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ABSTRACT

The aim of this study was to evaluate the effects of
a bio-based coating containing silver-montmorillonite
nanoparticles combined with modified-atmosphere
packaging (MAP) on microbial and sensory quality de-
cay of Fior di latte cheese. Different concentrations of
silver nanoparticles (0.25, 0.50, and 1.00 mg/mL) were
dispersed in a sodium alginic acid solution (8% wt/vol)
before coating the cheese. Modified-atmosphere pack-
aging was made up of 30% CO,, 5% O,, and 65% N..
The combination of silver-based nanocomposite coating
and MAP enhanced Fior di latte cheese shelf life. In
particular, product stored in the traditional packaging
showed a shelf life of about 3 d, whereas coated cheese
stored under MAP reached a shelf life of more than 5 d,
regardless of the concentration of silver nanoparticles.
The synergistic effects between antimicrobial nanopar-
ticles and initial headspace conditions in the package
could allow diffusion of dairy products beyond the local
area.
Key words: active coating, silver nanoparticle, modi-
fied-atmosphere packaging, shelf life of fresh cheese

INTRODUCTION

As a widely known fresh dairy product, Fior di latte
is becoming increasingly popular due to its fresh flavor
and very pleasant taste. A fresh cheese, it is considered
extremely perishable and very susceptible to microbial
spoilage because of its high moisture content (from 55
to 60%) and high fat content (>45%) on a DM basis
(Salvadori del Prato, 2001). To preserve the quality,
Fior di latte cheese is usually packaged in trays or bags
in the presence of brine.

Data in the literature indicate that substitution of
brine with a natural hydrogel or a bio-based coating
could represent an interesting strategy to allow better
preservation of fresh dairy products (Laurienzo et al.,
2006, 2008; Del Nobile et al., 2010). Successful results

Received January 10, 2011.
Accepted July 6, 2011.
'Corresponding author: ma.delnobile@unifg.it

have also been achieved by applying an active coat-
ing to the cheese before packaging the product under
modified-atmosphere conditions (Conte et al., 2009).
Valid synergistic effects between lysozyme/Na,EDTA
(sodium salt), carried to the product surface by the
coating, and modified-atmosphere packaging (MAP)
on Fior di latte cheese were demonstrated. Beyond the
use of active coating and MAP, Del Nobile et al. (2009)
proposed the use of chitosan during the cheese-making
process. The addition of chitosan as an antimicro-
bial compound (Friedman and Juneja, 2010) further
enhanced cheese microbial quality, with a consequent
prolongation of shelf life. Although the results obtained
in this last study are interesting, maintenance of tra-
ditional cheese production procedures is a fundamental
point for the dairy products; therefore, the use of new
coatings and packaging systems aimed at prolonging
the shelf life of fresh cheese are generally preferred over
innovations applied during milk transformation. For
this reason, the present work was aimed at developing
a new antimicrobial coating for Fior di latte cheese, to
be applied before packaging the product under MAP
conditions.

Among compounds with antimicrobial properties,
silver nanoparticles (Ag-INP) have been receiving con-
siderable attention because of their attractive physico-
chemical properties and strong toxicity against a wide
range of microorganisms (Sondi and Salopek-Sondi,
2004). Inorganic phyllosilicate clays have been used as
support for Ag-NP to generate a new class of antimi-
crobial systems from which silver ions can be released
into media (Incoronato et al., 2010). The presence of in-
organic platelets contributes to control the Ag" release
and enhance the barrier properties of the composite
films. Inactivation of FEscherichia coli by Ag-NP has
been found to be associated with the concentration of
NP (Sondi and Salopek-Sondi, 2004; Pal et al., 2007),
bacterial type (Sondi and Salopek-Sondi, 2004; Kim et
al., 2007), shape of NP (Kim et al., 2007), presence of
Ag ions (Sondi and Salopek-Sondi, 2004), and size of
NP (Sondi and Salopek-Sondi, 2004; Baker et al., 2005;
Morones et al., 2005; Panacek et al., 2006). Moreover,
bacterial growth in the presence of a given concentra-
tion of silver has been found to be dependent on the
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initial number of cells (Sondi and Salopek-Sondi, 2004;
Pal et al., 2007).

Polymeric systems containing silver represent a viable
approach to avoid the direct contact of NP with food.
This is particularly important to satisfy the European
Union safety regulation that regulates the presence of
silver ions in food matrices and limits the amount to
0.05 mg of Ag/kg, which is not biocidal in food (Fernan-
dez et al., 2009). To the best of our knowledge, very few
papers have been reported on the application of Ag-NP
to food. A valid example was given by An et al. (2008),
who applied Ag-NP-based coatings to green asparagus,
resulting in an increase in shelf life at 2°C. Additionally,
Fernandez et al. (2009) demonstrated that Ag-NP in
absorbent pads could exert beneficial effects on poultry
exudates packaged under MAP. Because of the lack
of work on Ag-NP applied to dairy foods, the current
study was aimed at developing a new coating (noned-
ible) for Fior di latte cheese, based on alginate loaded
with Ag-NP. The work was based on results reported
by Incoronato et al. (2010), who studied the antimicro-
bial properties of silver-montmorillonite nanoparticles
(Ag™-MMT), produced by allowing silver ions from
silver nitrate (AgNOjs) to replace the exchangeable Na™
counter-ions in the natural sodium montmorillonite.
The antimicrobial system was successfully tested on
foodborne spoilage microorganisms, suggesting the
potential efficacy of Ag"™-MMT in real food applica-
tions. To this aim, we incorporated different amounts
of nanoparticles into an alginate-based solution to coat
Fior di latte cheese. After coating, the products were
packaged under MAP conditions. During storage at
10°C for 1 wk, microbiological, physicochemical, and
sensory changes were monitored.

MATERIALS AND METHODS
Preparation of Silver-Montmorillonite Nanoparticles

Silver MMT nanoparticles were prepared by ion ex-
change reaction. Before the reaction, 5 g of Na-MMT
was dispersed in 100 mL of 0.2 M NaCl for 4 h while
stirring. The solid was then separated by centrifuga-
tion (model 4239R; ACL International, Milan, Italy) at
7,826 x g for about 15 min and then washed 3 times
with a small amount of deionized water. The washed
Na-MMT was brought in contact with AgNOj; solution
at different concentrations. In particular, Na-MMT was
dispersed first in a 500 mg/kg AgNOj; solution at 70°C
for 3 h under stirring, covering the top and side of the
beaker to prevent exposure to UV light. The solid and
liquid parts of the slurry were separated by centrifuga-
tion at 7,826 x ¢ for 15 min. Then, the collected solids
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were brought in contact with 1,000 and 5,000 mg/kg
AgNO; solutions, following the procedure previously
described. Finally, the collected sediment was washed
with deionized water 3 times to remove any silver ni-
trate and allowed to dry overnight in a vacuum oven at
80°C. Dried samples were ground until a homogeneous
powder was obtained. The content of silver in the Ag*-
MMT clays (0.037 g/g) was determined by inductively
coupled plasma-MS analysis after dissolution in a mix-
ture of HF and HNOj (Incoronato et al., 2010).

Coating and Packaging of Fior di Latte Cheese

Common samples of Fior di latte cheese (50 g) were
purchased from a dairy local plant (Posta la Via, Foggia,
Ttaly). The coating solution was prepared by dissolving
sodium alginic acid (8% wt/vol) in distilled water. Dif-
ferent amounts (5, 10, and 15 mg/mL) of Ag-NP were
added to the alginate solution and then sonicated in a
bath sonicator (model Elmasonic S60H, Elma, Singen,
Germany) overnight. Transparent coatings of about 100
pm thick were obtained by immersing cheese samples
first in the sodium alginic solution and then in a calcium
chloride solution (5% wt/vol) for 1 min. To facilitate
the immersion, the Fior di latte sample was held with
a toothpick. After the second immersion, the viscous
alginic solution around the product instantaneously
became a hydrogel that remained close to the Fior di
latte surface as a coating. After coating, the toothpick
was taken out of the Fior di latte. No hole remained
in the product because it healed up after removing the
toothpick. Sodium alginic acid and calcium chloride
were provided by Sigma-Aldrich Co. (St. Louis, MO).
All samples were dried at room temperature for 2 min.
Each coated sample was packaged in a commercially
available bag with thickness of 95 pm (Valco, Bergamo,
Ttaly). The bags, obtained by laminating a nylon layer
with a polyolefin layer, had an oxygen transmission
rate of 50 mL-m %24 h™' at 1 atm, measured at 23°C
and 75% relative humidity. All bags of coated cheese
were sealed under MAP conditions. The gas combina-
tion (30% CO,, 5% O,, and 656% N,) was selected ac-
cording to a previous work with Fior di latte (Conte et
al., 2009). In addition to coated samples, 3 packaged
cheeses were used as controls: (1) the traditional cheese
packaged in presence of brine (2% NaCl solution), (2)
the product coated with a free-silver nanoparticles
coating, and (3) the product coated with a solution of
sodium alginic acid containing 0.25 mg/mL of lysozyme
and 50 mM EDTA disodium salt (Na,EDTA), which
represented another example of active coating applied
to Fior di latte, as studied in a previous work (Conte
et al., 2009). All samples were stored at 10°C for 7 d.
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Microbial counts, determinations of pH, headspace gas
composition, and sensory evaluations were carried out
before packaging and after 1, 2, 3, 4, and 7 d of storage.

Microbiological Analyses

Microbiological analyses for total microbial count,
lactic acid bacilli, lactococci, total coliforms, Pseu-
domonas spp., yeasts, and molds were carried out as
reported previously (Conte et al., 2009; Del Nobile et
al., 2009; Gammariello et al., 2009). The analyses were
repeated twice on 2 different batches of samples.

To quantitatively determine the efficiency of the
packaging strategy proposed in this work, a reparam-
eterized version of the Gompertz equation was fitted
to the coliform and Pseudomonas data, according to a
similar approach used previously (Conte et al., 2009;
Del Nobile et al., 2009; Gammariello et al., 2009). The
equation allowed calculation of the microbiological ac-
ceptability limit (MAL), defined as the time at which
microbial loads of selected spoilage microbial groups
reached the maximum value permitted. In the specific
case, the threshold was 10° cfu/g for Pseudomonas spp.
and 10° cfu/g for total coliforms (Conte et al., 2009; Del
Nobile et al., 2009; Gammariello et al., 2009).

pH Determination

The pH of samples was determined by using a pH
meter (Crison, Barcelona, Spain). Each value was the
average of 2 measurements, recorded on samples from
2 different batches.

Gas Composition of Headspace

Contents of O, and CO, of the packaged cheeses were
measured using a gas meter (PBI Dansensor, Ringsted,
Denmark). The volume taken from the package head-
space for gas analysis was about 10 cm®. Each bag was
used only for a single determination to avoid modifica-
tions of headspace composition. Two samples were used
at each sampling time.

Sensory Analysis

Six trained participants evaluated the sensory qual-
ity of Fior di latte. The panelists were selected based
on their interest in the sensory evaluation of cheese
and trained by testing commercial Fior di latte cheese
for 3 wk. After training, experienced graders were able
to evaluate Fior di latte color, appearance, flavor, and
body /texture as the main quality parameters of fresh
“pasta filata” cheese (Chen et al., 2009). For the sensory
analysis of samples under investigation in this current
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work, the assessors were simultaneously presented with
cubes of randomly coded cheeses. The testing sessions
were conducted under normal light conditions. Panel-
ists were asked to evaluate consistency, color, smell, and
overall quality of cheeses on a 7-point scale (Corradini
and Innocente, 2002). A value of 4 indicated the attri-
bute threshold for cheese general acceptability (Gam-
mariello et al., 2009). Before evaluation, the coating
was removed from each cheese sample and immersed in
water at room temperature for 10 min, because Fior di
latte is generally stored in brine without any coating.

To quantitatively determine the efficacy of the pack-
aging system proposed in this work on the sensory
quality, the reparameterized Gompertz equation was
also fitted to sensory data. This approach, as used in
other work (Conte et al., 2009; Del Nobile et al., 2009;
Gammariello et al., 2009), allowed calculation of the
sensory acceptability limit (SAL) as the time at which
the overall quality of product reached its threshold
(score = 4).

Shelf-Life Calculation

Because the shelf life of a packaged product is the
time at which one of its quality subindices reaches the
acceptability threshold (Corbo et al., 2008), the shelf
life in the current work was calculated as the lowest
value between MAL and SAL, as also reported in other
works (Gammariello et al., 2009, 2011).

Statistical Analyses

The values of MAL, SAL, and shelf life of all investi-
gated samples were compared, respectively, by one-way
ANOVA. The Duncan multiple range test with the op-
tion of homogeneous groups (P < 0.05) was used to
determine significance among differences. Statistica 7.1
for Windows (StatSoft Inc., Tulsa, OK) was used for
statistical analyses.

RESULTS AND DISCUSSION
Microbiological Quality

As assessed in other studies dealing with the de-
terioration of fresh dairy cheeses, the predominant
microflora affecting Fior di latte cheese shelf life is
represented by Pseudomonas spp. and coliform bacteria
(Gammariello et al., 2008, 2009; Sinigaglia et al., 2008;
Conte et al., 2009; Del Nobile et al., 2009). Changes
in viable cell concentrations of Pseudomonas spp. are
shown in Figure la; the curves are the best fit to the
experimental data. As can be seen, only the control
samples without any active compound went beyond
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the threshold; counts in the other samples remained
below 10° cfu/g during the entire observation period.
Consequently, the MAL values for all the active coated
samples exceeded the monitored 7 d (Table 1). Data
demonstrated that MAP combined with the active
coating could enhance microbial stability by inhibiting
the proliferation of Pseudomonas spp. The 2 control
samples recorded the worst result, with microbial qual-
ity acceptable for about 3 d, whereas samples with
Ag-NP and lysozyme/Na,EDTA-coated samples re-
corded MAL values greater than 1 wk. To highlight
the differences between these active coated samples,
the maximum cell load attained on d 7 of storage was
taken into account (Table 2). The 2 controls showed
the highest microbial load, the samples with lysozyme/
Na,EDTA coating recorded a microbial concentration
equal to 5.16 log cfu/g, whereas samples coated with
Ag-MMT attained a microbial concentration from 4.48
to 3.26 log cfu/g, depending on the amount of Ag-MMT
incorporated. The effectiveness of lysozyme/Na,EDTA
and MAP on Pseudomonas spp., as demonstrated by
Conte et al. (2009) and Del Nobile et al. (2009), was
confirmed in the current work; in addition, the new
inorganic antimicrobial compound embedded into the
bio-based coating seemed to be a valid alternative solu-
tion to control Pseudomonas spp. growth.

Figure 1b shows the evolution of total coliforms over
storage time for the 3 control Fior di latte samples.
Although microbial counts in the control samples
slightly increased, viable cell concentrations in all the
Ag-MMT-coated samples were undetectable along the
entire observation period, resulting in a MALCHorms
value greater than 7 d. As above, the maximum cell
load attained at the end of the observation period was
estimated for the different packaged cheeses (Table 2).
Data listed in Table 2 indicate that the nanocomposite
systems are more successful in controlling proliferation
of coliforms than the other tested packaging systems.

As far as typical dairy microorganisms are concerned,
Figure 2 illustrates data for lactic acid bacteria for all
Fior di latte cheese samples. As shown, the cell load
of the flora type was not affected by the packaging
system, suggesting that the active coating, as well as
MAP conditions, did not influence the growth of typi-
cal dairy microorganisms (Eliot et al., 1998; Del Nobile
et al., 2009, 2010).

No molds were detected on samples during the stor-
age period. With regard to yeasts, the load in the
coated samples remained low and constant over time,
whereas in the control samples the load increased from
10* to about 10° cfu/g in the stationary phase (data
not shown).

The total microbial count was similar in all samples
(data not shown), with a slightly lower microbial load
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Figure 1. Evolution of (a) Pseudomonas spp. and (b) coliform
count in Fior di latte cheese during the 7-d storage period. Control (@)
= stored in brine; Coa-MAP () = coated with alginate, stored under
modified-atmosphere packaging (MAP); Lys-Coa-MAP (B) = coated
with alginate loaded with lysozyme and EDTA, stored under MAP;
Agh-Coa-MAP (O) = coated with alginate loaded with 5 mg/mL sil-
ver nanoparticles, stored under MAP; Agl10-Coa-MAP (0) = coated
with alginate loaded with 10 mg/mL silver nanoparticles, stored under
MAP; Agl5-Coa-MAP () = coated with alginate loaded with 15 mg/
ml silver nanoparticles, stored under MAP. No growth of coliforms
was observed for Agh-Coa-MAP, Agl0-Coa-MAP, and Agl5-Coa-
MAP samples. The curves are the best fit to the experimental data.

in the silver-coated samples than in the other analyzed
cheese samples.

Physicochemical Characterization

With regard to pH data (data not shown), a similar
trend was recorded for all samples. The pH value re-
mained almost constant over the monitored 7-d period.

Figure 3 shows the evolution of the O, and CO,
in the package headspace of bags sealed under MAP.
Similar values of gas concentration were recorded for
all coated samples. In particular, O, content remained
constant around 5%, except for cheese coated with the
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Table 1. Shelf life (d) of Fior di latte samples evaluated as the lowest value between microbial acceptability

limit (MAL) and sensorial acceptability limit (SAL)"

Sample? MAT,Peudomenas MAT,Coliferms SAL Shelf life

Control 2.68 + 0.05 >7 6.72 + 0.57° 2.68 + 0.05°
Coa-MAP 3.82 + 0.36" >7 491 + 2.01° 3.82 + 0.36"
Lys-Coa-MAP >7 >7 2.59 + 0.12° 2.59 + 0.12°
Agh-Coa-MAP >7 >7 5.58 + 2.03" 5.58 + 2.03™
Agl10-Coa-MAP >7 >7 4.98 + 0.48° 4.98 + 0.48°
Agl5-Coa-MAP >7 >7 5.05 + 0.54" 5.05 £ 0.54¢

*“Data in column with different letters are significantly different (P < 0.05).

Walues are means + SE; n = 2.

*Control = stored in brine; Coa-MAP = coated with alginate, stored under modified-atmosphere packaging
(MAP); Lys-Coa-MAP = coated with alginate loaded with lysozyme and EDTA, stored under MAP; Ag5-Coa-
MAP = coated with alginate loaded with 5 mg/mL silver nanoparticles, stored under MAP; Agl0-Coa-MAP =
coated with alginate loaded with 10 mg/mL silver nanoparticles, stored under MAP; Ag15-Coa-MAP = coated
with alginate loaded with 15 mg/mL silver nanoparticles, stored under MAP.

Figure 2. Evolution of (a) rod and (b) coccus-shaped lactic acid
bacteria count in Fior di latte cheese during the storage period.
Control (@) = stored in brine; Coa-MAP () = coated with alginate,
stored under modified-atmosphere packaging (MAP); Lys-Coa-MAP
(M) = coated with alginate loaded with lysozyme and EDTA, stored
under MAP; Ag5-Coa-MAP (O) = coated with alginate loaded with 5
mg/mL silver nanoparticles, stored under MAP; Agl0-Coa-MAP (00)
= coated with alginate loaded with 10 mg/mL silver nanoparticles,
stored under MAP; Agl5-Coa-MAP () = coated with alginate loaded
with 15 mg/mL silver nanoparticles, stored under MAP.

Journal of Dairy Science Vol. 94 No. 11, 2011

free-compound coating, in which O, decreased at the
end of the storage; in contrast, the CO, decreased from
30 to 25% in all samples. This change in gas compo-
sition was relatively small, suggesting that the initial
MAP conditions lasted throughout the storage time.
Most probably, this can be ascribed to the high bar-
rier properties of the packaging film that limited mass
exchange through the polymeric package (Del Nobile
et al., 2009).

Sensory Quality

Figure 4 gives overall quality plotted as a function of
storage time for all samples. The curves shown in the
figure were obtained by the fitting procedure; the values
of SAL are also listed in Table 1. A steady decrease in
overall quality could be seen throughout storage for all
samples. Cheeses showed similar SAL values, being ac-
ceptable for about 5 to 6 d, except for the coated cheese

Table 2. Pseudomonas and coliform maximum cell load (log cfu/g) of
Fior di latte cheese attained on d 7 of storage’

Sample Pseudomonas spp. Coliforms
Control 7.00 + 0.05¢ 5.02 + 0.46"
Coa-MAP 6.65 + 0.30¢ 3.87 + 0.42°
Lys-Coa-MAP 5.16 & 0.29° 2.61 + 1.21°
Ag5-Coa-MAP 4.48 £+ 0.47" ND?
Ag10-Coa-MAP 3.52 & 0.37" ND
Agl5-Coa-MAP 3.26 + 0.39" ND

*IData in column with different letters are significantly different (P
< 0.05).

"Values are means 4+ SE; n = 2.

*Control = stored in brine; Coa-MAP = coated with alginate, stored
under modified-atmosphere packaging (MAP); Lys-Coa-MAP = coat-
ed with alginate loaded with lysozyme and EDTA, stored under MAP;
Agh-Coa-MAP = coated with alginate loaded with 5 mg/mL silver
nanoparticles, stored under MAP; Agl0-Coa-MAP = coated with al-
ginate loaded with 10 mg/mL silver nanoparticles, stored under MAP;
Ag15-Coa-MAP = coated with alginate loaded with 15 mg/mL silver
nanoparticles, stored under MAP.

’ND = nondetectable.
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Figure 3. Evolution of (a) oxygen and (b) carbon dioxide in her-
metically sealed bags of Fior di latte cheese. Coa-MAP (#) = coated
with alginate, stored under modified-atmosphere packaging (MAP);
Lys-Coa-MAP (M) = coated with alginate loaded with lysozyme and
EDTA, stored under MAP; Agh-Coa-MAP (O) = coated with algi-
nate loaded with 5 mg/mL silver nanoparticles, stored under MAP;
Agl0-Coa-MAP (O) = coated with alginate loaded with 10 mg/mL
silver nanoparticles, stored under MAP; Ag15-Coa-MAP (0) = coated
with alginate loaded with 15 mg/mL silver nanoparticles, stored under
MAP.

containing lysozyme that became unacceptable after
less than 3 d. The findings for samples with lysozyme/
Na,EDTA confirmed previous results. In particular,
the enzyme combined with the sodium salt influenced
product consistency, which compromised its acceptabil-
ity after a few days of storage (Conte et al., 2009; Del
Nobile et al., 2009). On the contrary, Fior di latte with
an Ag-MMT coating had better overall quality for the
same period compared with the uncoated cheese, thus
demonstrating the efficacy of this system in preserving
the product without compromising sensory attributes.

Shelf-Life Evaluation

Fior di latte shelf life values, calculated as the
minimum of MAL and SAL, are listed in Table 1 for
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Figure 4. Overall quality of Fior di latte cheese during the stor-
age period. Control (®) = stored in brine; Coa-MAP () = coated
with alginate, stored under modified-atmosphere packaging (MAP);
Lys-Coa-MAP (M) = coated with alginate loaded with lysozyme and
EDTA, stored under MAP; Ag5-Coa-MAP (O) = coated with algi-
nate loaded with 5 mg/mL silver nanoparticles, stored under MAP;
Agl0-Coa-MAP (O) = coated with alginate loaded with 10 mg/mL
silver nanoparticles, stored under MAP; Agl5-Coa-MAP (O) = coated
with alginate loaded with 15 mg/mL silver nanoparticles, stored under
MAP. The curves are the best fit to experimental data.

each sample tested in this study. As can be seen, a
significant prolongation of shelf life was recorded for
samples packaged with the active coating based on
Ag-MMT compared with other samples. From the ob-
tained data, microbial quality limited the shelf life of
control cheese packaged without any active compound,
whereas sensory quality represented the limiting factor
for all coated cheese samples. However, substantial dif-
ferences in shelf life were recorded between the various
coated products, because the enzyme affects Fior di
latte consistency. Data confirmed that a simple coating
plus MAP is not sufficient to enhance product quality.
Lysozyme/Na,EDTA with MAP can prolong microbial
stability (Conte et al., 2009; Del Nobile et al., 2009),
whereas the developed nanocomposite system prevented
microbial growth without affecting sensory properties,
thus promoting prolongation of Fior di latte shelf life.

CONCLUSIONS

Silver nanoparticles incorporated in a bio-based coat-
ing, in combination with MAP, were used to prolong
the shelf life of Fior di latte cheese. Main quality at-
tributes were monitored for about 7 d to determine
the decline in product quality during storage. Fior di
latte packaged in brine, coated with a simple coating
without any active compound, or treated with a coat-
ing containing lysozyme/Na,EDTA showed a shelf life
limited to about 3 d. In contrast, the developed nano-
composite system allowed a significant prolongation of
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shelf life to more than 5 d, irrespective of the amount
of Ag-MMT in the coating. This strategy for shelf-life
prolongation could be adopted by the industrial sec-
tor because of its simple application. Nevertheless, it
must be noted that the developed coating containing
nanoparticles needs to be removed before eating Fior
di latte and that extensive research is essential to as-
sess the safety concerns related to silver that migrates
to the food and ensure compliance with the European
Union regulation.
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