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ABSTRACT: Cassava starches are widely used in the production of biodegradable films, but their resistance to hu-
midity migration is very low. In this work, commercial cassava starch films were studied and classified according to
their physicochemical properties. A nondestructive method for water vapor permeability determination, which com-
bines with infrared spectroscopy and multivariate calibration, is also presented. The following commercial cassava
starches were studied: pregelatinized (amidomax 3550), carboxymethylated starch (CMA) of low and high viscosi-
ties, and esterified starches. To make the films, 2 different starch concentrations were evaluated, consisting of water
suspensions with 3% and 5% starch. The filmogenic solutions were dried and characterized for their thickness, gram-
mage, water vapor permeability, water activity, tensile strength (deformation force), water solubility, and puncture
strength (deformation). The minimum thicknesses were 0.5 to 0.6 mm in pregelatinized starch films. The results
were treated by means of the following chemometric methods: principal component analysis (PCA) and partial least
squares (PLS) regression. PCA analysis on the physicochemical properties of the films showed that the differences
in concentration of the dried material (3% and 5% starch) and also in the type of starch modification were mainly
related to the following properties: permeability, solubility, and thickness. IR spectra collected in the region of 4000
to 600 cm−1 were used to build a PLS model with good predictive power for water vapor permeability determination,
with mean relative errors of 10.0% for cross-validation and 7.8% for the prediction set.
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Introduction

The packaging industry has experienced a substantial growth in
the last few years, both in terms of materials and processes.

The use of plastic materials in food packaging is increasing and
being considered as one of the most economic and safe forms of
food preservation. About 60% of the polyethylene and 27% of the
polystyrene produced is consumed in packaging production and a
large part of it is specifically used for food products (Alvin and Gil
1994).

However, motivated by the question of the environmental impact
of conventional synthetic packaging materials, the search for new
biodegradable materials, especially biodegradable polymers is, to-
day, a great challenge. Biodegradable polymers are flexible films that
can be prepared from biological macromolecules capable of forming
a continuous matrix (Gontard and Guilbert 1996). The biopolymers
that are used for preparation of the films are biodegradable, and
even edible when only additives with nutrition values are included
in their formulation.

According to this viewpoint, the challenge today is to substitute
conventional packaging by biodegradable films that have the same
shelf life and efficiency in the inhibition of humidity, oxygen, car-
bon dioxide, aroma, and lipid migration (Kester and Fennema 1986;
Krochta and De Mulder-Johnston 1997).
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Among the polymers used in biodegradable polymer production,
the most important are starch, pectin, cellulose and its derivatives,
collagen, gelatin, and myofibril proteins (Vanin and others 2005).

According to Garcia and others (1997), the advantages of using
biodegradable polymers are to increase the product lifetime by slow-
ing down the migration of gases and solute transport and to allow
the conservation of organoleptic, nutritional, and mechanical char-
acteristics of the product, besides its texture.

Starch-based biodegradable polymers are among those fre-
quently studied, with cassava starch being the most suitable raw
material due to its transparency and brightness (Cereda and others
1992).

Starches can be modified to acquire specified characteristics if
compared to regular or native starches, such as the property to form
films. The literature on biodegradable native starch-based films is
relatively abundant, but very rare on modified starches. Brazilian
industry has produced acetylated cassava starches and evaluated
these modified products for their surface impermeability in rigid
and flexible packaging, with the intention to improve the charac-
teristics of biopackaging. Oxidation processes with agents such as
hypochlorite and hydrogen peroxide were employed to produce a
starch paste with reduced viscosity and other modified properties.
Such procedures resulted in the formation of compounds in which
some of hydroxyl groups were oxidized into carbonyl or carboxylate
groups. Due to the fact that the carbonyl and carboxylate groups are
larger than hydroxyl groups, the amylose chains tend to be more sep-
arated and, thus, prevent starch retrogradation. This chain separa-
tion is facilitated by the ionization of carboxylate groups that causes
a steric effect (Bobbio and Bobbio 2003). The starch oxidation does
not promote grain rupture, but preserves its original structure. Oxi-
dized starch is insoluble in cold water and forms a clear paste with
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low tendency to thicken or retrograde. After drying, the films formed
by oxidized starches are clear and firm. This starch type is quite use-
ful in the paper industry as a glue for surfaces and in the textile and
adhesive industries. The starch forms films on the threads of the
fabrics, increasing their resistance to tears, accentuating the color,
and increasing the shine of the fabrics. The starch transformed in
dextrines is in soluble water, has adhesives properties, and is used
in envelopes and stamps.

In this work, the films of modified starch were made and char-
acterized by the following physical properties: film thickness (TH),
grammage (GM), water vapor permeability (WVP), water activity
(WA), tensile strength - deformation force (TS), water solubility
(WS), and puncture strength – deformation (PS). Two chemometrics
tools were applied: (i) principal component analysis (PCA) method
was used to explore how the physicochemical properties of modi-
fied cassava starch films are affected by the differences in concen-
tration of the dried material (3% and 5% starch) and also in the
type of starch modification; (ii) diffuse reflectance infrared Fourier
transform spectroscopy (DRIFTS) associated with the multivari-
ate calibration method PLS was used to propose a nondestructive
method for determining the water vapor permeability. This prop-
erty has been specifically selected to illustrate that a time- and
labor-consuming physicochemical property determination can be
accomplished by a fast and reliable method. The application of
Fourier transform infrared spectroscopy (FTIR) and chemometric
methods has made it possible to perform the analysis of rather com-
plex mixtures without prior separation of their components (Geladi
and Kowalski 1986; Martens and Naes 1988; Beebe and others 1998;
Ferreira and others 1999).

Materials and Methods

Materials
The starch extracted from the plants is called natural or native

starch. The starches are modified by physical, chemical, and enzy-
matic processes to improve characteristics or to accentuate func-
tional properties. As a function of the modification of the starches,
physicochemical properties can be changed, for example, to im-
prove solubility in organic or inorganic solvents with respect to na-
tive one and increase the pH.

In the estherified starch of the acetate type, a carboxyl group is
added in the carbon 6 of the glucose molecule in a percentile of 3%
(number of substitutions for 100 glucose units in the starch chain)
as is verified in the reaction below.

Table 1 --- Experimental mean and standard deviation (sd) values for modified starch film properties. All the mean
values were obtained from 5 replicates.

Mean (±sd)

Samples (Titles) TH (mm) GM (g/m2) PS (%) TS (N) WS (%) WVP (g.mm m−2. h−1.kPa−1) WA

High CMA, 3% 0.06 423.90 0.55 10.78 23.39 0.15 0.55
(CMAH3) (±0.006) (±20.50) (±0.043) (±3.65) (±1.87) (±0.010) (±0.023)
Low CMA, 3% 0.09 341.00 0.63 10.57 53.85 0.17 0.55
(CMAL3) (±0.019) (±19.26) (±0.089) (±3.92) (±2.23) (±0.010) (±0.011)
High CMA, 5% 0.10 380.70 1.07 16.03 14.14 0.19 0.56
(CMAH5) (±0.019) (±9.11) (±0.352) (±4.65) (±1.06) (±0.023) (±0.014)
Low CMA, 5% 0.11 457.90 0.83 8.85 45.99 0.20 0.56
(CMAL5) (±0.023) (±10.38) (±0.332) (±4.32) (±1.63) (±0.038) (±0.018)
Pregelatiniz., 3% 0.07 321.90 1.35 12.18 56.47 0.12 0.56
(PG3) (±0.010) (±20.78) (±0.702) (±5.68) (±2.08) (±0.017) (±0.048)
Pregelatiniz., 5% 0.12 335.30 1.30 15.82 32.04 0.21 0.55
(PG5) (±0.010) (±25.73) (±0.778) (±7.73) (±1.10) (±0.036) (±0.028)
Esterefied, 3% 0.08 371.00 1.03 13.02 73.76 0.12 0.54
(Ester3) (±0.016) (±26.28) (±0.201) (±4.33) (±1.40) (±0.020) (±0.026)
Esterefied, 5% 0.08 382.90 1.02 15.09 82.97 0.18 0.55
(Ester5) (±0.009) (±27.88) (±0.289) (±1.98) (±1.06) (±0.032) (±0.024)

In the etherified starch of the carboxymethyl type, an organic acid
salt group is formed in the carbon 6 of the glucose molecule as is
verified below.

Both modified starches (ether or ester) are water soluble because
of their pH. The cassava native starch has pH 6.0 but the modified
ones presented pH 12.0 for the ether (CMA) and 9.0 for the ester.
The alkaline pH opens the starch granule structure and makes it
soluble in cold water. The higher the pH increase, the greater the
starch solubility in cold water.

The following commercial-modified cassava starches were used
as raw materials: pregelatinized (amidomax 3550 – Cargill�), car-
boxymethylated starch (CMA) of low and high viscosities (Flexamid
– Celuflok�), and esterified starches (Lorenz�). Two starch filmo-
genic suspensions were prepared. One of them contained 3% of
starch in water and the other 5%. The abbreviations are defined in
Table 1.

Methods
The formulations were prepared by gelatinizing a water suspen-

sion of starch in the temperature of 70 ◦C. To obtain 3% and 5%
starch concentrations, 30 g and 50 g of starch were suspended in
1 L of distilled water, respectively.

The films with modified cassava starches were prepared by cast-
ing, that is, dehydration of filmogenic solutions in Bioplass glass
Petri dishes with 15 cm dia. The suspensions were dehydrated and
dried with forced air stove for 24 h at 40 ◦C and left standing at
21◦C ± 2 at a relative humidity of 54% (NaCl) for 3 d before removing
the films. Slow drying conditions were used to avoid physical alter-
ation in the films with the temperature (Yang and Paulson 2000).
Mass control was carried out using a semianalytical balance. The
thicknesses of the films were controlled by the volume to area ratio
of the solution. The thicknesses of films can vary if the surface of the
Bioplass glass Petri is not perfectly level.

The films were characterized for their TH, GM, WVP, WA, TS, WS,
and PS (Gnanasambandam and others 1997). The methods used for
determination of these properties are described below.

Thickness. Defined as the perpendicular distance between the
two principal surfaces of the material, this is an important param-
eter of plastic film. Knowing its thickness, it is possible to obtain
information about mechanical resistance and migration of gases.
According to Cuq and others (1996), the variation in the filmogenic
solution thickness (initial) does not affect the possible molecular re-
arrangements during the drying process. Crank (1980) emphasized
that the film thickness should not affect water vapor permeability.
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This property was determined by a digital micrometer and expressed
in millimeters (mm). Each measurement was carried out 9 times, and
each thickness was considered as the mean of the measured values
(Sobral 1999).

Grammage. Defined as the mass of a specific area and expressed
in g/m2 (Oliveira and others 1996). Grammage is directly related to
the mechanical resistance. In other words, greater grammage yields
greater mechanical resistance. This property was determined from
the relation GM = 10000 m/a, where GM is grammage (g/m2), m =
mass (g), and a = area (cm2) of the film.

Tensile and puncture strengths. These properties were deter-
mined as described by Gontard and others (1992), and the ASTM
standard method (ASTM 1996). The mechanical properties were
measured using a Texture Analyzer (TA.XT2, Texture Technologies,
Corp., N.Y., U.S.A.). The results are given by the software Texture
Expert V.1.15 (SMS).

For the tensile strength determination, the films were cut into
18-mm × 100-mm strips. The strips were fixed in 2 grips separated
by 80 mm. The grips were dislocated at 1 mm/s up to film rupture.
The values used in the data analysis were related to the deformation
force (N).

To determine the puncture strength, the films were cut in a cir-
cular format with approximately 6 cm dia and fixed in a glass cell
with circular cap opening. The glass cell was supported in a circular
support with an opening of 52.6 cm dia and punctured by a probe of
3 mm dia at a speed of 1 mm/s. The values used in the data analysis
relate to the deformation (%).

Water solubility. Two samples of 2-cm dia were taken per film,
for each repetition. The thin grating containing the weighted sam-
ples was immersed into a vessel containing 200 mL of demineralized
water at 20 ◦C and gently and periodically agitated with a magnetic
stirrer for 5 min. After noticeable solubilization, the solution was
transferred to a dryer at 105 ◦C for 24 h, and the mass of the dis-
solved material was determined (Gontard and others 1992).

Water vapor permeability. Water vapor permeability was de-
termined gravimetrically, according to an ASTM technique (1996),
modified by Gontard and others (1992). The film was placed in cell
containing silica gel (UR = 0%; 0 kPa), constituting a membrane, and
the cell was then placed inside of a desiccator containing distilled
water (UR = 100%; 32.3 kPa) in room acclimatized to 22 ◦C. The cell
was weighed in semianalytic scale every 24 h.

Water activity. Water activity was measured 3 times by means
of levy block treatment. An Aqualab series 3 Quick Start with di-
rect reading was used for the measurements, and the results were
expressed in WA.

All physicochemical properties were determined in 5 repetitions
for each film formulation, and average values were used for the data
analysis.

FTIR measurements. Infrared spectra of the films were
recorded in the reflectance mode using a Perkin-Elmer spectropho-
tometer (Spectrum One) supplied with a device for attenuated re-
flectance (ATR) with a diamond crystal in the Laboratorie de Spec-
trochimie Infrarouge et Raman (LASIR)/Université dês Sciences et
Technologie de Lille (France). The spectra were collected from 4000
to 650 cm−1 at least 3 times per sample, with 200 sweepings in each
repetition at a resolution of 2 cm−1. The spectra were obtained on
three different regions of the film and the mean WVP values of
the film were considered for each spectrum. The spectra consid-
ered emphasized the “fingerprint” region from 2000 to 700 cm−1

that makes an investigation of the molecular structure of the ana-
lyzed compositions possible. All readings were done directly on the
films.

Data analysis
The analysis of the experimental data was performed in 2 parts:

qualitative (exploratory) and quantitative (multivariate calibration)
analyses.

The exploratory data analysis was carried out for the physico-
chemical results by means of PCA (Beebe and others 1998; Ferreira
and others 1999). PCA is a projection method in which complex data
are compressed in such a way that the relevant information becomes
more obvious. The experimental data were organized in a matrix
Xpca, in which the samples are described by the rows and the physic-
ochemical properties (variables) are described by the columns. PCA
in this work was carried out on autoscaled data (meancentered and
scaled to unit variance).

The calibration model for WVP determination was built using the
spectral data and the method of partial least squares (PLS) (Geladi
and Kowalski 1986; Martens and Naes 1988; Ferreira and others
1999). The input data for PLS modeling are the data matrix Xpls,
where each row corresponds to a given spectrum from casssava
starch film and the y vector whose entries are the experimentally
obtained WVP.

The model structure is given by the 2 equations

Xpls= TPt+E (1)

y = Tq + f (2)

where the matrix P and the vector q are called loadings and T is
the scores matrix. The number of columns (k) in T may be thought
of as a small set of latent variables accounting for the systematic
variation in both Xpls and y. The matrix P and vector q describe how
the variables in T are related to the original data matrices Xpls and
y. The matrix E and the vector f represent the noise or irrelevant
variability in Xpls and y, respectively. PLS regression attempts to
find factors which capture variance and achieve correlation. The
loadings in P and q are estimated by regression of Xpls and y onto
T, and the residual matrices are found by subtracting the estimated
versions of TPt and Tq from Xpls and y, respectively. The estimated
model parameters can be combined into the regression vector b to
be used in the prediction equation (Naes and others 2002).

ŷ = b0 + xtb̂ (3)

The number of factors in the model was determined by cross-
validation applying the leave-one-out method, based on the cal-
culation of root mean square errors of cross-validation (RMSECV)
given in Equation 4 and on the correlation coefficient (rcv) between
the estimated values by cross-validation and the true ones. The pre-
dictive ability of the model for unknown samples was given by the
root mean square errors of prediction (RMSEP) calculated for an
external validation set (Equation 5).

RMSECVk =

√√√√√
I∑

i=1
(ci − ĉi)2

k

I
(4)

RMSEP =

√√√√√
N∑

i=1
(ŷi − yi)2

N
(5)
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In Equation 4, ĉi is the estimated WVP for sample i, not included in
the model formulation, k is the number of factors in the model, and
I is the number of samples for internal validation.

The root-mean-square error of prediction (RMSEP) was used for
model evaluation when the model was applied to an external data
set (prediction set). In Equation 5, the predicted values (ŷi ) are based
on the final model, and N is the number of samples in the prediction
set.

Once the model has been constructed and validated, it can be
used for prediction of WVP for new film samples using Equation 3.

Data analysis was performed using the computational package
PLS˙Toolbox� (Eigenvector Research, Inc. – PLS˙Toolbox version
3.02.) and Matlab� 6.5 software (The MathWorks Co., Natick, Mass.,
U.S.A.).

Results and Discussion

Table 1 presents the mean values obtained for each physical
property and the respective standard deviations. Each value

was obtained from 5 replicates in accordance with the methodology
presented for the 7 properties.

Classification analysis
PCA was performed on a data matrix X (45 × 7) containing the

values for each individual replicate of the 7 physicochemical prop-
erties investigated. The purpose of this chemometric analysis was
to explore the physicochemical properties of the films, with the in-
tention to visualize the relevant aspects that could be useful in their
characterization, for instance, to identify which parameters could
be important for the differentiation of films with respect to their
composition, that is, the type of modification and concentration
(3% and 5% in water) of the starch.

The presence of highly intercorrelated variables means that it is
possible to find a new set of variables to represent the original data,

Table 2 --- Loadings contributions of the original properties
to the principal components. The % variance explained is
in parenthesis.

PC1 PC2 PC3 PC4 PC5
(23.26%) (22.83%) (15.64%) (14.14%) (10.62%)

TH 0.508 0.268 −0.173 −0.5434 0.200
GM −0.019 −0.577 −0.398 0.250 0.085
WA 0.252 −0.215 0.741 −0.233 −0.126
PS 0.028 0.606 −0.321 0.059 −0.244
TS 0.261 0.332 0.320 0.737 0.025
WS −0.484 0.229 0.191 −0.057 0.785
WVP 0.612 −0.141 −0.144 0.194 0.510

Figure 1 --- Scores (A) and loadings (B), PC1 × PC5 show-
ing the distribution of the films with respect on to their
concentration and variables influence, respectively. In A,
the symbols (�) and ( �) indicate 3% and 5% starch con-
centration, respectively.

where a large part of the original information is preserved in a low
dimensional space. This can enable better spatial visualization of
the data in 2- or 3-dimensional plots. The new set of variables called
principal components is defined as a linear combination of the origi-
nal ones (whose coefficients are the loadings) and is oriented in such
a way as to describe the maximum variance of the original data. The
scores, coordinates of the projected samples in the PC coordinate
system, can be seen in Figure 1A.

There are 2 distinct groups of samples along the axes of the 1st
and 5th principal components, describing 33.88% of the total vari-
ance, as can be seen in Table 2. With a few exceptions, the samples
with positive scores in PC1 represent the films produced by filmo-
genic suspensions with 5% starch concentrations, while the sam-
ples with negative scores represent the films containing 3% starch

Table 3 --- Contribution of the original properties to the
principal components. The % variance explained is in
parenthesis.

PC1 (38.85%) PC2 (30.43%) PC3 (18.19%)

TH 0.510 −0.555 0.146
GM 0.149 0.799 0.287
WS −0.549 −0.224 0.803
WVP 0.646 0.063 0.501

Figure 2 --- Scores that classify the films with respect to
the chemical modification of starches

Figure 3 --- Spectra of some films of modified starch used
in multivariate calibration
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Table 4 --- Parameters obtained for calibration and test set for full spectra and selected variables

Settings Calibration set Test set

Models Preprocessing LV RMSECV rcv RMSEP rp

Full spectra (A) Savitsky-Golay + Meancenter 4 0.051 0.26 1.726 0.33
Selected variables (B) Savitsky-Golay + Meancenter 4 0.022 0.80 0.016 0.92

Figure 4 --- The spectral region and variables selected for
construction of the models for determination of WVP

concentrations. In fact, the scores plot (Figure 1A) exhibited discrim-
ination of the samples with respect to the starch concentration.

This set of samples is primarily characterized by the influence of
3 physicochemical properties of the films: TH, WS, and WVP, as can
be seen in the loadings plot in Figure 1B and also in Table 2. The
loadings define the contribution of each original property to each
principal component.

The group of samples originating from 5% starch concentrations
was separated from the rest due to the high values of TH and WVP
and relatively low WS. The samples with 3% concentration can be
described by their high WS and low values of WVP and TH.

A variable selection was carried out with the purpose of charac-
terizing the films with respect to starch chemical modification. For
this purpose, the following variables were selected: TH, WVP, WS,
and GM. According to the scores plot (Figure 2), it is possible to
identify 8 distinct groups of samples, which are described by 4 types
of starch chemical modification at the 2 concentration levels (3%
and 5% of starch in water).

The separation observed in Figure 2 occurs along the 1st and 3rd
principal components, describing 57.04% of the total % variance in
the original data (Table 3). The WS, WVP, and TH are the most im-
portant parameters in this discrimination, as can be seen from the
loadings values in Table 3. When comparing the results from Table 3
with the samples in Figure 2, it can be seen that the esterified starches

Table 5 --- Experimental and predicted values of WVP (g.mm m−2.h−1.kPa−1) for the external validation set and their
residuals for models A and B

Predicted Residual Error %

Measured A B A B A B

CMAH3 3 0.147 0.166 −2.194 −0.018 2.342 12.33 1588.5
PG3 3 0.123 0.137 0.602 −0.015 −0.479 12.14 391.1
CMAL3 1 0.139 0.138 −1.975 0.001 2.114 0.77 1520.9
CMAH5 2 0.194 0.180 −1.785 0.014 1.979 7.21 1019.3
Ester5 3 0.184 0.196 −0.709 −0.012 0.892 6.64 486.1

(especially at 3% concentration level) tend to have smaller TH and
be more soluble. The high viscosity CMA films of higher starch con-
centration (5%) are less soluble and tend to be more permeable and
thicker.

The properties of the films in relation to the solubility in water
were different from the properties of the same starches in the form
of granules. This result can be explained by the physical properties
of the films and not for the chemical property of the starch. The
films of starch esterified were with smaller thickness and smaller
grammage, although the process of preparation of the films was the
same, there was difference of the films and it was not possible in this
research to control that variation.

According to this analysis, it was possible to conclude that the
pregelatinized (amidomax) samples films presented more signifi-
cant answers, with regard to the physicochemical properties un-
der consideration, when the starch concentration in the filmogenic
solution was changed from 3% to 5%. Another aspect that is very
important for characterization and evaluation of the films is the
construction of quantitative models that correlate a studied physic-
ochemical property with spectral data. The advantages of this ap-
proach are the ease in data acquisition, which requires little or no
sample preparation, time, and cost saving, besides the small exper-
imental error.

Multivariate calibration
A multivariate calibration using PLS regression method was used

in this work to build a quantitative regression model for WVP de-
termination. The experimental data in this section were the spectra
registered in the mid-IR region (Figure 3) for the same samples stud-
ied in the previous analyses. As mentioned before the spectra were
obtained in 3 different regions for each film (24 spectra) and the
mean WVP value of 5 replicates was considered for each spectrum.
The data set was split into 2 subsets: one containing 20 samples
for building the model (calibration set), and the other with the 4
remaining samples to be used for external validation of the model.
Each raw spectrum was smoothed and the 2nd derivative taken, by
using the Savitsky-Golay algorithm (filter width = 9 and polynomial
order = 2), and then the pretreated data matrix was mean-centered.
Two models were built and are shown in Table 4. Model A was ob-
tained using the full spectra (3351 variables). The high values of
RMSECV and RMSEP and the low correlation coefficients rcv and rp

are indicative of a poor to regular model.
With the aim to build a better quality model, a variable selec-

tion (Figure 4) was carried out to identify the most relevant re-
gions for WVP determination, employing an algorithm based on

E188 JOURNAL OF FOOD SCIENCE—Vol. 72, Nr. 4, 2007



E:
Fo

od
En

gin
ee

rin
g&

Ph
ys

ica
lP

ro
pe

rti
es

Classification of cassava starch films . . .

Figure 5 --- Predicted versus measured values of WVP for
calibration model B (�) and predicted values of test set
( )

the combination of the correlogram and regression vector (Teófilo
and others 2006).

Model B in Table 4 was built on the selected variables. Variable
selection improved the predictive power of the model, as can be
observed when comparing models A and B. The mean of relative
error of cross-validation dropped from 27.9% in model A to 10.0%
in model B. The predictive power of both models were tested using
an external validation set formed by the following samples: Ester5
3, CMAH3 3, CMAL3 1, PG3 3, and Ester5 3, none of them used in
model building. The experimental WVP and predicted values for
these samples can be seen in Table 5 and in Figure 5 for model B.

High polar polymers exhibit high degrees of hydrogen bond-
ing, resulting in extremely high values to water vapor permeabil-
ity (Kester and Fennema 1986). The addition of plasticizing agent
or the absorption of water molecules by the hydrophilic polymers
affects negatively the barrier properties of films due to the increas-
ing of the mobility of polymer chains, facilitating the diffusion of
permeant through the film (Kumar and Balasubrahmanyam 1992;
Gontard and others 1993; Ustunol and Mert 2004). In this manner,
the quantity of water in film are related to its permeability; thus
the selected variables in the region of the FTIR spectra, from 3750
to 2400 cm−1, are related to the stretching of hydroxyl group (-OH)
that is responsible by hydrogen bonding, justifying the region from
variables selected.

Conclusions

Properties of the films were analyzed simultaneously by means
of chemometric methods, which are more informative than

the analysis of variance that compares particular properties and
therefore does not consider correlations between them. When using
chemometrics, it is possible to observe that permeability, solubility,
and thickness are the properties most affected by the concentration
of dry matter (3% and 5% initial starch concentration). According
to these results, a pregelatinized and modified cross-linked starch

(Amidomax 3500 - Cargill), a commercial starch, was the most sen-
sitive. The proposed method for determination of WVP via IR spec-
troscopy and multivariate calibration offers different advantages as
the low-time analysis, low-chemical residue production, low cost,
low frequency of high-cost instrument use and, finally, the interest-
ing characteristic of being a noninvasive method and, therefore, an
excellent alternative especially at the industrial context. In this work,
a good model was obtained for WVP and the variables selected indi-
cate that the water vapor permeability can be related to the quantity
of –OH group in the molecule.
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