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Microbiological and Physicochemical Properties of Pecorino
Romano Cheese Produced Using a Selected Starter Culture

N. P. Mangial*, M. A. Murgial, G. Garaul, and P. Deiana’

ABSTRACT

The effect of a selected autochthonous starter culture made up by Streptococcus
thermophilus, Lactobacillus delbrueckii subsp. lactis and Lactobacillus helveticus on the
microbiological and physicochemical properties of Pecorino Romano cheese during
ripening was investigated. The suitability of the experimental starter culture was tested at
industrial scales in cheese-making trials of Pecorino Romano. Pecorino Romano cheese
manufactured by use of scotta-fermento served as control. The lactic microflora increased
significantly in experimental cheeses as compared to the control and this was also
accompanied by a substantial decrease of spoilage microorganisms in experimental
cheeses. Free amino acids (FAAs) were more abundant in experimental cheeses,
arginine+)aminobutyric acid and leucine in particular. These differences could be likely
due to a different enzymatic activity of the selected starter culture as compared to the
scotta-fermento used in the control trials. Oleic (C18:1), palmitic (C16:0), butyric (C4),
stearic (C18:0) and myristic (C14:0) acids were the most abundant Free Fatty Acids
(FFAs) detected in both brand of cheeses at the end of ripening. Overall, the level of FFAs
in experimental and control cheeses did not show significant differences, even if the
average values in experimental cheeses were always slightly higher than those recorded
for the control. Moreover, the average content of FFAs of Pecorino Romano was found
the lowest when compared with the other Sardinian PDO cheeses; most likely the high
content of sodium chloride and the low ay of Pecorino Romano influenced all the lipase
activities, even those present in the rennet paste. Despite this, the employment of the
selected starter culture ‘revealed useful to improve the physico-chemical features of
Pecorino Romano while preserving its tipicity.
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INTRODUCTION

Pecorino Romane. is the most important
Italian ewe’s milk cheese deserving the
Protected 'Denomination of Origin (PDO)
status (Regolamento CE n°1107/96). The
ancient Romans introduced the manufacturing
procedure to different regions in Europe where
the production of the cheese took place during
the Middle Ages. In 1897 the production of
Pecorino Romano cheese was introduced in
Sardinia (Italy). Since 1981, the production
and trade of this cheese are under the

supervision of the Consorzio per la tutela del
formaggio Pecorino Romano, made up of the
producers in order to guarantee the compliance
of the cheeses with the PDO rules. Although
the PDO Pecorino Romano can also be
manufactured in the Lazio region and in the
province of Grosseto (Tuscany, Italy), more
than 90% of the current cheese production
(33,425 t) (Assolatte, 2007) occurs in Sardinia.
The majority of the Sardinian Pecorino
Romano production is destined for the USA
markets (Assolatte, 2007).

! Department of Environmental Agricultural Sciences and Agro-Food Biotechnologies, University of

Sassari, 07100 Sassari, Italy.
* Corresponding author, e-mail: nmangia @uniss.it



Mangia et al.

PDO Pecorino Romano is a cooked hard-
paste cheese manufactured of whole ewe milk
that can be thermised at approximately 68°C
for 15-17 seconds and inoculated with natural
Lactic Acid Bacteria (LAB) cultures. The
coagulation is achieved in approximately 20
minutes through adding lamb rennet paste
(usually 40 g/100L of milk). The curd is then
cut into small grains (approximately 0.3 cm-
side), cooked for 15-20 minutes at 48°C, and
pressed (1-2 kg for each kg of curd) to have
the whey drained out. The pressed curd is then
cut into blocks that are poured into moulds and
kept at a constant temperature of 35-38°C until
the pH achieves a value of approximately 5.40.
The cheese is salted for at least 70 days (the
first 8 days in brine) at 12°C and 80% relative
humidity and then ripened for 5 (table-cheese)
or 8 (grating-cheese) months.

Nowadays, the addition of LAB in the form
of scotta-fermento is a common procedure in
the manufacture of Pecorino Romano cheese.
Scotta-fermento is a natural culture of LAB
obtained through incubation of the residual
whey from the manufacturing of Ricotta
(Bottazzi and Ledda, 1967).

Although different thermophilic LAB
species have been isolated from the scotta-
fermento (Bottazzi and Ledda, 1967; Arrizza,
1972), the number of microorganisms present
in this substrate is stille largely. unknown.
However, the microbial community is likely to
be scarce because of the thermisation
treatment applied (at about 80-90°C) for the
production of Ricotta. As a'consequence, the
fermentative phase of Pecorino Romano is
poor and the “control ‘of microorganisms
causing spoilage is'very limited. To counteract
the activity of such microflora responsible for
spoilage, massive amounts of sodium chloride
are employed by the producers, which can
reach values up to 8.7% in the Pecorino
Romano ripened for 12 months (Di Cagno et
al., 2003). The isolation of such halophilic
microorganisms as micrococci and yeasts,
from the cheese surface is a direct
consequence of this procedure (Deiana et al.,
1997).

The aim of this work was to investigate the
lactic microflora associated with Pecorino
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Romano cheese and to evaluate the effects of
selecting autochthonous LAB cultures on the
microbiological and physicochemical
characteristics of the cheese during ripening.
The experimental Pecorino Romano cheeses
were compared with cheeses made, using the
traditional cheese making technique.

MATERIALS AND METHODS

Isolation and Identification of LAB
from Pecorino Romano

Thermised milk and cheeses at different
ripening_stages were collected from three
producers of Pecorino Romano cheese. Milk
and cheeses (n= 3 from each producer) were
brought to the laboratory in isotherm
containers‘and analysed upon the arrival.

Ten gram samples (milk or cheese) were
homogenized using 90 mL of 0.1% (w/v)
sterile peptone water (Oxoid, Milan, Italy) in
a Stomacher Lab Blender 80 (PBI, Milan,
Italy) for 2 min to obtain a 1:10 dilution.
Further decimal dilutions were carried out in
a similar way. From each dilution, 0.1 mL
was spread-plated in triplicate on the surface
of M17 (Terzaghi and Sandine, 1975) and
MRS (De Man et al., 1960) agar plates.
Plates were incubated in anaerobiosis for 48
hours at 37°C.

All 1solates were tested for Gram reaction,
catalase activity and morphology. Gram-
positive and catalase-negative rods were
presumptively identified according to the
method and criteria of Kandler and Weiss
(1986). In particular, the following tests
were carried out: growth capability at 15°C
and 45°C in MRS broth after incubation for
5 and 2 days respectively; gas production
from glucose in MRS broth (without citrate)
in Durham tubes; NHj; production from
arginine as described by Kandler and Weiss
(1986). Carbohydrates fermentation
capability was assayed in glucose-free MRS
broth using bromocresol purple (0.04 g L™
as a pH indicator. Lactose, sucrose,
galactose, mannose, maltose, melezitose,
melibiose, and raffinose were tested as



Selected Starter Culture and Pecorino Romano Cheese

carbon sources. These were separately added
to the medium, as filter sterilized solutions,
to give a final concentration of 1% (w/v).

The presumptive assignation of the
isolates into a Lactobacillus spp. was further
verified by using API 50 CH test galleries
(bioMerieux, Marcy 1I’Etoile, France).

Gram-positive and catalase-negative cocci
were presumptively identified following
Bridge and Sneath (1983) and Manero and
Blanch (1999).

In particular, the following tests were
carried out: growth ability at 10°C and 45°C
in M17 broth after incubation for 5 and 2
days respectively; survival after heat
treatment at 60.5°C for 30 minutes; growth
capability in M17 broth at pH 9.6 and in the
presence of 4.0 and 6.5% NaCl following
incubation at 30°C for 2 days; esculin
hydrolysis; arginine decarboxylase activity
and reduction of methylene blue.
Carbohydrates fermentation capability was
assayed in lactose-free MI17  using
bromocresol purple (0.04 ¢ L") as a pH
indicator. Lactose, L(-) xylose, sorbitol,
melezitose, melibiose, D(-)arabinose, and
D(+)cellobiose were tested as’. carbon
sources. These were separately added to the
medium, as filter sterilized solutions.to give
a final concentration of 1% (W/v).

The presumptive « assignment» of the
isolates into a Streptococcus  or
Enterococcus spp. was further verified by
using API 20 STREP test galleries
(bioMerieux, Marcy 1’Etoile, France).

Technological Characterization of
Autochthonous LAB

The technological characterisation of LAB
for cheese-making attributes involved single
and mixed strain cultures. Growth kinetic
and acidifying activity were evaluated
according to the followings. Growth ability
was assessed by inoculating each LAB
culture in sterile whole ewes’milk at a rate
of about 10° cells mL". Viable counts of
LAB were determined after 0, 2, 4, 6, and 24
hours of incubation at 42°C on M17 and
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MRS agar plates (Oxoid, Milan, Italy). The
acidity (expressed as % of lactic acid) was
determined at each stage of time by titrating
10 mL of the inoculated whole ewes’ milk
with 10N NaOH (phenolphthalein used as
indicator).

Preparation of the Experimental Starter
Culture and Scotta-fermento

The experimental mixed strain starter
culture was prepared in the laboratory by
mixing selected ' cocci  (Streptococcus
thermophilus) and lactobacilli (Lactobacillus
helveticus and L. delbrueckii subsp. lactis)
in arratio of 3:1:1. All single cultures were
preliminary grown separately in sterile
ewes’ milk at 42°C for 12 hours, then mixed
and used to inoculate a suitable volume of
sterile ewes’ milk that was finally employed
for the experimental cheese-making trials. In
particular, each experimental trial was
carried out using approximately 3,000 L of
ewe’s milk and the final starter culture being
added at a 1% level (30 L). Before
inoculation, a sample of the starter culture
was collected to determine the viable LAB
number which was always around 9 log,, cfu
mL". Therefore, about 6 logiy cfu of the
starter culture were present per mL of
inoculated milk. Such a number of LAB,
added as starter culture, is usually sufficient
to assure a suitable fermentative process
(Pisano et al., 2007).

The scotta-fermento was prepared at each
dairy unit as follows: the scotta (which is the
residual whey from the manufacturing of
Ricotta) was initially incubated at 40°C to
favour the development of the naturally
present thermophilic LAB until the acidity
reached 15-20 Soxhlet-Henkel (°SH).
Aliquots of this natural LAB culture (1-
1.5%) were used to inoculate fresh scotta
which was then incubated at 45°C for 24
hours or until the acidity reached 30°SH.
The scotta-fermento was added to the milk
in control trial at the 0.4% level. Such an
amount is slightly higher than that
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traditionally applied i.e., between 0.2 and
0.25% (Bottazzi and Ledda, 1967).

Cheese-making and Sampling
Procedure

Cheese-making trials were carried out at
three dairies in Sardinia. To reduce the
variation among batches the same lamb
rennet paste (strength 1:10.000) was used
and the rules for PDO Pecorino Romano
cheese production were always carefully
followed. At each experimental dairy unit,
experimental and control cheese-making
trials were carried out using 3,000 L each:

1. Experimental trial (E): Thermised (65°C
for 17 s) ewes’milk + 1% experimental
starter culture.

2. Control trial (C): Thermised (65°C for
17 seconds) ewes’ milk+0.4% scotta-
fermento.

Milk samples (10 mL) were collected from
the vat after the addition of the experimental
starter culture or scotta-fermento. Curd
samples (10 g) were collected at moulding,
while cheese samples were collected after 1,
8, 60, 150 and 240 days of ripening. Cheese
samples (10 g) comprised portions of paste
under the crust and in the internal part of the
cheese. All the samples were carefully
homogenized in 90 ml sterile Ringer’s
solution for 2 minutes in"a Stomacher Lab
Blender 80 (PBI, Milan, Italy) prior to
microbiological and physicochemical
analyses.

Microbiological Analyses

The following microbial groups were
enumerated in experimental and control
cheeses as follows: total colony count, on
Plate Count Agar (Oxoid, Italy) at 37°C for
48 hours; mesophilic and termophilic
streptococci, on M17 Agar (Terzaghi and
Sandine, 1975), at 22°C for 72 hours and
45°C for 48 hours, respectively, in anaerobic
conditions  (Gas-Pack; Oxoid, Italy);
mesophilic and termophilic lactobacilli, on
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MRS Agar (Oxoid, Italy) acidified to pH 5.4
at 22°C for 72 hours and 45°C for 48 hours,
respectively, in anaerobic conditions (Gas-
Pack; Oxoid, Italy); heterofermentative LAB
in MRS broth with Durham tubes, 37°C for
24 hours (MPN method); staphylococci on
Baird Parker Agar (Oxoid, Italy)
supplemented with Egg Yolk Tellurite
Emulsion (Oxoid, Italy) at 37°C for 48
hours; yeasts on Yeast Potato Dextrose Agar
(YPDA ), containing 1% w/v yeast extract,
2% wiv dextrose, 2% w/v peptone, 1.5%
w/v agar, pH 4.5, at 25°C for 48 hours;
faecal coliforms in Brilliant Green Bile
Broth (Oxoid, Ttaly) at' 44°C for 48 hours
(MPN method); spores of sulphite-reducing
clostridia, following heat treatment (80°C
for 10 minutes) of the samples and
inoculation on Differential Reinforced
Clostridial.-broth (DRCM) (Oxoid, Italy),
incubation at 37°C for 48 hours in anaerobic
conditions (MPN method).

Physicochemical Analyses

Physicochemical analyses of experimental
and control cheeses included: determination of
total solids (IDF, 1982), ash (IDF, 1964), fat
(IDF, 1986), NaCl (IDF, 1988) and pH
(Balestrieri and Marini, 1996). Water activity
(aw) was assessed using a Decagon Aqualab
Cx-3 Water Activity System (Decagon Device
Inc., Pullman, WA, USA), while total (TN),
non-protein (NPN) and water-soluble nitrogen
(WSN) were determined by Kjeldahl
according to Biitikofer er al. (1993). All the
results were expressed as g 100 g of cheese
(except for pH and water activity)

Lactose and lactic acid were determined by
HPLC (St-Gelais et al., 1991). The instrument
consisted of a quaternary pump (Ti-series),
auto-sampler, degasser system and HP 1050
thermostated column compartment (Hewlett-
Packard Co., Wilmington, DE, USA) with
Waters 410 refraction index detector (Water
Associates, Milford, MA, USA). A Supelcogel
C-610H column (300x7.8 mm; Sigma-Aldrich
Co., St. Louis, MO, USA) with Supelguard
pre-column (50x4.6 mm; Sigma-Aldrich Co.)
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was used. The Mobile phase was 0.0049 N
H,SO, with a flow of 0.8 mL min”, 40°C.
Data acquisition was carried out using HP
CHEMSTATION Rev. A.06.03 software
(Hewlett-Packard Co., Wilmington, DE,
USA).

Free amino acids (FAAs) were extracted
from the cheese as described by Aristoy and
Toldra (1991). Identification and
quantification were carried out by an HP 1050
HPLC with an HP 1046A fluorescence
detector (Hewlett-Packard Co., Wilmington,
DE, USA) and HP Chemstation Rev. A.06.03
software (Hewlett-Packard Co.). Instrumental
analytic conditions of derivation and
quantification were as described by Gratzfeld-
Hiiesgen and Schuster (1999).

Free fatty acids (FFAs) were extracted from
the cheese and determined through gas
chromatography according to De Jong and
Badings (1990). The procedure was also
extensively described by Madrau et al. (2007).

Data Analysis

For each cheese-making trial¢ all< the
microbial and chemical determinations were
carried out in triplicate “on ~3“randomly
selected experimental and control cheeses at
each dairy. The results are expressed as
mean valueststandard deviation. Significant
differences between mean values
(experimental vs. control) were evaluated for
each sampling time by One-way analysis of
variance (One-way ANOVA) followed by a
Student’s #-test. Differences were considered
significant at P< 0.05.

RESULTS AND DISCUSSION

Isolation and Selection of
Autochthonous LAB from Pecorino
Romano Cheese

A total of 169 Gram (+) and catalase (-)
LAB cultures were isolated from the ewe’s
milk and Pecorino Romano cheese. Rods
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(n= 96) were separated in two different
groups:

1. Rods growing at 45°C but not at 15°C,
not fermenting pentoses and gluconate, and
not producing gas from glucose were
presumptively considered as
homofermentative lactobacilli.

2. Rods growing at 15°C, fermenting
pentoses, and not producing gas from
glucose were presumptively considered as
facultative heterofermentative lactobacilli.

Cocci (n=73) were also separated into two
groups:

1. Coccigrowing at 45°C, but not at 10°C,
on media containing 4.0% NaCl, at pH 9.6,
not reducing 1% methylene blue, surviving
after a heat treatment at 60.5°C for 30 min,
not _hydrolysing arginine and not
decarboxylating esculine were
presumptively considered as streptococci.

2. Cocci growing at 10°C and at 45°C, on
media containing 6.5% NaCl, at pH 9.6, and
hydrolysing esculine were presumptively
considered as enterococci.

The further -characterization of LAB
isolates based on the utilization of different
sugars (not shown) allowed a preliminary
identification of the following species:
Lactobacillus delbrueckii subsp. lactis, Lb.
helveticus and Lb. casei subsp. casei,
Streptococcus thermophilus, Enterococcus
faecium and E. faecalis.

LAB species identification was further
confirmed by determining the carbohydrate
fermentation patterns through the API 20
STREP and API 50 CHL test galleries.

The identity of LAB cultures isolated from
thermised milk and Pecorino Romano
cheese are reported in Table 1.
Streptococcus thermophilus, often recovered
from the cheese-making environments
(Marino et al., 2003), was the predominant
species. This was likely due to its higher
resistance, compared to other LAB, to heat-
treatments (Catzeddu et al., 1995)
commonly employed in the Pecorino
Romano manufacturing (milk thermisation
at 68°C and curd cooking at 48°C). The
thermophilic rods Lactobacillus delbrueckii
subsp. lactis e Lb. helveticus were isolated



Mangia et al.

Table 1. LAB species isolated from milk, curd and Pecorino Romano cheese during ripening.

Isolated species

Ripening time (Days)

Millk o Cud R0 90 240
Streptococcus thermophilus 3 10 12 10 15 1
Lactobacillus casei subsp. casei 1 0 0 1 3 2
Lactobacillus helveticus 2 6 10 12 5 1
Lactobacillus delbrueckii subsp. lactis 2 4 12 9 8 2
Lactobacillus spp. 2 3 4 3 3 1
Enterococcus faecalis 1 1 1 2 2 1
Enterococcus faecium 2 1 2 3 3 3

from both thermised milk and cheese at
different ripening stages. Their ratio during
ripening was quite constant. Thermophilic
lactobacilli are a common microbial
component of the scotta-fermento (Gobbetti
and Di Cagno, 2002a) and siero-fermento
which are natural cultures used for the
production of hard paste cheese from ewe’s
(Albezio et al., 2001) and cow’s milk
(Cocconcelli et al., 1996; Lazzi et al., 2004).
Lactobacillus  casei subsp. casei was
recovered in lower numbers from thermised
milk and cheese at 30 days of ripening
(Table 1). Lactobacillus casei subsp. casei is
most commonly isolated from raw ewes’
milk cheeses (De Angelis et al., 2001;
Randazzo et al., 2006; Mangia et al., 2008)
and is often used as adjunct starter culture to
accelerate cheese ripening, to. produce
desirable flavours, and to avoid possible
cheese defects caused by adventitious non
starter LAB (Khedid er al., 2009).

Enterococcus faecium and E. faecalis were
recovered in milk ‘and during the entire
cheese ripening:. thus » confirming their
superior ability <to grow under stress
conditions such as high temperature and
high sodium ° chloride concentrations
(Giraffa, 2003). Enterococci can play a
significant role in cheese ripening since they
are involved in the proteolysis process and
in the production of aromatic compounds.
For instance, Enterococcus faecalis is of the
capacity to ferment citrate as the sole carbon
source producing aromatic compounds such
as diacetyl and acetaldehyde (Moreno et al.,
2006).
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In order for ALLAB  starters to properly
function, some attributes are of utmost
importance: LAB. starters should be able to
outnumber . the natural microflora and
rapidlyacidify. the milk hence influencing
the structural and rheological properties of
cheese. For this reason, LAB isolates
belongingto the species most frequently
recovered from milk and cheese, i.e.
Streptococcus thermophilus, Lactobacillus
delbrueckii subsp. lactis and Lb. helveticus,
were further characterized to ascertain their
growth ability as well as acidifying activity
(data not shown). Based on these
parameters, Streptococcus thermophilus L1,
Lactobacillus delbrueckii subsp. lactis 1.d10
e Lb. helveticus Lh5 were found to be the
most suitable cultures when used either as
single or mixed strains (Tables 2 and 3). For
this reason they were wused in the
experimental starter culture preparation. St.
thermophilus L1 grew faster compared to
lactobacilli, producing, after 4 hours of
incubation, 0.53% of lactic acid. However,
the extent of lactic acid produced by this
latter strain after 24 hours of incubation
(0.85%) was lower than that produced after
24 hours by Lactobacillus delbrueckii subsp.
lactis 1.d10 (0.91%) and Lb. helveticus Lh5
(1.75%). These findings are in agreement
with previous investigations carried out by
different authors (Sagdic et al., 2002;
Bottazzi and Ledda, 1967). Mixed cultures
of St. thermophilus L1 and Lb. delbrueckii
subsp. lactis Ld10 showed an increased
acidification ability compared to the
respective single cultures, starting from 4
hours of incubation (Table 2). However, this
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Table 2. Growth and acidification kinetics of Single (S) and Associated (A) Streptococcus
thermophilus L1 and Lactobacillus delbrueckii subsp. lactis Ld10 strains (Average of three batches).

Lactic acid Lactic acid Lactic acid

L1(S) L1(A) Ld10 (S) Ld10 (A) L1(S) Ld10 (S) (A)
Time  Logcfu Log cfu Log cfu Log cfu
(h) mL ™! mL ™! mL ! mL ! % % %
0 6.10 6.26 6.42 6.00 0.17 0.17 0.17
2 7.40 7.38 7.70 6.83 0.26 0.17 0.25
4 8.64 8.62 7.41 7.36 0.53 0.38 0.60
6 8.10 8.98 7.81 8.28 0.61 0.42 0.79
24 8.34 7.79 8.26 8.00 0.85 0.91 1.62

Table 3. Growth and acidification kinetics of Single (S) and Associated (A) Streptococcus

thermophilus L1 and Lactobacillus helveticus Lh5 strains (Average of three batches).

Lactic acid Lactic acid Lactic acid

L1 (S) L1 (A) LhS5 (S) Lh5 (A) L1.(S) LhS5 (S) (A)
Time Log cfu Log cfu Log cfu Log'cfu

(h) mL"! mL ' mL ™! mL ™! % % %
0 6.10 6.26 6.34 6.41 0.17 0.17 0.17
2 7.40 7.00 6.76 7.25 0.31 0.22 0.14
4 8.64 7.45 7.24 7.67 0.53 0.55 0.22
6 8.10 8.18 8.71 7.52 0.61 1.20 0.85
24 8.34 8.00 7.95 8.12 0.85 1.75 1.42

was not the case for the mixed cultures of 7.
thermophilus L1 and Lb. helveticus LhS,
since Lb. helveticus in single culture was
able to produce a significantly higher level
of lactic acid (1.75%) after 24 hours of
incubation. This superior acidifying ability
of the Lb. helveticus single > culture is
inconsistent with previous findings (Badis et
al., 2004; Sanna et al., 2005). More
generally, the_lacidifying ability of Lb.
helveticus seems more strain dependent than
species dependent and this can explain the
isolation of good and poor acidifying strains.

Microbiological and Physicochemical
Properties of Control and Experimental
Pecorino Romano Cheese

Microbiological parameters of
experimental vs. control cheeses are reported
in Table 4. Globally, the total microbial
counts were significantly higher (P< 0.05) in
experimental cheese as compared to the
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control for all the sampling stages (except
for 8 and 240 days of ripening).

In both control and experimental cheeses
the highest presence of thermophilic cocci
and lactobacilli was recorded after one and
sixty days of ripening, respectively. The
number of  thermophilic LAB in
experimental cheese was substantially
higher as compared to control cheese
suggesting a good suitability of the starter
culture. On this account, thermophilic cocci
showed a significant growth rate their
number being within the order of 9.70 Log
cfu g' past one day. The number of
thermophilic cocci in the experimental
cheese was always significantly higher (P<
0.05) in comparison with control until 60
days of ripening. A possible poor presence
of lactic acid bacteria within the scotta-
innesto (that was used in control cheese-
making trials) led to the proliferation of such
spoilage microrganisms as faecal coliforms
whose number increased significantly (P<
0.05), compared to the experimental cheese,
up to the 8" day of ripening reaching, values
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of 460 MPN per g of cheese. Such a large
number of coliforms may be responsible for
significant cheese holes (Mangia et al.,
2008). The evolution of the mesophilic
microflora was similar for both cheese-
making trials. Mesophilic LAB reached the
highest numbers after 1 day of ripening
since the number of mesophilic lactobacilli
was likely influenced by heat treatment of

milk.  Although  several of these
microorganisms may be able to survive at
pasteurization temperatures, milk

thermisation (68°C per 15-17 seconds) can
reduce their subsequent growth rate. The
finding that the mesophilic microflora of
Pecorino Romano manufactured from raw
milk is more abundant than thermophilic
species supports this hypothesis (Di Cagno
et al., 2003). Globally, the number of lactic
acid bacteria in the curd and in the young
experimental cheeses reflected a good
fermentative ability since lactose was readily
metabolized during cheese-making and was
no more detectable in cheeses at one day of
ripening. This led to a more rapid and
significant (P< 0.05) accumulation of lactic
acid and to a pH drop in the experimental
cheeses (Table 5). Eight days past ripening,
these differences were not significant.

Yeasts were recovered in low number only
from milk and curd. These microorganisms
can play a significant role during cheese
ripening. Deiana et al. (1984) showed that
Pecorino Romano manufactured by use of
Debaryomyces hansenii was characterized
by improved sensory features likely because
of the hydrolyticractivity of the yeasts on
proteins and fats that eventually led to an
accelerated ripening. In other studies the
same yeast species was employed as a starter
microorganism to inhibit butyric clostridia
thus preventing the late cheese swelling
(Fatichenti et al., 1983). Staphylococci and
clostridial spores were absent, or present at
very low numbers in both experimental and
control Pecorino Romano cheeses.

Physicochemical parameters of
experimental and control cheeses are
presented in Table 5. No significant

differences were observed, except for lactic
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acid and pH: total solids (TS) and ash
increased during ripening while total fat
content increased until 60 days of ripening
and remained constant afterwards. The slow
increase of the ripening index (the WSN to
TN ratio) can be attributed to the high NaCl
concentration detected after two months of
ripening for both experimental and control
cheeses. This may clearly have had a
negative influence on the rate of proteolysis
during ripening (Di Cagno et al., 2003). The
NPN/TN ratio that reflects the evolution of
nitrogenous compounds, increased
constantly upto the 5" month of ripening
likely indicating the accumulation of free
amino acids. (FAAs) until this time (Table
6). This finding is different from those from
other/ studies concerning ripened cheese
manufactured from sheep milk in which
FAAs content globally increase throughout
the entire ripening (Izco et al., 2000; Mangia
et al., 2008). After the 5" month FAAs
content of experimental and control
Pecorino Romano cheeses decreased. It
should be mentioned that the NaCl content
of Pecorino Romano is much greater than
that present in the above mentioned cheeses
and this could have influenced the
proteolysis and FAAs release. Freitas and
Malcata (1996) reported that the degradation
of beta-casein by chymosin was either
strongly or completely inhibited by 5%
(w/w) and 10% (w/w) NaCl, respectively.

In all Pecorino Romano cheeses
(experimental and  control) leucine,
isoleucine, valine, phenylalanine, tyrosine
and lysine were the most abundant FAAs at
150 days of ripening, representing
approximately 50% of total amino acids
detected in both experimental and control
cheeses (Table 6). These amino acids have
been reported by different authors as the
most abundant in other cheeses from sheep
milk (Barcina et al., 1995; Freitas et al.,
1998). After 150 days of ripening the
content of several FAAs such as glutamic
acid and lysine decreased, with the latter
decreasing from 58.98 to 9.44 mg per 100 g
(average contents between E and C cheeses).
A similar trend for lysine was observed in
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Fiore Sardo cheese after 90 days of ripening
although this cheese is substantially different
from Pecorino Romano, being manufactured
with raw milk and characterized by
uncooked curd and a mesophilic microflora
(Mangia et al., 2008). The general decrease
in FAAs during the last part of the ripening
is difficult to explain since the content of
FAAs in other ripened cheeses commonly
increases during maturation (Freitas et al.,
1998; Madrau et al., 2006; Barcina et al.,
1995). These results also indicate that the
cheese-making conditions may exert a
notable, though indirect, influence on the
degradation of nitrogenous compounds,
through their effect on cheese microflora.
Lactic acid bacteria can metabolize lysine
and other FAAs to produce aromatic
compounds (Tavaria et al., 2002) whereas
several authors showed the influence of
different technological parameters on lysine
(Marino et al., 2003) and FAAs (Marino et
al., 2008) decarboxylation. Proline was
detected in all Pecorino Romano cheeses
and interestingly its concentration was
significantly higher than that detected in
Pecorino Romano cheese manufactured
using raw milk (Di Cagno et al., 2003).

Overall the amino acid profile of
experimental and control cheeses did not
change significantly «with the exception of
arginine (ARG)+gamma-aminobutyric
(GABA), glutamic «acid and leucine. The
first two amino acids (ARG+GABA) were
found at higher' levelsin the experimental
cheese as compared to the control (P< 0.05),
whereas ‘the opposite was true (P< 0.05) for
the glutamic .acid starting from 8 days of
ripening. Leucine content was significantly
(P< 0.05) higher in experimental vs. control
cheeses throughout the whole ripening time
(Table 6). These differences in the FAAs
content are likely due to a different
enzymatic activity of the selected starter
culture compared to the control (scotta-
fermento).

The evolution of free fatty acids (FFAs)
during the ripening of Pecorino Romano is
presented in Table 7. In general, the FFAs
content increased progressively during
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ripening especially in the experimental
cheeses, even if no significant differences
were detected among experimental and
control cheeses. At the end of the ripening,
oleic (C18:1), palmitic (C16:0), butyric
(C4), stearic (C18:0), and myristic (C14:0)
acids were the more abundant FFAs.
Similarly, these FFAs were also the more
abundant in other hard paste cheeses
manufactured from sheep milk such as Fiore
Sardo (Mangia et al., 2008) and Pecorino
Sardo (Madrau et al., 2006). A notable
content of butyric acid was detected during
the entire ripening and this was likely due to
the activity . of the pre-gastric lipases
contained in the lamb rennet paste
(Mucchettiand Neviani, 2006) as well as to
the activity rof the LAB lipases that
preferentially release short chain fatty acids
(Prieto-ef al., 2002). Linoleic (C18:2) and
linolenic acids (C18:3) were not detected
during the first days of ripening and at 240
days they were present only in very small
quantities. Moreover, their content in the
experimental cheeses was slightly higher as
compared to the control. Overall, the level of
FFAs detected in Pecorino Romano at the
end of the ripening was largely lower in
comparison with other PDO cheeses from
sheep milk (Gobbetti et al., 1999; Larrdyoz
et al., 1999; Fernandez-Garcia et al., 2006).
It is widely recognized that such different
lipases as milk, microbial and rennet lipases
are the main agents responsible for the
lypolitic processes in cheese (Catalano et al.,
1985). The reduced lypolisis in Pecorino
Romano could be due to the influence of
heat treatments (Driessen, 1989; Atasoy and
Tlirkoglu, 2008) and/or high NaCl
concentration (Atasoy and Tiirkoglu, 2008;
Gobbetti et al., 1999) on the lipase activity.
Altogether, these results indicate that both

proteolytic and lypolitic activities in
Pecorino Romano cheese are likely
influenced by the NaCl content.

Accordingly, Freitas and Malcata (1996)
demonstrated that the FFAs and FAAs
content of Picante cheese was globally
higher in cheeses of a lower NaCl content.
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CONCLUSIONS

The results obtained in this work revealed
that the Pecorino Romano cheese microflora
was mainly represented by thermophilic
lactic species and that mesophilic LAB were
present as well, though in lower numbers.
The number of LAB in the fermentative
phase and in the first part of the ripening
stage  was  significantly  higher in
experimental cheeses, compared to control,
thus suggesting the efficacy of the selected
starter culture used for the manufacturing of
Pecorino Romano on an industrial scale.
After 60 days, cheese ripening proceeded
slowly in either one of the experimental or
control cheeses. Some technological
peculiarities, such as the high NaCl
concentration and the resulting low water
activity (ay) are likely responsible for the
reduced lypolisis and proteolysis during
ripening. Hence, the use of a reduced
amount of NaCl in the Pecorino Romano
cheese-making together with the use of
autochthonous selected starter cultures will
likely allow the improvement . of <the
physicochemical features of this. PDO
cheese, while maintaining its. traditional
traits.
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