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Abstract: Edible films were elaborated with sodium caseinate and different types of carrageenans (iota, kappa
or lambda), and glycerol as plasticizer, to determine the different specific interactions between caseinate and
carrageenans on physical and mechanical properties via a response surface methodology approach. The different
sulphate groups content in the different carrageenans affected differentially edible films properties. The use of
lambda carrageenan in edible film formulation resulted in more soluble and permeably film, with a
concomitantly both less rigid and more elastic structure. The edible film formulation was optimized to 8.0 % of
caseinate, 0.4% of carrageenan (irrespectively of the type) and 0.3% of glycerol.

Keywords: Edible films; Caseinate; Carrageenans; Response surface methodology; Mechanical properties;

Water vapor permeability.

INTRODUCTION

Edible films will not replace synthetic
packaging, but can be conceived as a
complement to improve foods functionality,
safety, nutrient content, and mechanical
properties (delay moisture, gases, oil and solutes
migration). The components to elaborate edible

films can be classified in three groups:
hydrocolloids, lipids and mixtures.
Hydrocolloids are  proteins, cellulosic

derivatives, alginates, pectin, starches, and lipids
as waxes or fatty acids. In addition, plasticizer
presence is important to reduce intermolecular
forces and favor the polymeric chains motility,
improving flexibility and extension (Barbosa-
Canovas, 2012). The functionality of edible
films depends on the nature of the different
components and on their final composition and
structure. The resulting film properties depend
on the polymers structure and treatment
conditions. In this view, edible films functional
properties can be enhanced if proteins and
polysaccharides can be obtained by cross-linking
either than with chemical methods (Benbettaieb
et al., 2016). Most recent research has focused

on composite films to explore the
complementary  advantages of  different
components, like proteins and polysaccharides,
and their cross-linking interactions (Chiralt et
al., 2018). Research is focused on searching the
correct combination between materials mixed
looking for the most efficient functional
properties of polysaccharides, proteins or
composites, depending on biopolymers-based
properties (Cazon et al., 2017).

Proteins and polysaccharides with polymeric
character provide better mechanical properties to
edible films (Pérez-Gago, 2012).
Polysaccharides are monotonous biopolymers
while proteins have a more varied and specific
structure that confer a potential functionality;
additionally, in general, polysaccharide based
films absorbs more water and are more readily
disintegrated with poor barrier properties than
protein based films (Cuq et al, 1995).
Multicomponent edible films consisting of
mixture of various polymers, polysaccharides,
proteins and/or lipids have been developed to
have cooperative functionalities. On one hand,
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polysaccharides impart structural cohesion
serving as structural matrix; on the other hand,
proteins give rise to a very firm structure by both
inter- or intramolecular folding and interaction
(Wu et al., 2002). Caseinate or carrageenan are a
widely protein employed in multicomponent
edible films (Chevalier et al., 2018; Sadeghi et
al., 2018; Dyshlyuk et al., 2017). Carrageenans
are widely employed hydrocolloids for edible
films formulation as well (Farhan et al., 2017).
Milk proteins are some of the most common
source of hydrocolloids used to obtain films and
coatings, having a particular interest since they
can provide a high nutritional added value and
good taste in addition to their barrier and
filmogenic properties (Campos et al., 2011).
Caseins and caseinates can readily form edible
films from aqueous solutions since caseins are
quite soluble in water despite their high content
of nonpolar amino acids (35—45% of total amino
acids residues). Due to the structure and amino
acid composition of caseins, it is likely that
hydrogen bonds, electrostatic interactions and
most probably hydrophobic forces are involved
in the formation of casein-based edible films
(Schou et al., 2005; Frinault et al., 2006).

The polyelectrolyte character of milk proteins in
the interaction with hydrocolloids like
carrageenan plays an important role in
determining mixed biopolymer behavior
(Dickinson, 1998). Carrageenans, which are
film-formers, are used mainly in the food

MATERIALS AND METHODS

Edible films elaboration: Edible films were
elaborated with sodium caseinate (DVA
Mexicana, Naucalpan), glycerol as plasticizer,
and Viscarin SD389 iota carrageenan, Viscarin
GP209 lambda carrageenan, or Gelcarin GP8612
kappa  carrageenan (FMC  Biopolymers,
Philadelphia). Edible films were prepared by the
casting technique, dehydrating the filmogenic
protein-carrageenan-plasticizer solution. Sodium
caseinate was dissolved in 100 mL of distilled
water, adding glycerol<l and finally the
respective carrageenan type. Caseinate (6 to 10
%), each carrageenan type (0.2 to 0.6%) and
glycerol (0.15 to 0.45%) concentrations,
determined by previous research, are listed in
Table 1, according to the experimental design, in
order to establish the effect of carrageenan type
on caseinate edible films properties. Solutions
were poured in glass plates (12x12 c¢m) and

industry as texturizing agents with potential use
as coating agents that control transfer of
moisture, gases, flavors, and lipids in diverse
food systems (Soliva-Fortuny et al., 2012). The
number and position of sulfate groups entails a
negative charge that affects the functionality of
the different carrageenan types (Langendorff et
al., 2000). The first postulation of the specific

active site in kappa-casein was between
aminoacid residues 97-112 that interacts
electrostatically with carrageenans negative

sulphate groups k-carrageenan on the alkaline
side of the protein isoelectric point (Snoeren et
al., 1975). The interaction of carrageenans with
caseinate has been studied in many dairy
systems, as casein micelles in skim milk
(Dalgleish & MORRIS, 1988; Langendorff et
al., 1999), or milk-based fluid systems
(Spagnoulo et al.,, 2005). Carrageenan
interaction also has been studied in model
systems like sodium caseinate (Keogh et al.,
1996), sodium caseinate O/W emulsion (Singh
et al., 2003) or with commercial milk proteins
(Hemar et al., 2003).

The objective of this work was to determinate
the effect of carrageenan, sodium caseinate and

glycerol concentrations, for different
carrageenans (iota, lambda or kappa), on edible
films  physicochemical and  mechanical
properties employing a surface response

methodology to optimize formulation.

dried at room temperature (251 °C) at 55+£5%
of relative humidity (RH) during 48 h.
Afterward, edible films were kept in desiccators
for further analysis.

Total soluble material and soluble protein:
Total soluble material was determined according
to the method reported by Pereda et al. (2012).
Edible films samples (2x2 cm) were weight and
immersed in 30 mL of water during 24 h. After
immersion, samples were oven dried at 105 °C
during 24 h to determinate the insoluble
material. Total soluble material was reported as
the percent of dissolved mass (dry basis) with
respect to the initial film dry weight.

From the distilled water employed in total
soluble material, soluble protein was determined
by biuret method (Gornall et al., 1949). Film
soluble protein was reported according to
Jangchud & Chinnan (1999), as in Eq. 1.
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Table 1. Central composed design for the sodium caseinate-carrageenan-glycerol edible films elaborated with

each one of the different carrageenan type

Run Sodium caseinate (X;) Carrageenan (X>) Glycerol (X3)
Coded % (W/v) Coded % (W/v) Coded % (W/v)

1 -1 6.0 -1 0.2 0 0.3

2 -1 6.0 1 0.6 0 0.3

3 1 10.0 -1 0.2 0 0.3

4 1 10.0 1 0.6 0 0.3

5 0 8.0 -1 0.2 -1 0.15

6 0 8.0 -1 0.2 1 0.45

7 0 8.0 1 0.6 -1 0.15

8 0 8.0 1 0.6 1 0.45

9 -1 6.0 0 0.4 -1 0.15

10 1 10.0 0 0.4 -1 0.15

11 -1 6.0 0 0.4 1 0.45

12 1 10.0 0 0.4 1 0.45

13 0 8.0 0 0.4 0 0.3

14 0 8.0 0 0.4 0 0.3

15 0 8.0 0 0.4 0 0.3

. Protein concentration in 30 mL

Soluble protein (%)_ Initial film weight x % protein in film x % film dry matter (1
Water vapor permeability: Water vapor described by Sobral et al. (2001). Samples were
permeability was calculated adapting the fixed in 52.4 mm diameter acrylic cells and

methodology reported by Jangchud & Chinnan
(1999). Film samples were placed and fixed at
the top of glass flasks (13.854 ¢cm? total exposed
area) containing distilled water (100% RH).
Flasks were weighted 7 to 10 times during a 6 h
period at room temperature (25 °C) and 50+5
RH. Change in weight due to water vapor loss
trough film was calculated as the slope of weight
vs. time curve (linear regression). Water vapor

permeability was calculated as:
WVP (g/Pa s m):%}*L Q)
where WVPR is the water vapor permeability
rate (calculated as slope of water vapor loss
multiplied by the exposed area), L is the average
film thickness, and Ap is the vapor pressure
difference across the film (calculated based on
the temperature and RH inside and outside the
flask). Film thickness was determined as the
average of at least 5 random locations measure
employing a Mitutoyo IP 65 digital micrometer
(Mitutoyo, Tokyo).

Film opacity: Film samples were placed on an
acrylic cell without front and back walls.
Samples were scanned from 400 to 800 nm in a
Genesys 10 spectrophotometer (Thermo Fisher
Scientific, Pittsburg), reporting film opacity as
the area under the curve divided by average film
thickness (Pereda et al., 2012).

Puncture force and deformation: Force and
deformation at the breaking point was
determined according to the_ methodology
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perforated in the center with a 3 mm aluminum
probe at a constant rate of one mm/s in a LFRA
4500 texturometer (Brookfield Engineering
Laboratories, Middleboro). From time-force
curves, puncture force (maximum force at film
breakdown) was reported and puncture
deformation was calculated as:

|(D*+15)-1
% x100  (3)

Considering that the stress was perfectly
distributed along the film, where D is probe
displacement, ly is the initial film length (radius
of the measurement cell, 26.2 mm).

Tensile strength and elongation: Film tensile
strength and elongation percent were determined
employing a Chatillon TCM 200 motorized test
stand equipped with a Chatillon DFIS 200
digital force gauge (Ametek, Largo) according
to the methodology_described by Gennadios et
al. (1993). Films samples were cut in 100x25.4
mm and placed in the grips with an initial
separation of 50 mm. Samples were stretched at
a constant speed rate of 1 mm/s until breakdown.
Tensile strength was calculated dividing the
peak load by the cross sectional area (film
widthxthickness). The elongation percent was
calculated as the ratio of the extension values
and the initial grip separation multiplied by 100.
Experimental design and data analysis: To
determinate the effect of the percent of
caseinate, the percent and type of carrageenan,
and the percent of plasticizer on edible films

Puncture deformation (%)=

15



properties, a response surface methodology was
employed. A rotatable central composite design
was proposed for optimization of caseinate-
carrageenan edible film formulation at five
levels with 20 runs (15 runs and five replicates
of central point) (Table 1) (Montgomery &
Runger, 2003). The experimental results were

analyzed in SAS software v. 8.0 ADX interface
(SAS Institute, Cary), fitting second order model
to establish relationship between independent
variables (the respective concentrations of
sodium caseinate X;, carrageenan X, and
glycerol X3) with response variables Y, as
follows:

Y=Bg+2: B Xy + 2, B2Xo+ 23 B3 X3 + X B13X X3+ € 4)

where Y is the response variable that
corresponds to edible films physicochemical and
mechanical properties, o, Bi, B2, and B3 are the

estimate linear regression coefficients for
caseinate concentration, carrageenan
concentration, and glycerol concentrations,

respectively. Bis is the interaction parameter for
caseinatexcarrageenan effect and € is the
experimental error. Response contour plots were
generated in the same software holding one
variable constant (glycerol= 0.45%), for each
carrageenan type.

RESULTS AND DISCUSSION

Total soluble material and soluble protein

For edible films with iota-carrageenan, total
soluble material was highly significant (P>
0.0001) affected by the proportion of the
ingredients (R>= 0.8814). According to
ANOVA, carrageenan linear parameter and the
iota-carrageenanxcaseinate interaction presented
a significantly (P> 0.05) effect. For kappa-
carrageenan containing film formulations, total
soluble material was significantly (P= 0.7223)
affected by the ingredients proportions (R*=
0.7571). According to ANOVA, linear term for
caseinate parameter presented a significantly (P>
0.05) effect, as well as the kappa-
carrageenanxcaseinate interaction. In edible
films with lambda-carrageenan, total soluble
material was significantly (P= 0.0271) affected
by the ingredients proportion (R*= 0.5561).
According to ANOVA, linear term parameters
and the -carrageenanxcaseinate interaction
presented a significantly (P> 0.05) effect. At
higher caseinate proportions the edible films’
soluble material decreased, this is, more
caseinate resulted in lower soluble film material.
The dissolved material of edible film increased
at higher carrageenan concentrations. In the
interaction caseinatexcarrageenan, the lower
total soluble material values were observed at
higher proportions of both ingredients. It seems
that glycerol increased the total soluble material
since in the regression equation, for all the

Selected multiple responses in the central
composite  design were maximized or
minimized, according to desirable characteristics
for edible film (higher total soluble material,
lower opacity, higher puncture resistance and
higher elongation) in order to obtain the
optimization of edible films formulation, in the
Desirability function of the Prediction profiler in
same SAS ADX interface, where according to
SAS support the overall desirability can be
defined as the geometric mean of the desirability
for each response.

carrageenan types, having a positive sign. Total
soluble material of edible films made with
lambda carrageenan was the lower one, as
compared to kappa or iota carrageenan
containing edible films.

In Figure 1a it can be appreciated that the higher
sulphate groups content the lower total soluble
material ~ (this is, lambda<kappa<iota),
suggesting a strong interaction between the
sulphate groups and the positively charged
regions in caseinate increased the dissolve of
edible films. The carrageenan type effect in total
soluble mater seems to be linked to the number
of sulphate groups.

Soluble protein in edible films containing iota

carrageenan, soluble protein was highly
significant (P> 0.0001) affected by the
ingredients  concentrations (R*=  0.8702).

According to ANOVA, all the linear terms
parameters and caseinatexcarrageenan
interaction parameter presented a significantly
(P>0.05) effect. For edible films with kappa
carrageenan, soluble protein was highly
significant (P> 0.0001) affected by ingredients
concentrations (R?>= 0.8105). According to
ANOVA, linear parameters and
caseinatexcarrageenan interaction presented a
significantly (P> 0.05) effect. For lambda
carrageenan edible films, soluble protein was
highly significant (P= 0.0075) affected by
formulation (R*= 0.6224). According to

Totosaus et al., Interaction between caseinate and carrageenans results 16
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ANOVA, caseinate and glycerol linear terms
parameters and caseinatexcarrageenan
interaction parameter presented a significantly
(P>0.05) effect. In soluble protein, at higher
carrageenan proportions the soluble protein
decreased.

Contour plots in Figure 1b shown that for the
carrageenan type, lambda carrageenan with
more sulphate groups resulted in higher soluble
protein released from edible films. At higher
proportions of caseinate the soluble protein
increased as well, this is, more protein
concentration resulted in higher soluble protein
from edible films. For the caseinatexcarrageenan
interaction, soluble protein decreased at higher
concentrations of both components, except for
lambda carrageenan edible films. Glycerol had a
negative sign in the equation regression,
indicating that more glycerol decreased soluble
protein.

Edible caseinate films with lambda-carrageenan
presented higher soluble matter, releasing more
protein in solution. This can be due to the

differences between the interaction behavior and
the charge density attributed to the different
carrageenan conformation (Gu et al., 2005). All
three forms of carrageenan adsorb to casein
micelles at temperatures below the coil-helix
transition of 60 °C (Dalgleish & Morris, 1998).
Nonetheless, kappa-carrageenan and iota-
carrageenan undergo a temperature-dependent
coil (disordered state) to helix (ordered state)
transition in aqueous solution (Cérnikova et al.,
2008), and at room temperature, kappa- and iota-
carrageenan are in the helix form, whereas
lambda-carrageenan is in the random coil form
(Nilsson & Piculell, 1989; Corredig et al., 2011).
Caseins interactions are stronger when the
carrageenan in  the helical conformation
(Langendroff et al., 2000; Gu et al., 2005), and
since kappa and iota-carrageenan are the helical
conformation at the experimental condition
employed during edible film casting, the
stronger interaction decreased both soluble
material and soluble protein.
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Figure 1. Contour plot and adjusted regression equation for (a) total soluble material (TSM) and (b) soluble
protein (SOL PROT) for the sodium caseinate edible films elaborated with the different carrageenan type (CAS:
caseinate, CAR: carrageenan, GLY: glycerol). Glycerol fixed level= 0.45%.
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Water vapor permeability

In edible films with iota carrageenan, water
vapor permeability was highly significant (P=
0.0015)  affected by the components
concentrations at the experimental conditions in
this research (R>= 0.6877). According to
ANOVA, linear terms parameters for caseinate
and carrageenan and caseinatexcarrageenan
interaction were significantly (P> 0.05), but
glycerol presented no significantly (P< 0.05)
effect. For kappa carrageenan edible films, the
different components percentages had a highly
significant effect (P= 0.0008) on this property
(R>= 0.7083). According to ANOVA, all the
equation parameters (linear terms and
interaction) presented a significantly (P> 0.05)
effect. For formulations with lambda
carrageenan, there was a highly significantly
effect (P>0.0001) on the edible films water
vapor permeability (R?>= 0.8846). According to
ANOVA, linear terms and the
carrageenanxcaseinate interaction presented a
significantly (P> 0.05) effect. At higher
carrageenan concentration, the films water vapor
permeability decreased. Same behavior was
observed for caseinate, and for the
caseinatexcarrageenan interaction, where higher
proportion of both components decreased the
film permeability. Glycerol had a positive sign
in the regression equation.

In the Fig. 2a, the different contour plots for
water vapor permeability presented higher
values for the lambda carrageenan edible films,
due to the more sulphate content in lambda
carrageenan, whereas iota carrageenan with only
one sulphate groups resulted in the lower water
vapor permeability values. It seems that more
sulphate groups of lambda carrageenan
interactions with caseinate proteins resulted in a
more permeable to water vapor material.

In protein-polysaccharide mixtures, the ratio of
protein and polysaccharide influence the charge
balance of the formed complexes, where the
excess in one of the components (protein or
polysaccharide) resulted in soluble complexes
formation, because of the presence of non-
neutralized charges, besides the competition for
the solvent (Ye, 2008). This strong interaction
explains how at the experimental conditions the
water vapor permeability increased due to
interaction between carrageenans and caseinate
during the edible film casting. Edible films
containing lambda carrageenan increased water
vapor permeability of the films due the
caseinate—A-carrageenan matrix structure
formation (Fabra et al., 2008). Conformation of

carrageenans at the experimental conditions
employed resulted in a strong interaction of iota
and kappa carrageenan, as compared to lambda,
decreasing edible film solubility, with
concomitantly lower water vapor permeability.

Opacity

For formulations with iota carrageenan, there
was a highly significantly (P>0.0001) effect on
the edible films opacity (R?>= 0.8535). According
to ANOVA, glycerol linear terms and caseinate
xcarrageenan interaction presented a
significantly (P> 0.05) effect. In edible films
with kappa carrageenan, there was a highly
significantly (P> 0.0001) effect on opacity (R*=
0.9197). According to ANOVA, linear terms
parameters and caseinatexcarrageenan
interaction parameter presented a significantly
(P> 0.05) effect. In lambda carrageenan
formulations, there was a highly significantly
(P> 0.0001) effect on the edible films opacity
(R*= 0.7735). According to ANOVA, both
caseinate and carrageenan linear terms and
caseinate xcarrageenan interaction presented a
significantly (P> 0.05) effect.

In contours plots (Figure 2b) for the films

opacity, it was observed that at higher
carrageenan and  caseinate  concentrations
increased  films  opacity, = where  the

caseinatexcarrageenan interaction resulted as
well in higher opacity values. The average film
thickness was 78+5, 77+6 and 75+£3 pm, for iota,
kappa and lambda carrageenan, respectively.
Opacity was derived from the components
interactions, where more sulphate groups
content in lambda carrageenan resulted in lower
opacity values.

Edible films transparency is determined the
absorption spectrum in the visible range, and
low absorption curve value is related to lower
opacity (Zaritzky, 2011). At the experimental
conditions in this research, both higher solubility
and water vapor permeability in lambda
carrageenan containing edible films were more
transparent. In same manner, glycerol content
did not affect the thickness of sodium caseinate
edible films (Schou et al., 2005).

Puncture force and deformation

For edible films with iota carrageenan, puncture
force was highly significant (P> 0.0001) affected
by the proportion of the ingredients (R*=
0.8600). According to ANOVA, only caseinate
linear parameter presented a significantly
(P>0.05) effect. For kappa -carrageenan
containing film formulations, puncture force was

Totosaus et al., Interaction between caseinate and carrageenans results 18
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highly significant (P> 0.0001) affected by the
ingredients proportions (R= 0.9402). According
to ANOVA, linear terms parameters presented a
significantly (P> 0.05) effect. In edible films
with lambda carrageenan, puncture force was

(a)

highly significant (P> 0.0001) affected by the
ingredients proportion (R>= 0.8154). According
to ANOVA, only caseinate linear parameter
presented a significantly (P> 0.05) effect.
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Figure 2. Contour plot and adjusted regression equation

for (a) water vapor permeability (WVP, g mm/pa m?

hx10%) and (b) opacity for the sodium caseinate edible films elaborated with the different carrageenan type

(CAS: caseinate, CAR: carrageenan, GLY:

The increase in carrageenan concentration
increased the force necessary to rupture the
edible films, as can be observed in the different
contours plots for each carrageenan type (Figure
3a). In same manner, higher caseinate
proportions increased as well as the puncture
force. For the caseinatexcarrageenan interaction,
higher puncture force was observed at higher
concentrations of both components, where at
higher carrageenan concentrations the detected
force decreased. Higher puncture force values
were observed in the iota carrageenan edible
films, and the lower ones in the lambda
carrageenan samples. Glycerol concentration
affected puncture force (negative sign in
regression equation), where higher glycerol
concentration decreased force values.

In edible films with iota carrageenan, puncture
deformation was highly significant (P= 0.0044)
affected by the components concentrations at the

glycerol). Glycerol fixed level= 0.45%.

experimental conditions employed (R?= 0.6462).
According to ANOVA, linear terms parameters
for caseinate and carrageenan were significantly
(P> 0.05), and no significantly (P<0.05) effect
was observed for glycerol. For kappa
carrageenan  edible  films, the different
components percentages had a highly significant
effect (P> 0.0001) on puncture deformation (R*=
0.9251). According to ANOVA, only linear
equation parameters presented a significantly
(P> 0.05) effect. For formulations with lambda
carrageenan, there was a highly significantly
effect (P> 0.0001) on the edible films puncture
deformation (R?>= 0.9837). According to
ANOVA, linear terms and  caseinate
xcarrageenan interaction presented a
significantly (P> 0.05) effect.

In Figore 3b, contour plots for the puncture
deformation, it can be observed that the increase
in both carrageenan and caseinate resulted in
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higher deformation values, where as well as for
puncture force, when carrageenan content
increased the edible film deformability
decreased. Lambda carrageenan presented
higher puncture deformation values. Glycerol
had a negative effect on puncture deformation as
well, and hence higher concentration of
plasticizer resulted in stretchable structure.

More solids contents were related with a
stronger structure. In same manner, increase in
plasticizer concentration had a great influence
on caseinate films flexibility (Folegatti et al.,
1998). Since iota and kappa carrageenan are
non-temperature depend conformation, their
interaction with casein resulted in tough but less

extendible films. At the experimental conditions,
lower interaction during film formation in
lambda carrageenan (with three sulphate groups
but in the random coil conformation) samples.
Lambda carrageenan, with more sulfate groups
and higher electric charge density besides the no
temperature dependence on it conformation
result in stronger attractive interaction with
caseins proteins (Langendorff et al., 2000). This
interaction between lambda-carrageenans and
sodium caseinate contributed to increase the
protein particle size giving rise to a more open
structure, increasing edible film flexibility and
ability to extent (Fabra et al., 2008).

(a)

0.20 | /

0.451 3 0451

- 125 S

S, 0401 g 0407
10.0 &

§ 0.351 8 035

o 0 7.5

@ 030{ 7.5 E 0307

<

E o] -

& 025 50 g 025

£ 020 L § 020

2 2.5\ M 5.0

0151 2.5 5.0 7.5 10.012.5 150 0.15

17750 7.510.012.515.017.5 | 0.15 | 12 14 16 18

Lambda Carrageenan (%)
o
L.
o

60 66 72 7.8 84 90 96
Caseinate (%)

P FORCE (N) =10.5 +3.01CAS -4.2GLY
-1.21CAR -4.2CASXCAR

60 66 72 78 84 90 96
Caseinate (%)

P FORCE (N) =11.71 +4.53CAS -1.6GLY
-0.23CAR -2.45CASXCAR

60 6672 78 84 90 96
Caseinate (%)

P FORCE (N) = 14.09 +2.35CAS -6.04GLY
-1.19CAR -2.13CASXCAR

& 045
< zs.s’/
§ 0401 o s
g 0351 232
<
F 5 030] 27.9
LS oas] 276
3 1 273
F g 02|
a 27.0

5]27.2 27.0 26.8 L i
_ 045 N S 045 /
9 &
S, 040 \ r 3 0.40127.8
§ 035 L8 035
g 3 0
o % ..
& 030 & 0304277
< <
E 0.251 o 0.25
O 8 27.6
< Q
£ 0204 0.20
ke .
0.154 0.151 27.6

275 r 0.15

60 66 72 7.8 84 90 96
Caseinate (%)

P DEFOR (%) = 27.08 -0.12CAS +1.01GLY
+0.10CAR -0.04CASXCAR

60 66 72 78 84 90 96
Caseinate (%)

P DEFOR (%) = 27.51 -0.38CAS +1.83GLY
+0.54CAR -0.49CASXCAR

60 66 72 78 84 90 96
Caseinate (%)

P DEFOR (%) = 27.64 -0.12CAS +1.78GLY
+0.09CAR -0.11CAS XCAR

Figure 3. Contour plot and adjusted regression equation for (a) puncture force (P FORCE) and (b) puncture
deformation (P DEFOR) for the sodium caseinate edible films elaborated with the different carrageenan type
(CAS: caseinate, CAR: carrageenan, GLY: glycerol). Glycerol fixed level= 0.45%.

Tensile strength and elongation

For edible films with iota carrageenan, films
tensile strength was highly significant (P>
0.0001) affected by the proportion of the
ingredients (R?>= 0.9234). According to
ANOVA, the linear parameter and the
caseinatexcarrageenan interaction presented a
significantly (P> 0.05) effect. For kappa
carrageenan  containing film  formulations,

tensile strength was highly significant (P>
0.0001) affected by the ingredients proportions
(R>= 0.9128). According to ANOVA, the linear
parameter and the carrageenanxcaseinate
interaction presented a significantly (P> 0.05)
effect. In edible films with lambda carrageenan,
tensile strength was highly significant (P>
0.0001) affected by the ingredients proportion
(R?*=0.8763). According to ANOVA, only linear
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term parameters for caseinate presented a
significantly (P> 0.05) effect.

In Figure 4a, as expected, it can be observed in
the different contour plots for each carrageenan
type, that the increase in carrageenan
concentration resulted in higher tensile strength
values, specifically in carrageenans with more
sulphate groups’ content, lambda. The higher
proportions of caseinate also resulted in higher
force requited to extend the edible films, except
in samples containing iota carrageenan, where at
low carrageenan concentration the tensile force
remained practically constant.

In edible films with iota carrageenan, elongation
was highly significant (P= 0.0035) affected by
the components concentrations at the
experimental conditions employed (R*= 0.6550).
According to ANOVA, linear terms parameters
for caseinate and carrageenan were significantly
(P> 0.05), but no significantly (P<0.05) effect

product parameter. For kappa carrageenan edible
films, the different components percents had a
highly significant effect (P> 0.0001) on
elongation (R?>= 0.9310). According to ANOVA,
lincar terms parameters for caseinate and
carrageenan were significantly (P> 0.05), but no
significantly (P< 0.05) effect was observed
caseinatexcarrageenan interaction. For
formulations with lambda carrageenan, there
was a highly significantly effect (P> 0.0001) on
the edible films water vapor permeability (R*=
0.9850). According to ANOVA, linear terms for
caseinate and glycerol and
caseinatexcarrageenan interaction presented a
significantly (P> 0.05) effect. Carrageenan was
not significantly (P< 0.05). As for tensile
strength, the elongation capacity of the edible
films was  higher when  carrageenan
concentration was increased.
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Figure 4. Contour plot and adjusted regression equation for (a) tensile strength (TS) and (b) elongation (ELONG)
for the sodium caseinate edible films elaborated with the different carrageenan type (CAS: caseinate, CAR:
carrageenan, GLY: glycerol). Glycerol fixed level= 0.45%.

Finally, Figure 4b shown the contour plots for
each carrageenan type, where at the different
caseinate concentrations employed, for iota

carrageenan the values remained practically
constant. The caseinatexcarrageenan interaction
was stronger (higher parameter value and
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positive sign) in both kappa and lambda
carrageenan.

Edible films prepared with polysaccharides were
more flexible and more stretchable than the
films prepared without them (Fabra et al., 2008).
This was the main effect observed when
carrageenan concentration increased. In case of
iota-carrageenan, more intensive adsorption of
helical parts of carrageenan chains on casein and
the formation of ‘‘bridges’’ between caseins can
be assumed, forming a more intensive network
(Langendorff et al., 1999, 2000), increasing
interaction at higher carrageenan concentration
(Cérnikova et al., 2008). Glycerol had a negative

CONCLUSIONS

The properties of caseinate edible films were
modified by the carrageenan type regarding to
their conformation, where at the experimental
conditions employed resulted in a strong
interaction of iota and kappa carrageenan,
decreasing both solubility and water vapor
permeability. The use of lambda carrageenan in
edible film formulation resulted in more soluble
and permeably film, with a concomitantly both
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