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Abstract

Enterococci form part of the lactic acid bacteria of importance in foods. They are nonstarter lactic acid
bacteria in a variety of autochthonous cheeses in Southern Europe. Some indigenous strains of E. faecium
have interesting technological properties for cheese manufacture, together with good safety characteristics.
They are important in the development of sensory characteristics during ripening of many cheeses and
have been used as components of cheese starter cultures. Enterococci are also used as human probiotics.
Some enterococci of dairy origin produce bacteriocins (enterocins), which have an inhibitory effect against
food spoilage and pathogenic bacteria. The characteristics of enterocins have led to the proposed use of
enterococci as adjunct starter or protective cultures in cheeses. Otherwise, enterococci as opportunistic
pathogens which cause diseases of humans and animals and carriers are genes of resistance on pathogenic
bacteria. Virulence factors of enterococci are the cytolysin (hemolysin), gelatinase, creation of peroxide,
surface proteins for aggregation, surface proteins for adhesion, a surface binding collagen protein, capsule,
hyaluronidase. Because of multiple resistance to antibiotics, mortality from nosocomial infections caused
by enterococci is about 61%. Enterococci very easily acquire resistance to antibiotics by mutation or
by receiving resistance genes from other microorganisms located on chromosome, transferable plasmids
and transposons. It can be concluded that prior to the use of enterococci as a starter culture, an adjunct of
cultures or probiotics, it is necessary to fully investigate the virulence and resistance of enterococci on
antibiotics for the purpose of health security. On the other hand, in order to prevent the occurrence of van-
comicin resistant enterococci in the gastrointestinal tract of humans and animals and dissemination in the
environment and food, it is necessary to carry out strict control of the use of antibiotics.
Keywords: antimicrobial resistance, Enterococci, pathogen, probiotics, starter culture.

Pesrome

EnTepokokure dopmupar 3HauMMa 4yacT OT MJIEYHOKUCENIUTE Oakrepuu B XpaHute. Te ca He-
CTapTEepHU MIIEYHOKUCETN OaKTepuu B pa3HOOOpa3Hu aBTOXTOHHM cupeHa B FOxHa EBpona. Hsakou mectau
maMoBe Ha E. faecium ¥MaT UHTEPECHU TEXHOJIOTMYHU CBOWCTBA 3a NMPOU3BOJCTBO HA CHPEHE, KAaKTO U
no0pH XapaKTepUCTUKHU 3a Oe3omacHOCT. Te ca BaKHU 3a pa3BUTHETO HA OPTaHOJIENITUYHUTE CBOKWCTBA 110
BpEME Ha 3pEEHEeTO Ha MHOTO CHpEHa U ca OMJIM U3MOJI3BaHU KaTO KOMIIOHEHTH Ha CTapTEPHU KYITYpH 3a
cupeHe. EHTEpoKoKuTE ce M3M0I3BaT U KaTo MPOOMOTHIIN 3a Xopa. HsKou eHTepOKOKH OT MIIe4eH MPOU3XO0.]
MPOAYIUPAT OAKTEPUOIIMHU (€HTEPOIIMHH ), KOUTO UMAT MPEANa3BaT XpaHUTe OT pa3BaJITHE U HHXUOUpAT
Pa3BUTHETO HA MATOTEHHUTE OaKTepuu. XapaKTePUCTHKUTE Ha EHTEPOIMHHUTE ca MpUYMHA Te Aa Obaar
MIPEUIOKEHU 32 U3ION3BaHE KaTo JOOaBbUYEH CTApTEp WM MPOTEKTUBHH KYITypH B cupeHa. OCBeH TOBa,
E€HTEPOKOKHUTE KaTro OMOPTIOHUCTUYHM MAaTOT€HU, KOUTO MPUYMHSIBAT 3a00/sIBaHUS Ha XOpa U >KUBOTHH,
MIPUTEKABAT Fe€HH 32 PE3UCTEHTHOCT KbM MaToreHHu Oakrepun. BupyneHTHUTe GaKTOPU HA EHTEPOKOKHUTE
ca IMTONU3UH (XEMOJIM3UH), KellaThHa3a, 00pa3yBaHe HA MEPOKCH[, TTOBBPXHOCTHH MPOTEHHHU 3a arpe-
rUpaHe, MOBbPXHOCTHU MPOTEUHHU 3a aJIXe3Usi, MOBbPXHOCTEH CBHP3Ball] KOJIAT€HOB MPOTEHH, Karcyia,
xuanyponuaasa. [lopagu MHOXeCTBEHa PE3UCTEHTHOCT KbM aHTHOMOTHIIM, CMBPTHOCTTA OT BHTPEOOII-
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HUYHHU MHGEKIUH, TPUIUHEHU OT €HTEPOKOKH, € 0koJio 61%. EHTepokokuTe MHOTO JIECHO MPHUI00UBAT pe-
3UCTEHTHOCT KbM aHTUOMOTHUIIM UYpe3 MyTallus UM Ype3 TodyyaBaHe Ha TeHH 32 PE3UCTEHTHOCT OT JIPYTH
MHUKpPOOPTaHU3MHU, KaTO TEHUTE ca Pa3MoNIoKEeHN Ha XpOMO30Ma, TpaHCcpepupaly iasMuId 1 TPaHCI030-
HU. Moke /1a ce 3aKJII04H, Ye MPEeIr U3IMO0I3BAaHETO Ha EHTEPOKOKHUTE KaTo CTapTepHa KylITypa, 100aBbYHH
KyATYpU WIH TPOOUOTHUIIM, € HEOOXOJMMO HAITBIHO J]a C€ U3CJIeBa BUPYJICHTHOCTTA U PE3UCTEHTHOCTTA
Ha EHTEPOKOKUTE KbM aHTUOMOTHIIM 3a 1IeJIUTE Ha 37paBHaTa 0ezonacHoct. OT Apyra cTpaHa, 3a Ja ce rnpe-
JOTBpATH MOsIBaTa HA BAHKOMUIIMH PE3UCTEHTHU €HTEPOKOKH B CTOMAITHO-YPEBHHUS TPAKT HA XOpa U KU-
BOTHH U Pa3MpPOCTPAHCHUETO UM B OKOJIHATA Cpella M XpaHaTa, € HeoOXOMMO Ja c€ CIa3Ba CTPOT KOHTPOIT

BBpPXY ynoTpebara Ha aHTHOUOTHULIH.

Introduction

Enterococci are ubiquitous bacteria which
colonize different environments. They are the most
frequent species in foods, plants, environment and
gastrointestinal tract of humans and animals. The
primary habitat of enterococci is the gastrointes-
tinal tract of animals and humans. They are nat-
urally found in the intestines of mammals, birds,
reptiles and insects (Landman and Quale, 1997).
In the genus Enterococcus, 38 species are classi-
fied, of which the most important are E. faecalis
and E. faecium. They are released in large quanti-
ties through the feces and can become the dominant
contaminant bacteria in different foods. The wide
distribution of the enterococci, their resistance to
high temperatures and high salt concentration en-
able their survival during the production process
and isolation from heat treated milk and dairy
products. Raw milk and dairy products made with
unpasteurized milk are rich sources of enterococci
with potential benefits and risks determinants. They
can grow during refrigeration and survive after pas-
teurization; therefore enterococci are a part of the
microflora of raw and pasteurized milk (Robinson,
2002; Giraffa, 2003). These bacteria play a role in
fermentation and ripening of food of animal origin
and can be used in the food industry as starter or
probiotic cultures. However, enterococci are also
implicated in severe multi-resistant nosocomial in-
fections and have a negative effect on the spread
of antibiotic resistance over food (Giraffa, 2002;
Vu and Carvalho; 2011, Garido ef al., 2014). The
objective of this study was to review the most im-
portant scientific facts regarding the beneficial and
harmful properties of enterococci in their applica-
tion as starter or probiotic cultures in the food in-
dustry.

Potential of indigenous enterococci as starter
cultures in dairy industry

Enterococci are found in large numbers in
many cheeses, especially in the Mediterranean re-
gion. They are associated with traditional cheeses
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of countries such as Greece, Italy, Spain and Portu-
gal, made of raw or pasteurized milk. Enterococci
are the dominant microorganisms in the fully rip-
ened product, with E. faecium and E. faecalis as
predominant species (Sarantinopoulos ef al., 2002;
Mannu et al., 2002; Manolopoulou et al., 2003;
Psoni et al., 2006; Gomes et al., 2008). Depending
on the stage of ripening of the cheese, enterococci
reach numbers of up to 10°-10® cfu/g (Bulaji¢ and
Mijacevi¢, 2004). They are nonstarter lactic acid
bacteria (NSLAB) in a variety of artisan cheeses
in Southern Europe. Enterococci are important in
the development of sensory characteristics during
ripening of many cheeses and have been also used
as components of cheese starter cultures. Some
species of enterococci have a strong ability of fer-
mentation, also their proteolytic and lipolytic en-
zymes participate very actively in the whole pro-
cess of cheese ripening. During ripening of chees-
es, proteolysis, lipolysis, citrate breakdown and
production of aromatic volatile compounds occur,
resulting in their typical taste and flavour (Robin-
son, 2002; Foulqui¢ Moreno ef al., 2006; Bhardwaj
et al., 2008; Morales et al., 2011). Their ability to
metabolize lactose, tolerance to salt and tempera-
ture makes them ideal as a starter. Starter cultures
prepared of indigenous strains of E. faecium can
be successfully used for the preparation of fresh
cheese with specific organoleptic characteristics
typical of traditional fresh cheeses (Pogaci¢ et al.,
2011; Lebos Pavunc et al., 2012; Furlaneto Maja
et al., 2017). Enterococci showed a higher pro-
teolytic activity and some of them produce high
quantities of acetoin-diacetyl, which is interesting
from a a technological standpoint (Nieto-Arribas et
al., 2011). E. faecalis isolated from Zlatar cheese
showed good proteolytic and antimicrobial activi-
ty. These bacteria are essential for the development
of flavour in artisan cheeses traditionally manufac-
tured in households (Topisirovic et al., 2006; 2007,
Terzi¢ Vidojevi¢ et al., 2007; Terzi¢ Vidojevié et
al., 2009). Some indigenous strains of E. faecium



have interesting technological properties for cheese
manufacture, together with good safety character-
istics. They could be used for the manufacture of
indigenous products (Simonetta et al., 1997; Leb-
oS Pavunc et al., 2012; Malek et al., 2012; Lebos
Pavunc et al., 2013; Terzic-Vidojevic et al., 2013;
Terzi¢-Vidojevic et al., 2015). Enterococci have the
strongest proteolytic effect of all lactic acid bacte-
ria, which would explain why their growth leads
to the formation of a good taste of the cheese (Rob-
inson, 2002). Enterococci can be used in the food
industry as starter or probiotic cultures (Franz et al.,
1999; Dobranic¢ et al., 2016).

Potential of indigenous enterococci as
probiotics in dairy industry

The probiotic ability of enterococci includes
their ability to colonize the intestinal tract of hu-
mans and animals, having resistance to human bio-
logical barriers, proteolytic enzymes, low pH in the
gastrointestinal tract, bile salts and pancreatic juice.
They are also able to produce antimicrobial sub-
stances — bacteriocines that act on the pathogenic
bacteria during the production of food. Bacterioc-
ines — enterocins allow the use of enterococci as ad-
junct starter or protective cultures in cheeses (Franz
et al., 2003; Giraffa, 2003; Trmc¢i¢ et al., 2010; Pa-
trovsky et al., 2016). Enterocins have an inhibitory
effect against food spoilage or pathogenic bacte-
ria, such as Listeria monocytogenes, Staphylocco-
cus aureus, Vibrio cholerae, Clostridium spp., and
Bacillus spp. (Giraffa et al., 1995; Giraffa, 2003).
Enterocins are also inhibitory towards Gram-neg-
ative bacteria such as E. coli (Tomita et al., 1997)
and Vibrio cholerae (Simonetta et al., 1997). Some
strains of enterococci isolated from Zlatar cheese
are producers of antimicrobial compounds and
showed very good activity in milk and curdled milk
within 5h. (Terzic-Vidojevic et al., 2009). Entero-
cocci are probiotics, which are claimed to be able to
maintain the normal intestinal microflora, stimulate
the immune system and improve the nutritional
value of foods (Faye et al., 2012). Enterococci im-
prove the condition of diarrhea, reduce cholesterol
levels, stimulate the immune system and suppress
carcinogenesis (Bybee et al., 2011; Furlaneto Maia
et al., 2017). E. faecium strains isolated from soft
cheese have probiotic properties (Furlaneto Maja et
al., 2017). Enterocin E. faecalis reduces the viru-
lence of Candida albicans and its ability to form
a biofilm by inhibiting hyphal formation (Graham
et al., 2017). E. faecalis assimilate cholesterol and
increased the levels of total IgA and IgG (Lebos
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Pavunc et al., 2009). However, enterococci repre-
sent a risk to health and are an indicator of poor
hygiene in food production. The selection of En-
terococcus strains for the food industry is based on
the absence of pathogenic properties, or transfer-
able antibiotic resistance genes. The absence of vir-
ulence factors and vancomycin-resistant genes are
prerequisites for safe use as a starter culture and
probiotic (Abriouel et al, 2008; Bhardwaj et al.,
2008). Such strains should have no virulence de-
terminants and should be sensitive to clinically rel-
evant antibiotics. E. faecium have a lower risk for
use in foods, because these strains generally har-
bour fewer recognised virulence determinants than
E. faecalis (Franz et al., 2003). Bacteriocinogenic
E. faecium isolates with no virulence traits suggest
their potential for biotechnological applications
(Gomes et al., 2008).

Health risk of using enterococci as starter
cultures

In addition, enterococci have the characteris-
tics of starter and probiotic cultures, they are oppor-
tunistic pathogens of humans and animals, produc-
ers of biogenic amines in fermented foods and car-
ry genes for antibiotic resistance (Dobrani¢ et al.,
2016; Zdolec et al., 2016). In the last decades,
enterococci have become significant nosocomial
pathogens. As nosocomial pathogens, enterococci
cause mortality in 61% of cases (Ficher and Phil-
lips, 2009). They survive in the hospital, colonize
patients and cause bacteriaemia, peritonitis, endo-
carditis, urinary infections, parodontitis, wound
infections, neonatal sepsis, meningitis, mastitis
(Nazal-Fleger and Kobler, 1985; Gold, 2001; Skerk
et al., 2007; Prohaska-Poto¢nik et al., 2008; Sood
et al., 2008; Pilji¢ et al., 2009; Gunjaca and Fran-
ceti¢, 2010; Tomi¢ and Laganja, 2013; Garido et
al., 2014; Pinheiro and Mayer, 2014; Sharma et
al.,, 2014; Guzman Prieto et al., 2016; Zdolec et
al., 2016). E. faecium and E. faecalis are multi-re-
sistant nosocomial pathogens in immunocompro-
mised persons and critically ill patients. In the EU,
more than 25 000 people die each year of infections
caused by multi-resistant bacteria (Tambi¢ An-
drasevi¢, 2015). The most common multiple - resis-
tant bacteria include vancomycin-resistant entero-
coccl. Virulence genes of E. faecalis are found not
only in clinical isolates, but also among the strains
originating from the environment (Mutters et al.,
2013). Virulence factors of enterococci are the tox-
in cytolysin (haemolysin), gelatinase, peroxide,
surface proteins of aggregation, surface proteins



for adhesion, a surface protein that binds collagen,
ability to form the capsule, hyaluronidase. Resis-
tance to antibiotics can be intrinsic and extrinsic.
Intrinsic is related to resistance to penicillin without
the enzyme [-lactamase, resistance to aminoglyco-
sides and gentamicin. Extrinsic resistance is related
to the transfer gene of the plasmids and transposons
commonly by conjugation from one species of en-
terococci to other or conjugation with other bacte-
ria. Here, there is a resistance to penicillin which
is conditioned by the formation of B-lactamase, re-
sistance to erythromycin, a glycoprotein (vancomy-
cin) and others. It is therefore very important that
strains of enterococci selected as a starter culture
in the dairy industry be without these virulence fac-
tors and without resistance to antibiotics, especially
vancomycin (Sujatha and Praharaj, 2002; Ficher
and Phillips, 2009; Upadhyaya et al., 2009; Arias
and Murray, 2012; Hollenbeck and Rice, 2012;
Sharma et al., 2014). The main risk of increasing
antibiotic resistance is the wide use of antibiotics in
agriculture, human and veterinary medicine. E. fae-
calis have a high degree of antimicrobial resistance
to amoxicillin/clavulanate, norfloxacin, erythromy-
cin, gentamicin and trimethoprim-sulfamethoxaz-
ole (Benci¢ et al., 2001; Pilji¢ et al., 2009). Treat-
ment with third-generation cephalosporins, metro-
nidazole, fluoroquinolones are the risk factors for
the acquisition of resistance to vancomycin (Hum-
phreys, 2014). Bacteria that are naturally suscepti-
ble can become resistant by mutation or by receiv-
ing a new gene. Because of different gene transfer
mechanisms, enterococci are a major reservoir for
antibiotic resistance genes (Garido et al., 2014;
Plotnikava et al., 2017). Resistant bacteria of ani-
mals can infect the human population directly by
contact or via the products of animal origin. Resis-
tant bacteria can colonize humans and transfer their
resistance genes to other bacteria of the endogenous
flora of humans. Transfer of vancomycin-resistant
gene in the form of a plasmid or transposon occurs
between enterococci or between enterococci and
other bacterial strains, such as methicillin-resistant
S. aureus (Chlebicki and Kurup, 2008). Transfer of
genes was determined between enterococci of hu-
mans and chickens, as well as between humans and
pigs. The same types of E. faecalis were isolated
from animals, meat, faeces of healthy people and of
patients with infections (Luka$ova and Sustacko-
va, 2003; Mubita et al., 2008; Hammerum, 2012).
Resistance of enterococci in food of animal origin
is very similar to resistance to enterococci isolat-
ed from nosocomial infections (resistance to ami-
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noglycosides, linkosamide, macrolide, nitrofuran,
penicillin, quinolone, streptogramin, tetracycline
and vancomycin). The high frequency of resistance
to chloramphenicol, macrolides, kanamycin, strep-
tomycin and tetracycline have isolates E. faecalis
and E. faecium isolated from people, chicken, pigs
(Aarestrup et al., 2000; Lukasova and Sustackova,
2003). The majority of enterococci isolated from
pigs, cattle and poultry are resistant to lincomycin
(78%), tetracycline (65%), flavomycin (59%) and
erythromycin (55%) (Ruzauskas et al., 2009).

Conclusion

E. faecalis and E. faecium are the most im-
portant species of enterococci which have the char-
acteristics of a starter culture, but they are the ma-
jor causative agents of diseases in humans and ani-
mals, among enterococci. About 90% of infections
due to enterococci are caused by E. faecalis and E.
faecium. Virulence factors are the cytolysin (hemo-
lysin), gelatinase, creation of peroxide, surface pro-
teins for aggregation, surface proteins for adhesion,
a surface binding collagen protein, capsule, hyalu-
ronidase. The percentage of vancomycin-resistant
isolates is increasing, especially E. faecium, which
is a major problem in the therapy of enterococcal
infections. In humans, enterococci cause inflam-
mation of the eye, bladder, endocarditis, decubitus,
and in animals can also lead to endocarditis, masti-
tis, etc. Therefore, great caution is necessary before
their use in the fermented products industry. This
means that they must not have pathogenicity fac-
tors or be multiple resistant to antibiotics. In order
to reduce the percentage of strains resistant to an-
tibiotics in the environment, human and animal in-
testinum, and food, it is necessary to perform strict
control on the use of antibiotics in the treatment of
humans and animals and their use as animal feed
additives should be prohibited in all countries of the
world.
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