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ABSTRACT

The present study was undertaken to produce func-
tional Scamorza cheese from Gentile di Puglia ewe milk
by incorporating probiotic strains into the cheese matrix
and to evaluate the physicochemical characteristics of
Scamorza ewe milk cheese. Gentile di Puglia ewe bulk
milk was used for Scamorza cheese production. Cheeses
were denoted S-CO for control Scamorza cheese, S-BB
for Scamorza cheese made using a mix of Bifidobacte-
rium longum and Bifidobacterium lactis, and S-LA for
Scamorza cheese made using Lactobacillus acidophilus
as probiotic strain. Cheeses were analyzed at 1, 7, and
15 d of ripening. Probiotic cell recovery in cheese was
7.55 £+ 0.07 logyy cfu/g and 9.09 + 0.04 log;, cfu/g in
S-LA and S-BB cheese, respectively; probiotic cheeses
also displayed the highest levels of lactic microflora.
Reverse-phase HPLC chromatograms of the water-sol-
uble nitrogen fraction showed a more complex profile in
S-BB, with distinctive peaks in the early-eluting zone.
The matured Scamorza cheese containing the mix of B.
longum and B. lactis was characterized by significantly
higher levels of Gln, Ser, Arg, Ile, and Leu, whereas
cheese containing Lb. acidophilus was characterized by
higher levels of Tyr and Met. Total FFA content was
the highest in S-LA, intermediate in S-BB, and the
lowest in S-CO cheese; in particular, Scamorza cheese
containing Lb. acidophilus showed the highest level of
vaccenic acid, oleic acid, and total conjugated linoleic
acid. Probiotic bacteria survived through the techno-
logical phases of pasta filata cheese production, main-
tained their specific metabolic pathways, and conferred
functional properties to Scamorza ewe milk cheese.
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INTRODUCTION

The breeding of dairy sheep is characteristic of
marginal and less-favorable areas where typical dairy
products have been developed according to local avail-
able resources. Ewe milk can be an ideal substitute for
bovine milk for the higher level of main components
and minerals than cow milk, for subjects suffering
from cow milk allergy. Most of the interest in ewe
milk is focused in cheese manufacturing, with distinct
characteristics according to their geographical area of
production. In the Mediterranean area, almost 60% of
sheep are totally or partially milked and about 90%
of the milk is transformed into good-quality products
often recognized by the European Union as Protected
Designation of Origin (i.e., Pecorino Romano, Pecorino
Sardo, Canestrato Pugliese, Roquefort, Idiazabal, and
Manchego; Scintu and Piredda, 2007).

Gentile di Puglia is an autochthonous ovine breed of
Southern Italy, a multiple purpose breed giving wool,
milk, and meat. For its high level of nutrients, Gentile
di Puglia milk gives high cheese yield and is destined to
typical cheese production as Pecorino cheese, character-
ized by a long ripening time (Santillo and Albenzio,
2008; Santillo et al., 2009).

Pasta filata cheese varieties are mainly produced
from cow and buffalo milk; the principal phases of pasta
filata cheese production are the acid development, ren-
net catalyzed coagulation, and heating and stretching
of the curd mass. The process of heating and stretching
results in the visible alignment of protein fibers within
the curd, which entraps coalesced fat and moisture, giv-
ing a glossy, white appearance. Scamorza cheese is a
pasta filata-type cheese whose name means to behead,
reflecting the cutting of the pear-shaped cheese dur-
ing molding. In Italy, the only referenced pasta filata
cheese from raw sheep milk is Vastedda della Valle del
Belice, recognized as Protected Designation of Origin
by European Union no. 283/28.10.2010.

The supplementation of cheese with probiotic bacteria
represents the aggregation of added value to a product
that already has benefits inherent in its composition.
In functional foods, the genera of Bifidobacterium and
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Lactobacillus are widely used as probiotic microor-
ganisms, but also other bacteria, including the genus
Enterococcus and yeasts, have been exploited (Sanders
and Huis in’t Veld, 1999). The development of probiotic
cheese is a current topic in the scientific literature and
represents a trend for the dairy industry (Albenzio and
Santillo, 2013). Probiotics added to cheese yield a wide
spectrum of enzymes able to influence the biochemical
events involving protein and lipid fractions in cheese
during ripening. These events have an effect on the
development of texture, flavor, and health components
of cheese.

For its composition, Gentile di Puglia ewe milk is
suitable for cheesemaking. In this study, such ewe milk
was tested to produce Scamorza ewe milk cheese with
the aim to increase the market share of ewe milk cheese
typology and to promote autochthonous breed farming.
In particular, the present research aimed to (1) produce
functional Scamorza ewe milk cheese from Gentile di
Puglia ewe milk by incorporating probiotic strains into
the cheese matrix and (2) evaluate the physicochemical
characteristics of Scamorza ewe milk cheese.

MATERIALS AND METHODS
Strains and Growth Condition

Lyophilized cultures of Lactobacillus acidophilus
(LA-5; Chr. Hansen SpA, Milan, Italy), or a mix
(1:1) of Bifidobacterium longum (BL-46 DSM14583)
and Bifidobacterium lactis (BB-12; Chr. Hansen) were
grown for 48 h at 37°C in de Man, Rogosa, and Sharpe
(MRS) broth (for Lb. acidophilus; Oxoid SpA, Milan,
Ttaly) or in MRS + cysteine (0.05%; ¢cMRS, cysteine;
Sigma-Aldrich, Milan, Italy; for bifidobacteria). After
reaching the stationary phase of growth, the probiotic
strains were heated in a water bath at 65°C for 30 min
to induce heat adaptation; 6 heat treatments were per-
formed on each probiotic strain tested, adapted from
the method described in Minervini et al. (2012). Cell
cultures (30 mL) were centrifuged at 1,200 x g for 10
min; then, the supernatant was discarded and 30 mL
of sterile distilled water added to the pellet. The har-
vested cells were plated on selective medium to test
cell recovery after heat treatment; cell counts of Lb.
acidophilus and B. longum and B. lactis ranged between
8.5 and 9.0 log cfu/mL. Probiotic strains used in this
study were previously tested for their tolerance in a
simulated human gastrointestinal system (Bove et al.,
2012).

Analyses of Ewe Milk

Bulk milk and whey samples collected after milk clot-
ting and extraction of the curd were analyzed for fat,
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protein, and lactose content (MilkoScan FT 120; Foss
Electric A/S, Hillerad, Denmark), pH value (GLP 21;
Crison Instruments SA, Barcelona, Spain), and SCC
(Fossomatic Minor; Foss Electric A/S). Total meso-

philic bacteria were enumerated by using plate count
agar (PCA; Oxoid, Milan, Italy) at 37°C for 24 h.

Scamorza Ewe Milk Cheese Production

Three Scamorza cheesemaking trials were performed
in triplicate in an industrial dairy plant according to the
following procedure. Thermized ewe milk (60°C for 8 s)
was inoculated with 1% commercial starter (Lyofast
ST044; Sacco, Como, Italy) and with 2% heat-adapted
cells of Lb. acidophilus and a mix of B. longum and B.
lactis. The pH was monitored until it reached the value
of 5.7 and then liquid rennet (Chr. Hansen SpA) was
added to vat milk; curd was obtained in about 20 min.
Curd was cut into cubes of 2 x 2 ¢m and kept under
whey for about 30 min until it reached pH 4.9. This
pH value was found to confer the optimum stretch-
ability to the curd obtained from ovine milk: higher pH
value gave tough curd that fractured during stretching,
whereas lower pH led to soft curd that collapsed during
stretching. Then curd was drained, stretched mechani-
cally in hot water (80°C), and molded to give a cheese
weight of about 250 g in a pear-like shape. Scamorza
ewe milk cheese was dipped in cold water to firm and
salted in brine (22% NaCl) for 2 h. The cheese was rip-
ened at 8 to 10°C and 70 to 80% relative humidity for
15 d. Cheeses were denoted S-CO for control Scamorza
cheese, S-BB for Scamorza cheese made using a mix of
B. longum and B. lactis, and S-LA for Scamorza cheese
made using Lb. acidophilus as probiotic strain. Cheeses
were analyzed at 1, 7, and 15 d of ripening.

Chemical Composition and Microbiology
of Scamorza Ewe Milk Cheese

The pH of cheeses were determined according to the
International Dairy Federation standard (IDF 1989).
Total nitrogen and noncasein nitrogen contents were
determined as described by Gripon et al. (1975), and
water-soluble N was measured as described by Stad-
houders (1960).

An aliquot of 20 g of cheese (from the inner and outer
part) were diluted with 180 mL of 0.9% NaCl saline
solution and homogenized; then, serial dilutions were
carried out and plated onto the appropriate media, as
follows:

1. mesophilic lactic acid bacteria on MRS agar +
0.17 g/L of cycloheximide (Sigma-Aldrich), incu-
bated under anaerobic conditions at 30°C for 4 d;
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2. thermophilic lactic acid bacteria on MRS agar
+ 0.17 g/L of cycloheximide, incubated under
anaerobic conditions at 44°C for 4 d;

3. mesophilic lactococci on M17 agar + 0.17 g/L of
cycloheximide, incubated under anaerobic condi-
tions at 30°C for 4 d;

4. thermophilic lactococci on M17 agar + 0.17 g/L
of cycloheximide, incubated under anaerobic
conditions at 44°C for 4 d;

5. Bifidobacterium on MRS agar + 0.5% cysteine
(Sigma-Aldrich) and nalidixic acid, paromycin
sulfate, neomycin sulfate, and lithium chloride
(NPNL), as reported by Vinderola and Rein-
heimer (1999), incubated at 37°C for 4 d under
anaerobic conditions; and

6. Lb. acidophilus, on MRS agar acidified to pH
5.0 and incubated at 37°C for 48 to 72 h under
anaerobic conditions.

The identities of Lb. acidophilus and bifidobacteria were
confirmed through microscopic examination.

Assessment of Proteolysis

The pH 4.6-soluble and -insoluble fractions were ob-
tained according to the methods of Kuchroo and Fox
(1982). The nitrogen fractions were analyzed by urea-
PAGE using Protean II xi vertical slab gel equipment
(Bio-Rad Laboratories Ltd., Watford, UK) according
to the procedure reported in Santillo et al. (2007).

The peptide profiles of the pH 4.6-soluble fractions
were determined by reverse-phase HPLC (RP-HPLC)
using the Agilent 1260 Infinity system (Agilent Tech-
nologies Inc., Santa Clara, CA). The column used was
a Zorbax 300 SB-C18 column (250 mm x 4.6 mm X 5
pm; Agilent Technologies Inc.). The mobile phase was
water (solvent A) and acetonitrile (solvent B), both
containing 0.1% trifluoroacetic acid, and the solvent
flow rate was 1 mL/min. The eluate was monitored at
220 nm; all solvents were of chromatography grade (J.
T. Baker Inc., Phillipsburg, NJ).

Individual amino acids were analyzed in freeze-dried
water-soluble extracts of the cheeses. Amino acids were
precolumn derivatized with o-phthalaldehyde-3-mer-
captopropionic acid reagent (PN 5061-3335, Agilent
Technologies Inc.) and fluorenylmethyl chloroformate
reagent (PN 5061-3337, Agilent Technologies Inc.). The
derivatized free amino acids (FAA) were separated,
identified, and quantified by RP-HPLC (Agilent 1260
Infinity, equipped with a binary pump G1312A, auto-
matic sampler G1313A, degassing system, and column
oven thermostatized at 40°C) on a Zorbax Eclipse AAA
column (4.6 x 150 mm, 3.5 pm film thickness; Agilent
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PN9634000-9029). The mobile phases were (A) 40 nM
NaH,PO, (pH 7.8) and (B) acetonitrile:methanol:H,O
(45:45:10, vol/vol/vol). Quantization was done using
the area under each peak with the Agilent software
ChemStation. Detection was performed on an Agilent

diode-array detector G1315B and a fluorescence detec-
tor G1321A.

Assessment of Lipolysis

Volatile FFA in cheese were extracted with diethyl
ether: hexane (1:1, vol/vol), after grinding with sodium
sulfate and addition of 2.5 M sulfuric acid (Kim Ha and
Lindsay, 1990). Free FA were isolated using an amino-
propyl column as adsorbent; the desorption of the FFA
was carried out with 2% formic acid in diethyl ether (de
Jong and Badings, 1990). Analysis and identification
of FFA were performed according to the methods of
Santillo et al. (2009).

Total lipids from cheeses were extracted according
to the method of de Jong and Badings (1990). Free FA
derivatization was performed, according to the method
of Morrison and Smith (1964). Free FA and conjugated
linoleic acid (CLA) were separated on a capillary
column (HP88; 100 m x 0.25 mm i.d., 0.20-um film
thickness; Agilent Technologies Inc.). The injector and
flame ionization detector temperatures were 260°C.
The temperature was held at 100°C for 1 min and then
increased to a final temperature 240°C (3.5°C/min,
held for 15 min). The split ratio was 1:50 and helium
was the carrier gas, with a pressure of 227.5 kPa. Pure
CLA isomers were purchased as FA methyl esters from
Matreya Inc. (Pleasant Gap, PA). All solvents were
analytical grade from J. T. Baker Inc. Free FA in cheese
were grouped into 3 classes: short-chain FFA (SCF-
FA; C4:0-C10:0), medium-chain FFA (C12:0-C16:0),
and long-chain FFA (>C18:0). Saturated fatty acids,
MUFA, and PUFA were also calculated. Atherogenic
and thrombogenic indices were calculated according to
Ulbricht and Southgate (1991).

Statistical Analysis

All the variables were tested for normal distribution
using the Shapiro-Wilk test (Shapiro and Wilk, 1965).
Data on SCC and mesophilic cell load in ewe bulk milk
were transformed into logarithmic form to normalize
their frequency distributions before performing statisti-
cal analysis. Data on composition, microbial cell loads,
FAA, FFA in cheese at 1, 7, and 15 d were processed
by ANOVA using the PROC GLM for repeated mea-
sures of SAS (SAS Institute, 2011). The model used
was Equation 1:
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where y;; is the dependent variable, p is the overall
mean, «; is the effect of probiotic (i is the level of pro-
biotic effect = 1-3), B; is the effect of time of ripening
of cheese (j is the level for time of ripening = 1-3),
(0f3)sjk is the interaction of probiotic x time of ripening
(k is the level for the interaction of probiotic X time of
ripening = 1-9), and ¢, is the error.

Results are presented as the least squares means and
the variability of the data is expressed as the standard
error of the mean response throughout the whole trial.
Significant differences were considered at P < 0.05.
When significant effects were found (at P < 0.05), the
Tukey test was used as a post-hoc test.

Principal component analysis was performed by
PROC PRINCOMP of SAS to obtain a visual represen-
tation of FAA distribution in cheeses at 1 and 15 d of
ripening. The most significant 2 principal components
were analyzed using a factorial analysis.

RESULTS AND DISCUSSION
Ewe Milk and Scamorza Cheese Composition

Principal composition of Gentile di Puglia ewe milk
used for Scamorza cheesemaking showed mean values
(£SEM) of 7.60 + 0.25% for fat, 5.92 & 0.26% for
protein, 4.77 £+ 0.03% for lactose, and 4.74 + 0.10% for
casein. Raw milk showed high hygienic quality in terms
of SCC and total mesophilic bacteria, with mean values
(£SEM) of 2.84 + 0.13 and 1.36 + 0.18 log;, cfu/mL,
respectively. These levels are within the limits reported
by European Economic Community (EEC) directive
92/46.

The addition of fresh cells of probiotic bacteria in
ewe milk before cheesemaking to obtain functional
Scamorza ewe milk cheese was successful, as demon-
strated by probiotic cell recovery in cheese. Lactobacil-
lus acidophilus and the mix of the B. longum and B.
lactis mean values on specific media were 7.55 4+ 0.07
and 9.09 + 0.04 logy, cfu/g in S-LA and S-BB cheese,
respectively. Mean values of thermophilic lactobacilli
and lactococci were 2.3 £ 0.03 and 2.1 £ 0.02 log,
cfu/g in control cheese; no differences were found for
the mentioned lactic microflora in S-BB and S-LA
cheese and mean values were 4.3 + 0.03 and 4.1 + 0.02
logy cfu/g for thermophilic lactobacilli and lactococci,
respectively. Mean values of mesophilic lactobacilli and
lactococci were about 3.3 £ 0.03 and 3.1 £+ 0.02 log;,
cfu/g, respectively, in control cheese; no differences
were found for the mentioned lactic microflora in S-BB
and S-LA cheese and mean values were 4.3 + 0.03 and
3.1 £+ 0.02 logy, cfu/g for mesophilic lactobacilli and
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lactococci, respectively. Changes in pH in Scamorza ewe
milk cheese during ripening are reported in Figure 1.
The pH values were always lower in cheeses containing
the mix of B. longum and B. lactis and Lb. acidophilus
due to the metabolic activity associated with probiotic
cells and lactic microflora. The adaptation trials of
probiotic cells to heat stress conditions before cheese
manufacturing allowed the survival and viability of the
probiotic bacteria to the technological phases of pasta
filata cheese production. In fact, Scamorza ewe milk
cheese without probiotic cells showed an increase in pH
at 7 d due to the lower lactobacilli and lactococci cell
loads in S-CO cheese.

The pH values of Scamorza ewe milk cheese were
always lower than those found in Fior di Latte, a fresh
pasta filata cheese made from cow milk (Minervini et
al., 2012). Stretchability, which is a specific phase of
Mozzarella cheese production, is influenced by pH and
calcium content (Feeney et al., 2002). Solubilization of
calcium during cheesemaking occurs as a function of
pH reduction; a decrease in calcium content is associ-
ated with decrease in number of binding sites for casein
particles and allows transformation of the curd into soft
and stretchable texture cheese (Joshi et al., 2004). The
higher casein content and the higher colloidal calcium
phosphate in ewe milk than cow milk could be respon-
sible for the lower pH needed to obtain a stretchable
curd.

Proteolytic Patterns of Scamorza Ewe Milk Cheese

Changes in water-soluble N content in Scamorza ewe
milk cheese during ripening is reported in Figure 2.
This nitrogen fraction collects the products of protein
degradation as small peptides and FAA and gives infor-
mation on the degree of hydrolysis in the cheese matrix.
As expected, no differences were found among cheeses
at 1 d, whereas at the subsequent sampling time, S-BB
cheese showed the highest value as an outcome of the
grater proteolysis potential associated with B. longum
and B. lactis. The same strains tested on 60-d ripened
Pecorino cheese performed major proteolysis due to
their proteolytic enzymes (Santillo et al., 2009; Alben-
zio et al., 2010).

The quantitative analysis of electrophoretograms of
the pH 4.6-insoluble N fraction of Scamorza ewe milk
cheese during ripening is reported in Table 1. The
percentage reduction in total casein, from 1 to 15 d,
was about 30% in S-BB, 29% in S-LA, and 26% in
S-CO cheese; as expected, casein fractions underwent
a progressive reduction during ripening, although their
evolution followed different trends. The B-CN fraction
was the highest in Scamorza ewe milk cheese contain-
ing probiotic strains; accordingly, 3-CN degradation
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Figure 1. Changes in pH in Scamorza ewe milk cheese. S-CO = control Scamorza cheese; S-BB = Scamorza cheese containing the mix of
Bifidobacterium longum and Bifidobacterium lactis; S-LA = Scamorza cheese containing Lactobacillus acidophilus. Error bars represent SEM;

bars with different letters (a, b) differ (P < 0.05).

products (~-like components) were lower in S-BB and
S-LA cheeses at 1 d of ripening but differences disap-
peared in the subsequent time of ripening, probably
due to the further degradation of ~-like components
to smaller peptides. The temperature of the stretching
phase influences the residual rennet activity, microbial
population, plasmin activity, and the rate that the curd
is transformed into a molten mass; all of these factors
affect the rate of proteolysis during cheese ripening
(Rankin et al., 2006). In all cheeses at 1 d, the great
accumulation of ~-like components was ascribed to
the action of plasmin, which is quite heat stable (Fox
and Kelly, 2006) and may have survived the stretching
phase at 80°C. The a-CN fraction underwent greater
reduction in S-BB and S-LA than S-CO cheese, with a
hydrolysis of more than 50% from 1 to 15 d of ripening.
This difference was confirmed by the greater accumu-
lation of a-CN degradation products; this parameter
was higher in S-BB, intermediate in S-LA, and lower in
S-CO cheese, confirming the ability of probiotic strains
to promote proteolysis.

The RP-HPLC chromatograms of the water-soluble
N fraction of Scamorza ewe milk cheese at 15 d of rip-
ening are reported in Figure 3. The sum of the areas
for the peaks detected in the chromatograms showed an

almost 5-fold increase in S-BB cheese, 3-fold increase
in S-LA cheese, and 2-fold increase in control cheese
from 1 to 15 ripening days. The area ascribed to each
zone showed an increase with time for S-BB and S-LA
cheeses, whereas control cheese showed a reduction in
the area of the peaks ascribed to zone II, and zone
ITT did not change with ripening (data not shown). It
has been reported that starter cultures are the main
agent responsible for the formation of small peptides
and amino acids (Feeney et al., 2002). In this trial,
the major complexity of the chromatogram profile was
due to the action of probiotic and lactic microflora on
nitrogen molecules. In Pecorino cheese, the same probi-
otic strains tested in Scamorza ewe milk cheese showed
broad enzymatic activity on different substrates,
indicating the presence of different aminopeptidase
and proline iminopeptidase (Santillo et al., 2012). In
the area of the chromatograms with a retention time
lower than 20 min, S-BB cheese displayed 4 distinctive
peaks (A, B, C, and D), whereas S-LA cheese showed
a peak (indicated with an arrow in Figure 3) with a
retention time of 11 min and 8 s and with an area of
6,337 arbitrary units. At the same retention time, S-CO
cheese displayed a peak with an area of 1,673 arbitrary
units, whereas the same peak was not detected in S-BB
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Table 1. Quantitative analysis of electrophoretograms of pH 4.6-insoluble N fraction of Scamorza ewe milk cheese

Scamorza cheese’

Effect (P-value)

Protein Time of Probiotic
fraction ripening (d) S-CO S-BB S-LA SEM Probiotic Time X time
~-CN 1 16.43" 14.95" 14.43"

15 16.81 16.53 15.55 0.50 * NS NS
B-CN 1 37.01° 40.15 38.15"

15 40.95" 41.25" 42.25" 0.19 ok ok ok
a-CN 1 45.5" 44.9" 47.4"

15 25.4" 22.25" 23.35" 0.38 o ok NS
a-CN 1 ND? ND ND
Degradation products 15 14.43* 19.17¢ 15.63" 0.21 HoK ok ok

*“Means within a row with different superscripts differ (P < 0.05).

!S-CO = control Scamorza cheese; S-BB = Scamorza cheese containing the mix of Bifidobacterium longum and Bifidobacterium lactis; S-LA =

Scamorza cheese containing Lactobacillus acidophilus.
’ND = not detected.
*P < 0.05; **¥P < 0.01; **P < 0.001.

cheese. Late-eluting peaks showed a more complex pro-
file together with higher peak areas than early-eluting
peaks. In addition, a distinctive doublet peak named E
was displayed only in the chromatogram of the soluble
N extract from cheese made with the mix of B. longum
and B. lactis. The distinctive peaks could include mol-
ecules deriving from protease specificity of probiotic
bacteria and could contain trace molecules associated

with the metabolism of Lb. acidophilus and the mix of
B. longum and B. lactis.

The study of FAA in cheese was performed to inves-
tigate the ability of probiotics to release amino acids.
Principal component analysis of FAA of Scamorza ewe
milk cheese at 1 and 15 d of ripening is reported in
Figure 4; the first 2 principal components accounted for
87% of the total variance. The main factors explained by

Figure 2. Changes in the water-soluble nitrogen fraction in Scamorza ewe milk cheese. S-CO = control Scamorza cheese; S-BB = Scamorza
cheese containing the mix of Bifidobacterium longum and Bifidobacterium lactis; S-LA = Scamorza cheese containing Lactobacillus acidophilus.
Error bars represent SEM; bars with different letters (a, b) differ (P < 0.05).
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Figure 3. Reverse-phase HPLC of the water-soluble nitrogen fraction of Scamorza ewe milk cheese. S-CO = control Scamorza cheese; S-BB
= Scamorza cheese containing the mix of Bifidobacterium longum and Bifidobacterium lactis; S-LA = Scamorza cheese containing Lactobacillus
acidophilus. A, B, C, D, E indicate distinctive peaks found in S-BB profile; the arrow indicates a distinctive peak in S-LA profile with a retention

time of 11 min and 8 s. Color version available in the online PDF.

the first principal component were Asp, Gln, Ser, Thr,
Arg, Ala, Tyr, and Met, whereas His, Gly, Phe, and
Lys were the dominating factors along the second prin-
cipal component. Scamorza cheese containing probiotic
strains moved along the first principal component as an
outcome of the enrichment in the correlated FAA with
advancing ripening. The matured Scamorza ewe milk
cheese containing the mix of B. longum and B. lactis
was characterized by significantly higher levels of Gln,
Ser, Arg, Ile, and Leu, whereas cheese containing Lb.
acidophilus was characterized by higher levels of Tyr
and Met. To the contrary, cheeses without probiotic
strains moved along the second principal component

due to the enrichment in Gly and Lys. In probiotic
Cheddar cheese containing B. lactis, Leu and Gln were
the most abundant FAA and were more abundant than
in the control cheese (McBrearty et al., 2001).

Lipolytic Patterns of Scamorza Ewe Milk Cheese

Although lipolysis is a biochemical event most rel-
evant in long-ripened cheeses, the study of FFA was
performed to evaluate the effect of probiotic metabo-
lism on the lipolytic pattern of Scamorza cheese. Fatty
acid composition and atherogenic and thrombogenic
indexes of Scamorza ewe milk cheese at 15 d of ripening

Journal of Dairy Science Vol. 96 No. 5, 2013
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Figure 4. Principal component analysis of free amino acids of Scamorza ewe milk cheese. A = control Scamorza cheese (S-CO); B =
Scamorza cheese containing the mix of Bifidobacterium longum and Bifidobacterium lactis (S-BB); ® = Scamorza cheese containing Lactobacillus

acidophilus (S-LA).

are reported in Table 2. The content of SCFFA was the
highest in S-BB, intermediate in S-LA, and the lowest
in S-CO cheese, whereas the content of medium-chain
FFA and long-chain FFA was the highest in S-LA cheese.
The greater abundance of the free forms of SCFFA in
cheeses containing probiotic could be attributed to the
lipases associated with lactic acid microflora, which are
specific for short-chain FA (de la Fuente et al., 1993).
Furthermore, short-chain FA are acknowledged as ben-
eficial to human health because they are prevention
agents against atherosclerosis, diabetes, obesity, and
some types of carcinoma (Pariza et al., 2001). Ac-
cording to the degree of unsaturation, FFA were also
clustered in SFA, MUFA, and PUFA, which showed the
highest levels in S-LA, intermediate in S-BB, and the
lowest in S-CO cheese. Scamorza cheese containing Lb.
acidophilus showed the highest level of vaccenic acid,
oleic acid, and total CLA. Furthermore, in S-LA cheese,
the cis-9,trans-11 CLA isomer was the most abundant,
being about 70% of the total CLA isomers. The evolu-
tion of vaccenic acid, linolenic acid, and the cis-9,trans
11 CLA isomer of Scamorza ewe milk cheese from ewe
milk during ripening is shown in Figure 5.

Sheep cheese is a natural source of beneficial FA in
human health; indeed, the highest CLA concentration
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in ovine cheeses compared with goat and cow cheeses
is widely reported in the literature (Cruz-Hernandez
et al., 2006). Similar to nutraceuticals, CLA are po-
tentially important in alleviating major diseases such
as cancer, atherosclerosis, and diabetes in humans
(Benjamin and Spener, 2009). Among many other
factors, diet is the most significant factor affecting
milk CLA content, with increasing levels due to the
increasing proportion of pasture in the diet (Collomb
et al., 2006). Furthermore, in ewes, diet supplementa-
tion with sunflower (Hervés et al., 2008) or linseed oils
(Gémez-Cortés et al., 2009) substantially improves the
content of CLA and other healthy FA in milk. Previous
research showed the capability of Lb. acidophilus to
increase the level of CLA in Pecorino cheese (Santillo
et al., 2009). Furthermore, factors involved in the chee-
semaking process, such as heat treatment of milk or
curd (or both), addition of starter cultures, and ripen-
ing, generally do not affect the CLA content in milk fat
(Prandini et al., 2011). In the current study, CLA con-
tent in pasta filata cheese from ovine milk containing
Lb. acidophilus confirmed the capability of this strain
to survive the stressful stretching conditions and also
revealed the ability of Lb. acidophilus to maintain its
specific metabolic pathways.
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Table 2. Least squares means of FFA composition (mg/g of cheese), and atherogenic and thrombogenic indices

of Scamorza ewe milk cheese

2
Scamorza cheese

Effect (P-value)

FFA' S-CO S-BB S-LA SEM Probiotic
Short-chain FA 3.50" 5.52° 4.49° 0.11 ¥
Butyric acid (C4:0) 0.89" 1.35° 1.04 0.03 *
Capric acid (C10:0) 1.50" 2.34¢ 2.03" 0.01 ok
Medium-chain FA 11.48" 13.50" 16.64° 0.45 *
Myristic acid (C14:0) 2.08" 3.51° 3.99¢ 0.14 ok
Palmitic acid (C16:0) 6.69" 7.49" 9.81" 0.65 *
Long-chain FA 11.68" 13.19" 18.32° 0.48 **
SFA 17.77" 21.80" 25.70° 0.65 *
MUFA 7.24" 8.24" 11.27¢ 0.10 ok
Vaccenic acid (trans-11 C18:1) 0.43" 0.67" 1.01" 0.06 ok
Oleic acid (¢is-9 C18:1) 5.93" 6.67" 8.92 0.32 **
PUFA 1.95" 2.38" 2.78° 0.11 *
Total CLA 0.19" 0.22" 0.31¢ 0.05 **
cis-9,trans-11 CLA 0.14* 0.16" 0.22" 0.06 ok
n-3 0.71° 0.95" 1.04" 0.07 *
Linolenic acid (C18:3n-3) 0.56" 0.69" 0.81° 0.03 ok
EPA (C20:5n-3) 0.04 0.07 0.07 0.01 NS
DHA (C22:6n-3) 0.02 0.05 0.03 0.01 NS
Al 2.09 1.89* 1.97° 0.01 %
TI 2.02" 1.87" 1.95" 0.02 *

*“Means within a row with different superscripts differ (P < 0.05).

'CLA = conjugated linoleic acid; n-3 = ¥ PUFA n-3 series; EPA = eicosapentaenoic acid; DHA = docosa-
hexaenoic acid; AI = atherogenic index = (C12:0 + 4 x C14:0 4+ C16:0)/[X MUFA + X PUFA(n-6) and (n-
3)]; TT = thrombogenic index = (C14:0 + C16:0 + C18:0)/[0.5 x ¥ MUFA + 0.5 x ¥ PUFA(n-6) + 3 x ¥

PUFA(n-3) + (n-3)/(n-6)].

’S-CO = control Scamorza cheese; S-BB = Scamorza cheese containing the mix of Bifidobacterium longum and
Bifidobacterium lactis; S-LA = Scamorza cheese containing Lactobacillus acidophilus.

*P < 0.05; **P < 0.01; ***P < 0.001.

Although no differences were found among Scamorza
ewe milk cheese, data on eicosapentaenoic acid and
docosahexaenoic acid were reported to underline the
nutritional value of Scamorza cheese from ewe milk.
Eicosapentaenoic acid and docosahexaenoic acid are
the most important n-3 FA that demonstrated benefi-
cial effects on platelet aggregation and blood clotting,
fasting, and postprandial triglyceride levels and on im-
mune function and inflammatory response (Williams,
2000). The n-3 FA series were more abundant (P >
0.05) in Scamorza cheese containing probiotics than in
control cheese; in particular, probiotic bacteria addition
positively influenced the linolenic acid n-3 content of
Scamorza ewe milk cheese, which represents the main
FA of the n-3 series. It is well known that cheese fat
contains also other acids, such as myristic (C14:0) and
palmitic (C16:0), which have negative implications for
human health (Parodi, 2006). According to the equa-
tion proposed by Ulbricht and Southgate (1991), all
unsaturated FA are considered to be equally effective in
decreasing the risk for atherogenicity and thromboge-
nicity. The atherogenic and thrombogenic indices were
lower in S-BB and S-LA than in S-CO, showing that
Scamorza cheese containing probiotic strains may exert
a beneficial effect on human health on the basis of its

FA profile. In general, atherogenic and thrombogenic
indices found in all Scamorza ewe milk cheese were
comparable with those reported for Pecorino cheese
ripened at 60 d obtained from ewe milk improved for
FA profile through the use of dietary supplements in
dairy ewe feeding (Branciari et al., 2012).

CONCLUSIONS

The addition of probiotic strains (Lb. acidophilus and
a mix of B. longum and B. lactis) to cheese milk sus-
tained the production of probiotic Scamorza ewe milk
cheese. Furthermore, the maturing process in cheeses
was influenced differently according to the probiotic
strain used. The mix of B. longum and B. lactis strains
sustained greater proteolysis in cheese, leading to more
complex soluble peptide and FAA profiles; The Lb.
acidophilus strain ruled lipolysis and was able to sig-
nificantly increase vaccenic and oleic acids and CLA
content in cheese. Considering that pasta filata-type
cheese represents one of the largest manufactured cheese
segments, the market of ovine dairy products could ex-
pand options in the pasta filata cheese category; the use
of probiotic strains can improve the healthful features
of this cheese.
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Figure 5. Changes in vaccenic acid, linolenic acid, and ¢is-9,¢rans-11 conjugated linoleic acid (CLA) isomer of Scamorza ewe milk cheese dur-
ing ripening. S-CO = control Scamorza cheese; S-BB = Scamorza cheese containing the mix of Bifidobacterium longum and Bifidobacterium lac-
tis; S-LA = Scamorza cheese containing Lactobacillus acidophilus. Error bars represent SEM; bars with different letters (a, b, ¢) differ (P < 0.05).
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