See discussions, stats, and author profiles for this publication at:

Addition of Different Polysaccharide to Gluten-Based Biodegradable Polymeric Material Plastisiced with...

Conference Paper - July 2011

CITATIONS READS
0 3

5 authors, including:

3
b Universidad de Sevilla e Universidad de Sevilla

6 PUBLICATIONS 53 CITATIONS 131 PUBLICATIONS 1,283 CITATIONS

SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Development of biodegradable superabsorbent materials processed from agroindustrial byproducts (SABio)

All content following this page was uploaded by on 01 May 2016.

The user has requested enhancement of the downloaded file.

ResearchGate


https://www.researchgate.net/publication/301764356_Addition_of_Different_Polysaccharide_to_Gluten-Based_Biodegradable_Polymeric_Material_Plastisiced_with_GlycerolWater_Mixtures?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/project/Development-of-biodegradable-superabsorbent-materials-processed-from-agroindustrial-byproducts-SABio?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lidia_Zarate?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lidia_Zarate?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidad_de_Sevilla?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lidia_Zarate?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Antonio_Guerrero2?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Antonio_Guerrero2?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidad_de_Sevilla?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Antonio_Guerrero2?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jose_Aguilar17?enrichId=rgreq-f18ea68c84432f347a5d85dc3d204dc0-XXX&enrichSource=Y292ZXJQYWdlOzMwMTc2NDM1NjtBUzozNTY5Mzk1MzcxMDg5OTJAMTQ2MjExMjQyNTEwMg%3D%3D&el=1_x_10&_esc=publicationCoverPdf

PROCEEDINGS

4™ IBERIAN MEETING ON
COLLOIDS AND INTERFACES

13-15T™ JuLY 2011
PORTO - PORTUGAL

:
r

A i e

EDITORS

E. F. MARQUES
J. M. GONCALVES




Book of Proceedings of the 4™ Iberian Meeting on Colloids and Interfaces
4" Tberian Meeting on Colloids and Interfaces — 13-15" July 2011

Faculty of Science of the University of Porto

Porto - Portugal

Editors
Eduardo F. Marques
Jorge M. Gongalves

°Organizing Committee of RICI4 and Authors

ISBN
978-989-97397-2-7

Deposito Legal
330859/11

Publisher
Organizing Committee of RICI4

Printing
Workstation Solugoes Graficas Lda



Chapter 3 — Surfaces, Interfaces and Films

The Role of Specially Architectured Polymer Nanoparticles on Chain Interdifjusion
in Films
S. Pigarra, J. M. G. Martinho and J. P. S. Farinha

Surface Properties of Monolayers of Amphiphilic Poly(ethylene oxide)-Poly(styrene
oxide) Block Copolymers

J. Juarez, A. Cambén, A. Topete, M. Alatorre-Meda, S. Barbosa, M. A. Valdez,
P. Taboada and V. Mosquera

Characterization of Finely Polished Titanium: A Wettability Study
M.A. Fernandez-Rodriguez, A.Y. Sdnchez-Trevifio, F.J. Montes-Ruiz Cabello,
M.A. Rodriguez-Valverde and M.A. Cabrerizo-Vilchez

Chapter 4 — Nanoparticles

Microemulsion-Mediated Hydrothermal Method for the Synthesis of Mesoporous
Materials

Natalia Hassan, Valeria Verdinelli, Paula V. Messina and Juan M. Ruso

Nanoscopic Building Blocks from Polymers, Gold Nanorods and Magnetite for
Drug Delivery

Miguel A. Valdez, Josu€ Judrez, Adriana Camboén, Antonio Topete, Manuel
Alatorre-Meda, Silvia Barbosa, Pablo Taboada and Victor Mosquera

Modelling of Bimetallic Nanoparticles Synthesis in Microemulsions: Influence of
the Initial Proportion of Reagents
E. Gonzilez, F. Barroso and C.T0j0

Formation of Solid Organic Nanoparticles from a Volatile Catanionic
Microemulsion

Katrin Margulis-Goshen, Bruno F. B. Silva, Eduardo F. Marques and Shlomo
Magdassi

Chapter 5 — Polymers and Gels

71

73

81

89

97

99

107

115

123

131

Addition of different polysaccharides to gluten-based biodegradable polymeric
materials plasticised with glycerol/water mixtures

L. Zarate-Ramirez, J.M. Aguilar, F. Cordobés, P. Partal and A. Guerrero

133

Polycations for Gene Therapy: The Key Requirements Behind Transfection
Manuel Alatorre-Meda, Adriana Cambdn, Antonio Topete, Josué Juarez, Silvia
Barbosa, Miguel A. Valdez, Pablo Taboada and Victor Mosquera

Chapter 6 — Biomimetic and Bioinspired Systems

Polyethylene Oxide-Polystyrene Oxide Triblock Copolymers as Biological-
Responsive Nanocarriers

A. Camboén, A. Rey-Rico, S. Barbosa, E. Figueroa-Ochoa, J. E. A. Soltero,

J. Brea, S. G. Yeates, C. Alvarez-Lorenzo, A. Concheiro, P. Taboada and
V. Mosquera

Viil

141

149

151



pdi
Rectángulo


Polymers and Gels / 4™ Iberian Meeting on Colloids and Interfaces

Addition of Different Polysaccharides to Gluten-Based
Biodegradable Polymeric Materials Plasticised with
Glycerol/Water Mixtures

L. Zarate-Ramirez', J.M. Aguilarl, F. Cordobés’, P. Partal’ and
A. Guerrero'

1Deparmm€nm de Ingenieria Quimica, Universidad de Sevilla,, 41012 Sevilla (Spain)
‘?Deparmmento de Ingenieria Quimica, Universidad de Huelva, 21071 Huelva (Spain)

Abstract

The influence of adding different polysaccharides (Locust Bean Gum, Methyl Celluose
and Carboxymethyl Cellulose) to gluten-based biodegradable polymeric materials was
evaluated in this work. Glycerol/water mixtures were used as plasticiser. Gluten
/plasticiser and gluten/polysaccharide/plasticiser blends were prepared at ditferent pH
values by mixing at 25°C under adiabatic conditions and subjected to thermomoulding
at 9 MPa and 130°C. Bioplastic probes were evaluated using Dynamic Mechanical
Thermal Analysis, Tensile strength measurements and water absorption capacity.
Results indicate that a moderate enhancement of the network structure may be achieved
by adding polysaccharide, which also confers a further thermosetting capacity to the
system. However, the presence of charges seems to favour phase separation between
oum and protein domains, although higher compatibility was found at acidic pH.
Tensile properties and water uptake capacity also exhibited a strong dependence on pH.
The former were favoured by increasing pH or adding gum at the 1soelectric point. The
later was largely favoured when bioplastic processing was carried out at pH 3,
undergoing a moderate drop when polysaccharide was added.

Keywords: Gluten; Bioplastics; Thermomoulding; DMTA; Tensile strength test

1. Introduction

In recent years, there exists a great interest in the utilization of renewable biomass for
the production of goods manufactured as an alternative to synthethic polymers, in order
to reduce consumption of petrochemical feedstock and dimish environmental pollution.
Thus, the global comsumption of plastics in 2008 was higher than 245 million tonnes
with an annual grow of approximately 5% [1]. One of the main applications of
bioplastics 1s 1in the production of packaging films and containers made ot by-products
(e.g. plant proteins, polysaccharides, glycerine, etc.) [2]. Current European research
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directives try to valorise agricultural surpluses for non-food uses, for example, by
applying closed circle technology [3]. However, the development of bioplastic is only at
an early stage and hardly represents 5-10% of the EU current plastic market [1]. On the
other hand, edible protein-based films obtained by thermoplastic processes provide the
opportunity to fulfil consumer demand and expectation of new food packaging systems
that are convenient and environmentally friendly [4].

Proteins, lipids and polysaccharides have been proposed as biopolymers sources for
many years. Most studies based on proteins have used vegetable proteins from corn,
wheat gluten or soy to manufacture bioplastics [5]. Wheat gluten is a vegetable protein
obtained as an agricultural by-product which shows fast degradation rates and can be
processed by thermoplasctic methods with the aid of plasticisers [6, 7]. The most
common plasticisers, among a wide variety, are water and glycerol. The addition of
polysaccharides to protein/plasticizer blends also may play a role, due to the relevance
of non-covalent protein-polysaccharide interactions that can be used to design and
fabricate materials with novel or improved properties. In the present study, wheat gluten
(WG) was used as the protein component, a mixture of glycerol/water (GL) as the
plasticizer and Locust Bean Gum (LBG), Methyl Cellulose (MC) and Carboxymethyl
Cellulose (CMC) were selected as the polysaccharides. These novel bioplastics were
obtained by a thermo-mechanical process that consisted of a mixing stage to produce
the appropiate blends followed by a thermomoulding stage at controlled pressure.

The aim of this work 1s to evaluate the influence of the addition of different
polysaccharides (gums) on Dynamic Mechanical Analysis (DMA), as a function of
temperature, Tensile strength properties and water absorption capacity, of WG/Gum/GL
blends subjected to thermoplastic compression moulding, comparing the results with
those obtained using a WG/GL system without any polysaccharide. The influence of
polysaccharide concentration and pH was also analysed.

2. Experimental Section

2.1 Materials. Wheat gluten (83 wt% protein, 3 wt% lipids, 1 wt% ash, 8 wt% moisture
and 10 wt% starch) was provided by Productos Riba S. A. (Granollers, Spain).
Glycerol, from Panreac Quimica S.A.U. (Castellar del Vallés, Barcelona, Spain) and
distilled water were used as protein plasticisers. LBG, MC and CMC were provided by

Sigma-Aldrich, (St. Louis, MO, USA).

2.2 Sample preparation. A gluten/glycerol/water system, denoted 50/18 (50 wt%
gluten, 18 wt% glycerol and water up to 100 wt%), was mixed in a two-blade counter-
rotating batch mixed turning at a 3:2 differential speed (Rheomix 3000p; ThermoHaake,
Karlsruhe, Germany). Mixing was performed at 25°C and 50 rpm under adiabatic
conditions. Different pH values were used by adding NaOH or HC] 2M solutions to the
50/18 blend. Bioplastic probes were prepared from the dough-like materials obtained
after the mixing process by thermomoulding at 9 MPa and 130°C for 10 min. Two types
of moulds were used to prepare the probes, a 50 x 10 x 3 mm rectangular shape mould
and a type IV probe defined by the Standard Test for Tensile Properties of Plastic
(ASTM D638). Rectangular and type IV probes were transferred into recipients at 53%
relative humidity (RH) and allowed to reach moisture equilibrium at room temperature
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for at least 2 weeks before testing. The desired RH value was achieved by means of a
desiccator, using a saturated solution of Mg(INO3),.

2.3 Dynamic Mechanical Thermal Analysis. DMTA tests were carried out using a
RSA3 (TA Instruments, New Castle, DE, USA) by subjecting rectangular probes to dual
cantilever bending. All the experiments were carried out at constant frequency (1 Hz)
and strain (between 0.01 and 0.3%, within the linear viscoelastic region). The heating
rate was 3 °C min"'. Samples were coated with silicone oil to avoid water loss.

2.4 Tensile Strength Measurements. Tensile test were performed by using the Insight
10 kN Electromechanical Testing System (MTS, Eden Prairie, MN, USA), according to
the ASTM D638 norm. Tensile stress and elongation at break were evaluated from at
least three replicates for each product using type IV probes and an extensional rate of 20
mm min™ at room temperature.

2.5 Water absorption capacity. Water uptake of bioplastics was determined following
the ASTM D570 norm, using at least three rectangular specimens immersed in distillate

water for 24 h at room temperature.

3. Results and Discussion

3.1 Dynamic Mechanical Temperature Analysis of bioplastic probes. Fig. 1 shows
the values of the storage (E’) and loss (E’’) bending moduli (Fig. 1a) and the loss
tangent (tan 6, Fig. 1b) from DMA temperature ramp measurements performed on 50/18
WG/MC/GL/water bioplastics. All the probes display similar behaviour to that one
shown by the reference system (50/18 without gum). Thus, a remarkable decrease 1n E’
and E’’ generally took place as the temperature was raised until a plateau value was
reached above 100 °C. This plateau is followed by an increase in both moduli for those
systems containing MC or other gums. No apparent change in behaviour was brought
about by the presence of gum. Thus, no significant differences were found at the
experimental range of MC content. However, an apparent enhacement of E” and E”’
values may be noted for those systems containing MC, excepting at low temperature at
which the differences seem to vanish. As may be observed in Fig. 1B, tan o profiles at 1
Hz display two well-defined peaks at temperatures close to 0 °C and 60°C. These two
peaks were identified in a previous work for systems containing gluten as the
biopolymer and glycerol/water as the plasticiser [7]. The first peak, Ty, located at about
0 -C, would be mainly related to the characteristic glass transition of the plasticiser
blend affected by some fractions of gluten isolate [7], whereas the second, T,, was
attributed to a glass transition of the plasticised gluten [5, 8, 9]. A certain tendency to a
separation of both peaks may be appreciated in Fig. 1B when MC was 1ncorporated to
the system. Thus, the specimen containing 0.5 wt% MC shows a displacement of the
location of T, towards a lower value in relation to the 50/18 system, whereas the
second peak, T, seems to maintain the same location. This effect suggests that the gum
enables a certain tendency to produce segregation from the protein-rich phase, as 1s the
case for many combinations of incompatible biopolymers [10]. However, 1n the case of
MC containing probes, an inversion of the above effect with increasing MC content seems
to take place. In fact, a tendency of both peaks to overlap may be appreciated, being
indicative of an increase in the degree of compatibility between both biopolymers.
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Figure 1. DMA temperature ramp measurements performed at constant frequency (1 Hz) and heating rate
(5 °C min™) for 50/18 WG/MC/GL/water bioplastics, as a function of gum content

Fig. 2 shows the values of E’, E’” and tan 6 as a function of temperature for the different
type of gums used. As may be seen, the behaviour found for all the polysaccharides
studied 1s very similar to that one described previously for the reference system. All of
the polysaccharide-containing specimens exhibit a certain degree of thermosetting
potential. Moreover, the sequence of values for E’ and E”’, which may be significant or

not depending on the temperature range, is as follows: Reference < CMC < LBG < MC.
In addition, as may be deduced from the tan o profiles shown in figure 2B, only MC-
containing probes exhibited a clear tendency of both peaks to overlap and, as a
consequence, an apparent enhancement of the compatibility degree with protein.
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Figure 2. DMA temperature ramp measurements performed at constant frequency (1 Hz) and heating rate
(5°C min™) for bioplastics containing different polysaccharides

Fig. 3 shows the effect of pH on the values of E’ and tan 0 obtained as a function of
temperature for 50/18 probes prepared either in absence or presence of LBG
polysaccharide. Bioplastic probes prepared at pH 3 exhibited much lower E’ values, as
well as much higher tan o values, than those probes prepared at native pH (ca. pH 6).

This behaviour reveals that under acidic conditions the presence of positive charges on
the protein surfaces interfer the development of the bioplastic microstructures during the
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moulding process leading to a softer material with a high thermosetting potential (since
the protein matrix would require higher moulding temperature). Conversely, alkaline
conditions, at which negative charges are predominat at protein surfaces, led to a further
enhancement of viscoelastic properties in absence of polysaccharide. The effect of
adding LBG also depends on the pH conditions. Thus, a reduction in viscoelastic
properties was generally produced if the pH is far from the isoelectric point (IEP),
particularly at pH 9 and low temperature at which LBG brought about 50% reduction in
E’. On the other hand, LBG confered a moderate increase in viscoelastic properties to
the bioplastic probes, being more evident at high temperature.
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Figure 3. DMA temperature ramp measurements performed at constant frequency (1 Hz) and heating rate
(5 °C min™") for reference and LBG-containing bioplastics, as a function of pH

Fig. 3B shows how 1n absence of polysaccharide Ty; undergoes a displacement towards
lower values with increasing pH, whereas Ty, remains essentially constant. Moreover,
addition of LBG also led to a decrease 1n Ty, excepting at pH close to the IEP at which
the tan o profile remain unaltered by the presence of LBG.

3.2 Tensile strength measurements. Fig. 4A shows some typical stress-strain curves
obtained after subjecting type IV probes to uniaxial extension tests at constant
extensional rate. All the materials exhibit a linear elastic region with a marked increase
in strength at low strain values, characterized by high values of the Young’s Modulus
(E), followed by an extensive plastic region showing a steady decrease up to a constant
stress—strain slope, eventually leading to the rupture of samples once maximum stress

(Omax) and maximum strain (emax) are reached.

A comparison of those tensile parameters (E, omax, and emax) Obtained for the specimens
in absence or presence of different polysaccharides 1s shown in Fig. 4B. As may be
observed, the presence of polysaccharide generally yields an apparent enhancement of
tensile properties, particularly for MC and CMC-containing probes. All the three
parameters follow the same general sequence: Reference < LBG < MC < CMC.

However, the differences found for 6.,.:, and g,.x between the reference and LBG-
containing probes turned out to be non significant. These results are in agreement with
those reported by Zhou et al. [11] for soya-based bioplastic containing MC. According
to these authors, the miscibility between protein components and polysaccharide (at low
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content of the former) were responsible for the improvement of the strength and even

resulted in the simultaneous enhancement of strength and elongation.
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Figure 4. Results from tensile strength measurements for bioplastics formulated with different type of
gum: (A) Stress-strain curves; (B) Maximum stress, Maximum strain and Young’s Modulus

In any case, both biopolymers contributed to some extent to the mechanical properties
of bioplastic materials. In addition, polysaccharide molecules might interact with
protein chains altering the rigid structure of gluten and causing a reduction of hydrogen
bonds. Then, the gum migth play a plasticiser role which could explain the increase in

€max, DEINg more evident for the anionic gum (CMCQO).
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Figure 3. Tensile strength parameters (Maximum stress, Maximum strain and Young’s Modulus) for the
reference and LBG-containing bioplastic probes as a function of pH

Fig. 5 shows the evolution of tensile strength parameters for reference and LBG-
containing probes processed at different pH values. As may be seen, the presence of
charges may impart strong modifications to the tensile properties of the system. Thus, a
remarkable 1ncrease in both 6max, and E with increasing pH took place in absence of

gum, whereas no significant evolution of gy, may be noticed. The effect of adding gum
on tensile properties is also strongly dependent on pH. Thus, the behaviour found at pH
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6 does not apply far from the IEP. Conversely, addition of LBG when protein was
charged always impairs the tensile properties of bioplastic probes, particularly at pH 9.

3.3 Water absorption capacity. Fig. 6 shows the values of water uptake capacity
obtained for samples inmerse after 2 and 24 h. The percentage of water-soluble matter
loss 1s also plotted (Fig. 6A), being approximately the same for all the samples (ca. 23
wt%). A slight tendency to reduce water uptake capacity of bioplastic probes seems to
be produced by adding gum (MC or CMC), although this etfect losses significance after
24 h inmmersion. However, water uptake capacity exhibited a strong dependence on pH
(Fig. 6B). Thus, when the pH at which the probes were processed was far from the IEP
water uptake was favoured, particularly at pH 3, overcoming 300 wt% after 24h.
Addition of gum resulted 1n a reduction of water uptake capacity which was significant
at pH 3 and 9, being intensified after 24h, but remaining always lower than 10 %.

350
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- Water uptake - 24 h 2h 24h
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LBG s RN
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200 -
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Figure 6. Tensile strength parameters (A) for bioplastics containing different type of gum; (B) for the
reference and LBG-containing bioplastics as a function of pH

Regardeless of the pH, the behaviour of gluten based bioplastics after addition of
polysaccharide involved a certain drop in the ability of proteins to retain water that may
be related to a reduction 1in interactions (i.e hydrogen bonds) as a result of the presence
of gum domains 1n the protein matrix. In addition, gum molecules also exhibited a low

capacity to link water after being trapped in the bioplastic microstructure and as a
consequence of 1ts low solubility at low temperature.

4. Concluding remarks

DMA results indicate that a moderate enhancement of the network structure may be
achieved by adding polysaccharide, which also confers a further thermosetting capacity
to the system. Thus, a further enhancement would be produced by increasing moulding
temperature during bioplastic manufacture. The polysaccharide confering the largest
enhancement to the microstructure of 50/18 bioplastics was MC. This effect may be
related to the thermogelation ability exhibited by this polysaccharide [12]. In contrast,
L.BG and CMC seem to play the typical role of a filling material (particularly moderate for
CMC), indicating a low degree of interaction with gluten proteins. In addition, the
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presence of charges at the gluten protein surfaces seems to favour phase separation
between gum and protein domains, probably due to the so-called segregative separation

eftect [13]. However, tan o profile suggests a higher compatibility between both

biopolymers at acidic pH, probably related to a higher water holding capacity under
such conditions.

The presence of charges may also impart strong modifications to the tensile properties
of the system. Thus, a remarkable increase in both o, and E with increasing pH took
place 1n absence of gum. Morever, the effect of adding gum to tensile properties is also
strongly dependent on pH. Thus, the presence of gum generally yielded an apparent
enhancement of tensile properties at the IEP (particularly for MC and CMC), but played
a detrimental effect when electrostatic interactions were involved, particularly at pH 9.

Water uptake capacity also exhibited a strong dependence on pH, being largely
favoured when bioplastic processing was carried out pH 3. Such conditions are highly
beneficial for those applications requiring materials with high water absorption capacity
and suitable end-use mechanical properties. However, addition of polysaccharide
involved a certain drop 1in the ability of proteins to retain water, probably as a result of a
reduction of interactions caused by the presence of gum domains in the protein matrix.
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