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A sodium caseinate film containing nisin (1000 IU/cm?) was produced and used to control Listeria innocua
in an artificially contaminated cheese. Mini red Babybel® cheese was chosen as a model semi-soft cheese.
L. innocua was both surface- and in-depth inoculated to investigate the effectiveness of the antimicrobial
film as a function of the distance from the surface in contact with the film. The presence of the active film
resulted in a 1.1 log CFU/g reduction in L. innocua counts in surface-inoculated cheese samples after one
week of storage at 4 °C as compared to control samples. With regard to in-depth inoculated cheese
samples, antimicrobial efficiency was found to be dependent on the distance from the surface in contact
Antimicrobial packaging with_the active films to the cheese matrix. The inactivation rates obtaine.d were 1.1, 0.9 and 0.25 log CFU/g
Sodium caseinate for distances from the contact surface of 1 mm, 2 mm and 3 mm, respectively. Our study demonstrates the
Nisin potential application of sodium caseinate films containing nisin as a promising method to overcome
Listeria innocua problems associated with post-process contamination, thereby extending the shelf life and possibly
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enhancing the microbial safety of cheeses.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The growing consumer’s concern for health and natural product
is becoming a driving force for research and innovation in many
fields of the food industry. One important problematic is the
replacement of ingredients from chemical synthesis or having a bad
health image by natural ones. This movement is now reaching the
field of food preservatives. These compounds are employed for
food that cannot be sterilized due to heat sensitivity but they
include a great number of compounds with a chemical image. As
a result, a growing attention is put on natural antimicrobial agents
by scientists as well as food industries. These compounds can be
incorporated directly into the product formulation to inhibit growth
of undesirable microorganisms in food during storage. However,
if no inhibiting interaction occurs between the antimicrobial
compound and the food matrix, this will result in an immediate
and short-term reduction of bacterial populations. If a long-term
reduction is needed, antimicrobials may be directly coated onto the
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surface of food or incorporated into packaging materials. These
antimicrobial films can maintain their activity, thus slowing down
bacterial growth during extended storage after packaging (Hoffman
et al.,, 2001).

Nisin is probably, with chitosan, the commercially available
antimicrobial the most used in the food industry as food bio-
preservative worldwide. Nisin is a cationic peptide belonging to the
bacteriocin group that is produced by certain strains of Lactococcus
lactis. 1t is the only bacteriocin recognized as safe for the food
industry by the World Health Organization. It has antimicrobial
properties, especially against many Gram positive bacteria, such as
the foodborne pathogens Listeria monocytogenes, Staphylococcus
aureus or Bacillus cereus (Brewer et al., 2002; Lopez-Pedemonte
et al., 2003; Sobrino-Lopez and Martin-Belloso, 2006). However,
it exhibits little or no activity against Gram negative bacteria, yeasts
and moulds.

Due to its effect on the important Gram positive foodborne path-
ogens, many studies have focused on the incorporation of nisin into
various kinds of films made of cellulose, nylon, whey protein isolate,
hydroxypropyl methylcellulose, zein etc. and their use as nisin
delivery systems packaging films to reduce undesirable bacteria in
foodstuff (Chollet et al., 2008; Coma et al., 2001; Gadang et al., 2008;
Ko et al., 2001; Kristo et al., 2008; Natrajan and Sheldon, 2000; Neetoo
et al, 2008; Nguyen et al., 2008; Teerakarn et al, 2002). Nisin
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effectiveness in food products depends on its diffusion throughout the
food matrix, which depends on several parameters such as the
composition and physico-chemical properties of food, the storage
temperature, etc. (Carnet Ripoche et al., 2006).

Cheese is a ready-to-eat product which is considered as
a “potentially hazardous food”. The probability of consuming
a contaminated cheese has even been estimated at 65.3% for soft
cheese made with raw milk (Bemrah et al., 1998). Depending on
the type of cheese and especially on the physico-chemical prop-
erties of the matrix (density of the gel, moisture...), of the origin of
the contamination (from raw materials, during the cheese making
or ripening), and of the contaminant species (L. monocytogenes,
Salmonella spp., Escherichia coli, S. aureus...), pathogenic bacteria
can develop more or less toward the interior of the product.
Among pathogenic microorganisms of most concern to cheese
makers, L. monocytogenes represents the highest risk. Indeed,
in comparison with other foodborne diseases associated with
cheese, listerioses occur with both higher severity and probability.
Furthermore, Listeria survives if not thrives under the conditions of
cheese making and it is able to grow at refrigeration temperatures
corresponding to the cheese ripening and storage temperatures.
Cheese storage is thus a step important to control. However, to
our knowledge, this problematic has generated relatively little
work on the utilization of antimicrobial films to inhibit undesirable
microorganisms in cheese during storage. Zottola et al. (1994)
demonstrated that addition of nisin in Cheddar cheese resulted
in significant reductions on the numbers of pathogenic bacteria in
cheese after eight weeks of storage. Scannell et al. (2000) inves-
tigated the immobilization of nisin and lacticin 3147 within
packaging materials. The authors reported that the combination of
antimicrobial packaging with modified atmosphere conditions
and refrigeration temperatures reduced the levels of Listeria
innocua and S. aureus by more than 2 log and 1.5 log units,
respectively. Chollet et al. (2008) pointed out interactions between
nisin and Emmental cheese slurry with antimicrobial activity
when adding nisin directly to cheese. However, information on the
effectiveness of nisin-coated films in inhibiting bacteria in cheese
and the migration of nisin from active films to cheese matrix is
still lacking. In dairy products, contamination can occur in the
liquid milk, resulting in the inoculation of the whole product, or
after milk gelation, in this case, contaminating cells remain near
the contact area (Ly et al., in press). However, cell movement can
depend on the physico-chemical structure of the matrix although
this parameter has not been much investigated in real food
products. Depending on the cell movement, a surface antimicro-
bial treatment can be more or less efficient. It is thus particularly
important to evaluate the depth of both the efficiency of the
treatment and the cell development. The purpose of this study was
to investigate the effect of sodium caseinate films containing nisin
on the inhibition of L. innocua from artificially contaminated
cheese. Mini red Babybel® cheese was chosen as a model of semi-
soft and non-cooked cheese. This cheese has been used as a model
of food mixture for development of microorganisms such as Lis-
teria, Salmonella (Hallier-Soulier et al., 2005) or Staphylococcus
(Meyrand et al., 2000).

The antimicrobial activity produced by the films against the
evolution of L. innocua in experimentally contaminated cheese
was determined during a seven-day storage at 4 °C under aerobic
conditions. The influence of the food matrix on the growth of
microorganism and also on the antimicrobial properties of the
nisin film has been evaluated. For this purpose, cheeses were
artificially contaminated by two different methods, surface- and
in-depth contamination, to evaluate the effect of active bacterial
film against bacteria on the surface and in the interior of the
packaged product.

2. Materials and methods
2.1. Preparation of nisin standard solution

Nisin, from Sigma—Aldrich (Sigma Chemical, St. Louis, MO, USA),
was prepared by dissolving 0.1 g of a 2.5% nisin powder in 2 ml of
a 0.01 M HCl solution (pH = 2). The resulting solution was filtered
through a 0.2 pm-pore-size Millipore filter (Nalgene, Rochester,
New York, USA) and stored at 4 °C before use.

2.2. Preparation of nisin-coated sodium caseinate films

Films were prepared as previously described by Kristo et al.
(2008). Sodium caseinate (6% w/v) (Sigma—Aldrich) was dissolved
in distilled water under continuous stirring. After total dissolution,
sorbitol (Sigma—Aldrich) was added as the plasticizer at a concen-
tration of 25% (w/w) which is necessary to overcome the brittleness
and to improve the flexibility and extensibility of sodium caseinate
films (Kristo et al., 2008). The nisin solution was then added to the
sodium caseinate solution to reach a final concentration of bacte-
riocin of 500 pg/ml. After vacuum-degassing to remove air bubbles,
films were cast with 12.5 g portions of sodium caseinate solutions,
poured into 90 mm plastic Petri dishes and then dried at 37 °C
for 24 h. The amount of pure nisin in the resulting nisin-coated films
was of 6.25 mg/g, corresponding theoretically to 0.04 mg (or
1000 IU)/cm? surface area of active film (Jin and Zhang, 2008).

2.3. Evaluation of the antimicrobial activity of the film

Before each experiment, the antimicrobial activity of the films
(control- and nisin-containing-films) was determined with the
zone inhibition assay using L. innocua as the test microorganism.
In that goal, an overnight culture of L. innocua was prepared in
Fraser broth (Sigma—Aldrich) at 37 °C. For the antimicrobial test,
films were cut into 4 mm diameter discs before being brought into
contact with the Plate Count Agar (PCA) medium previously inoc-
ulated with 1 ml culture of L. innocua (containing 10'° CFU/ml). The
Petri dishes were incubated at 37 °C for 48 h. The antimicrobial
activity of the film was evaluated through the presence of inhibition
zones around the disc.

2.4. Packaging of surface-contaminated cheese
with sodium caseinate films

Commercially-packaged mini red Babybel® (23.5% fat, 22%
protein, 0.67% calcium, 0.67% sodium, pH = 5.2, water content 48%,
ay 0.97 (Canac-Arteaga et al., 1999)) was locally purchased. Cylin-
dric slices of cheese (5 mm diameter and 1 mm thickness)
were obtained with a sterile pastry cutter and then piled up. The
suspension of L. innocua was prepared by transferring and diluting
one colony of L. innocua maintained on Tryptic Soy Agar (Sigma-
—Aldrich) plates into 100 ml of sterile physiological water. 20 ul of
this inoculating suspension was spread on the first slice (slice 1)
of each pile of cheese slices (Fig. 1). The final concentration of
L. innocua on the cheese surface was about 10° CFU/cm?. After
inoculation, the piles of cheese slices were placed upside down in
Petri dishes containing the control or nisin-coated films placed on
the bottom of the dish. The contaminated side of cheese slices was
thus in contact with films (Fig. 1). This experiment was carried
out to evaluate the proliferation of L. innocua from the surface to the
interior of cheese samples (from slice 1 to the next slices) and
the efficiency of the active films to control L. innocua in the cheese
product depending on the distance from the nisin-containing film.
Petri dishes with piles of cheese slices were then stored at 4 °C and
bacterial viability in cheese slices was periodically analyzed.
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Fig. 1. Schematic representation of experiments performed to assess the antimicrobial
film effect on L. innocua inhibition on the cheese slice surface.

2.5. Packaging of in-depth contaminated cheese with sodium
caseinate films

In the first experiment, the inoculation of cheese slices with
L. innocua was done in surface and then the proliferation of
L. innocua in the cheese matrix was evaluated by counting bacteria
in cheese slices. This second experiment was designed with
the objective of testing the efficiency of the active films against
L. innocua present in the surface and also in the interior of the cheese
matrix. For this purpose, Babybel® cheeses were in-depth contam-
inated with L. innocua. Cheese samples were mixed with a L. innocua
suspension and were then reconstituted using sodium alginate as
the gelling agent. For this experiment, cheese slurries were obtained
by homogenizing 40 g of Babybel® for 10 min at room temperature
with 3 ml of 0.5% calcium chloride with an IKA Ultra-Turrax T25
System (IMLAB, Lille, France) set to 24,000 rpm. The inoculum was
prepared by diluting one colony of L. innocua into 1 ml of sterile
physiological water. An aliquot of this suspension (408 ul) was
added to cheese slurries to obtain a final concentration of L. innocua
of 3—5 x 10° CFU/g of cheese. Thereafter, 15 ml of 1% sodium
alginate solution were added to cheese slurries (40 g) to permit gel
formation and cheese reconstitution. This method resulted in
a reconstituted cheese with 70% w/w of Babybel®. The mixture was
homogenized again for 10 min then placed in sterile Petri dishes
(40 g of reconstituted cheese slurries per dish) in which the bottom
was covered with control or nisin-coated film. These Petri dishes
were stored at 4 °C and bacterial viability in reconstituted cheese
slurries was periodically analyzed. In that goal, discs of reconstituted
cheese slurries with dimensions similar to the one of the discs of
the first experiment (5-mm diameter and 1-mm thickness) were
obtained by cutting with a sterile pastry cutter (cut from the contact
surface with the nisin-coated film).

2.6. Microbiological analyses

To fit more with reality, the inoculation amounts used in this
study were generally lower than those used in other studies (Coma
et al., 2002; Nguyen et al., 2008; Sanjurjo et al., 2006). However,
they were sufficient to obtain Listeria’s development in less than 7
days. Cheese samples were analyzed after 1, 3 and 7 days of storage
at 4 °C. For microbial analyses, cheese slices obtained from
both surface- and in-depth inoculation samples were mixed with
10 ml of sterile physiological water and homogenized with the
Ultra-Turrax homogenizer. Appropriate serial decimal dilutions
were made in sterile physiological water. Counts of L. innocua were
determined in triplicate using the drop-plate method (Bremer et al.,
1998) by plating cell suspension on a selective medium for
enumeration of Listeria (PALCAM, Difco Laboratories, Detroit, USA).
Colonies were counted after a 48-h incubation at 37 °C.

2.7. Statistical analysis

The counts of L. innocua were converted to CFU/g and analyzed
by a one-way ANOVA procedure. Differences in CFU/g means
among treatments were determined using Tukey test (a« = 0.05).

3. Results and discussion
3.1. Zone inhibition assay

The antibacterial activity of the sodium caseinate films con-
taining nisin produced in this study against L. innocua on PCA plates
was determined by measuring the diameter of inhibition zones
around the films after incubation. The diffusion assay showed that
there was no inhibition zone around the sodium caseinate films
without nisin, indicating that the films alone had no antimicrobial
activity. On the contrary, an inhibition zone of 13 mm diameter was
observed around the nisin-coated film disc, corresponding to a total
diameter of inhibition of 17 mm for an initial disc diameter of 4 mm.
This indicated diffusion of nisin from the active films to the
solid medium which induced consequently growth inhibition of
L. innocua in the medium, suggesting the effectiveness of the nisin-
coated film fabrication method.

3.2. L. innocua inhibition on the cheese slice surface

In this experiment, piles of cheese slices (1-mm thickness) were
surface-inoculated with L. innocua then brought in contact with
sodium caseinate films containing nisin (c.f. Fig. 1). L. innocua
counts were determined after 0, 1, 3 and 7 days of storage at 4 °C.
Results showed that in both control (in contact with the nisin-free
films) and treated cheese samples (in contact with the nisin-coated
films), bacteria were only detected in slice 1 which was directly
surface inoculated with Listeria but not in other cheese slices during
the storage period (P < 0.05). It indicated that in our experimental
conditions, the inoculated bacteria developed only on the surface of
slice 1 and did not penetrate up to 1 mm (thickness of each cheese
slice) of the cheese matrix. This may be attributed to the structure
of the cheese model chosen which does not necessarily favor the
movement of the bacteria toward the interior of the cheese matrix.
Hallier-Soulier et al. (2005), when studying the development
of Listeria and Salmonella in food using Babybel® as food mixture
model, have shown that this cheese is an appropriate environment
for the development of both studied strains. However, the prolif-
eration of the bacteria toward the interior of the food matrix has
not been studied yet.

As shown in Fig. 2, after 24-h incubation at 4 °C, it was found that
the number of Listeria in slice 1 decreased sharply in both control
samples (~50% population reduction) and treated samples ( ~90%).
At day 3, difference in the bacteria behavior was observed between
two samples: the bacterial population in untreated samples increased
to the initial level then remained stable until day 7 of storage, while no
increase in the number of Listeria was observed in treated samples
until day 7 (Fig. 2). These results suggested in one hand that there was
no growth of Listeria in cheese at 4 °C. The same results were obtained
with L. monocytogenes growth in semi-soft cheeses during refrigerated
storage (Genigeorgis et al., 1991; Morgan et al., 2001; Rogga et al.,
2005). On the other hand, our microbial analyses confirmed the
results obtained with the diffusion assay that the sodium caseinate
films alone did not affect the survival of L. innocua. This observation
was in agreement with that reported by Kristo et al. (2008), who
showed that antimicrobial-free sodium caseinate films were not
effective by themselves to inhibit growth of L. monocytogenes.

With regard to slice 1 of treated samples which was directly in
contact with the nisin film, more than 90% of the bacterial
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Fig. 2. Changes in L. innocua counts in slice 1 during storage at 4 °C. (H): surface-
inoculated cheese sample in contact with nisin-free film; (): surface-inoculated
cheese sample in contact with nisin-coated film.

population were inactivated at day 1 of storage at 4 °C (Fig. 2),
corresponding to 1.1 log CFU/g of inactivation. However, no signif-
icant variation in bacterial counts was recorded between day 1 and
day 7 (Fig. 2). Since there was no growth of L. innocua in control
sample, it could be said that 1.1 log CFU/g reduction is the maximum
inactivation level reached with contaminated cheese samples in
contact with the active films produced at 4 °C. This inactivation level
obtained was similar to that obtained by Maisnier-Patin et al. (1992)
when working with Camembert cheese containing the nisin-
producing starter artificially contaminated with L. monocytogenes.

In order to verify the diffusion of nisin into cheese slice samples
in contact with nisin films, after one day storage at 4 °C, three first
cheese slices were cut into 4 mm diameter discs and placed on PCA
agar inoculated with L. innocua. The diffusion assay showed that
there was no inhibition zone around the cheese slices deposited on
agar medium inoculated with L. innocua, even for slice 1 which was
in direct contact with the active films. It is known that nisin diffused
through distances varying from 1 to 2 mm and its antimicrobial
activity is less effective in food with high fat content (Aasen et al.,
2003; Carnet Ripoche et al., 2006). It has been shown that the
hydrophobic nature of nisin could favor bonds with the high fat
level containing in Emmental cheese (Liu and Hansen, 1990).
Chollet et al. (2008) reported that nisin interacted with the cheese
matrix, likely milk fat globules. Aasen et al. (2003) also showed that
80% of the added nisin were lost due to its interaction with protein
in food. Thus, two hypotheses may explain the absence of inhibition
zone in our assay of evaluation of nisin bioactivity in cheese slice
samples: (i) There was no or low diffusion of nisin from the film into
cheese slices, thus dilution of nisin concentration below active
concentration due to migration into the food matrix. (ii) Nisin
antimicrobial activity may be lost due to inactivation of nisin by
food components, particularly proteins and fat.

3.3. L. innocua inhibition on the in-depth contaminated cheese

In this second experiment, to study the effect of antimicrobial
films on in-depth contaminated food products, Babybel® cheese
slurries were obtained then contaminated with L. innocua
before being reconstituted, forming an homogenously contaminated
cheese slurry. The homogeneity of bacterial concentration in
the reconstituted cheese slurry obtained was verified by taking
randomly three discs of cheese with the same dimensions from the
reconstituted cheese slurry to determine the number of L. innocua
in each slice. No significant difference was observed in L. innocua
populations in three discs (P < 0.05), bacterial counts varied in
arange of 4.2 x 10° + 1.2 x 10° CFU/g (results not shown), indicating
that the reconstituted cheese slurries obtained were homogenously
in-depth contaminated.

To investigate the nisin effectiveness with respect to the distance
from the surface contact, three slices were cut from control (in
contact with nisin-free film) and treated (in contact with active film)
samples, each 1 mm deep: slice 1 (1 mm from the surface of the film),
slice 2 (2 mm) and slice 3 (3 mm). Fig. 3a—c display changes in
L. innocua counts in each during storage at 4 °C. After one day at4 °C,
it was found that the number of L. innocua increased about 150%
and 50% CFU/g in all three slices of control and treated samples,
respectively (Fig. 3a—c). However, bacterial counts remained
generally stable in control samples during the storage period at 4 °C,
whereas at day 3, decrease in the number of L. innocua was observed
in all three slices of treated samples covered with films containing
nisin. This decrease was found to be dependent on the distance from
the surface contact, as bacterial concentration was the lowest in slice
1, then slices 2 and 3 (Fig. 3a—c). It is important to note that slice 1
was in direct contact with the active film, while slices 2 and 3 were 1
and 2 mm of distance from the contact surface with the film,
respectively. It indicated that the concentration of nisin released
from the active film was higher in slice 1 than that in slices 2 and 3,
giving consequently higher inactivation rate of L. innocua in slice 1 in
comparison with the other slices. Our results were in agreement
with those of Sebti et al. (2003) who found that film effectiveness
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Fig. 3. Changes in L. innocua counts in (a) slice 1 (d = 1 mm), (b) slice 2 (d = 2 mm) and
(c) slice 3 (d = 3 mm) obtained from in-depth contaminated-reconstituted cheese
samples during storage period at 4 °C. (H): control samples in contact with nisin-free
film; (0O): treated samples in contact with nisin-coated film. * > ‘Indicate significant
differences between samples (P < 0.05).
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Table 1
Inactivation of L. innocua (log CFU/g) in treated cheese during storage at 4 °C.
Day 1 Day 3 Day 7
Slice 1 04 0.8 1.1
Slice 2 04 0.8 0.9
Slice 3 0.4 0.3 0.25

depended on both nisin desorption from the film and diffusion
through food matrix. Chollet et al. (2009), who developed model of
nisin desorption from polyethylene-based films and diffusion in
agarose gel, also reported that concentration of nisin in agarose gel
decreased with increasing the distance from the surface of contact
with the antimicrobial films.

Overall, during the storage period study, the nisin-containing
sodium caseinate films were shown to be effective in reducing
growth of L. innocua in cheese samples. After 7 days of refrigerated
storage, the inactivation level converted in log CFU/g was 1.1, 0.9 and
0.25 with slices 1, 2 and 3, respectively (Table 1). This inactivation
rate was comparable with that obtained by Nguyen et al. (2008)
while studying the effect of nisin-containing bacterial cellulose
films (2500 IU/ml) on L. monocytogenes on the surface of smoked
salmon and of frankfurters. Kristo et al. (2008) found that nisin-
coated sodium caseinate films completely inhibited pathogen growth
on agar for the first three days of storage, since the L. monocytogenes
numbers were below the detection limit. They also reported that
nisin films were the most effective against Listeria among the tested
films (nisin, K sorbate and Na lactate-containing sodium caseinate
films) as nisin may be released more slowly from the sodium
caseinate matrix than the two salts Na and K, thus maintaining an
effective concentration on the contact surface (Kristo et al., 2008).

In conclusion, our study demonstrates the effectiveness of
the nisin-coated sodium caseinate films against L. innocua in
cheese during storage at refrigerated temperatures, indicating that
combining nisin into sodium caseinate films is a promising method
to enhance the safety and extend the shelf life of processed cheeses.
Particularly, it was shown that although nisin did not migrate
much inside the cheese matrix, its effect was sufficient for surface-
contaminated products since results showed that cells were not
encountered at more than 1-mm depth but developed mostly in
the surface. It would be interesting to produce active films with
higher nisin concentration and to analyze the effectiveness of the
antimicrobial films for longer storage period to determine the
maximum food shelf life extension as well as the efficiency against
other undesirable microorganisms such as mould and yeast.
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