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ABSTRACT

In this study a new biopreservation system consisting
of an active sodium alginate coating containing Lac-
tobacillus reuteri applied to Fior di Latte cheese was
studied. The final aim was to extend cheese shelf life
by the in situ production of reuterin. Experimental tri-
als were carried out with and without glycerol. How
the fermentation time could improve the production
of reuterin, enabling Fior di Latte shelf life, was also
assessed. To this aim, the experimental analyses were
conducted in 2 different trials, using 2 different produc-
tion batches of samples. In the first one, Fior di Latte
samples were dipped into the active sodium alginate
solution prepared on the same day of their production,
whereas in the second trial, samples were dipped into
the active solution prepared 48 h before their produc-
tion to allow a proper fermentation of the inoculated
microorganism. Microbiological and sensory quality
indices were monitored to prove the effectiveness of
biopreservation on product quality during storage. In
the first trial, the combination of the probiotic micro-
organism with glycerol improved the microbial quality
by 1 d compared with the same active solution without
glycerol, whereas the 48-h-fermented active alginate
solution (second trial) showed a further improved mi-
crobial quality. The application of an active coating
enriched with L. reuteri and glycerol to Fior di Latte
cheese is an optimal and innovative way to preserve the
product and at the same time, with a combination of
an optimal fermentation time, to prolong its microbial
quality and thus its shelf life.
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INTRODUCTION

Fior di Latte cheese is a typical Mediterranean fresh
pasta filata product, made from cow milk and usually
packaged in brine. Tt has high moisture content (from
55 to 64%) and high fat content (>45% fat in DM,
Salvadori del Prato, 2001), so it is very susceptible to
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microbial spoilage, especially under temperature abuse.
Although milk is submitted to a further heat treatment
during curd stretching to produce Fior di Latte, post-
processing contamination may occur, causing cheese
spoilage and eventually safety risks to consumers (Spa-
no et al., 2003). Undesirable microorganisms such as
pseudomonads, coliforms, yeasts, and molds may cause
defects in flavor, texture, and appearance and result in
economic losses (Gammariello et al., 2008; Conte et al.,
2009; Del Nobile et al., 2009). Fior di Latte shelf life
also depends on the quality of raw material and on the
process conditions (Brody, 2001).

Current technologies for preservation and shelf-life
extension of food include heat processing, chemical pre-
servatives, modified-atmosphere packaging, or refrigera-
tion. Unfortunately, these strategies do not fully control
spoilage bacteria. The great availability of nutrients in
foods may enable bacteria to repair damaged cells (Gill
et al., 2002). Both the intrinsic (fat, protein, water
content, antioxidants, pH, salt, and other additives)
and the extrinsic properties (temperature; packaging
in vacuum, gas, or air; characteristics of microorgan-
isms) of the food can influence bacterial sensitivity to
natural and chemical preservatives (Shelef, 1983; Tas-
sau et al., 2000). At present, Fior di Latte cheese shelf
life is approximately 5 to 7 d, and many efforts are in
progress to prolong this shelf life by means of process
innovation and quality improvement of raw materials.
Good opportunities came from the use of antimicrobial
compounds during milk transformation (Del Nobile et
al., 2009). The high consumer attention to food-safety
aspects justifies increased research interest in using
active agents derived from natural sources, as plant
essential oils or plant extracts, considered suitable for
food application, able to reduce the microbial count
and to control the cell growth during the different steps
of the product life (Conte et al., 2007; Gammariello
et al., 2008b, 2010). Efforts to prolong the shelf life of
Fior di Latte cheese are also made by the optimiza-
tion of storage and packaging conditions (Conte et al.,
2009; Del Nobile et al., 2009, 2010). The potential of
modified-atmosphere packaging and active packaging
to extend the shelf life of different dairy products has
been proposed by various authors (Floros et al., 2000;
Pantaleao et al., 2007; Papaioannou et al., 2007).
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The great demand for fresh-like products still pro-
motes the search for new technologies to preserve food.
One of the most recent potential approaches to prolong
the shelf life of fresh products is the use of biopreserva-
tion systems. Biopreservation is the use of natural or
controlled microbiota or antimicrobials as a way of pre-
serving food and extending its shelf life (Ananouet al.,
2007). Beneficial bacteria or their fermentation products
are used in biopreservation to control spoilage and ren-
der pathogens inactive in food (Yousef and Carlstrom,
2003). Lactic acid bacteria (LAB) have antagonistic
properties that make them particularly useful as bio-
preservatives. When LAB compete for nutrients, their
metabolites often include active antimicrobials such as
lactic and acetic acid, hydrogen peroxide, and peptide
bacteriocins. Biopreservative bacteria must be harmless
to humans. Lactic acid bacteria bacteriocins are used
as an integral part of hurdle technology. Using them in
combination with other preservative techniques can ef-
fectively control spoilage bacteria and other pathogens
and can inhibit the activities of a wide spectrum of
organisms, including inherently resistant gram-negative
bacteria. Angiolillo et al. (2013) stated that the ad-
dition of Lactobacillus rhamnosus in an edible sodium
alginate coating applied on the surface of Fior di Latte
cheese exerted an antimicrobial activity against Pseu-
domonas spp. and Enterobacteriaceae.

Lactobacillus reuteri is a heterofermentative lactoba-
cillus recognized as a normal inhabitant of the human
and animal gut (Reuter, 2001). It is also frequently
found in fermented and probiotic foods (Vollenweider
and Lacroix, 2004). Lactobacillus reuteri as a food
supplement is accepted and widely used to improve
gastrointestinal health and has been granted qualified
presumption of safety by the European Food Safety
Authority. Probiotic effects of L. reuteri have been
proposed due to the ability of some strains to produce
reuterin (3-hydroxypropionaldehyde) during anaerobic
metabolism of glycerol (Rodriguez et al., 2003). Reuterin
is an antimicrobial compound soluble in water, resistant
to heat, and stable over a wide range of pH values, that
inactivates gram-negative and gram-positive bacteria
(Vollenweider et al., 2003). Direct addition of reuterin
to control food-borne pathogens such Salmonella spp.,
Escherichia coli O157:H7, Listeria monocytogenes, and
Staphylococcus aureus has been investigated in milk and
dairy products (Arqués et al., 2008a,b), but the gap of
these studies consisted of the fact that reuterin was used
as a food additive. In this study, we tried to overcome
this limit by developing a new biopreservation system
consisting of a sodium alginate coating containing L.
reuteri in combination with glycerol (registered in the
European Union as food additive E 422), applied on the
surface of Fior di Latte cheese to extend its shelf life by
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means of in situ production of reuterin. Experimental
trials were carried out with and without glycerol. We
also studied how the fermentation time could improve
the production of reuterin, enabling Fior di Latte shelf
life. Microbiological and sensory quality indices were
monitored to prove the effectiveness of biopreservation
on product quality during storage.

MATERIALS AND METHODS
Sample Preparation

Fior di Latte samples were purchased from a local
cheese factory Capurso Azienda Casearia SPA (Gioia
del Colle, Bari, Italy) and transported to the labora-
tory in polystyrene boxes containing ice. The cheese
was made from pasteurized cow milk by adding lactic
acid bacteria as starters. The curd was obtained after
the coagulation of milk by rennet and after a curd-
ripening phase (4.0 to 4.5 h at 35 to 37°C); when the
optimal pH (4.9 to 5.4) was reached, the drained curd
was stretched in hot water (90 to 95°C).

Once transported to the laboratory, the samples were
dipped into 3 different sodium alginate solutions. The
first one was prepared by dissolving sodium alginate
acid (Farmalabor, Canosa di Puglia, Italy; 2% wt/
vol) in distilled water; the second one was prepared
by dissolving sodium alginate acid (2% wt/vol) in a
solution made of 2% (wt/vol) of pure freeze-dried L.
reuteri (Granarolo, Bologna, Ttaly) and distilled wa-
ter; and the third solution was made of 2% (wt/vol) of
pure freeze-dried L. reuteri (Granarolo), 0.6% of glyc-
erol (Sigma—Aldrich, Milan, Ttaly), and distilled water.
The coated samples were immersed in a 5% (wt/vol)
calcium chloride (CaCly; Sigma—Aldrich) for 1 min, to
allowed creating a stable coating on the cheese surface.
All samples were dried at room temperature for 2 min
and packaged in commercially available polypropyl-
ene bags with brine (0.2% wt/vol of NaCl solution).
The control samples consisted of Fior di Latte cheese
without coating, packaged in trays with brine. All the
samples were stored at 9°C. The experimental analyses
were conducted in 2 different trials, using 2 different
production batches of samples. In the first trial, Fior
di Latte samples were dipped into the sodium alginate
solutions prepared on the same day of their production,
whereas in the second trial, samples were dipped in so-
dium alginate solutions prepared 48 h before their pro-
duction. Sodium alginate solutions used in the second
trial were prepared in bottles with hermetic seals to
avoid evaporation. Immediately after their preparation,
sodium alginate solutions were incubated at 25°C for
48 h. Samples will be named as follows: CNT (control
sample consisting of Fior di Latte cheese without coat-
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ing), COAT (Fior di Latte cheese with a 2% sodium
alginate coating without L. reuteri), ACT-COAT
(Fior di Latte cheese with a 2% sodium alginate coat-
ing containing L. reuteri), and ACT-COAT-GLY
(Fior di Latte cheese with a 2% sodium alginate coat-
ing containing L. reuteri and glycerol). The sampling
was performed immediately after the production and
subsequently every day at the same time for a week.

Microbiological Analyses

Twenty grams of Fior di Latte was aseptically re-
moved from each package, diluted with 180 mL of NaCl
solution 0.9% in a stomacher bag, and homogenized
with a Stomacher LAB Blender 400 (Pbi International,
Milan, Ttaly). Subsequently, decimal dilutions of ho-
mogenates were made using the same diluent, and the
dilutions were plated on appropriate media in Petri
dishes. Enterobacteriaceae were determined on violet
red bile glucose agar (Oxoid S.p.A., Rodano, Ttaly)
after incubation at 37°C for 18 to 24 h. Pseudomonas
agar base (Oxoid) was added with SR103 E selective
supplement (Oxoid) and incubated at 25°C for 48 h
for Pseudomonas spp. All analyses were performed in
duplicate on 2 different samples. To quantitatively de-
termine the microbial acceptability limit, a modified
version of the Gompertz equation was fitted to the ex-
perimental data, as reported in previous works (Conte
et al., 2009; Del Nobile et al., 2009).

log[N(t)] = 10g (N 4 )

- A + €Xp _eXp{ (lumax : 271) : #] + 1}] [1]
A—t

+ A €xXp _eXp{ (/‘Lmax ' 271) ’ T] + 1}]’

where N(t) is the viable cell concentration at time ¢, 4 is
related to the difference between the decimal logarithm
of maximum bacterial growth attained at the stationary
phase and decimal logarithm of the initial value of cell
concentration, pi,,.. is the maximal specific growth rate,
A is the lag time, N, is the microbial threshold value,
MAL is the microbiological acceptability limit [i.e., the
time when N(t) is equal to N, and ¢ is the storage
time. The value of N, for Pseudomonas spp. was set to
10° cfu @/ g of cheese and 10° cfu/g for Enterobacteriaceae
(MALFrierobacterioceacy -5 ccording to other works dealing
Wlth the same dairy product (Conte et al., 2009).

Sensory Analysis

Sensory analysis was conducted according to a
method reported in the literature (Chiavari et al.,
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2006). A quantitative descriptive analysis was used for
the comparison of samples (UNI 10957:2003 Sensory
analysis—Method to define the sensory profile of foods
and beverages, UNI, 2003).

In accordance with the standard UNI 10957:2003
(UNTI, 2003), 8 testers of the Food Packaging laboratory
were selected on the basis of international standards
ISO 8586-1:1993 (ISO, 1993) and ISO 8586-2:1994
(ISO, 1994). Nine sessions of 1 h each were required to
define the sensory profile, with the frequency of 3 meet-
ings a week. The sessions were used to familiarize the
testers with the characteristics of Fior di Latte samples
in terms of odor, color, texture and overall quality.
After training, Fior di Latte samples were presented
to each panelist without brine (Angiolillo et al., 2013).
The panelist was asked to evaluate odor, color, texture,
and overall quality every day for the entire period of
observation, by using a scale from 0 to 7, where 4 was
the minimum threshold for cheese acceptability. To
judge the overall quality of cheese, the following prod-
uct characteristics were also taken into account: white
porcelain, smooth surface, tight shut-off, elastic release
of buttermilk after cutting, lack of holes, and typical
milk smell. The analysis of the texture was performed
by touching the surface of the products with fingers
and evaluating the degree of surface fraying with
movements from top to bottom of the surface. Each
taster evaluated a set of 4 samples each labeled with a
random 3-digit code. Samples had been stored in the
sensory analysis laboratory at room temperature before
tasting, and the order of presentation was different for
each accepted subject, to avoid mutual interference.
Before evaluating, each coated Fior di Latte cheese was
deprived of the coating and immersed in water at room
temperature for a few minutes, to tie these samples
to wet uncoated cheese. The tasters used individual
tasting booths in the hall of sensory analysis of the
Food Packaging laboratory. The quantitative analysis
was performed with a number equal to 3 replicates ses-
sions on different days at the same hour of each day.
To determine the sensory acceptability limit (SAL),
that represents the storage time to reach the sensory
attribute threshold, a modified version of the Gompertz
equation was fitted to the experimental data (Conte et
al., 2009; Del Nobile et al., 2009).

SA(t) =SA,,, — A%
A3Y SAL
-exp exp{ (14 2.71). A—Q] + 1} 2]
SA SA —t
+ A" -exp —exp[ <,umax ~2.71) — |t 1]
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where SA(?) is the sensory attribute at time ¢, SA,;, is
the sensory attribute threshold value, A is related to
the difference between the sensory attribute attained
at the stationary phase and the initial value of sensory
attribute, pi,.. is the maximal rate at which SA(%) de-
creases, A is the lag time, SAL is the sensory accept-
ability limit [i.e., the time at which SA(¢) is equal to
SA..i], and ¢ is the storage time. As reported above, the
value of SA,;, was set equal to 4.

Statistical Analysis

Data from fitting procedure were compared by one-
way ANOVA analysis. A Duncan’s multiple range test,
with the option of homogeneous groups (P < 0.05), was
used to determine significance among differences. To
this aim, Statistica 7.1 for Windows 152 (StatSoft Inc.,
Tulsa, OK) was used.

RESULTS AND DISCUSSION

As reported above, the biopreservation was adopted
to preserve the microbiological and sensory quality of
Fior di Latte cheese. In particular, the system consisted
in the application of 2 kinds of active coatings on the
product surface: the first containing L. reuteri and the
second containing the microorganism plus glycerol.
Furthermore, these active solutions were applied to
cheese in 2 different ways: without any microorganism
fermentation (first trial) and after 48 h of microorgan-
ism fermentation (second trial). This technological
strategy was chosen because it has been demonstrated
that L. reuteri produces the reuterin as an intermediate
metabolite during the anaerobic fermentation of glyc-
erol (Rasch et al., 2002). To prove the effectiveness of
the treatments, microbial and sensory attributes were
monitored. In the following, results obtained were re-
ported and discussed separately.

Microbiological Quality

Figure 1 shows the evolution of Pseudomonas spp.
count in Fior di Latte cheese during the 2 experimental
trials: without fermentation of the sodium alginic solu-
tion (a) and after 48 h of microbial fermentation (b).
Bishop and White (1986) stated that a Pseudomonas
spp. microbial load equal to 10° cfu/g of cheese repre-
sents the contamination level at which the alterations
of the product start to appear. As it can be seen in
the Figure 1(a), microbial count immediately increased
for COAT sample, whereas the microbial population
for CNT and ACT-COAT samples started to grow
1 d later and in the case of ACT-COAT-GLY, 2 d
later. The COAT and CNT samples reached the mi-
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crobiological acceptability limit (MAL“momes) at d
3.3 and 3.5, respectively, and so, faster than the other
2 active samples ACT-COAT and ACT-COAT-GLY
that matched the limit at d 4.3 and 5, respectively.
In Figure 1(b) the precedent findings were confirmed
and emphasized, in fact as in the first trial, COAT and
CNT samples were the first ones started to grow and
to reach the microbial limit at d 2.5 and 3, respectively.
Also in this case, the microbial count for the 2 active
samples ACT-COAT and ACT-COAT-GLY started to
grow 1 and 2 d later with respect to the COAT and
CNT samples. The gap between the 2 active samples
in reaching the MAL"*““™* was more evident during
this second trial; in fact, ACT-COAT sample matched
the limit at d 4.5, whereas ACT-COAT-GLY sample
overlapped the microbial limit at d 6.2 and then 1.7 d
later with respect to the ACT-COAT and more than 3
d later with respect to the CNT and COAT samples.
Making a comparison between the 2 trials, we can say
that the addition of the L. reuteri with glycerol to the
alginate solution improves the microbiological quality
but, allowing the microorganism to ferment the solu-
tion for 48 h, further improves the result. The delay in
reaching the MAL in the 2 active samples (ACT-COAT
and ACT-COAT-GLY) may be explained by the pres-
ence of the active coating on the product surface. The
addition of L. reuteri exerted a sort of antimicrobial
action, probably due to the acidification of the sub-
strate and the production of some metabolites such as
organic acids and bacteriocins (Angiolillo et al., 2013).
The combination of the microbial strain with glycerol
extended the microbial quality because it has been
demonstrated that this probiotic microorganism pro-
duces the antimicrobial component reuterin as an inter-
mediate metabolite during the anaerobic fermentation
of glycerol (Rasch et al., 2002). Therefore, allowing the
microorganism to ferment the active solution for 48 h
further improved the microbial quality of Fior di Latte
samples because the microorganism produced reuterin.

These findings were also confirmed by the enumera-
tion of lactic acid bacteria (data not shown) in the film-
making solution after 48 h fermentation. Lactobacillus
reuteri dry powder had a load of 9.21 log cfu/g. The
lactic acid bacteria count in the active sodium alginate
solution (with L. reuteri and glycerol) was 7.52 log
cfu/g, after 48-h fermentation no lactic acid bacteria
were enumerated in the same alginate solution, proving
that probably the fermentation process was effective in
the production of reuterin but at the same time this
antimicrobial component was lethal for the survival of
the lactic acid bacteria population.

A reduction of pH value was recorded for both tri-
als in the brine liquid (data not shown), and this is a
common observation in dairy products enriched with
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Figure 1. Evolution of Pseudomonas spp. count in Fior di Latte cheese during the 2 experimental trials: without fermentation of the active
sodium alginate solution (a), with a fermentation period of 48 h at 25°C of the active sodium alginate solution (b). CNT = control sample con-
sisting of Fior di Latte cheese without coating; COAT = Fior di Latte cheese with a 2% sodium alginate coating without Lactobacillus reuteri;
ACT-COAT-GLY = Fior di Latte cheese with a 2% sodium alginate coating containing L. reuteri and glycerol; ACT-COAT = Fior di Latte
cheese with a 2% sodium alginate coating containing L. reuter:.
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probiotics because of the continuous production of
organic acids that lower the pH of the environment
and consequently inhibit bacterial pathogens growth
(Pithava et al., 2011).

Figure 2 shows the evolution of Enterobacteriaceae
population in Fior di Latte cheese during the 2 ex-
perimental trials: the first (a) and the second (b). Also
for this microbial group, the addition of probiotic and
its combination with glycerol in the coating proved
to be effective in slowing down bacterial count in the
final product. In Figure 2(a) the microbial group im-
mediately increased for the COAT sample, whereas
for the CNT sample, the increase was from d 2.
These 2 samples reached the acceptability limit
(MALFrierobacterioceacy a4 q 3.5 and 5, respectively, where-
as for the 2 active samples, the microbial population
started to grow at d 2 for ACT-COAT and at d 3 for
the ACT-COAT-GLY sample. The 2 active samples
matched the microbial limit at d 6 and so later with
respect to COAT and CNT samples. In the second trial
(b), the 48-h fermentation of active alginate solution
proved to be effective in slowing down the microbial
deterioration, in fact in this case, COAT and CNT
samples reached the microbial limit together at d 4.5
and the ACT-COAT at d 5.3. On the contrary, the
ACT-COAT-GLY sample started to deteriorate 1 d
later with respect to the active sample without glycerol
(ACT-COAT) and 3 d later with respect to samples
without any active addition (COAT and CNT), over-
lapping the microbial limit at d 7. Also in this case
the combination of the probiotic microorganism with
glycerol improved the microbial quality, and the 48-h
fermentation of the alginate solution further prolonged
the microbial quality by 1 d with respect to the first
trial. It can be suggested, on the basis of the microbial
considerations, that the addition of probiotic and its
combination with glycerol in the coating surface of the
Fior di Latte cheese is an optimal and innovative way
to preserve the product and at the same time, with
a combination of an optimal fermentation time of the
active alginate solution, to guarantee a significant mi-
crobial control.

Sensory Quality

Edible films and coatings are usually consumed with
the coated product. Therefore, the incorporation of
compounds such as probiotics should not affect con-
sumer acceptance. The addition of probiotics to obtain
antimicrobial edible films and the effect of this addition
to the food product has been barely studied (Rojas-
Grau et al., 2009). The taste of these nutraceutical
ingredients has been regarded as a particularly impor-
tant factor; several authors found that probiotics cause
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the acidification of the substrate and the production of
some metabolites such as organic acids and bacterio-
cins (Pithava et al., 2011). Furthermore, the increase
of fermentation processes can also lead to a change in
the product structure. Fior di Latte cheese is consid-
ered a traditional Italian product with a characteristic
sensory property that lends this product to the concept
of “natural-traditional-product.” Thus, it is necessary
to preserve these attributes also when probiotic, prebi-
otic, or both are added. It is important that treatments
applied to functionalize also maintain the appearance
(i.e., color and integrity) and the flavor characteristics,
being the first factors that the consumer perceives as
product quality (Faccia et al., 2013). Figure 3 shows the
evolution during storage of the overall quality of Fior di
Latte cheese during the 2 experimental trials: without
fermentation (a) and with a fermentation of 48 h (b).
The curves were obtained by fitting Equation (2) to the
experimental data, whereas the horizontal dashed line
is the sensory threshold. In the first trial (a), overall
quality steadily decreased in a more pronounced way
in the COAT samples, which matched the sensory ac-
ceptability limit (SAL®?) at d 6, whereas CNT and
ACT-COAT samples reached the limit both at d 7.
Sample ACT-COAT-GLY did not match the threshold
for the entire observation period, and for this reason
the SAL® was set >7 d (Table 1). The same trend was
observed in the second trial (b), with the only differ-
ence that the ACT-COAT sample in this case recorded
the same overall quality trend of the ACT-COAT-GLY,
probably due to the fact that the fermentation time
allowed the microorganism to increase its fermentative
action, contributing to improve the microbial quality
and, as a consequence, also the sensory quality of the
final product. The trend of the overall quality coincided
with that of the odor (Figure 4), thus proving that
this attribute represented the factor limiting cheese
storability. Texture and color (Figure 4) attributes did
not affect the overall quality of the product; indeed,
the panelists expressed their judgments with a score
above the acceptability limit during the entire storage
time. The panelists highlighted a typical milk odor
of samples coated with probiotic (ACT-COAT and
ACT-COAT-GLY), which coincided with the natural
characteristics of this Italian traditional product. This
consideration probably determined the higher SAL®?
for the 2 active coated samples. A study conducted by
Mirzaei et al. (2012) confirmed that the addition of
free or encapsulated probiotics had no significant effect
on sensory properties of a probiotic Iranian cheese, in
fact the total evaluation in terms of color, texture, and
taste of samples was good and did not have any marked
off-flavor during the storage and samples enriched with
probiotics recorded an overall quality better than that
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Figure 2. Evolution of Enterobacteriaceae count in Fior di Latte cheese during the 2 experimental trials: without fermentation of the active
sodium alginate solution (a), with a fermentation period of 48 h at 25°C of the active sodium alginate solution (b). CNT = control sample con-
sisting of Fior di Latte cheese without coating; COAT = Fior di Latte cheese with a 2% sodium alginate coating without Lactobacillus reuteri;
ACT-COAT-GLY = Fior di Latte cheese with a 2% sodium alginate coating containing L. reuteri and glycerol; ACT-COAT = Fior di Latte
cheese with a 2% sodium alginate coating containing L. reuteri.
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Figure 3. Evolution of the overall quality in Fior di Latte cheese during the 2 experimental trials: without fermentation of the active sodium
alginate solution (a), with a fermentation period of 48 h at 25°C of the active sodium alginate solution (b). CNT = control sample consisting
of Fior di Latte cheese without coating; COAT = Fior di Latte cheese with a 2% sodium alginate coating without Lactobacillus reuteri; ACT-
COAT-GLY = Fior di Latte cheese with a 2% sodium alginate coating containing L. reuteri and glycerol; ACT-COAT = Fior di Latte cheese
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Figure 4. Evolution of odor, color, and texture in Fior di Latte cheese during the 2 experimental trials: without fermentation of the active
sodium alginate solution (a), with a fermentation period of 48 h at 25°C of the active sodium alginate solution (b). CNT = control sample con-
sisting of Fior di Latte cheese without coating; COAT = Fior di Latte cheese with a 2% sodium alginate coating without Lactobacillus reuteri;
ACT-COAT-GLY = Fior di Latte cheese with a 2% sodium alginate coating containing L. reuteri and glycerol; ACT-COAT = Fior di Latte

cheese with a 2% sodium alginate coating containing L. reuteri.

with no probiotic cells. Therefore, sensory evaluation
confirmed the considerations of the microbial quality:
the use of L. reuteri into the sodium alginate solution
was an active way to biopreserve the Fior di Latte
cheese, and its combination with glycerol and with a
48-h fermentation time was more effective in slowing
down the microbial deterioration and consequently im-
proving the sensory properties.

Shelf Life

The Fior di Latte shelf life is listed in Table 1 for each
sample tested in this study. It was calculated as the
lowest value between 1\/LALPseudom(mas7 MALEnterobacteriaceae’
and SAL®? (Conte et al., 2009). It can be emphasized
from data that microbial quality limited the shelf life
of the 3 samples, with a major contribution of Pseu-
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Table 1. Shelf life (days) of Fior di Latte samples as the lowest value between MAL*®omones \J AT Frierobocteriaceae

and SAL!
Microbial quality (d) Sensory quality (d)
Sample NIALPseudnmnmm 1VIALE7J,/P7'(Jha(t/,er'm,ceae SALOQ Shelf life (d)
9°C (trial 1)
CNT? 3.5 5 7 3.5
COAT® 3.3 3.5 6 3.3
ACT-COAT-GLY" 5 6 >7 5
ACT-COAT” 4.3 6 7 4.3
9°C (trial 2)
CNT 3 4.5 7 3
COAT 2.5 4.5 6 2.5
ACT-COAT-GLY 6.2 7 >T7 6.2
ACT-COAT 4.5 5.3 >7 4.5

"MAL = the microbiological acceptability limit; SAL = the sensory acceptability limit; OQ = overall quality.
CNT = control sample consisting of Fior di Latte cheese without coating.
3COAT = Fior di Latte cheese with a 2% sodium alginate coating without Lactobacillus reuteri.

*ACT-COAT-GLY = Fior di Latte cheese with a 2% sodium alginate coating containing L. reuteri and glyc-

erol.

SACT-COAT = Fior di Latte cheese with a 2% sodium alginate coating containing L. reuteri.

domonas spp. growth. In the first trial (without any
fermentation), the shelf life of CNT and COAT was set
at 3.5 d, whereas the 2 active sodium alginate—coated
samples (ACT-COAT and ACT-COAT-GLY) revealed
a longer storability, about 4.3 and 5 d, respectively,
probably for the improvement of the microbial and
sensory characteristics of the active addiction. With
the 48 h of microbial fermentation, both microbial and
sensory quality further increased, in fact ACT-COAT-
GLY shelf life was set at 6.2 d and then 1.2 d later with
respect to the first trial. The shelf life for the CNT,
COAT, and ACT-COAT samples was approximately
equal to the first trial. To sum up, the application of
an edible active sodium alginate coating enriched with
L. reuteri and glycerol to Fior di Latte cheese improved
its microbial and sensory characteristics, contributing
to extend its shelf life.

CONCLUSIONS

In the first trial, the combination of the probiotic
microorganism with glycerol (ACT-COAT-GLY) im-
proved the microbial quality by 1 d compared with the
same active solution without glycerol (ACT-COAT)
and by about 1.5 d compared with the Fior di Latte
sample without any active coating (CNT). The 48-h
fermentation of the active alginate solution (second
trial) further prolonged the microbial quality with re-
spect to the first trial. In fact, in this case, COAT and
CNT samples reached the microbial limit together at d
4.5, whereas the ACT-COAT at d 5.3. On the contrary,
the ACT-COAT-GLY sample started to deteriorate 1 d
later with respect to the active sample without glycerol
(ACT-COAT) and 3 d later with respect to samples
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without any active addition (COAT and CNT), over-
lapping the microbial limit at d 7. On the basis of the
microbial considerations, the addition of probiotic and
its combination with glycerol in the coating applied
on Fior di Latte surface is an optimal and innovative
way to biopreserve the product and at the same time,
with a combination of an optimal fermentation time, to
prolong its microbial quality. The sensory evaluation
confirmed the considerations of the microbial quality;
in fact, panelists highlighted a typical milk odor in the
sample coated with probiotic (ACT-COAT and ACT-
COAT-GLY), that promoted better scores for the 2
active coated samples. Therefore, the application of an
active coating enriched with L. reuteri and glycerol to
Fior di Latte cheese improved its microbial and sensory
characteristics, contributing also to extend its shelf life.
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