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Polyethylene films coated by commercially available polyvinyldichloride (PVdC) as well as nitrocellulose
(NC) lacquer with addition of natamycin preparation Delvocid� (16.7% w/w of natamycin in lacquer)
were studied at 6 and 23 �C to determine the preservative migration into distilled water. The films
released natamycin at maximal level 2.34 ± 0.32 mg/dm2. The diffusion coefficient of 0.79 � 10�10 ±
0.29 � 10�10 cm2/s and 1.03 � 10�10 ± 0.17 � 10�10 cm2/s was determined for natamycin transport in
PVdC lacquer layer at 6 and 23 �C, respectively. For nitrocellulose lacquer the diffusion coefficient of
0.89 � 10�10 ± 0.16 � 10�10 cm2/s was found at 23 �C. The coextruded polyamide/polyethylene film
coated with the PVdC lacquer containing both nisin (16.7% w/w of preparation Nisaplin�) and natamycin
(see above) provided inhibitory effect against selected indicator microorganisms (Penicillium expansum,
Fusarium culmorum, Lactobacillus helveticus, Listeria ivanovií). This film was unsuitable for the packaging
of the surface ripened cheese Olomoucké tvarůžky. On the other hand, it was able to prevent the growth of
spoilage microorganisms on the surface of the packaged soft cheese Blaťácké zlato.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Packages with antimicrobial activity based on preservative
releasing provide a promising form of active packaging systems
applicable in food processing. Different types of such systems as
well as the possibility of their application in food processing have
been reviewed, recently for example by Devlieghere et al. (2004)
and Kerry et al. (2006).

The bacteriocin nisin is widely used as a food preserving agent
namely in dairy industry against the Gram-positive bacteria
(Delves-Broughton, 1990; Thomas and Delves-Broughton, 2005).
Its application via packaging systems has been already described
(Krejčová et al., 2004; Cooksey, 2005; Nguyen et al., 2008).

Natamycin (also known as pimaricin) belongs to polyethylene
antibiotics. It is produced by a submerged aerobic fermentation
of Streptomyces natalensis and related species. It is used as a food
additive on the surface of cheeses and dry sausages because of
its activity against the growth of yeasts and moulds. Its low solu-
bility in water and most of organic solvents makes it suitable for
the surface treatment of foods. Although it was proved that nata-
mycin has no toxic effects even at the high levels of ingestion, its
application as food additive is restricted because of the possible
danger of resistance formation (Delves-Broughton et al., 2005).
ll rights reserved.

udisová).
The aim of this paper was (i) to study the migration of natamy-
cin from the LDPE film coated with the synthetic lacquer contain-
ing this preserving agent and (ii) to test the antimicrobial efficiency
of the coextruded polyamide/polyethylene film coated with the
lacquer containing both nisin and natamycin for the packaging of
the two types of traditional Czech cheeses under industrial
conditions.

2. Materials and methods

2.1. Packaging materials

Polyethylene film (LDPE, thickness 30 lm) with one side treated
by corona. After the corona treatment a surface tension was higher
than 38 mN/m. This treatment was made by film producer (Alia-
chem a.s., o.z. Fatra Napajedla, Czech Republic) as the routine prep-
aration of film surface for printing. The corona treated surface of
the film was manually coated with lacquers containing antifungal
agent natamycin using following procedure. The solid contents of
the polyvinyldichloride (PVdC) lacquer Kombilack L-1917 and
nitrocellulose (NC) lacquer L-28 (both ROTOFLEX, Switzerland),
which are approved for direct contact with food, were adjusted
to 30% w/w by dilution with solvents recommended by lacquer
producer, i.e. butan-2-on and ethanol, respectively. 1.0 g of com-
mercial natamycin preparation Delvocid� (DSM Food Specialities,
The Netherlands) containing 50% w/w of pure preservative was
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dispersed thoroughly in 5 ml of solvent and mixed with 10 ml of
lacquer. The sheet of LDPE film (20 � 35 cm) was tightly fixed in
a frame. The lacquer (5 ml) with natamycin was evenly poured
on the corona treated side and manually spread on the film using
a coating rod (stainless steel rod, 5 mm in diameter, tightly coiled
with stainless wire 0.5 mm in diameter). The coating was let in a
fume hood over night at laboratory temperature and then it was
dried at 40 �C for 1 h. The thickness of lacquer layer was deter-
mined by micrometer L & W MICROMETER SE 051, type D2 M
(AB Lorentzen & Wettre, Sweden) and the sheets of films with
the similar coating thickness were selected. The content of nata-
mycin in the dry coating was 16.7% w/w.

Coextruded polyamide/polyethylene film (PA/LDPE, thickness
70 lm, INVOS a.s., Svárov, Czech Republic) with PE surface coated
with the lacquer Kombilack L-1917 on flexography printing line in
INVOS a.s. company. The lacquer for coating (10 kg) was prepared
in the same ratio of substances as mentioned above for the labora-
tory prepared coating. Besides natamycin, the nisin-based Nisaplin
(Danisco A/S, Denmark) was added in the amount of 0.5 kg. The
thickness of the final coating layer was 5.0 lm ± 0.9 lm. Both nata-
mycin and Nisaplin content in the dry coating was 16.7% w/w. In
the next text this film is termed INVOS film.
2.2. Tested cheeses

(i) Blaťácké zlato: A soft cheese (the content of solids and fat 51%
w/w and 24.5% w/w, respectively) produced portioned (120 g) and
packaged in modified atmosphere and (ii) Olomoucké tvarůžky: a
surface ripened cheese (the content of solids and fat 30% w/w
and 0.2% w/w, respectively) commercially wrapped in polypropyl-
ene film were obtained directly from the producers in the state
suitable for consumption.
2.3. Natamycin migration test

The migration of natamycin from the packaging films into dis-
tilled water was studied under the following conditions: 72 cm2

of the film was placed into 50 ml of distilled water and shaken (1
shake/s) at 23 �C for 48 h in a water bath. During migration tests
the films were fixed in glass cells (Helendahl cuvettes), so that both
sides of the tested films were in contact with food simulant. Test-
ing cells were wrapped by aluminium foil to prevent light access.
Samples (0.5 ml) were taken with a pipette in pre-determined
times, maximally twelve times from one cuvette. The preserving
agent released from the film into water was determined as follows.
The calculation of the final migration level included the correction
for changing water volume as well as for the amount of natamycin
taken during the previous sampling.
2.4. Determination of natamycin in distilled water

Released natamycin was determined by a HPLC isocratic meth-
od (modular chromatograph Gynkotek, Germany, including high
pressure pump P580, autosampler GINA 50 and UV detector UVD
170 S, column Waters Nova-Pack� C18, 3.9 � 300 mm, software
Chromeleon 6.3 Build 576) using mobile phase acetonitrile:acetate
buffer (pH 4.3) 35:65 (v/v), wavelength k = 304 nm, flow rate
0.4 ml/min, temperature 23 �C.
2.5. Calculation of diffusion coefficients of natamycin in lacquer layer

The course of migration from a polymer matrix can be described
by a following equation (Hamdani et al., 1997; Piringer, 2000):
MF;t

MF;1
¼ 1�
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where MF,t (mg) is the amount of the migrant in the food in particular
time t (s); MF,1 (mg) is the amount of the migrant in the food at equi-
librium; dP (cm) is the thickness of the polymer layer; D (cm2 s�1) is
the diffusion coefficient of the migrant in the polymer. Eq. (1) is valid
on the assumption that the migrant is distributed uniformly in the
packaging film; the migration occurs only from one side of the pack-
aging film to a liquid food; the liquid food is well mixed so that there is
no migrant concentration gradient in the food; diffusion coefficient
and partition coefficient are constant during migration and are
dependant on temperature only; equilibrium exist all the time during
migration at the interface of packaging film and food; edge effects and
interactions between packaging film and food are negligible; the
mass transfer is mainly controlled by diffusion taking place in the
polymer and polymer volume is limited while the food is infinite.
The diffusion coefficient for natamycin transfer in the coating layer
has already been calculated using a method described by Hanušová
et al. (2010). The experimental data of the course of the natamycin
migration (Mt/M1 versus time) were compared with Eq. (1). Using
dimensionless quantities, i.e. Mt/M1 and Dt=d2

P , the diffusion coeffi-
cient for each experimental point was calculated. The final value of
the diffusion coefficient was determined as mean value from all cal-
culations and expressed in the form mean value ± standard deviation.

2.6. Nisin migration test

The migration of nisin from the packaging films into acidified
physiological solution (0.02 M HCl in 0.85% w/w NaCl water solu-
tion) was studied under the same conditions as mentioned above
for the natamycin migration test.

2.7. Determination of nisin in the physiological solution

A bioassay for the detection of nisin produced by lactococcal
strains was based on the agar diffusion method (Tramer and Fow-
ler, 1964) and performed as described previously (Dodd et al.,
1996). The indicator strain Lactobacillus helveticus CH-1 was culti-
vated in MRS broth at 42 �C for 16 h. Nisin diffusion was carried
out in MRS agar (Oxoid, UK) (pre-incubation of plates at 4 �C for
24 h, followed by incubation at 42 �C for 20 h). Nisaplin� was used
as a standard for this bioassay.

2.8. Efficiency of the INVOS film against selected microorganisms

The efficacy was tested against

(i) Penicillium expansum DMF 0006 and Fusarium culmorum
BME 0106 using PDA agar (Oxoid, UK). Three round samples
of the tested film (4.5 cm in diameter) were placed on agar
in Petri dishes with the active surface up. Then the ‘‘soft
PDA agar” was prepared by mixing PDA agar with PDA broth
(Oxoid, UK) in the ratio of 1:1 w/w and it was inoculated
with the indicator moulds. The tested films on the standard
PDA agar were covered with inoculated ‘‘soft PDA agar”
forming 3 mm layer. After solidifying the agar plate was
placed in a thermostat at 25 �C for 5 days. Then the inhibi-
tory zones formed round the film samples were evaluated.

(ii) L. helveticus CH-1 using MRS agar (Oxoid, UK). Three samples
of the tested film (2.5 � 4 cm) were placed on agar inocu-
lated with indicator microorganism in Petri dishes with the
active surface down. The plates were pre-incubated at 4 �C
for 24 h and then incubated at 42 �C for 20 h. Then the inhib-
itory zones formed round the film samples were evaluated.



0

0.5

1

1.5

2

2.5

3

0 10 20 30 40 50 60
Time (h)

N
at

am
yc

in
 m

ig
ra

tio
n 

(m
g/

dm
2 )

Fig. 1. The course of natamycin migration from the polymer films coated with the lacquer Kombilack L-1917 containing natamycin (16.7% w/w of natamycin, � thickness
29.3 ± 2.8 lm, j thickness 48.2 ± 3.4 lm) into distilled water at 23 �C. The theoretical courses of migration calculated on the base of found diffusivity are represented by
curves.

K. Hanušová et al. / Journal of Food Engineering 99 (2010) 491–496 493
(iii) Listeria monocytogenes AW2007 and Listeria ivanovii CCM
5884 using ALOA agar (Bio-Rad, France). The surface of agar
in Petri dishes was inoculated with indicator microorgan-
isms (0.2 ml of suspension containing 103–104 CFU/ml).
After the drying of the agar surface three round samples
(4.5 cm in diameter) were placed on agar with the active
surface down. The plates were incubated at 37 �C for 48 h.
Then the inhibitory zones formed round the film samples
were evaluated.

(iv) Microorganisms on the surface of two packaged cheese:
Cheeses B. zlato (50 g) and Olomoucké tvarůžky (20 g) were
tightly wrapped in the normal atmosphere (air) with the
INVOS film, B. zlato was also sealed into the film under vac-
uum. Control samples were prepared using a PA/PE film
without lacquer coating. During 23 days and/or 28 days stor-
age at 23 �C the growth of aerobic sporeforming bacteria
Bacillus sp. (inhibition of diluted sample by heating at
85 �C for 10 min and then cultivation on PCA medium,
30 �C, 48 h), the total bacteria growth (PCA medium, 37 �C,
48 h) and the total yeast and mould growth (YGC medium,
25 �C, 3–5 days) were followed. The growth of Bacillus cereus
DMF 2008 (PEMBA medium, 37 �C, 24 h) was studied on por-
tioned cheese B. zlato. Before tests the samples of the cheese
were inoculated by dipping into microorganism suspension
(density 107 CFU/ml).

At least five parallel determinations for chemical analyses and
three parallel tests for the agar diffusion method were done for
all of the taken samples. The mean value (x) and the standard devi-
ation (SD) were calculated for each of the following parameters
(the results in the following text are in the form x ± SD).

3. Results and discussion

Natamycin is not stable in its solutions, its decomposition is
accelerated by light (Delves-Broughton et al., 2005). To evaluate
the range of the preservative breakdown we tested the stability
of stock solution (2 mg of natamycin per L) in distilled water at
23 �C. The results showed that during 8 days storage under light
access about 10% of natamycin was decomposed, while in control
samples without light access natamycin breakdown was not ob-
served. To eliminate this natamycin instability we carried out all
tests as well as samples storage in vessels wrapped in aluminium
foil.

Natamycin migration from laboratory prepared films: In Fig. 1 the
migration of natamycin from the films coated by PVdC lacquer
Kombilack L-1917 with 5% of preservative under laboratory condi-
tions are summarised. From the prepared films samples were se-
lected with regard to coating thickness. Seven samples with
average thickness 29.3 ± 2.8 lm and six samples with average
coating thickness 48.2 ± 3.4 lm were used for migration tests. It
is obvious that the levels of the natamycin migration correlated
with the coating thickness. The maximal natamycin release from
the thinner coating was about 1.52 ± 0.05 mg/dm2 (experimental
points symbolized by diamonds) and 2.34 ± 0.32 mg/dm2 (repre-
sented by squares) in case of the thicker coating was determined.
The films from each set were prepared simultaneously, so the
properties of the coating layer should have been similar. The re-
sults indicate that only about 2.6 ± 0.3% and 2.4 ± 0.2% of the theo-
retical amount of the preservative applied into lacquer layer was
released into distilled water. It could have been caused by a low
solubility of the preservative in water, which is about 50 mg/L in
water. The maximal final natamycin concentration in water after
the migration tests of the film with thicker coating was not higher
than 30 mg/L.

Similar results were obtained also for the films coated with NC
lacquer L-28 (Fig. 2). The average thickness of the coating was
39.0 ± 3.8 lm. In this case the maximal level of the natamycin
migration was about 1.26 ± 0.13 mg/dm2, i.e. about 2.7 ± 0.3% of
the agent present in the lacquer layer was released.

In Fig. 3 the influence of temperature on the preservative migra-
tion is shown. Under the same conditions the maximal migration
at 23 �C was about 2.34 ± 0.32 mg/dm2 while at 6 �C it was about
1.30 ± 0.06 mg/dm2 after 48 h.

All results mentioned above demonstrate the ability of natamy-
cin to release from lacquer coatings. Migration is generally consid-
ered as a diffusion process and therefore the diffusion coefficient of
natamycin in a lacquer layer could be used for the evaluation of
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Fig. 2. The course of natamycin migration from the polymer films coated with the lacquer L-28 containing natamycin (16.7% w/w of natamycin, thickness 39.0 ± 3.8 lm) into
distilled water at 23 �C.

0

0.5

1

1.5

2

2.5

3

0 10 20 30 40 50 60
Time (h)

N
at

am
yc

in
 m

ig
ra

tio
n 

(m
g/

dm
2 )

Fig. 3. The course of natamycin migration from the polymer films coated with the lacquer Kombilack L-1917 containing natamycin (16.7% w/w of natamycin, thickness
48.2 ± 3.4 lm) into distilled water at 23 �C (�) and 6 �C (j).
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substance release. In available literature we have not found the dif-
fusion coefficients of natamycin in any polymers.

As we supposed the natamycin migration into distilled water
being much faster compared to that into polymer matrix and as
the experiments were done in good agreement with the mentioned
theoretical assumptions necessary for the validity of Eq. (1), we
estimated the diffusion coefficients of natamycin in the layer of
Kombilack L-1917 to be 1.03 � 10�10 ± 0.17 � 10�10 cm2/s at
23 �C. This result was in good agreement with experimental data,
which is obvious from Fig. 2, where the theoretical course of nata-
mycin migration calculated on the base of determined diffusivity
(points connected with lines) is very close to the experimental
points.
Using the same method the diffusion coefficients for natamycin
transfer in Kombilack L-1917 at 6 �C as well as lacquer L-28 at
23 �C were estimated. We have found values 0.79 � 10�10 ±
0.29�10�10 cm2/s and 0.89 � 10�10 ± 0.16�10�10 cm2/s, respectively.

Efficiency of INVOS film: The INVOS film was prepared using a
flexography printing machine under industrial scale conditions.
The coating was therefore thinner and more uniform compared
with films coated manually. The thickness of the final lacquer layer
was 5.0 ± 0.9 lm. The natamycin migration from this film into dis-
tilled water was of a similar course as mentioned above for the
manually prepared films with the maximal level of migration
about 0.83 ± 0.04 mg/dm2. The nisin migration into acidified phys-
iological solution was similar to that described for films coated



Fig. 4. The inhibition of the growth of Penicillium expansum DMF 0006 (A), Fusarium culmorum BME 0106 (B) and Lactobacillus helveticus CH-1 (C) on agar media by the INVOS
film.
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Fig. 5. The growth of aerobic sporeforming bacteria Bacillus sp. (left) and Bacillus cereus DMF 2008 (right) in cheese B. zlato packaged in the films with antimicrobial agents
and without them under vacuum and in the normal atmosphere at 23 �C.

Fig. 6. The inhibition of Penicillium expansum on the surface of the cheese B. zlato
inoculated with this mould in a contact with the INVOS film after 4 days storage
(left) and 18 days storage (right) at 23 �C.
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with Kombilack L-1917 containing only nisin (Hanušová et al.,
2010). The maximal level of the nisin migration was in this case
about 800 ± 7 IU/dm2.

The results of the efficiency tests of the INVOS film are summa-
rised in Figs. 4–8. In Fig. 4 the inhibition of the growth of P. expan-
sum DMF 0006, F. culmorum BME 0106 and L. helveticus CH-1 on
agar media in contact with the INVOS film is shown. It is obvious,
that in all cases the INVOS film was capable to inhibit completely
both used moulds as well as lactobacillus strains.

As this study was carried out in the framework of the EU True-
food integrated project which is focused on the production of tra-
ditional foodstuffs, we tested the application of this film for the
packaging of two traditional Czech cheeses, i.e. B. zlato and
Olomoucké tvarůžky. A stability of B. zlato during storage is mainly
affected by moulds and bacteria (i.e. aerobic sporeforming Bacillus
sp. and/or lactic acid bacteria growth), while Olomoucké tvarůžky is
a suitable medium for the growth of L. monocytogenes. Our task
was to test whether the INVOS film is capable to inhibit the growth
of mentioned microorganisms.

From Fig. 5 the significant inhibition of aerobic sporeforming
bacteria as well as B. cereus DMF 2008 on the surface of cheese B.
zlato vacuum packaged in the INVOS film with antimicrobial agents
during 28 days at 23 �C is apparent. The samples were compared
with the vacuum packaged control samples and control samples
packaged in the presence of air. The sporeforming bacteria count
on the surface of the samples packaged in the INVOS film de-
creased by two logarithmic cycles during storage, while the bacte-
ria count increased gradually on the surface of the other samples.
Similar results were obtained for the inhibition of the total bacteria
count on the surface of vacuum packaged cheese in the INVOS film
during storage under above mentioned conditions. The decrease of
the total bacteria count by one logarithmic cycle from the initial
count 2.4 � 103 ± 0.3 � 103 CFU/g to the final count 1.3 � 102 ±
0.4 � 102 CFU/g was observed in comparison to control samples.
This fact could be attributed to the inhibition of present lactic acid
bacteria. It could be stated that our experiments proved the ability
of the INVOS film to protect the cheese B. zlato against undesirable
microbiological changes on its surface during storage. In Fig. 6 the
prevention of the mould growth on the surface of cheese B. zlato
inoculated with P. expansum DMF 0006 in a contact with the INVOS
film is demonstrated.



Fig. 7. The inhibition of the growth of Listeria ivanovii CCM 5884 on ALOA agar in a contact with the INVOS film (A) compared with control (B). The resistance of Listeria
monocytogenes AW2007 on ALOA agar in a contact with the INVOS film (C) compared with control (D).

Fig. 8. The change of the course of Olomoucké tvarůžky cheese ripening in a contact
with the INVOS film. The cheese inoculated with Listeria ivanovii CCM 5884 and
stored at 23 �C for 10 days in a contact with the INVOS film (left) and control (right).
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The application of the INVOS film proved to be inefficient for the
packaging of the cheese Olomoucké tvarůžky. Primarily the strains
of L. monocytogenes AW2007 originally isolated from this type of
cheese proved to be resistant to nisin released from the packaging
film compared with non-pathogen L. ivanovii CCM 5884 (see Fig. 7).
While L. ivanovii was inhibited in liquid media in the presence of
nisin in concentration of 60–100 IU/ml, L. monocytogenes
AW2007 was resistant even in concentration 200 IU/ml. Moreover,
the antimicrobial agents released from the INVOS film inhibited
cultured microorganisms on the cheese surface (Brevibacterium lin-
ens) so that the cheese did not ripe and remained hard. This is obvi-
ous from Fig. 8 where the cheese packaged in the INVOS film kept
its original shape after ten days storage at 23 �C while the control
sample was nearly liquefied due to excessive maturation.

4. Conclusions

The presented study proved that antimicrobial agents natamy-
cin and nisin could be released from the synthetic lacquer coatings
on polymer packaging film in amounts which could inhibit sensi-
tive forms of microorganisms on the surface of packaged foodstuffs.
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