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Abstract

The influence of storage time on colour, moisture content, crystallinity and mechanical performance of edible cassava starch films
containing glycerol and sorbate, were studied. The effect of the pH of the film forming systems was also evaluated.

It was observed that, for storage times of 4 weeks or longer, tan J curves shifted to higher temperatures independently of the pH. Films
obtained from systems of pH 5 showed a decrease in the intensity of the loss tangent-peak observed between —30 and 10 °C, fact that is in
accordance with a slight increase in the crystalline fraction. At room temperature, £’ increased and tand decreased between 2 and
4 weeks trends that are in accordance with the increase in crystallinity and the decrease in moisture content observed with storage time.

Colour parameters and sorbate content did not change significantly along 8 week-storage, showing that sorbate was not destroyed
along the period studied.

It can be concluded that changes of starch along storage were mostly responsible for the changes observed in mechanical properties.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Research on edible films and coatings in foods is partly
driven by industry due to the high demand of consumers for
longer shelf-life and better quality of foods as well as of
environmentally friendly materials. These biodegradable poly-
meric films offer alternative packaging options with no contri-
bution to the environmental pollution while being obtained
from renewable sources with low cost (Lu, Tighzert, Berzin,
& Rondot, 2005; Tharanathan, 2003).
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Cellulose, gums, starches and proteins are the basic
materials for edible film and plasticizers such as glycerol
or sorbitol are commonly included in their formulation,
to improve film flexibility and strength (Jongjareonrak,
Benjakul, Visessanguan, Prodpran, & Tanaka, 2006;
Sobral, do, dos Santos, & Garcia, 2005).

Starch is a commonly used agricultural raw material. It
is a renewable resource, inexpensive and widely available
(Lourdin, Valle, & Colonna, 1995) and it is capable of edi-
ble film formation. Recently, Veiga-Santos, Suzuky, Cere-
da, and Scamparini (2005) remarked that starch-based
films have low mechanical resistance and high moisture
sensitivity when compared to traditional petroleum plastic
films. Recent research has demonstrated that several poly-
saccharide based films and coatings have good mechanical
properties (Fama, Flores, Gerschenson, & Goyanes, 2006;
Hsu, 2002; Le Tien et al., 2000).
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Cassava is produced in Latin America and its impor-
tance as a source of starch is growing rapidly, especially
because of its low price in the world market when com-
pared to starches from other sources (FAO, 2004). The
potential use of cassava starch as a matrix for the develop-
ment of edible films is a topic that has been previously con-
sidered (Fama, Rojas, Goyanes, & Gerschenson, 2005).

In the last years, research has been performed concerning
the use of edible films for surface application or slow release
of different antimicrobials (Buonocore et al., 2003; Chung,
Chikindas, & Yan, 2001; Franssen, Rumsey, & Krochta,
2004; Park, Daeschel, & Zhao, 2004). Sorbic acid and its
potassium salt (sorbates) are considered GRAS additives
and are active against yeast, molds and many bacteria the
effects being greater at low pH (Sofos, 1989). Addition of sor-
bates to edible films has been proposed as a way of minimiz-
ing surface microbial contamination (Cagri, Ustunoi, &
Ryser, 2001; Chen, Yeh, & Chiang, 1996; Flores, Haedo,
Campos, & Gerschenson, 2006; Han & Floros, 1997).

In the case of starch-based films, physical and chemical
changes as a result of ageing (Delville, Joly, Dole, & Bliard,
2003) are of great importance because they can affect their
functionality as a consequence of starch molecules re-asso-
ciation into crystalline segments (retrogradation). The rate
and extent to which this occurs depends on factors such as
chain length, concentration of starch, system pH and com-
position as well as time and temperature.

Different researchers studied the effect of various polyols
on physical properties of starch-based films (Talja, Helén,
Roos, & Jouppila, 2007), the combined effect of plasticizers
and surfactants on physical properties of starch-based films
(Rodriguez, Osés, Ziani, & Maté, 2006); the effect of starch-
based films containing glycerol on food shelf life (Garcia,
Martino, & Zaritzky, 1998; Vina et al., 2006). Some informa-
tion is also available concerning the change of physical prop-
erties of plasticized films based on starch with storage (Fama
et al., 2005; Mali, Grossman, Garcia, Martino, & ZaritzKy,
2006). More systematic information is needed concerning
changes in the properties of these films on storage due to
starch changes and/or to its interaction with other compo-
nents of the film with the object of understanding the influ-
ence of those changes on film functionality.

In this research, the influence of storage time on physi-
cochemical properties of edible cassava starch films con-
taining glycerol and sorbate was studied along 8 weeks of
storage at 25°C, under controlled relative humidity.
Changes observed in mechanical and thermochemical
properties were studied through DMTA and DSC at low
temperatures. It was also explored the effect of pH of film
forming system on those properties.

2. Materials and methods
2.1. Materials, film obtention and storage

Cassava starch was provided by Industrias del Maiz
S.A. (Argentina). Glycerol, citric acid (Mallickrodt, Argen-

tina) and potassium sorbate (Sigma, St. Louis, Missouri)
used were of analytical grade.

Edible films were constituted from aqueous suspensions
containing 5.0 g/100 g cassava-starch, 2.5 g/100 g glycerol,
0.2 g/100 g potassium sorbate and 92.3 g/100 g of water.
The suspension pH was 6.7. To adjust the pH of 100 g of
suspension to a value of 5.0, 0.25 ml of citric acid aqueous
solution (50 g/100 g solution) was used.

The preparation method involved a gelatinization pro-
cess under constant agitation followed by drying step as
described by Fama et al. (2006).

Sample thickness was measured to the nearest 0.01 mm,
using an optical microscope (Nikon AFX II, Japan) at
three different locations in each specimen. Average values
were calculated and are reported.

Films obtained were stored for 8 weeks, at 25 °C, over a
saturated solution of NaBr (water activity, aw = 0.575).

Samples were obtained at 2, 4 and 8 weeks of storage for
their characterization.

2.2. Methods for film characterization

2.2.1. Potassium sorbate dosage

Potassium sorbate content was determined through the
oxidation technique proposed by the AOAC (1990) which
involves distillation and a colourimetric reaction using
thiobarbituric acid. Determinations were performed in
duplicate and the average is reported.

2.2.2. Moisture determination

Samples (~0.5 g) were dried over calcium chloride, in a
vacuum convection oven at 70 °C, until constant weight.
The reported results represent the average of, at least, three
samples.

2.2.3. Colour

Measurements were carried out with a Minolta CM-
508d colourimeter (Minolta, Kyoto, Japan) employing
the Hunter and CIE scale.

The films to be tested were cut into circles of 2 cm diam-
eter (sample) for these tests. Colour differences (AC) and
yellow index (YI) were evaluated in three films for each
time and pH studied and each sample was evaluated in,
at least, 10 positions randomly selected. The average is
reported.

Colour difference is the magnitude of the resultant vec-
tor of three component differences: lightness difference,
AL; red-green chromaticity difference, Aa; and yellow-blue
chromaticity difference, Ab (Valencia Rodriguez, 2001).
Colour differences were calculated as:

AC = VAa> + AV + AL?

where L, represents lightness; a, redness; b, yellowness; and
Aa=a; — ay, Ab=>b; — bg and AL = L; — Ly. The index i,
indicates the values observed for each storage time (2, 4
and 8 weeks) and index 0, indicates the references used.
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In our case, we used the colour parameters of the white
standard (L =94.8, a = —0.78, b = 1.43) as the reference
(Sobral et al., 2005).

Yellow index (YI) parameter evaluates the degree of yel-
lowness for certain nearly colourless transparent plastics. It
was calculated according to the ASTM D1925 (1988)
method:

1
YI:$ (1,28X — 1,062)

using the CIE (Commission International de I’Eclairage)
values. X is the tristimulus value for red, Y is the tristimu-
lus value for green and Z is the tristimulus value for blue.

2.2.4. X-ray diffraction analyses

Diffraction of samples was recorded using a Philips X-
ray diffractometer with vertical goniometer operating at
40 kV and 30 mA (CuKa radiation 4 = 1.542 A). Samples
mounted on a glass plate and conditioned at a water activ-
ity (aw) of 0.575 and 25 °C were attached to the equipment
holder. X-ray intensity was determined with a scintillation
counter in a scattering angle range from 3° to 33° (20) with
a scanning speed of 1°/min (Biliaredis, Lazaridou, & Arva-
nitoyannis, 1999; Fama et al., 2005; Valle, Buleon, Car-
reau, Lavoie, & Vergnes, 1998). Distances between the
planes of the crystals d(A) were calculated from the diffrac-
tion angles (°) obtained in the X-ray pattern, according to
Bragg’s law (Kittel, 1986).

From the scattering spectrum, the effective percent crys-
tallinity of films was determined, according to Hermans
and Weidinger (1961), as the ratio of the integrated crystal-
line intensity to the total intensity. Crystalline fraction was
estimated by the area above the smooth curve drawn on the
basis of the main peaks (main d-spacing) (Garcia, Martino,
& Zaritzky, 2000; Koksel, Ahbaz, & Ozboy, 1983; Snyder
& Bish, 1989).

2.2.5. Mechanical properties

Mechanical measurements were performed using a
Dynamic Mechanical Thermal Analyzer (DMTA 1V)
Rheometric Scientific equipment (Rheometric Scientific
Inc., New Jersey, USA) in the rectangular tension mode.
Two types of test were carried out for characterizing the
viscoelastic properties of the material: dynamic and
quasi-static tests.

Dynamic tests were performed at 1 Hz, in the tempera-
ture range from —85 to 20 °C, at a heating rate of 2 °C/
min. The samples were subjected to a cyclic strain of
0.04%. The strain values used were sufficiently small to
assure that the mechanical response of the specimen was
within the linear viscoelastic range (Brostow & Cornelius-
sen, 1986; Fama, Rojas, Goyanes, & Gerschenson, 2003).
The dependence with the temperature of E’ and tan o were
recorded for each storage time and pH condition. The loss
tangent curves were used to evaluate the relaxation pro-
cesses and the glass transition temperature was taken, as
the maximum of the tand peak (Chartoff, 1981).

Quasi-static tests were performed at room temperature
employing a strain rate fixed at a value of 5x 10 ¥ s '
From the quasi-static test information was obtained about
the effect of storage time and pH on the ¢ — ¢ curves.

In both cases the samples were cut according to ASTM
D4092 (2001), considering the highest elongation allowed
by the Dynamic Mechanical Thermal Analyzer used. Sam-
ple dimensions were 15.0 mm long, 5.1 mm wide and
0.35 mm thick. To avoid an excessive deformation in com-
pression of the head of the sample, while maintaining a
firm holding, a constrainer of that deformation was placed
in the contact area of the grips (Fama et al., 2005).

Microscopic examination of specimens to be tested was
performed and pieces, where flaws were detected, were
discarded.

Determination of dynamic parameters was performed in
triplicate. Results reported from quasi-static tests are the
average of, at least, seven samples.

2.2.6. Differential scanning calorimetry (DSC)

A differential scanning calorimeter (Mettler Toledo Sch-
werzenbach) was used to determined changes in enthalpy
(AH) and glass transitions (7,) of the films. Indium and
zinc were used to calibrate temperature and heat flux.
Ten milligrams of samples contained in hermetically sealed
aluminium pans was heated twice, in the temperature range
—100 to 20 °C, at a scanning rate of 10 °C/min, under a
nitrogen atmosphere. Changes of phase or state and the
corresponding, enthalpy were determined from the second
heating thermogram. Glass transition was assigned to the
middle temperature of the relaxation range (Biliaredis
et al., 1999; Chartoff, 1981).

Results obtained through DSC were used to understand
trends observed in the DMTA studies.

2.2.7. Mathematical data treatment and statistical analyses

A two-factor (storage time and pH) experiment was per-
formed. Three levels of time (2, 4 and 8 weeks) and two lev-
els of pH (5.0 and 6.7) were studied. Data were analyzed
through a two-way ANOVA with a probability level, o,
of 0.05. A Tukey test was applied to test which treatments
rendered differences between samples. Results are reported
on the basis of their average and confidence interval (o:
0.05; Sokal & Rohlf, 1969).

Statgraphics Plus for Windows, version 3.0, 1997
(Manugistics Inc., Rockville, Maryland, USA) was used
for data treatment and statistical analysis.

3. Results and discussion

The potassium sorbate concentration, moisture content,
crystalline fraction, colour parameters and stress at 70% of
strain for films obtained from systems prepared at pH 5.0
or 6.7 and after 2, 4 and 8 weeks of film storage, are shown
in Table 1. Ageing had no significant effect (a: 0.05) on the
sorbate content of the films. These results indicate that the
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Table 1

Physicochemical characteristics of cassava starch biofilms

Storage time 2 weeks 4 weeks 8 weeks

pH 6.7 6.7 5.0 6.7 5.0

Sorbate content (g/100 g film, dry basis) 2.19+£0.27 1.95£0.15 20+£0.2 1.8 £0.1 22402 20+0.2

Moisture (g/100 g film, dry basis) 36 +2 33+4 224+13 21.5+1.5 248 +£6.2 225+1.5

Crystalline fraction (%) 222+1.1 256 +1.3 262+1.3 285+14 303+ 1.5 31.6 + 1.6

Colour parameters AC 11.6 £0.2 10.3 £0.5 12.0 £ 0.1 9.4+0.1 12.9 £ 0.1 9.8 £0.1
YI 11.8+0.8 9.8+ 1.6 122+0.5 10.5+0.8 10.5+1.2 10.5£0.5

o (MPa) at e=71% 1.19 £0.06 1.20 £0.04 2.0+0.1 1.9+0.1 28+0.2 2.6+£0.2

Data are informed as x + ¢, being x the averageand ¢ = ¢,,_; s/n'"?, where ¢ is the Student parameter (o 0.05); s is the standard deviation and 7 is the number
of samples assayed (three for moisture content, two for sorbate content and crystalline fraction, six for colour parameters and, at least, seven for stress).

sorbate was not oxidized or degraded, at least, after
8 weeks of storage, independent of the pH of the system.

Colour parameters, AC and Y1 did not change with stor-
age time (Table 1). This trend was observed for both pHs
studied, but slightly lower values were obtained for pH
5.0. This behaviour is consistent with the null change of
sorbate on storage as it is well known that this antimicro-
bial has an important tendency to participate in browning
reactions (Gerschenson & Campos, 1995) affecting the col-
our of food and also with the fact that the rate of browning
reactions decreases with pH (Cheftel, Cheftel, & Besancon,
1983; Valencia Rodriguez, 2001).

Fig. 1 shows X-ray diffraction patterns for films at (i) 2,
(i1) 4 and (iii) 8 weeks of storage time and at pH 6.7 (panel
a) and 5.0 (panel b), respectively. The crystalline peaks, were
analyzed in the interval from 12° to 25° (20), identifying the
most intense peaks and calculating the distances between the
planes of the crystals d(A) from the diffraction angles (°C). It
was observed that X-ray pattern showed a B-V structure
(Garcia et al., 2000; Manzocco, Nicoli, & Labuza, 2003;
Zobel & Illinois, 1986) which diffracted in the following
planes d=3.6, 4.0, 4.5, 5.2 and 5.9 A. These peaks are iden-
tified in the Figs. 1(a) and (b). In general, tuber starches
show a B-type crystal structure. The introduction of com-
plexing agents into starch preparations disrupts double helix
conformations by forming stable single chain V-conforma-
tion helices. The V-conformation is a result of amylose being
complexed with substances such as aliphatic fatty acids, sur-
factants, emulsifiers, n-alcohols, glycerol and dimethyl sulf-
oxide. When amylose and polar lipids are present, V-
structures can result from gelatinization, both during heat-
ing and upon cooling (Zobel, 1994).

According to the data base ICPDS (1997), the peaks at
5.9, 5.2 and 3.6 A coincide with amylose peaks of high
intensity. The peak at 4.0 and 4.5 A are associated with
amylose peaks of middle intensity and with high intensity
potassium sorbate peaks.

The intensity of the crystalline peaks increased for
4 weeks of storage for both pHs analyzed; for longer times
of storage, increase was not significant (o: 0.05) as can be
observed in Table 1. Hale and Bair (1981), reported the
same behaviour in acrylonitrile-butadiene—styrene (ASB)
polymer materials.
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Fig. 1. X-ray diffraction pattern for films after storage times of 2 weeks (i),
4 weeks (ii) and 8 weeks (iii). (a) pH 6.7, (b) pH 5.0.

On ageing, starch molecules can reassociate into crystal-
line segments or “retrograde” (Aguilera & Stanley, 1999).
Generally, during starch storage, amylose crystallisation
occurs within hours. Then, a slower development of the
crystallinity occurs that is attributed to amylopectin (Del-
ville et al., 2003). Biliaredis et al. (1999) gave evidence of
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partial crystallisation of the starch component from films
stored at an aw above 0.64.

In the analysis of the results of this research, it was sup-
posed that glycerol was stable for the storage time studied.
This supposition is based in reports of Orliac, Rouilly, Sil-
vestre, and Rigal (2003) for starch—glycerol films and of
Gueguen, Viroben, Noireaux, and Subirade (1998) who
studied pea protein—glycerol films.

It is interesting to remark that the decrease of the pH of
the film forming system used from 6.7 to 5.0, produced a
slight increase in the crystalline fraction of the film, at each
time studied and non-significant decrease in its moisture
content and this behaviour is in accordance to that
reported by Dumoulin, Alex, Szabo, Cartilier, and Matee-
scu (1998) for dextrins. The influence of the pH in the crys-
talline fraction of films decreased with the storage time.

In Table 1, a significant decrease in the moisture con-
tent, between the second and the fourth week, is observed
independent of the pH of the system. This can be ascribed
to the increase in the crystalline fraction with the storage
time as it is known that the crystalline phase of a semicrys-
talline material is highly linked to the decrease in its mois-
ture content (Chang, Chea, & Seow, 2000). Between 4 and
8 weeks no further decrease in moisture content is
observed.

3.1. Dynamic tests and differential scanning calorimetry

Figs. 2 and 3 show the loss tangent, tand (a), and stor-
age modulus, E’ (b), as a function of the temperature for
the films obtained from aqueous systems of pH 6.7 and
5, respectively. In the tand curves (Figs. 2(a) and 3(a)),
two relaxation peaks can be observed independent of stor-
age time and pH: a very important one around —62 °C and
other, wide and with low intensity, between —30 and 10 °C.
The molecular relaxation around —62 °C is associated to a
glycerol-rich phase (Fama et al., 2005; Wilhelm, Sierakow-
ski, Souza, & Wypych, 2003). Wilhelm et al. (2003)
reported that glycerol-native cara-root starch films pre-
sented two relaxation peaks, one at —74 °C and the other,
at 188 °C. They attributed these peaks to two phases orig-
inated due to the partial miscibility of starch and glycerol:
the relaxation at —74 °C was attributed to a glycerol-rich
phase and the other, to an amylose-rich phase.

As can be observed in Figs. 2(a) and 3(a), the molecular
relaxation associated with the glycerol-rich phase, shifted
slightly to higher temperatures for 4 weeks of storage time,
independently of pH. No differences were observed
between 4 and 8 weeks. This fact could be attributed to
the moisture decrease observed after 4 weeks of storage
(see Table 1). Water is an important plasticizer and the
effect of plasticizer incorporation to a system is the move-
ment of their relaxations to lower temperatures (Chartoff,
1981; Goyanes, 2000). Therefore, a decrease in moisture
content should produce a shift in the transition tempera-
ture to higher values. A similar effect is observed in the
dependence of E’ with temperature (Figs. 2(b) and 3(b)).
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Fig. 2. Variation of the loss tangent, tan¢ (a) and storage modulus, £’ (b)
with the temperature, for films of pH 6.7.

The abrupt fall (~1 GPa) in the storage modulus in that
region of temperatures is associated with the molecular
relaxation related with glycerol-rich phase transition. Inde-
pendently of the pH, the curves of samples with 4 and
8 weeks of storage suffered a shift to higher temperatures
with respect to that observed after 2 weeks of storage.

From Figs. 2(b) and 3(b) it can be obtained information
about the intensity of the main relaxation, AE’, defined as
the difference between the £’ values in the glassy zone and
the E’ value en the rubbery zone. This relaxation is associ-
ated with the amorphous part of the films. Then, a decrease
in this relaxation should be related to an increase in the
crystalline fraction. The pH seems not to affect the AE’
value while the storage time exerted a slight effect on
AE’, being obtained the maximum value for 2 weeks of
storage (6.2 0.1 GPa at 2 weeks, and 5.9 + 0.1 GPa at
8 week storage).

Fig. 4 shows the heating thermograms obtained for all
films studied (pH 6.7, Fig. 4(a) and pH 5, Fig. 4(b)). In
all cases, only one relaxation, around —76°C, was
observed. This is associated with the 7}, of a glycerol-rich
phase (Fama et al., 2005; Wilhelm et al., 2003). Besides,
in the same figure, it can be seen that an increase in the
storage time decreased the change in the enthalpy (AH)
during the relaxation processes. This effect is not affected
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Fig. 3. Variation of the loss tangent, tanJ (a) and storage modulus, E’ (b)
with the temperature, for films of pH 5.

by the pH value. It is well known that the polymer glass
physical ageing process is generally accompanied by the
decrease of enthalpy during the relaxation processes (Bro-
stow & Corneliussen, 1986). In particular, Chung and Lim
(2003, 2004) found in normal and waxy rice starch stored a
similar behaviour for AH to that reported in this paper.

According to Bair (1981), it is possible to estimate from
AH, the fraction of the material participating in a particu-
lar phase of a multicomponent system. Taking into account
that the relaxation observed corresponds to an amorphous
relaxation associated with the T, of a glycerol-rich phase,
the decrease in AH with the storage time is in accordance
to the decrease observed in AE’ (Figs. 2(b) and 3(b)).

In order to better analyze the relaxation processes
observed between —30 and 10 °C in Figs. 2(a) and 3(a), a
detail of the tand curve is shown in Figs. 5(a) and (b) for
films of pH 6.7 and 5.0, respectively. There is a strong effect
of the storage time on the loss tangent curves in this tem-
perature range. The peak observed between —30 and
10 °C showed a shift to higher temperatures when the stor-
age time increased from 2 to 4 weeks, but little increase
between 4 and 8 weeks of storage. These results can be
related to the crystalline fraction. To clarify this idea, the
same Figure includes a bar plot of dependence of crystal-
line fraction with storage time for both pHs. It can be

a 1
0_?_\
g -\ _______
E "Teerxnyc T e
2 { Storage time:
2 24 ) }AH ------ 2 weeks
§ 1 N 4 weeks
T, (-76:1)°CT ~ ——8weeks
(65£1°C el
44
—t
-100 -80 -60 -40 -20 0 20
Temperature ("C)
b 1
Storage time:
ol 2 weeks
-------- 4 weeks

Heat flow (mW)

1l 1l 1l 1l

+ + T + T t T + T t

-100 -80 -60 -40 -20 0 20
Temperature ("C)

Fig. 4. Heating thermograms for different storage times. (a) pH 6.7, (b)
pH 5.0.

observed that the increase in the crystalline fraction with
time led to a decrease in the peak intensity and to an
increase in the temperature peak. Chartoff (1981) for poly-
carbonate showed that the tano peak was partially sup-
pressed and shifted to higher temperatures with ageing
time. Similar observations were reported by Hale and Bair
(1981) for an ASB polymer. Comparing Figs. 5(a) and (b) it
can be concluded that the peak observed in that range of
temperature was less pronounced when the pH decreased.
This trend might be ascribed to changes in the crystalline
fraction; as previously reported, X-ray studies showed that
the crystalline fraction was slightly greater for films at pH
5.0 than for the ones at pH 6.7.

Fig. 6 shows the dependence of £’ and tané on the stor-
age time for films at pH 6.7 and 5. These values were
obtained from Figs. 2 and 3 at room temperature
(20 °C). As can be seen, there is an increase in £’ on stor-
age, and a large decrease in tano between 2 and 4 weeks,
with a smaller decrease up to 8 weeks. Those results are
in accordance with the increase in crystallinity and decrease
in moisture content with storage time, previously reported
(Table 1). It is well known that an increment in water con-
tent leads to a decrease in Young modulus (Chartoff, 1981).
Similar behaviour has been observed by Lens et al. (2003)
for wheat gluten films. Forssell, Hulleman, Myllarinen,
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Fig. 5. Loss tangent change with temperature. (a) Films with pH 6.7. (b)
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50
—F —m—pH67
1oa
40+
_ 1030
g
g oo .
i 10288
(=2)
204
1026
104
: : : : 0.24

Storage time (weeks)
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Moates, and Parker (1999) stated that the explanation for
the increase in tensile modulus with storage time is the crys-
tallization of starch components. The different pH for film
forming systems did not change the values of E’ for each
time; however, tand for films at pH 5 was significantly
(a: 0.05) lower for 4 and 8 weeks when compared with
the ones for films obtained from systems at pH 6.7.
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Fig. 7. Stress (o) versus strain (¢) curves for films after storage times of
2 weeks (a), 4 weeks (b) and 8 weeks (c). (M) pH 6.7; (A) pH 5.0.

3.2. Quasi-static tests

Fig. 7 shows the influences of storage time on the stress
(o)-strain (¢) relationship for samples with pH 6.7 and 5.
As can be observed, these films showed a small strain range
where the stress increased linearly with the strain, then a
non-linear behaviour started, without arriving to plastic
deformation region in the strain range studied. Indepen-
dently of the pH of film forming system, the curves
reported in Fig. 7 show an increase of the hardening
(defined as a bigger tension to achieve the same deforma-
tion) with the increment of the storage time. This effect is
correlated with a smaller rupture deformation for the sam-
ple that had the longest period of storage, as can be seen in
Fig. 7 (curve c). The changes in the hardening, shown in the
curves g — ¢, are linked to an increase in the crystallinity
and/or to the decrease in the moisture content with storage
time, as was observed through X-ray studies and moisture
content determination.

4. Conclusions

During the eighth week of storage at room temperature,
it was observed that sorbate content and yellow index did
not change. The null change in colour precludes the occur-
rence of undesired changes in food organoleptical charac-
teristics and suggests that antimicrobial activity does not
change.

Between the second and eighth weeks of storage, at
room temperature, of edible cassava starch films contain-
ing glycerol as plasticizer and potassium sorbate as antimi-
crobial agent, the moisture content of the films decreased
and crystallinity increased regardless of the pH of the film
forming system. These changes were reflected in the
mechanical properties, showing a slight shift in the tano
peak to higher temperatures when storage time increased
from 2 to 4 weeks in the temperature range —30 to 10 °C.
E’ evaluated at 20 °C increased, approximately, 300% after
eight weeks and tand decreased more than 10% between 2
and 4 weeks. Only slight changes from there on were
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observed. Starch ageing was mostly responsible for the
changes observed in the mechanical properties.

The depression of the pH of the aqueous systems from
which the films were formed, resulted in a slight increment
in film crystallinity but did not change the transition
observed at around —62 °C; however, the peak between
—30 and 10 °C was less intense as the pH decreased.

The stress at a certain deformation increased along stor-
age for all films studied. Samples stored for 8 weeks showed
the smallest rupture deformation (=75%) but for shorter
storage periods, films showed rupture deformations higher
than 80%. It can be concluded that storage, in general, did
not impair mechanical characteristics of the films.

Results permit to expect integrity and effectiveness of
films when applied to foods.
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