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ABSTRACT

This study aimed to evaluate the possible inhibitory
effect of natural lactic acid bacteria on the growth of
2 Bacillus cereus strains. First, we evaluated the be-
havior of spores of B. cereus GPe2 and D43 when in-
oculated before cheesemaking using pasteurized or raw
milk; no statistical differences were observed between
cheese produced with the 2 types of milk. Then, lactic
acid bacteria (LAB) were isolated from cheese at the
last sampling time, identified, and tested in vitro for
their antagonistic activity and organic acid produc-
tion by using an HPLC method, showing antimicrobial
potential. The LAB that produced larger inhibition
halos (>9 mm) against B. cereus strains (LAB 3, 6,
9, 10: Lactococcus lactis ssp. lactis; LAB 7: Lactococcus
lactis ssp. cremoris) were selected to produce a LAB
mixture for subsequent tests. Spores of B. cereus GPe2
and D43 were inoculated in pasteurized milk before
cheesemaking with or without addition of the LAB
mixture at a high dosage. Bacillus cereus grew more
slowly when LAB were added to the dairy matrix (with
differences from 2.36 to 2.66 log cfu/g in B. cereus
GPe2 and D43 growth).

Key words: Bacillus cereus, competition, fresh cheese,
organic acids, lactic acid bacteria

INTRODUCTION

The Bacillus cereus group is responsible for food
spoilage, especially of dairy products (Bartoszewicz et
al., 2008), but may also cause sporadic food poison-
ing (Dierick et al., 2005). Bacillus cereus is a common
contaminant of raw milk, being frequently isolated
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from dairy products such as ice creams, milk powders,
fermented milks, pasteurized milk, and ricotta (Wong
et al., 1988; Granum et al., 1993; Carlin et al., 2000;
Guinebretiere et al., 2001, 2003, 2008; Guinebretiere
and Nguyen-The, 2003; Heyndrickx and Scheldeman,
2002; Arslan et al., 2014; Spanu et al., 2016). Raw
milk is generally contaminated at the farm level by ud-
ders but the natural microbiota present in silo tanks,
pasteurizers, and filling machines is also likely to play
a role in post-pasteurization recontamination of milk
(Svensson et al., 1999, 2000, 2004). In fact, endospores
are able to resist and survive pasteurization heating,
suggesting a potential hazard in pasteurized milk (No-
termans et al., 1997; Bartoszewicz et al., 2008) and
thus also in dairy products.

Mild preservation technologies are increasingly
used in food industries, matching the requirement to
minimize problems related to the presence of poten-
tial pathogenic bacteria or spoilage bacteria, including
spore-forming microorganisms such as B. cereus. There
is increasing interest in the use of biopreservative mi-
croorganisms and in particular of “generally regarded
as safe” (GRAS) lactic acid bacteria (LAB), that have
been shown to interfere with the growth of spoilage and
pathogenic bacteria such as Listeria monocytogenes and
B. cereus (Galvez et al., 2008). The antimicrobial activ-
ity of LAB toward B. cereus was already shown in vitro
by agar well-diffusion assay (Bogovié-Matijasi¢ et al.,
1998) and in sterile skim milk, in which 18 Lactobacillus
and Lactococcus strains were tested and showed anti-
microbial activity toward B. cereus strains (Rgssland
et al., 2003, 2005). Inhibition of B. cereus by LAB was
also reported in nonfat milk medium (Wong and Chen,
1988), in Gouda and Brie cheese (Little and Kngchel,
1994; Rukure and Bester, 2001), and in Taleggio cheese
and yogurt (Tirloni et al., 2017b).

In the present study, we evaluated the behavior of 2
B. cereus strains (one clinical isolate and a strain previ-
ously isolated from a dairy product) in fresh cheese
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produced from raw or pasteurized milk inoculated with
spores before cheesemaking, thus mimicking the natu-
ral spore contamination of milk. Afterward, we investi-
gated the antimicrobial activity of LAB strains isolated
and identified from fresh cheese in vitro. Finally, we
explored the behavior of the 2 B. cereus strains by in-
oculating fresh cheese during production in coculture
with a mixture of the previously selected LAB.

MATERIALS AND METHODS

Part 1: Evaluation of Natural LAB Natural Microbiota
on B. cereus Growth

Bacterial Strains and Harvesting of Dormant
Spores. In the present study, 2 B. cereus strains were
used: one human clinical isolate (GPe2) able to grow
from 15 to 37°C and to produce hemolysin B, prote-
ases, and phosphatidylcholine-specific phospholipase C
(Celandroni et al., 2016). The production of phosphati-
dylcholine-specific phospholipase C was measured by a
gel-diffusion assay with a gel containing crude phospha-
tidylcholine and protease secretion was assessed on an
agar plate containing 1.5% skim milk. Strain GPe2 was
shown to possess motility modes, such as swimming
and swarming. The second strain was a food isolate
(D43) collected from Taleggio cheese and able to grow
from 15 to 37°C, previously identified by MALDI-TOF-
MS (Tirloni et al., 2017b). The strain stock was kept
frozen at —80°C in Microbank cryogenic vials (Pro-Lab
Diagnostics) until a loop of bacterial culture was sub-
cultured into nutrient broth tubes (70122, Sigma, St.
Louis, MO) and incubated at 37°C for 24 h. Spores of
the 2 strains were produced on fortified nutrient agar
(Senesi et al., 1991) supplemented with the following
sporulation salts: NaCl (5.0 mg/mL), CaCl,, (0.1 mg/
mL), and MgSO,7H,0 (2.0 mg/mL). Roux bottles
with 150 mL of fortified nutrient agar were inoculated
with 2.0 mL of spore suspension (~10" spores/mL in
distilled water). After incubation at 37°C for 20 d,
spores were scraped from the agar with a sterile stirrer
and washed 5 times by centrifugation (10,640 x g for
10 min) with ice-cold sterile distilled water. To remove
residual vegetative cells, the 2 spore suspensions were
heated at 80°C for 10 min in a water bath. Then, the
suspensions were quickly cooled in ice, washed again in
ice-cold sterile distilled water, and maintained at 2 to
4°C until use (within 3 d; Senesi and Ghelardi, 2010).

Growth Potential of B. cereus in Raw or
Pasteurized Milk-Based Fresh Cheese. Raw and
pasteurized cow milks were obtained on the same day
of milking; pasteurized milk was obtained by vat pas-
teurization of the same raw milk by heat treatment:
milk was heated in small batches at 65°C for 30 min
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and then rapidly cooled without homogenization. Raw
and pasteurized milk were transported in refrigeration
conditions to the laboratory and immediately used
for fresh cheese production. Briefly, each type of milk
(pasteurized and raw milk) was divided into 2 aliquots.
Cheese was produced as reference without addition
of any other ingredient that could interfere with the
growth of Bacillus cereus and LAB (e.g., salt, preserva-
tives). Fach of the 4 final aliquots was heated to 38°C
in a small cheesemaking tank and spores of 1 of the 2
B. cereus strains were added individually at a final con-
centration of 3 to 4 log cfu/mL. To minimize changes
in product characteristics, the inoculum volume did not
exceed 1% of the volume of the aliquots of milk (~5
L). Then, veal rennet was added (5 mL to each boiler)
and the milk was mixed and kept for 30 min to obtain
the curds. Then, the curds were cut with a knife in a
cross-hatch pattern (several parallel cuts in one direc-
tion, followed by several perpendicular cuts to obtain
squares of 16 cm?). The curds were left at 10 to 15
min at room temperature (~20°C) and then a second
cut was made to obtain squares of 4 cm?® each. The
curd was scooped slowly into cheese hoops and gently
pressed into blocks to form the cheese. Cheese was left
to drain at a temperature of 20°C for 10 to 15 min;
then, the formed cheese was turned to allow draining
on the other surface for 10 to 15 min. Finally, fresh
cheese (50 g) was sealed in plastic trays without modi-
fied atmosphere packaging (MAP) conditioning and
stored at 15°C. Time zero corresponded to the moment
when cheese drained and before packaging.
Microbiological Analyses. The 4 series of fresh
cheese samples produced from pasteurized and raw
milks were incubated at 15°C for 72 h. During all tri-
als, temperature was recorded regularly by data loggers
(Escort iLog; Escort Data Logging System Ltd., Aesch
Bei Birmensdorf, Switzerland). Samples of each series
were submitted daily to microbiological analyses in du-
plicate. At each sampling time, pH was also measured
(Amel Instrument, 334-B, Milan, ITtaly). From each
inoculated sample, 10 g of product was diluted 10-fold
in chilled sterile diluent solution (0.85% NaCl and 0.1%
peptone) and homogenized for 60 s in a Stomacher 400
(Seward Medical, London, UK). Then, serial 10-fold di-
lutions of the homogenates were made in chilled saline
solution. Bacillus cereus were enumerated according to
the ISO 7932:2004 method (ISO, 2004) by spreading
onto polymyxin pyruvate egg-yolk mannitol-bromothy-
mol blue agar (PEMBA) and incubating under aero-
biosis at 37°C for 48 h. All the media were provided
by Biogenetics, Ponte San Nicolo, Italy. Spores were
enumerated as previously described (Tirloni et al.,
2017a). Briefly, homogenates were heated at 80°C for
10 min before being plated on PEMBA and incubated
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under aerobiosis at 37°C for 48 h. The same samples
were submitted to determination of total viable count
excluding LAB, which was determined on gelatin pep-
tone bios agar (Biogenetics, Ponte San Nicolo, Ttaly),
and for Pseudomonas spp. (ISO/TS 11059:2009; ISO,
2009) on Pseudomonas agar base supplemented with
Cetrimide Fucidin Cephalosporin supplement incubat-
ed for 48 h at 30°C. Coagulase-positive staphylococci
were enumerated on Baird Parker agar incubated at
37°C for 48 h (ISO 6888:1999; ISO, 1999) and LAB
on de Man, Rogosa, and Sharpe (MRS) agar (Oxoid,
Basingstoke, UK) incubated under anaerobiosis at 30°C
for 48 h (ISO 15214:1998; ISO, 1998).

Part 2: Antimicrobial Activity of LAB Isolated
from Cheese

Isolation and Identification of Natural Micro-
biota. From the plates used for LAB counts of fresh
cheese samples produced from raw milk and stored for
72 h, 5 colonies from GPe2-inoculated cheese and 5
colonies from D43-inoculated cheese were randomly
picked and submitted to biochemical tests: isolates
were tested for Gram reactions by KOH method and
for standard cytochrome oxidase (Oxoid) and catalase
reactions. Afterward, random amplified polymorphic
DNA (RAPD)-PCR was performed as described by
Andrighetto et al. (2002) and Soto del Rio et al. (2016)
in strain D43 by using M13 and D11344 primers. Iso-
lates were identified at the species level by means of
species-specific PCR and by sequencing (Pu et al.,
2002) and by sequencing the V1-V3 region of the 16S
rDNA.

Antimicrobial Activity. Bacillus cereus GPe2
and D43 and the 10 LAB isolates (LAB 1 to 10) were
stored in cryovials (Microbank, Pro-Lab Diagnostics)
until use. Each of the LAB isolates was sub-cultured
in MRS broth tubes (Oxoid) and incubated at 30°C for
48 h under anaerobiosis (Anaerojar, Oxoid). A volume
of 100 pL of each LAB broth culture was individually
reinoculated in 10-mL. MRS broth tubes and incubated
at 30°C for 48 h under anaerobiosis. The optical density
at 540 nm (ODj4,) was recorded just after inoculation
and precultures were collected in exponential growth
phase (when OD was close to 0.5/0.7). After incuba-
tion, the OD was adjusted by dilution (about 0.5) and
spotted with a sterile swab (Carlo Erba, Rodano, Italy)
onto the surface of MRS agar plates, which were subse-
quently incubated for 48 h at 30°C anaerobically. Each
of the 2 B. cereus strains was sub-cultured aerobically
overnight at 37°C in 10-mL tryptic soy broth (TSB)
tubes (Oxoid). The test was performed according to
Tirloni et al. (2014); briefly, OD3,, was recorded at the

Journal of Dairy Science Vol. 103 No. 1, 2020

152

time of incubation and precultures were collected in
exponential growth phase, defined as a relative change
in absorbance of at least 0.2 at 540 nm. If needed,
samples were diluted before performing the tests. For
each microorganism, 0.2 mL of bacterial suspension was
added to a 5-mL aliquot of semisolid agar [brain heart
infusion broth (Oxoid) plus agar 0.7%], maintained at
45°C, and then poured over the MRS plates previously
spotted with LAB. After incubation at 37°C for 24 h,
the plates were checked (Tirloni et al., 2014). A clear
halo around the LAB spot indicated the inhibition of
the pathogen. Mean radius of the halos were measured
and expressed in millimeters.

To define whether pathogen inhibition was due to
the production of antagonistic compounds, the LAB
cell-free supernatants were tested against the same
pathogens. Each LAB was sub-cultured in MRS broth.
After 48 h of incubation, an aliquot of each culture
was centrifuged at 10,640 x ¢ for 10 min. Superna-
tants were then filtered using 0.2-pm filters (Sacco,
Cadorago, Italy) and maintained at 4°C. The pH of
supernatants was also measured using a pH meter
(XS pH6, Ghiaroni, Buccinasco, Italy). Each of the B.
cereus strains was inoculated into 10-mL TSB tubes
and incubated as described above. Then, 1 mL of in-
oculated TSB was transferred into flasks containing 25
mL of tryptic soy agar (Oxoid), maintained at 45°C,
carefully mixed, and poured onto sterile Petri plates
(Carlo Erba). According to the method of Tirloni et al.
(2014), once the medium solidified, blank discs (Oxoid)
were dipped in the supernatant of each LAB, placed on
the surface of the plates, and incubated at 37°C for 24
h. Clear zones around the discs were measured. If inhi-
bition was recorded, to evaluate whether it was related
to the ability to produce organic acids, the pH of cell-
free supernatants was adjusted to 6.5 with NaOH (1 N;
Sigma, Milan, Ttaly) and the same test was repeated.
All the tests were performed in triplicate.

Production of Lactic and Acetic Acids. Each
LAB was sub-cultured in MRS broth. After 48 h of in-
cubation, organic acids were quantified using HPLC ac-
cording to Tormo and Izco (2004): briefly, 1.0 g of MRS
broth inoculated individually with each of the 10 LAB
was diluted to 5.0 mL in water and vigorously vortexed
for 20 s. After centrifugation (3,000 x g, 15 min), the
supernatant was filtered through a 0.45-pm cellulose
membrane. The HPLC system consisted of 2 pumps
(Waters 510, Waters, Milan, Ttaly), an auto-sampler
(Waters 717 plus), and a UV-Vis detector (Waters 484)
set at 210 nm. According to Tirloni et al. (2018), sepa-
ration was performed on a Rezex ROA column (300
mm X 7.8 mm, 8 pm; Phenomenex, Torrance, CA).
The mobile phase (0.5 mL min~"' in isocratic mode)



Tirloni et al.: BACILLUS CEREUS GROWTH IN FRESH CHEESE

was 0.005 N sulfuric acid. External standards were used
for identification and quantification of acetic and lactic
acids. The limit of detection (0.076 and 0.24 mM for
acetic and lactic acids, respectively) and limit of quan-
tification (0.39 and 0.77 mM for acetic and lactic acids,
respectively) were determined. The limits of detection
and quantification were calculated by using the signal-
to-noise approach (EMEA, 1995).

Part 3: Effect of LAB Mixture Inoculated in Fresh
Cheese Against B. cereus

The LAB strains showing the most effective inhibi-
tory activity in terms of halos produced against B.
cereus strains were selected for this part of the trial.
A loop of frozen culture of each LAB strain was trans-
ferred to a test tube containing 10 mL of MRS broth
(Oxoid) and incubated for 48 h at 30°C under anaero-
biosis. All strains were reinoculated into refrigerated
MRS broth tubes and the initial ODy,, was measured.
Then, all tubes were incubated at 15°C and OD was
measured after 48 h. The bacterial cells were pelleted
by centrifugation at 10,640 x ¢ for 10 min at 4°C and
washed in PBS, pH 7.0. The cell density of each LAB
strain was determined by microscopy (1,000x; Meiji
Techno America, San Jose, CA). As needed, precul-
tures were diluted in 0.85% NaCl solution to obtain

-®- D43 pasteurized milk vegetative cells + spores
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8 log cfu/mL suspensions before inoculating the milk
used to produce fresh cheese. A LAB mixture of the
most inhibiting strains selected was prepared by adding
the same amount of each strain at a final concentration
of 5 to 6 log cfu/mL. Finally, fresh cheese was produced
as described above. Before heating the cultures to 38°C,
spores of the 2 B. cereus strains were individually in-
oculated at a final concentration of 3 to 4 log cfu/mL,
and the mixture of LAB was added immediately after.
The fresh cheese samples obtained were stored at 15°C
and sampled immediately after inoculation (TO0) and
again after 24, 48, and 72 h (T1, T2, and T3, respec-
tively) in duplicate. Bacillus cereus and its spores and
LAB were enumerated as described above.

The concentrations of organic acids produced dur-
ing the trial were determined by HPLC (Tormo and
Izco, 2004; Tirloni et al., 2018). Briefly, 1.0 g of fresh
cheese was diluted to 5.0 mL in water and vigorously
mixed by vortex for 20 s. After centrifugation (3,000
X g; 15 min), the supernatant was filtered through a
0.45-pm cellulose membrane. The analyses (enumera-
tion of spores and vegetative cells + spores of B. cereus,
enumeration of LAB) were performed in duplicate on
fresh cheese produced at T0, T1, T2, and T3. Moisture
(Bradley and Vanderwarn, 2001) and pH (334-B, Amel
Instrument, Milan, Ttaly) were determined at each sam-
pling time in duplicate.

- GPe2 pasteurized milk vegetative cells + spores
-~ GPe2 raw milk vegetative cells + spores

-3- GPe2 pasteurized milk spores

-2+ GPe2 raw milk spores

B. cereus GPe2
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Figure 1. Growth of spores and spores + vegetative cells of Bacillus cereus GPe2 and D43 in fresh cheese made from raw and pasteurized
milk during 72 h at 15°C (trial performed in duplicate). Error bars indicate SD.
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Table 1. Counts of total viable bacteria, lactic acid bacteria (LAB),
Pseudomonas spp., FEscherichia coli, enterococci, and coagulase-
positive staphylococci in raw milk used for trial 1

Parameter Count (log cfu/g)
Total viable count 2.50 + 0.21
LAB 3.34 £ 0.24
Pseudomonas spp. <2
Escherichia coli <2
Enterococci <2
Coagulase-positive staphylococci <2

Statistical Analysis

Data obtained from the B. cereus counts and LAB
counts (expressed as A log cfu/g between sampling
time and T0) and the increase in organic acid concen-
trations were submitted to 2-way univariate ANOVA in
SAS (version 9.1, 2016; SAS Institute Inc., Cary, NC)
to reveal potential differences in the behavior of the
2 strains. Threshold values for statistical significance
were set at P < 0.05 and P < 0.01.

RESULTS AND DISCUSSION

Part 1: Evaluation of Natural LAB Microbiota
on B. cereus Growth

In the first part of this study, we assessed the ability
of 2 B. cereus strains (GPe2 and D43) to grow in fresh
cheese by deliberate contamination with spores of the
milk (raw and pasteurized) used for cheese production
(Figure 1). Spores of the 2 B. cereus strains were able
to germinate and bacterial growth occurred rapidly af-
ter inoculation during cheesemaking in the fresh cheese
obtained from raw and pasteurized milk. This finding
confirmed that, following mild heat treatment, activa-
tion instead of inactivation of dormant spores occurred,
possibly increasing pathogen outgrowth and the risk of
food poisoning (Kim and Foegeding, 1990; Van Opstal
et al., 2004).
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Raw milk was previously recognized to have a strong
typical antimicrobial activity due to the multifactorial
competitive action of the resident natural microbiota
that includes several strains of LAB. This antagonistic
effect has been reported for L. monocytogenes and B.
cereus (Lianou and Samelis, 2014; Montel et al., 2014;
Tirloni et al., 2017b). In terms of postcontamination,
as stated in previous works, pasteurized and thermized
milk would experience faster growth of pathogens if
compared with raw milk; LAB, in fact, act as com-
petitors in the bacterial growth. If a contamination
of raw materials or a postcontamination occurs with
spores, these spores may be activated by a subsequent
heating (Samelis et al., 2009). In this study, the lack
of difference between the 2 cheese types could be be-
cause the natural microbiota (mainly LAB) was only
partially inactivated by pasteurization. Raw milk was
characterized by very low total viable count (~2 log
cfu/mL); LAB showed values around 3 to 4 log cfu/mL,
whereas other bacteria of interest (Pseudomonas spp.,
Escherichia coli, enterococci, and coagulase-positive
staphylococci) were below the detection limit of 2 log
cfu/mL (Table 1).

At the beginning of the trial, LAB counts in raw
and pasteurized milk cheese were almost equivalent
(3.26-3.58 vs. 3.47-3.69 log cfu/g in pasteurized and
raw milk cheeses, respectively), whereas at the end
of the trial, counts in raw milk cheese were almost 1
log higher (8.18-8.30 vs. 7.22-7.51 log cfu/g). Pseudo-
monas spp. and coagulase-positive staphylococci were
below the detection limit in raw and pasteurized milk,
whereas the total viable counts were never high (always
<4 log cfu/g); in such conditions, significant antagonis-
tic activity was not confirmed.

The RAPD-PCR results (Figure 2) indicated that
the LAB population of the raw milk was dominated
by Lactococcus lactis; 7 of 10 colonies isolated grouped
with the type strain of Lactococcus lactis ssp. lactis,
showing a similarity level of 52% and 6 different ampli-

Isolate 5
. Isolate 8
Isolate 1
Isolate 6
Isolate 9
Isolate 5
Isolate 10
Isolate 3
Lactococcus lactis lactis T
Isolate 2
Isolate 4
Isolate 7

Figure 2. Dendrogram obtained from random amplified polymorphic DNA (RAPD)-PCR analysis with primers M13 and D11344 of 10 lactic

acid bacteria strains isolated for cheese produced from raw milk.
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Figure 3. Clear halos produced by antagonistic activity of Lactococcus strains lactic acid bacteria (LAB) 3 (left), LAB 8 (middle), and LAB

1 (right) against Bacillus cereus GPe2 after incubation at 37°C for 24 h.

fication profiles. These colonies were confirmed as Lac-
tococcus lactis ssp. lactis by means of species-specific
PCR. The other 3 colonies grouped at a similarity level
of 85%, showing 2 different amplification profiles, and
were identified as L. lactis ssp. cremoris by means of
16S rDNA V1-V3 region sequencing. Lactococcus lactis
is the most important Lactococcus species for the dairy
industry (Cavanagh et al., 2015) and has been widely
used as a natural or commercial starter or added to
dairy products or other fermented milk products to
confer a typical flavor.

Part 2: Antimicrobial Activity of LAB Isolated
from Cheese

The role of LAB as potential biopreservatives in
fresh cheese was shown by the 10 LAB identified and

tested in this study. When tested on agar plates (Figure
3), 7 LAB isolates were able to inhibit the growth of
both B. cereus strains; 2 additional strains (belonging
to L. lactis ssp. lactis) were active only against the
GPe2 strain. The mean radius of the inhibition halos
obtained are reported in Table 2. The GPe2 strain was
generally more susceptible to LAB inhibition than the
D43 strain (except for L. lactis ssp. cremoris LAB 4,
profile G), as confirmed by the statistical analysis (the
results by LAB 3, 6, 9, and 10 were significantly high-
er). Two of the L. lactis ssp. lactis tested (LAB 9 and
LAB 10), both belonging to profile E, produced halos
with diameters >10 mm against GPe2, and 2 L. lactis
ssp. lactis strains (LAB 3 and LAB 6, profiles F and D,
respectively) and 2 L. lactis ssp. cremoris (LAB 2 and
7, profiles G and H, respectively) produced inhibition
halos of 8.5 to 9.5 mm.

Table 2. Radius (mean £ SD; mm) of inhibition halos produced by each of the lactic acid bacteria (LAB) strains (Lactococcus lactis) and
relative supernatant against the Bacillus cereus target strains, pH, and lactic acid production after 48 h'

Halos produced: vegetative cells

Increase of lactic
acid in broth

Halos produced: supernatant®

(A mg/kg in water

LAB code Identification B. cereus D43 B. cereus GPe2 B. cereus D43 B. cereus GPe2  pH phase)
LAB 1 L. lactis ssp. lactis 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0 4.55 5.630
LAB 2 L. lactis ssp. cremoris 4.5+ 0.7 8.5 £ 2.1 0.5 £0.7 0.8 +0.4 4.29 4.654
LAB 3 L. lactis ssp. lactis 5.5+ 0.7" 9.5 + 0.7" 0.0 £ 0.0 0.8 £0.4 4.32 6.248
LAB 4 L. lactis ssp. cremoris 7.0 £ 0.0" 3.5+ 0.7 0.0 £ 0.0 0.5+ 0.7 4.34 5.912
LAB 5 L. lactis ssp. lactis 0.0 £ 0.0 55+ 2.1 0.0 £ 0.0 0.3 £04 4.73 4.568
LAB 6 L. lactis ssp. lactis 1.0 + 0.0 9.5 + 2.1" 0.5 £ 0.7 1.8 +£04 4.26 6.450
LAB 7 L. lactis ssp. cremoris 3.5 +£ 2.1 9.0 £ 0.0 03 +04 0.5 £0.7 4.38 7.061
LAB 8 L. lactis ssp. lactis 0.0 £ 0.0 40+ 14 0.0 £ 0.0 0.0 £ 0.0 4.76 5.247
LAB9 L. lactis ssp. lactis 3.0 £ 0.0° 10.0 £ 1.4* 0.8 +£0.4 0.8 £0.4 4.26 5.674
LAB 10 L. lactis ssp. lactis 2.5+ 0.7° 10.5 + 0.74 0.5+ 0.7 0.5+ 0.7 4.29 5.339

MBStatistically significant difference among the sampling times (P < 0.01).
*Statistically significant difference among the sampling times (P < 0.05).

"The mean radius of the inhibition halos was calculated as the distance from the spotted inoculum and the growth of target microorganism.
*Supernatant was obtained by centrifugation of the broth in which LAB were grown.
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Very slight inhibition of the 2 B. cereus strains was
exerted by the 10 LAB supernatants compared with
the inhibition by viable LAB strains (Table 2). Also,
D43 was more resistant than GPe2, although not sig-
nificantly so. The most effective LAB strains were LAB
2, 3,4, 6,9, and 10. Generally, the slight inhibition
exerted by supernatants indicated that the antimicro-
bial effect mainly originated from a combination of bac-
terial competition and the production of extracellular
compounds, such as organic acids. This was reflected
by the lower pH in the supernatants of LAB cultures 2,
3, 6,9, and 10.

The quantification of organic acids in LAB cell cul-
tures confirmed these results (Table 3); lactic acid was
the main end product of LAB metabolism, although
LAB also produce minor quantities of other organic ac-
ids such as acetic, formic, and butyric acids (Passerini
et al., 2013; Alegria et al., 2016). In our tests, acetic
and citric acids did not show any trend of increase or
decrease after incubation of broths (citric acid: TO =
1,866 + 148 mg/kg, T2 = 1,794 + 74 mg/kg; acetic
acid: TO = 259 + 41 mg/kg, T2 = 214 + 13 mg/kg).
For lactic acid, a clear increase was detected, with a
mean value at TO of 8,773 £+ 406 mg/kg that increased
to 14,451 £ 751 mg/kg at T2 (P < 0.01). The increase
in lactic acid concentration obtained for each LAB
strain is shown in Table 2: the strains that increased
more were LAB 7 (L. lactis ssp. cremoris) followed by
LAB 6 and 3 (both L. lactis ssp. lactis). No statistical
differences were found among the 10 strains tested.

Part 3: Effect of LAB Mixture Inoculated in Fresh
Cheese Against B. cereus

The LAB that had the highest antimicrobial activity
(i.e., those that produced larger halos: LAB 3, 6, 9,
10: L. lactis ssp. lactis; LAB 7: L. lactis ssp. cremoris)
were selected to produce the LAB mixture used to test
the bioprotective effect of LAB in cheese.

A significantly higher increase in counts was revealed
for the 2 B. cereus strains in fresh cheese made with
pasteurized milk without the adjunct of the LAB
mixture (Figure 4; P < 0.01). Bacillus cereus GPe2
was inhibited by the action of the LAB mixture, as
demonstrated by the significantly slower growth (P <
0.01 from T1 to the end of the trial) detected during
the whole trial that resulted in maximum growth rate
(fbmaz) of 0.219 and 0.116 log cfu/h in fresh cheese in-
oculated with GPe2 or with GPe2 + LAB, respectively.
This trend resulted in a difference in growth of 2.36 log
cfu/g after 72 h (Figure 4). This effect could be attrib-
uted to the early conditioning of the dairy matrix by
the LAB mixture (LAB concentrations at TO = 5.98 vs.
3.22 log cfu/g in cheese produced with and without the
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Table 3. Concentrations (mg/kg in water phase) of organic acids and pH (mean & SD) present in fresh cheese at each sampling time'
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ABStatistically significant difference among the sampling times (P < 0.01).

*Statistically significant difference among the sampling times (P < 0.05).

'No LAB = cheese produced without addition of mixture of lactic acid bacteria (LAB) selected for antagonistic activity; + LAB = cheese produced with addition of mixture of

LAB selected for antagonistic activity.

’T0 = immediately after inoculation; T1, T2, T3 = 24, 48, and 72 h after inoculation, respectively.
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addition of LAB, respectively). In fact, the LAB load The number of B. cereus spores remained constant
reached 9.17 and 5.80 log cfu/g at T3 in cheese with throughout sampling, with no statistical differences
and without addition of the LAB mixture, respectively. between samples inoculated with B. cereus and those

% LAB SN
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D43 D43 + LAB
. 104
s ¢
a 8- a 8- ..........
3 3 LK
0 8 o
g o *
S L]
£ 4 =P
3 : -
. S 2{ @-----@----O
0 1 L] L] T 0 T i I :
N D)3 w0 AV S - P 7
% LAB % LAB
9~ GPe2 vegetative cells + spores - GPe2 vegetative cells + spores
O Cheepales <> GPe2 spores
opez GPe2 + LAB
N 104
5 8] —_—
3 E
O 6+ 2 .
g =
S 2
il = 41
3 c
3 =
o 2- o 2-
) e I S
0 1 I T L) 0 . : I I
Q ‘]P‘ W N S q,b‘ I -
Time (h) Time (h)

Figure 4. Growth of spores and spores + vegetative cells of Bacillus cereus GPe2 and D43 in fresh cheese with or without addition of lactic
acid bacteria (LAB) cultures during 72 h at 15°C.
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with the LAB mixture, suggesting rapid germination
during cheesemaking.

In the trial performed with B. cereus D43-inoculated
cheese, the pathogen was clearly inhibited by the pres-
ence of the LAB mixture; significantly slower growth
was detected (e, = 0.164 and 0.109 log cfu/hin fresh
cheese inoculated with B. cereus D43 and with D43
+ LAB, respectively), resulting in significantly lower
concentrations for the whole period (P < 0.01 from
T1 to the end of the trial). This led to a difference in
growth of 2.66 log cfu/g after 72 h (Table 3) among the
2 sets of samples. As reported for GPe2, LAB showed
a rapid increase during the period, resulting in signifi-
cantly higher counts in samples with the LAB mixture
(Figure 4).

The inhibition of specific bacterial populations (in
this case, B. cereus) due to the rapid growth of natural
or added natural microbiota (LAB) is a well-known phe-
nomenon in food matrices, a phenomenon named the
“Jameson effect”; Jameson (1962) observed Escherichia
coli inhibition by Salmonella when the maximum popu-
lation density of Salmonella spp., present at a higher
concentration in the substrate, was reached. This has
been observed in many dairy products and nondairy
foods, where nutrients were depleted by growth of the
natural microbiota, thus restricting growth of other
bacteria present (Mellefont et al., 2008; Mgller et al.,
2013; Ostergaard et al., 2014). This represents a fun-
damental mechanism to ensure the safety of various
foodstuffs. This event has been hypothesized for B.
cereus inoculated in dairy matrices characterized by
the presence of natural or natural starter microbiota
(Tirloni et al., 2017b).

In this trial, the inhibition of B. cereus growth by
LAB revealed by the challenge tests data could be re-
lated to the depletion of nutrients. The production of
active compounds by LAB may also be assumed, as
demonstrated by the decrease in pH value as a result
of the large increase in lactic acid produced when LAB
mixture was added (from a concentration below the
detection limit at TO to ~18,000 mg/kg after 72 h of
storage at 15°C). Contextually, the increase in lactic
acid content in GPe2 + LAB and D43 + LAB fresh
cheese was followed by pH decrease (from 6.98 and 6.99
to 4.85 and 4.88, respectively, P < 0.01; Table 3), which
was not detected in samples without the added LAB
mixture. These results confirmed analogous antagonis-
tic effects shown by the natural microbiota observed in
raw milk (Tirloni et al., 2017a). Finally, the production
of citric and acetic acids seemed to have a secondary
role in the environment conditioning: low concentra-
tions were detected for both acids, with a constant
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level for citric acid and a slight increase in acetic acid
concentration during the trial.

CONCLUSIONS

In the present study, LAB strains isolated from dairy
substrate were able to inhibit B. cereus growth in
fresh cheese, especially when species-specific LAB were
added at a high starting dosage, thus conditioning the
dairy matrix from the beginning of the storage period.
The selection of LAB as potential biopreservatives for
future application in food matrices is principally based
on their antagonistic activity, but other aspects should
be further investigated, such as acidification of the
substrate. Future research should consider selection of
strains that combine antagonistic efficacy with minimal
sensorial effects.
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