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1 Introduction
Plastic materials have diverse applications; however, they are 

one of the most important pollutants of soils and oceans mainly 
because of their difficult mineralization (Allsopp et al., 2007). 
Given the low percentage of reuse and biological recycling, 
plastics have an important environmental impact due to their 
short life cycle and high disposal volume (Stevens, 2002). As a 
result, in recent years, technological developments to modify 
synthetic polymers as well as develop new polymers that can 
be incorporated into the biological cycle when discarded have 
been encouraged (Rabell-Contreras et al., 2011).

Because of this situation, biopolymers have generated a 
great interest in the research and development of materials. 
Natural polymers or polymers derived from natural sources, 
such as proteins or polysaccharides, offer the best alternatives 
because of their biodegradability and compatibility with the 
environment (Krochta et al., 1994). Materials based on wheat 
and soy gluten (Yildirim & Hettiarachchy, 1998), chitosan 
(Han et al., 2004; Villada et al., 2007), casein (Arvanitoyannis 
et al, 1998; Oh et al., 2004; Lacroix, 2009) zein (Ávila, 2011), 
among others, are used to prepare biodegradable films.

The food industry is an example of the development of 
biopolymers, either as coatings or edible films. Their application 
has generated significant changes, improving the quality of almost 
any food system since films serve as barriers to mass transfer of 
moisture, oxygen, carbon dioxide, lipids, flavor, and aroma between 
food components and the surrounding atmosphere (McHugh, 
2000). Biopolymer-based packaging prolongs the shelf life of 

several foods (Toğrul & Arslan, 2003), reduces weight loss and 
the deterioration of sensory characteristics (Chien et al., 2007), 
inhibits the growth of microorganisms (Durango et al., 2005), 
and reduces the impact on the environment by decreasing 
packaging disposal.

Chitosan is a polysaccharide found naturally in the cell 
walls of some crustaceans, plants, and fungi. It is produced 
by complete deacetylation of chitin in acid conditions. It is a 
non‑toxic, biocompatible, and biodegradable natural product. 
Several researchers have found that it has strong antimicrobial and 
antifungal activity (Darmadji & Izumimoto, 1994; Jo et al., 2001). 
In the production of chitosan, chitin plays a very important 
role because the degree of deacetylation and molecular weight 
depends on the source (crustaceans, insects, molluscs and fungi) 
(Expósito, 2010).

Gelatin is a protein derived from the partial hydrolysis 
of collagen. Like most proteins, gelatin-based films generally 
have good barrier properties against oxygen, and relatively 
good tensile properties, but water vapor permeability (WVP) 
is poor due to the hydrophilic nature of gelatin (Gennadios 
& Weller, 1990; Arvanitoyannis et al., 1998; Patil et al., 2000; 
Bigi et al., 2002, Avena-Bustillos et al., 2006). Recent studies 
have found that the physicochemical properties of gelatin film 
can be improved by adding other constituents, such as chitosan 
and transglutaminase; compounds that modify its structural 
composition (Tharanathan, 2003).
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Transglutaminase is a transferase that promotes protein 
polymerization. It is also considered as a potential agent for 
increasing the functionality and interaction of proteins in food 
(Ramírez-Suárez & Xiong, 2003). Transglutaminase catalyzes 
the acyl-transferase reaction between γ-carboxyamide groups 
of glutamine residues and the £-amino group of lysine residues 
(acyl). Its action results in the formation of l-(γ-glutaminyl) 
and intermolecular lysine in cross-linked proteins (DeJong 
& Koppelman, 2002). The effect of transglutaminase on the 
properties of films have been studied in several proteins: milk 
(Oh et al., 2004), 11S globulin (Yildirim & Hettiarachchy, 1998), 
egg white (Lim et al., 1999), soybean meal (Mariniello et al., 2003) 
and gelatin (Thomazine et al., 2005). In the past, the limited 
availability and high cost of transglutaminase restricted its use. 
Today, microbial transglutaminase (MTgase) is significantly more 
economical and makes its use feasible as a cross-linking agent in 
films. Composite films based on chitosan and fish gelatin could 
have better properties compared to those films made entirely 
from chitosan or gelatin.

In food packaging, water molecules adsorbed by hydrophilic 
films especially at high relative humidity conditions could promote 
changes in the internal structure modifying the mechanical 
and barrier properties. Changes in the functional properties 
of the film might have an important effect on its performance 
during storage or transporting, resulting in important changes 
in the protection of food products. The aim of this study was 
to evaluate the effect of relative humidity on tensile and water 
vapor properties of films made from chitosan and gelatin.

2 Materials and methods
2.1 Materials

Commercial fish gelatin, provided by Nitta Gelatin, Inc. 
(G7765) (Morrisville, NC), and commercial chitosan (Chitosan 
medium molecular weight 448877-2506, 75-80% deacetylation 
degree, Sigma-Aldrich, St Louis, MO), were used for the 
preparation of biopolymer films. Distilled water or acetic 
acid 99% (Sigma-Aldrich) was used as a solvent for gelatin or 
chitosan, respectively. Glycerol 99% pure (Sigma-Aldrich) was 
added as plasticizer and Activa TI microbial transglutaminase 
(Ajinomoto Food Ingredients Co.) was used as a binding agent.

2.2 Development and conditioning of films

Chitosan 1% (w/v) and gelatin 6% (w/v) solutions were 
prepared. Chitosan was dissolved in acetic acid 2% (v/v) and 
gelatin was hydrated in distilled water. Both solutions were 
maintained at 55 °C. Prior to preparation of the mixtures, 
MTGase was dissolved in distilled water at 55 °C. Corresponding 
mixtures were prepared in the following proportions: 100:0, 
75:25, 50:50 (v/v) chitosan:gelatin with the addition of glycerol 
(0.1 mL/g of gelatin) and 1% MTGase. The solutions were 
poured into acrylic plates and maintained at room temperature 
for 30 h for drying.

Film samples were conditioned at different relative humidity 
following the static microclimate method reported by Wolf et al.  
(1985) with some modifications. Supersaturated salt solutions 
were prepared by dissolving LiCl.H2O, MgCl2.6H2O, K2CO3.2H2O, 

NaBr, NaCl and KCl in distilled water to obtain microclimates 
of 11.1, 22.6, 32.7, 43.8, 57.7, 75.3 and 84.3% relative humidity 
environments at 30 °C, respectively

One-L acrylic containers with airtight lid were used to condition 
the film samples during 7 days before testing. For equilibrium 
moisture content of the films, once conditioned, dry weight 
was determined in an oven at 110 °C for 12 h and the moisture 
content at equilibrium was determined by weight difference and 
expressed as a percentage.

Color of the films was determined using a MiniScan XE Plus 
spectrocolorimeter (HunterLab, model 45/0-L; Hunter Associates, 
Reston, VA). The parameters defined by the Commission 
Internationale de L’Eclairage (CIE) L*, a* and b* values, chrome 
(C, sqrt(a*2 + b*2)) and hue angle (H, arc tan b*/a*) were 
calculated based on illuminant C and the 2° standard observer.

2.3 Mechanical properties

Tensile strength and elongation were determined according to 
the ASTM D882-00 (American Society for Testing and Materials, 
2001a) standard test method using a texture analyzer (TA Plus, 
Lloyd Instruments, Largo, FL) equipped with mechanical grips 
with an initial separation of 50 mm, operating at a crosshead 
speed of 1 mm/s. For the test, films were cut into 1 × 9 cm 
samples and twenty replicates were measured and only those 
samples that ruptured in the center were considered for data 
analysis; thus, the mean and standard deviation of at least 10 
samples were obtained. Film thickness was determined using a 
digital micrometer (Mitutoyo Corp., Tokyo, Japan).

2.4 Water vapor permeability (WVP)

WVP was determined using the standard test method for 
water vapor transmission of materials ASTM E96-00 (American 
Society for Testing and Materials, 2001b) with some modifications. 
Films were cut into circles and placed between two silicon O-rings 
on the top of a 3.4 cm inner diameter glass permeability cell, 
4.0 cm deep, with an exposure area of 0.000907 m2, containing 
10 mL of distilled water to achieve a relative humidity close to 
saturation. The cell was placed inside of a temperature controlled 
(30 ± 0.5 °C) chamber containing silica gel to maintain a dry 
environment. The weight variation of the permeability cell 
containing the film was recorded automatically every 30 min 
for 6 h using an analytical balance to record weight loss versus 
time. The water vapor transmission rate (WVTR) was calculated 
from the slope of the weight loss curve divided by the area of 
film exposure (0.000907 m2). WVP was calculated with Equation 
1 (Romero, 1994) where ∆P is the difference in water vapor 
pressure on both sides of the film, which in the experimental 
setup used in this study is equal to 4237.45 Pa and E is film 
thickness. Three replicates per treatment were performed.

[ ]VTVAPVA E
P

=
∆

	 (1)

2.5 Statistical analysis

To describe the effect of fish gelatin concentration and 
relative humidity on chitosan films, a second-order polynomial 
model was applied to the experimental data. To assess the quality 
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of the fit, R2 and adjusted R2 were used along with the critical 
F-value to determine if the model was adequate for describing 
the experimental data.

3 Results and discussion
Films with different chitosan-gelatin ratios (100:0, 75:25, 

50:50) and MTGase were homogeneous, flexible, and with 
appropriate manageability. The recorded thickness ranged from 
0.0375 to 0.0909 mm, based on the proportion of gelatin in the 
mixtures. As for color, according to the Hunter scale, the films 
were transparent, yellowish gray with no significant variations 
as a function of the chitosan-gelatin ratios.

The equilibrium moisture content of chitosan films as a 
function of gelatin and relative humidity is shown in Figure 1. 
The parameters calculated for the polynomial equation describing 
the absorbed moisture in the biopolymeric film are shown in 
Table 1. The critical F and R2 values indicate a proper fit of the 
model to the experimental data. In general, films absorbed 
more water as relative humidity increased; a typical behavior 
of hydrophilic material. However, the results show that the 
addition of gelatin reduced the ability of chitosan films to 
absorb water from a value close to 110% to about 34% when 
films were conditioned at RH values of 84%. Although gelatin is 
water soluble, the results suggest that the interaction of chitosan 
with protein when films are formed, limits the number of sites 
for water binding, which reduces its water absorption capacity.

3.1 Mechanical properties

Tensile strength

The results of tensile strength in chitosan films with MTgase 
as a function of fish gelatin concentration and relative humidity 
are shown in Figure 2. The parameters used in the mathematical 
model to describe tensile strength are shown in Table  1. 
The critical F and R2 values obtained indicate a proper fit to the 
experimental data. As shown, an increase in gelatin concentration 
resulted in a reduction in tensile strength especially at higher 
values of relative humidity. It has been reported that even when 
films prepared from gelatin have good mechanical properties, 
hydrophilic behavior is poor (Arvanitoyannis  et  al.,  1998; 
Avena-Bustillos et al., 2006). Chitosan enhances film structure 
as tensile strength increased when the concentration of chitosan 

Figure 1. Moisture content of chitosan films with 1% MTgase as a 
function of gelatin concentrations and relative humidity.

Table 1. Parameters calculated for the multiple linear regression model.

Model Moisture
(%)

Tensile strength
(MPa)

Elongation
(%)

WVP
(g/m s Pa)

Interception 31.79185 50.67179 15.08694 4.1175E-11
RH –0.32388 –0.66416 –0.36669 –1.22411E-12

Gelatin –1.71725 –1.49613 –1.44448 –1.49564E-12
RH*Gelatin –0.00968 0.00497 0.01262 2.17568E-14

RH2 0.01173 0.00365 0.00617 2.65487E-14
Gelatin2 0.02998 0.01712 0.02180 2.95623E-14

R2 0.93947 0.83340 0.82759 0.85631
R2 adjusted 0.91425 0.76398 0.75575 0.79644
Critical F 6.65583E-07 0.00025 0.00030 0.00011

RH, relative humidity. WVP, water vapor permeability.

Figure 2. MPa tensile strength of chitosan films with 1% MTgase as a 
function of gelatin concentrations and relative humidity.
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increased registering a maximum of 43 MPa for films without 
gelatin. In studies of the rheological, mechanical and barrier 
properties of gelatin and chitosan composite films, the addition 
of chitosan did not change the mechanical properties of gelatin 
films; also, the addition of glycerol caused a significant increase 
in deformation and a decrease in the resistance of the composite, 
regardless of the protein concentration used (Gontard et al.,1993; 
Rivero et al., 2005). However, another study reported that the 
degree of deacetylation affects the physical, chemical, and 
biological properties of chitosan, such as tensile strength, the 
ability to chelate ions, and immunological activity (Valenzuela, 
2006). Regarding the presence of MTgase, Babin & Dickinson 
(2001) reported that the effect of the enzyme may be positive 
or negative on the gelatin´s strength, depending on the order in 
which crosslinks are formed. Also, Carvalho & Grosso (2004) 
demostrated that adding transglutaminase did not produce any 
change in mechanical strength concluding that MTgase has 
little effect on increasing tensile strength compared with other 
chemical cross-linking agents used.

Elongation

The percentage of elongation of chitosan films with MTGase 
as a function of fish gelatin concentration and relative humidity 
is shown in Figure 3. The mathematical model parameters used 
to describe the percentage of elongation are shown in Table 1. 
The critical F and R2 values found show that the model adequately 
fits the experimental data. In general, the films showed an increase 
in deformation with respect to percent of relative humidity and 
gelatin concentration. The 50:50 chitosan-gelatin films showed 
65% deformity with the maximum relative humidity tested. 
Fish gelatin mixed with other compounds has shown a suitable 
plasticizing effect (Bigi et al., 2002). Furthermore, these results 
showed that relative humidity affected the films containing only 
chitosan as the deformation ranged from 18 to 28% at the relative 
humidities studied. This behavior may be due to the inclusion 
of glycerol as a plasticizer since it interferes with cross-links 
resulting in increased film elongation, thus improving flexibility 
(Rojas-Graü et al., 2007; Raybaudi-Massilia et al., 2008).

3.2 Water vapor permeability

Water vapor permeability of chitosan films with MTgase 
and fish gelatin (Figure  4) increases with respect to relative 
humidity and gelatin concentration. Parameters contained in the 
mathematical model that describe water vapor permeability are 
shown in Table 1. The critical F and R2 values indicate a proper fit 
of the model to the experimental data. These results are similar 
to other studies where chitosan and fish gelatin-based films were 
prepared, such as those obtained by Rivero et al. (2005) whose 
WVP values were: 6. 34 × 10–11 gm−1 s−1 Pa−1 for 100% chitosan 
samples and 3. 0 × 10–10 gm−1 s−1 Pa−1 for 100% gelatin samples; 
showing intermediate values in composite films, indicating that 
chitosan plus glycerol give better barrier properties. Gelatin‑based 
films generally have a good oxygen barrier and relatively good 
mechanical properties, but low water vapor permeability 
(Arvanitoyannis et al., 1998; Avena‑Bustillos et al., 2006). Regarding 
the presence of the enzyme, Soler (2010) indicates that the use of 
MTgase has been widely reported in the development of gelatin 

films as a crosslink agent between proteins, affecting certain 
properties. On the other hand, the addition of a hydrophilic 
component as plasticizer favors adsorption and desorption of 
water molecules, increasing the permeability of films obtained 
from hydrocolloids. Studies of sorbitol added as a plasticizer have 
shown that permeability to water vapor may increase because of 
its hydrophilicity, and mask the effect of cross-linking induced 
by MTgase (Kim, 2005; Tang et al., 2005).

4 Conclusions
Films made from chitosan, glycerol, MTgase and fish 

gelatin, showed adequate properties and physical appearance 
as a packaging material. The most adequate proportion of the 
mixtures studied was 75:25, chitosan:fish gelatin. The increase 

Figure 4. Water vapor permeability of chitosan films with 1% MTgase 
as a function of gelatin concentrations and relative humidity.

Figure 3. Percent elongation of chitosan films with 1% MTgase as a 
function of gelatin concentrations and relative humidity.
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in relative humidity caused a decrease in tensile strength and an 
increase in deformation and water vapor permeability. Despite the 
disadvantages related to the properties of gelatin in edible films, 
chitosan and MTgase remain good alternatives to improve the 
structural composition of these films. The mixture of chitosan from 
different sources and the degree of deacetylation with proteins 
in different concentrations is still a subject of investigation.
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