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Abstract: Enterococci are enteric organisms which are commonly isolated from ewe and goat's milk
production in Umbria, Italy. For years enterococci have been considered as microorganisms only
indicative of inadequate hygienic practices or exposure of the food to conditions that would permit
multiplication of other undesirable bacteria. However, enterococci largely occur in many cheeses,
and are now considered to be usual components of their typical microflora. They play a major role
in cheese ripening due to lipolytic, proteolytic and caseinolytic activities. Enterococci have been also
shown to be involved in food poisoning outbreaks although only E. faecalis has been demonstrated
to cause changes in dairy products, thus being the only species of concern in dairy production. The
aim of this study was to was to investigate the evolution of enterococci during the production and
ripening of Pecorino cheese made with two different cheesemaking processes and characterize En-
terococcus spp. isolates all along the cheesemaking and ripening process.
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1. Introduction

Enterococci are gram-positive bacteria and may fit within the general definition of
lactic acid bacteria. With regard to safety and according to the Qualified Presumption of
Safety (QPS) list from the European Food Safety Authority (EFSA) (https://www.efsa.eu-
ropa.eu/en/topics/topic/qps, Enterococcus species are neither recommended for the QPS list
[1] nor have GRAS status [2], in spite of recent scientific knowledge allowing differentia-
tion of commensal from pathogenic strains [3-5]. Modern classification techniques re-
sulted, back in 1980s, in the transfer of some members of the genus Streptococcus, notably
some of the Lancefield's group D streptococci, to the new genus Enterococcus [6]. Entero-
cocci can be used as indicators of fecal contamination and have been implicated in out-
breaks of foodborne illness. On the other hand, they have been ascribed a beneficial or
detrimental role in foods [3-5]. In processed meats, enterococci may survive heat pro-
cessing and cause spoilage, though in certain cheeses the growth of enterococci contrib-
utes to ripening and development of product flavor [3,7]. Some enterococci of food origin
produce bacteriocins that exert anti-Listeria activity [8]. Enterococci are used as probiotics
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to improve the microbial balance of the intestine, or as a treatment for gastroenteritis in
humans and animals [4,5,9,10]. On the other hand, enterococci have become recognized
as serious nosocomial pathogens causing bacteraemia, endocarditis, urinary tract and
other infections. This is in part explained by the resistance of some of these bacteria to
most antibiotics that are currently in use. Resistance is acquired by gene transfer systems,
such as conjugative or nonconjugative plasmids or transposons. Virulence of enterococci
is not well understood but adhesins, haemolysin, hyaluronidase, aggregation substance
and gelatinase are putative virulence factors. It appears that foods could be a source of
vancomycin-resistant enterococci [4,11,12].

Regardless these considerations Enterococci are commonly found in milk and cheese
[13] and there are two divergent opinions about the presence of enterococci in cheese. One
is that enterococci should be considered more suitable than others groups commonly used
as indicators of unhygienic procedures in food processing and handling (e.g. Enterobac-
teriaceae). This is related to their high heat resistance and salt tolerance [14]. The other
opinion is that enterococci have a possible contribution to the ripening of cheese due to
their lipolytic, proteolytic and caseinolytic activities [15]. Moreover it has been stressed
their contribution to flavor producing due to the attitude of produce acetoin, diacetyl and
acetaldehyde [15].

Pecorino and goat cheeses are typical Italian cheeses made usually with whole raw
ewe's or raw goat's milk, without starter culture addition. Thus, only bacteria's milk con-
tribute to ripening changes in the cheese. In previous works the possibility of using heat
treated milk with added autochthonous starter cultures was compared with traditional
cheesemaking technology from raw milk [7]. Even though food hygienic aspects were im-
proved, enterococci were found to be present at the end of the ripening in cheeses made
with both cheesemaking processes, possibly playing a weighty role in determining the
quality of the finished product.

The aim of this work was to investigate the evolution of enterococci during the pro-
duction and ripening of Pecorino cheese made with two different cheesemaking processes
and characterize Enterococcus spp. isolates all along the cheesemaking and ripening pro-
cess.

2. Materials and Methods
General

The experiment was carried out on three farms in Umbria, farm A, has 500 Sardinian
ewes, farm B has 200 Sardinian ewes, farm C has 80 Saanen goats. In farm A and B milk
is collected with a milking machine and automatically filtered before the cheesemaking.
In farm C goats are hand milked and the milk is filtered through a linen cloth.

Milk from each farm was collected, analyzed and subsequently used to produce
Pecorino or goat cheese. On each farm two different cheesemaking processes were carried
out from raw milk and from heat-treated milk to which the autochthonous cultures were
added as a starter. These cultures have been characterized in previous works [9,16-20].
Each cheesemaking was replicated three times. According to this experimental procedure
there were 18 manufacturing processes: 12 from raw milk and 12 from heat-treated milk.

Cheese manufacturing

Cheese was made from ewes and goats milk obtained from both evening and morn-
ing milking. The main steps of cheesemaking process were: milk coagulation in a tinned
copper vat occurred at 37°C within about 30' by adding liquid calf rennet (Lima, Perugia,
Italy, titre 1:10.000). The curd was cut into nut-sized granules (10 to 20 mm), then stirring
for 5 minutes, heated at 42-43°. After a pause of 5 to 10 minutes the curd was put into
molds (20 cm diameter by 8 cm high), pressed by hand for a few seconds, drained for 18
to 20 hours and salted in brine (20% NaCl w/v, at 12-15°C for 30 h). The cheeses were
ripened in non-conditioned storage rooms at 12-15°C and 83-87% RH for 60 days (40 days
for goat cheeses).
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Heat treatment (where applied) provided a heating before the rennet addition. Raw
milk was heated to 65-66 °C for 3-4 min in a double wall stainless steel vat. The thermic
cycle 55-65-55°C (during heating and cooling) took about 14 min. After further cooling to
42 °C, the starter was added at 42°C at a final concentration of 2% (as a full-coagulated
24h culture in sterile milk)

Sampling
The following samples were taken on each farm: raw milk, heat-treated milk (where
applied), curd, 7 days cheese, 30 days cheese, full-ripened cheese. Triplicate samples were

collected, transported to the laboratory in chilled containers and analyzed on the same
day. Sampling was made according to ISO 5538:2004 [21].

Bacterial counts

The following groups were evaluated:

- total viable count: pour plates of Plate Count Agar (Difco, Detroit, Mi, USA), were
incubated at 30°C for 72 h; all colonies were counted,;

- Enterobacteriaceae: pour plates of Violet Red Bile Agar (Difco) were incubated at
32°C for 48h; all pink to red colonies, irrespective of diameter or presence/absence of zone
of precipitation were counted;

- enterococci: surface-inoculated plates of Barnes Agar (Biolife, Milano, Italy) were
incubated at 44°C for 72 h; all pink, red or maroon colonies, irrespective of diameter, were
counted.

Isolation and identification of enterococci

Two to five colonies from each sample were sub-cultured from Barnes medium into
brain heart infusion broth (BHI, Difco) at 37°C for 24h and then tested for the following
characteristics: cell morphology after Gram staining, presence of catalase, growth in bile-
esculin-azide agar (Coccosel agar, BioMéhrieux, Marcy-1'Etoile, France) at 37°C, growth
in 6.5% NaCl BHI agar (Difco) at 37°C, growth in the presence of 4% bile salts (Coccosel
agar, Biolife, with added 4% bile salts) at 37°C, haemolysis type on tryptic soy agar (Bi-
olife) to which 5% of ram blood was added, at 37°C.

Complementary biochemical tests were performed on colonies grown on blood agar
using the API 20 STREP (BioMéhrieux): hydrolysis of hippurate and arginine, production
of 3-galactosidase, acid production from ribose, L-arabinose, mannitol, sorbitol, lactose,
trehalose, inulin, raffinose, starch and glycogen. Computer program APILAB (VER-
SION?) (BioMéhrieux) was used for the results.

Antbiotics susceptibility

Enterococcus spp. isolates were tested for antimicrobial susceptibility against a panel
of 12 antimicrobials by the disk diffusion method (Kirby Bauer Test) as described by the
Clinical and Laboratory Standards Institute [22] The following antimicrobials were tested:
amikacyn 30 mg, amoxycillin/clavulanic acid 30 (20 + 10) mg, ampicillin 10 pg, ceftriaxone
30 pg, chloramphenicol 30 pg, ciprofloxacin 5 pg, kanamycin 30 pg, sulphamethoxazole 25
ng, sulphamethoxazole/trimethoprim 25 pg, tetracycline 30 pg, ticarcillin 75 pg, vancomicyn
30 pg. This antimicrobial panel was selected to test the major groups of antimicrobials.
Briefly, frozen isolates were thawed and cultured in BHI broth (Bio-Rad) at 35 to 37°C for
24 h. A portion of the culture broth was inoculated into 6 mL of 0.9% sterile physiological
saline solution until a turbidity of 2 McFarland was reached. Using a sterile swab, the
solution was spread on Muller-Hinton agar plates (Oxoid). Antimicrobial disks (Oxoid)
were placed on Muller-Hinton agar plates which were incubated at 37°C for 18 to 24 h. At
the end of incubation, the diameters of the growth inhibitory zones were measured, and
these were interpreted using specific CLSI tables whereby the bacterium is classified as
sensitive, intermediate or resistant [22].

3. Results and discussion
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Results of the determination made on Pecorino and goat cheese during manufacture
and ripenin are given in tables 1-2-3-4-5-6.
Changes in total viable counts and Enterobacteriaceae.

The changes observed were similar to those observed previously [7]. The differences
observed on the three farms comprised a range of variability which is common to on-farm
cheesemaking (Table 1).

The total mesophilic aerobes in raw milk ranged from log 5.9 log cfu ml" in farm A
to log 7.54 log cfu ml" in farm C. At the early stage of production of cheeses made with
raw milk, counts increased up to 1 week and then decreased. In the cheesemaking pro-
cesses from heat-treated milk added with autochthonous starter cultures bacterial popu-
lation in milk, after the treatment, was reduced to log 3.06 log cfu ml! in farm A, log 4.56
log cfu ml" in farm B and log 4.91 log cfu ml-! in farm C. After the treatment counts showed
the same evolution described for cheeses made with raw milk.

Enterobacteriaceae in raw milk ranged from 3.9 log cfu ml? in farm A to 3.9 log cfu
ml! in farm B. In cheeses made with raw milk Enterobacteriaceae increased up to curd
production and then decreased being not detectable or at low concentration at the end of
the ripening. On farm B and C bacterial reduction was observed on 1 week cheese whilst
on farm A an additional growth occurred in cheese during the first week of ripening, after
which there was a decrease in population. Enterobacteriaceae were not detectable in full-
ripened cheese made with raw ewe's milk whilst they were detected from full-ripened
cheese made with raw goat's milk. In cheeses made with heat-treated milk with added
autochthonous starter cultures, Enterobacteriaceae underwent great reduction in heat-
treated milk being not detectable in farm A, whilst they were only partially reduced in
farm B and C (4.22 log of reduction in farm B and 2.91 in farm C). Although heavy curd
recontamination always occurred, no Enterobacteriaceae were detectable in full-ripened
cheese made with heat-trated ewe's milk, whilst they were still detected in cheeses made
with heat-trated goat's milk.

Behaviour of enterococci

Enterocci counts in milk were always lower than 4 log cfu ml1. The changes observed
were similar to those observed previously [7]. At the early stage of production of cheeses
made with raw milk, counts increased up to 1 week and than slightly decreased. In the
cheesemaking processes from heat-treated milk with added autochthonous starter cul-
tures no evident reduction of enterococci population was observed after the treatment.
After the heat treatment counts showed the same behavior described for cheeses made
with raw milk.

Identification

One-hundred strains of enterococci were identified. Forty-six from farm A, thirty-
two from farm B and twenty-two from farm C. Sixty-nine were identified as Enterococcus
faecium, twenty-two as Enterococcus durans, seven as Enterococcus faecalis and two as Enter-
ococcus casseliflavus (Tables 2 and 3). Enterococcus faecium was found more frequently on
farm A (80.4%) and on farm B (68.8%), whilst on farm C more than 95% of the isolates
consisted of Enterococcus faecium and Enterococcus durans altogether. No strains of Entero-
coccus faecalis were found on Farm A, whilst Enterococcus casseliflavus was found only on
farm B.

Bacterial cells under microscopic observation after Gram staining appeared Gram
negative, in pairs or in short chains, ovoid elongated in direction of the chain. All strains
were catalase negative. This result together with cells morphology confirmed the identifi-
cation of the strains as belonging to the genus Streptococcus. Enterococci were identified
as such on the basis of their growth in the presene of bile-esculine, 6.5% of NaCl solution,
and 4% bile salts, and on the basis of the idrolysis of the arginine. TTC reduction on Barnes
medium differenziated E. faecalis from E. faecium. Infact culture grown in the presence of
triphenyl tetrazolium chloride (TTC) on Barnes medium were white or with a red center
and white border. The former were presumptively identified as E. faecium and the latter
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as E. faecalis prior to biochemical tests with API 20 Strep (BioMéhrieux). No strains were
$-haemolitic.

The principal physiological and biochemical characteristics of the isolates are given
on Table 4.

Antbiotics susceptibility

The antimicrobial susceptibility test data are shown in Table 5 and 6. High percent-
ages (>80%) of susceptible strains were found for amoxycillin/clavulanic acid, ampicillin,
chloramphenicol, sulphamethoxazole, sulphamethoxazole/trimethoprim, ticarcillin, van-
comicyn. A high prevalence of resistance strains (> 30%) was observed for amikacin,
ciprofloxacin, ceftriaxone, kanamicin, tetracycline. It is important to note that 5% of the
srains (one strain of E. durans and 4 strains of E. faecium all isolated from farm B) were
resistant to vancomycin. In the last two decades, Enterococci have become major noso-
comial pathogens. An increasing number of these infections are due to enterococci that
are resistant to vancomycin. Accurate detection of vancomycin-resistant enterococci
(VRE) is important so that appropriate therapy and infection control measures may be
instituted, including veterinary surveillance [23].

Conclusion

In Pecorino and goat cheese the ripening processes are the result of the natural mi-
crobiological contamination of milk and of the characteristics cheesemaking technology.
Therefore, not only lactic acid bacteria but also other bacterial groups, such as enterococci,
must be considered. This study demonstrated that, regardless the cheesemaking technol-
ogy, heavy curd recontamination occurs and that enterococci are always detected at high
concentration at the end of ripening. A large proportion of isolates are also resistant to
antibiotics and this pose the question whether microorganism belonging to Enterococcus
spp. can be awarded the QPS or GRAS status.
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