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Abstract

Grape pomace, as by-product of wine making, is a source of polyphenols, fibers, fatty acids, metals, and organic acids, which
could be used as raw component for the production of sustainable materials. Novel biodegradable films based on pomaces,
from Negroamaro (red) and Fiano (white), Italian grape cultivars, were fabricated. Physical, chemical and antioxidant
properties of material produced were characterized. In particular, migration tests of phenols from pomace films to aqueous
food simulant medium were investigated. Data obtained allowed to evaluate the antioxidant activity in terms of total phenol
assay and Trolox Equivalent Antioxidant Capacity assay and phenols profile. The characterization of phenolic composition
confirmed the peculiarity of some compounds such as anthocyanins (191.17 + 10.3 pg/g film) in red skin pomace film (NPF)
and a great amount of flavanols (76.36 +1.72 pg/g film) in white skin pomace film (FPF). Antioxidant activity of polyphenols
resulted in active films and was confirmed in migration test with aqueous food simulants. Physical properties of produced
films were then studied in terms of morphological, thermal, mechanical and barrier properties. Finally, in the framework of
sustainability and circular economy, the presented data paves the way to the design and production of active materials for

packaging application starting from a widely available by-product derived from wine-making chain.
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Introduction

Nowadays, food packaging is still produced from fossil fuels,
which is representing a great environmental concern. The
development of novel, eco-friendly and sustainable active
packaging is emerging as an urgent issue [1]. Many efforts
have been making to reduce packaging wastes and guaran-
tee, in the same time, food stability and quality. So, focus
has been put on the fabrication of bio-based materials from
renewable sources due to their biodegradability [2, 3]. In
fact, biodegradable films and coatings are now emerging
as novel alternatives to conventional plastics to fabricate
eco-friendly food packaging [4]. Many materials have
already been used for the formulation of bio-based films
such as polysaccharides, protein, lipids [5]. Moreover, there
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is an increased attention in the utilization of food waste or
food chain processing by-products [14—16]. Most of these,
though, are underutilized because of their low market value
[17]. It is known that the processing of fruit and vegetables
produces a noticeable amount of residues such as peels,
seeds, pulp and stone which usually are rich in bioactive
compounds [18, 19]. The fabrication of edible films derived
from food processing by-products has been widely studying
since this kind of material can combine the film-forming
properties of biopolymers (i.e. pectin and cellulose) with
the properties (i.e. color and flavor) of pigments and active
compounds such as antioxidant and antimicrobial agents
[20, 21]. These biomolecules could contribute to increase
the shelf life of packaged food products [22]. Different kind
of materials have already been applied to produce biode-
gradable packaging such as potato peel [23], rice husk [24],
apple waste [25], onion [26], tropical fruits [1, 27-30], nut
[31], cereals [32] and wine pomace [21]. Previous studies
concern, for example, the fabrication of bio-based high-
density polyethylene films with phenolic compounds pre-
sent in citrus fruits and grapes as natural antioxidants [6],
antioxidant films based on ethylene vinyl alcohol copolymer
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and caffeic acid [7], chitosan and grape seed extract-based
edible films [8], polyethylene terephthalate trays coated with
citrus extract [9], quercetin loaded carboxymethyl cellulose,
gelatin, and poly(lactic acid) [10], mango leaf extract incor-
porated chitosan films [11], polyvinyl alcohol and apple
pomace bio-composite films with antioxidant properties [12]
and carboxymethyl cellulose-based antioxidant and antimi-
crobial active packaging film incorporated with curcumin
and zinc oxide [13]. Among all the natural materials used for
packaging applications, wine pomace, as natural by-product,
is taking a great interest. It is derived from wine processing
(about 25% of the weight of wine making process consist in
pomace) and mainly composed of skin, seeds, stems. These
byproducts represent a source of dietary fibers and a signifi-
cant amount of polyphenols [33-36]. Nowadays, wine pom-
ace is used as health food supplement, biogas conversion or
simply discarded as a waste. Currently, the interest in using
it for functional foods, cosmetic, pharmaceuticals, food sup-
plements is increasing [35, 37, 38]. The presence of pec-
tin, cellulose and sugars adds benefits to the film formation
application while the skins and seeds of grapes are known
to be rich sources of phenolic compounds, both flavonoids
and non-flavonoids [35, 39]. These characteristics make the
grape pomace suitable for the production of biodegradable
films. For example, Deng et al. produced wine grape pomace
(cv. Merlot) extract-based films [21], Saurabh et al. fabri-
cated guar gum based active packaging films using grape
pomace (Shiraz variety) [40], Ribeiro et al. fabricated arrow-
root starch films incorporated with grape pomace extract
(BRS Violeta) [41], Ferreira et al. produced grape pomace
extract (Vitis vinifera, var. Touriga Nacional) incorporated in
chitosan films [42] while Xu et al. produced starch nanocom-
posite films incorporating grape pomace extract (Vitis vinif-
era, var. Viognier) and cellulose nanocrystal [43]. This study
investigates the feasibility of fabricating novel biodegrad-
able film by utilizing grape pomace from two Italian grape
cultivars named Fiano and Negroamaro, derived from the
wine making processes. Fiano (Vitis vinifera L) is the most
representative sweet white wine variety in the Campania
region of Italy [44] while Negroamaro is a non-aromatic red
wine grape cultivar originally from Apulia region, southeast
Italy [45]. The two kinds of grape pomaces have been used
to fabricate novel and green thin films for food packaging
applications. The produced films have been widely charac-
terized from physical, chemical and antioxidant properties.

Material and Methods
Materials

Two batches of wine pomace (grape harvest year 2018),
Vitis vinifera varieties Negroamaro (N) (achieved after
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fermentation for red wine making), and Fiano (F) (with-
out fermentation, as it is used in white wine making) were
obtained from a commercial winemaking facility located in
Salento (Apulia region, Southern Italy). The pomace was
dried in an oven at 50 °C until constant weight and sub-
sequently, the skins were manually recovered from a part
of pomace. Separated skins grape pomace were milled
into flour using a Brabender Quadrumat Senior mill (C.W.
Brabender OHG, Germany) with a particle size <1 mm.
Sodium Alginate (CAS: 9005-38-3) and Glycerol (CAS:
56-81-5) were purchased from Sigma Aldrich. Pectin from
apple (CAS Number: 9000-69-5) was purchased from Sigma
Aldrich in powder form. Other reagents were acquired from
various suppliers: authentic standards of oenin (Malvi-
din-3-0O-glucoside), rutin (quercetin 3-O-rutinoside) from
Extrasynthese (Genay, France); gallic acid, caffeic acid, caf-
taric acid, coutaric acid, catechin, epicatechin, quercetin3-
glucoside, Folin—Ciocalteu phenol reagent, Trolox [(S)-(-)-
6-hydroxy-2,5,7,8 tetramethylchroman-2-carboxylic acid],
acetonitrile, formic acid, ethanol, (all HPLC grade) from
Sigma-Aldrich (St. Louis, MO, USA). Milli-Q water (Merck
Millipore, Darmstadt, Germany) was used for the prepara-
tion of reagents and antioxidant assays.

Biocomposites Preparation

Fiano and Negroamaro skin grape pomace powder were
firstly dried at T=70 °C in a vacuum oven for 12 h. The
matter was then sieved using a molecular sieve with a mesh
of 250 pm. The obtained powder was then used as raw mate-
rial for the preparation of bio-composites.

Bio-composites were prepared solubilizing 1 g of grape
pomace in 30 mL of distilled water. 0.1 g of sodium alginate
and 0.1 g of pectin were added as film forming materials.
Glycerol was added as a plasticizer (0.2 g/g of solid mix-
ture). The solution was stirred at 300 rpm for 3 h. The effect
of temperature was investigated by setting three different
values (20 °C, 50 °C and 100 °C). After completely solubi-
lizing the pomace powder, the mixture was ball milled for
1 h at 350 rpm, using five zirconium oxide spheres as grind-
ing medium. The mixture was then poured in Petri dishes for
the casting process at r. t. The fabricated films are labeled
FPF (Fiano pomace film) and NPF (Negroamaro pomace
film).

Grape Pomace Film Extracts

Phenol compounds were extracted from Fiano and
Negroamaro grape skin pomace films (FPF and NPF respec-
tively). Films were frozen in liquid nitrogen and grinded
until a fine powder was obtained. The obtained powders
were extracted in methanol:ethanol:formic acid (75:20:5,
v:v) at a rate of 1 g in 10 ml. Extraction was performed
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at room temperature for 16 h in the dark under continuous
stirring. Extraction mixtures were centrifuged (4000xg)
for 5 min and the supernatants were stored at — 20 °C till
analysis.

Migration Tests of Phenols from Films to Food
Simulants

Migration tests were performed following the methodol-
ogy reported by Medina-Jaramillo [46], and Article 2 of the
EEC (European Economic Community Directive 85/572/
EEC) [47], which indicate that water can be used as aqueous
simulant of foods. Samples (film pieces of ~ 200 mm?) were
deposited in 5 mL of water and placed in an orbital shaker
at 25 °C at 100 rpm overnight in the dark. After that, migra-
tion of polyphenols was evaluated as reported by Magalhaes
et al. (2010) and expressed as mg of gallic acid equivalents
(GAE)/g of film. Moreover, released molecules were char-
acterized by High Performance Liquid Chromatography
(HPLC) and antioxidant activity of released molecules was
assayed by Trolox Equivalent Antioxidant capacity (TEAC)
and expressed as pmol of Trolox Equivalents (TE)/g of films.

Total Phenol Assay

Total phenols both in grape skin pomace film extracts and
migrated from films to aqueous simulant, were assayed as
reported by Magalhaes et al. (2010) in 96-well plates (Corn-
ing) using a microplate reader (Tecan, Infinite M200). Folin-
Ciocalteu reagent (1:5, v/v) (50 pL) was placed in each well,
and then 100 pL of sodium hydroxide solution (0.35 M)
was added. The absorbance at 760 nm of the blue complex
formed was monitored after 5 min. Gallic acid was used to
obtain a calibration curve in the range from 2.5 to 40.0 mg/L
(R>0.9997). The total phenol content of the samples was
expressed as gallic acid equivalents.

Trolox Equivalent Antioxidant Capacity (TEAC) Assay

The TEAC assay of grape skin pomace film extracts and of
phenols migrated from film to aqueous simulant of foods,
was performed trough the method reported by Gerardi et al.
[35]. Briefly, the ABTS radical cation was diluted in PBS
(pH 7.4) to an absorbance of 0.40 at 734 nm. After the addi-
tion of 200 pL of diluted ABTS to 10 pL of Trolox standard
or extract, the absorbance reading at 734 nm was taken 6 min
after initial mixing using an Infinite 200 Pro plate reader
(Tecan, Ménnedorf, Switzerland). The percentage inhibi-
tion of absorbance at 734 nm was calculated and plotted as
a function of the concentration of Trolox, and the TEAC
value expressed as Trolox equivalents (pmol)/g of film using
Magellan v7.2 software.

Characterization of Phenol Molecules

The phenolic fractions both from grape skin pomace film
extracts and from migration test in aqueous simulant were
separated and quantified through RP-HPLC. RP-HPLC
analysis was performed using an Agilent-1100 liquid chro-
matograph equipped with a DAD detector, the separation
was performed on C18 column (5 UltraSphere rum spherical
80 A pore, 25 mm), as described by Gerardi et al. (2020).
Chromatograms were acquired at 520, 280, 320, 370 and
306 nm. The chromatographic analysis was based on the
comparison of peak retention time with the retention time
and UV vis spectra of external standards.

Structural Film Characterization

Scanning electron microscopy (SEM) on the cross-sections
of composites was performed using a Phenom ProX micro-
scope, working in high-vacuum mode. Before the analysis,
samples with dimension 0.5 x 0.5 cm? were prepared by frac-
turing the films in liquid nitrogen and sputter coated with a
thin film of gold.

Film density was evaluated according the Eq. 1:

S _ m
T A2 M

p

where A is the film area, A the film thickness (cm), m the
film dry mass (g) and p°® the dry matter density of the film
(g/cm3) [48]. Each sample was firstly dried in a vacuum
oven for 24 h before conditioning them in a desiccator for
7 days. The film density was evaluated as the average of
three measurements.

Thermogravimetric analyses (TGA) were carried out in
air atmosphere with a Mettler TC-10 thermobalance from
30 °C to 600 °C and setting a heating rate of 10 °C/min.

Differential scanning calorimetry (DSC) were carried out
using a thermal analyzer Mettler DSC 822/400 under air
atmosphere from 25 to 250 °C at a heating rate of 10 °C/min
followed by an isotherm at 250 °C for a period of 60 min.

Mechanical properties were analyzed by means of a
dynamometric apparatus INSTRON 4301 in displacement
control with a rate of 1 mm/min using a cell load of 100 N.
Experiments were conducted at room temperature. Results
were averaged on quintuplicates.

Solubility (SOL) of the pomace films was evaluated
according to the method described in the literature [49, 50].
Composite films were cut to obtain a 1 cm X 1 cm squares.
Each specimen was weighed and immersed into a beaker
with 50 mL of distilled water. The beaker was sealed to
avoid water evaporation and stored at 25 °C for 24 h under
mechanical agitation (350 rpm). After 24 h, the samples
were removed from the beaker and dried in vacuum oven at
40 °C. SOL (%) was evaluated as (Eq. 2):
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My - M,
SOL(%) = ———— * 100 )
M,
where M, and M, were the dry sample weight before and
after the test, respectively. Results were reported as average
values of quintuplicates.

Barrier properties of water vapor were evaluated through
a DVS automated multi-vapor gravimetric sorption analyzer,
using dry nitrogen as a carrier gas. The temperature was
fixed to 30 °C. Samples were exposed to increasing water
vapor pressures obtaining different water activities a, =P/P
(from a,,=0.1 to a,,=0.8), where P is the partial pressure in
the gravimetric chamber, and P, is the saturation water pres-
sure at the experimental temperature. The adsorbed water
mass was measured by a microbalance and recorded as a
function of time.

Contact angle measurements were performed using a
high-resolution camera by putting a droplet on the sam-
ple surface (1 x 1 cm?). The contact angle was evaluated
using Drop Analysis software. Five contact angle measure-
ments were recorded to calculate the mean values + standard
deviations.

Statistical Analysis

The statistical significance of the obtained data was assessed
by performing a one-way ANOVA test. Tukey’s post hoc
method was carried out for assessing significant differences
between means (p <0.05). The statistical comparisons were

Fig. 1 Picture of Fiano and
Negroamaro Pomaces (top) and
pomace based films (a FPF and
b NPF)

S

Fiano Pomace
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obtained by means of the SigmaStat software (Version 11.0
Systat Software Inc., Chicago, IL).

Results and Discussion
Evaluation of Physical Properties of Films

Figure 1 reports the two wine pomaces and the pomace
based films (b).

Concerning the density, FPF presents a higher density
compared to NPF (about 30% higher). The higher density of
the FPF, derived from white skin grapes, could be attributed
to the higher content of soluble sugars, especially mono- or
di-saccharides whose relatively high molecular weight could
be responsible of the density increase [51]. The estimated
film density values are reported in Table 1.

Figure 2 shows the two SEM pictures of FPF (a) and NPF
(b). It could be observed that the produced films appeared

Table 1 Density values of Fiano Sample Density (g/cm’)

(FPF) and Negroamaro (NPF)

pomace films FPF 1.54+0.11*
NPF 1.09+0.08"

For each identified compound,
different superscript letters in
the same column indicate that
the mean values are signifi-
cantly different (p <0.05)

Negramaro Pomace
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Fig.2 SEM images of surface
(a and b) and cross section (¢
and d) for FPF and NPF

quite homogeneous with some local cracks but no evident
accumulation of material. The cross section images (Fig. 2¢c
and d) show the presence of wrinkles and galleries whose
presence was expected since the heterogeneous nature of
the raw materials.

In Fig. 3a the thermogravimetric curves of the two pom-
ace films in oxidative atmosphere are reported.

The thermogravimetric curves of the two samples were
not significantly different. The first decomposition step is
related to the moisture evaporation (5% wt for NPF and 10%
wt for FPF). The higher content of water in NPF might be
associated to the higher content of hydrolysable tannins and
hydrophilic components such as hemicellulose and fibers.
Below 200 °C, thermal decomposition of low molecular
weight products such as glucans and xylans occurred [52].
The main thermal event involved the range 200 °C up to
400 °C and could be attributed to the thermal decomposi-
tion of pectin, cellulose, hemicellulose and dietary fibers
[53]. The last thermal interval involves the final decomposi-
tion of lignin and the formation of char. The relatively high

ash content of NPF is an indication of the presence of high
amino acids and minerals concentration in the sample of red
wine pomace.

Figure 3b reports the isothermal curves obtained from
DSC analysis heating the samples at 250 °C for 60 min. The
strong exothermic peaks obtained in heat flow curves could
be related to the polymer crystallization. It was clear that the
necessary time for maximum crystallization is about 18 min
for NPF while the crystallization of FPF required a longer
time.

The mechanical characterization was performed on both
films. The stress—strain curves (Fig. 4) allowed to extrapolate
the mechanical parameters: the elastic modulus, E (MPa),
the stress at the break point, 6y, (MPa), and the elonga-
tion at break, &, (mm/mm%). Results obtained from the
mechanical characterization displayed similar behavior in
terms of mechanic performances. The elastic modulus, eval-
uated from the initial linear part of the stress—strain curves is
20.5 MPa for FPF and 6.5 MPa for NPF. Then, the elonga-
tion at break point is 20.6% for FPF and 25.2% for NPF. FPF
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Fig.4 Stress—strain curves of FPF and NPF

appears to be more brittle than NPF and this result could
be ascribed to the presence of local disconnection points
inside the composite since the presence of a heterogeneous
material, as evidenced in SEM images. Finally, the stress
at break point is 1.13 MPa and 0.58 MPa for FPF and NPF,
respectively.

Figure 5 shows the sorption isotherms of pomace films (a)
and the diffusion coefficient as log (D) plotted against of the
equilibrium moisture content (C,, g/g on d.b.).

The sorption isotherm shape is a typical type II, accord-
ing to Brunauer classification [54]. The Peleg model (Eq. 3)
was applied to fit the experimental sorption data. This model
was already applied to adequately describe the moisture
sorption isotherms of some food stuff [55].

@ Springer

q,=Cy * agz + C; % a% 3)
where g, is the amount of the adsorbate at equilibrium (g/g),
c; are constants to be determined. The Peleg model fitting
the experimental data is reported in Fig. 5a as a dashed line.

Peleg model gave acceptable fitting for representing the
relationship between the equilibrium moisture content and
water activity (Table 2). At low a,, the water sorption pro-
cess occurs on available polar sites of grape pomaces while
no differences could be observed for a,, <0.4 proving that
the two kinds of pomaces are quite similar in terms of com-
position. For higher a, the plasticization due to water and
the increase of segmental motion led to an increase in the
adsorbed moisture. Since water absorption is largely corre-
lated to the water-soluble components, the higher adsorbed
moisture content of NPF, which is reflected in the increase in
sorption coefficient, could be associated to the massive pres-
ence in red grapes of hydrolysable tannins and hygroscopic
matter such as pectin, cellulose, hemicellulose and fibers.
The sorption parameter was then evaluated by calculating
the derivative of equilibrium moisture content (M) respect
to the partial pressure (P) (Eq. 4):

am
S=ap @

The diffusion coefficient can be estimated by applying the
Fick’s second law solution. From the mass transfer balance,
the Fick’s second law is represented by Eq. 5:

dc d%c

%~ Pon ®)
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Table.2 Pe.leg Parameters, Sample C, C, C; Cy Sorption D, P R?
SOI‘pthl’l,. (ﬁffusmn aT‘d g/g*1/atm cm?/s g/g*1/atm*cm?/s
permeability coefficients
FPF 0.32 1.76 0.23 3.37 7.16+0.22 222107° 1.58 107 0.997
NPF 037 174 028 383  725x036 88510 641107 0.995

where x is the spatial coordinate. The solution of Eq. 5 is
Eq. 6 [56]:

c— d sin (2 + Dzx 2j+ 1’72 Dt
Cog — € z:; 2+ 1) d R ]

(6)
where C; is the initial concentration inside the sample, C,, is
the maximum saturation concentration, d is the characteristic
length of the sample, and D ( cm?/s) the diffusion coefficient.
To evaluate the penetrant concentration at the time t, the
above Eq. 6 can be integrated over length x (Eq. 7):

B i [_ 2j + 1)27:2@;}
= 2o 7 )

with m;=initial mass of moisture and m,,=mass of mois-
ture when saturation is reached. From Eq. 8, it is possible to
derive the water permeability coefficients reported in Table 2

m—m,

My, — M,

P=Sx*D, 8)

It is interesting to note that the D, coefficient of NPF
is about 2 order of magnitude higher than FPF. As water
activity increases, a slight increase in diffusion can be
observed for NPF while a more accentuated increase was
observed for FPF.

Table 3 Water Contact Angles and Solubility values of FPF and NPF

Sample WCA (degrees) Solubility (%)
FPF 42+0.2% 67+1.6°
NPF 38+0.3° 72+0.8°

For each identified compound, different superscript letters in the
same column indicate that the mean values are significantly different
(p=<0.05)

Solubility of composites respect to water is a fundamen-
tal parameter to be determined for possible applications of
biopolymer films [57]. The pomace films solubility, reported
in Table 3, was 67% for FPF and 72% for NPF. Usually,
the total soluble sugars, condensed tannins (proanthocyani-
dins, polyflavonoid tannins) and soluble polyphenols in red
grape is higher than white grape [38]. The solubilization of
these substances in an aqueous medium could justify the
higher solubility value of NPF than FPF. The hydrophilic-
ity, evaluated through the contact angle (CA) measurements
(Table 3), perfectly reflects the above reported considera-
tions related to the chemical composition of red and white
grape which affect the hydrophilicity of the surface of the
fabricate films. In fact, the CA of NPF is lower than FPF
proving a better affinity for water molecules ascribable to
its main components.
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Phenol Profile and Antioxidant Activity of Films

One of the main challenges in the field of packaging is the
development of both renewable and biodegradable mate-
rials [58]. This trend toward the circular economy in the
field of materials science has increased the interest in the
valorization of food processing waste, which represent a
rich source of bioactive compounds [59]. Furthermore,
the incorporation of biomolecules to improve the func-
tional properties of the film contributes to reduce the use
of chemical synthetized compounds, which is of great
importance for some applications, such as those related
to food packaging [60]. The analysis of natural biomol-
ecules such as phenolic molecules in films obtained by
utilizing skins isolated from grape pomace of Fiano and
Negroamaro cultivars is showed in Table 4.

Fiano skin grape pomace film (FPF) show an increase
of extractable quercetin, kaempferol and caftaric acid
related to the increase of processing temperature; while
gallic acid, catechin, kaempferol-3-O-glucoside and total
anthocyanins content does not significantly change as the
temperature increase. Negroamaro skin grape pomace film
(NPF) show an increase of extractable quercetin and a net
decrease of total anthocyanins linked to the increase of
temperature (from 20 to 100 °C). The content of remain-
ing identified polyphenolic molecules remain stable. Total
phenol content of the extracts from films obtained by both
FPF and NPF do not showed any significant difference
at different processing temperatures. Extracts from NPF
showed a higher phenol concentration in comparison
to films obtained from Fiano pomace (Fig. 6). Antioxi-
dant activity of extracts from film follows the same trend
described for total phenol content (Fig. 6).

Migration Tests

Results of the characterization by RP-HPLC separation of
phenolic molecules released from FPF and NPF obtained
at 20 °C in a medium that could simulate aqueous food, are
reported in Table 5.

The water migration test can simulate the release of phe-
nolic molecules when in contact with high water content
foods, such as peeled fruit, salad, and other ready-to-eat
fresh products. Negroamaro skin pomace film released a
significantly higher amount of caffeic acid, caftaric acid,
coutaric acid, quercetin and total anthocyanins when com-
pared to Fiano skin pomace film that released a higher
amount of catechin (Table 5). The comparison between the
phenolic molecule compositions of the films obtained at 20
°C reported in Table 4 and the phenolic molecules released
in the aqueous medium highlights that soluble acids (gallic
acid, caffeic acid, caftaric acid, coutaric acid) and catechin
are released in higher amounts in migration test conditions
than during solvent extraction conditions. Flavonols such
as kaempferol, kaempferol-3-O-glucoside, quercetin was
not detectable in the medium simulating aqueous food and
anthocyanins showed a lower amount or a less stability in
migration test condition (Table 5).

Total phenol assay indicates a not significantly different
release between FPF and NPF samples (Fig. 7) and compar-
ing total polyphenol (TP) content in solvent extract and in
aqueous food simulant medium we obtained a percentage of
polyphenol migration of about 99% for Fiano and 77% for
Negroamaro films. GP skins are rich in polyphenols, which
are proven having antimicrobial functions through different
mechanisms [21, 61]. In addition, GP is abundant in organic
acids that have antibacterial activity against both Gram-
negative and Gram-positive bacteria [21]. In this study, the

Table 4 Characterization of phenol compounds occurring in films obtained at different temperatures from grape skin pomace of Fiano (FPF) and

Negroamaro (NPF) cultivars extracted in acidified organic solvents

Phenols FPF 20 °C FPF 50 °C FPF 100 °C NPF 20 °C NPF 50 °C NPF 100 °C
(ng/g film)

Gallic acid 26.38+1.18¢ 36.01 +£0.04* 28.72+0.33 % 28.18+0.01°  2821+021cd  30.74+0.15>
Caffeic acid ND ND ND 14.83+0.017 15.74 +0.08* 26.23+6.16*
Caftaric acid 9.202+0.52° 19.19+0.45° 26.87 +3.59% 26.97+0.01° 23.39+0.34% 26.18 +4.76®
Cutaric acid ND ND ND ND ND ND

Catechin 76.36+1.72°  91.52+5.86" 60.27 +0.30 ¢ 52.36+0.02¢ 59.56+0.17° 75.03+10.40*
Kaempferol 7.29+0.10° 10.26 +2.50° 24.51+3.25* 15.74+0.01° 17.34+0.71° 17.06 +2.47°
Kaempferol-3-O-glucoside 16.85+0.83% 16.61+6.73* 16.63+1.75* 23.10+0.20* 20.86+2.94* 25.70+6.75*
Quercetin 18.88 +0.42¢ 57.92+2.15%¢  119.89+13.7%  87.36+0.45¢ 112.73+2.34° 156.36 +36.65*
Total Anthocyanins 26.07+0.07¢ 25.31+0.13¢ 25.46+0.27¢ 191.17+£0.68*  114.47+0.05" 52.79+10.73°

(pgOE/g film)

Mean value + standard deviation. For each identified compound, the same superscript letter in the same row indicate that the mean values are not

significantly different (p <0.05)

OE oenin equivalents, ND not detected
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Fig.6 Antioxidant activity (TEAC) expressed as mg Trolox Equiva-
lents per gram of film disk and Total Phenols content expressed as
mg Gallic Acid Equivalents per gram of sample films obtained at
different temperatures (FPF and NPF) extracted in acidified organic

released polyphenols together with organic acids from the
skin pomace films could both play the roles as antibacterial
agents.

TEAC assay results reported in Fig. 7 showed that mol-
ecules migrated from film, in to the aqueous medium have
similar antioxidant capacity of those in the solvent extract,
higher for NPF than for FPF.

Concluding Remarks

The use of wine grape pomaces from two wine making
processes opens the route to the fabrication of novel films
potentially usable for food packaging applications. The fab-
ricated films appeared quite similar in terms of morpho-
logical and thermal properties. Separated skin pomaces from
Negroamaro (red) and Fiano (white) grape by-products were
characterized for their polyphenols content and antioxidant
activities in order to exploit them as source of polyphenols
for industrial applications. The characterization of phenolic

solvents. Data are the mean=+standard deviation of three independ-
ent replicates (n=3). Different letters indicate significant differences
(p<0.05) in total phenol content or antioxidant activity

composition of fabricated films confirmed the peculiarity of
some compounds such as anthocyanins in red skin pomace
film (NPF) and a great amount of flavanols (Tables 4 and
5) in white skin pomace film (FPF). Antioxidant activity of
polyphenols resulted in active films and was confirmed in
migration test with aqueous food simulants (Figs. 4 and 5).
Besides, Fiano film showed to possess a higher elastic modu-
lus (20.5 MPa) compared to Negroamaro film (6.5 MPa) and
lower diffusion coefficients (2.22 10> cm?/s and 8.85 10~*
cm?/s for Fiano and Negroamaro films, respectively). Solu-
bility and water angle contact values are perfectly in agree-
ment with the chemical composition of two wine pomaces.
In this work, biofilms were produced using grape skin pom-
ace directly as raw material instead of extracts in accordance
with the principles of sustainability and circular economy.
Several aspects are worthy further studies. Moreover, it is
highlighted the use of wine making by-products as sourced
for new low-cost materials with high performances. The
systems appear very promising in the active packaging field
since the fabricated materials are intrinsically antioxidant.
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Table 5 Characterization of
phenol compounds migrated
from films obtained from grape

skin pomace of Fiano (FPF) and
Negroamaro (NPF) cultivars in
aqueous food simulants

Caffeic acid

Caftaric acid

Cutaric acid

Catechin

Kaempferol

Kaempferol-3-O-glucoside

Quercetin

Total anthocyanins
(ngOE/g film)

Phenols (pg/g film) FPF NPF
20°C
Gallic acid O OH 41.93+3.63% 46.06 +3.54*

o 9 2.35+0.25° 26.75+3.77*
HO'
H 2 15.56+1.28° 42.88+4.16*
no\g/\O)\OH S OH = =
E:/\ ZoH
o, _OH ND 61 452
‘\/\ﬁonou 36 io 5
A OH 99.82 +5.47° 54.16+11.07°

ND ND
ND ND
jH‘ - ND 9.15+0.38*
. ND 21.00+0.63%
Ho A S A N oo

AN oH
NN~
OH Ho.//\/;n

ND/

Mean value + standard deviation. For each identified compound, the same superscript letter in the same row
indicate that the mean values are not significantly different (p <0.05)

OE oenin equivalents, ND not detected

Fig.7 Antioxidant activ-
ity (TEAC) expressed as mg

Trolox Equivalents per gram 0 0.5

e 2

of film disk and Total Phe-

nols expressed as mg Gallic

Acid Equivalents per gram of NPE
film disk, released in aque-

ous food simulant from FGPD

and NGPD obtained at 20 °C.

Data are the mean + standard

deviation of three independ- EPF
ent replicates (n=3). Different

letters indicate significant differ-

ences (p<0.05) in total phenol

content or antioxidant activity
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