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Phase transitions in biodegradable films based on blends of

gelatin and poly (vinyl alcohol)

Transicoes de fase em filmes biodegraddveis a base de misturas de gelatina e poli (vinil dlcool)

Paulo José do Amaral SOBRAL"™, Rosemary Aparecida de CARVALHO!, Izabel Cristina Freitas MORAES',
Ana Ménica Quinta Barbosa BITTANTE', Edneli Soraya MONTERREY-QUINTERO!

Abstract

The aim of this work was to study the effect of the hydrolysis degree (HD) and the concentration (C,,,,) of two types of poly (vinyl alcohol) (PVA)
and the effect of the type and the concentration of plasticizers on the phase properties of biodegradable films based on blends of gelatin and
PVA, using a response-surface methodology. The films were made by casting and the studied properties were their glass (Tg) and melting (Tm)
transition temperatures, which were determined by diferential scanning calorimetry (DSC). For the data obtained on the first scan, the fitting
of the linear model was statistically significant and predictive only for the second melting temperature. In this case, the most important effect
on the second Tm of the first scan was due to the HD of the PVA. In relation to the second scan, the linear model could be fit to Tg data with
only two statistically significant parameters. Both the PVA and plasticizer concentrations had an important effect on Tg. Concerning the
second Tm of the second scan, the linear model was fit to data with two statistically significant parameters, namely the HD and the plasticizer
concentration. But, the most important effect was provoked by the HD of the PVA.

Keywords: protein; glass transition; melting; surface-response.

Resumo

O objetivo deste trabalho foi estudar o efeito do grau da hidrdlise (HD) e da concentragio (C,,,) de dois tipos de poli (vinil dlcool) (PVA)
e do tipo e da concentragao de plastificantes nas propriedades de fases de filmes biodegradaveis a base de misturas de gelatina e PVA,
usando-se metodologia de superficie de resposta. Os filmes foram feitos por casting e as propriedades estudadas foram a temperatura de
transicao vitrea (Tg) e a fusdo (Tm), determinadas por calorimetria diferencial de varredura (DSC). Para os dados obtidos na primeira
varredura, o ajuste do modelo linear foi estatisticamente significativo e preditivo somente para a segunda temperatura de fusao. Neste caso,
o efeito mais importante foi devido ao HD do PVA. Com relagdo a segunda varredura, o modelo linear pode ser ajustado aos dados de Tg
com somente dois pardmetros significativos. As concentragoes de PVA e de plastificante tiveram um efeito importante em Tg. Em relagdo a
segunda temperatura de fusdao da segunda varredura, o modelo linear foi ajustado aos dados, com dois pardmetros significativos, o HD e a
concentragao de plastificante. Mas, o efeito mais importante foi provocado pelo HD do PVA.

Palavras-chave: proteina; transicdo vitrea; fusao; superficie de resposta.

1 Introduction

Biodegradable films have attracted the attention of
researchers and consumers due to ecological questions
concerning the use of synthetic packaging. The production
of these kinds of materials demands the utilization of
macromolecules capable of producing a continuous thin
matrix. Researches on the development and characterization of
biodegradable films have been carried out using biodegradable
synthetic polymers, such as poly (vinyl alcohol) (PVA)
(MATSUMURA et al., 1999), biodegradable synthetic
biopolymers, as poly (acid lactic) or polycaprolactone
(van de VELDE; KIEKENS, 2002), or biopolymers from
renewable sources, i.e. products or by-products from agriculture
or from agro-industries (THARANATHAN, 2003).

Among those biopolymers, gelatin can be pointed out. It is
an animal source protein, water soluble (at temperatures above
sol-gel transition), product of the acid or basic hydrolysis of

bone-colagen, bovine-colagen, suine-colagen or conective tissues
(ARVANITOYANNIS, 2002). Gelatin can be considered different
from other proteins due to a noticeable absence of internal
order. At molecular level, gelatin-gel formation involves protein
re-structuration, with the transition of a disordered state to a
more ordered structure, and the physical properties of these gels
result from the formation degree of microcrystalline junctions
(ACHET; HE, 1995; ZIEGLER; FOEGEDING, 1990). Gelatin-gel
dehydration - when a plasticizer agent is present - allows flexible
film formation (MENEGALLI et al., 1999; ROQUES, 2008).

Therefore, gelatin has been widely used as a single
biopolymer in studies on edible and/or biodegradable films
(LIM; MINE; TUNG, 1999; MENEGALLI et al., 1999; SOBRAL,
1999; SOBRAL et al., 2001; CARVALHO; GROSSO, 2004;
VANIN et al,, 2005; THOMAZINE; CARVALHO; SOBRAL,
2005; YAKIMETS et al., 2005; BERGO; SOBRAL, 2007;
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DAVANCO; TANADA-PAIMU; GROSSO, 2007), or blended
with other biopolymers (ARVANITOYANNIS et al., 1997;
ARVANITOYANNIS et al., 1998a,b; XIAO et al., 2000; CAO; FU;
HE, 2007; PRANOTO; LEE; PARK, 2007). On the whole, these
films have limited mechanical resistance compared to synthetic
films and are sensitive to the relative humidity of the air, due to
the hygroscopic character of the biopolymer and plasticizers.

Several alternatives have been tested to improve the
mechanical characteristics of protein-based films. Among
these alternatives, the mixing of these biopolymers with the
poly (vinyl alcohol) (PVA) has gained interest in the last years.
The PVA is a synthetic, hydrophilic and biodegradable polymer
(MATSUMURA et al., 1999) which has been used in studies on
the development and characterization of films, such as PVA/wheat
(DICHARRY et al., 2006), PVA/collagen hydrolysate (SARTT;
SCANDOLA, 1995; ALEXY et al., 2003), and PVA/gelatin
(CHIELLINI et al., 2001a,b,c; BERGO et al., 2006; MARIA et al.,
2008; MENDIETA-TABOADA et al.,, 2008; SILVA et al., 2008;
MORAES et al., 2008; CARVALHO et al., 2009), among others.

According to Pal, Banthia and Majundar (2006), the
properties of PVA-based films are especially affected by the
molecular weight and by the degree of hydrolysis of the PVA.
Since PVA is obtained through the hydrolysis of poly (vinyl
acetate), different types of PVA can be produced, depending on
the degree of hydrolysis involved. Consequently, the potential
to interact with other polar polymers would be expected to vary
as a function of the degree of hydrolysis. Moreover, the physical
properties of polymers and/or biopolymers films are strongly
affected by the state of the material. The material will be hard
and rigid if it is in the glass state or flexible and extendible if in
the rubbery state. Thus, the knowledge of the glass transition
temperature (Tg) of films is also important, as a property
defining the limit between the rubbery and glassy states (ROOS;
KAREL, 1991; SLADE; LEVINE, 1991).

Very recently, Carvalho et al. (2009) used a response-surface
methodology to study the effect of the hydrolysis
degree (HD) and the concentrations of two types of PVA
(Celvol-418, HD = 91.8%; Celvol-350, HD = 98.6%) and of the
effect of the type and the concentration of plasticizers (sorbitol
or glycerol) on mechanical properties, color, opacity, moisture
content and solubility in water of films based on blends of gelatin
and PVA. In that study, the effect of both independent variables
on the physical properties of films was explained in a statistical
way. Thus, this work completes the previous one. The aim of
this work was to study the effect of the hydrolysis degree and
of the concentration of two types of poly (vinyl alcohol) (PVA)
and of the type and the concentration of plasticizers on phase
properties of biodegradable films based on blends of gelatin
and PVA using a response-surface methodology. The films were
made by casting and the studied properties were their phase
transitions, such as glass and melting, which were determined
by diferential scanning calorimetry.

2 Materials and methods

2.1 Material

The macromolecules used in film production were: pigskin
gelatin (bloom = 242-248; molecular weight = 5.2 x 10* Da;
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moisture content = 9.3%) donated by Gelita South America
(Sao Paulo, Brazil), and the poly (vinyl alcohol) (PVA) with two
hydrolysis degrees (HD) (Celvol-418, HD = 91.8%; Celvol-350,
HD = 98.6%) donated by Celanese (Dallas, USA). The studied
plasticizers were glycerol (Synth, Brazil) and sorbitol (Nuclear,
Brazil).

2.2 Film production

The films were produced by casting a solution of gelatin and
PVA always with 2 g of macromolecules (gelatin + PVA).100 g*!
film forming solution. The gelatin was hydrated for 30 minutes,
and then dissolved at 55 °C (SOBRAL et al., 2001) using a
thermostatic water-bath (Marconi, Model TE 184, Brasil). The
plasticizer was then added and the solution was held at 55 °C
for further 30 minutes. Besides, PVA was first homogenized in
distilled water and then dissolved at 90 °C (CHIELLINI et al.,
2001a) over magnetic stirring (Tecnal-TE085, Brasil). More
details on this preparation can be observed in previously
published works (MENDIETA-TABOADA et al., 2008;
MARIA et al., 2008; CARVALHO et al., 2009).

The thickness of the films was maintained constant at
0.080 + 0.008 mm, controlling the ratio of dry mass of film
forming solution/support area. The thickness of the films was
measured with a digital micrometer (Mytutoyo, Japan).

2.3 Thermal properties determination

As we were interested in studying the effect of plasticizers
and/or PVA types and the concentrations on the phase
properties of films, the samples were conditioned inside
dessicators containing silica gel, at 22-25 °C for at least three
weeks, to try to reduce the interference of water molecules.

Samples of the films were analyzed by differential scanning
calorimetry (DSC) to determine the glass and melting transition
temperatures. These analyses were performed using a differential
scanning calorimeter DSC TA2010 controlled by TA5000 system
(TA Instruments, New Castle, DE, USA) and equipped with a
cryogenic quench cooling accessory. The samples (~10 mg)
were placed in hermetically sealed aluminum TA pans and
heated at 5 °C/minute (SOBRAL; MONTERREY-QUINTERO;
HABITANTE, 2001; 2002) twice, always after quench cooling
with liquid nitrogen. An empty pan was used as reference.
The results were analyzed using the Universal Analysis V1.7F
(TA Instruments) software. The glass transition temperature
corresponded to the temperature where a baseline inflexion
occurred, and the melting temperature was determined as the
peak temperature of the endothermic event of the DSC curves.

2.4 Experimental design

A surface-response methodology was used to study the
effect of the hydrolysis degree (HD) and of the concentration
(C,,,) of two types of poly (vinyl alcohol) (PVA) and of the
type (T,) and of the concentration (C,) of plasticizers on
dependent variables (glass and melting transition temperatures).
The levels of the independent variables were defined according
to a four-factor, two-level experimental design (Table 1). A
genuine replicate of the whole matrix was done to estimate the
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experimental error. A linear model (Equation 1) was used to
describe the behavior of the system:

Y=8,+Z B x;+ Zﬁ,.jx,.xj o)

Where Y is the predicted response, B is the interception
coefficient, 3. are the linear terms, Bij are the interaction terms,
x, and x, are the coded levels of the independent variables. The
Student’s t-test was used to verify the statistical significance
of the regression coefficients. The statistical analyses (analysis
of variance, regression analysis and graphical optimization)
were carried out using the Statistica software (Version 7.0,
Minneapolis, MN, USA).

3 Results and discussions

3.1 DSC thermograms

The DSC thermograms, in both scans for all the films,
were typical of partially crystaline materials (Figure 1).

The DSC thermograms obtained during the first scan
presented a glass transition (Tg) occurring between 43 and
53 °C (Table 1), related to the amorphous part of the material,
followed by two endothermic peaks, related to the melting
(Tm) of the crystals. Such behavior was similar to that found
by Sarti and Scandola (1995), Chiellini et al. (2001b;c),
Mendieta-Taboada et al. (2008) and Silva et al. (2008), for films
based on PVA and collagen or gelatin. Cristalinity can also
be observed on films based on both pures macromolecules.
Yakimets et al. (2005) and Bergo and Sobral (2007) studied
films based on pure gelatin by X-ray diffraction and verified that
these films were partially crystalline, and Xiao et al. (2000) also
confirmed the crystallinity of films based on PVA.

The occurrence of two endotherms in the DSC thermograms
for the first scan (Figure 1) may suggest that the macromolecules
were not thermodynamically miscible, therefore, emerging phase
separation. The endothermic peak, visible at lower temperatures
(92-139 °C), must be associated to the sol-gel transition of the
gelatin rich fraction, while the other peak, present at higher

Table 1. Responses of thermal properties obtained from the first scan by differential scanning calorimetry.

Independent variables

Dependent variables

D En HD T, G, Coa Tg Tm 1p AHm 1p Tm 2p AHm 2p
1 1 91.8 (-1) S(-1) 25 (-1) 20 (-1) 51.6 1222 17.1 191.1 6.6
2 98.6 (+1) S(-1) 25(-1) 20 (-1) 47.6 120.1 16.8 204.2 14.1
3 91.8 (-1) G (+1) 25(-1) 20 (-1) 49.5 133.5 19.4 179.6 10.2
4 98.6 (+1) G (+1) 25 (-1) 20 (-1) 51.9 128.2 19.7 203.4 93
5 91.8 (-1) S(-1) 45 (+1) 20 (-1) 48.3 103.8 15.4 177.4 7.5
6 98.6 (+1) S(-1) 45 (+1) 20 (-1) 45.5 103.6 16.9 198.5 8.8
7 91.8 (-1) G (+1) 45 (+1) 20 (-1) 48.7 114.4 17.9 1723 6.7
8 98.6 (+1) G (+1) 45 (+1) 20 (-1) 47.6 123.3 24.2 193.1 9.2
9 91.8 (-1) S(-1) 25 (-1) 50 (+1) 47.7 100.7 8.4 181.2 6.3
10 98.6 (+1) S(-1) 25(-1) 50 (+1) 48.2 112.3 17.0 207.1 24.0
11 91.8 (-1) G (+1) 25(-1) 50 (+1) 50.5 125.0 11.9 176.0 18.7
12 98.6(+1) G (+1) 25 (-1) 50 (+1) 51.1 123.0 11.6 200.6 30.9
13 91.8 (-1) S(-1) 45 (+1) 50 (+1) 47.9 98.5 8.5 177.0 18.7
14 98.6 (+1) S(-1) 45 (+1) 50 (+1) 48.3 99.2 8.8 196.8 22.1
15 91.8 (-1) G (+1) 45 (+1) 50 (+1) 46.9 1115 10.7 1739 17.7
16 98.6 (+1) G (+1) 45 (+1) 50 (+1) 43.2 92.2 10.5 189.5 24.4
2 1 91.8 (-1) S(-1) 25 (-1) 20 (-1) 50.9 122.7 16.8 188.2 6.2
2 98.6 (+1) S(-1) 25 (-1) 20 (-1) 50.7 124.7 17.6 204.3 10.5
3 91.8 (-1) G (+1) 25(-1) 20 (-1) 52.8 138.9 18.4 182.2 7.6
4 98.6 (+1) G (+1) 25 (-1) 20 (-1) 49.8 126.0 21.4 194.2 7.1
5 91.8 (-1) S(-1) 45 (+1) 20 (-1) 48.3 100.7 12.6 180.2 6.1
6 98.6 (+1) S(-1) 45 (+1) 20 (-1) 49.2 126.5 18.6 200.3 9.9
7 91.8(-1)  G(+1) 45 (+1) 20 (-1) 522 138.4 18.2 182.0 8.3
8 98.6 (+1) G (+1) 45 (+1) 20 (-1) 48.4 118.2 21.0 192.5 10.1
9 91.8 (-1) S(-1) 25(-1) 50 (+1) 50.5 120.1 10.4 183.9 18.5
10 98.6 (+1) S(-1) 25(-1) 50 (+1) 50.5 112.6 11.3 200.9 29.2
11 91.8 (-1) G (+1) 25(-1) 50 (+1) 52.1 138.8 21.2 185.5 21.0
12 98.6 (+1) G (+1) 25 (-1) 50 (+1) 51.9 125.8 11.4 204.2 327
13 91.8 (-1) S(-1) 45 (+1) 50 (+1) 48.1 96.3 9.2 175.8 12.6
14 98.6 (+1) S(-1) 45 (+1) 50 (+1) 45.8 101.8 10.3 202.3 22.9
15 91.8 (-1) G (+1) 45 (+1) 50 (+1) 47.6 117.3 11.3 178.5 214
16 98.6 (+1) G (+1) 45 (+1) 50 (+1) 45.3 103.1 12.2 193.9 27.6

D = genuine duplicate of experimental design; En = essays; HD = hydrolysis degree of the PVA (%); T = plasticizer type: G = glycerol and § = sorbitol; C = plasticizer concentration

(g.100 g of macromolecules); C,,,

= PVA concentration (g.100 g of macromolecules); (-1 and +1) = coded values of variables; Tg = glass transition temperature (°C); Tm = melting

temperature (°C); AHm = melting enthalpy (J.g"); and 1p and 2p = first and second peaks, respectively.
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Exothermal heat flux ——

-50 0 50 100 150 200 -50 0 50 100 150 200

Temperature (°C)

Figure 1. DSC curves of films based on blends of gelatin and PVA HD =
91.8% (aand b) or HD =98.6% (c and d) and with sorbitol (a and c) or
glycerol (b and d): a) 25% plastizicer and 20% PVA; b) 25% plasticizer
and 50% PVA; c) 45% plasticizer and 20% PVA; d) 45% plasticizer and
50% PVA. --- Ist scan; --- 2nd scan.

temperatures (172-207 °C), must be associated to PVA crystals
fusion. The identification of these fractions was based in results
found in the literature: Vanin et al. (2005) found that the Tm
of gelatin films with 10% of glycerol occurred around 125 °C,
and Chiellini et al. (2001b,c) observed the Tm for pure PVA
around 191 °C. Also, Mendieta-Taboada et al. (2008) confirmed
this phase separation by dynamic mechanical analysis for films
based on gelatin/PVA with more than 10% of PVA in blends.
Wang et al. (2007) observed phase separation between the PVA
and a complex polysaccharide (carboxymethyl-chitosan) when
this last component was in high content.

Curioulsy, the results of the second scan were also typical
of partially crystalline materials, being observed also an
endothermic peak after Tg. In a general maner, it was observed
that the Tg was displaced to lower values as compared to those
of the first scan, as it could be expected (SOBRAL et al., 2001;

Ciénc. Tecnol. Aliment., Campinas, 31(2): 372-379, abr.-jun. 2011

VANIN et al., 2005) (Table 2). Moreover, for some films, another
Tg was also observed in higher temperatures (>80 °C). These
results were tipical of systems where phase separations occurred
(SOBRAL et al., 2001). According to Silva et al. (2008), these
apparently strange behaviours bring the conjecture that the
sample of PVA might be constituted of several fractions of
different molecular weight.

Always concerning the second scan, the endothermal peak
was observed between 163 and 209 °C (Table 2), almost similar
of those observed in the first scan (Table 1), corroborating
with the suggestion that this phenomenon was associated to
the PVA fraction. In a general manner, these behaviors were
contrary to those observed for pure gelatin or films based on
gelatin (SOBRAL; HABITANTE, 2001; SOBRAL et al., 2001;
VANIN et al., 2005). According to these authors, with cryogenic
cooling after the first scan, the microcrystalline interactions of
the macromolecules did not have enough time to occur resulting
in a completely amorphous material. Nevertheless, this behavior
(Figure 1) was seen by other authors, such as Maria et al. (2008),
who observed an endothermic peak in DSC curves of the second
scan of films based on blends of gelatin and PVA, with and
without plasticizer. The results obtained in the second scans
confirm the indication that gelatin and PVA did not constitute
a fully miscible system (SARTI; SCANDOLA, 1995).

3.2 Surface-response analysis of phase properties

The analysis of all DSC thermograms enabled the calculation
of the experimental data shown in Tables 1 and 2, according to
the experimental design described in those same tables. These
data were submitted to statistical analysis, including the fitting
of Equation 1, followed by analysis of variance at 95% confidence
level (Table 3). Only statistically significant parameters were
used to analyze the behavior, producing the respective equations,
and consequently, to plot the response-surface presented later.

The linear model, due to its low regression coeflicients
values, does not have enough fit quality to represent the behavior
of Tg (R?=0.4) and the first Tm (R*= 0.3) obtained in the first
scan (Table 3). But, the calculated model for the second melting
temperature (Equation 2) was statistically significant and
predictive (Table 3), allowing to plot some response-surface plots
(Figure 2). According to Equation 2, neither the concentration of
the PVA, nor the interactions between the independent variables
affected the second Tm of films.

Tm (2p — Ist scan) = 189.7 + 9.4HD - 2.1T, - 3.2 C, 2)

These surface-response plots (Figure 2) confirm that the
most important effect on the second Tm of the first scan was
due to the hydrolysis degree of the PVA. This behavior agrees
with that observed by Maria et al. (2008), which detected
significant differences between the second Tm of the first scan,
when comparing the films based on blends of gelatin and the
PVA Celvol® 418 or 350.

On the other hand, the second Tm of the first scan of films
plasticized with sorbitol were slightly higher than those of the
films plasticized with glycerol, and the increase in Cp provoked
an important reduction of that Tm as well. These behaviors were
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Table 2. Responses of thermal properties obtained from the second scan through differential scanning calorimetry.

Independent variables

Dependent variables

D En HD Tp Cp Coua Tg Tm 2p
1 1 91.8 (-1) S(-1) 25 (-1) 20 (-1) 63.6 174.3
2 98.6 (+1) S(-1) 25 (-1) 20 (-1) 65.0 194.4
3 91.8 (-1) G (+1) 25 (-1) 20 (-1) 48.1 185.0
4 98.6 (+1) G (+1) 25(-1) 20 (-1) 56.2 204.0
5 91.8 (-1) S(-1) 45 (+1) 20 (-1) 44.5 181.2
6 98.6 (+1) S(-1) 45 (+1) 20 (-1) 55.0 198.4
7 91.8 (-1) G (+1) 45 (+1) 20 (-1) 48.2 162.9
8 98.6 (+1) G (+1) 45 (+1) 20 (-1) 75.9 199.6
9 91.8 (-1) S(-1) 25 (-1) 50 (+1) 33.4 176.6
10 98.6 (+1) S(-1) 25(-1) 50 (+1) 52.1 209.2
11 91.8 (-1) G (+1) 25(-1) 50 (+1) 332 179.6
12 98.6 (+1) G (+1) 25(-1) 50 (+1) 40.3 205.0
13 91.8 (-1) S(-1) 45 (+1) 50 (+1) 30.5 174.8
14 98.6 (+1) S(-1) 45 (+1) 50 (+1) 24.7 200.8
15 91.8 (-1) G (+1) 45 (+1) 50 (+1) 19.0 176.4
16 98.6 (+1) G (+1) 45 (+1) 50 (+1) 23.2 193.5
2 1 91.8 (-1) S(-1) 25 (-1) 20 (-1) 62.3 184.5
2 98.6 (+1) S(-1) 25(-1) 20 (-1) 57.1 205.0
3 91.8 (-1) G (+1) 25 (-1) 20 (-1) 52.9 183.8
4 98.6 (+1) G (+1) 25 (-1) 20 (-1) 62.0 201.7
5 91.8 (-1) S(-1) 45 (+1) 20 (-1) 46.8 180.3
6 98.6 (+1) S(-1) 45 (+1) 20 (-1) 60.2 200.1
7 91.8 (-1) G (+1) 45 (+1) 20 (-1) 45.5 184.8
8 98.6 (+1) G (+1) 45 (+1) 20 (-1) 43.1 186.1
9 91.8 (-1) S(-1) 25 (-1) 50 (+1) 50.1 179.7
10 98.6 (+1) S(-1) 25(-1) 50 (+1) 40.1 207.5
11 91.8 (-1) G (+1) 25 (-1) 50 (+1) 48.5 190.2
12 98.6 (+1) G (+1) 25 (-1) 50 (+1) 46.2 207.2
13 91.8 (-1) S(-1) 45 (+1) 50 (+1) 29.9 183.3
14 98.6 (+1) S(-1) 45 (+1) 50 (+1) 332 205.4
15 91.8 (-1) G (+1) 45 (+1) 50 (+1) 31.0 180.9
16 98.6 (+1) G (+1) 45 (+1) 50 (+1) 23.3 194.6

D = genuine duplicate of experimental design; En = essays; HD = hydrolysis degree of the PVA (%); T, = plasticizer type: G = glycerol and S = sorbitol; C = plasticizer concentration

(g-100 g of macromolecules); C,,,
temperature (°C) and 2p = second peak.

a consequence of the plasticization effect of sorbitol and glycerol
(VANIN et al.,, 2005; THOMAZINE; CARVALHO; SOBRAL,
2005), where the glycerol had the stronger effect.

Concerning the Tg from the second scan (Equation 3), it
was observed that the linear model can be fit to data; however,
only two of the model parameters were statistically significant:
C, and C,,, allowing to generate only one surface-response
plot - considering that the fitted model was statistically
significant and predictive (Table 3).

Tg=452-5.5C,- 10.2C,,, 3)

As it can be observed in Figure 3, both the PVA and
plasticizer concentrations had an important effect on that Tg.
Also, Maria et al. (2008) did not observe the effect of the PVA
type on the first Tg of the second scan, but these authors did
not study the effect of the PVA concentration. But, on the other
hand, the effect of the plasticizer concentration on the phase
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= PVA concentration (g.100 g of macromolecules); (-1 and +1) = coded values of variables; Tg = glass transition temperature (°C); Tm = melting

transitions like Tg could be expected, and it is well know in the
films technology (SOBRAL et al.,, 2001; VANIN et al., 2005;
THOMAZINE; CARVALHO; SOBRAL, 2005).

Concerning the second Tm of the second scan, the
linear model can be fit to data, also with only two statistically
significant parameters, namely the hydrolysis degree and the
plasticizer concentration (Equation 4). Also, this model was
statistically significant and predictive (Table 3), allowing to
plot the surface-response curve as shown in Figure 4. The
most important effect on the second Tm was provoked by the
hydrolysis degree of the PVA, similarly to the observed in the
first scan (Figure 2), because this phenomenon was associated
to the PVA rich fraction, which was not affected by the thermal
treatment (90 °C) of the filmogenic solution. A similar behavior
was observed by Maria et al. (2008).

Tm (2p - 2nd scan) = 190.3 + 10.4HD — 2.6CP 4)
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Figure 2. Response surfaces for the second melting temperature (Tm) obtained in the first scan.

Table 3. Results of analysis of variance (ANOVA) for termal properties (Tg, Tm, AHm) obtained from the first and second scan through differential

scanning calorimetry.

Response Source SS DF MS F., F . R?
Tg Model 66.12 1 66.12 20.53 4.17 0.4061
First scan Residual 96.70 30 322
Tm 1p Model 1593.30 1 1593.30 12.50 4.17 0.2942
First scan Residual 3822.41 30 127.42
Tm 2p Model 3303.90 3 1101.3 94.13 2.95 0.9098
First scan Residual 327.62 28 11.70
1st Tg Model 4336.00 2 2168.0 33.75 3.33 0.6995
Second scan Residual 1862.48 29 64.22
Tm 2p Model 3713.96 2 1856.98 57.71 3.33 0.7992
Second scan Residual 933.23 29 32.18

SS = sum of squares; DF = degrees of freedom; MS = mean square; F=F_ e Fis = Fiedd R*= SS, e’ S esquar 18 = glass transition temperature (°C); Tm = melting temperature (°C);

AHm = melting enthalpy (J.g"'); and 1p and 2p = first and second peaks, respectively.
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Figure 3. Response surfaces for the first glass transition temperature
(Tg) obtained in the second scan.

It was observed that the hydrolysis degree of the PVA

had the most important statistical effect on the melting of the
crystals of the PVA rich fraction. Normally, the hydrolysis of

Ciénc. Tecnol. Aliment., Campinas, 31(2): 372-379, abr.-jun. 2011

PVA is not necessarily completely achieved allowing different
amounts of hydroxyl groups in the polymeric chain, meaning
different hydrolysis degrees of PVA (MANSUR et al., 2008).
Consequently, the potential of the PVA to interact with
other polar polymers, such as gelatin, would be expected to
vary as a function of its hydrolysis degree (PAL; BANTHIA;
MAJUNDAR, 2006).

On the whole, the behaviors observed for the phase
properties (Equations 2-4) were not necessarily similar to
those observed on previous works with biodegradable films for
some physical properties of the same type (CARVALHO et al.,
2009). For example, neither the hydrolysis degree, nor the
concentration of the PVA directly affected the puncture
force, affecting only by means of the interaction terms, and
the hydrolysis degree did not affect the puncture deformation
of the films based on blends of gelatin and PVA. Moreover,
the complete linear model was statistically significant to
represent the behavior of the elongation at break data,
but was not statistically significant for the tensile strength
(CARVALHO et al., 2009). Nevertheless, Silva et al. (2008),
working with similar biodegradable films, observed a direct
relationship between Tg, determined in the first scan, and the
mechanical resistence of the respective films.
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Figure 4. Response surfaces for the second melting temperature (Tm)
obtained in the second scan.

4 Conclusions

The DSC thermograms obtained in both heating scans were
typical of partially cristallin samples, where a glass transition
(Tg) was observed - related to the amorphous part of the
material, followed by two endothermic peaks - related to the
melting (Tm) of the crystals.

For the data obtained on the first scan, the fitting of the
linear model was statistically significant and predictive only
for the second melting temperature. In this case, neither the
concentration of the PVA, nor the interactions between the
independent variables affected this property, where the most
important effect on the second Tm of the first scan was due to
the hydrolyses degree of the PVA.

In relation to the second scan, the linear model can be fit to
Tg data with only two statistically significant parameters. Both
the PVA and the plasticizer concentrations had an important
effect on that Tg. Concerning the second Tm of the second
scan, the linear model can be fit to the data, also with only two
statistically significant parameters, namely the hydrolysis degree
and the plasticizer concentration, where the most important
effect was provoked by the hydrolysis degree of the PVA.
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