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BACKGROUND

Dairy products are the base of the diet of many families in all social classes worldwide. However,
the high content of milk nutrients and their derivatives, in addition to the near neutral pH and
high water activity, provide an ideal environment for the growth of many microorganisms in dairy
products (Oladipo andOmo-Adua, 2011).Moreover, during itsmanufacturing, processing, storage,
distribution, and marketing, dairy products may be subject to inadequate hygiene conditions,
which can promote spoilage and contamination with pathogenic microorganisms, including
Enterobacteriaceae (Cusato et al., 2013; Freitas et al., 2013).

Several studies have reported the contamination of dairy products by Salmonella sp. and
Escherichia coli; however, few studies have described the presence of Enterobacter, Klebsiella, and
Serratia species, particularly with regard to the presence of these genera in foods andmilk products.
In addition, although most studies performed with these bacteria have focused on quantification
and identification, some studies have also explored antimicrobial resistance (Samaržija et al.,
2012; Zhang et al., 2015) and other virulence factors, such as biofilm (Cherif-Antar et al., 2016),
proteolytic enzymes (Chove et al., 2013), and lipolytic enzymes (Masiello et al., 2016).

Cheese is a major dairy product that can be manufactured using nonpasteurized milk; this
process is often carried out at farms and small establishments, increasing the potential for
contamination by microorganisms, including Enterobacteriaceae (Zhang et al., 2015). Even in
products subjected to the pasteurization process, the absence of contaminants is not guaranteed
because of possible flaws in the process or after pasteurization. In Brazil, the most commonly
consumed fresh cheese, “Minas frescal,” has undergone changes in its composition, particularly
after campaigns pushing for sodium reduction. However, such changes in composition can
exacerbate problems with contamination because sodium is effective in controlling some
pathogenic and deteriorative microorganisms, including Enterobacteriaceae family members,
directly affecting the shelf life of the product and potentially altering its rheological and sensory
features (Doyle and Glass, 2010; Cruz et al., 2011; Damaceno et al., 2015).

Contamination in dairy products is not restricted to fresh products. Infant milk formulas and
milk powder, which are subjected to various moisture removal processes, have also been reported to
be contaminated with representatives of this family. Isolates of Klebsiella pneumoniae, Citrobacter
freundii, Enterobacter cloacae, and other members of the E. cloacae complex have been found in
these foods (Oonaka et al., 2010; Sani and Yi, 2011; Yao et al., 2012).
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RESISTANCE TO ANTIBIOTICS

Antibiotics are often used indiscriminately in animals with the
goals of prevention and treatment of clinical diseases as well as
enhancing growth and development (Fleming et al., 2010; Bosco
et al., 2012; Murphy et al., 2016). This routine may be affecting
various aspects of the food industry, since antibiotic-resistant
microorganisms from animals can be disseminated in different
food products (Rolain, 2013).

The use of antibiotics targeting animal growth is still
controversial; some researchers argue that consumption of
products derived from these animals is not a risk to human
health, whereas others have questioned the possibility that
bacterial strains with resistance genes may be transmitted by
food derived from these animals. For example, Marshall and Levy
(2011) reported a study on people working on a farm at which
antibiotics were used for animal development; these workers
harbored resistant bacteria in their intestinal microbiota, and
the same bacterial profile was observed in the animals at the
farm.

Notably, such gene transfer can occur, even in the lumen
of human and animal intestines, influencing the evolution of
newly pathogenic strains (Grotiuz et al., 2006). In addition, milk
is considered an excellent culture medium for gene transfer by
conjugation and has been reported to have an efficiency that is
10 times higher than that of laboratory culture medium (Verraes
et al., 2013).

Some studies have described the occurrence of multidrug
resistance (MDR) in members of the Enterobacteriaceae family,
isolated from dairy products, which do not belong to the species
E. coli and S. enterica, considered classical foodborne pathogens.
For example, Chauhan et al. (2013) described the isolation of
MDR K. pneumoniae from raw milk samples. MDR isolates
from the genera Enterobacter, Citrobacter, and Klebsiella, all
of which showed resistance to imipenem, were also described
by Fakruddin et al. (2014) in different food samples, including
milk powder. More recently, our group has isolated MDR
Enterobacter spp. from “Minas frescal” cheese and pasteurized
milk (Damaceno et al., 2015; Amorim, 2016).

Additionally, studies have shown that E. cloacae strains are
often isolated from dairy products. However, studies of the
virulence factors of these strains and their MDR potential are still
scarce.

Among the factors related to acquisition of antimicrobial
resistance by representatives of the Enterobacteriaceae family,
the factor that is most concerning to the scientific community
is the ability of these bacteria to produce extended spectrum β-
lactamase (ESBL; Thenmozhi et al., 2014; Tekiner and Özpinar,
2016). Inhibitors of ESBL are widely used for the treatment
of bacterial infections, particularly for gram-negative bacteria.
Therefore, ESBL production can confer resistance tomany classes
of antibiotics.

The Enterobacteriaceae family, which are the greatest
producers of ESBL, includes K. pneumoniae and E. coli strains;
these strains have high clinical relevance (Munoz-Price and
Weinstein, 2008; Saito et al., 2010) and are unrelated to
Acinetobacter spp. (Moraxellaceae family).

Foods with certain characteristics may facilitate the spread of
ESBL bacteria. For example, Calbo et al. (2011) described the
transmission of an ESBL-producingK. pneumoniae strain by food
consumption at a health facility; after obtaining negative results
for surfaces and professionals in the ward, they determined that
the propagation occurred via food, affecting 14% of the food
handlers and 35% of hospital kitchen surfaces.

However, the results of various studies have been
controversial. Some studies have shown that milk is not a
good disseminator of ESBL-producing bacteria, whereas other
studies have indicated that milk can facilitate the dissemination
of these bacteria. Moreover, most studies showing that ESBL-
producing bacteria were present in milk were performed in
developing countries, as India, Brazil, and Indonesia, and the
results of these studies contrasted with those of studies in
developed countries, such as Switzerland (Chauhan et al., 2013;
Dahmen et al., 2013; Sudarwanto et al., 2015; Amorim, 2016).

OTHER VIRULENCE FACTORS

Biofilm Production
Biofilm formation in the dairy industry can occur within a few
hours after processing (Mogha et al., 2014). Milk, obviously
a major component of dairy products, has characteristics that
may promote or present biofilm production on surfaces. Its
composition is rich in lipids, proteins, and certain divalent
cations, e.g., calcium, which favors the formation of biofilm (Teh
et al., 2014; Flint et al., 2015).

Some studies have reported the presence of Enterobacteriaceae
biofilm producers associated with industrial dairy production
plants. Cherif-Antar et al. (2016) found distinct gram-negative
bacteria, including K. pneumoniae, Serratia marcescens, and
Enterobacter spp., attached to the stainless steel surfaces of pipes
of a milk processing plant.

Notably, these bacteria can be resistant to cleaning products,
as described by Malek et al. (2012), who collected samples from
farms producing pasteurized milk and skimmed milk powder in
Algeria. The entire production line was constantly subjected to
sanitization using ammonia- and peracetic acid-based products.
Despite this attempt at sanitization, representatives of the
Enterobacter sp. were still found.

Proteolytic and Lipolytic Activity
Enterobacteriaceae capable of synthesizing proteolytic and
lipolytic enzymes are largely responsible for the deterioration of
milk and dairy products, which may cause various issues in the
dairy industry (Zajác et al., 2015; Masiello et al., 2016).

In cheese production, for example, these enzymes destabilize
casein micelles and may modify or even prevent the coagulation
of milk, what can directly affect the formation of the product
(Caldera et al., 2015). Another major problem is that these
bacteria can cause off-flavor, i.e., can considerably affect the
sensory properties of the foods, such as color, odor, flavor, and
texture (Böhme et al., 2013; Caldera et al., 2015). Such changes
can directly affect the acceptance or rejection of the product by
the consumer.
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Bacterial synthesis of lipolytic enzymes has also shown to be
important for the food industry due the direct influence of these
enzymes on sensory properties, particularly flavor and texture.
Lipolysis may lead to a process called hydrolytic rancidity,
wherein the product develops a sour taste and an unpleasant odor
(Carpiné et al., 2010; Krewinkel et al., 2016).

Recently, Masiello et al. (2016) isolated lipolytic
representatives of the Enterobacteriaceae family (genera
Serratia, Enterobacter, and Raoutella) from pasteurized milk
samples. The authors indicated that diverse bacteria found in
pasteurized milk, exhibiting phenotypic characteristics such as
production of lipolytic and proteolytic enzymes, can result in
milk spoilage.

PRODUCTION OF ANTIMICROBIAL

SUBSTANCES

Some pathogenic bacteria, such as representatives of the
Enterobacteriaceae family, are capable of producing biologically
active compounds known as antimicrobials, acting in a
competition niche against its competitors.

These compounds can be purified and used by the food
industry as tools to protect against bacteria that cause
deterioration in their products, thus increasing their shelf
life (Verraes et al., 2013; Damaceno et al., 2015) and maintenance
of product characteristics, since they are bactericidal or
bacteriostatic without altering the sensory properties of
food. These substances have shown to be essential for the
food industry since antibiotics cannot be used in foods
(Fleming et al., 2010).

Bacteriocins are major antimicrobial substance produced by
bacteria; when they are produced by commensal bacteria in the
intestinal tract of animals, they may have an important role in
elimination of MDR microorganisms, without major changes in
intestinal flora (Kommineni et al., 2015), since they are degraded
by enzymes of the digestive system and have probiotic properties
(Rosa et al., 2016).

In a previous work carried out by our research group, two
representatives of Enterobacter sp. and nine other representatives
of the Enterobacteriaceae family were found to produce
antimicrobial substances against strains E. coli and S. enterica

used as indicators (Damaceno et al., 2015). These two species of
bacteria are among the major causes of foodborne illnesses, and
this previous work suggested that classical Enterobacteriaceae
pathogens can be inhibited by other representatives of the same
family, which could justify their absence or low levels in some
dairy foods.

CONCLUSIONS

Dairy products are potential vehicles for microorganisms from
the Enterobacteriaceae family, which can exhibit MDR to
available antimicrobials, reduced susceptibility phenotypes to
carbepenens (KPC), and ESBL production and produce biofilm,
proteolytic enzymes, lipolytic enzymes, and antimicrobial
substances, providing advantages for the bacteria in a competitive
niche. All these factors represent potential risks to the health of
consumers of dairy products, particularly immunocompromised
consumers.

In the supply chain of dairy products, including all
stages (e.g., production lines, transport, and storage), good
manufacturing practices and hygiene, as well as best practices
in commercialization, must be followed mainly for products
consumed without any prior processing. Additionally, the
absence of classic pathogens, such as Salmonella sp. and E. coli,
does not indicate that the product is fit for consumption, since
other potentially pathogenic bacteria of the same family may
be present in the food. Thus, testing for Enterobacteriaceae,
including species that are not yet assessed according to regulator
standards, may offer a better view of the quality, sanitary
conditions, and safety of dairy foods.
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