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Physicochemical and antimicrobial properties of bovine and salmon gelatin-chitosan films

Propiedades termofísicas y antimicrobianas de films basados en gelatina de salmón y bovino
adicionados con quitosano

Silvia Matiacevicha*, Daniela Celis Cofréa, Carolina Scheborb and Javier Enrionec

aDepartamento de Ciencia y Tecnología de los Alimentos, Facultad Tecnológica, Universidad de Santiago de Chile, Av. Obispo Umaña
050, Estación Central, 9170022 Santiago, Chile; bDepartamento de Industrias, Facultad de Ciencias Exactas y Naturales, Universidad
de Buenos Aires, Intendente Guiraldes s/n, Ciudad Universitaria, 1428 Ciudad Autónoma de Buenos Aires, Argentina; cEscuela de
Nutrición y Dietética, Facultad de Medicina, Universidad de los Andes. San Carlos de Apoquindo 2200, Las Condes, Santiago, Chile

(Received 14 September 2012; final version received 30 January 2013)

The aim was to study thermo-physical and antimicrobial properties of gelatin-chitosan films by gelatin origin (bovine and salmon), chitosan
concentration and physical state (glassy or rubbery). Thermo-physical properties (pH, Bloom grade, color, isotherms, glass transition
temperature, moisture uptake rate, molecular mobility and film solubility) and antimicrobial effect against Escherichia coli, Salmonella
thyphimurium and Listeria monocitogenes were evaluated. The results showed that the presence of chitosan increased the water content of
both gelatin films and improved the physical performance of both films, especially for salmon gelatin, without a significant (p > 0.05)
change of color. Antimicrobial activity was effective against all bacteria depending on chitosan concentration and glassy or rubbery state,
with the highest effect in glassy state. In conclusion, the evaluated films could be a potential application as bioactive edible films for fresh
foods.

Keywords: bovine gelatin; salmon gelatin; chitosan; films, NMR; DSC; Escherichia coli; Salmonella typhimurium; Listeria monocytogenes

El objetivo fue estudiar si las propiedades termofísicas y antimicrobianas de películas basadas en gelatina-quitosano son influenciadas por el
origen de la gelatina (bovino o salmon), la concentración de quitosano y el estado físico (vítreo o gomoso) de la misma. Se evaluaron las
propiedades físicas (pH, °Bloom, color, isotermas, velocidad de captación de agua, movilidad molecular y solubilidad) y térmicas
(temperatura de transición vítrea) junto con el efecto antimicrobiano contra Escherichia coli, Salmonella thyphimurium and Listeria
monocitogenes. Los resultados mostraron diferencias por el origen de la gelatina y la presencia de quitosano, donde la presencia de este
último generó un aumento el contenido de agua de las películas, no cambió significativamente el color (p > 0,05) y mejoró su solubilidad,
especialmente para gelatina de salmón. La actividad antimicrobiana fue efectiva contra todas las bacterias evaluadas, la cual dependió de la
concentración de quitosano y del estado de la película, siendo más efectiva en estado vítreo. En conclusión, la película evaluada puede tener
una potencial aplicación como película comestible bioactiva para alimentos frescos.

Palabras claves: gelatina de bovino; gelatina de salmón; quitosano; film, NMR; DSC; Escherichia coli; Salmonella typhimurium; Listeria
monocytogenes

1. Introduction

Films and coatings based on gelatin have been an interesting
research field in recent years as extenders of the shelf-life of
fresh foods and being at the same time environmentally friendly
materials. Also the commercial viability of the utilization of fish
industry by-product has promoted the use of gelatin from various
sources. The functionality of coatings including active com-
pounds such as antimicrobials and antioxidants has been exten-
sively studied (Greener & Fennema, 2002; Pereda, Ponce,
Marcovich, Ruseckaite, & Martucci, 2011). Previous work had
been focused on developing films with improved mechanical and
water barrier properties to protect food from drying and exposure
to light, by combination of gelatin with others biopolymers, such
as lipids, bioactive peptides, proteins and plasticizers (Ahmad,
Benjakul, Prodpran, & Agustini, 2012; Gómez-Estaca, Montero,
Fernández-Martín, & Gómez-Guillén, 2009; Rivero, García, &
Pinotti, 2010).

The physical properties of gelatin are strongly related to their
structure (Yang & Wang, 2009), which is mainly stabilized by

intra- and inter-chain hydrogen bonding of an almost continuous
repeating of the Gly–X–Y sequence, were X is mostly proline
and Y is mostly hydroxiproline (Haug, Draget, & Smidsrød,
2004). These amino acids are present in higher concentration
in most warm-blooded animals compared to gelatins from cold
water fish, obtaining higher temperatures of gelation and fusion
(~ 30°C) compared to gelatins from cold water fish (~ 8°C)
(Díaz, López, Matiacevich, Osorio, & Enrione, 2011; Karim &
Bhat, 2008). Interestingly, the increase in demand for gelatin
from non-mammals sources (Halal and Kosher population) has
promoted the use of other sources such as salmon gelatin (SG)
which is available as by-product from the fish industry (about
5% of whole fish), making its production advantageous com-
pared to other sources.

In order to obtain a bioactive film with antimicrobial proper-
ties, antimicrobial compounds such as chitosan could be added
to these edible films (Celis, Azocar, Enrione, Paez, &
Matiacevich, 2012; Gómez-Estaca, López de Lacey, López-
Caballero, Gómez-Guillén, & Montero, 2010; Pereda et al.,
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2011). Chitosan is a natural linear polysaccharide (Li, Wang,
Chen, Huangfu, & Xie, 2008), with advantages for food applica-
tions, which includes non-toxic, biodegradable and antimicrobial
properties (Dutta, Tripathi, Mehrotra, & Dutta, 2009) due to the
available reactive amino and hydroxyl groups (Dutta, Dutta, &
Tripathi, 2004). The hydrogen bonds strongly stabilize their
inter- and intra-molecular structure but becoming soluble at
low pH (6.5) (Fan, Hu, & Shen, 2009). Their antimicrobial
activity has been demonstrated against Gram-positive and
Gram-negative bacteria, filamentous fungi and yeasts (Kong,
Chen, Xing, & Park, 2010). This activity is associated with the
availability of R–NH3

+ groups that interact with the microbial
cell membrane (Abugoch, Tapia, Villamán, Yazdani-Pedram, &
Díaz-Dosque, 2011; Pereda et al., 2011).

Composite films of gelatin-chitosan have been reported to
have improved mechanical and transport properties compared
with those of a single component film (Pereda et al., 2011;
Rivero, García, & Pinotti, 2009). Interactions between both
polymers by polyelectrolyte complexes through electrostatic
interaction between the amino group of chitosan and the nega-
tively charged side-chain groups in gelatin have been previously
reported (Yin, Li, Sun, & Yao, 2005), in addition to covalent and
hydrogen bonding and/or dipoles (Rivero et al., 2009). However,
the antimicrobial activity of chitosan depends on different fac-
tors, such as pH, interaction with components and molecular
weight, including the physical state (soluble and solid) (Kong
et al., 2010). In case of intermediate and low moisture films,
literature has shown possible interactions between the hydrocol-
loids (e.g. gelatin, carbohydrates) and chitosan, which could
influence its antimicrobial effectiveness (Fernández-Saiz,
Lagaron, & Ocio, 2009).

Molecular mobility of the films can be considered from a
structural and macromolecular level and it could affect their
physical properties and antimicrobial effectiveness, therefore,
glass transition temperature, Tg, can be a descriptive parameter
of the physical state of macromolecules, which differs from the
molecular mobility of smaller molecules such as water (Vittadini
& Chinachoti, 2003). Proton nuclear magnetic resonance
(1H-NMR) measures transversal relaxation times (T2), which
provide useful information on molecular mobility and water
populations as being affected by the water–solid interactions
(Kou, Dickinson, & Chinachoti, 2000).1H-NMR allows to assess
differences in molecular mobility on polymers and foods by
measuring the changes in spin–spin (T2) or spin–latice (T1)
relaxation constants with temperature or water content (Farroni,
Matiacevich, Guerrero, Alzamora, & Buera, 2008; Lin et al.,
2006). The differences in relaxation times of protons from dif-
ferent environments have been exploited in NMR studies to
measure the relative amounts of water with different degrees of
interaction with solids and consequently, with different mobility
(Acevedo, Schebor, & Buera, 2006; Farroni et al., 2008).

Therefore, the aim of the present work was to study the
thermo-physical and antimicrobial properties of chitosan-gelatin
films as a function of gelatin origin: commercial bovine-hide
gelatin and a laboratory-obtained salmon-skin gelatin and as a
function of the physical state with different molecular mobility
(glassy or rubbery state) determined by their glass transition
temperature. At the same time, this study proposed to verify
the impact of chitosan incorporation in gelatin films on physical
properties of films such as isotherms, film solubility and mole-
cular mobility in order to establish their suitability as protective
antimicrobial packaging materials.

2. Materials and methods

2.1. Materials

SG was extracted using Atlantic salmon skins (Salmo salar),
from Chilean southern coast, kindly provided by Salmon Oil
S.A. (Chile). The gelatin extraction was performed in the labora-
tory using an acidic–alkaline extraction. Briefly, the skins were
cut out and immersed in 0.1 mol/L NaOH (Mallinckrodt,
Mexico) at 10°C and stirred vigorously for 1 h and then
immersed in 0.05 mol/L acetic acid (Winkler, Mexico) for 1 h
in order to eliminate impurities. The gelatin extraction process
was carried out at 64°C at pH ~4.0 for 3.5 h. The supernatant
liquid was vacuum filtered using a pump Arquimed (SU-660,
Taiwan) and dried at 55°C in an oven (WiseVen WOF-105,
Korea) for 24 h. The extraction yield of SG obtained was in
approximately 180–190 g dry gelatin/kg of clean salmon skin,
which is in accordance to non-mammalian extraction yield
reported in literature (Jamilah & Harvinder, 2002).

Commercial type B Bovine Gelatin (BG) was provided by
Rousselot, Brazil (Bloom 220). The isoelectric point was at
approximately pH ~5.0 calculated using the method described
by Karim and Bhat (2009).

Chitosan of low molecular weight (50 kDa) and a deacetyla-
tion degree of 92% was purchased from Sigma Aldrich
Chemicals Ltd., USA.

Mueller Hinton agar (Merck, Germany) and broth (DIFCO,
France) were used for microbial analysis. Gram-negative bac-
teria, Escherichia coli (ATCC 25922), Salmonella typhimurium
(ISP Ty2) and Gram-positive bacteria, Listeria monocytogenes
(ISP 65–08) were kindly provided by the Department of
Chemistry of Materials from Santiago of Chile University.

All other reagents (acetic acid, NaOH, etc.) were analytical
grade.

2.2. Film-forming suspensions (FFS)

BG and SGs were dissolved in distiller water to a final con-
centration in the suspension of 7% (w/w). The chitosan was
previously dissolved in acetic acid solution (Winkler, Mexico)
at a proportion of 1:1 (v/v) and then gradually added to the
suspensions at final concentrations of 0, 0.25, 0.5 and 1%
(w/w). Each gelatin-chitosan suspension was stirred moderately
at 50°C until complete dissolution. The pH of the resultant
mixture was adjusted to pH 5.5 using NaOH 2 mol/L
(Mallinckrodt, Mexico).

2.3. pH and gel strength determinations on FFS

The pH of each FFS was carried out using a pH-meter (Jenway,
UK) with a liquid electrode model 3505 (Jenway, 924–001),
after calibration with pH 4.0 and 7.0 buffers (Chemix, Chile),
following Official Methods of Analysis norms (AOAC, 1975).

The gel strength was measured on a 6.67% (w/w) gel con-
centration from gelatin (bovine and salmon) suspensions and
mixtures of gelatin-chitosan, which was prepared with distilled
water at initial pH of each FFS and then adjusted to pH 5.5, and
followed by transferred into a standard Bloom jar. Gel strength
indicated Bloom degree, is defined as the maximum force (in g)
required for the probe to press the gel by 4 mm depression at a
rate of 0.5 mm/s (Soekarto & Steinberg, 1981) (S.I. No 63/
1953), which was carried out using a texture analyzer (Zwick/
Roell model DO-FBO5TS, Zwick/Roell AG, Germany).

2 S. Matiacevich et al.
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2.4. Physical properties of the films

2.4.1. Preparation of films

Films were obtained by cold casting method using each FFS
over teflon rectangular molds and stored at 5 ± 1°C for 10 days,
obtaining flat and clear films with an uniform thickness of
250 ± 5 μm, which was measured by a micrometer (Mitutoyo,
Japan). Films were then cut to 70 mm in length and 10 mm in
width. Subsequently, the films were dried at 20°C under 0% of
relative humidity (RH) using P2O5 (Merck, Germany) for 7 days
and then equilibrated under different RHs.

2.4.2. Sorption isotherm

All films were conditioned at 20°C in desiccators in presence of
P2O5 during 7 days in order to obtain an adsorption isotherm.
The dried films were then equilibrated under different RHs at 20°
C using saturated salt solutions of LiCl (11% RH, Merck),
KCH3COO (23% RH, Merck), MgCl2 (33% RH, Merck),
K2CO3 (43% RH, Merck), Mg(NO3)2 (54% RH, Merck),
CuCl2 (68% RH, Merck), NaCl (75% RH, Winkler, Mexico)
and KCl (85% RH, Winkler, Mexico) (Greenspan, 1977). The
water sorption was carried out for 3 weeks until equilibrium state
(variations in mass were lower than 0.1%). Moisture content of
films was determined gravimetrically at 105°C using an oven
(WiseVen, model WOF-105, Korea) after 24 h and it was
expressed as dry basis (g water/100 g dry sample) (% db).

The Guggenheim–Anderson–de Boer (GAB) model equation
(Equation (1)) was applied to fit the sorption data. It has been
claimed that this model can be used to predict moisture sorption
by starch, protein, chitosan and quinoa protein-chitosan films with
adequate accuracy (Abugoch et al., 2011). It is defined as:

aw
m

¼ 1

m0Ck

� �
þ 1� 2

C

� �
aw þ 1=Cð Þ � 1

m0
k

� �
a2w (1)

where m is the equilibrium moisture content in dry basis (g
water/0.1 kg g dry matter); m0 is monolayer moisture in dry
basis (g water/0.1 kg dry matter), which is related to critical
hydration level; aw is water activity of RH at equilibrium; k is
the constant related to the heat of sorption at the multilayer and
C is a constant related to the net heat of sorption at the mono-
layer (Anderson, 1946; DeBoer, 1968; Guggenheim, 1966).

The ability of the GAB model to fit experimental data was
performed by minimization of the quadratic difference between
the experimental and predicted values using Solver Excel (Office
2007, Microsoft Corp.). The fit of the experimental data was
evaluated as the mean relative error (MRE) according to the
following equation (Yanniotis & Blahovec, 2009):

MRE% ¼ 100

n

Pn
t¼1ðXei þ XpiÞ

Xei
(2)

where Xei is the experimental value; Xpi is the predicted value
and n is the number of experimental data of modelled points.

2.4.3. Thermal properties

Thermal properties of each film were evaluated by differential
scanning calorimetry (Diamond DSC, Perkin Elmer, USA), pre-
viously calibrated using indium (melting onset temperature
156.6 ± 1.6°C, ΔH = 28.6 ± 1 J/g). Approximately 20 mg of
each film was loaded into aluminum 30 μl pans and then

hermetically sealed. An empty pan was used as reference.
Thermograms were obtained in the temperature range from –70
to 120°C at a heating rate of 10°C/min and at cooling rate of 40°
C/min, under dry nitrogen purge (50 mL/min). The glass transi-
tion temperature values, defined as the midpoint of the change in
heat capacity, were calculated from the second DSC heating scan
using the instrument software (Pyris Software v 9.0.2. USA). All
samples were analyzed in duplicate.

The glass transition temperature as a function of moisture
content was fitted using the Gordon–Taylor Equation (3), which
is widely applied to predict the theoretical ‘complete glass curve’
of food polymers in the presence of water. The Gordon–Taylor
equation is defined as:

Tg ¼ ðXwTgw þ k XsTgpÞ=ðXw þ kXsÞ (3)

where Tg, Tgp and Tgw are the glass transition temperatures of
the mixture, gelatin and water, respectively; Xw and Xs are the
mass fractions of water and total solids, respectively; and k is the
Gordon–Taylor parameter. According to free volume theory, k is
related to the ratio of the free volumes of the two components
(k~Tg1ρ1/Tg2ρ2).

2.4.4. Moisture sorption kinetic

The kinetic of moisture absorption from the culture medium to
the films was assessed Mueller Hinton agar (Merck, Germany) at
37°C and 4°C in order to obtain the differences on moisture
absorption rate in microbiological growth conditions. Pieces of
each (triplicates) film of an area of 1 cm2 was placed onto the
agar plates, then were weighted using a balance Shimadzu (AUX
120, Japan) until 90 min (at 37°C) and 24 h (at 4°C). Moisture
sorption rate (MAR) was obtained from the slope from the linear
regression between % water absorbed in the film and time.

2.4.5. Film solubility

Film sections measuring 1 cm2 were placed in Petri plates
(diameter = 55 mm) with 10 mL of distilled water and shaken
gently at 37°C for 15 h. The solution was then filtered through
Whatman Nº 1 filter paper to recover the remaining undissolved
film, which was desiccated at 105°C for 24 h. Film solubility
was calculated according to Gómez-Estaca et al. (2009) by
equation:

FS% ¼ W0 �Wf

W0

� �
� 100 (4)

where W0 = initial weight of the film in dry matter and
Wf = weight of the undissolved desiccated film residue.

2.4.6. Color and opacity

Digital images from each film (white and black background)
were captured through a computer vision system (CV) setup,
which consisted of a black box with four natural daylight (D65)
tubes of 18 W (Philips) and a camera (Canon 4 MP Powershot
G3) placed in vertical position at 22.5 cm from samples. The
camera lens angle and light was 45°, according to Pedreschi,
León, Mery, & Moyano (2006) and Matiacevich, Silva, Osorio,
& Enrione (2012). All images were acquired at the same condi-
tions; the camera was remotely controlled by ZoomBrowser

CyTA – Journal of Food 3
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software (v6.0 Canon). Camera was calibrated using 30 color
charts with a Minolta colorimeter. Color data were measured in
the RGB space using Image J program and convert into
CIEL*a*b* space standard. L*, a*, b* values obtained from
image analysis were equal as those values from the colorimeter.

Variation of color between each gelatin-chitosan film and
gelatin film were calculated using ΔE equation (CIE, 1978) and
CIEΔE2000 (Luo, Cui, & Rigg, 2001).

The opacity was obtained using the values of lightness (L*)
obtained from the films using white ðL�

whiteÞ and black ðL�
blackÞ

background (Equation (5)).

Opacity ¼ L�
black

L�
white

(5)

Data reported were the average of five films of each sample with
their corresponding standard deviation.

2.4.7. Molecular mobility

Transversal or spin–spin relaxation times (T2) were used to
determine water and solids mobility and were measured by
time resolved 1H-NMR in a Bruker Minispec mq20 (Bruker
Biospin Gmbh, Rheinstetten, Germany) with a 0.47 T magnetic
field operating at a resonance frequency of 20 MHz and at 30°C.
Proton populations of different mobility were measured using
two spin–echo sequences: (1) free induction decay (FID) for
protons from solid matrix or from water strongly interacting
with the solid matrix (Hansen, Kristiansen, & Pedersen, 1998)
and (2) Carr–Purcell–Meiboom–Gill (CPMG) (Carr & Purcell,
1954; Meiboom & Gill, 1958), for more mobile protons. All
samples were placed in 10 mm diameter glass tubes (to 5 cm
height) and were previously equilibrated at 30.00 ± 0.01°C in a
thermal bath (Haake, model Phoenix II C35P, Thermo Electron
Corp., Germany).

(1) FID sequence. The spin–spin relaxation times obtained
from FID following a single 90° pulse are affected by
field inhomogenities. Nuclei in one part of the sample
will experience a magnetic field slightly different from
that experienced by identical nuclei in another region.
This apparent relaxation time is designated T2*. Only
the relaxation times of fast relaxing protons (which are
in the microsecond range) can be correctly measured
without a 180° refocus pulse (Colquhouna, Ralet,
Thibault, Faulds, & Williamson, 1994). In solid samples
(like ours), we can consider that the intrinsic T2 is very
close to the T2*, as reported previously by Fullerton and
Cameron (1988). The FID test itself if very fast, taking
10 s, and samples could be measured without appreci-
able temperature modification. The decay envelopes
were fitted to mono-exponential behavior with the fol-
lowing equation:

I ¼ A
�t=T2FID (6)

where I represents protons signal intensity, T2FID corre-
sponds to the relaxation time (T2*) of protons in the
polymeric chains of the sample and of tightly bound
water and A is a constant.

(2) Longer relaxation times in rubber state films equili-
brated at 85% RH (such as those corresponding to

more mobile protons) can be measured after a refocus-
ing pulse using CPMG sequence, which consists of
90°×—τ—[180°y—τ—echo—τ]n sequence, with the fol-
lowing setting: τ = 0.04, scans = 8, number points = 500,
dummy shots = 0, gain = 68 dB; echoes:15. For
sequence measurements, an exponential function
(Equation (6)) or biexponential function will be found
to fit the experimental data adequately.

2.5. Antimicrobial activity of FFS and films

The antimicrobial activity of the FFS and the films was evaluated
against E. coli (ATCC 25922), L. monocytogenes (ISP 65–08)
and S. typhimurium (ISP Ty2). Bacteria were obtained from the
ISP (Health Public Institute, Chile). The selection of the bacteria
used is based on the common meat product contaminants
(D’Aoust, 1991; Farber & Daley, 1994; Martin & Beutin, 2011).

2.5.1. Culture preparation

The bacteria were stored at –20°C in Mueller Hinton broth with
20% w/w skim milk until use. Each bacterium was previously
grown in Mueller Hinton broth (DIFCO, France) at 37°C over-
night. This culture served as the inoculums for the microbiolo-
gical studies, these colony-forming units (CFU) counts were
accurately and reproducibly obtained by absorbance value mea-
sured by optical density at 625 nm on a spectrophotometer
(Shimadzu UVmini-1240, Japan), which corresponded to a 0.5
McFarland turbidity standard solution (approximately 106 CFU/
mL) (CDCP & WHO, 2003) and diluted starting with a final
concentration of each bacterium of 1 × 105 (CFU)/mL.

2.5.2. Inhibition zone method using FFS

Antibacterial activity tests of FFS were performed using inhibi-
tion zone method according to Pranoto, Rakshit and Salokhe
(2005). FFS (30 µL) were placed on Mueller Hinton (Merck,
Germany) agar plates, which had been previously seeded homo-
genously in the agar medium with 1 × 105 CFU/(mL of agar) of
each bacterial species. Later, agar plates were incubated at 37°C
for 24 h and examined for inhibition halos. The appearance of a
clean area under the FFS drops or under the film zones had been
previously placed was an indication of positive antimicrobial
activity.

2.5.3. Bacterial viability method from films

A novelty experimental design is described to measure the
bacterial viability percentage from films instead from liquid
suspensions containing the antimicrobial agent.

In order to obtain hydrated films with high molecular mobi-
lity and promote the diffusion chitosan into the broth, a piece of
each film (1 cm2) was put in tubes containing 4.5 mL of Mueller
Hinton broth (21 g/L) and incubated at 4°C for 24 h.
Subsequently, bacteria were added at a concentration of
1 × 103 CFU/(mL of broth) and incubated at 37°C for 12, 24,
36 and 48 h. Later, an aliquot of the broth (100 µL) was then
placed on a Petri plate containing Mueller Hinton agar and
colonies were counted after incubation at 37°C for 24 h.

In an attempt to assess the diffusion of chitosan from the
gelatin films to the liquid medium, 50, 100 and 200 µL aliquots

4 S. Matiacevich et al.
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of Mueller Hinton broth previously in contact with the hydrated
films (without the addition of bacteria) were placed on agar
plates inoculated with E. coli and incubated at 37°C for 24 h.

The results were expressed as percentage of growth inhibi-
tion (% inhibition).

2.6. Statistical analysis

All experiments were carried out in triplicate reporting the values
of mean and standard deviation. The results were statistically
analyzed by one-way analysis of variance (ANOVA) employing
Graph Pad Prism software (v4). Differences between pairs of
means were compared using Tukey test. The level of significance
was set at p < 0.05.

3. Results and discussion

3.1. pH and Gel strength

The initial pH and gel strength determinations carried out on FFS
(Table 1) measured as Bloom degree revealed a decrease in the
mechanical properties of the gelatin gels when chitosan was
added in SG, which is attributed to the gelatin-chitosan interac-
tions and the lowest initial pH of the samples. However, this
behavior was not clear when it was added to BG based films.

The suspensions of salmon-chitosan not gelled at pH lower
than 4 and when the pH was adjusted to 5.5, near to isoelectric
point of gelatin (~5.1 ± 1) (Díaz et al., 2011), a weak gel was
obtained. Therefore, at the same pH (5.5) the salmon suspen-
sions presented lower values of Bloom degree than BG

suspensions. The differences of gel strength between both gela-
tins could be explained by (1) the different contents of imino-
residues (proline and hidroxiproline), being less in SG; (2) the
differences in the molecular weight distributions of gelatins
(α and β chains), knowing that BG present a rate of 2 between
chains α1/α2 (Gómez-Estaca et al., 2009) and (3) the temperature
of animal habitats.

Songchotikunpan, Tattiyakul and Supaphol (2008) suggested
that gels are more compact and rigid when the pH is adjusted
near to isoelectric point (pI), where protein chains are more
neutral. Badii and Howell (2006) indicated that cold gelatin not
gelled in standard conditions for measuring Bloom grade, produ-
cing a viscous solution and that when changed the pH values
from 4.5 to 6, the Bloom values increased, according to the
results obtained in this work. It is important to emphasize that
Bloom value measured by standard method can give a wrong
impression of the gel strength in fish gelatin, due to that
increases during storage compared to mammalian gelatin
(Arnesen & Gildberg, 2007).

3.2. Sorption Isotherms

The moisture sorption isotherm allows the characterization of the
water absorption property of the film, and that knowledge of the
sorption isotherm is also important for predicting stability and
quality changes during the packaging of food products.
Experimental data for moisture sorption at 20°C for gelatin-chito-
san films (Figure 1) showed typical sigmoid-shaped curves (sorp-
tion type II), which is usually associated to water soluble

Table 1. Gel strength or Bloom degree at different pH of bovine–salmon gelatine-chitosan based films forming suspensions.

Tabla 1. Fuerza del gel o Grados Bloom a diferentes pH de suspensiones formadoras de películas basadas en gelatina de bovino y salmón.

Gelatin-chitosan (%w/w) pH adjusted Bloom degree (g) pH initial Bloom degree (g)

Bovine-chitosan 0% 5.5 236.2a ± 4.5 5.1 218.0a ± 0.6
Bovine-chitosan 0.5% 5.5 309.2b ± 4.5 4.1 238.5b ± 4.3
Bovine-chitosan 1% 5.5 240.2a ± 7.4 3.9 213.1a,b ± 21.0
Salmon-chitosan 0% 5.5 12.0c ± 0.6 4.1 21.0c ± 3.2
Salmon-chitosan 0.5% 5.5 9.5d ± 0.6 3.9 Not gelled
Salmon-chitosan 1% 5.5 4.2e ± 0.2 3.8 Not gelled

a,b,c,d,eValues in the same column with different letters are significantly different (p < 0.05).

a,b,c,d,eValores en la misma columna con diferente letras son significativamente diferentes (p < 0,05).
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Figure 1. Sorption isotherm of bovine and salmon gelatin with chitosan (% w/w) films at 20°C. (a) Bovine gelatin and (b) salmon gelatin. Error bars
indicate their corresponding standard deviation.

Figura 1. Isoterma de sorción de películas basadas en gelatina de bovino y salmón con quitosano (% p/p) a 20°C. (a) Gelatina de bovino y (b) gelatina de
salmón. Las barras de error indican su correspondiente desvío estándar.
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polymeric structures (Fennema, 2000). At high RH (> 60%), the
moisture content was higher for gelatin-chitosan films compare to
both pure BG and SG films (p < 0.05), showing that gelatin-
chitosan blend films were more hydrophilic than gelatin pure
films. It was observed that the presence of chitosan in the film
increased their water content absorbed in the system, being more
significant at RH > 60% (p < 0.05). This result indicates higher
water content at the same RH as chitosan concentration increases,
due to the high hygroscopic capacity of chitosan. This increase
was shown to cause swelling as water activity increased (Abugoch
et al., 2011; Sebti, Chollet, Degraeve, Noel, & Peyrol, 2007).
Addition or removal of water may cause phase transitions in the
macromolecular structure.

The GAB equation has been claimed to predict the moisture
sorption of proteins and chitosan with adequate accuracy
(Abugoch et al., 2011; Cho & Rhee, 2002; Despond, Espuche,
& Domard, 2001). A good fitting of the experimental data using
Equation (1) (GAB equation) was observed for both types of
gelatin and its mixtures with a correlation coefficient (R2) close
to 1 and a MRE value 6.0% (Equation (2)) in all cases (Table 2).
The GAB parameters obtained using Equation (1) is shown in
Table 2. The monolayer value (mo), representing the critical
hydration level was ~10.6% (dry basis, db) for both gelatin
types (p > 0.05). Therefore, the water adsorption on monolayer
values of the films were not affected by the origin of the gelatin
The reported mo and K values obtained for both gelatin films
were similar to those reported in the literature (Carvalho et al.,
2007; Chiou et al., 2009; Yakimets et al., 2005). However, a
significant difference (p < 0.05) in mo with values of ~13.5%
(db) was observed for the BG films containing 1% (w/w) of
chitosan compared to the control sample salmon-chitosan
~11.3% (db). The addition of chitosan affected the adsorption
properties of BG films, enhancing the moisture content of the
film as chitosan concentration increased due to its high hygro-
scopic capacity.

3.3. Thermal properties of films

Thermal analysis, through glass transition temperature measure-
ment, showed that both gelatin films equilibrated at 33% and
85% RH were obtained in a glassy and a rubbery state, respec-
tively, at experimental temperature of 20°C, as shown in
Figure 2. Although the films equilibrated at 85% RH generated
high moisture contents (>40% (db)) due to the hygroscopic
nature of chitosan, the DSC thermograms did not show transi-
tions associated to melting of ice at temperatures near 0°C (data
not shown). This result reported that the rubbery samples contain
non-freezable water, indicating a possible reduction of water
availability for microorganism growth in the surface of the film
in rubbery state.

A single glass transition temperature is observed in DSC
thermograms indicating a good miscibility between both gelatins
gelatin and chitosan, according to results observed by Gómez-
Estaca, Gómez-Guillén, Fernández-Martín and Montero (2011),
and Suyatma, Tighzert and Copinet (2005). In this work, the Tg
value was ~ –1°C (rubbery state) on the bovine-0.5% w/w
chitosan film equilibrated at 85% RH, increasing to ~ 37°C for
the same film equilibrated at 33% RH (glassy state). Also, Tg
diminished as the concentration of chitosan increased, that is
associated to the high hygroscopic nature of this antimicrobial
biopolymer which increases the water content of the film at the
same RH (Figure 1 and 2).

Previous studies reported that the presence of plasticizer in
the suspension can break the hydrogen bonds between the poly-
mer and water, thus decreasing the Tg value (Barreto et al.,
2003). The experimental results were fitted using the Gordon
and Taylor equation (Equation (3)) for pure gelatin films and
Cochman–Karasz equation for mixtures with chitosan. The
application of these equations indicated a good fit of the models
to experimental data and the adjustment error (% MRE) was less
than 3.3% for all cases.

Table 2. Parameters obtained by GAB model using Equation (1) for isotherms of bovine and salmon gelatin with different concentrations of chitosan
films.

Tabla 2. Parámetros obtenidos ajustando el modelo de GAB (ecuación 1) a las isotermas de películas basadas en gelatina de bovino y salmón con
diferentes concentraciones de quitosano.

Sample Parameter

Gelatin-chitosan (%w/w)

0.00% Ch 0.25% Ch 0.50% Ch 1.00% Ch

Bovine Ka 0.82 0.80 0.95 0.92
Salmon 0.75 0.90 0.87 0.96
Bovine Cb 12.89 13.84 21.27 9.41
Salmon 14.99 15.54 10.91 14.31
Bovine m0

c 107.2 117.0 100.3 134.7
Salmon 105.8 97.4 119.5 113.5
Bovine R2d 0.99 0.99 0.99 0.99
Salmon 0.97 0.98 0.99 0.99
Bovine %MREe 5.40 4.20 5.30 5.70
Salmon 5.60 6.30 4.20 4.60

aFactor correcting properties of enthalpy of sorption of the multilayer molecules with respect to the bulk liquid (K).
bGuggenheim constant (C) associated with the monolayer enthalpy of sorption.
cMoisture content needed to cover the entire surface with a unimolecular layer (mo) (g water/kg dry gelatin).
dCoefficient of determination (R2) close to 1 indicates the goodness of the fit of experimental data to model.
eMean relative error (MRE) < 10% indicates a good fit of experimental data to GAB model.

aFactor corrector de la entalpia de sorción de las moléculas de agua de la multicapa con respecto al liquido (K).
bConstante de Guggenheim (C) asociado con la entalpía de sorción de la monocapa.
cContenido de humedad necesario para cubrir la superficie entera de la capa unimolecular (m0) (g agua/kg gelatina seca), asociado a la capa de hidratación.
dCoeficiente de determinación (R2) cercano a 1 indica la buena calidad del ajuste de los datos experimentales al modelo.
eError relativo medio (MRE) < 10% indica un buen ajuste de los datos experimentales al modelo.
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Significant differences (p < 0.05) were observed in thermal
transitions between both gelatin sources, where the Tg of SG
was 153°C and the Tg observed for BG was 194°C, both Tg
values were obtained through Gordon and Taylor equation.
These differences have been explained by the amino acid com-
position and the molecular weight distribution of the polymer
(Díaz et al., 2011; Gómez-Guillén et al., 2002). These values
were similar to those previously reported by Diaz et al. (2011),
for dry salmon (154°C) and bovine (194°C) gelatin films.

Figure 3A and 3B showed the plasticizing effect of water on
both gelatin and mixtures, since it decreases the Tg with increas-
ing water content. However, when comparing the values of Tg of
the films with and without the addition of chitosan, it was
observed that at a particular value of water content, e.g. 10%
(db) for BG films, the Tg value obtained in films with chitosan
was lower (47°C) compared to the pure film (117°C). The
reduction of Tg value, due to the presence of chitosan, was
observed in both gelatins. This result could indicate that chitosan
act as a plasticizer in matrix, increasing molecular mobility of the
film. However, taking into account the molecular weight of
chitosan (~50 kDa), which is found in the order of the polymer
chains of gelatin (~100–200 kDa) and is greater than the

plasticizers known as glycerol (0.092 kDa), sorbitol
(0.182 kDa) and propylene (0.072 kDa), is not expected a
plasticizing effect of chitosan that decrease the Tg observed
value. It is known from the literature that the Tg value increases
as increasing polymer molecular weight due to a decrease in free
volume (Ferry, 1980). Therefore, the reduction of Tg value in
presence of chitosan is attributed to a reduction of the total
molecular weight of the matrix, produced by the addition of
chitosan, due to the weight fraction of total solids (7% w/w)
does not vary between samples.

In agreement with the results obtained from Tg as a function
of moisture content, both pure gelatin films and their mixtures
were stored at 33% and 85% RH at 20°C in order to obtain films
in glassy and rubbery state, respectively. Therefore, Figure 3
shows that all samples were obtained in the expected state
matrix. Also this figure shows that Tg value was influenced by
the origin of the gelatin, where Tg values in both glassy and
rubbery state from SG films were lower than BG. This result was
attributed to low concentration of amino acids proline and hydro-
xyproline in salmon-skin gelatin, which decreased by the mole-
cular weight of the polymer chains of the gelatin, decreasing so
the value of Tg.
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–20

0

20

40

60

Glassy bovine film

Rubbery bovine film

Glassy salmon film

Rubbery salmon film

[Ch] (% w/w)

Tg (°C)

Figure 2. Effect of chitosan concentration on the glass transition temperature of bovine and salmon gelatin films.

Figura 2. Efecto de la concentración de quitosano en la temperatura de transición vítrea de películas de gelatina de bovino y salmón.
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Figure 3. Glass transition temperature (Tg) in function of moisture content of the gelatin-chitosan films (0–1% w/w chitosan) at different water contents
was fitted using Gordon–Taylor equation. (a) Bovine gelatin and (b) salmon gelatin.

Figura 3. Temperatura de transición vítrea (Tg) en función del contenido de humedad de películas de gelatina-quitosano (0–1% p/p quitosano) a
diferentes contenidos de humedad fue ajustado usando la ecuación de Gordon-Taylor. (a) Gelatina de bovino y (b) gelatina de salmón.
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3.4. Moisture sorption kinetic of films

The moisture sorption kinetic data showed the hygroscopic nat-
ure of chitosan, as suggested by Fernández-Cervera et al. (2004)
and Martínez-Camacho et al. (2010) a protonated configuration
in the films increasing the water content compared to chitosan in
the powder form.

The rate of moisture sorption (MAR) of both gelatin-chito-
san films in the glassy and rubbery states were obtained by
incubation of each film in agar at 37°C and 4°C. Table 3
shows that MAR at 37°C in glassy state films increased as
chitosan concentration increased for both gelatin types, showing
significant differences (p < 0.05) between the origin of the
gelatin, obtaining the highest rate for SG where this value was
not detected (ND) in the range time evaluated due to the fast
dissolution of the film. These results also were observed at 4°C
(data not shown). Although high moisture content (~40% db)
was obtained in rubbery state films due to their previous equili-
bration at 85% RH, MAR values were lower than glassy films,
which also decreased as chitosan concentration increased at both
temperature evaluated. This result was attributed to the highest
initial water content as chitosan concentration increased in the
films (see Figure 2).

It is important to note that the control films (pure gelatin)
were dissolved after 20 min contact with the agar but the struc-
ture integrity was maintained in the presence of chitosan, show-
ing a swelling effect up to 90 min at 37°C by water diffusing
from the agar. However, the integrity of all films was observed at
4°C, although being visually lower in pure gelatin films. The
results also showed that the sorption kinetic of the films in the
glassy state was higher (at least the double) than the value
obtained for the films in rubbery state for the same measuring
time at both evaluated temperature. However, after 15 h the
moisture uptake rate converged over this period (data not
shown) due to the initial differences of structural state are lost,
being both rubbery films.

3.5. Water film solubility

The solubility could determine the release of antimicrobial com-
pounds when a film is placed over the food surface. No signifi-
cant differences in film solubility were observed by the origin of
gelatin films (p > 0.05) and independently of initial state of the
film (glassy or rubbery) (p > 0.05). As expected, the moisture
uptake is different between the initial states of the films; how-
ever, the final state after 15 h is the same (rubbery state), show-
ing therefore similar final film solubility. The effect of chitosan
concentration on film solubility obtained using Equation (4) is
shown in Figure 4. This figure shows that film solubility dimin-
ished as chitosan concentration increased (p 0.05). These results

Table 3. Moisture absorption rate at 37°C of bovine and salmon gelatin-chitosan films at different state of matrix (glassy
or rubbery).

Tabla 3. Velocidad de absorción de humedad a 37°C de películas con diferentes estados iniciales de la matriz (vítreo o
gomoso) basadas en gelatina de bovino y salmón adicionadas con quitosano.

Samples Chitosan (%w/w) Rate (% H2O absorbed/min) Time range of measurement (min) R2

Bovine glassy 0 1.11 0–20 0.92
0.25 0.76 0–90 0.98
0.5 0.98 0–90 0.95
1 1.82 0–90 0.95

Bovine rubbery 0 0.57 0–20 0.98
0.25 0.68 0–90 0.98
0.5 0.48 0–90 0.96
1 0.42 0–90 0.96

Salmon glassy 0 ND 0–10 ND
0.25 1.01 0–90 0.94
0.5 1.49 0–90 0.97
1 1.81 0–90 0.94

Salmon rubbery 0 0.47 0–20 0.94
0.25 0.72 0–90 0.97
0.5 0.68 0–90 0.96
1 0.62 0–90 0.97
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Figure 4. Film solubility at the different concentrations of chitosan-
gelatin films. Different letters indicate significant differences (p < 0.05).

Figura 4. Solubilidad de las películas a diferentes concentraciones de
gelatina-quitosano. Las diferentes letras indican diferencias significativas
(p < 0,05).
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indicate an improvement of physical properties of gelatin films
due to the presence of chitosan.

Although in the literature, it has been reported that bovine-
hide gelatin based films showed similar water solubility of gela-
tin-chitosan films (Gómez-Estaca et al., 2009, 2010), the same
authors (Gómez-Estaca et al., 2011) also reported that solubility
of the gelatin-chitosan films was significantly lower (p < 0.05)
than the gelatin films employed. Furthermore, in tuna-skin gela-
tin-chitosan mixtures the solubility was significantly (p < 0.05)
lower than that of the tuna-skin gelatin (Gómez-Estaca et al.,
2011). This fact could be due to specific interactions between
gelatin and chitosan that stabilize the film structure. According to
Taravel and Domard (1995) and Gómez-Estaca et al. (2011)
results, gelatin and chitosan interact mainly by means of hydro-
gen bonding, which affects the physical properties of the mix-
tures but would maintain its integrity to a greater extent.

3.6. Color and opacity

The color parameters values obtained were L* = 76 ± 2;
a* = 10.2 ± 0.7; b* = 10 ± 2 and chroma, C* = 14 ± 1. These
values did not change significantly (p > 0.05) with (1) the state
glassy or rubbery of the films (33% or 85% of equilibrium RH),
(2) the origin of the gelatin (salmon or bovine) and (3) the
concentration of chitosan. Only the color parameter Hue, H*,
was significantly different (p 0.05) between the state of the film
and chitosan concentration (Table 4).

The opacity values obtained using Equation (5) is shown
in Table 4, where the results indicated that the opacity, as
color, was not affected significantly (p > 0.05) by the concen-
tration of chitosan and by the glassy and rubbery state of the
matrix.

The variation of color calculated using ΔE* equation (CIE,
1978) was lower than 1, indicating imperceptible changes.
However, this equation only use the parameters L*, a* and b*.
Therefore, using the ΔE2000 equation (Luo et al., 2001) which
also this parameters take into account the parameters C* and H*,
the variation of color was lower than 3 between chitosan concen-
trations and RHs, indicating minima color changes, which is
mainly due to differences observed in the Hue (H*) parameter.

3.7. Molecular mobility

The study of NMR spin–spin transverse relaxation times (T2)
as a function of chitosan concentration and RH of the films
provides information about the mobility of protons belonging

to water and/or solids, according to the pulse sequence
employed. Figure 5 shows the T2* values obtained by FID
analysis (T2FID) for both gelatin-chitosan films in glassy and
rubbery state using Equation (6). T2FID values increased as
chitosan concentration increased, due to the increasing mobi-
lity of protons in solids as water molecules strongly interact-
ing with them. This result was attributed to the higher water
content in gelatin-chitosan films equilibrated at same RH,
which is due to hygroscopicity of chitosan. The spin–spin
time relaxation, T2, evaluated using a Hahn spin–echo
sequence allows the measurement of proton magnetic relaxa-
tions characterized by higher T2 values than those determined
by FID. In this way, this spin–echo pulse sequence (CPMG
sequence) can be used to differentiate proton populations with
different mobility as a function of water content and to study
the relaxation of water protons occurring after the protons
corresponding to solids have relaxed. However, although the
films are in the rubbery state, the expected two sets of T2
values were not obtained after the spin–echo sequence, which

Table 4. Color parameters of opacity and Hue (H*) of bovine gelatin-chitosan films equilibrated at 33% of relative humidity (film in glassy state) and
85% of relative humidity (film in rubbery state).

Tabla 4. Parámetros de color de opacidad y Hue (H*) obtenidos de películas de gelatina de bovino-quitosano equilibrado a 33% de humedad relativa
(película en estado vítreo) y 85% de humedad relativa (película en estado gomoso).

Chitosan concentration (% w/w)

Opacity H*

Glassy Rubbery Glassy Rubbery

0.00 0.10 ± 0.01a,b 0.07 ± 0.01a,b 42.00 ± 1.00b 49.80 ± 0.90c

0.25 0.14 ± 0.03c 0.08 ± 0.01b 34.20 ± 1.40a 42.60 ± 0.80b

0.5 0.13 ± 0.03c 0.06 ± 0.01a 32.30 ± 0.90a 44.00 ± 1.00b

1 0.09 ± 0.02b,c 0.10 ± 0.04a,b,c 41.00 ± 1.00b 49.80 ± 1.50c

a,b,cValues in the same column and row with different letters are significantly different (p < 0.05).

a,b,cValores en la misma columna y fila con diferentes letras son significativamente diferentes (p < 0,05).
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Figure 5. Transversal relaxation times (T2) obtained by FID sequence
using Equation (6) measured by 1H-NMR at different chitosan concen-
trations added to bovine gelatin films on glassy and rubbery initial state
of matrix. Error bars indicate their corresponding standard deviation.

Figura 5. Tiempos de relajación transversal (T2) obtenidos a través de
la secuencia FID ajustando la Ecuación (6) utilizando 1H-NMR a difer-
entes concentraciones de quitosano adicionados a películas de bovino en
diferentes estados iniciales de la matriz (vítreo o gomoso). Las barras de
error indican su respectivo desvío estándar.
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showed that not free water with high mobility are present in
this samples. This result was also previously evidenced and
confirms the results obtained in DSC analysis.

3.8. Antimicrobial properties

3.8.1. Antimicrobial properties of FFS

As expected, the FFS for both gelatins with chitosan showed
antibacterial properties against all the bacteria studied. As chit-
osan concentration increased in the FFS, the inhibition zone area
became cleaner but the diameter of the inhibitory halo remained
constant (Figure 6). This result is due to the liquid media being
dispensed directly on the surface of an inoculated agar, exerting
their antimicrobial action only on the area described by the drop.
However, the reduced inhibitory activity of FFS may be
explained by the restricted diffusion phenomenon of chitosan
from the gelatin matrix due to the interaction with the compo-
nents of the films (gelatins), which is consistent with results
previously reported by other authors (Coma, 2002; Pranoto
et al., 2005).

However, it is necessary to take into account that the results
obtained on antibacterial properties will be a combination of the
effect of both chitosan and acetic acid, according to Liu et al.
(2006). As the solvent of chitosan, acetic acid with a concentra-
tion over 200 ppm (0.02% w/w) had antibacterial activity against
E. coli at pH 5.4 (Liu et al., 2006). These authors also showed
that low molecular weight of chitosan over 200 ppm (0.02% w/
w) had antibacterial activity. Although some reported studies
were performed using acetic acid concentration over this value
and in a high proportion of chitosan compared to gelatin con-
centration, such as 1:50 (Devlieghere, Vermeulen, & Debevere,
2004) and 1:3 gelatin:chitosan (Gómez-Estaca et al., 2011), the
antimicrobial activity observed was attributed only to chitosan
by these authors. In this study, the relation of 1:1 w/w gelatin:
chitosan was used with a concentration higher than 200 ppm was
used, therefore, a control using both gelatins FFS and the acetic
acid concentration without chitosan was performed showing
antibacterial effect (data not shown). Therefore, the antimicrobial
effect observed in the FFS is attributed at the combination of
chitosan and acetic acid added.

3.8.2. Antimicrobial effect of films

The inhibition zone on agar using films was not possible to
detect due to their high water adsorption capacity that dissolves
the films after 24 h at 37°C. Therefore, several times of exposure

on the surface of an inoculated agar (from 5 to 20 min) were not
enough to produce some antibacterial activity.

Therefore in order to observe if the films are available to
show antimicrobial activity, the antimicrobial properties of the
gelatin films were tested only with E. coli in the presence of
the highest concentration of chitosan (1% w/w) in order to
evaluate the highest inhibitory effect of the films with the
most sensitive bacteria to FFS. These results are shown in
Table 5, where the CFU/(mL of broth) and total and related
only to chitosan activity inhibition growth percentage are
informed. It is important to note that the gelatin pure films
had some inhibitory effect (~13–20% at 24–48 h) on bacterial
growth in the nutrient medium (Table 5), being slightly higher
than the gelatin extracted from salmon (~20%), however no
significant differences (p 0.05) were observed by the initial
structure state on both gelatin pure films. A possible explana-
tion of this result (antimicrobial activity of gelatin pure) could
be related to the presence of oligopeptides with antimicrobial
properties such as amino groups present in the polymer chain
as a result of the partial hydrolysis of gelatin, as reported
previously by Pereda et al. (2011).

Table 5 shows the effect of chitosan in the films in the initial
glassy and rubbery states on the growth of E. coli compared to
the inhibition caused by pure gelatin; therefore, the reported data
showed both the total inhibition growth caused by the mixture
gelatin-chitosan and the inhibition percentage only attributed to
the presence of the chitosan together with acetic acid. The results
showed that the molecular mobility of the matrix affected the
antimicrobial activity of gelatin-chitosan films. In the rubbery
state, the amonio groups (R–NH3

+) of chitosan have greater
mobility but they are not sufficiently exposed for growth inhibi-
tion (Table 5). The differences observed were not significant
(p > 0.05) between salmon and BG-chitosan films as the incuba-
tion time increased (24–48 h) due to the moisture uptake rate
converged over this period. However, a slight difference
(p < 0.05) was observed depending on the initial structural glassy
(~73%) and rubbery (~64%) state for both gelatin-chitosan films
at 24–48 h. Nevertheless, when comparing only the effect caused
by chitosan in films until 12 h of incubation, the highest percen-
tage of bacterial viability was obtained in SG-chitosan film
(46.6%) compared to the BG-chitosan films (17.4%), both in
the glassy state. This differences observed by the initial mobility
(glassy and rubbery) state could be attributed to the differences
observed in the moisture uptake of the films, where the moisture
uptake rate at 4°C was ~12.3 ± 0.2% water adsorbed/h in the
glassy state compared to the 2.25 ± 0.1% water adsorbed/h in the

0.5%

0.25%

0%

1%

1%

0.25%

0.5%

0%

0.5%

0%

1%
0.25%

Figure 6. Results of inhibition zone method using 30 µl of each film-forming suspension (FFS) in function to chitosan concentration (0%, 0.25%, 0.5%
and 1% w/w) against (a) Escherichia coli, (b) Listeria monocytogenes and (c) Salmonella typhimurium.

Figura 6. Resultados del método de zona de inhibición usando 30 µl de cada suspensión formadora de películas (FFS) en función de la concentración de
quitosano (0%, 0,25%, 0,5% and 1% p/p) contra (a) Escherichia coli, (b) Listeria monocytogenes, y (c) Salmonella typhimurium.
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rubbery state for both gelatins, indicating a moisture uptake rate
of 80% higher in glassy state than in rubbery state in the first
hours.

However, the antimicrobial activity attributed to chitosan
comparing glassy and rubbery structural films was significantly
different between them but slightly less (17.4% and 13.6%,
respectively) for BG-chitosan films than for SG-chitosan
(46.6% in glassy state compared to 6.7% in rubbery state),
showing a little influence of the structural state at 12 h for BG
compared to SG.

Bacterial viability of the film diffusion control showed that
there was no inhibition of bacterial growth by diffusion of chit-
osan, regardless of the incubation time of the film (12–24 h) and
the volume (50–100 μL) used to measure total viable colony
count. Literature showed that pure chitosan is capable to migrate
to agar (Dutta et al., 2009; Pranoto et al., 2005), however, studies
of mixtures of other hydrocolloids show that they are not capable
of migrating due to interaction between them (Coma, 2002;
Pereda et al., 2011). The results obtained confirmed that chitosan
added to gelatin films was not able to migrate from the film to the
nutrient broth, suggesting an interaction with the gelatin matrix.

4. Conclusions

The presence of chitosan increased the molecular mobility in the
films by its hygroscopic nature, in other words by attracting
more water and therefore increasing the water content of the
films. However, chitosan does not act as a plasticizer in the films,
it did not change significantly the color and opacity of the films
and improved the physical performance (solubility) of both
gelatin films, especially when fish gelatin is used. The antimi-
crobial activity was effective against E. coli, L. monocytogenes
and Salmonella thyphimurium without the migration of the
active agents and depends on the molecular mobility state
(glassy or rubbery). The highest antimicrobial effect against E.
coli was observed when the films were in the initial glassy state
in first hours, due to the highest moisture uptake rate in this state.

Differences in physical characteristics were observed by the
origin of the gelatin, principally on the gel strength, moisture

uptake rate and sorption isotherms. Both pure gelatin films
showed antimicrobial effect, being higher to salmon than BG,
which was attributed to the presence of oligopeptides with anti-
microbial activity in the sample obtained during gelatin extrac-
tion from skin collagen.

The scientific relevance of this work was focused on a
complex issue as molecular mobility from glass and rubber
state of a protein film matrix and their interaction and participa-
tion on physical state and antimicrobial effect of other polymer
such as chitosan. Besides, a novelty experimental design was
performed to measure the bacterial viability percentage from
films instead from liquid suspensions containing the antimicro-
bial agent.

In conclusion, antimicrobial bio-based edible films by com-
bining gelatin and chitosan were obtained by simple solvent-cast
method. Before natural preservatives are applied to food, it is
essential to evaluate their behavior in food matrices. In this
study, it was observed that chitosan can be able to attack micro-
organism without diffusion from the film to the medium sur-
rounded and the antimicrobial activity depended on the type of
gelatin and the initial structure state (glass and rubber), which
principally influenced in SG-chitosan films. Therefore, the impli-
cations of this work are associated to the evaluated gelatin-
chitosan based films could be a potential application as bioactive
edible films for fresh foods.
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