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Introduction:-

Truffle is a typical Italian product, characterized by unique taste and aroma, which national and international market
is in great development nowadays (MELLO et al., 2006, DIAZ et. al., 2009). The high commercial value
(approximately 200 to 2000 €/kg) of this niche product is due not only to its typical organoleptic properties, but also
to the difficulty to find it, the harvesting modes, as well as its high perishability and the consequent short shelf-life
of 4-5 days on average. In fact, truffle is a seasonal hypogeous fungus, which harvesting has to be carried out only in
established periods and at complete maturation. Besides, after harvesting, it rapidly loses its organoleptic properties,
because of superficial microbial growth, of dehydration and of senescence. Another aspect that should be taken into
account is the weight loss, that has a big economical impact. For all these reasons, some species of truffles, such as
Tuber magnatum, Tuber melanosporum and Tuber aestivum, are the most expensive edible fungi available on the
market. Certainly, the prestige of the sector, the positive trend of the market and the growing interest generated also
abroad by these products represent incentives for the development of new preservation methodologies that could
allow the extension of truffles shelf-life. For this purpose, in the last years innovative techniques such as irradiation,
modified atmosphere packaging, ultrasounds, edible coatings and active packaging, together with their
combinations, were largely studied (REALE et al.,, 2009, RIVERA et al., 2010, CIOLACU et al.,, 2013,
CATALANO et al., 2015).

Among these methods, there is a growing interest towards the utilization of edible coatings from natural sources like
polysaccharides, lipids and proteins, that could potentially replace some conventional synthetic packaging materials
from petroleum, offering different advantages as the low cost, the simplicity, the versatility, the possibility to be
applied on food by various methods and the renewable and biodegradable nature. Besides, they can provide barrier
properties against humidity, oxygen, aroma and oils, preserving at the same time the food appearance, and they also
may serve as carriers for a wide range of food additives, as anti-oxidants, antimicrobials and flavors, thus becoming
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active packaging systems (BALDWIN et al., 1995, GUILBERT et al., 1996, PORTA et al., 2013, MELLINAS et al.,
2016).

In such context, proteins-based films are characterized by barrier properties to oxygen and carbon dioxide and good
mechanical properties, whereas the water permeability can be overcome by the addition of hydrophobic materials,
such as oils, to modify the cristallinity, hydrophobicity, surface charge and molecular size. They are water-soluble
and can act as emulsifier and increase the nutritional value and aroma of food to which they are applied (LACROIX
and VU, 2014).

Protein films can be obtained from structural or reserve proteins derived from animals, for example, casein, whey
protein, gelatin, egg albumin, or plant sources, for example, corn, wheat, cottonseed, peanut, rice and legumes. The
last ones represent an important source of different kinds of proteins with film-forming capacity (BRANDENBURG
et al., 1993, SEOK and HAN, 2001, BAMDAD et al., 2006, MONTANARI and ZURLINI, 2013, SHEVKANI and
SINGH, 2013), that could be isolated not only from raw materials but also from industrial by-products, produced in
large amounts in Europe, that in this way could be valorized.

In recent years some works on the application of proteins-edible coatings to fresh products, among which also
mushrooms and truffles, were performed (PACIONI et al., 2014), but only few films derived from legumes (SHON
and CHOI, 2011).

With the purpose to improve food preservation preventing also microbial growth, antimicrobial agents could be
incorporated in protein matrix or, as alternative, a combination of proteins-based films with antimicrobial materials
could be applied. Among the substances used for the realization of biopolymeric and edible films with bacteriostatic
function, one of the most widespread is chitosan, a deacetylated derivative of chitin, that has been found to be non-
toxic, biodegradable, biofunctional, biocompatible and to have strong antimicrobial and antifungal activities.
Besides it has good film-forming properties its-self (SUDARSHAN et al., 1992, AIDER, 2010). Thanking to its
properties, chitosan was largely investigated as edible and active coating on fresh fruit and vegetables and also on
fresh mushrooms (DEVLIEGHERE et al., 2004, KIM et al., 2006, EISSA, 2008).

Another factor that has to be taken into account for the extension of fresh products shelf-life is represented by
storage conditions. Dealing with this point, passive refrigeration has been recently introduces as a cooling system for
the preservation and transportation of fresh and perishable products like fruit, vegetables, meat, dairy products, fish
and flowers, in ideal and controlled cold and humidity conditions without forced ventilation. One of the main
advantages offered by this storage system is the uniformity of humidity above 90% and temperature at 0°C,
guaranteed in different points of the chamber of PRS cell. This is allowed by passive elements that use the energy
supplied by the melting enthalpy of the thermal mass, frozen beforehand by circulating refrigeration fluid at low
temperature within a heat accumulator, that is able to absorb the heat that passes through the walls and the heat
dissipated by the products (GHIRALDI, 2014, MOLINO, 2009).

In such context, the aim of this work is the evaluation of the effectiveness of different types of edible coatings based
on lentil proteins or their combination with chitosan, for the extension of the shelf-life of truffles of the species
Tuber aestivum, in terms of weight loss reduction and visual inspection. As it would be advantageous to facilitate
the exportation of truffles from Italy to countries as USA, it was decided to study the combination of edible coatings
and passive refrigeration. This storage system was selected on the basis of the results obtained from preliminary
tests carried out with different refrigeration systems.

Materials and methods:-

Samples:-

Truffles of the species Tuber aestivum were provided on Italian market. The surface of each truffle was brushed just
before the storage and, in the case of treated truffles, the application of edible coatings used to limit the transpiration
process. The mean starting weight of samples was around 30-40 g.

Materials:-

Lentil proteins were extracted from lentil seeds according to a procedure patented by SSICA [15]. Biological not
bitter cold pressed linoleum oil and refined walnut oil were provided by Oleificio Sabo (Manno, Swiss). Highly
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viscous chitosan from crab shells (2-Amino-2-deoxy-(1—4)-B-D-glucopyranan, Poly-(1,4-D-glucopyranosamine))
was purchased by Sigma Aldrich (Milano, Italy). Lactic acid was purchased by Carlo Erba Reagents (Milano, Italy).

Edible coatings preparation and application to truffles:-

Five different edible coatings were tested. More in details, two lentil proteins coating were prepared with two
different vegetable oils, walnut (Juglans regia) and linoleum (Linum usitatissimum). The addition of the oil had the
aim to reduce the permeability to water (VALENZUELA et al., 2013, VARGAS et al., 2011) and to limit the
transpiration of truffles, thus limiting the senescence process. Each protein coating was tested alone and in
combination with chitosan coating, in order to evaluate a possible further improvement of truffles preservation. The
formulations of edible coatings and the corresponding codes are shown in Table 1.

Table 1:-Formulations and codes of edible coatings applied to truffles

Code Edible coating

N 6% lentil proteins with 2.5% walnut oil film (3 immersions)

NC 6% lentil proteins with 2.5% walnut oil film (1 immersion) + 1% chitosan in 0.5% lactic acid film (1
immersion)

L 6% lentil proteins with 2.5% linoleum oil film (3 immersions)

LC 6% lentil proteins with 2.5% linoleum oil film (1 immersion) + 1% chitosan in 0.5% lactic acid film (1
immersion)

On the basis of the procedure patented by SSICA (MONTANARI and ZURLINI, 2014), 6% w/v lentil protein and
3% wiv glycerol solutions in water were prepared. pH was adjusted to 7.2 with 1IN NaOH. After the addition of
2.5% oil (walnut or linoleum), each solution was maintained under moderate stirring for 60 minutes. Then it was
filtered on a certified test sieve with a granulometry of 355 micron and it was heated at 70°C for 20 minutes in order
to denaturate proteins.

1% wiv chitosan solution in 0.5% v/v lactic acid was prepared. After at least 3 hours under continuous mixing at
60°C, 1% w/v glycerol was added (PARK et al., 2002, LECETA et al., 2015).

All solutions were cooled to room temperature before the application.

Edible coatings were applied to truffles by dipping, immersing each sample completely in the film-forming solution
for few seconds. Then, the excess of the coating was removed, putting the truffles on a large sieve. The applied
coating was so dried by cold air, for at least 10 minutes.

If only one film was used, three coatings applications were performed. If a combination of protein and chitosan
films was used, one application for each coating was done, followed by the application of the other one.

More in details, for a first lot of truffles all types of coatings indicated in Table 1 were tested and compared; then
with a second lot only one selected coating was tested.

Taking into account the high cost and the difficulty to provide truffles, for each test three replicates were performed.

Passive refrigeration:-
The static cell for passive refrigeration, at 0°C and at controlled humidity > 90%, was purchased by PRS Passive
Refrigeration Solutions SA (Lugano, Switzerland) (see Figure 1a).

Preliminary tests were performed with uncoated truffles, in order to compare different storage solutions: domestic
refrigeration in common refrigerator at 4°C, industrial refrigeration in conventional cell at 20°C, 4°C and 0°C, all
available at SSICA facilities, and PRS cell at 0°C with a capacity of 400L. For the storage, samples were put in
wood baskets without any cover (see Figure 1b) and their weight loss was determined after 3, 6, 13, 20 days. Also
in this case, three replicates were performed for each test condition.

On the basis of the results obtained, passive refrigeration was selected for the following experiments for the study of

the edible coatings effects. Once coated with edible films, samples, always inside uncovered wood baskets, were
stored in PRS cell. In parallel, also reference samples, corresponding to uncoated truffles, were stored in the same
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conditions. In each basket three truffles were put. Temperature and humidity were monitored during the whole
storage period.

Figure 1:-a) PRS cell and b) wood baskets for the storage of truffles

Shelf-life tests:-

The shelf-life of coated and uncoated truffles stored in PRS cell at 0°C was followed, through the determination of
weight loss and visual inspection of samples. More in details, for the first lot of truffles, the weight of samples at
time 0 and after 2, 6, 13, 16 and 20 days was determined. For the second lot, the weight loss was determined after 2,
6, 9, 13 and 20 days.

For truffles of second lot coated with the LC film, also microbiological analysis were performed determining the
concentration of enterobacteria, yeasts and moulds, Listeria monocytogenes and Salmonella sp. All microbiological
analysis were carried out according to 1ISO norms (1SO 21528-2:2004, 1SO 7954:1987, ISO 11290-1:1996/A1:2004,
ISO 11290-2:2004, 1SO 6579:2002/A1:2007).

Data analysis:-
The comparison of the significance of the data was performed using t-test.

Results and discussion:-

Preliminary tests with different refrigeration systems:-

In Table 2 it is possible to observe the values of weight loss recorded for uncoated truffles in preliminary tests with
different refrigeration systems, after 3, 6, 13 and 20 days of storage.

Table 2:-Weight loss recorded in preliminary tests with in different refrigeration systems for truffles

. . Weight loss (g/100g)*
Refrigeration system t=3 days t=6 days t=13 days t=20 days
Conventional industrial cell 44.20 + 2.55a 61.28 £+4.13a 74.75 £ 2.10a 75.96 + 1.74a
20°C
Domestic refrigerator 4°C 13.71 + 1.61bc 24.34 +3.11bhc 40.84 + 5.18bc 50.00 £ 6.53bc
Conventional industrial cell 19.24 + 1.54b 34.23+2.73b 55.27 + 4.44b 65.05 + 4.71ab
4°C
Conventional industrial cell 12.15 + 1.25¢ 21.14 £ 2.17c 37.97 £ 3.51¢c 48.97 + 3.74c
0°C
PRS cell 0°C 3.80 £0.47d 4,65+ 1.08d 8.11 +2.82d 12.48 + 2.82d

*Results are expressed as mean + standard deviation. Values with the same letters within each column are not
significantly different (p>0.05)

As expected in conventional cell at 20°C, the weight loss was very high from the beginning of the test, arriving at
around 449/100g after only 3 days of storage. After 20 days, the weight loss was around 76g/100g and samples were
completely dehydrated and difficult to be cut. With other conventional systems the weight loss values were lower;
however, after 20 days of storage weight losses of around 50-60g/100g were recorded and truffles were
characterized by a “spongy” consistency. Best results were achieved with passive refrigeration in PRS cell at 0°C,
that allowed to record the lowest weight loss values for the whole interval of time investigated and to better preserve
the internal aspect of truffles (see Fig. 2a-e).
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Figure 2:-Cut truffles after 20 days of storage in a) conventional industialr cell at 20°C, b) domestic refrigerator at
4°C, c) conventional industrial cell at 4°C, d) conventional industrial cell at 0°C, ) PRS cell 0°C.

The different behavior of truffles in PRS cell could be related to the absence of forced ventilation, instead present in
other refrigeration systems used, that ensures higher humidity levels, as shown in Table 3. As consequence, it is

possible to maintain the product more hydrated for a longer period.

Table 3:-Temperature and humidity conditions recorded in the refrigeration systems tested*

Refrigeration system

Temperature (°C)

Humidity (%0)

Description

Conventional industrial cell 20°C 23.7+0.1 451+24 Forced ventilation

Domestic refrigerator 4°C 4.0+0.5 455+6.9 Forced ventilation

Conventional industrial cell 4°C 4.0zx0.1 59.6 £ 0.8 Forced ventilation

Conventional industrial cell 0°C 0.5+£0.2 83.5+28 Forced ventilation
PRS cell 0°C 0.0+0.5 95.0+05 No ventilation

* Results are expressed as mean + standard deviation.

Control of temperature and humidity in PRS cell:-
In Figure 3a-b the graphs of the monitoring of humidity and temperature inside PRS cell are reported as example.
Data are referred to a narrow interval of time extrapolated from the storage period. The increase peaks of
temperature, to which a decrease of humidity corresponds, were determined at the moment of cell opening for the

sampling of truffles.
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Shelf-life tests:-

Figure 3:-Control of a) temperature and b) humidity inside Thermobox

In Table 4 the values of weight loss recorded for coated and uncoated truffles of first lot, after 2, 6, 13, 16 and 20

days, are reported.

Table 4:-Weight loss recorded for coated and uncoated truffles of first lot stored in PRS cell at 0°C at different

times of storage

Sample

Weight loss (g/100g)*

t=2days |  t=6days

| t=13days | t=16days | t=20days
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Uncoated 3.04 + 0.50a 6.61+0.71a 10.47 + 0.83a 10.62 + 1.24a 11.14 + 1.30a
+N 412 +1.24a 5.65 + 1.55ab 6.27 + 1.43abc 6.71 + 2.08a **

+ NC 3.18 + 0.69a 5.02 + 1.06b 6.61 + 1.36b 7.72 +1.36a 8.10 + 1.69a
+L 2.82 £ 0.40a 3.98 £ 1.57c 2.05+1.98c o **

+LC 2.61+0.76a 3.84 + 1.19abc 4.11 + 2.34abc 4.47 +2.80a 4.58 + 2.82a

* Results are expressed as mean + standard deviation. Values with the same letters within each column are not
significantly different (p>0.05)
**missing value due to sample unacceptableness

The quite high values calculated for standard deviation are mainly due to the natural variability of the starting
product, in terms of dimensions, form and, above all, surface to volume ratio.

As it is possible to observe, the results confirm the efficacy of passive refrigeration highlighted also during
preliminary tests. In fact, also uncoated truffles had a restrained weight loss.

Moreover, in all cases the presence of coating showed a tendency to decrease the weight loss with respect to
uncoated truffles, stored inside PRS cell in the same conditions of humidity and temperature, even if differences are
not statistically significant.

In details, the coatings containing linoleum oil (L and LC) allowed a major reduction of weight loss, with values for
LC not higher than 59/100g at t=20 days, while with those containing walnut oil (N and NC) the weight loss reached
values around 7-8 g/100g at t=20 days.

These results already indicate a good extension of truffles shelf-life, that is usually very short in standard conditions.
In Figure 4 the comparison of weight loss trends determined for coated and uncoated truffles of first lot is reported.

First lot of truffles

)

o

=)

i

I

w —4—Uncoated
0

< =N
)

X —ie—NC
2

= ——— |
[

= —e—IC

Day

Figure 4:-Comparison between coated and uncoated truffles of first lot in terms of weight loss at different times of
storage in PRS cell at 0°C

The visual inspection of truffles of first lot revealed that all samples maintained an optimal aspect until 6 days. After
13 days, for all coated truffles the odour was still typical, but they were defined unacceptable due to loss of
consistency, above all in the case of coatings containing walnut oil, and development of mould, above all in the case
of coatings containing linoleum oil.
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Besides, truffles were observed at the end of the storage time (20 days) fixed for the test. Samples were cut in order
to control their internal part. For all truffles, colour was uniform, but, while the typical veins were visible in the case
of truffles coated with films NC and LC, they were absent in truffles coated with films N and L (see Fig. 5). Another
important aspect is represented by the fact that the presence of oil in the formulation did not affect the typical odour
of truffles.

a)

Figure 5:-Cut truffles coated with films a) L, b) LC and ¢) NC after 20 days of storage inside PRS cell at 0°C

Taking into account the results achieved in terms of both limitation of weight loss and mould growth and of
preservation of the internal aspect of the product, it was decided to perform confirmation tests with a second lot of
truffles applying the coating LC. In this case, as reported in Table 5, an additional determination of weight loss at
t=9 days was included, as for the first lot the organoleptic deterioration was recorded between 6 and 13 days for the
majority of samples.

Table 5:-Weight loss recorded for coated and uncoated truffles of second lot stored in PRS cell at 0°C at different
times of storage

Sample Weight loss (g/100g)*
t=2 days t=6 days t=9 days t=13 days t=20 days
Uncoated 3.45+0.18a 5.72 + 1.34a 7.94 £0.91a 9.36 + 1.20a 11.92 + 4.36a
+LC 3.48 £ 0.16a 4.97 + 1.81a 6.20 £ 0.42a 6.91 + 0.06a 8.50 + 2.14a

* Results are expressed as mean + standard deviation. Values with the same letters within each column are not
significantly different (p>0.05)

Also in this case, in general coated truffles showed a lower weight loss than uncoated ones, even if differences are
not statistically significant, for the whole time of storage provided for the test, reaching mean values around 9g/100g
for samples coated with LC film, against 12g/100g for uncoated samples. So, the positive influence of the coating is
confirmed, even if the limitation of the weight loss is lower than for the first lot, probably just because of truffles
variability.

The visual inspection revealed that all samples could be considered as acceptable until 9 days. In fact, both coated
and uncoated truffles were still compact, characterized by the typical odour, the surface was shiny and humid and
without the presence of moulds. In correspondence to this period comparable values of weight loss were achieved
for coated and uncoated truffles, around 6-8g/100g. The acceptability period was longer than that observed for the
first lot, probably because of the natural variability of this kind of product. At t=13 days the uncoated truffles lost
consistency and some samples showed the presence of small points of moulds on the surface, while coated truffles
were still compact, humid and solid. The odor was still typical for both kinds of samples. At the end of storage time
(t=20 days) in both coated and uncoated truffles the development of moulds was observed, even if it was more
evident in the case of uncoated ones. Besides, coated truffles were more compact. Samples were cut in order to
control also their internal part and it was possible to still observe the presence of typical veins, thus demonstrating a
better state of preservation (see Figure 5). On the basis of these observations, samples were overall defined
acceptable, except for the presence of moulds, mainly in uncoated truffles. The presence of LC coating and in
particular the linoleum oil did not influence the typical odour of truffles during the whole period of storage.
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f |

Figure 6:-Truffles of second lot after 20 days of storage inside PRS cell at 0°C: a) uncoated, b) coated with LC
film, c) cut coated and uncoated

At the beginning of the test, the microbiological analysis on samples coated with LC film gave the following
concentrations of microorganisms: 5.1 Log ufc/g for Enterobacteria, 2.7 Log ufc/g for yeasts, 2.9 Log ufc/g for
moulds and 1.5 Log ufc/g for Listeria monocytogenes. On the contrary, Salmonella spp. was absent. This
microbiological charge is in line with such kind of vegetable product. In particular, the presence of Listeria
monocytogenes could be related to the origin of truffles directly from the soil, that is the ideal environment for its
development (MCLAUGHLIN et al., 2011, DEFELIP, 2001). Such microbiological situation remained almost
unchanged until the end of the test. In fact, no significant variations were observed at 13 and 20 days, in which the
following concentrations were recorded respectively: 5.3 and 4.8 Log ufc/g for Enterobacteria, 3.8 and 4.8 Log ufc/g
for yeasts, 2 and 2.3 Log ufc/g for moulds and 3.4 and 1.7 Log ufc/g for Listeria monocytogenes.

The two examined lots of truffles showed different behaviors, probably due to the natural variability of these fresh
products and also to their preservation state at the beginning of the shelf-life test. In fact, while the samples of first
lot were defined acceptable until t=6 days, the samples of second lot were better preserved for the whole period
provided for the shelf-life test, so t=20 days. More in details, for the first lot, the application of edible coatings
tended to more reduce the weight loss in comparison to uncoated truffles. For both coated and uncoated samples of
this lot the organoleptic deterioration was observed between 6 and 13 days of storage in PRS cell at 0°C. Instead, for
the second lot, all samples showed a similar behavior until t=9 days. At t=13 days only coated samples did not show
surface development of moulds. At t=20 days, the consistency was however acceptable, but a limited presence of
moulds was observed on all samples, even if it was further reduced for truffles coated with LC film.

Comparing the results reported in Tables 4 and 5, it is possible to state that at t=20 days comparable weight loss
values were obtained for uncoated truffles of first and second lots (around 11-12¢/100g), while for LC coated
truffles a lower weight loss was recorded for the first lot (4.59/100 g against 8-9g/100g). In both cases, a major
tendency to limit the weight loss is observed from t=6 days.
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In order to summarize, in Figure 7, the trends of weight loss for LC-coated and uncoated truffles of first and second
lots are represented.

Comparison between first and second lot of truffles

14

o

o

=)

i

I

wn

§ Uncoated Lot 1
Eu —&— Uncoated Lot 2
o

s LC Lot 1

&

g —@—|C Lot 2
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Figura 7:-Comparison between coated and uncoated truffles of first and second lots in terms of weight loss

Conclusions:-

On the basis of the results obtained from weight loss monitoring and visual inspection, it is possible to state that the
combination of the passive refrigeration and the application of edible coatings on truffles opened good perspectives
in terms of the extension of shelf-life until 13 days of an high value product as Tuber aestivum. In particular, three
important considerations emerge. Firstly, the application of the combined coating formed by protein film with
linoleum oil and chitosan film (LC) seemed to be convenient in order to reduce the transpiration, thus reducing
weight loss, and to inhibit the surface development of moulds. Besides, the presence of edible coating and in
particular of linoleum or walnut oil did not influence the typical sensorial characteristics of truffles, both odour and
colour. Secondly, the storage in PRS cell at 0°C allows to extend the shelf-life also of uncoated truffles stored.
Finally, the combination of edible coating and passive refrigeration permits to extend the shelf-life from few days to
more than a week, with positive repercussions on marketability and economical aspects of truffles.
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