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1 | INTRODUCTION

| Elsa Uribel*

Abstract

Vinasse (pisco distillation waste) is a promising feedstock for developing new high
value-added bioproducts because it is supporting sustainable production as an
agroindustrial by-product. The aims of this study were to evaluate experimental dry-
ing curves (60°C and 80°C); mathematical modeling of films and the effect of the
drying conditions on quality properties of vinasse films plasticized with glycerol at dif-
ferent pH. The results indicated that as the drying temperature increased, the mois-
ture ratio decreased for all films. The Weibull model obtained the best-fit quality of
experimental results. The effective moisture diffusivity varied between 2.234 and
2.513 x 107! m2/s. The optimal conditions were found at 80°C and pH 11 for films.
Under these conditions, the films presented a higher tensile strength (26.54 MPa),
lower elongation at break (6.82%), and a higher Young’s Modulus (385.32 MPa). Thus,

vinasse films could be used as packaging or coating materials in the food industry.

Practical applications

Currently, one of the most relevant challenges is the valorization of agroindustrial
wastes, since promoting the sustainability and bioconversion of agro-industrial resi-
dues. In the case of the winery, this produces high amounts of wastes per annum in
the different processes of production. These wastes can represent important envi-
ronmental problems caused by their composition and organic burden. Therefore, the
agro-industrial liquid residue generated in the distillation step from wine for pisco
elaboration in Chile can be to able an opportunity for the valorization of this waste as

biofilms or coatings.

of the wine-making process, which are usually used as fertilizer or
discarded (Botelho, Bennemann, Torres, & Sato, 2018).

One the most significant agricultural activities, in the world, is
wine production. The European (ltaly, Spain, France, Germany,
and Portugal) and American (USA, Argentina, and Chile) countries
are the most important contributors wine-producing zones of the
world (Barba, Zhu, Koubaa, Anderson, Sant’Ana, & Orlien, 2016).
Approximately 275.7 million hL (hectoliters) of wine are produced by

these countries and about 13 million tons correspond to the residue

Vinasse is the liquid industrial residue generated in the distillation
step from wine for pisco elaboration in Chile. The alcohol contained
in the wine evaporates and then condenses; the remaining liquid is
called as “pisco distillation waste.” This residue is taken to the bottom
of the still representing approximately 70%-75% volume of distilled
wine (Callejas, Silva, Peppi, & Seguel, 2014). The waste has been a

subject of research due to its content of antioxidant compounds that
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can have relevant biological properties such as antioxidant and anti-
bacterial activities (Bekhit et al., 2019). The antioxidant compounds
are associated with different phenolic groups including phenolic
acids, flavonoids, and stilbenes (Teixeira et al., 2014).

Edible films are a potential option for plastics in the food indus-
try, which could reduce the use of plastic and avoid the impact on
the environment (Daza, Homez-Jara, Solanilla, & Vaquiro, 2018).
However, plasticizer type, compound concentrations, drying tem-
perature, source, and chemical structure of polymer are factors af-
fecting the properties and structure of film during its preparation
as the edible film (Homez-Jara et al., 2018). The drying temperature
is one of the most important factors in the preparation of edible
films because they establish reorganization or crystallinity of film as
well as the mechanical, optical, and barrier properties of them (Daza
et al., 2018). Several investigations have reported about different
drying temperatures of edible films, for example, chitosan films were
dried for 2 weeks at 2°C, for 1 week at 25°C and for 24 hr at 40°C
(Homez-Jara et al., 2018); gelatin films at 25°C and 50°C for 24 hr
(Chuaynukul et al., 2018) and, Na-alginate films at 15°C, 57°C and
90°C (Bagheri, Radi, & Amiri, 2019) and quality and barrier proper-
ties were determined.

Considering the potential industrial use of the waste from wine-
making process, the aims of the present study were (a) to evaluate
experimental drying curves (60°C and 80°C) and a mathematical
modeling of vinasse films and (b) to the assessment the effect of the
drying conditions on the thickness, moisture content, water activity,
Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR)
spectroscopy and texture from vinasse films plasticized with glycerol

or sorbitol at different pH.

2 | MATERIALS AND METHODS
2.1 | Raw material characterization

Vinasse (organic) was provided by Compania Pisquera de Chile
S.A. (CPCh), located in Ovalle city, Region of Coquimbo, Chile,
which was stored at 4.0°C £ 1.0°C until the moment of the experi-
ment. The moisture content was determined employing a vacuum
oven (OVL570, Gallenkamp) and an analytical accurate balance to
+0.0001 g (Jex120, CHYO). The crude protein content was deter-
mined using the Kjeldahl method (Nx6.25). The lipid content was
analyzed gravimetrically following Soxhlet extraction. Crude ash
was estimated by incineration in a muffle furnace (360D, Felisa)
at 550°C. The crude fiber content was estimated by the Weende
method through an acid/alkaline hydrolysis of insoluble residues
as described in AOAC method No. 962.09. All methodologies fol-
lowed the recommendations of the Official Method of Analysis
(AOAC, 1990). All reagents were analytical grade. Glycerol (pu-
rity 2 99.5%), maltodextrin (DE = 16.0-19.5), Collagen (beef tis-
sue, food grade), sorbitol, and sodium hydroxide (NaOH) were
purchased from Sigma-Aldrich. All solutions were prepared using

deionized water.
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2.2 | Preparation and formation of the film

Twenty grams of vinasse was concentrated to 67 °Brix in a rotary
evaporator (Btichi, R-210) under reduced pressure at 70°C, followed
by the addition of the 5g glycerol and 15g collagen solution (on water
in a 2:1 ratio (w/w)). Then, maltodextrin was added at 15% (w/w). All
ingredients were homogenized in a rotor-stator homogenizer Ultra-
turrax (IKA, T25) at 500 x g for 15min to room temperature (20°C). The
homogenized was separated into two mixtures and the pH was regu-
lated to 7.0 and 11.0 with NaOH (50% (w/V)), respectively. Immediately,
2.0g of the film-forming solution was gently transferred by pouring it
into a glass Petri plate (100x15mm), in order to obtain a uniform ini-
tial thickness of the different poured solutions, resulting in an initial
thickness of 0.6mm approximately. Then, film-forming solutions were
dried by a heating oven with natural convection (Memmert, UF 110)
and controlled temperature, in order to obtain vinasse films. The solu-
tions weight was measured on an analytical balance (SP402, Ohaus)
with an accuracy of +0.01g at time defined, connected by a system
interface (RS232, Ohaus) to a computer, which recorded and stored the
weight decrease data. The experiments finished when reaching con-
stant weight (i.e., equilibrium condition). Drying processes were carried
out at 60°C and 80°C, in triplicate.

2.3 | Thin-layer drying model

The drying curves were obtained by plotting the moisture ratio (MR)

versus time. The MR by the following equation (Moreira et al., 2011):

(1)

where M, is the moisture content at any time t, M is the initial mois-
ture content, and M, is the equilibrium moisture content (kg water/
kg dry matter). The equilibrium moisture content of vinasse films was
obtained from the final moisture content of the drying process until
samples reached a constant weight.

To fit the experimental data of the drying process, three thin-
layer drying mathematical models were used (Zhou, Huang, Deng, &
Xiao, 2018; Zura-Bravo, Rodriguez, Stucken, & Vega-Galvez, 2019),

which are given in Table 1.

TABLE 1 Mathematical equations for fitting the experimental
drying curves

Model name Equation No.
Weibull MR = e(=t/p") (2)
Page MR =e " (3)
Modified page MR = e~k (4)

Note: Where a is the shape parameters and g is the scale parameter
of the Weibull model, while n and k are the empirical and kinetics
parameters of Page and modified Page models. The MR (dependent
variable) was obtained using the Equation (1).
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The sum squared error (R% Equation 5) and Chi-square (/%
Equation 6) statistical were used to evaluate fit quality between ex-
perimental and predicted data.

N

_ 2
SSE:% > (MR, ~MR,,) (5)
i=1
2 Zis (MR, —MR;)* ©6)
I =
N-z

where MR,; and MRp!i are experimental and predicted moisture ratio,
respectively; N is the number of observations and z is the number of
constants.

2.4 | Determination of the effective moisture
diffusivity

The experimental data of the drying process were used for diffusivity
coefficients determination by the Fick's second diffusion equation.

% =D VM 7)

Fick's second equation (Equation 7) of diffusion was interpreted
to calculate the effective diffusivity, assuming a constant moisture
diffusivity, infinite slab geometry, constant temperature, negligible
external resistance, and uniform initial moisture distribution (Lemus-
Mondaca, Zambra, Vega-Galvez, & Moraga, 2013).

— (2n-1)® 22D 4t
2n 12 © 412

M,-M, 8 -«
MR= M, = 22

Mo (8)

n=1

where D is the effective diffusivity coefficient (m?/s); L is the thickness of
the slab (m), and n is the number of terms in Fick's equation. The first term

of series solution from Equation (6) can be used for long times of drying.

2
8 —*Degrt
MR = = exp <—4L2 > (9)
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2.5 | Determination of film quality properties

Before characterization, all the films were maintained for 24 hr in
desiccators. Figure 1 shows the final appearance of the dried films

before characterization.

2.5.1 | Water activity (a,) and thickness
measurement

Water activity (aw) was measured by a water activity meter at
25°C (Aqualab, 4TE). All a, measurements were performed in
triplicate.

The thickness of film samples was measured using a microme-
ter (MDC-25M, Mitutoyo), with 0.01 mm resolution. Thickness was
measured in 15 samples, with six measurements at different points

in each one.

2.5.2 | Mechanical analysis

Vinasse films were cut into strips of 30 x 15 mm for tensile strength
(TS) test by a texture analyzer (TA-XT2i, Stable Micro Systems Ltd.).
This test was performed at room temperature with aninitial grip spac-
ing of 10 mm and cross-head speed of 0.5 mm/s (21.0°C + 1.5°C). The
TS was obtained as follows:

X R (Maximum force at break) N
Tensile strain (TS) = —— - - —
(Initial cross —sectional area of the film) \ m2

(10)

The elongation at break was calculated as the relative increase
in length:

Elongation at Break (EB) = 04100 (%) (11)

Young's Modulus (YM) was calculated from the initial slope of the
stress-strain curve using the Texture Expert version.

FIGURE 1

Images of Vinasse films: (a) G-C-M-7 at 60°C, (b) G-C-M-7 at 80°C, (c) G-C-M-11 at 60°C, and (d) G-C-M-11 at 80°C. *G,
Glycerol; C, Collagen; M, Maltodextrin; 7, pH 7; 11, pH 11
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2.5.3 | Chemical characterization by Attenuated
Total Reflectance-Fourier Transform Infrared
Spectroscopy (ATR-FTIR)

ATR-FTIR spectra of vinasse films were obtained by PerkinElmer
Spectrum Two™ with Universal Attenuated Total Reflectance (UATR)
accessory of the spectrometer to study the functional groups. The
measuring probe directly touched the surface of the films. A spec-
tral resolution of 4/cm was employed and 32 scans were acquired
for each spectrum in the wavelengths range of 4000-500/cm.
Three samples from each experimental condition were used for each
spectra measurement. The resultant film-averaged spectrum was
smoothed with a fifteen-point under adaptive-smoothing function
to remove the possible noises, and then, baseline modification and

normalized function were applied.

2.6 | Statistical analysis

The drying process effect on film quality properties was estimated
by analysis de variance (ANOVA) with Statgraphics Centurion soft-
ware XVI, 16.1.03 version (StatPoint Inc.). Differences among the
media were analyzed using the least significant difference test with a
significance level of a = .05 and a confidence interval of 95% (p < .05).
Also, the multiple range test (MRT) included in the statistical program
was used to demonstrate the existence of homogeneous groups

within each of the properties.
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3 | RESULTS AND DISCUSSION

3.1 | Vinasse composition

The proximate analysis of vinasse presented an initial moisture con-
tent of 97.32 g/100 g, crude protein (N x 6.25) of 0.40 g/100 g, crude
ash of 0.40 g/100 g, total lipids 0.18 g/100 g and available carbohy-
drates (by difference) of 1.70 g/100 g. It should be noted, that the
initial water content value of the vinasse is pretty high compared to
those agro-industrial wastes reported by Alburquerque, Gonzalvez,
Garcia, and Cegarra (2004) in olive-cake waste (65%) and Uribe et al.
(2013) in olive-cake waste (65.4%).

3.2 | Drying kinetics of vinasse films

As for the drying process for obtaining vinasse films were per-
formed at 60°C and 80°C. The moisture ratio is a dimensionless
parameter to normalize the drying curves that was calculated by
the dry basis moisture content from vinasse films. Figure 2 shows
the moisture ratio versus drying time for the experimental mois-
ture content at different conditions and the curve fitting with
the drying time for three drying models was calculated (Weibull,
Page, and Modified Page models). The curves for experimental
and predicted data showed an evident exponential tendency and
as the drying temperature increased, moisture ratio (MR) de-

creased for all vinasse films. Likewise, in Figure 2 was observed

(b) *° ~
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FIGURE 2 Drying kinetics and modeling of Vinasse films: (a) G-C-M-7 at 60°C, (b) G-C-M-11 at 60°C, (c) G-C-M-7 at 80°C, and (d)
G-C-M-11 at 80°C. *G, Glycerol; C, Collagen; M, Maltodextrin; 7, pH 7; 11, pH 11
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that the drying time decreased as drying temperature increased

to obtain similar final moisture content. Adhikari, Chaudhary, and § § %', ?9!
Clerfeuille (2010); Moreira et al. (2011); Zhou et al. (2018), and :: :f :3 fl
Fortu, Negoescu, and Mamaliga (2019) presented similar drying R ?0: 3 5
curves behavior for different kinds of biofilms obtained from = &’ 8 § §
low-amylose starch, chestnut starch, carrageenan, pullulan, algi-
nate, blend, polyvinyl and cellulose acetate-tetrahydrofuran films
under range temperatures between 30°C and 60°C using hot-air B N th o
oven drying method. % ’g g g
To evaluate the kinetics of the drying process from foods E ct)' ,ﬂ (tl' :
allows to reduce the unfavorable factors, such as temperature, 'g . g § § g
water diffusion rate through the product, load density, thickness >
and shape of the product. An appropriate design of the drying %
process allows to obtain high-quality dried products (Zura-Bravo 5;)_ . . .
et al., 2019). Table 2 shows the kinetic parameters (k, n, a, and ) § § § § ér
at 60°C and 80°C, obtained from Page, modified Page and the S g g g 8
Weibull models. In Page and Modified Page models, the param- % g ; :ﬂ :;I
eter k is the drying constant (Darvishi, Azadbakht, Rezaeiasl, & s 'é § § §
Farhang, 2012). The parameters k significantly (p < .05) increased % ~ S o o o
as the drying temperature increased. The n constants are rec- z
ognized as empirical parameters that could depend on the pres- ; . . e
ence of an external coating (e.g., skin in fruits) (Ah-Hen, Zambra, ED = § 'g § §
Aguéro, Vega-Galvez, & Lemus-Mondaca, 2013). This constant > % g 8 g 8
showed that there was statistically significant difference and thus Z § - h &
dependence on the drying temperature for Page and Modified E % g é § %
Page models. For the Weibull model, ANOVA analysis showed 2 Sl C ©C S 2
that the a decreased (p < .05) with an increase in the drying tem- E
perature. The mass transfer rate at the beginning of the drying %
process is related to the shape parameter (a), since a low value of § “é? E:)) TB %o
p indicates that the drying rate is faster at the beginning of the § 8 8 8 8
process (Aghbashlo, Kianmehr, & Arabhosseini, 2010). ANOVA ; 3 3 <+J| 3
analysis showed that the g decreased (p < .05) with increasing in % §, § % g
drying temperature. This scale parameter determines the rate and ch X~ 8 8 8 8
represents the sample position required to obtain about 29.89% §
of the process (Aghbashlo et al., 2010). Therefore, the mass trans- 'é
fer rate at the beginning was slower in the drying process. This % 5 :’i T’i ‘“3 ‘ch
trend was observed by Aghbashlo et al. (2010) for apple slices, _'g -é § 8 g § ¥
where an increase in the drying temperature showed a decrease § T«._? :; E c-tll :: ;
in « and g values. £ K= ) o Sl j:
The ;(2 and SSE tests were evaluated to support the reliability E uE.n gl < g 'S g g :
of the Page, Modified Page, and Weibull models. A good fit is said E T
to occur between experimental and predicted values of the mod- % g ';
els when ;{2 and SSE are low. The best curve fitting calculations g ® é
were obtained for the Weibull model. The 2 from 1.75 x 107 to s é 'qu
1.42 x 107'% and SSE from 0.0001 to 0.0002 for all films. Zhou et al. E ﬁ §
(2018) also found that the Midilli-Kucuk model predicted better g § o o . s
the drying kinetics of their developed films within the temperature s o< o © g"
range studied. The Page and modified Page models also showed g E
considerably low values for ;{2 from 3.99 x 107° to 1.20 x 10°® and é &
SSE from 0.0001 to 0.0006 for all films studied. These tests indi- “_E - - %
cated a good fit to the experimental data. In addition, the R? values : g E ; E ; §
for all samples of the Page, Modified Page and Weibull models were n_nl E U U U U g
all above .95. |<£ Rl 9
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3.3 | Effective moisture diffusivity

The key drying parameter is effective moisture diffusivity (D)
because represents the conductive term of all moisture transfer
mechanisms (Chen, Zheng, & Zhu, 2012). Table 3 shows the effec-
tive moisture diffusivity (><10’11) during the drying of vinasse films at
60°C and 80°C derived by Equation 9. The lowest value of effective
moisture diffusivity was 2.234 x 10" m?/s at 60°C for the G-C-M-11
film. However, there were no statistically significant differences be-
tween G-C-M-7 and G-C-M-11 films. The highest value of effective
moisture diffusivity was 2.513 x 10" m?/s ata drying temperature
of 80°C for the G-C-M-11 film. However, there was no significant
difference with the G-C-M-7 film at 80°C. The D increased with an
increase in the drying temperature (p < .05).

Park and Kim (2000) found diffusion coefficient values increased
from 6.7 x 107 to 5.7 x 1071% cm?/s with temperature from 30°C to
80°C during the with Polyimide (PI) films drying. Wong, Ashikin, and
Law (2014) presented D values between 1.22 and 11.57 x 10 m?/s
for solid films fabricated of 1-4%w/w sodium alginate solution at
40°C, 60°C, and 80°C using to hot-air oven drying. Similar varia-
tions were reported by Adhikari et al. (2010) who found D val-
ues of 9.96 x 1079-9.11 x 107! m?/s for xylitol-water system and
9.74 x 107°-2.99 x 107 m?/s for the glycerol-water system, both films
dried at 60°C. In addition, Reis et al. (2013) for yam starch and glycerol
filmogenic solutions which were dried under a range of 25°C and 45°C,

D, values reached were between 1.8 x 10" and 2.0 x 107 m%/s.

3.4 | Quality properties of vinasse films

3.4.1 | Moisture content

The moisture content can affect the microbiological, chemical, and
physical properties of vinasse films; thus, the moisture content or

water content was an important parameter to consider their use as

TABLE 3 Effective moisture diffusivity during the drying of
vinasse films at different temperatures

Effective moisture diffusivity (x10™! m?/s)

Vinasse film* 60°C 80°C
DW-G-C-M-7 2.296 +0.023%*4 2.499 +0.023*F
DW-G-C-M-11 2.234 +0.084*A 2.513 + 0.070*B

*G, Glycerol; C, Collagen; M, Maltodextrin; 7, pH 7; 11, pH 11.

Temperature (°C) Vinasse film Moisture content (g 100/g)
60 G-C-M-7 31.29 +2.58%A

G-C-M-11 31.58 +0.24*
80 G-C-M-7 28.63 + 1.06%48

G-C-M-11 27.04 + 1.60*8

G, Glycerol; C, Collagen; M, Maltodextrin; 7, pH 7; 11, pH 11.

Institute of f
] | P
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a film. The moisture content of the vinasse films ranged between
27.0% and 31.5% (Table 4). The pH of vinasse films did not affect the
moisture content at the same drying temperature. Moreover, the dry-
ing temperature affected the moisture content, because the vinasse
films that were dried at 60°C presented higher moisture content than
vinasse films were dried at 80°C. Drying time can explain this behav-
ior, since the results at lower temperature have a delay drying du-
ration. Homez-Jara et al. (2018) reported that intermolecular forces
are formed during a long drying process showing a reorganization of
the solution structure, obtaining a gel-net and the succeeding for-
mation of the film. Thus, the fast water evaporation due to a higher
temperature during the drying process limit gel formation. Wahyuni
and Arifan (2018) reported that a tendency to decrease the moisture
content of the films from chitosan with a temperature increase was

obtained.

3.4.2 | Water activity (a,) and thickness

The water activity (a,) is a relevant parameter in food because the
values above 0.95 could provide sufficient moisture to support bac-
teria, yeasts, and mold growth (Food and Drug Administration, 1984).
Therefore, a low water activity inhibits the degradation of the films.
Vinasse films have presented a,, values between 0.420 and 0.410
(Table 4). Therefore, a low water activity will inhibit the degradation
of the films. The pH and drying temperature of vinasse films did not
affect the water activity.

The thickness of the films dried at 60°C and 80°C was mea-
sured. Films dried at 80°C showed significantly lower thicknesses of
0.100 = 0.02 mm at 60°C to 0.080 + 0.02 mm at 80°C. The drying
temperature had an inversely proportional effect on the thickness
values of the vinasse films. This performance can be due to high
thermal stress (80°C or higher temperatures) lead to films structure
collapse and other physicochemical (water vapor and/or oxygen per-
meability) and mechanical properties such as the and the possibility
of decreasing biological activities, for example, antimicrobial (Jansson
& Thuvander, 2004; Thakhiew, Devahastin, & Soponronnarit, 2013).
This behavior has also been observed for alginate (Bagheri et al.,
2019) and chitosan films (Thakhiew et al., 2013).

3.4.3 | Mechanical analysis

Durability and the ability to preserve films' integrity during ma-

nipulation, transport, and storage are important factors that can

TABLE 4 Moisture content and water

Water activity (a,,)
A activity of vinasse films under different
0.420 + 0.007* conditions
0.415 £ 0.003*4
0.412 + 0.005*A
0.410 + 0.003*#
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be assessed by measuring mechanical properties such as tensile
strength, elongation at break and Young's modulus. The obtained TS,
EB, and YM values of the vinasse films are shown in Figure 3. The TS
corresponds to the maximum force per area needed to break the vi-
nasse films during traction (Liu, Cao, Ren, Wang, & Zhang, 2019). The
TS values were 12.06 * 1.03 and 16.40 + 0.01 (MPa) for G-C-M-7,
22.07 £2.16 and 26.54 £ 0.66 (MPa) for G-C-M-11 at 60°C and 80°C,
respectively. The TS values increased when the pH and drying tem-
perature increased. Thus, an increase in pH and drying temperature
promoted a higher interaction to the polymer bonds, significantly
higher TS values (p < .05).

The second parameter evaluated was EB, which refers to the
capacity of the films to stretch up to its rupture point (Liu et al.,
2019). The EB ranges extended from 6.54% to 9.31%. The EB of

vinasse films decreased significantly (p < .05) with increased drying
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FIGURE 3 Textural analysis of G-C-M: (a) Tensile strength
(MPa) (b) elongation at break (%), and (c) Young's modulus (MPa) of
vinasse films plasticized with glycerol
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temperature, from 24.21% to 26.7% for G-C-M-7 and G-C-M-11.
Therefore, the drying temperature had an inversely proportional
effect on the EB. During long periods of drying, the water is in-
cluded in the structure of the films and operates as a plasticizer,
this explains the EB values of films after the drying process (Homez-
Jara et al., 2018). Moreover, the YM is defined as the capacity of a
material to withstand changes in longitude during tension or com-
pression (Kumar, Mahanty, & Chattopadhyay, 2019). Also, Jansson
and Thuvander (2004) explained that the strength is reduced as
thickness is decreased where the degree of molecular stretch
is expected to decrease with decreasing thickness. The YM val-
ues were 139.87+ = 11.81 and 250.90+ * 0.14 (MPa) for G-C-M-
7,236.75 + 9.28 and 385.32 * 14.85 (MPa) for G-C-M-11 at 60°C
and 80°C, respectively. In Figure 3 shows that the YM increased
when the pH and drying temperature increased. In summary, the
vinasse films dried at 80°C showed higher TS and YM and lower EB.
The same behavior of the vinasse films was found for alginate films
(Bagheri et al., 2019) and amaranth flour films (Tapia-Blacido, Sobral,
& Menegalli, 2013). Zhang, Yu, Jiang, and Wang (2016) reported that
when the moisture content increases, the YM and TS decreased;
contrariwise, the EB increased in microfibrillated cellulose films.
Since the films are mainly constituted by hydrogen bonds and its
mechanical parameters depend on the properties of the hydrogen
bond network, the water molecules can break easily. Thus, a film
with high humidity will be weaker and softer.

3.4.4 | Chemical characterization by ATR-FTIR

Figure 4 shows the spectra by ATR-FTIR of vinasse films (a) G-C-M-7
and (b) G-C-M-11 at 60°C, as well as (c) G-C-M-7 and (d) DW-G-
C-M-11 at 80°C. The ATR-FTIR analysis was measured to detect the
functional groups present in vinasse films. In general, the Figure 4(a-
d) show the same presence of functional groups in the ATR-FTIR
spectra of the vinasse films at different pH and drying temperature
conditions. The vinasse films showed a broadband ranging between
3,500 and 3,000/cm, assigned to the O-H and N-H stretching vibra-
tion, asymmetric and symmetric vibration of -CH, stretches were ob-
served at peaks 2,932.50 and 2,878.68/cm, respectively. The spectra
also show other peaks assigned to vibrational modes that are present
in film components such as C-O stretching (amide ) at 1,600.02/
cm from collagen (Belbachir, Noreen, & Gouspillou, 2014), carboxy-
lates groups at 1,400.02/cm due to the presence of acetic acid of the
pisco. Acetic acid is considered a volatile and congener component
of the pisco (Hidalgo, Hatta, & Palma, 2016). Hidalgo et al. (2016)
reported that there was a presence of acetic acid in pisco from wines
with and without sediment. According to Ferreira, Nunes, Castro,
Ferreira, and Coimbra (2014), they indicated that the C-C and C-O
linkages ranging between 1,150 and 800/cm (peak 6; 1,100.02 and
peak 7; 1,029.26/cm) correspond from the polysaccharide and the
glycerol.
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FIGURE 4 Spectra of ATR-FTIR obtained from vinasse films: (a) G-C-M-7 at 60°C, (b) G-C-M-11 at 60°C, (c) G-C-M-7 at 80°C, and (d)

G-C-M-11 at 80°C

4 | CONCLUSIONS

This investigation showed the preparation/obtaining of films based
on vinasse and glycerol has high potential as packaging or coating
material. The drying curves for experimental and predicted data
showed an evident exponential tendency. The best curve fitting was
obtained for the Weibull model for all different conditions of the
film's preparation. The films presented a low moisture content and
water activity, which would not allow the growth of microorganisms.
The mechanical properties of the vinasse films dried at 80°C showed
higher TS and YM and lower EB. ATR-FTIR analysis suggested the
presence of functional groups from bioactive compounds. Thus, vi-
nasse films would become interesting in the application of the food
packaging. Future research is suggested on the study of the bioactive
compounds release, hygroscopic properties, its application on pre-
venting weather-induced fruit splitting, and analysis of antimicrobial
activity of these films on a food surface, as well as a sensorial evalu-
ation as to consumer acceptance or not. In consequence, converting
a by-product of the pisco production into value-added films could

increase revenue for wine-making industry.
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