxplot. One hundred percent of the samples from 
dairy F were outside the standards established by the legisla-
tion, followed by companies “D” and “A,” with 97.5% and 
94.4% of the samples above the limits, respectively (Fig. 1). 
Furthermore, 57.1% of 183 evaluated samples presented 
microbial counts after heat treatment (80 °C/10 min).

After enumeration of microorganisms in the UHT milk 
samples, a total of 890 isolates were obtained, of which 231 
(25.9%) were isolated from heat-treated samples, therefore, 
spore-forming bacteria.

Phenotypic analyses of isolates

According to the Normative Instruction no. 62 of 2003, 
colonies of B. sporothermodurans present Gram-positive, 
rod-shaped morphologies, catalase, and oxidase positive 
reactions are not able to grow in anaerobiosis, hydrolyze 
esculin, do not ferment glucose, do not reduce nitrate, and 
do not produce urease [10]. Therefore, to be considered a 
strain of B. sporothermodurans, the isolates must exhibit 
all characteristics.

Although several isolates presented results consistent 
with those expected for B. sporothermodurans strains in 

http://www.ncbi.nlm.nih.gov/genbank/
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some of the biochemical tests, none of them had all the nec-
essary characteristics for such identification. Thus, accord-
ing to the methodology used, none of the 890 isolates were 
identified as B. sporothermodurans.

Even though a negative result was obtained regarding the 
presence of B. sporothermodurans, 335 isolates were pre-
sented bacilli morphology and were subjected to molecular 
analyses to obtain more information regarding their taxon-
omy. This choice was made by the decision to keep the focus 
of the study on the possible representatives of the Bacillus 
genus, due to the ability of some species to form thermore-
sistant spores.

Molecular biodiversity analyses

Rep-PCR analyses revealed a highly varied band profile, 
indicating a high diversity among the isolates. Even though 
the similarity between some isolates was very high, there 
was no case where it was 100%. Considering a level of 90% 
similarity, the dendrogram generated 25 clusters. Of the 25 
clusters formed, 11 were formed by single strain, 11 clusters 
with 2 to 9 isolates, and 3 clusters with 12 to 17 isolates.

Regarding the geographic region, of the 25 groups 
obtained, 18 were composed only of isolates from the 
Southeast, 1 isolate from the Midwest, 5 isolates from the 
Southeast and Midwest regions, and 1 isolate from each of 
the three regions; and no group was formed, exclusively, by 
isolates from the Southern region (Fig. 3).

Considering the clusters, there was a high diversity even 
within a single production line among isolates collected 

from a single company. Between the isolates of each com-
pany (from “A” to “G”), 9, 8, 6, 18, 1, 1, and 6 clusters were 
formed, respectively (Fig. 2). Except for companies “E” and 
“F,” which formed a cluster with only one isolate, the others 
would require a level between 50 and 70% of similarity for 
all the isolates to be grouped into a single cluster.

Within each cluster of the 25 formed through Rep-PCR 
analyses, isolates were randomly selected for identification 
through 16S rDNA sequencing. Of the 25 strains sent for 
sequencing, 16 sequences were selected for construction of 
the phylogenetic tree due to the quality of the sequences 
obtained.

Considering a 95% similarity for the identification of the 
genus and 97% for the identification at the species level [21], 
the remaining 16 strains were identified as bacteria belong-
ing to Bacillus genus. Although 16S rDNA sequencing 
was not possible to identify the strains to the species level, 
however, there were some species with which the sequences 
matched better. They were B. cereus, B. thuringienses, B. 
proteolyticus, B. subtilis, B. licheniformis, B. amyloliquefa-
ciens, and B. velezensis.

Phylogenetic analyses

In the present study, the taxonomic relationship of the 
obtained isolates was inferred through phylogenetic analy-
sis. The phylogenetic tree (Fig. 3) was constructed using the 
16S rRNA gene sequences of the 16 selected strains, and 7 
reference strains (belonging to the Bacillus groups that were 

Fig. 1   Boxplot containing an 
overview of the aerobic meso-
philic and spore counts in the 
evaluated UHT milk samples, 
from each production company. 
The black dashed line indicates 
the limit of aerobic meso-
philes allowed by legislation 
(100 CFU∙mL−1). Nonstand-
ard + sporulates: UHT milk 
samples with total counts above 
the limit determined by legisla-
tion (100 CFU∙mL−1) and the 
presence of spore-forming 
bacteria; nonstandard: non-
standard samples that did not 
show counts of spore-forming 
bacteria; standard + sporulates: 
samples with total count within 
the limits determined by legisla-
tion and the presence of spore-
forming bacteria; and standard: 
samples with total count within 
the standard determined by 
legislation without the presence 
of spore-forming bacteria
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close matches, according to BLAST), and Pseudomonas 
putida as an outgroup.

The numbers above and below tree branches correspond 
to the bootstrap support, which was performed with 1000 
replications [17]. These numbers indicate the percentage of 

confidence of the formed clades. The higher the percent-
age, the more support given to the clades. In general, values 
above 70% are considered reliable [22].

When observing the phylogenetic tree, and considering 
the minimum value of 70% for the formation of clades, the 

Fig. 2   Dendrograms generated from REP-PCR print data of isolates 
from UHT milk samples of companies (a–d, g). Similarities between 
profiles were calculated using Pearson’s correlation. The dendro-

grams were constructed using the unweighted peer group method 
with arithmetic (UPGMA). The highlighted red line indicates the 
90% similarity limit considered for clustering



2158	 Brazilian Journal of Microbiology (2023) 54:2153–2162

1 3

sequences were grouped into two main clades. The first 
is composed of strains from the B. subtilis species group 
(B. subtilis, B. licheniformes, B. amyloliquefaciens, and 
B. velezensis) and the evaluated strains 212, 150, 94, 49, 
190, and 117; and the second clade is composed of the 
B. cereus species group (B. cereus, B. proteolyticus, and 
B. thuringiensis) and the evaluated strains 88, 59, 102, 
52, 116, 215, 154, 36, 141, and 61. The clade formed by 
individuals of the B. subtilis group was subdivided into 
three further clades, the first being composed of just B. 
licheniformis; the second of B. subtilis, B. velezensis, and 
B. amyloliquefaciens; and the last one formed by the 6 
isolates evaluated in the study mentioned above. While the 
B. cereus clade was not subdivided, forming a single clade 
composed of B. proteolyticus, B. thuringiensis, B. cereus 
and the isolates 88, 59, 102, 52, 116, 215, 154, 36, 141, 
and 61. The formation of this clade reaffirms the phyloge-
netic proximity between these species, which had already 
been evidenced through the sequence analyses obtained in 
the 16S rDNA sequencing.

Discussion

Although there is no correlation between bacterial counts 
and spoilage potential, it is important to assess the qual-
ity of UHT milk by analyzing the contamination of the 
final product, as required by legislation. In this analy-
sis, the average counts of contaminating mesophiles and 
spore-forming bacteria in the UHT milk samples ranged 
from 0 to 3.7 log CFU/mL, which represents a high vari-
ability of its microbiological contamination (Fig. 1). This 
high variability is confirmed in other studies that evalu-
ated the quality of UHT milk in Brazil. Reported percent-
ages of samples with viable aerobic mesophiles counts 
outside the limit allowed by legislation varied between 
24 and 41.2% [23–25]. Pinto et al. [26] also evaluated 
samples of Brazilian UHT milk for the presence of spore-
forming bacteria, and among 20 milk brands evaluated, 
45% presented sporulated bacteria counts. In addition, 
18.7% of the brands had sporulated counts greater than 
100 CFU∙mL−1. 

Fig. 3   Phylogenetic analysis by maximum likelihood method: Evolu-
tionary history was inferred using the maximum likelihood method 
and Hasegawa-Kishino-Yano model [18]. The tree with the high-
est log likelihood (− 4572.85) is shown. Initial tree(s) for the heu-
ristic search were obtained automatically by applying neighbor-join 
and BioNJ algorithms to a matrix of pairwise distances estimated 
using the maximum composite likelihood (MCL) approach, and then 
selecting the topology with superior log likelihood value. A discrete 
gamma distribution was used to model evolutionary rate differences 

among sites (5 categories (+ G, parameter = 1.2803)). The tree is 
drawn to scale, with branch lengths measured in the number of sub-
stitutions per site. Evolutionary analyses were conducted in MEGA11 
[14]. Numbers at nodes are percentages of bootstrap values obtained 
by repeating analysis 1000 times to generate majority consensus tree, 
and the background colors identify the groups formed through these 
percentages (> 70%). Pseudomonas putida 12633 T was used as out-
group
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It is important to note that in 2018, MAPA (Ministério 
da Agricultura, Pecuária e Abastecimento) established a 
Manual of official methods for the analysis of food of ani-
mal origin (Normative Instruction No. 30/2018). In this 
manual, the microbiological quality of UHT milk is deter-
mined through the Commercial Sterility Test for Low Acid 
Foods—pH > 4.6—and the results are expressed as “posi-
tive” or “negative” for the presence of microorganisms [27].

Furthermore to the microbiological quality of the raw 
milk, the presence of contaminating microorganisms in UHT 
milk may be associated with failures in the production line, 
especially during packaging, insufficient heat treatment, and 
issues in piping sanitation procedures. All of which favors 
microbial adhesion and biofilm formation, as well as failures 
in packaging asepsis procedures [5, 6, 9, 28–30].

The presence of bacteria from the Bacillus genus, specifi-
cally, is more associated with raw milk with a high spore 
count and/or post-process contamination due to the presence 
of biofilms in the pipes [31–33]. The presence of Bacillus 
spp. in UHT milk, confirmed by this study, reaffirms the 
importance of the use of quality raw material and the lowest 
level of contamination possible, since some spore-forming 
microorganisms, besides producing heat resistant enzymes 
and forming biofilms, are considered pathogenic and repre-
sent a great risk to the health of the consumer, as is the case 
with B. cereus [34]. 

Despite the high levels of contamination and the large 
number of isolates belonging to the Bacillus genus, it was 
not possible to detect B. sporothermodurans in the analyzed 
samples. In studies with Brazilian UHT milk samples, simi-
lar results were found regarding the absence of this bacte-
rium [26, 35]. However, some researchers did find this bacte-
rium in Brazilian UHT milk samples. Zacarchenco et al. [7] 
evaluated 100 samples of UHT milk from 6 Brazilian states 
and identified 24 isolates of B. sporothermodurans. Busatta 
et al. [29] and Pereira et al. [36] also identified the presence 
of this bacterium, respectively, in 54.5% and 60% of the 
brands evaluated. In a study on the presence of thermore-
sistant spore-forming bacteria in UHT milk from Thailand, 
Kmiha et al. [37] evaluated 41 samples that were taken at 
different stages during UHT milk manufacturing and the 
presence of B. sporothermodurans was identified only in 
raw milk samples. This difference between the results can 
be explained by the different techniques used to identify B. 
sporothermodurans. Among the studies carried out with 
Brazilian UHT milk samples, the presence of this species 
was confirmed based on the morphological characteristics 
and/or thermal resistance of the isolates, or on grouping 
isolates with a control strain belonging to B. sporothermo-
durans using RAPD typing technique. As presented through-
out this article, species from the Bacillus genus are very 
close phylogenetically, which makes differentiation based 
only on the techniques used in these studies very difficult.

Through this study it was possible to compare molecular 
techniques and biochemical tests. Although they are simple 
and provide us with many interesting information about the 
metabolism and behavior of microorganisms, the biochemi-
cal tests are very laborious and require a lot of time and 
material to perform. In addition, the results are obtained, on 
average, after 72 h. Given the routine and flow of products 
from a dairy company, the identification of microorganisms 
through these techniques becomes completely unfeasible.

As shown in the results obtained through molecular tech-
niques and phylogenetic analysis, the isolates belonging to 
the Bacillus genus, despite not having been identified at the 
species level, are phylogenetically close to some species of 
the genus, which is observed through the phylogenetic tree 
presented in Fig. 3.

The branches of the tree are associated with the transmis-
sion of genetic information from one generation to the next; 
in other words, the evolution of the descendants in relation 
to the node from which it is derived. The longer the branch, 
the greater the genetic change [38]. In general, except for 
isolates 141 and 150, the other individuals are evolutionarily 
very close to their ancestors, which indicates small genetic 
differences between them.

There was no pattern regarding the grouping of strains 
according to region, company, or season in which they were 
isolated. Furthermore, before and after heat treatment at 
80 °C/10 min, the bacteria also subdivided between the main 
clades (group 1 and group 2). These results give us a general 
idea about the contaminants in Brazilian UHT milk. There 
is a high possibility that this is a common group of bacteria 
that do not depend on the region and season in which they 
were isolated.

Among the species associated with the isolates, the pres-
ence of B. cereus in food is very important from the point 
of view of food safety, since it is responsible for two food-
borne diseases: the emetic and the diarrheal syndromes. 
The emetic syndrome is associated with the ingestion of a 
toxin previously produced in the food, whereas the diarrhea 
syndrome is the ingestion of the microorganism that in the 
intestine of the host produces an enterotoxin [3, 31, 39]. B. 
cereus strains were also found in other studies with Brazilian 
UHT milk samples [40–43]. In addition to UHT milk, this 
species has already been isolated from several dairy products 
such as raw milk, pasteurized milk, milk powder, ice cream, 
and fermented milk [31, 40, 41, 44–47].

Liu et al. [48] and Lorenzo et al. [3] identified B. proteo-
lyticus and B. thuringiensis as a new species of the B. cereus 
group, respectively. B. proteolyticos strains are capable of 
producing proteinases that hydrolyze starch and casein [48]. 
In turn, B. thuringiensis, like B. cereus, is pathogenic and 
has been isolated in farm environments and in dairy products 
such as raw milk, cream, pasteurized milk, and cheese [45, 
49]. These species were also associated with some sequences 
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of the isolates evaluated in this study. This fact draws atten-
tion because, associated with the toxigenic potential of B. 
cereus, such bacteria have a high potential for deterioration. 
The strains associated with these species were mainly iso-
lated from UHT milk samples from dairy companies in the 
Southeast.

Some isolates from the Southeast and Central-West UHT 
milk samples showed great similarity with B. subtilis. This 
species is related with the deterioration of various foods, 
which mainly include dairy products such as raw, pasteur-
ized, and UHT milk [50], as it is capable of producing a 
variety of enzymes (proteolytic, aminolytic, lipolytic, and 
fibrolytic), a number of metabolites and volatile substances 
with antifungal activity, and bacteriocins [51–53]. Pinto 
et al. [26], in a study on the microbiological quality of Bra-
zilian UHT milk, also reported the presence of B. subtilis 
corresponding to 68% of the 46 isolated strains.

B. licheniformis was associated with the strains isolated in 
the Southeast, and it is known for its ability to cause deterio-
ration in dairy products due to the production of proteolytic 
and lipolytic enzymes that compromise the sensorial and 
functional properties of these products. In addition, it has the 
ability to form biofilms in processing plants and is consid-
ered by some researchers the predominant Bacillus species 
in dairy industries [31, 54–56]. Together with B. subtilis 
and B. cereus, these are the most predominant mesophilic 
aerobic spore-forming bacteria in raw milk [57]. 

B. velezensis and B. amyloliquefaciens are another species 
of the B. subtilis group [58–60] associated with evaluated 
isolate sequences. In recent studies they demonstrated the 
ability of B. velezensis strains to form biofilms and produce 
proteolytic and lipolytic enzymes that, consequently, com-
promise the quality of products in dairy industries [61, 62]. 
McKillip et al. [63] identified isolates of B. amyloliquefa-
ciens in organic UHT milk and proved that it is a biofilm 
producer in amounts exceeding those of the B. cereus ATCC 
14579 strain used as control.

It was possible to notice that most species of the Bacillus 
genus were genetically associated with the isolates found 
in the evaluated UHT milk samples and are producers of 
enzymes capable of hydrolyzing milk constituents and caus-
ing its destabilization. It is likely that one of these species 
was responsible for the gelation of the sample from company 
B. The gelation of UHT milk consists of the change in the 
physical state of the product from fluid to gel. This modifica-
tion can occur due to the action of proteolytic enzymes pro-
duced by some bacteria. Kappa-casein is easily degraded by 
these proteases because it is located on the micelle surface. 
When it is hydrolyzed, a destabilization of the casein micelle 
can lead to milk coagulation [64]. The time required for gel 
formation over UHT milk storage is dependent on the extent 
of contamination of raw milk; however, each bacterium has 
its predilection to produce such enzymes, which leads us to 

conclude that the bacterial count is not always directly linked 
to the amount of enzyme produced [65].

Due to the typical characteristics of the Bacillus species, 
to which the isolates were phylogenetically close, it can be 
suggested that the problems associated with the batches to 
which the samples belonged to may be linked to the presence 
of biofilms in the processing line, as well as the use of raw 
milk with high microbiological and spore count for UHT 
milk production.

It is important that companies apply all the necessary 
tools for quality management and increasingly encourage 
their suppliers of raw material to always seek to produce 
high-quality milk. It is the only way possible to minimize the 
problems associated with microbiological contamination in 
UHT products and ensure the consumer has a high-quality 
product.

Conclusion

Through the results obtained, it can be concluded that 
spore-forming bacteria of the Bacillus genus comprise an 
important group of contaminants in UHT milk in Brazil. 
Although there was a possibility that the evaluated UHT 
milk samples belong to batches with problems, the presence 
of isolates phylogenetically close to species capable of caus-
ing food-borne diseases, such as B. cereus, gives us future 
perspectives to search for faster detection and identification 
methods for these contaminants. In addition, more effective 
conservation methods, compatible with the reality of the 
dairy industries, against this class of microorganisms must 
also be evaluated. At the same time, one should always seek 
to raise awareness among producers about the importance 
of raw material quality.
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