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Abstract The effect of the cell-free culture supernatants
(CFCSs) from different Lacobacillus spp. on growth ability
of Cronobacter sakazakii ATCC 29544 was investigated
by time-killing studies. The antimicrobial effect was
evaluated using crude and 2.5 x concentrated CFCSs.
Most of the CFCSs showed a dose-dependent antimicrobial
activity, with the greatest C. sakazakii growth inhibition
exerted by the CFCS 2.5 x of Lactobacillus casei rham-
nosus ATCC 7469. Indeed, C. sakazakii growth was
completely inhibited after 4 h of incubation with the crude
CFCSs of L. casei rhamnosus and Lactobacillus aci-
dophilus and after only 2 h using the related 2.5 x CFCSs.
The flow cytometric analysis revealed that CFCSs altered
the permeability of C. sakazakii cell membrane, showing
55% of live cells after 30 min of treatment with 2.5 x
CFCSs of L. casei rhamnosus and L. acidophilus, reaching
1% of live cells after 2 h of exposure. The CFCSs of L.
casei rhamnosus and L. acidophilus have showed anti-
Cronobacter activity, determining a progressively inhibi-
tion of C. sakazakii growth as result of alterations in its
membrane permeability.
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Introduction

Cronobacter sakazakii is a food-borne pathogen associated
with meningitis and necrotizing enterocolitis (NEC) in
infants, septicemia and catheter-associated infections in
elderly and immune-compromised people (Jason 2015).
Although the low incidence of infection, mortality rate is
significant, ranging from 30 to 80% and even, in case of
survival, children are often affected by sepsis, meningitis,
and brain abscess (Hunter and Bean 2013). C. sakazakii has
been frequently isolated from powdered infant formula
(PIF) (Li et al. 2016) that can be contaminated either by
intrinsic contaminations occurring during the manufactur-
ing process of PIF and extrinsic contaminations due to
contaminated utensils (Jason 2015; Kalyantanda et al.
2015). The indication of the microbiological count of En-
terobacteriaceae as a good indicator for risk of C.
sakazakii has been withdrawn by the BIOHAZ Panel, that
affirmed the “necessity of parallel testing for Enterobac-
teriaceae and C. sakazakii [...]” (Commission Regulation-
EC No 1441/2007).

Recently, there has been increased interest in the pos-
sible use of beneficial microorganisms, such as Lactic Acid
Bacteria (LAB) as a biopreservation tool to inhibit the
growth of foodborne pathogens in different food. The
mechanism underlying the activity of LAB strains against
bacterial pathogens appears to be multifactorial and include
the production of hydrogen peroxide, lactic acid, bacteri-
ocin-like molecules, stimulation of the immune system and
modulation of intestinal microbiota (Salminen et al. 2010).
The antimicrobial activity of LAB against a wide range of
food-borne pathogens is well-established in different types
of food products (Lin and Pan 2019; Lucera et al. 2012).
Several studies have indicated that the growth of most
common food pathogens, such as Listeria monocytogenes,
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Salmonella spp., Escherichia coli O157:H7, Staphylococ-
cus aureus, can be controlled in ready-to-eat meat products
by using LAB isolated either from raw meat or meat
products (Aymerich et al. 2008; Teixeira et al. 2006).
However, the antimicrobial activity of LAB against C.
sakazakii is still poorly investigated. For this, the aim of
this study was to examine the antimicrobial effect of the
cell-free culture supernatants (CFCSs) obtained from dif-
ferent Lactobacilli against C. sakazakii ATCC 29544
investigating their possible mechanism of action by a flow
cytometric protocol to detect the membrane integrity of
bacterial cells.

Materials and methods
Bacterial strains and culture conditions

Five Lactobacillus spp., including Lactobacillus aci-
dophilus ATCC 4356, Lactobacillus bulgaricus LBGR1,
Lactobacillus casei rhamnosus ATCC 7469, Lactobacillus
paracasei B21060 and Lactobacillus salivarius ATCC
11741, were included in this study. All the strains were
grown on MRS agar (Oxoid, Milan, Italy) at 37 °C for
2448 h under microaerophilic conditions (5% O,; 10%
CO,, 85% N,).

The reference strain C. sakazakii ATCC 29544 was used
in this study as an artificial contaminant microorganism.
The strain was cultivated on Tryptone Soy Agar (TSA,
Oxoid) at 37 °C for 24 h in aerobic conditions.

Time-Kill studies

Time-kill studies were performed against C. sakazakii
ATCC 29544 using the cell-free culture supernatants
(CFCSs) of the different lactobacilli obtained as reported in
Campana et al. (2012). Briefly, the strains were inoculated
into 50 ml of MRS broth (Oxoid) and incubated at 37 °C
for 18-24 h under microaerophilic conditions. At the end
of incubation, each bacterial suspension was centrifuged at
17,000 rpm at 4 °C for 15 min; the supernatants (crude
CFCSs) were adjusted to 6.5 with NaOH 5 M and collected
filtered (0.22 um pore size filters) (VWR, Milan, Italy) to
remove any remaining bacteria. Aliquots (10 ml each) of
crude CFCSs were freeze-dried to obtain a final concen-
tration of 2.5 x (2.5 x CFCSs) and stored at — 20 °C. For
time-kill experiments, 500 pl of overnight culture of
Cronobacter sakazakii ATCC 29544, adjusted to 108 cfu/
ml, was incubated at 37 °C with an equal volume of each
crude or 2.5 x CFCS. At baseline and after 2, 4 and 8 h of
incubation, aliquots were aseptically removed, serially
diluted in physiological saline solution and spread in

triplicate onto TSA (Oxoid). Plates were incubated at
37 °C for 24 h for cfu/ml determination.

Flow cytometry

To evaluate the membrane integrity of C. sakazakii ATCC
29544 cells after treatment with crude and 2.5 x CFCSs,
flow cytometric (FCM) analysis was applied using SYBR
Green-I and PI double staining. This combination of fluo-
rochromes allows distinguishing 3 different bacterial pop-
ulations: viable (SYBR Green positive cells), dead (PI
positive cells) and damaged (SYBR Green and PI positive
cells) cells.

C. sakazakii ATCC 29544 overnight suspension
(500 pl) was treated with an equal volume of crude or
2.5 x CFCS for 30 min, 1 and 2 h and, then, labelled with
SYBR Green-I (1/10.000, v/v) (Molecular Probes, Inc.,
Eugene, OR, USA) and PI (10 pg/ml) (Sigma) for 15 min
in the dark at room temperature (Barbesti et al. 2000).
Before being processed by FACSCalibur (Becton—Dickin-
son), equipped with 488 nm laser, 30 pl of CytoCount
beads (DaKoCytomation) were added to each sample in
order to obtain absolute cell numbers. Multi-parametric
analyses were performed on both scattering signals (FSC
and SSC) and FL1/FL3 channels. In particular, the SYBR
Green I green fluorescence was detected on FL1 (530/30)
while PI red fluorescence was detected on FL3 (> 670).
The data were analysed using CellQuest software (Becton—
Dickinson Biosciences).

Statistical analysis

Statistical analysis was performed using Prism 5.0
(GraphPad Software, Inc., La Jolla, USA). All the data are
expressed as the mean values obtained in three independent
experiments performed in duplicate. The conditions nec-
essary to perform parametric tests were checked before
conducting the analysis, otherwise non-parametric tests
were utilized. The level of significance was considered
o = 0.05.

Results and discussion

In the present study, the antimicrobial effect of CFCSs
obtained from different lactobacilli was tested against C.
sakazakii ATCC 29544. The crude CFCSs of L. casei
rhamnosus ATCC 7469 and L. acidophilus ATCC 4356
completely inhibited the growth of C. sakazakii ATCC
29544 after 4 h of incubation (P < 0.01), while the others
crude CFCSs showed an antimicrobial effect after 8 h of
incubation, with cfu/ml values ranging from 4.09 x 10° to
1.9 x 10% cfu/ml in presence of L. salivarius ATCC 11741

@ Springer



3964

J Food Sci Technol (August 2019) 56(8):3962-3967

or L. bulgaricus LBGRI1 respectively (P < 0.05) (Fig. 1a).
All the 2.5 x concentrated CFCSs showed a more
remarkable effect on C. sakazakii ATCC 29544 growth
ability in comparison to the related crude CFCSs, with a
reduced time of exposition (P < 0.01). Indeed, the com-
plete growth inhibition of C. sakazakii ATCC 29544 was
reached after 2 h of incubation with L. casei rhamnosus

Fig. 1 Effect of CFCSs
obtained from different
Lactobacillus spp. strains
against C. sakazakii ATCC
29544 growth assessed by time-
kill studies: a crude CFCSs;

b 2.5 x concentrated CFCSs.
All data were expressed as the
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ATCC 7469 and L. acidophilus ATCC 4356 2.5 x CFCSs.
Moreover, 7.33 x 10> and 6.2 x 10% cfu/ml were evi-
denced after 4 h of incubation with 2.5 x CFCS of L.
bulgaricus LBGR1 and L. salivarius ATCC 11741
respectively, reaching the complete growth inhibition of C.
sakazakii ATCC 29544 in the case of 2.5 x CFCS of L.
bulgaricus LBGR1 (Fig. 1b). Our results indicated that
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Table 1 Effect of CFCSs on membrane permeability of C. sakazakii ATCC 29544

Percentages (%, mean =+ standard deviation) of bacterial cells

Damaged Dead Live

30 min

C. sakazakii ATCC 29544 plus
L. acidophilus ATCC 4356 crude CFCS 23 (£ 2.1) 12 (£ 0.5) 65 (£ 0.2)
L. acidophilus ATCC 4356 2.5 x CFCS 31 (£ 1.1) 14 (£ 0.2) 55 (£ 1.2)
L. bulgaricus LBGR1 crude CFCS 15 (£ 1.5) 5(£0.3) 80 (= 0.7)
L. bulgaricus LBGRI1 2.5 x CFCS 21 (£ 0.5) 8 (£ 1.0) 71 (£ 2.0)
L. casei rhamnosus ATCC 7469 crude CFCS 25 (£ 1.1) 20 (£ 2.5) 55 (£ 0.7)
L. casei rhamnosus ATCC 7469 2.5 x CFCS 30 (£ 0.5) 32 (£ 1.5) 38 (£ 1.2)
L. paracasei B21060 crude CFCS 19 (£ 1.7) 4 (£0.5) 77 (£ 0.5)
L. paracasei B21060 2.5 x CFCS 22 (£ 2.5) 4(£0.2) 74 (£ 0.3)
L. salivarius ATCC 11741 crude CFCS 10 (£ 1.4) 3(x£0.7) 87 (£ 0.5)
L. salivarius ATCC 11741 2.5 x CFCS 15 (£ 0.7) 5 (£ 0.5) 80 (£ 1.2)
C. sakazakii ATCC 29544 1(£0.3) 2(£0.2) 97 (£ 0.5)

lh

C. sakazakii ATCC 29544 plus
L. acidophilus ATCC 4356 crude CFCS 12 (£ 0.5) 45 (£ 0.5) 43 (£ 0.2)
L. acidophilus ATCC 4356 2.5 x CFCS 36 (£ 0.5) 61 (£ 1.5) 3(x0.1)
L. bulgaricus LBGR1 crude CFCS 17 (£ 0.8) 11 (£ 0.2) 71 (£ 0.5)
L. bulgaricus LBGR1 2.5 x CFCS 39 (£ 0.1) 25 (£ 0.5) 36 (£ 0.3)
L. casei rhamnosus ATCC 7469 crude CFCS 19 (£ 0.2) 74 (£ 0.4) 7 (£ 0.3)
L. casei rhamnosus ATCC 7469 2.5 x CFCS 14 (£ 0.5) 81 (£ 0.3) 5 (£ 0.5)
L. paracasei B21060 crude CFCS 20 (£ 0.4) 10 (£ 0.5) 70 (£ 1.5)
L. paracasei B21060 2.5 x CFCS 17 (£ 0.5) 13 (£ 0.7) 70 (£ 0.9)
L. salivarius ATCC 11741 crude CFCS 10 (£ 0.3) 5(£0.5) 85 (£ 0.5)
L. salivarius ATCC 11741 2.5 x CFCS 20 (£ 0.2) 12 (£ 0.6) 68 (£ 0.7)
C. sakazakii ATCC 29544 2 (£0.5) 1(£0.2) 97 (£ 0.2)

2h

C. sakazakii ATCC 29544 plus
L. acidophilus ATCC 4356 crude CFCS 10 (£ 0.5) 57 (£ 0.3) 33 (£ 0.5)
L. acidophilus ATCC 4356 2.5 x CFCS 18 (£ 0.4) 81 (£ 0.5) 1(£0.5)
L. bulgaricus LBGR1 crude CFCS 20 (£ 0.5) 18 (£ 0.2) 62 (£ 0.2)
L. bulgaricus LBGR1 2.5 x CFCS 48 (£ 0.7) 21 (£ 0.5) 31 (£0.2)
L. casei rhamnosus ATCC 7469 crude CFCS 16 (£ 1.2) 83 (£ 1.0) 1(£0.5)
L. casei rhamnosus ATCC 7469 2.5 x CFCS 4 (£ 0.5) 96 (£ 0.4) 0
L. paracasei B21060 crude CFCS 14 (£ 0.4) 22 (£ 0.5) 64 (£ 1.0)
L. paracasei B21060 2.5 x CFCS 20 (£ 0.4) 17 (£ 0.5) 63 (£ 0.1)
L. salivarius ATCC 11741 crude CFCS 10 (£ 0.5) 6 (£ 0.3) 84 (£ 0.2)
L. salivarius ATCC 11741 2.5 x CFCS 37 (£ 0.1) 14 (£ 0.2) 49 (£ 0.5)
C. sakazakii ATCC 29544 2 (£ 0.4) 3(£0.5) 95 (£ 0.4)

Data represent the percentages of damaged, dead and live cells after exposure for 30 min, 1 h and 2 h to several crude and 2.5 x CFCSs, as

determined by FCM using the double staining SYBR Green I and PI

most of the tested lactobacilli effectively produced
antimicrobial compounds able to limit the growth of C.
sakazakii ATCC 29544. These data confirmed that Lacto-
bacillus spp. showed to exert the greatest antimicrobial
activity against C. sakazakii. Indeed, Awaisheh et al.
(2013) reported the antibacterial activity of supernatants

obtained from L. acidophilus and L. casei, isolated from
feces of healthy infants, against different strains of C.
sakazakii; similarly, Charchoghlyan et al. (2016) and Kim
et al. (2018) indicated the ability of different Lactobacillus
species to inhibit the growth of this pathogenic
microorganism.
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In the last decade, new approaches for the rapid
assessment of bacterial viability have been increasingly
favored, and among these, the flow cytometry with dif-
ferent stains (fluorochromes) in combination has been
shown to be a powerful tool for a rapid analysis of bacterial
populations (Leonard et al. 2016). For this reason, we used
FCM to verify the membrane integrity of C. sakazakii
ATCC 29544 after exposure to the different CFCSs. The
combination of fluorochromes allows distinguishing 3
different bacterial populations: viable (SYBR Green posi-
tive cells), dead (PI positive cells) and damaged (SYBR
Green and PI positive cells) cells. In general, a decrease of
viable cells with a parallel increase of dead cells was
observed at all the examined time-points (30 min, 1 h and
2 h) (Table 1). In detail, after 30 min of exposition, the
percentage of SYBR green I positive C. sakazakii ATCC
29544 cells ranged from 38% in presence of 2.5 x CFCS
of L. casei rhamnosus ATCC 7469 to 87% with crude
CFCS of L. salivarius ATCC 11741. Parallel, the higher
percentages of dead cells (32%) and damaged cells (30%)
were observed in presence of 2.5 x CFCS of L. casei
rhamnosus ATCC 7469. After 1 h of exposition, the per-
centage of live cells drastically decreased to 7 and 5% in
presence of L. casei rhamnosus ATCC 7469 crude and
2.5 x CFCSs respectively; similarly, only 3% of live C.
sakazakii ATCC 29544 were detected in presence of 2.5 x
CFCS of L. acidophilus ATCC 4356. A concomitant
increase of dead and damaged C. sakazakii ATCC 29544
cells percentages were evidenced, with 74 and 81% of dead
cells in presence of L. casei rhamnosus ATCC 7469 crude
and 2.5 x CFCSs respectively. Similarly, 45 and 61% of
dead cells were determined in presence of L. acidophilus
ATCC 4356 crude and 2.5 x CFCSs respectively. The
percentage of damaged C. sakazakii ATCC 29544 cells
proportionally increased with all the others crude and
2.5 x CFCSs. After 2 h of exposure to CFCSs, in most
cases a remarkable general decrease of C. sakazakii ATCC
29544 live cells was observed; L. acidophilus ATCC 4356
crude and 2.5 x CFCSs showed the highest antimicrobial
effect with the complete loss of C. sakazakii ATCC 29544
viability (0 and 1% of live cells respectively). Analogously,
low percentage of live C. sakazakii ATCC 29544 cells
(1%) was detected in presence of 2.5 x CFCS of L. aci-
dophilus ATCC 4356. From our data, can be observed that
after a relatively short time of exposure to the different
CFCSs (from 30 min to a maximum of 1 h), the membrane
of C. sakazakii ATCC 29544 was progressively compro-
mised up to the final death after 2 h of exposure to the
crude and 2.5 x CFCSs of L. casei rhamnosus ATCC 7469
(83 and 96% of dead cells respectively). The observed
bactericidal effect probably results from the production of
such as organic acids, hydrogen peroxide, bacteriocins and
carbon peroxide, representing one of the action mechanism
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of lactobacilli to contrast pathogens growth with a positive
effect to human health (Lebeer et al. 2008). Indeed, the
recent investigation of Yi et al. (2018) reported as the
bacteriocin BMP11 produced by L. crustorum MN047 was
able to destroy the integrity of C. sakazakii envelope, thus
causing cell wall perforation and membrane permeabilia-
tion. In this sense, we also have evidenced the ability of
selected CFCSs (crude and 2.5 x) to progressively inhibit
the growth of C. sakazakii inducing changes in the mem-
brane permeability with a gradual compromising of the
treated cells. For these reasons, our results suggest that
CFCSs could be directly used as an antimicrobial avoiding
costly recovery processes since the exhausted broths con-
taining mixtures of organic acids, thus providing new
perspectives for the use of this “natural” antimicrobial
compound. Nevertheless, toxicological studies must be
performed to determine the true potential use of CFCSs for
different fields of application, such in infant foods. In term
of mechanism of action, FCM analyses showed that CFCSs
altered the membrane permeability, as resulted by the
coexistence of different subpopulations (viable, dead, and
damaged) after antimicrobial treatment (Ciandrini et al.
2016; Diaz et al. 2010). Further studies are required to
identify the metabolite components responsible of the
observed antimicrobial activity and to obtain more infor-
mation on their action mechanisms.
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