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A B S T R A C T

Two strains of Lactobacillus plantarum (Lp S11T3E and Lp S2T10D) and one of Lactobacillus

pentosus (Lps S3T60C), originally isolated from table olive fermentations, and previously char-

acterized for their probiotic properties, have been added as adjunct cultures to Toma

Piemontese Protected Denomination of Origin (PDO) cheese, in order to develop a func-

tional dairy product. The cheeses were sampled throughout their manufacturing process

and during the two months of ripening. Moreover, they were also subjected to in vitro human

digestion, followed by microbiological analysis. Monitoring of the inoculated strains was per-

formed through molecular identification and biotyping. The organic acid and sugar contents

of the cheeses were determined at each sampling point, while the organoleptic features were

assessed by sensory evaluation. All isolated lactobacilli, during ripening and after diges-

tion of the cheeses, were recognized as putative probiotics, and demonstrated to be well

adapted to the food matrix investigated. The organic acid composition of the cheeses with

the adjunct culture differed from the control, but this difference did not negatively affect

the organoleptic profiles of the final product.Therefore, all the strains tested were to be usable

as adjunct cultures in Toma Piemontese PDO production to develop a new functional food.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

The development of functional foods with beneficial features
has attracted the interest of the scientific community for many
years. In this context, the probiotic effect of milk-based prod-
ucts has been documented since the times of Metchnikoff, as
they represent an optimal matrix for the growth of beneficial
lactic acid bacteria (LAB) or Bifidobacterium (Awaisheh, 2012).
In this class of food, cheeses are advantageous systems for the
delivery of probiotics, due to their higher pH, longer shelf life,
solid consistency and higher fat content compared to milk or

fermented products such as yogurt (da Cruz, Alonso Buriti,
Batista de Souza, Fonseca Faria, & Isay Saad, 2009; Plessas,
Bosnea, Alexopoulos, & Bezirtzoglou, 2012; Sharp, McMahon,
& Broadbent, 2008). However, their suitability as probiotic car-
riers is mainly due to the protection of bacterial cells during
gastric digestion. Cheese is able to neutralize the hydrochlo-
ric acid present in the stomach and this capability is correlated
to the age of the cheese, since the buffering capacity in-
creases with ripening, due to proteolysis and the release of
amino acids (Pitino et al., 2012; Ricciardi, Blaiotta, Di Cerbo,
Succi, & Aponte, 2014; Sumeri, Adamberg, Uusna, Sarand, &
Paalme, 2012).
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Moreover, the functionalization of fresh or ripened cheeses
may represent an added value to a product that already offers
several benefits, due to basic natural composition. This strat-
egy has successfully been introduced into several kinds of
traditional cheeses made with cow’s, goat’s and/or sheep’s milk
(dos Santos et al., 2012; Gomes et al., 2011; Songisepp et al.,
2012). In addition, Ortakci, Broadbent, McManus, and McMahon
(2012) evaluated microencapsulation as a method to supply
probiotics to cheese, and this has improved their viability when
the cheesemaking and storage conditions are extremely stress-
ful, as in the case of mozzarella cheese. However, this approach
is not capable of increasing the viability of probiotic bacteria
in traditional cheeses, where very hostile conditions are present
(Kailasapathy & Masondole, 2005).The latter consideration sug-
gests dedicating greater efforts to the identification of the best
coupling between probiotics and type of cheese.

Regardless of the cheese type or of the probiotic supple-
mentation strategies used, it is necessary, during the
development of a new functional cheese, to understand whether
the microorganisms add an impact or not to the original sensory
characteristics. This is particularly important when probiotic
Lactobacillus spp. are incorporated in cheeses that have to be
ripened.Their enzymes, together with those of non-starter LAB
(NSLAB), could be involved in the secondary proteolysis and
lipolysis pathways which contribute to the final cheese flavour
(Gomes da Cruz, Alonso Buriti, Batista de Souza, Fonseca Faria,
& Isay Saad, 2009). Safeguarding the organoleptic character-
istics of traditional cheeses is a fundamental step in the
functional development of the product (Karimi, Sohrabvandi,
& Mortazavian, 2012), and this is even more important in the
case of Protected Denomination of Origin (PDO) products whose
final features are imposed by strict regulations.

Toma Piemontese PDO is described as a cylindrical, semi-
hard and semi-cooked cheese made with raw or pasteurized
cow’s milk. Its can range in size from 2 to 8 kg and have a rip-
ening period of one to two months, respectively (Bertolino,
Zeppa, Gerbi, & McSweeney, 2008). Moreover, it is one of the
most common cheeses produced throughout the Piedmont
region (Northwest Italy), and its functionalization may repre-
sent a nutraceutical improvement and an economical
advantage.

The aim of this paper was to use putative probiotic lacto-
bacilli, isolated from fermented table olives, as adjunct cultures
in Toma Piemontese PDO cheese and to evaluate their sur-
vival in the cheese at the end of the ripening and after a
simulated digestion process. Their effect on the sensory char-
acteristics of the cheese has also been evaluated.

2. Materials and method

2.1. Adjunct cultures

The adjunct lactobacillus cultures were the putative probiotics
L. plantarum S2T10D (LpS2T10D), L. plantarum S11T3E (LpS11T3E)
and L. pentosus S3T60C (LpsS3T60C), derived from a collec-
tion of LAB isolated during green table olive fermentations
(Cocolin et al., 2013). The selected LAB were studied through
a comprehensive in vitro approach, as previously described by
Botta, Langerholc, Cencič, and Cocolin (2014).

The starters that were to be used in the pilot-scale cheese-
making of Toma Piemontese PDO cheese had been individually
lyophilized to a known concentration (Probiotical group, Novara,
Italy) and kept at −20 °C until their use.

2.2. Pilot-scale cheese manufacturing

Raw bovine milk was pasteurized in a local dairy plant (Caseificio
Valle Josina, Cuneo, Italy) at 72.5 °C for 19 s, cooled to 37 °C and
then transferred in vats for the cheesemaking. Overall four
batches of cheesemaking were produced in duplicate (500 L each
duplicate), starting from four different milkings.Three batches
were inoculated with a mixed commercial starter culture (Lyofast
Y 0.82 B; Clerici-Sacco Group, Como, Italy), and each lyophi-
lized putative probiotic as adjunct culture. One batch was only
inoculated with the commercial culture and was used as control
(Fig. 1). The commercial culture, composed of Streptococcus
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus (count
ratio 100:1), and the adjunct cultures were both inoculated at
106 colony forming units (CFU) mL−1. After 30 minutes of in-
cubation, rennet (Clerici-Sacco Group, Como, Italy) was added
to the milk at a strength of 1:10,000 (75% chymosin, 25% pepsin).
The milk was left to rest for 30 minutes, and then the curd was
cut, stirred for 10 minutes, drained from the whey and placed
into moulds. The obtained cheeses (forms of 2 kg) were kept
in a conditioned room for 4 h (30 °C, 90% relative humidity, RH)
and then brine salted (21% NaCl, at 6 °C for 6 h). Cheese rip-
ening was carried out for 60 days at 6 °C and 75% RH.

The samplings were performed on pasteurized milk before
the inoculation, 30 min after the inoculation, and 90 min after
the inoculation on drained curd and on cheeses at 1, 3, 7, 30
and 60 days. Samples were also collected after 15 days of rip-
ening for chemical analysis. At each sampling point, one entire
cheese was used for analysis.

2.3. Microbiological analysis

Solid samples were 1:10 diluted in a sterile isotonic solution
(Ringer’s solution; Oxoid, Basingstoke, Hampshire, UK), and ho-
mogenized using a Stomacher® 400 Circulator (Seward Ltd,
Worthing, UK). The milk samples were analysed directly. Serial
dilutions were plated onto Rogosa agar (Lab M, Heywood, Lan-
cashire, UK) and incubated anaerobically at 30 °C for 72 h, for
the enumeration of the lactobacilli. Cocci LAB were counted
by plating on M17 agar (Lab M), and incubated aerobically at
37 °C for 48 h.

2.4. Simulation of upper gastrointestinal digestion

At the end of the ripening period, the three cheeses inocu-
lated adjunct culture LpS2T10D, LpS11T3E and LpsS3T60C were
subjected to an in vitro simulation of human digestion, in which
gastric and intestinal transits were performed sequentially, as
described by Ortakci et al. (2012).

Sterile filtered gastric juice (GJ), prepared as described by
Mainville, Arcand, and Farnworth (2005), containing 3 g L−1 of
pepsin, 0.14 M of NaCl, 2.7 mM of KCl, 10 mM Na2HPO4, 2 mM
KH2PO4 was prepared and buffered at pH 2.0 with HCl 1 M
(Sigma-Aldrich, St. Louis, MO, USA). A portion of 40 g of cheese
was aseptically ground (0.2-0.5 cm diameter) in a sterile bag,

107J o u rna l o f Func t i ona l F ood s 1 8 ( 2 0 1 5 ) 1 0 6 – 1 1 6



diluted in 120 mL (initial ratio of 1:4) of GJ and incubated at
37 °C for 2 h with periodical shaking. Sterile HCl 1M was pe-
riodically added (approximately 10 mL) to the GJ–cheese mixture,
in order to maintain a pH <3.0.

After this gastric step, the pH of the mixture was in-
creased to 8.0 with filtered NaOH 1M (approximately 18 mL)
and 1 g L−1 of pancreatin (Sigma-Aldrich), after which 4.5 g L−1

of bile salts (Oxoid Basingstoke) was added to simulate the duo-
denal juice (DJ), as described by Huang and Adams (2004). The
DJ–cheese mixture was then incubated for 4 h at 37 °C with pe-
riodic shaking.

Samples of the cheeses were collected before the simula-
tion of digestion (T0), as well as after the gastric and the

duodenal steps. In the latter cases, 20 g samples of cheese
were collected and drained from the GJ and DJ, thus
obtaining fractions of the cheese after the gastric (T1) and
duodenal steps (T2). All the samples (T0, T1, T2) were sub-
jected to microbiological analysis using Rogosa Agar as
described above.

2.5. Discrimination of adjunct cultures from
indigenous lactobacilli

A total of 10 lactobacillus colonies were randomly isolated from
the highest dilution plate at each sampling point during the
cheese manufacturing and ripening, and during the

Fig. 1 – Flowchart of Toma Piemontese PDO pilot scale manufacturing carried out in this study. Sampling points made are
shown in circles: (1) cheesemilk; (2) cut drained curd; (from 3 to 7) cheeses at different ripening stages, respectively 24 h, 3,
7, 30 and 60 days.
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simulated gastric and duodenal digestion (T0, T1, T2). All the
isolates were purified by streaking and checked, through Gram
staining and catalase activity. DNA was then extracted, as de-
scribed by Cocolin et al. (2004), and normalized at 100 ng µL−1.
The lactobacillus isolates were identified by means of multi-
plex PCR analysis of the recA gene with species-specific primers
for L. pentosus, L. plantarum and Lactobacillus paraplantarum, ac-
cording to the protocol described by Torriani, Felis, and Dellaglio
(2001). Subsequently, Rep-PCR was performed on DNA ex-
tracted from L. plantarum and L. pentosus isolates with the single
oligonucleotide primer (GTG)5 (5′-GTGGTGGTGGTGGTG-3′)
(Versalovic, Schneider, de Bruijn, & Lupski, 1994), according to
the procedure described by Dal Bello et al. (2010).

The Rep-PCR profiles were visualized under ultraviolet
light, and this was followed by digital image capturing
using CCD UVI pro Platinum 1.1 (Eppendorf, Hamburg,
Germany). The resulting digitized profiles were analysed by
means of the BioNumerics 4.6 software package (Applied Maths,
Sint-Martens-Latem, Belgium). Un-weighted Pair Group
Method with Arithmetic Mean (UPGMA) hierarchical cluster-
ing was performed using Pearson’s Correlation Index to quantify
the similarity (%). The DNA of Lps S3T60C, Lp S11T3E and Lp
S2T10D was amplified in triplicate in order to calculate the
Rep-PCR interstrain variability (%). These values were used
as the limit to define any isolated lactobacilli from the cheeses
equal to the inoculum (Mancini, Lazzi, Bernini, Neviani, & Gatti,
2012).

2.6. Organic acid profile, sugar content and pH

The organic acids (citric, pyruvic, lactic, acetic, butyric and pro-
pionic) and sugars (lactose, glucose and galactose) were
determined by high performance liquid chromatography, ac-
cording to the method described by Bertolino, Dolci, Giordano,
Rolle, and Zeppa (2011), with some minor modifications. Briefly,
milk samples (5 mL) were added to 20 mL of 0.0065 M H2SO4

(mobile phase) and mixed for 30 min with a horizontal shaker
(Asal, Milan, Italy) at 100 oscillation/min. Curd and cheeses (5 g)
were added to 25 mL of 0.0065 N H2SO4 (mobile phase) and ho-
mogenized for 10 min with a Stomacher® 400 Circulator (Seward
Ltd, Worthing, UK). The slurry was subsequently centrifuged
for 30 min at 5000 × g and 10 °C, and the supernatant was fil-
tered through a 0.45 µm polypropylene membrane filter (VWR,
Milan, Italy).

The HPLC system (Thermo Finnigan Spectra System, San
Jose, CA, USA) was equipped with an isocratic pump (P4000),
a multiple autosampler (AS3000) fitted with a 20 µL loop, a UV
detector (UV100) set at 210 and 290 nm and a refractive index
detector RI-150. The analyses were performed isocratically, at
0.8 ml min−1 and 65 °C, with a 300 × 7.8 mm i.d. cation ex-
change column (Aminex HPX-87H) equipped with a Cation
H + Microguard cartridge (Bio-Rad Laboratories, Hercules, CA,
USA).Three replicates were analysed for each sample.The data
treatments were carried out using the Chrom QuestTM

chromatography data system (Thermo Finnigan Spectra
System). Analytical grade reagents were used as standards
(Sigma-Aldrich).

The pH of the milk, curd and cheeses was measured using
a pH meter (Crison, Modena, Italy).

2.7. Liking test

In order to evaluate the sensory characteristics of the cheeses,
40 consumers (19 males, 21 females) were recruited to conduct
an acceptance test. The participants were regular cheese con-
sumers and suffered from no food allergies. The test was
performed inside a heated/air conditioned meeting room with
white light, and the cheeses were analysed in two sessions at
the end of ripening (60 days). The samples (30 g) were offered
to the consumers in a completely randomized order. The con-
sumers then rated the appearance, odour, taste, flavour, texture,
and overall acceptance on a nine-point hedonic scale ranging
from ‘dislike very much’ (1) to ‘like very much’ (9). A 5 min gap
was enforced between each sample and the consumers were
required to rinse their mouth with still water between each
tasting. Paper score-sheets were used for data collection (Lavelli,
Sri Harsha, Torri, & Zeppa, 2014), the ratings were treated as
non-parametric data and the median values were calculated
for each sensory parameter.

2.8. Statistical analysis

Microbiological counts were converted to Log10 CFU g−1 or mL−1

for statistical analysis. Moreover, in order to compare the sur-
vival of the lactobacillus population after the simulated
digestion, the percentage ratio to the initial count (CFU g−1) was
calculated in each cheese with the added adjunct culture. The
data from the microbiological and chemical analyses were ex-
pressed as the means of two independent experiments and
standard deviation. In order to assess the overall variation and
differences between the multiple groups, the numerical values
were analysed by ANOVA (One way-Analysis of Variance) and
using Tukey’s post-hoc test. The non-parametric data ob-
tained from the sensory evaluation were analysed with the
Kruskal–Wallis test, in order to highlight any significant dif-
ferences between the organoleptic profiles of the cheeses.
Statistical analyses were performed with Statistica, ver. 7.0,
(StatSoft Inc., Tulsa, OK, USA). The reference level of signifi-
cance was 0.05 in all the assays.

3. Results

3.1. Survival of putative probiotics during cheesemaking
and ripening

As far as the viable cell counts of starter LAB (SLAB), repre-
sented by the initially inoculated Streptococcus thermophilus
starter, are concerned, no significant differences (p > 0.05) were
observed between the three cheeses with the added adjunct
cultures and the control, with the exception of the first sam-
pling point at 30 min (Fig. 2A). On the other hand, significant
differences (p < 0.05) were observed for the lactobacilli (Fig. 2B)
between the putative probiotic cheeses and the control, from
cheese manufacturing (inoculated cheesemilk) until day 30, with
the highest viable counts being detected in the cheeses made
with Lp S11T3E and Lp S2T10D. However, at the end of the rip-
ening period, no differences were observed among the four
experimental theses, with final lactobacillus values of over 7
Log10 CFU g−1 in all the cheeses.
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A total of 70 colonies of lactobacilli were isolated from each
cheese with the added adjunct culture and tested by means
of multiplex-PCR for identification purposes. All the colonies
recovered from the cheeses made with LpsS3T60C were iden-
tified as L. pentosus, whereas in the cheeses made with Lp
S11T3E and Lp S2T10D, all the isolates belonged to the
L. plantarum species. On the other hand, no L. pentosus or
L. plantarum strains were identified among the lactobacilli ran-
domly isolated from the control trial (Table 1). The subsequent
Rep-PCR and cluster analysis of the isolate profiles made it

possible to establish the effective strain presence. Cluster analy-
sis of the adjunct culture DNA replicates highlighted an Rep-
PCR intrastrain variability (Pearson’s correlation index) of 63.67%,
74.34% and 90.10%, for Lps S3T60C, Lp S11T3E and Lp S2T10D,
respectively. Using these values in dendrograms, in which the
isolates from the cheeses made with adjunct cultures were com-
pared, it was possible to assess that all the colonies recovered
during the cheese manufacturing and ripening clustered above
the respective intrastrain variability percentage (data not
shown).

Fig. 2 – Evolution of SLAB (A) and lactobacillus (B) populations during the manufacturing and ripening of cheeses
supplemented with ( ) LpsS3T60C, ( ) LpS11T3E, and ( ) LpS2T10D strains, and of the ( ) control cheeses made without
adjunct cultures. The data are the mean values of two independent trials (±SD; n = 2) and different letters within the same
sampling point (a, b, c, d) indicate significant differences among the values at p < 0.05 (ANOVA with Tukey’s post-hoc test).
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3.2. Survival of putative probiotics in simulated digestion

The percentage survival of the lactobacillus populations during
the simulated digestion and the effective presence of the three
adjunct cultures are summarized in Table 2. The upper gas-
trointestinal transit determined a greater reduction in the
relative lactobacillus presence for the cheeses inoculated with
Lps S3T60C, in which a survival of 39.1% was observed at the
end of digestion, a value that was significantly lower (p < 0.05)
than that observed in the cheeses made with Lp S11T3E (90%).
Furthermore, the first step of digestion for all three cheeses,
which involved a homogenization in the SGJ at pH 2.0 for 2
hours, provoked a high reduction in vitality and the lowest per-
centage of survival.

As for the presence of the putative probiotic lactobacilli, for
Lps S3T60C, a total of 29 of the 30 lactobacilli isolated from the
cheeses before digestion and after the gastric and duodenal
steps were recognized as L. pentosus, whereas in the other two
cheeses (Lp S11T3E and Lp S2T10D), all the isolates were iden-
tified as L. plantarum. The subsequent cluster analysis of the
Rep-PCR profiles grouped all the isolates together with the in-
oculated ones (data not shown).

3.3. Organic acid and sugar profiles, acidity
and sensory evaluation

The organic acid and sugar contents, together with the pH
changes, are reported in Table 3. As far as the initial milk com-
position is concerned, a higher concentration of lactose was
detected in the two batches where Lps S3T60C and Lp S11T3E
were added, than in the control or in the milk inoculated with
Lp S2T10D (p < 0.05). After the first 24 hours, no significant dif-
ferences (p > 0.05) were observed between the four trials, and
lactose was detected in traces until the 30th day in all the trials
and until the end of ripening in the cheeses with the added
adjunct cultures. As far as the monomers derived from lactose
hydrolysis are considered, glucose was not detected in the milk
or cheese samples, whereas galactose was detected in all the
cheeses, starting from the 90 min sampling point. The cheeses
made with Lps S3T60C showed significantly higher (p < 0.05)
concentrations of galactose than the other cheeses, includ-
ing the control, with a maximum value of 17.76 ± 1.59 mg g−1

recorded after 7 days of ripening.
During the ripening, lactic acid represented the main organic

acid produced by SLAB and NSLAB, with the greatest concen-
trations being found for all the cheeses at 60 days, and the
highest amount detected in the cheese with Lps S3T60C
(36.68 ± 1.59 mg g−1).The citric acid concentration increased until
the 7th day of ripening, and reached a maximum value of
2.47 ± 0.06 mg g−1 in the cheese made with Lps S3T60C. A con-
stant decrease in the citric acid was then observed until the
end of the ripening, with a complete absence only being re-
corded in the cheeses inoculated with Lps S3T60C. No pyruvic
or propionic acids were detected in the samples, while the
butyric acid concentrations increased during the ripening period
in all the cheeses. The highest final concentration was found
in the cheese inoculated with Lps S3T60C (3.25 ± 0.06 mg g−1),
and this was followed by the other two cheeses made with Lp
S11T3E and Lp S2T10D (2.46 ± 0.21 and 2.02 ± 0.17 mg g−1, re-
spectively). In all the cheeses with the added adjunct cultures,
its concentration at the end of ripening was significantly higher
(p < 0.05) than the control cheese. Acetic acid was only present
in the cheese samples with the added putative probiotic lac-
tobacilli at 30 and 60 days of ripening. As already observed for
the butyric acid, the cheese supplemented with the Lps

Table 1 – Evaluation of the presence of the adjunct
cultures among the lactobacilli isolated during the
cheese manufacturing and ripening processes. The
relative presence of each strain (Lps S3T60C, Lp S11T3E,
Lp S2T10D) is reported in the last column and it was
calculated considering the number of isolates
recognized as the adjunct culture divided by the total
number of isolated lactobacilli.

Cheeses No. No. of
L. plantaruma

No. of
L. pentosusa

Strain
presence (%)b

Lps S3T60C 70 0 70 100
Lp S11T3E 70 70 0 100
Lp S2T10D 70 70 0 100
Control 20* 0 0 ND

ND: not detected.
* Isolation performed only at the first and last sampling points.
a Identification by means of recA gene-based Multiplex-PCR.
b By means of cluster analysis (Rep-PCR profiles) of the isolates rec-

ognized at a species level.

Table 2 – Percentage survival (%) and evaluation of the presence of adjunct cultures among the isolated lactobacilli
(n = 2). Different letters within the same column (a, b) represent significant differences in lactobacillus survival (%) in the
three cheeses (p < 0.05; ANOVA with Tukey’s post-hoc test). The relative presence of each strain (Lps S3T60C, Lp S11T3E,
Lp S2T10D) is reported in the last column and was calculated from the number of isolates recognized as belonging to the
adjunct culture divided by the total number of isolated lactobacilli.

Cheeses Gastric
survival (%)*

Duodenal
survival (%)*

Lactobacillus spp. isolated (T0, T1, T2)

No. No. of
L. plantaruma

No. of
L. pentosusa

Strain
presence (%)b

Lps S3T60C 23.8 39.1b 30 0 29 96
Lp S11T3E 57.1 90.9a 30 30 0 100
Lp S2T10D 56.8 72.6a,b 30 30 0 100

* (CFUg−1)T1 or T2/(CFUg−1)T0 × 100.
a Identification by means of recA gene-based Multiplex-PCR.
b By means of cluster analysis (Rep-PCR profiles) of isolates recognized at a species level.
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Table 3 – Organic acid and sugar contents (mg g−1) and pH values (mean ± SD; n = 6) of Toma Piemontese PDO cheeses produced with the Lps S3T60C, Lp S11T3E, Lp
S2T10D adjunct cultures and the control, during their manufacturing and ripening. The data presented are the means of the two cheese productions.

Cheesemaking Cheese ripening

Pasteurized milk Cheesemilk (30 min) Curd (90 min) 24 h 3 days 7 days 15 days 30 days 60 days

Lactose Lps S3T60C 64.32 ± 4.94a 66.11 ± 1.38a 38.09 ± 3.50a 4.27 ± 2.79 3.65 ± 2.82 2.11 ± 0.65 0.61 ± 0.03 1.33 ± 0.57 0.50 ± 0.11a

Lp S11T3E 58.06 ± 1.67a 49.96 ± 14.2a,b 42.28 ± 4.09a 2.19 ± 1.63 0.97 ± 0.67 0.88 ± 0.85 0.55 ± 0.17 0.15 ± 0.05 0.16 ± 0.03b

Lp S2T10D 38.47 ± 2.79b 36.36 ± 4.25a,b 16.48 ± 0.99b 4.65 ± 0.86 2.98 ± 0.16 0.97 ± 0.00 1.07 ± 0.62 0.62 ± 0.19 0.21 ± 0.05b

Control 30.31 ± 0.42b 29.51 ± 1.79b 19.53 ± 1.73b 0.59 ± 0.03 2.61 ± 0.01 0.53 ± 0.37 0.22 ± 0.01 0.21 ± 0.07 0.05 ± 0.04b

Significance *** * ** ns ns ns ns ns **
Galactose Lps S3T60C ND ND ND 16.88 ± 0.49 17.11 ± 1.27a 17.76 ± 0.49a 14.66 ± 2.46a 15.33 ± 0.39a 9.33 ± 0.45a

Lp S11T3E ND ND ND 13.15 ± 4.65 11.13 ± 0.49b 10.31 ± 1.84b 9.52 ± 1.37a,b 5.64 ± 0.85b 5.07 ± 0.16b,c

Lp S2T10D ND ND 6.79 ± 0.55 9.63 ± 0.00 9.57 ± 0.13b 8.77 ± 0.06b 8.58 ± 0.46b 7.22 ± 0.56b 3.68 ± 0.97c

Control ND ND 4.85 ± 1.58 7.96 ± 0.11 8.75 ± 0.29b 8.73 ± 0.24b 8.76 ± 0.12b 7.91 ± 0.94b 6.39 ± 0.78b

Significance ns ns *** ** * *** **
Lactic acid Lps S3T60C ND ND 4.73 ± 0.58a,b 26.33 ± 4.44 28.19 ± 0.64a 32.21 ± 0.67a 27.65 ± 5.43 36.43 ± 0.84a 36.68 ± 1.59a

Lp S11T3E ND ND 3.49 ± 0.30b 24.48 ± 8.51 22.06 ± 4.02a,b 21.47 ± 0.86b 26.82 ± 5.11 26.84 ± 4.07b 27.94 ± 0.37b

Lp S2T10D ND ND 8.23 ± 1.09a 16.30 ± 0.16 17.19 ± 0.03b 18.51 ± 0.50c 20.16 ± 0.91 21.15 ± 0.00b,c 19.17 ± 1.05c

Control ND ND 4.73 ± 1.68a,b 13.64 ± 0.26 14.17 ± 0.08b 14.89 ± 0.38d 15.07 ± 0.06 15.34 ± 0.68c 15.31 ± 0.27c

Significance * ns ** *** ns ** ***
Citric acid Lps S3T60C 0.67 ± 0.05a 0.72 ± 0.05a 0.88 ± 0.02a 2.21 ± 0.01 2.26 ± 0.02a 2.47 ± 0.06a 2.00 ± 0.54 1.33 ± 0.05a ND

Lp S11T3E 0.61 ± 0.01a 0.52 ± 0.14a,b 0.67 ± 0.02a,b 1.75 ± 0.56 1.58 ± 0.22b 1.44 ± 0.01b 1.67 ± 0.34 0.91 ± 0.11a,b 0.46 ± 0.13a,b

Lp S2T10D 0.34 ± 0.01b 0.34 ± 0.02b 0.56 ± 0.13b 1.18 ± 0.04 1.21 ± 0.05b 1.29 ± 0.00b 1.18 ± 0.02 0.83 ± 0.07b 0.16 ± 0.03b

Control 0.37 ± 0.00b 0.37 ± 0.02b 0.50 ± 0.04b 1.16 ± 0.03 1.13 ± 0.01b 1.23 ± 0.15b 1.23 ± 0.06 1.02 ± 0.20a,b 0.75 ± 0.10a

Significance *** * * ns ** *** ns * **
Butyric acid Lps S3T60C ND ND ND 1.22 ± 0.41 1.54 ± 0.23 1.95 ± 0.10a 1.76 ± 0.39 2.36 ± 0.05a 3.25 ± 0.06a

Lp S11T3E ND ND ND 1.40 ± 0.38 1.57 ± 0.54 1.63 ± 0.53a,b 2.24 ± 0.74 2.72 ± 0.79a 2.46 ± 0.21b

Lp S2T10D ND ND ND 0.82 ± 0.04 1.09 ± 0.03 1.40 ± 0.14a,b 1.60 ± 0.09 1.68 ± 0.04a,b 2.02 ± 0.17a

Control ND ND ND ND 0.52 ± 0.07 0.66 ± 0.04b 0.71 ± 0.01 0.74 ± 0.00b 0.71 ± 0.07c

Significance ns ns * ns * ***
Acetic acid Lps S3T60C ND ND ND ND ND ND ND 0.95 ± 0.05a 1.62 ± 0.10a

Lp S11T3E ND ND ND ND ND ND ND 0.51 ± 0.10b 0.68 ± 0.09b

Lp S2T10D ND ND ND ND ND ND ND ND 0.87 ± 0.10b

Control ND ND ND ND ND ND ND ND ND
Significance * **
pH Lps S3T60C 6.46 ± 0.01 6.44 ± 0.01c 6.40 ± 0.01b 5.10 ± 0.01b 5.14 ± 0.04a,b 5.24 ± 0.01 5.27 ± 0.14 5.30 ± 0.28 5.59 ± 0.30

Lp S11T3E 6.53 ± 0.01 6.50 ± 0.01b 6.49 ± 0.01a 5.25 ± 0.01a 5.16 ± 0.02a 5.05 ± 0.14 4.96 ± 0.09 4.88 ± 0.04 5.80 ± 0.01
Lp S2T10D 6.57 ± 0.06 6.50 ± 0.01b 6.48 ± 0.01a 5.16 ± 0.02b 4.95 ± 0.04b 5.14 ± 0.17 5.13 ± 0.21 5.13 ± 0.25 5.66 ± 0.22
Control 6.56 ± 0.01 6.53 ± 0.01a 6.51 ± 0.01a 5.18 ± 0.04a,b 5.19 ± 0.08a 5.21 ± 0.13 5.25 ± 0.10 5.30 ± 0.07 5.71 ± 0.01

Significance ns *** ** ** * ns ns ns ns

a,b,c,d Different letters indicate a significant difference, at each sampling point, among the four batches of cheese at p < 0.05 (ANOVA with Tukey’s post-hoc test).
ND: not detected.
ns: not significant.
* p < 0.05.
** p < 0.01.
*** p < 0.001.
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S3T60C showed the highest concentration of acetic acid
(1.62 ± 0.10 mg g−1), a value that was significantly higher
than the other two cheeses inoculated with L. plantarum
(p < 0.05).

It was possible to observe significant differences in the acidi-
fication dynamics between the batches within the first three
days (p < 0.05), while the pH values recorded for the remain-
ing period of maturation did not show any significant variations
between the four cheeses produced.

Finally, as far as the sensory evaluation is concerned, it is
worth mentioning that, in relation to the Kruskal–Wallis test,
no significant differences were observed among the scores as-
signed to the four batches of cheeses, whether supplemented
or not with the adjunct cultures (data not shown).

4. Discussion

The first and most critical aspect in the development of a
probiotic dairy food is the coexistence between SLAB and
adjunct cultures, since a negative interaction between them
or an interaction between the added cultures and the matrix
could determine changes in the process and in the final product
stability (da Cruz et al., 2009; Vinderola, Mocchiutti, &
Reinheimer, 2002). In this paper, the technological exploita-
tion of Lps S3T60C, Lp S11T3E and Lp S2T10D as adjunct
cultures did not significantly affect the SLAB growth com-
pared to the control (Fig. 2A), and this result has also recently
been observed in Cheddar cheese supplemented with
L. plantarum and L. pentosus of plant origin (Ciocia, McSweeney,
Piraino, & Parente, 2013). As expected, the effect of adjunct cul-
tures had an impact on the lactobacillus dynamics during the
first month of ripening (Fig. 2B), while at 60 days of ripening,
the dynamics were similar in all the cheeses, due to the pro-
gressive growth of NSLAB, as described by Settanni and
Moschetti (2010). When the effective presence of the adjunct
cultures was analysed in depth, it emerged that all the iso-
lated lactobacilli belonged to the same species of the inoculated
strains, i.e. L. pentosus in the case of cheeses inoculated with
Lps S3T60C and L. plantarum for the cheeses made with Lp
S11T3E and Lp S2T10D (Table 1). As reported by Fortina et al.
(2003), the natural microbiota of Toma Piemontese PDO does
not include L. plantarum or L. pentosus among the NSLAB species
responsible for its final organoleptic characteristics. These two
species were in fact not identified in any of the control cheeses,
thus confirming the previous findings. The presence of Lps
S3T60C, Lp S11T3E and Lp S2T10D was also confirmed by means
of Rep-PCR coupled to the cluster analysis, which grouped all
the profiles of the isolated lactobacilli with those of the three
inoculated strains. Hence, it can be asserted that the lactoba-
cilli were able to cope well with the environmental conditions
encountered in Toma Piemontese PDO, although they origi-
nate from a different fermented product, that is, table olives
(Cocolin et al., 2013). Furthermore, the growth of lactobacilli,
which is shown in Fig. 2B, reached a final viable count of more
than 107 CFU per gram, which can be considered satisfactory
for a potential probiotic in cheeses (Karimi, Mortazavian, & Da
Cruz, 2011). To the best of the authors’ knowledge, although
L. plantarum strains have been used successfully as adjunct cul-

tures in other semi-hard and semi-ripened cheeses (Milesi,
McSweeney, & Hynes, 2008; Milesi, Vinderola, Sabbag, Meinardi,
& Hynes, 2009; Minervini et al., 2012; Ortigosa, Arizcun, Torre,
& Izco, 2005; Songisepp et al., 2012), few studies have been
carried out concerning the possible use of L. pentosus strains
as adjunct cultures in dairy products, especially those iso-
lated from fermented vegetables (Ciocia et al., 2013; Marroki
& Bousmaha-Marroki, 2014).

Another fundamental feature that a probiotic added to a
food matrix has to possess is the capability of overcoming
the conditions found in the digestive tract and of reaching
the intestine in adequate amounts. This can primarily
be investigated through a simulation of human digestion
(Mainville et al., 2005). In the present study the viable counts
of lactobacilli, recovered in the partial fraction (after the
gastric step) and completely digested fraction (after the duo-
denal step), together with molecular analysis, have highlighted
a massive presence of the adjunct cultures (Table 2). These
results are based on the combined use of species-specific-
PCR and typing with Rep-PCR, an effective and rapid
molecular method to monitor the presence and dynamics of
L. plantarum and L. pentosus strains inoculated in dairy and veg-
etable fermented food (De Bellis, Valerio, Sisto, Lonigro, &
Lavermicocca, 2010; Hurtado, Reguant, Bordons, & Rozès, 2010;
Pogačić et al., 2013). As far as the behaviour of the strains
during simulated digestion is concerned, an increase in the
number of lactobacilli recovered was observed after the duo-
denal step, compared to the gastric step. As previously observed
by other authors, the simulation of gastric transit with its low
pH can affect the viability of probiotics more than the subse-
quent duodenal passage, where the inhibition depends on the
content of bile salts, which are often well tolerated by Lacto-
bacillus spp. (Faye, Tamburello, Vegarud, & Skeie, 2012; Ricciardi
et al., 2014). When the behaviour of the strains is compared,
it can be seen that the survival percentage of Lps S3T60C is
significantly lower than that of Lp S11T3E, and it is the lowest
of the three strains. The higher survival capability of Lp S11T3E
than the other two strains has already been observed (Botta
et al., 2014), although the bacteria in that case were digested
in vitro, without being included in a food matrix. The results
pertaining to lactobacillus survival have once again high-
lighted the effective protection of the bacteria by the cheese
matrix.

In order to assess the physico-chemical and sensory impacts
of the addition of the putative probiotic lactobacilli to Toma
Piemontese PDO, the sugars and organic acids were analysed
(Table 3), and a sensory characterization was carried out. In
agreement with the literature, part of the lactose was lost in
the whey during cheesemaking, while the sugar remaining
in the curd was hydrolysed into glucose and galactose within
the first 24 hours (McSweeney, 2004). The glucose was imme-
diately consumed by the LAB populations (mainly SLAB), and
his led to a rapid increase in the lactic acid content at the end
of the first day. Overall, lactic acid was the most abundant
organic acid in the cheeses and the change in its amount was
the primary cause of the observed pH decrease after 90 min
and 24 h. The subsequent gradual increase in lactic acid pro-
duction was closely related to the reduction of galactose, which
was poorly consumed in all the cheeses, compared to the values
previously reported for Toma Piemontese PDO (Zeppa & Rolle,
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2008). However, the differences among the cheeses with respect
to the galactose consumption and lactic acid production cannot
be attributed directly to the different metabolic activities of the
LAB populations, since the milk used for the production of the
different batches showed significant differences in the initial
concentrations of lactose.

The citric acid concentrations detected in the curds were
approximately three times higher than in milk, due to its col-
loidal concentration, as generally reported in literature
(McSweeney, 2004). Its progressive decrease may be related to
the presence of citrate positive (Cit+) strains of lactococci, en-
terococci, and mesophilic NSLAB, e.g. strains of Lactobacillus casei,
Lactobacillus paracasei, L. plantarum or L. pentosus, which can
convert citrate into acetate, diacetyl and acetoin (Cselovszky,
Wolf, & Hammes, 1992; de Figueroa, Alvarez, Holgado, Oliver,
& Sesma, 2000; Hugenholtz, 1993). It is worth noting that only
in the cheeses made with Lps S3T60C was the citric acid com-
pletely consumed, thus determining an increase in acetic acid
in the last phases of ripening. It is also important to under-
line that acetic acid is an important flavour compound that
is present in many cheeses, and it has a strong antagonistic
effect against Gram-negative bacteria (Piras et al., 2013). On the
other hand, the butyric acid contents were markedly higher
in all the cheeses made with the adjunct cultures compared
to those detected in the control samples and to the literature
data (Zeppa & Rolle, 2008), and this could allow us to specu-
late that its presence is connected to the metabolic activities
of the adjunct cultures. As reported by Marilley (2004), high con-
centrations of butyric acid may determine sweaty odours in
cheeses. However, during the liking test, the consumers did not
perceive any off-flavours. As observed for the acetic acid, Lps
S3T60C was also likely responsible for the high content of bu-
tyrate detected at the end of ripening in the cheeses made with
this strain. Recently, Lps S3T60C has shown to metabolize higher
amounts of butyric and acetic acids in comparison with Lp
S11T3E and Lp S2T10D (Pessione, Lo Bianco, Mangiapane,
Cirrincione, & Pessione, 2015).

Therefore, considering the pivotal role of these two SCFAs
in many probiotic mechanisms of action, further studies on
the Lps S3T60C metabolic pathway are necessary (Lan,
Lagadic-Gossmann, Lemaire, Brenner, & Jan, 2007; Zhong,
Zhang, & Covasa, 2014).

5. Conclusions

To conclude, the putative probiotics Lp S11T3E, Lp S2T10D and
Lps S3T60C showed high survival capability during produc-
tion of Toma Piemontese PDO, as well as after its simulated
digestion. Our results highlighted that non-dairy putative
probiotics, isolated from table olives, can cope to a com-
pletely different fermentation environment, like that of cheeses,
actively taking part in the complex biochemical processes of
cheesemaking and ripening.

The ability of all three strains to enrich functional cheeses
with SCFAs, without damaging their peculiar features, may sig-
nificantly contribute to the product quality enhancement and
deserves further in-depth investigations.
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