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1 Introduction
Organic milk and dairy products have gained a significant 

visibility in the consumer market (Dolgopolova & Roosen, 2018) 
as they are considered to have high nutritional value and are 
absent from intentional contaminants added during handling 
(Heckman, 2019).

Although psychrotrophic bacteria are sensitive to the 
heat treatment, they produce thermoresistant enzymes that 
degrade the milk constituents, alter sensory characteristics, 
and reduce the shelf life of dairy foods (Machado et al., 2017). 
The assessment of microbiological quality of raw milk from 
the conventional production system is already well known 
but the analysis of the organic system is lacking. Indeed, few 
studies have evaluated milk and dairy products derived from 
organic production (Kouřimská  et  al.,  2014), and none of 
them focused on psychrotrophic bacteria.

In this aspect, this work aimed to evaluate the levels of 
psychrotrophic bacteria, and the profile of Gram-negative 
bacteria present in organic dairy products (pasteurized whole 
milk, Minas Frescal cheese, and yoghurt) marketed in Rio de 
Janeiro, Brazil.

2 Materials and methods

2.1 Samples

Different organic dairy-based products were analyzed 
in this work: pasteurized whole milk (n = 9), yoghurt (n = 
9), and Minas Frescal cheese (n = 9), totaling 27 samples. 
The  samples were purchased in the local market (Rio de 
Janeiro, Brazil) and transported under refrigeration to 
the Laboratory of Microbiology of  the Federal Institute of 
Education, Science and Technology of Rio de Janeiro (IFRJ). 
The analyzes were performed up to 24 h after the acquisition 
of the samples. It is noteworthy that the sample size, i.e., 
number of organic products, was related to the  products 
available in the marketplace in 2017.

2.2 Psychrotrophic micro-organisms: isolation, and identification

The quantification of psychrotrophic micro-organisms 
was performed according to the methodology proposed by 
Mastromatteo et al. (2010). Samples were weighed and serial 
dilutions were performed in peptone water. Then, samples 
were inoculated by the surface inoculation method using Plate 
Count Agar (PCA) supplemented with triphenyltetrazolium 
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(1%). After plating, the plates were incubated at 7 °C for 10 days. 
After the incubation period, the colonies were counted and isolated.

Psychrotrophic bacteria isolates were purified using TSA 
agar. After this step, Gram staining, oxidase test (Laborclin, 
Pinhais, Paraná) and the identification with the Bactray I, 
II, and III Kit (Laborclin, Pinhais, Paraná) were carried out. 
In addition, the isolates were identified based on their 16S rRNA 
gene sequences using the Basic local alignment search tool in 
accordance with recent study (Hahne et al., 2019). The isolates 
were deposited in the Culture Collection of the Laboratory of 
Microbiology of the IFRJ.

2.3 Extracellular enzymes: evaluation of production capacity

The production capacity of proteases, lipases, and lecithinases 
was evaluated according to the methodology proposed by 
Dogan & Boor (2003) and Bates & Liu (1963). For the proteases 
production analysis, the isolates were inoculated in Skim Milk 
Agar and incubated at 7 °C for 10 days. For the lipolytic activity 
analysis, the isolates were inoculated in modified Spirit Blue Agar 
and incubated at 37 °C for 5 days. For the lecithinase production 
evaluation, PCA Agar supplemented with 50% (v/v) egg yolk 
solution was used. The isolates were inoculated and incubated 
at 7 °C for 10 days. The evaluation of the enzymatic activity was 
determined by the presence of halo hydrolysis.

2.4 Biofilm formation

For the assessment of biofilm-producing capacity, the 
methodology proposed by Stepanovic et al. (2000) was used. 
The isolates were inoculated in BHI Agar and incubated at 28 °C for 
48 h. Then, an aliquot (200 μL) was transferred, in quadruplicate, 
to 96-well plates. The microplates were incubated at 37 °C for 
24 h under agitation (100 rpm). After incubation, the culture 
was removed from the wells and each well was washed 3 times 
with sterile distilled water, dried at 37 °C for 20 min and added 
with 100 μL of absolute ethanol for 15 min. After removing the 
ethanol, violet crystal (100 μL at 0.25% w/v) was added and let 
react for 10 min. The dye was removed, the plates were washed 
with sterile distilled water, dried and added with 200 μL of 80% 
(v/v) glacial acetic acid. Biofilm formation was evaluated by 
spectrophotometry (λ = 600 nm). Staphylococcus aureus ATCC 
12600 was used as a positive control and sterile BHI broth was 
used as a negative control. The biofilm-producing capacity was 
analyzed by comparing the absorbances of the negative control 
with the absorbances of the isolates, in a way that the isolates 
were classified as non, low, medium, and high biofilm formers.

3 Results and discussion

3.1 Characterization of organic milk and derived products

Only 3 (11%) of the 27 samples analyzed did not contain 
the organic certification seal or any other type of proof of the 
organic origin of the product. Twelve samples (44%) presented 
incomplete information regarding the list of ingredients, 
nutritional table and means of conservation. The demand for 
organic products, especially milk and processed dairy foods, 
has increased considerably in the last years. Accordingly, the 

market for organic products tends to grow from 10 to 30% per 
year worldwide (Lu et  al.,  2010, Willer & Kilcher, 2011; Bee 
Lian et al., 2016).

This trend is associated with consumers’ perception that these 
products are of better quality than the conventional counterparts 
and may present possible health benefits. Additionally, the 
motivation for sustainable issues and animal welfare concerns 
also plays a role (Schwendel et al., 2015). The certification of the 
organic system is the instrument that guarantees compliance with 
strict guidelines to produce organic foods. Herein, it is possible 
to observe that the majority of the products (89%) evaluated in 
the present study were certified as organic.

3.2 Psychrotrophic micro-organisms counts

Table 1 shows the counts of psychrotrophic bacteria for 
the organic dairy products. The counts ranged from <1 to 
6.54 log CFU/g in pasteurized whole milk samples, from 4.40 
to 6.48  log CFU/g in Minas Frescal cheeses, and from <1 to 
4.61 log CFU/g in yogurts. The pasteurized whole milk from 
producer B (three samples) showed counts below the limit 
of detection (<1 log CFU/g). A sample from producer C also 
showed counts below the limit of detection. The results show 
that producer B has the product with the best microbiological 
quality. This result may be associated to the application of Good 
Manufacturing Practices (GMP) in the industrial processes and 
in manufacturing steps, ensuring the quality of products by its 
implementation at root levels.

The count of psychrotrophic bacteria in raw milk is influenced 
by hygiene conditions at milking, length of storage period, and 
storage temperature. Long-term storage favors the development 
of these bacteria and inhibits the development of mesophilic 
bacteria (Samaržija  et  al.,  2012). As psychrotrophic bacteria 
are sensitive to heat treatments, some authors report that the 
contamination of milk and other dairy foods by psychrotrophic 
bacteria is associated with post-pasteurization contamination 
(Van Tassell et al., 2012). Brazilian legislation recommends that 
raw milk must be refrigerated after milking; however, it does 
not establish standards for counting of psychrotrophic bacteria.

All Minas Frescal cheese samples presented psychrotrophic 
bacteria counts higher than 4.00 log CFU/g, regardless of their 
origin. For yogurts, a sample from each producer presented 
counts below the limit of detection. The quality, stability, and 
yield of dairy foods, such as cheeses and yogurts, are directly 
related to the microbiological quality of the raw milk, especially 
with regard to the counts of psychrotrophic micro-organisms 
(Samaržija et al., 2012). Therefore, it is obvious that raw materials 
with a high initial count of psychrotrophic micro-organisms 
compromise the quality of processed products. The quality 
impairment is related to the presence of thermoresistant enzymes 
produced by psychrotrophic micro-organisms that alter the 
quality of milk (Samaržija et al., 2012; Hanamant & Bansilal, 
2013; Decimo et al., 2014; Machado et al., 2017).

Seven (25.9%) of the 27 samples analyzed presented 
a psychrotrophic bacteria count greater than or equal to 
6 log CFU/g. Therefore, more than ¼ of the products presented 
low microbiological condition (> 6 log CFU psychrotrophic 
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bacteria/g). These results clearly indicate failures in good milking 
practices, storage, and processing of milk.

3.3 Identification of psychotropic bacteria

From the 27 analyzed samples, 210 psychrotrophic micro-
organisms were isolated, such as bacteria (n = 176) and yeasts 
(n = 34). Bacteria were classified in Gram-positive (n = 77) and 
Gram-negative (n = 99). Table 2 shows the species of Gram-
negative bacteria that were identified. In summary, a total of 11 
different genera were found: Acinetobacter [n = 39], Aeromonas 
[n = 2], Bulkhoderia [n = 23], Citrobacter [n = 1], Enterobacter 
[n = 6], Escherichia [n = 1], Kluyvera [n = 1], Ochrobactrum 
[n = 1], Pasteurella [n = 2], Proteus [n = 1], Pseudomonas [n = 2]. 
Acinetobacter (39%) and Bulkhoderia (23%) were the genera 
with the highest incidence. The incidence of other genera varied 
between 1 and 10%.

Table 3 presents the Gram-negative bacteria in Brazilian 
organic dairy products (milk, minas cheese and yogurt). 
The genus Acinetobacter was the most incident (51.7%) genus in 
pasteurized whole milk, followed by the genus Hafnia (13.8%) 
and Burkholderia (12.1%). Similarly, Burkholderia (23.1%) was 
the most incident genus in yogurts, whereas two Gram-negative 
isolates, one belonging to the genus Enterobacter and another of 
the genus Hafnia were detected. The lower incidence of micro-
organisms in yogurts is related to the low pH and increased 
acidity, which compromise the survival of deteriorating and 
pathogenic micro-organisms. In addition, there is competition 
for nutrients between the starter culture micro-organisms 
and the other micro-organisms present (Batista  et  al.,  2017; 
Sperry et al., 2018).

Pseudomonas, Aeromonas, Hafnia, Acinetobacter, 
and Serratia are the most commonly found genera in raw 
refrigerated milk (Mallet  et  al.,  2012; Machado  et  al.,  2017, 
Ramos &  Nascimento,  2020). Their presence in processed 
organic dairy products may be related to the survival of these 
micro-organisms through conventional heat treatments applied 
or even incidence of post-pasteurization contamination.

Acinetobacter is a complex genus whose micro-organisms 
have been associated with nosocomial infections, predominantly 
aspiration pneumonia, catheter-associated bacteremia, soft tissue, 
and urinary tract infections (Wong et al., 2017). There are more 
than 50 species belonging to this genus; however, Acinetobacter 
baumannii, Acinetobacter calcoaceticus, and Acinetobacter 
iwoffii are the most frequent species associated with infections 
(Wong et al., 2017).

Table 1. Psychrotrophic microorganisms counts in Brazilian organic 
dairy foods.

Sample log UFC Numbe of 
isolates Dairy food Producer

1 5.75 7 milk A

2 6.00† 17 milk A

3 5.87 12 milk A

4 < 2.00 * milk B

5 < 2.00 * milk B

6 < 2.00 * milk B

7 6.48† 17 milk C

8 < 2.00 * milk C

9 6.54† 28 milk C

10 6.48† 14 minas cheese D

11 6.48† 12 minas cheese D

12 6.43† 10 minas cheese D

13 5.40 10 minas cheese E

14 4.86 7 minas cheese E

15 4.76 4 minas cheese E

16 6.48† 15 minas cheese F

17 4.99 6 minas cheese F

18 4.40 12 minas cheese F

19 < 2.00 * yogurt G

20 4.32 12 yogurt G

21 3.72 7 yogurt G

22 4.61 3 yogurt H

23 < 2.00 * Yogurt H

24 3.86 7 yogurt H

25 3.49 3 yogurt I

26 < 2.00 * Yogurt I

27 3.91 7 yogurt I

†Samples with a count ≥ 6 log UFC; *No microbial growth.

Table 2. Identification of Gram-negative psychotrophic bacteria isolated 
from Brazilian organic dairy products.

Identification NI %
Acinetobacter baumannii/calcoaceticus 39 39.4%
Aeromonas hydrophila 2 2.0%
Burkholderia pseudomallei 23 23.2%
Citrobacter freundii 1 1.0%
Enterobacter amnigenus 1 1 1.0%
Enterobacter cloacae 1 1.0%
Enterobacter gergoviae 1 1.0%
Enterobacter sakazakii 3 3.0%
Escherichia coli 1 1 1.0%
Escherichia coli 2 1 1.0%
Hafnia alvei 10 10.1%
Kluyvera cryocrescens 1 1.0%
Ochrobactrum anthropi 1 1.0%
Pasteurella aerogenes 2 2.0%
Proteus mirabilis 1 1.0%
Pseudomonas aeruginosa 6 6.1%
Pseudomonas putida 1 1.0%
Serratia liquefaciens 1 1.0%
Serratia marcescens 1 1.0%
Shigella dysenteriae sorogrupo a 2 2.0%
Total 99 100%

NI = number of Gram-negative isolates of each species found in the 27 analyzed samples. 
% = percentage representation in relation to the number of total Gram-negative isolates.
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In routine diagnosis, A. baumannii, A. pittii, A. nosocomialis 
and A. calcoaceticus strains are difficult to be accurately 
differentiated, since they are highly similar in their phenotypic 
and biochemical properties and show a close relationship in 
DNA-DNA hybridization (DDH) studies. Therefore, these 
strains are commonly grouped in the so-called Acinetobacter 
baumannii/calcoaceticus complex (Cho et al., 2018). This group 
presents recognized antibiotic resistance phenotype; therefore, 
contaminated foods constitute a risk to children and individuals 
with compromised immunity (Wong et al., 2017). Acinetobacter 
baumannii/calcoaceticus were found in 39% of the organic dairy 
isolates evaluated in this study.

The presence of the Burkholderia pseudomallei in Minas 
Frescal cheese and milk samples (23.23%) is of concern since 
this bacterium is a foodborne pathogen associated with 
melioidosis, a serious and commonly fatal disease that affects 
humans and animals. In humans, it can trigger skin infections, 
septicemia, and pneumonia (Titball et al., 2017). According to 
Limmathurotsakul & Peacock (2011), there are 165,000 cases 
of melioidosis per year, from which 89,000 deaths occur. In this 
view, the number of deaths related to melioidosis is comparable 
to mortality caused by measles (95,600 per year) and higher 

than the death rate from leptospirosis (50,000 per year) or 
dengue (9,100-12,500  per  year). Pathogenic microorganisms 
are commonly found in cheeses (Mendonça et al., 2019; Cunha-
Neto et al., 2020) and milk (Mullan, 2019).

Hafnia alvei belongs to the Enterobacteriaceae family and is 
related to uncommon infections. It is considered an opportunistic 
pathogen that causes invasive infections in debilitated elderly 
with underlying diseases (Baral et al., 2018). Baral et al. (2018) 
reported a case of bacteremia caused by Hafnia alvei resulting in 
bronchopneumonia in an 11-month-old child. Díaz et al. (2017) 
presented a clinical case of a 40-year-old patient with no pathological 
history affected by a prolonged febrile state. The patient was 
diagnosed with subacute bacterial endocarditis in the native 
mitral valve caused by Hafnia alvei. This micro-organism was 
found in 10.10% of the organic dairy isolates evaluated in the 
present study.

Pseudomonas species are strongly associated with deterioration 
of milk and other daisy foods (Baglinière et al., 2017). Because it 
is widely distributed in nature, such as in water and soil, it easily 
contaminates animal udder and milking equipment and has been 
used as a model to assess the effects of psychrotrophic bacteria 
on milk (Oliveira et al. 2015, Machado et al., 2017). Serratia 
species, such as Serratia liquefaciens and Serratia marcescens, 
are also known to deteriorate raw milk, being able to produce 
thermoresistant enzymes and biofilms (Baglinière et al., 2017). 
Serratia and Pseudomonas species are post pasteurization 
contaminants and are involved in the deterioration of pasteurized 
dairy products. Therefore, these micro-organisms should be reduced 
to increase the shelf life of dairy foods (Van Tassell et al., 2012).

Enterobacteriaceae species (Citrobacter freundii, Enterobacter 
amnigenus 1, Enterobacter cloacae, Enterobacter gergoviae, 
Enterobacter sakazakii, Escherichia coli 1, Escherichia coli 2, 
Proteus mirabilis and Shigella dysenteriae serogroup a) were found 
in organic milk isolates (<3%). Contamination of raw milk with 
Enterobacteriaceae species may be associated with mastitis, animal 
feces, or with contamination of milking equipment (Vásquez-
Jaramillo et  al.,  2017). The major concern is the presence of 
Enterobacteriaceae bacteria that produce extended-spectrum 
beta-lactamase, which reduce the efficacy of a wide range of 
beta-lactam antibiotics, such as third-generation cephalosporins 
and monolactams (Vásquez-Jaramillo et al., 2017).

Shigella spp. can infect humans and non-human primates 
and is a major cause of dysentery, affecting more than 80 million 
people and causing more than 700,000 deaths each year worldwide. 
The infectious dose may be as low as 10 organisms, making Shigella 
a food-borne pathogen of global importance and a significant 
risk to public health (Weis  et  al.,  2017). During  pregnancy, 
women are more susceptible to listeriosis, which can result 
in premature labor, spontaneous abortion, chorioamnionitis, 
and maternal/neonatal sepsis (Bhaskar & Chaudhury, 2018). 
Shigella dysenteriae serogroup a was found in 2.02% of the organic 
dairy isolates from this study.

Aeromonas hydrophila is an aquatic micro-organism of 
medical importance that was originally isolated from frogs. 
Aeromoniasis  can be caused by A. hydrophila, A. caviae, and 
A. sobria. Among these species, A. hydrophila is an emerging 

Table 3. Gram-negative bacteria (%) in Brazilian organic dairy products 
(milk, minas cheese and yogurt).

Species %
Organic Milk
Acinetobacter baumannii/calcoaceticus 51.7%
Aeromonas hydrophila 1.7%
Burkholderia pseudomallei 12.1%
Enterobacter gergoviae 1.7%
Enterobacter sakazakii 3.4%
Hafnia alvei 13.8%
Kluyvera cryocrescens 1.7%
Proteus mirabilis 1.7%
Pseudomonas aeruginosa 5.2%
Serratia liquefaciens 1.7%
Serratia marcescens 1.7%
Shigella dysenteriae sorogrupo a 3.4%
Organic minas cheese
Acinetobacter baumannii/calcoaceticus 23.1%
Aeromonas hydrophila 2.6%
Burkholderia pseudomallei 41.0%
Citrobacter freundii 2.6%
Enterobacter amnigenus 1 2.6%
Enterobacter sakazakii 2.6%
Escherichia coli 1 2.6%
Escherichia coli 2 2.6%
Hafnia alvei 2.6%
Ochrobactrum anthropi 2.6%
Pasteurella aerogenes 5.1%
Pseudomonas aeruginosa 7.7%
Pseudomonas putida 2.6%
Organic yogurt
Enterobacter cloacae 50.0%
Hafnia alvei 50.0%
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bacterial zoonotic pathogen transmitted by food, which 
can cause disease in immunocompetent persons as well as 
immunocompromised persons, such as patients suffering from 
carcinoma, leukemia, and HIV (Pal, 2018). Aeromonas hydrophila 
was found in 2.02% of the organic dairy isolates from this study.

The profile of Gram-negative bacteria in organic dairy 
products indicated the presence of several bacteria that could 
have a negative impact on human health. Some species were 
found in high levels (Acinetobacter baumannii, Acinetobacter 
calcoaceticus, Burkholderia pseudomallei, and Hafnia alvei). 
Moreover, some bacteria (Pseudomonas, Serratia liquefaciens, 
and Serratia marcescens) affect the product quality and decrease 
the shelf life of dairy foods. Finally, some micro-organisms 
(Shigella), although present in a few isolates, deserve attention 
for the potential deleterious effects.

3.4 Evaluation of the production of extracellular enzymes
Figure 1 shows data on the Gram-negative bacteria that 

produced the protease, lecithinase, and lipase deteriorating enzymes.

Eighteen (18.2%) of the 99 isolates of Gram-negative bacteria 
did not produce any of the enzymes analyzed. On the other hand, 
36 (36.4%) produced proteases, 41 (41.4%) produced lecithinases, 
and only 4 (4%) produced lipases. Thirty-six (44%) of the 
total number of isolates with enzyme-producing capacity (81) 
produced two types of enzymes and only one (1.23%) produced 
the three enzymes evaluated in the study condition. The species 
that produced two enzymes are Acinetobacter baumannii/
calcoaceticus and Burkholderia pseudomallei, isolated from 
pasteurized whole milk and Minas Frescal cheese. Acinetobacter 
baumannii/calcoaceticus was the species with the greatest 
capacity to produce lecithinase and Burkholderia pseudomallei 
was the species with the greatest capacity to produce protease. 
In fact, Gauthier et al. (2000) reported that more than 90% of 
Burkholderia pseudomallei isolates from humans were able to 
produce lecithinase, protease, and lipase.

Pseudomonas and Acinetobacter were able to produce 
lipase, corroborating a previous study (Javed  et  al.,  2018). 
Although these genera are also associated with protease production 
(Marchand et al., 2009), the refrigeration temperature leads to a 
higher production of lipolytic enzymes (Nörnberg et al., 2010).

The results indicate that the psychrotrophic bacteria isolated 
from organic milk and other dairy foods showed high production 
capacity of enzymes (proteases, lecithins, and lipases), which may 
alter the sensory, nutritional, and technological characteristics of 
the products (Machado et al., 2017), resulting in large economic 
losses for producers and industries (Samarzija  et  al.,  2012). 
In  pasteurized whole milk there was a higher incidence of 
lecithin producing isolates (52%), followed by proteases (34.5%), 
and lipases (3.5%). In Minas Frescal cheese, there was a higher 
incidence of protease isolates (34.5%), followed by lecithinase 
(26%), and lipase (5%) producers. Finally, only lecithinase 
producers (50%) were isolated from yogurts. Overall, the type 
of processing to which the milk is subjected and the process 
conditions influence the type of micro-organism found and, 
consequently, the type of enzymes produced.

Thermoresistant proteases present in milk and dairy products 
can act in the hydrolysis of several types of casein resulting in color 
changes, with development of grayish coloration. In addition, 
during cheese processing, proteases increase the destabilization 
of casein and compromise micelles coagulation, resulting in 
cheeses with lower consistency and yield (Decimo et al., 2014).

Phospholipases and lecithinases can act on the membranes of 
milk fat globules, causing rupture and exposing the triacylglycerides 
to lipases (Koka & Weimer, 2001). Lipases catalyze the hydrolysis 
of triacylglycerides and lead to the formation of astringent 
rancid and soap flavors (De Jonghe et al., 2011). Although the 
prevalence of lipase-producing bacteria was low in the selected 
organic products (0-5%), lipolytic degradation causes the first 
changes in the flavors and odors of the products by the release of 
free fatty acids. These alterations affect the sensory acceptability 
of the product because the released short chain free fatty acids 
are the main cause of rancidity.

All these changes lead to product rejection by consumers 
and reduce its shelf life. To avoid economic losses and to obtain 
high-quality dairy foods, it is essential to avoid the presence and 
multiplication of psychrotrophic bacteria by adopting GMP at 
all stages of production, to reduce refrigerated storage periods 
and adoption of appropriate thermal treatments. The heating 
process easily destroys psychrotrophic bacteria, but the lipases, 
proteases, and lecithinases remain active in the processed 
product (Nörnberg et al., 2009). Because of thermal resistance, 
the enzymes can maintain 30 to 100% of their activity after 
the thermal treatments to which milk and dairy products are 
submitted (Samaržija et al., 2012).

Although there are few reports on the activity of lipases 
and lecithinases produced by psychrotrophic bacteria, they 
are essential for the establishment of control strategies to 
improve the quality, stability, and shelf life of dairy products 
(Decimo  et  al.,  2014). Although these enzymes studied are 
associated with the deterioration and reduction of shelf life, they 
may be used for the development of aroma and texture of cheeses 
during maturation time (Jooyandeh et al., 2009; Tavano, 2013).

3.5 Biofilm-producing capacity

Gram-negative bacterial isolates were classified as non, 
low, medium, and high biofilm formers (Figure 2). The results 

Figure 1. Gram-negative bacteria and Gram-negative bacteria (%) in 
organic Brazilian dairy foods (milk, minas cheese and yogurt samples) 
that produced protease, lecithinase and lipase deteriorating enzymes.
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showed that 68 (68.7%) of the Gram-negative bacteria 
isolates were non-producers or low biofilm former, 28 (28.3%) 
were medium biofilm formers and only 3 (3.0%) were high 
biofilm producers.

Biofilms can be characterized as an aggregation of bacteria, 
algae, fungi and protozoa enclosed in a matrix consisting of a 
mixture of polymeric compounds, primarily polysaccharides, 
generally referred to as extracellular polymeric substance 
(Coughlan et al., 2016). Many psychrotrophic bacteria secrete 
exopolysaccharides to form biofilms. These substances facilitate 
the adhesion and aggregation of the bacteria to the surfaces and, 
when they adhere irreversibly, biofilm formation is initiated 
(Marchand et al., 2012; Coughlan et al., 2016, Alonso & Kabuki, 2019). 
Most of the bacteria found in the organic dairy products were 
classified as non or low biofilm producers (68.7%). However, it 
is important to note that bacteria that do not produce biofilms 
can adhere to matrices produced by other bacteria.

A prevalence of non or low biofilm producers (55.1 and 
89.7%, respectively) was observed in pasteurized whole milk 
and in Minas Frescal cheeses. In yogurts, only low (50%) and 
medium biofilm producers (50%) were found. The results indicate 
that the type of processing and the type of processed dairy food 
influence the biofil-producing ability of micro-organisms. In fact, 
other factors such as temperature, pH, and nutrient availability 
influence the formation of biofilms (Shi & Zhu, 2009). The biofilm 
formation capacity of distinct bacteria differs according to 
species, genus, and strain. Accordingly, the intensity of the 
biofilm production varies according to the environment in a 
way that the same bacterium may produce biofilm according 
to the medium (Srey et al., 2013).

Bacterial biofilms make bacteria less susceptible to the 
antimicrobial agents, more resistant to sanitation, environmental 
changes, and dehydration/dissection (Coughlan  et  al.,  2016; 
Bayoumi et al., 2012; Bernbom, Vogel & Gram, 2011).

Because of the protection offered by this matrix, many 
chemical sanitizers are inefficient in the removal of most 
bacteria, since these products are not well diffused in the matrix 
(Islam et al., 2014; Singhal et al., 2011). Therefore, the sanitization 
of equipment, utensils, and surfaces must be correctly executed 
as the presence of nutrients facilitates the microbial adhesion 
and the beginning of biofilm formation. The configuration of the 
equipment within the production line should also be checked, 

with special attention to the presence of cracks, valves and 
joints that hinders the sanitization operations and favors the 
formation of biofilms (Cleto et al., 2012). In the case of milks 
and processed dairy products, biofilms are a major source of 
re-contamination (Marchand et al., 2012; Coughlan et al., 2016). 
Pseudomonas aeruginosa can form biofilms on a variety of surfaces 
(Wu et al., 2016; Flemming & Wingender, 2010). According to 
Cleto et al. (2012) and Mangalea et al. (2017), Serratia species 
and Burkholderia pseudomallei are known to produce of biofilms.

Overall, our findings suggest the quantification of psychrotrophic 
bacteria in milk should be considered a mandatory analysis 
as it directly influences the microbiological, physicochemical, 
and sensory quality of dairy products. Indeed, this is the first 
study that profiles Gram-negative bacteria in Brazilian organic 
dairy products. The manufacture of organic dairy products with 
adequate microbiological characteristics, raw materials must be 
obtained by means of strictly controlled good manufacturing 
practices, correct sanitation techniques and by applying 
appropriate heat treatments, thus reducing the presence of 
these micro-organisms. In addition to safety and quality, these 
foods must be prepared in accordance with organic standards 
and regulations, in order to meet the consumer’s demand and 
expectations for these differentiated products. To the best of 
our knowledge, this is the first study that reveals the complete 
profile of Gram-negative psychrotrophic bacteria present in 
organic milk and dairy products and their ability to produce 
enzymes and biofilms.

4 Conclusion
Organic dairy products presented increased psychrotrophic 

counts indicating problems in the microbiological quality of the 
products, suggesting there are problems related to the handling 
these products, resulting in high counts of psychrotrophic bacteria 
with the capacity to produce deteriorating enzymes and, to a 
lesser extent, the formation of biofilms.
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