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Abstract 
The main objective of this study was to

innovate soft and semi-cooked sheep milk
cheese production processes with the use of
a commercial protective culture able to con-
trol Listeria monocytogenes growth. A
freeze-dried commercial culture of
Lactobacillus plantarum was tested in DS
cheese and PS cheese, two types of pasteur-
ized sheep milk, raw-paste cheeses aged for
no less than 20 and 30 days respectively. In
the first step, in vitro tests were conducted
to identify the most suitable matrix for the
growth of L. plantarum in order to create a
subculture that could be used at industrial
cheese-making plants. During the second
phase of the study, L. plantarum culture was
introduced in the manufacturing process of
the cheeses in a production plant. Finally, a
challenge test was conducted on portioned
DS and PS cheeses in order to evaluate the
activity of the protective culture against L.
monocytogenes: the cheeses were por-
tioned, experimentally contaminated with
L. monocytogenes strains, vacuum packed
and stored at +4°C (correct storage condi-
tions) and at +10°C (thermal abuse).
Cheeses were analysed at the end of the
shelf-life to evaluate the presence and
growth of L. monocytogenes, to enumerate
lactic acid bacteria and determine chemical-
physical features. The results confirmed
that protective cultures are a useful techno-
logical innovation to control L. monocyto-
genes growth during cheese storage without
altering composition, microflora and chem-
ical-physical characteristics of the product.
However, the use of protective cultures
should be applied as an integration of risk
control measures and not as a substitute for
preventive actions.

Introduction
Many varieties of soft cheeses produced

from sheep milk are manufactured in the
region of Sardinia (Italy); DS cheese and PS
cheese are two types of soft cheeses made
from pasteurized sheep milk, characterized
by a semi-cooked paste, aged for no less
than 20 and 30 days respectively and with a
shelf life of 120 days (DS) and 150 days
(PS). Soft cheeses are considered ready-to-
eat foods and, in consideration of their pH
and aw values, are defined by Commission
Regulation (EC) N. 2073/2005 as permis-
sive for the growth of Listeria monocyto-
genes. Soft cheeses are an important source
of listeriosis outbreaks and pose a major
concern to the dairy industry and public
health (Melo et al., 2015). Contamination of
cheeses can come from a variety of sources,
such as the milk itself or from the process-
ing environment. Raw sheep milk can be
contaminated by L. monocytogenes
(Gonzales-Barron et al., 2017) and pasteur-
ization, if not properly carried out, could be
not enough to eliminate the pathogen (Todd
and Notermans, 2011). On the other hand,
pasteurized milk cheeses appear more sub-
jected to L. monocytogenes growth due to
the absence of the typical microbiota of raw
milk that can play an antagonistic action on
the pathogen (Panebianco et al., 2021). L.
monocytogenes can persist in processing
environments, create biofilms on several
materials and surfaces and, therefore, con-
taminate the products, particularly during
post-processing phases, such as cheeses
portioning and packaging (Colagiorgi et
al., 2017). Additionally, L. monocytogenes
is able to grow at refrigeration temperatures
and until salinity values of 20% (Wiedmann
and Sauders, 2007); these features allow the
pathogen to survive and grow in contami-
nated soft cheeses during the entire storage
period. Contamination after the production
process is a special concern since the fin-
ished products are regularly consumed
without any further heating or processing to
eliminate the pathogen (Falardeau et  al.,
2021).  

Several studies have been conducted to
investigate new strategies for the control of
L. monocytogenes in food (Bahramia et  al.,
2020) and the use of bioprotective cultures
has been gaining interest in the dairy indus-
try (Young and O’Sullivan, 2011).
Protective cultures consist of bacteria that
are safe for consumption and specifically
selected for their ability to inhibit the
growth of pathogens or microbiological
spoilage agents due to their competition for
nutrients and the production of bacteriocins
and other antagonistic compounds
(Davidson and Techathuvanan, 2015).

Lactic acid bacteria (LAB) naturally domi-
nate the microbiota of dairy products and
are often used as bioprotective culture in the
dairy industry to increase microbiological
safety, extend shelf life and improve the
sensory profile of cheese (Leroy et  al.,
2004). The qualified presumption of safety
status of LABs is granted by the European
Food Safety Authority (EFSA, 2007), and
the Generally Regarded as Safe status have
been approved by the U.S. Food and Drug
Agency (EFSA, 2007; Field et  al., 2018;
Kaya et  al., 2019). Among LABs,
Lactobacillus plantarum is of particular
importance. L. plantarum is able to produce
metabolites with antimicrobial activity
capable of inhibiting the development of
some pathogenic microorganisms including
L. monocytogenes (Mills et al., 2011). In
particular L. plantarum is capable of pro-
ducing a bacteriocin, known as plantaricin,
which is of great interest as bactericidal
agent for L. monocytogenes and other
pathogens as Staphylococcus aureus,
Bacillus cereus and Clostridium botulinum
(O’Sullivan et al., 2002; Castellano et al.,
2017). This property makes this species an
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excellent candidate for use as bioprotective
cultures (Sorrentino et  al., 2013). To the
best of our knowledge, very little studies
investigated the use of bioprotective cul-
tures against L. monocytogenes in sheep
milk soft cheeses in Sardinia. In this frame-
work this study aimed to promote the inno-
vation of soft and semi-cooked sheep milk
cheeses production processes with the use
of commercial protective cultures capable
of producing bacteriocins and control L.
monocytogenes growth. 

Materials and methods 

Study set-up
The study was divided into three steps:

i) in the first step, the in vitro efficacy
against L. monocytogenes of a L. plantarum
commercial protective culture was
assessed; ii) in the second step, L. plan-
tarum protective culture  was added in the
production process of DS and PS at a cheese
making plant in order to obtain experimen-
tal and control samples (i.e. with and with-
out the use of the protective culture, respec-
tively); iii) in the third step, a challenge test
on portioned DS and PS cheeses was con-
ducted to evaluate the effectiveness of the
protective culture against L. monocyto-
genes. 

Step one: in vitro assessment of the
bioprotective culture

A protective commercial culture con-
sisting of freeze-dried L. plantarum (LPL,
Listeria Dairy Danisco Holdbac) was used
for the experimentation. Initially, a test was
developed to evaluate the growth of L. plan-
tarum in different matrices, in order to
define which of them was the most suitable
for the realization of a subculture to be used
at industrial plants during the cheese-mak-
ing process. Matrices used were sheep milk
whey and scotta. Scotta is the watery part of
whey that remains after the production of
Ricotta, a dairy product manufactured by
heat coagulation of sheep milk whey (Pala
et al., 2016). The test was conducted in trip-
licate for whey and scotta. Briefly, 3 liters
of each matrix (whey and scotta) were
equally divided into two sterile bottles and
warmed in a thermostated bath at +37°C.
Subsequently, 1 g of freeze-dried L. plan-
tarum was added for each liter of matrix, in
order to have an initial concentration of 106

CFU/mL. Before and immediately after
inoculation of L. plantarum (T0) and at
intervals of 10-12 hours after inoculation, 1
mL of the matrix was used to perform serial
dilutions in 0,85% sterile NaCl solution. 1
mL of each serial dilution was inoculated in

a Petri dish with De Man, Rogosa and
Sharpe agar with Tween® 80 (MRS agar,
Biolife Srl, Milan, Italy) for the enumera-
tion of mesophilic LAB according to ISO
15214:1998. Plates were incubated in
anaerobiosis at +37°C for 48-72 hours. The
pH value and the mesophilic LAB enumer-
ation were evaluated at T0 and after 8 hours
from the inoculum with a time interval of 1
hour until the 12th hour (T8, T9, T10, T11 and
T12). The obtained data were used to draw the
growth curves of mesophilic LAB and acidi-
fication curves for each matrix analysed.  

The Well Diffusion Assay method was
used to evaluate the ability of LPL protec-
tive culture to inhibit L. monocytogenes
growth, using the protocol defined by
Cosentino et  al. (2012), with some modifi-
cations. Briefly, 1% (v/v) aliquot of an
overnight culture of a L. monocytogenes
reference strain (National Collection of
Type Cultures, NCTC 10887) was inoculat-
ed into 20 mL of Brain Heart Infusion agar
medium (BHI agar, Biolife Srl, Milan,
Italy) and poured into Petri dishes. After
cooling, wells (6 mm diameter) were cut
into the agar and filled with 100 µL of
matrix (whey or scotta) with LPL protective
culture. Plates were incubated at +37°C for
24 hours. The antimicrobial activity was
expressed as the diameter of the inhibition
zones around the wells. 

Scotta showed the best in vitro results
and it was chosen for the preparation of the
LPL subculture to be used at the producing
plants for the manuifacturing of the experi-
mental cheese batches. 

Step two: LPL subculture prepara-
tion and cheese production  

LPL subculture was prepared with the
use of scotta as follows: for each litre of
scotta (S), 1 gram of freeze-dried L. plan-
tarum was added; then, the LPL subculture
(S+LPL) was stored in a fermenter at +37°C
for 12 hours. In an industrial producing
plant located in Sardinia, 3 batches of DS
and PS cheese were produced and for each
kind of cheese two types of samples were
produced: DS and PS control samples with-
out LPL (negative control samples: CPS-C
and CDS-C), and DS and PS samples added
with the L. plantarum protective culture
(experimental samples: CPS+LPL and
CDS+LPL). The experimentation was car-
ried out in triplicate for both kind of cheese,
during three different processing days. The
cheese production process was conducted
following the manufacturing process nor-
mally applied at the cheese making plant,
and included the following phases: i) milk
pasteurization (71°C for 18-19”); ii) cooling
of the milk to 38°C and addition of micro-
bial starters (Streptococcus thermophilus

and Lactobacillus lactis) both in the experi-
mental and control batches; iii) addition of
the LPL protective culture only in the
experimental batches; iv) addition of micro-
bial liquid rennet produced by the fermenta-
tion of Rhizomucor miehei; v) breaking of
the curd at the end of the setting time (about
10’ after the addition of the rennet) in grains
of about 10 mm (PS) or 20 mm (DS); vi)
moulding process and stewing of the curd
(50-55°C for 80-120’); vii) 24 hours after
moulding, insertion in brine (density
24°Bè) for 48 hours at about 10°C; viii)
ripening in the cell at 11-12°C and 80-85%
humidity. The production process of the
two cheeses is summarized in Figure 1.

Both control samples and experimental
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Figure 1. Process flow diagram of PS and DS cheeses.
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samples were collected and analysed at the
following stages of the cheese making pro-
cess: i) samples of scotta with the addition
of LPL protective culture after 12 hours of
fermentation; ii) samples of curd immedi-
ately after breaking; iii) samples of curd
after acidification and before brine. A total
of 72 samples were analysed for this step of
the experiment.

All samples were transported at +4°C to
the laboratories of the Department of
Veterinary Medicine of the University of
Sassari.

pH analysis
On each sample, pH was determined by

using the potentiometric measurement with
10 g of sample in 1:1 ratio with sterile dis-
tilled water using a pH-meter GLP 22
(Crison Instruments SA, Barcelona, Spain). 

Enumeration of mesophilic and
thermophilic lactic acid bacteria 

From each sample, 25 g were collected
and placed inside a sterile stomacher bag
(BagFilter® 400P), 225 mL of Buffered
Peptone Water (BPW, Biolife Srl, Milan,
Italy) were added and the sample homoge-
nized using a stomacher. Then, decimal
serial dilutions in 0,85% sterile NaCl solu-
tion were prepared in a 1:9 ratio. The dilu-
tions were included in Petri dishes with
MRS Agar with Tween® 80. Plates with
scotta scalar dilutions were incubated in
anaerobiosis at +30°C for 72 hours. Plates
with curd scalar dilutions were inoculated
in duplicate and incubated in anaerobiosis
at +30°C and +45°C for 72 hours and 48
hours respectively. 

Step three: challenge test

Experimental inoculum of Listeria monocyto-
genes 

An experimental inoculum was set up
consisting of a mixture of 3 L. monocyto-
genes strains: 2 wild type strains (previoul-
sy isolated from the cheese making plant
environment) and 1 reference strain
(National Collection of Type Cultures,
NCTC 10887). Strains were stored at -80°C
and revitalized after incubation for 18-24
hours at +30°C in Brain Heart Infusion
Agar (BHI Agar, Biolife, Milan, Italy). A
colony of L. monocytogenes was taken from
each plate of BHI agar and transferred into
a sterile tube containing 10 mL of Brain
Heart infusion Broth (BHI Broth, Biolife
Srl, Milan Italy). The tubes were incubated
under shaking at +30°C for 18 hours, until
reaching the stationary growth phase of L.
monocytogenes, corresponding to the con-
centration of 109 CFU/mL. To allow adapta-
tion to refrigeration temperatures, the tubes
containing L. monocytogenes strains were

stored at +4°C for 7 days, according to
EURL Lm Technical guidance document on
challenge tests and durability studies for
assessing shelf-life of ready-to-eat foods
related to L. monocytogenes (version 4 July
2021). Then, decimal serial dilutions were
prepared for each L. monocytogenes strain,
until a concentration of 102 CFU/mL was
obtained. Finally, the 3 strains of L. mono-
cytogenes were mixed in equal parts to
obtain the final inoculum. 

Challenge test 
At the end of the ripening period, DS

and PS cheese wheels were vacuum-packed
at the cheese making plant, transported to
the laboratories of the Department of
Veterinary Medicine of the University of
Sassari and stored at +4°C. 

The cheese wheels of DS had a diame-
ter of 16 cm, a height of 8 cm and a weight
of about 2.0 kg. The cheese wheels of PS
had a diameter of 21 cm, a height of 12 cm
and a weight of about 4.0 Kg.

The definition of the protocol for the
challenge test was conducted according to
the EURL Lm Technical guidance docu-
ment on challenge tests and durability stud-
ies for assessing shelf-life of ready-to-eat
foods related to L. monocytogenes (version
4 July 2021). For each of the three batches
of DS and PS, 3 experimental wheels (con-
taining LPL protective culture, 9 wheels
overall) and 3 control wheels (without LPL
protective culture, 9 wheels overall) were
chosen. From vacuum-packed PS and DS
wheels (experimental and control) 4 cheese
wedges of equal size of DS (for a total of 36
experimental wedges and 36 control
wedges overall) and 6 cheese wedges of
equal size of PS (for a total of 54 experi-
mental wedges and 54 control wedges over-
all) were cut. Afterwards, the surface of
each wedge was contaminated with the
inoculum of L. monocytogenes previously
prepared, in order to have a concentration of
10 CFU/cm2. The experimental contamina-
tion was carried out using a sterile spatula,
to mimic a contamination, possibly caused
by the cutting blade of the portioning
machine. After contamination, each cheese
wedge was re-packed under vacuum and
divided into two groups: one group was
stored at +4°C, to simulate ideal storage
conditions, and the other group was stored
at +10°C, to simulate thermal abuse. 

The cheese wedges were analyzed in
triplicate at the following analysis times: T0

(the day after contamination with L. mono-
cytogenes) and T120 (120 days after contam-
ination with L. monocytogenes; 120 days
accounts as the shelf life of the product indi-
cated by the manufacturer). Moreover, PS
wedges were also analysed at T150 (150 days

after contamination with L. monocytogenes,
which accounts as the shelf life of the prod-
uct indicated by the manufacturer). From
each sample, 1 cm of surface depth from the
whole wedge was grated, then 25 g were
collected and placed inside a sterile stom-
acher bag (BagFilter® 400P) and analysed.

A total of 180 samples were analyzed
for the challenge test.

Quantitative and qualitative detec-
tion of Listeria monocytogenes

Quantitative and qualitative detection of
L. monocytogenes (UNI EN ISO 11290-
1/2:2017) was evaluated for each cheese
wedge at each time point. 

Mesophilic lactic acid bacteria profile
Mesophilic LAB enumeration was

determined for each cheese wedge accord-
ing to ISO 15214:1998, as previously
described. 

Physico-chemical analysis 
For all samples, pH was determined as

previously described. Moreover, water
activity (aw) analysis was conducted at
+25°C, using an Aqualab CX3 (Decagon,
Pullman, Washington, USA). 

Statistical analysis
Differences among average microbio-

logical group counts (log10 cfu/g), pH and
aw, over time and among treatments were
compared using Fisher’s least significant
difference test. Statistical analyses were
performed with Statgraphics Centurion XIX
software (Stat Point Technologies,
Warrenton, VA, USA).

Results 

First step: in vitro assessment of the
bioprotective culture 

Experimental tests performed on whey
and scotta allowed to identify the most suit-
able matrix for the realization of a L. plan-
tarum subculture to be used in the cheese
making processing. The test was conducted
in triplicate for whey and scotta. The pH
decreased from 6.39±0.21 (T0) to 4.72±0.54
(T12) in whey and from 6.08±0.05 (T0) to
4.70±0.19 (T12) in scotta. As regard
mesophilic LAB mean counts (log10 CFU/g;

± standard deviation (SD), an increase of
ca. 1.1 log was detected in whey samples
(6.05±0.06 log10 CFU/g at T0 and 7.20±0.12
log10 UFC/g at T12), while scotta LAB mean
levels showed an increase of more than 2
log (5.96±0.10 log10 CFU/g at T0 and
8.12±0.06 log10 UFC/g at T12). Furthermore,
the acidification curve after addition of LPL

x
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protective culture showed better linearity in
scotta samples in comparison to whey. For
these reasons, scotta was the matrix of
choice for the preparation of the LPL sub-
culture to be used for the subsequent steps. 

As regards the Well Diffusion Assay, L.
monocytogenes growth inhibition halos
were observed in all wells inoculated with
LPL protective culture. However, inhibition
halos were hidden by the growth of bacteri-
al colonies outside the wells, and it was not
possible to measure their diameter. Colonies
inside the halos were identified by a specif-
ic PCR for identification of L. plantarum
according to the protocol by Oneca et al.
(2003). Colonies inside the halos were con-
firmed not to be L. plantarum. BHA sterility
was confirmed by control plates that were
incubated within the inoculated ones.

Second step: experimental and con-
trol cheese production

Table 1 shows pH ( ±SD) and
mesophilic and thermophilic LAB mean
levels (log10 CFU/g; ±SD) detected in
samples of LPL subculture and samples col-
lected during cheese making process of DS
and PS.

LPL subculture showed pH levels of
5.1±0.72 and mesophilic LAB mean counts
of 7.88±1.37 for the three batches. pH in
samples of curd collected after breaking
was 6.5 with minor differences between
experimental (added with LPL) and control
samples (without LPL) of PS and DS. Also,
in curd samples collected after acidification
and before brine, pH showed similar mean
levels in both cheeses experimental and

control samples (5.4 and 5.2 respectively in
PS in DS). 

As far as mesophilic LAB enumeration
is concerned, L. plantarum subculture on
scotta had mean levels of 7.88±1.37. In
samples of curd after breaking and curd
after acidification, LAB mean levels were
very variable in both kind of cheeses and in
both experimental and control samples.

The methods used did not allow to dif-
ferentiate L. plantarum from the other LAB
present in the samples analysed.

Third step: challenge test  

PS cheese
Table 2 shows pH and aw mean levels

(±SD), mesophilic LAB and L. monocyto-
genes counts (log10 CFU/g; ±SD), and L.
monocytogenes detection results (positive
samples/total) in experimental and control
PS samples analysed during the challenge
test. 

Ph mean levels ( ±SD) showed a
decrease during storage both in experimen-
tal and control samples, but no significant
differences were detected at any analysis
times. Aw ( ±SD) levels were comparable
between experimental and control samples,
with a decrease during storage that was sig-
nificant (P<0.01) between T0 and T120. As
far as the microbial profile is concerned,
mesophilic LAB (log10 CFU/g; ±SD)
showed a tendency to increase during stor-
age both in experimental and control sam-
ples. In particular, in samples stored at
+4°C, LAB mean counts increased signifi-
cantly during storage (P<0.01) between T0

and T120 (ca. 2 log) and at the end of the
experiment (1 log in experimental and 0.5
log in control samples). In samples stored at
+10°C mean LAB levels showed the same
trend in experimental and control samples
with a significant increase (P<0.05) of ca. 1
log between T0 and T120, while remained sta-
ble until T150. 

The use of the protective culture
showed a tendency to reduce L. monocyto-
genes growth during storage both at +4°C
and +10°C. In fact, L. monocytogenes enu-
meration (log10 CFU/g; ±SD) showed high-
er levels in control samples compared to
experimental samples stored at +4°C at all
analysis times, although without significant
difference (P>0.05). Reduction of L. mono-
cytogenes growth during storage with the
use of the protective culture was confirmed
with the qualitative method, particularly at
+4°C. In fact, in samples with protective
culture stored at +4°C, the pathogen was
detected in 6/9 (66.7%) and 5/9 (55.6%)
samples stored at T120 and T150 respectively.

In samples stored at +10°C, the trend was
more irregular with 2/9 (22.3%) L. monocy-
togenes positive samples at T120 and 4/9
(44.5%) at T150. 

DS cheese
Table 3 shows pH and aw mean levels

( ±SD), mesophilic LAB and L. monocyto-
genes counts (log10 CFU/g; ±SD), and L.
monocytogenes detection results (positive
samples/total) in experimental and control
DS samples analysed during the challenge
test.

pH was significantly lower (P<0.05) in

x

x

x

x

x

x
x

x

                                                                                                                              Article

Table 1. pH, temperature, mesophilic Lactic acid bacteria (30°C) and thermophilic Lactic acid bacteria (45°C) mean values (log10
CFU/g; x ±SD)  in samples of curd after breaking and curd after acidification and before brine. Values between brackets indicate the
number of positive batches/totals.

Samples                                                                                                      Parameters
                                                           pH                                                      LAB 30°C                                                       LAB 45°C

Curd after breaking

CPS-C                                                             6.5±0.06                                                             5.23±0.13 (2/3)                                                                5.87±1.22 (3/3)
CPS+LPL                                                       6.5±0.10                                                             6.06±1.14 (3/3)                                                                6.72±1.04 (3/3)
CDS-C                                                            6.5±0.06                                                             6.14±0.48 (2/3)                                                                7.36±0.51 (3/3)
CDS+LPL                                                      6.5±0.06                                                             7.25±0.56 (3/3)                                                                7.78±0.38 (3/3)
Curd after acidification and before brine

CPS-C                                                             5.4±0.21                                                             6.14±0.41 (3/3)                                                                6.82±0.50 (3/3)
CPS+LPL                                                       5.4±0.20                                                             6.88±0.86 (3/3)                                                                7.27±0.21 (3/3)
CDS-C                                                            5.2±0.06                                                             6.12±1.47 (2/3)                                                                7.61±0.45 (3/3)
CDS+LPL                                                      5.2±0.06                                                             5.61±1.03 (3/3)                                                                6.75±1.56 (3/3)
SD, standard deviation; LAB, Lactic acid bacteria; CPS-C and CDS-C: samples of PS and DS cheeses without protective culture (control samples); CPS+LPL and CDS+LPL: samples of PS and DS cheeses with protec-
tive culture (experimental samples); LAB 30°C, mesophilic lactic acid bacteria; nd, not determined.
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samples with the addition of protective cul-
tures rather than in control samples at both
analysis times. No significant difference
(P>0.05) was detected between analysis
times. In terms of aw results, a significant
decrease (P<0.05) during storage was
detected for both experimental and control
samples, but the addition of the L. plan-
tarum protective culture did not show any
significant influence (P>0.05).

As observed for PS, mesophilic LAB
showed a variable growth at both tempera-
tures, in experimental and control samples.
In fact, the initial contamination level at T0

in samples stored at +4°C were of
7.35±0.77 and 6.56±0.46, respectively in
experimental and control samples with a
significant (P<0.05) increase at T120 of ca.
0.7 log in experimental samples; a compara-
ble trend was registered in samples stored at
+10°C with levels of 7.54±0.59 and
6.59±0.50 respectively in experimental and
control samples at T0, followed by a signif-
icant rise (P<0.05) of the mean levels at
T120. In terms of L. monocytogenes enumer-
ation, a general reduction was observed dur-
ing storage in samples produced with the
protective culture. In fact, in samples with
protective cultures at +4°C a significant
reduction (P<0.01) of mean levels was
detected between T0 (1.51±0.35) and T120

(1.36±0.10). Control samples also showed a
reduction, although not significant, of mean
counts between T0 (1.41±0.32) and T120

(1.30±0.30). In experimental samples
stored at +10°C a similar trend was
observed, with a significant reduction
(P<0.01) of L. monocytogenes between T0

(1.36±0.31) and T120 (1.00), in which the
pathogen was detected only in 1/9 (11.2%)
samples. In control samples stored at +10°C
a not significant increase of L. monocyto-
genes mean levels was recorded between T0

(1.53±0.30) and T120 (2.06±1.29).
The tendency to a reduction of L. mono-

cytogenes with the use of the protective cul-
ture during storage was confirmed with the
qualitative method: at T0 L. monocytogenes
was detected from 9/9 (100%) experimental
samples both at +4°C and +10°C, while at
T120, the pathogen was detected from 6/9
(66.7%) and 3/9 (33.4%) experimental sam-
ples at +4°C and +10°C respectively. On the
other hand, at T120 L. monocytogenes was
detected from 9/9 (100%) and 8/9 (88.9%)
control samples stored respectively at +4°C
and at +10°C.

Discussion 
The occurrence of L. monocytogenes in

soft cheeses represents a risk of listeriosis
and emphasizes the need for adequate con-
trol measures throughout the production
chains (Falardeau et  al., 2021). The use of
a bioprotective culture in the production of
soft cheeses in Sardinia represents a signif-
icant innovation compared to the standard
technologies adopted during production.
The aim of this work was to test L. plan-
tarum as a protective culture applied in the
manufacturing process of soft sheep milk
cheese in order to prevent L. monocyto-
genes post-production contamination.

The food matrix can significantly

impact on the efficacy of a bioprotective
cultures in inactivating the foodborne
pathogens (Muñoz et  al., 2007; Silva et  al.,
2018). Therefore, in the first step of the
study, the growth of L. plantarum in sheep’s
milk whey and scotta was evaluated, in
order to determine which matrix was most
suitable for the creation of a subculture to
be used in cheese-making production. After
the addition of LPL protective culture, LAB
growth showed higher levels and pH
decrease showed a better linearity in scotta
samples in comparison to whey. In terms of
the Well Diffusion Assay, L. monocytogenes
growth inhibition halos were observed in all
wells inoculated with LPL protective cul-
ture and were greater in scotta samples. The
reduced anti-listeria activity observed in the
cheese whey may be a result of bacteriocins
and/or other antimicrobial compounds inac-
tivation because of the adhesion to the sur-
face of milk proteins or cells (Coelho et  al.,
2014). Similar findings were made by other
authors who were unable to detect bacteri-
ocin activity on cheese whey (Rodríguez et
al., 2005; Sarantinopoulos et  al., 2002).
Due to these factors, scotta was chosen as
the most suitable matrix for preparing the
LPL subculture that would be utilized in the
following steps.

The addition of the L. plantarum culture
in the production process of PS and DS
cheeses did not cause changes in the chem-
ical-physical (pH and aw) characteristics
during production, without any statistically
significant difference between the control
and experimental samples. The additional
culture did not exhibit a further acidifica-
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Table 2. pH, aw, mesophilic Lactic acid bacteria (30°C) Listeria monocytogenes enumeration (log10 CFU/g; x ±̅SD) and Listeria mono-
cytogenes detection in samples of PS after ripening. Values between brackets indicate the number of positive batches/totals.

Parameters                           Samples                               T°C                                          Analysis times
                                                                                                                               T0                                     T120                             T150

pH                                                        CPS+LPL                                         4°C                         5.51±0.25 (9/9) a1                        5.38±0.16 (9/9) a1                 5.30±0.12 (9/9) a1

                                                                CPS-C                                                                            5.65±0.06 (9/9) b1                       5.50±0.15 (9/9) ab1               5.33±0.15 (9/9) a1

aw                                                          CPS+LPL                                         4°C                       0.974±0.003 (9/9) a1                    0.961±0.001 (9/9) b1            0.962±0.002 (9/9) b1

                                                                CPS-C                                                                          0.976±0.004 (9/9) a1                    0.960±0.004 (9/9) b1            0.960±0.003 (9/9) b1

LAB 30°C                                            CPS+LPL                                         4°C                        7.46±1.16 (9/9) c1                       9.44±0.79 (9/9) a1                 8.39±0.49 (9/9) b1

(log10 CFU/g; x ±̅SD)                         CPS-C                                                                            7.10±0.72 (9/9) b1                        9.32±0.75 (9/9) a1                 8.82±0.59 (9/9) a1

                                                             CPS+LPL                                        10°C                        7.54±1.14 (9/9) b1                        8.65±0.64 (9/9) a1                 8.69±0.59 (9/9) a1

                                                                CPS-C                                                                            7.41±0.82 (9/9) b1                        9.75±0.76 (9/9) a2                 9.25±0.22 (9/9) a2

L. monocytogenes enumeration   CPS+LPL                                         4°C                         1.69±0.30 (8/9) a1                        1.22±0.21 (5/9) a1                 1.25±0.33 (4/9) a1

(log10 CFU/g; x ±̅SD)                         CPS-C                                                                            1.80±0.31 (8/9) a1                        1.53±0.23 (6/9) a1                 1.31±0.26 (6/9) a1

                                                             CPS+LPL                                        10°C                        1.65±0.40 (8/9) a1                             3.17 (1/9) a1                      1.39±0.12 (2/9) b1

                                                                CPS-C                                                                            1.96±0.24 (8/9) a1                        1.41±0.35 (5/9) a1                      1.78 (1/9) a1

L. monocytogenes detection         CPS+LPL                                         4°C                                      9/9                                                  6/9                                           5/9
(positive samples/total)                    CPS-C                                                                                         9/9                                                  7/9                                           7/9
                                                             CPS+LPL                                        10°C                                     9/9                                                  2/9                                           4/9
                                                                CPS-C                                                                                         8/9                                                  7/9                                           4/9
SD, standard deviation; LAB, Lactic acid bacteria; T0, day 0 of inoculum; T120 and T150, respectively 120 and 150 days of storage after the inoculum; CPS+LPL, samples of PS cheeses with protective culture (experimental
samples); CPS-C, samples of PS cheeses without protective culture (control samples); LAB 30°C, mesophilic lactic acid bacteria. Means in the same row with different superscript letter were significantly different
(P<0.05); means in the same column among treatments with different superscript number were significantly different (P<0.05).
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tion other than that induced by the micro-
bial starter culture; it is indeed essential to
avoid an over-acidity of the curd, which
would have negative consequences on the
cheese’s physico-chemical properties and
sensory acceptability (Gobbetti et  al.,
2015). As far as the challenge test is con-
cerned, pH levels showed a decrease during
storage both in DS and PS cheese, but sig-
nificant differences were only detected in
DS samples, with greater acidification
(P<0.05) in samples with the addition of the
protective culture. However, acidification
was contained and no samples showed val-
ues lower than 5.2. No other significant
modification was observed in physico-
chemical or microbiological characteristics
between the experimental and control sam-
ples.

The experimental post-process surface
contamination showed the ability of L.
plantarum protective culture to promote a
reduction, although moderate, of the initial
levels of L. monocytogenes. A general
reduction in L. monocytogens mean levels
was observed during storage in samples
produced with the protective culture,
despite a statistically significant difference
was observed only in DS samples (P<0.01);
in particular, L. monocytogenes decrease
was more regular in the samples stored at
+4°C, while in thermal abuse conditions
(+10°C) the reduction showed an irregular
trend. The antimicrobial activity observed
during storage could be attributed to a
reduction in pH values due to an increased
production of lactic acid by LAB strains,
but not solely, as demonstrated by the fact

that in most samples pH values were identi-
cal to the control and there was little pH
drop during cheese storage. Authors have
shown the ability of LAB to compete with
L. monocytogenes avoiding its growth
(Arena et  al., 2016; Campagnollo et  al.,
2018; García et  al., 2020; Scatassa et  al.,
2017) and, given that dairy-associated
strains of L. plantarum are able to produce
bacteriocins active against L. monocyto-
genes (Hernandez et  al., 2005; Panebianco
et  al., 2021), the synthesis of these com-
pounds by LAB is the most likely explana-
tion for the observed L. monocytogenes
reduction (Coelho et  al., 2014).  Despite
the fact that the kinetics of bacteriocin syn-
thesis was not assessed in the current study,
several authors report that bacteriocin pro-
duction increases during the exponential
phase of LAB growth and stabilizes during
the stationary phase (Benkerroum et  al.,
2002; Han et  al., 2013; Martínez et  al.,
2013). Similar studies concluded that L.
plantarum and bacteriocins activity led to a
reduction of L. monocytogenes count during
soft cheese shelf-life and the bioavailable
bacteriocin activity has proven to be the
most likely determining factor for the in situ
antibacterial action observed (Martin et  al.,
2022; Panebianco et  al., 2021). 

Moreover, L. plantarum bioprotective
culture in scotta has proven to be simple and
quick to use in the cheese-making plant, and
it doesn’t require any changes to the stan-
dard production process procedures; as a
result, the financial commitment for the
production facilities is reasonable and
meets the needs of the Food Business

Operators. An interesting data is that the
cheeses object of our study resulted not per-
missive to L. monocytogenes growth,
despite their chemical-physical features (i.e.
pH and aw levels) in relation to what was
established by Reg. CE n.2073/2005. This
data should be considered by the Competent
Authority when adopting measures in case
of non-compliance as regards L. monocyto-
genes in these products (although <100
CFU/g). 

It has to be taken into consideration that
the use of protective cultures must be under-
stood as an integration of risk control mea-
sures associated with L. monocytogenes
contamination and not a substitute for other
preventive actions. Therefore, it is impor-
tant that, in association with the use of pro-
tective cultures, good manufacturing prac-
tices (GMP) and good hygiene practices
(GHP) are respected, to reduce the risk of
cheese contamination during and after the
production process.

Conclusions
The use of L. plantarum as a bioprotec-

tive culture within the standard production
process of soft and semi-cooked sheep milk
soft cheese represents a significant techno-
logical innovation for the producing plants
and it was proved to be a valid aid to control
the growth of L. monocytogenes during
storage. Inoculation of the protective cul-
ture did not require any modification and/or
implementation of the standard production
process of the cheeses and its application is
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Table 3. pH, aw, mesophilic Lactic acid bacteria (30°C) Listeria monocytogenes enumeration (log10 CFU/g; x  ̅±SD) and Listeria mono-
cytogenes detection in samples of DS after ripening. Values between brackets indicate the number of positive batches/totals.

Parameters                                               Samples                                  T°C                         Analysis times
                                                                                                                                                                            T0                             T120

pH                                                                                 CDS+LPL                                             4°C                                                     5.35±0.10 (9/9) a1               5.27±0.24 (9/9) a1

                                                                                         CDS-C                                                                                                            5.59±0.08 (9/9) a2               5.56±0.05 (9/9) a2

aw                                                                                  CDS+LPL                                             4°C                                                    0.976±0.00 (9/9) a1             0.970±0.00 (9/9) a2

                                                                                         CDS-C                                                                                                           0.977±0.00 (9/9) a1             0.972±0.00 (9/9) a2

LAB 30°C                                                                     CDS+LPL                                             4°C                                                     7.35±0.77 (9/9) b1              8.08±0.39 (9/9) a1

(log10 CFU/g; x ±̅SD)                                                   CDS-C                                                                                                            6.56±0.46 (9/9) b2              8.74±0.40 (9/9) a2

                                                                                      CDS+LPL                                            10°C                                                    7.54±0.59 (9/9) a1               8.12±0.57 (9/9) a1

                                                                                         CDS-C                                                                                                            6.59±0.50 (9/9) b2              8.98±0.39 (9/9) a2

L. monocytogenes enumeration                            CDS+LPL                                             4°C                                                     1.51±0.35 (9/9) a1              1.36±0.10 (3/9) b1

(log10 CFU/g; x ±̅SD)                                                   CDS-C                                                                                                            1.41±0.32 (5/9) a2               1.30±0.30 (5/9) a2

                                                                                      CDS+LPL                                            10°C                                                    1.36±0.31 (9/9) a1                   1.00 (1/9) b1
                                                                                         CDS-C                                                                                                            1.53±0.30 (7/9) a1               2.06±1.29 (4/9) a1

L. monocytogenes detection                                  CDS+LPL                                             4°C                                                                  9/9                                         6/9
(positive batches/total)                                             CDS-C                                                                                                                         9/9                                         9/9
                                                                                      CDS+LPL                                            10°C                                                                 9/9                                         3/9
                                                                                         CDS-C                                                                                                                         9/9                                         8/9
SD, standard deviation; T0, day 0 of inoculum; T120, 120 days of storage after the inoculum; CDS+LPL, samples of DS cheeses with protective culture (experimental samples); CDS-C, samples of DS cheeses without
protective culture (control samples); LAB 30°C, mesophilic lactic acid bacteria.  Means in the same row with different superscript letter were significantly different (P<0.05); means in the same column among treat-
ments with different superscript number were significantly different (P<0.05).
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not expensive for the Food Business
Operators; moreover it did not altered the
chemical-physical characteristics of the
product. It remains confirmed that protective
cultures must be used in conjunction with
other preventative measures to reduce the
risk of L. monocytogenes contamination. 
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