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Summary
Morphological and structural characteristics of zein-based biofilms have been studied
in this work. The sorbitan component in the control formulation of the film was substituted with xanthan gum at concentrations between 0.01 and 0.04 % to analyze its effect on lipid dispersion. Scanning electron microscopy (SEM) showed a surface for the control (0 %
xanthan) with good lipid distribution. However, when the samples were investigated by
optical microscopy (OM), lipid globules in the control biofilm appeared larger and more
dispersed in the matrix than in the other samples. Fourier transform infrared (FTIR) spectroscopy indicated that xanthan concentrations deeply affected C=O linkages from amide I
group, as well as the functional N-H group of amide II of the zein structure. Other weak
interactions of amide I and II with carboxylic acids and aliphatic compounds were also observed. UV/VIS analysis as well as transparency measurements indicated that the addition
of xanthan to the film matrix lowered significantly its transparency properties. Overall, the
addition of xanthan gum favoured lipid dispersion in the matrix, making biofilms more
homogeneous, although less transparent.
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Introduction
Since the 1980s, edible films have been of great interest to the food industry as carriers of nutrients and as
biodegradable films (1). Natural biopolymers, polysaccharide- and protein-based, show the highest potential,
mainly because they are renewable, abundant, economic
to produce and can form a continuous matrix.
Zein, the main alcohol-soluble corn protein, is commercially produced from corn gluten, a coproduct of the
corn wet milling process. This protein has low biological
value due to amino acid imbalance: high content of leucine and glutamine and low content of lysine and tryptophan (2–4). A major advantage of zein, as compared to

other corn proteins, is its polymerization property. It has
twice more potential than necessary to produce linear
polyamide/polyester polymers (5).
Microbial biopolymers are polysaccharides produced
by different types of bacteria, fungi and yeast. These
materials have the capacity of forming gels and viscous
solutions even at low concentrations (6). They are also
important due to their emulsification properties, crystallization control, syneresis inhibition, encapsulation, and
film-forming capacity (7). Among these biopolymers,
xanthan has been used in several food preparations. According to Morris (8), xanthan or xanthan gum is an important food additive due to its functional properties as
well as the improvement in several food characteristics.
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Xanthan is a natural polymer, hydrophilic, produced
through sugar fermentation by microorganisms of the
gender Xanthomonas campestris (9). The main reason for
the addition of xanthan to the filmogenic solution was
to verify if its characteristics could improve the film
functionality.
According to Lai and Padua (10), zein biofilms show
good transparency. When plasticizers are added to the
matrix, the material becomes more flexible, although
some properties can be modified as, for example, increasing opacity (11,12). In order to improve the material
characteristics, co-polymerization and different polymeric blends have been produced and characterized (13).
During polymeric material development, a physical
mixture of two or more polymers forming a polymeric
blend attracted, most of the time, more attention than
polymer synthesis. This happened mainly because the
combination of polymer properties resulted in materials
with different properties that are often better than the
individual polymer properties. This process is easier and
less expensive than the investigation of new synthetic
route. The properties of final polymeric blend depend
on the miscibility of the constituents or the morphological structure of each phase in the case of heterogeneous
blends (14).
For understanding polymer-polymer miscibility, scanning electron microscopy (SEM) and Fourier transform
infrared spectroscopy (FTIR), among other techniques,
have been used (15). Material incorporation in the matrix can form a homogeneous or heterogeneous structure
depending on their interactions. Optical microscopy
(OM) and SEM allow the identification of the material
incorporated in the matrix and permit its characterization through the observation of colour and shape.
Other less conventional methods like photoacoustic
spectroscopy (PAS) are used, in some cases, to complement usual transmission techniques. These techniques
allow a more complete understanding of the material
using the properties of transparency and/or heat capacity to characterize the product. The PAS technique uses
acoustic signal detection generated by a sample through
modulated radiation. The sample is placed in a small
chamber with a high definition microphone. Intensity
modulated radiation is applied on the sample and the
absorbed radiation spectrum is computed (16). The spectroscopy of generalized bidimentional correlation is a
technique of simple correlation that permits the access
to information not easily visualized with unidimensional spectra. Their spectrum can be analyzed through
surface maps, which facilitates the comprehension of the
observations (17).
The transparency/opacity of the material shows its
capacity to block the light. Low transparency or high opacity indicates that the material is a good light blocker.
Biofilms used as packing or food covering should have
high transparency when the characteristics of the packed
product have to be visible (18).
The aim of this research is to produce biofilms based
on zein with added sorbitan or xanthan gum at different
xanthan concentrations, and to determine their morphological and structural characteristics. SEM, OM, FTIR,
PAS and transparency/opacity determinations were used
to characterize the biofilms.

Materials and Methods
For each treatment, zein-based materials were prepared according to Kleen et al. (19), with some adaptations, by dissolving granular zein in a 75 % aqueous
ethanol to a concentration of 16 % (by mass per volume)
at room temperature. Oleic acid was added at a ratio of
70 g per 100 g of zein, while stirring the solution on a
water bath at 60 to 65 °C. Glycerol was added at a ratio
of 30 g per 100 g of zein and 0.01 % of sorbitan or four
concentrations of xanthan were added. Xanthan concentrations (by mass per volume) were 0.01, 0.02, 0.03 and
0.04 %, related to the total material. The filmogenic solution was stirred mechanically for 10 min and submitted
to 20 mHz of ultrasonic frequency (Fisher Scientific®) for
another 10 min, after which it was cast on rectangular
acrylic plates and maintained at room temperature (25
°C) for 48 h to dry. After drying, the formed films were
peeled off and stored inside the desiccator at 58 % relative humidity until analyses.
The thickness of films was determined by the arithmetic mean of six values measured in six randomized
points of each sample using a digital micrometer with
0.001 mm resolution (Digimess, Brazil), and the average
thickness was (0.12±0.03) mm.
SEM is a common technique for analyzing the microstructure of biodegradable films. This technique has
been used for decades to study the global structure of
proteins, mainly quaternary conformations (20). For this
analysis, film samples of 12 mm in diameter were fixed
on stubs with double-sided tape with conductive copper
and covered with 35 nm of gold (Emitech K550, UK).
Samples, taken in duplicate, were observed under an
electronic microscope (LEO 435 VP, UK) at 15 kV in a
climatized room.
Optical microscopy was used to identify the formed
compounds in films stained with Xylidine Ponceau
(pH=3.5), which permits the detection of cationic protein
radicals (21). Periodic acid-Schiff stain was used to identify neutral polysaccharides and glycoproteins (22). The
samples, taken in duplicate, were stained directly without previous fixation and dehydration because of the
zein solubility in alcohol solutions, which are used to fix
the material. Instead of the fixation by the ethanol-based
solution, the glass slides (microscope laminae) were
dried in an oven (Odontobras ECB 1.2 Digital, Brazil) at
37 °C for 24 h and mounted with Canada balsam. After
24 h, the samples were analyzed at room temperature
using an optical microscope (Olympus BX 60) with an
image capture system (Olympus DP 71). Different points
in the sample were observed with 10´ magnification.
Fourier transform infrared spectroscopy with attenuated total reflectance accessory (FTIR-ATR) was used
as complementary analysis. The infrared spectra were
acquired by using a Spectrometer Nicolet Nexus 670
FT-IR ESP. Samples of 7´70 mm were fixed in the ATR
and the spectra were recorded in the range from 4000 to
1200 cm–1, with a resolution of 4 cm–1 and 128 scans.
This range was used because it encloses amide I and II
bands, which are the main portions for protein characterization (23).
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The photoacoustic spectroscopy (PAS) data were
collected with homemade equipment assembled in the
Physics Laboratory of UNESP, São José do Rio Preto,
Brasil. The determinations were performed placing the
samples in a transparent acrylic support and the readings were done in the UV/VIS range from 200 to 600 nm.
Photoacoustic chamber consisted of a steel cylindrical
cell with a quartz window and a high sensibility microphone (24).
Film apparent transparency was determined with a
UV/VIS spectrophotometer (Quimis, Brazil), as proposed
by Gounga et al. (25). Samples of rectangular shape were
applied to the internal wall of the cuvette. Three replications were done for each film at 600 nm. Film transparency was calculated by dividing the absorbance at 600
nm with the film thickness.
Analysis of variance (ANOVA) was performed considering a randomized experimental design and Tukey’s
test applied to compare data means at 5 % probability
using a computational program ESTAT, v. 2.0, according
to Banzatto and Kronka (26).

Results and Discussion
The homogeneity of the samples was observed by
electron micrographs and it is shown in Fig. 1, where it
can be observed that an increase in xanthan concentration promotes changes in the surface of the material, interfering with the distribution of compounds. The control (Fig. 1a) presented the best distribution of fat globules,
which is identified by the black points in the picture.
Apparently, there was no formation of a continuous
layer of the matrix in the other films with various xanthan concentrations. Similar observations of black points
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on the material surface were found for zein biofilms in
the work done by Corradini (27) and Ghanbarzadeh et
al. (28). The first insight suggests that these points are
microbubbles entrapped inside the matrix or spaces occupied by glycerol before the drying process (25). However, there is a possibility of phase separation between
zein and glycerol due to the low interaction between
these two compounds (27).
During biofilm formation, difficulties in homogenizing the solution were observed as xanthan concentrations increased, manly 0.03 or 0.04 %, when some lumps
appeared as spots in the film. In order to better characterize these lumps, as well as the points found on the
surface, optical microscopy was performed to observe
the homogeneity through distribution of protein and fat
globules.
Figs. 2 and 3 show the images magnified ten times
(500 mm) obtained for each xanthan concentration using
two kinds of sample preparation: Xylidine Ponceau
(pH=2.5) and periodic acid-Schiff staining. The red colour represents protein fraction and the white points the
fat globules (Fig. 2). As xanthan concentration increases,
the size of fat globules decreases, enhancing better homogenization of the material into the film matrix (Fig.
3). It can be observed that increasing xanthan concentration resulted in bluer colour of the sample. Fig. 3d (0.04
% xanthan) shows lower amount of dispersed fat globules, confirming the observations shown in Fig. 2 (Xylidine Ponceau staining).
The control sample also presents a slightly purple
colour, which indicates that the periodic acid-Schiff reagent stained the hydroxyl radicals of the matrix structure (29).

Fig. 1. Scanning electron micrographs of zein-xanthan biofilms. w(xanthan)/%: a) 0 (control), b) 0.01, c) 0.02, and d) 0.04
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Fig. 2. Optical microscopy with Xylidine Ponceau (pH=2.5) stain for zein-xanthan biofilms. w(xanthan)/%: a) 0 (control), b) 0.01,
c) 0.03, and d) 0.04

Fig. 3. Optical microscopy with periodic acid-Schiff stain for zein-xanthan biofilms. w(xanthan)/%: a) 0 (control), b) 0.01, c) 0.03, and
d) 0.04

After optical microscopy analyses, it can be concluded that the observations previously considered as porous
on SEM images are in fact fat globules dispersed into

the film matrix. Thus it is confirmed that xanthan addition improves homogenization of the compounds mainly
with respect to the size and distribution of fat globules.
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The chemical structure of xanthan gum and a structural model of zein molecule as proposed by Nery et al.
(30) and Argos et al. (31), shown in Figs. 4 and 5, help to
explain which chemical groups are identified by FTIR-ATR analysis.
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Fig. 6. FTIR-ATR spectra for zein-xanthan biofilms

Fig. 4. Chemical model of xanthan gum (30)

The spokes in Fig. 5a refer to the amino acid side
chain directions in the projected helix. The figure shows
three polar regions, each composed of two amino acids.
The hydrogen-bonding polar residue segments are shown
as small circles in Fig. 5b, in which Up refers to a helical
propagation towards the viewer from the NH2 to COOH
terminus while Dn indicates the opposite direction.
Fig. 6 presents the results obtained with FTIR-ATR
for all biofilms. The spectra were mathematically treated
to correct the base line.

The internal peaks shown in the spectra of the proteins are mainly due to peptide groups. The proteins in
these spectra are characterized as amino group peaks,
where amide I at 1650 cm–1, amide II at 1540 cm–1 and
amide A at 3300 cm–1 can be observed. The amide I peak
is the evidence of stretching the C=O linkage from peptide groups. Amide II peak refers to stretching of CN
linkage as well as the folding of NH group. Amide A
characterized as an intense and wide peak represents
the stretching of NH group (32,33). The peaks of amide I
and II in the region between 1500 and 1800 cm–1 indicate
the predominance of secondary structures a and b
(34,35).
In the range from 1500 to 3000 cm–1, where no differences were found among the spectra due to xanthan
addition, peaks at 1745 cm–1 were observed corresponding to carboxyl groups. According to some authors

Fig. 5. Structural model of zein molecule: a) helical wheel for 18-residue repeat sequence in Z19 and Z22 zein type, b) a possible
nine-helical zein protein structural model. ALA, LEU, etc. are initial letters of amino acids. Z19 and Z22 refer to zein with molecular
mass of 19 000 and 22 000 Da, respectively. Up refers to a helical propagation towards the viewer from the NH2 to COOH terminus,
while Dn indicates the opposite direction (31)
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(34,35), these groups are probably from free fatty acids.
The peaks observed from 2800 to 3100 cm–1 indicate CH
stretching from functional groups CH3 and CH2, also derived from free fatty acids (36). These bands appear in
the commercial zein, probably due to the higher fat residue in the material as compared to the zein extracted in
the laboratory.
The principal evidence of xanthan gum is the band
centered at 3300 cm–1, as a consequence of stretching of
OH linkages, and the band at 1740 cm–1 due to C=O
stretching from the esterification with pyruvil (CH-CO-COO) and acetyl (CH-COO), and the glucuronic acid
group COOH. The peak at 1640 cm–1, related to angular
deformations of the sugar OH linkages, occurs in the
same region of amide I and proteins, so the distinction
among them is difficult (32). The results also indicate
the presence of aliphatic compounds (CH) that generate
bands with multiple peaks in the region of 2900 to 3000
cm–1 (27,37,38).
According to Fig. 6, there were great differences in a
wide band at 3300 cm–1. This peak corresponds to the
combination of two vibrations: the NH group from amide A of the zein and the OH group from xanthan gum.
Xanthan addition causes a hypochromic effect in this region, suggesting an interaction between vibrational dipoles from these two groups that causes a decrease of
that peak. This effect can be better understood through
the correlation spectra, capable of identifying which
chemical groups perform the interactions. Figs. 7 and 8
were obtained through bidimensional infrared analysis,
whose main characteristic is to attenuate superposition
of spectra with transitions (39–41).
The 2D synchronous spectrum presents simultaneous changes in intensity spectrum and consists of
auto peaks (present in the diagonal line) and cross peaks
(located at the off-diagonal position). In a 2D synchronous spectrum, negative cross peaks indicate that the in-

tensity changes observed in two spectral coordinates occur in opposite directions, which means that one increased while the other decreased. A positive cross peak,
however, indicates that changes in intensity are in the
same direction (42,43).
Fig. 7 shows the main peaks along the diagonal. The
first peak at 1710 cm–1 represents the vibrations of C=O
linkages from carboxyl acids, and the other two peaks at
2850 and 2920 cm–1 correspond to C-H stretching of zein
groups.
The 2D asynchronous spectrum shows the results
that occur out of phase with perturbation pulse. This information is manifested in the form of peaks that are always recorded off the diagonal of the bidimensional
space (44,45).
In the asynchronous spectra (Fig. 8), it is observed
that the xanthan addition affects first the C=O linkage of
amide I group in the region of 1650 cm–1, and then the
functional group N-H of amide II in the region of 1540
cm–1, both from zein, represented by peaks with negative intensity. After these groups had been affected, weak
correlations between amides I and II from zein (1650
and 1540 cm–1, respectively) with carboxylic acids (1710
cm–1), and CH3 (2850 cm–1) and CH2 (2920 cm–1) from
aliphatic compounds also occurred.
The PAS with opacity analyses demonstrates the interference of xanthan in the material transparency. The
effects of the addition of xanthan and its concentration
on the transparency of the material analyzed by PAS in
the UV/VIS and opacity tests are shown in the spectrograms presented in Fig. 9.
The spectra show that in the region of 275 to 350
nm, the increase of xanthan concentration promoted increases in the radiation conversion absorbed as heat.
Films with 0 and 0.01 % xanthan presented small peaks
in this region. The conversion of maximum radiation occurred at 312 nm.

Fig. 7. Synchronous spectra of zein showing functional groups affected by xanthan addition
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Fig. 8. Asynchronous spectra of zein showing functional groups affected by xanthan addition
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Fig. 9. Photoacoustic spectra of zein-xanthan biofilms

Transparency tests done by UV/VIS spectrometer
confirmed the observations of PAS analyses (Table 1).
Films with 0.01 % xanthan demonstrated better transTable 1. Transparency of the zein-xanthan biofilms obtained by
UV/VIS spectrometry
A600 nm

Transparency

zein+sorbitan

0.963±0.04

(7.570±0.29)b

zein+xanthan 0.01 %

0.822±0.08

(9.605±0.95)a

zein+xanthan 0.02 %

0.811±0.03

(7.277±0.26)b

zein+xanthan 0.03 %

0.623±0.09

(7.624±1.13)b

zein+xanthan 0.04 %

0.869±0.04

(5.565±0.30)c

Material

a,b,c

parency, or lower opacity, as shown by the peaks with
less intensity in the PAS results. Therefore, the addition
of xanthan gum in the polymer matrix decreases the
transparency of the material.

Means followed by the same letter in each column are not
different according to Tukey´s test (p<0.05)

It was possible to produce biofilms composed of
zein-xanthan gum. The film prepared with 0.04 % of
xanthan was visually less homogeneous due to the presence of lumps across the surface. However, after optical
microscopy analysis, it can be concluded that the observations previously considered as pores on SEM images
are in fact fat globules dispersed into the film matrix.
Thus, it is confirmed that xanthan addition improves
homogenization of the compounds, mainly with respect
to the size and disposition of the fat globules. Infrared
spectroscopy (FTIR-ATR) pointed out that xanthan concentrations deeply affected C=O linkages from amide I
group, as well as the functional N-H group of amide II
of the zein structure. Other weak correlations of amide I
and II with carboxylic acids and aliphatic compounds
were also observed. PAS analyses as well transparency
measurement by spectrophotometry indicated that xanthan addition to the matrix of the film lowers its transparency properties. Overall, the addition of xanthan
gum favoured lipid dispersion in the matrix, making the
biofilms more homogeneous, although less transparent.
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