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Effect of Chitosan Nanoparticles and Pectin
Content on Mechanical Properties and Water
Vapor Permeability of Banana Puree Films

Milena R. Martelli, Tais T. Barros, Méarcia R. de Moura, Luiz H. C. Mattoso, and Odilio B. G. Assis

Abstract:
padder. Pectin and glycerol as plasticizer were added in small concentrations and chitosan nanoparticles (88.79 £ 0.42

Puree prepared from over-ripe peeled bananas was used as raw material for films processing in a laboratory

nm medium size) incorporated at 0.2% (dry weight basis) as reinforcement material. The mechanical properties, water
vapor transmission, thermal stability, and scanning electron microscopy of fractured film surfaces were characterized. Both
pectin and glycerol demonstrated an important role in promoting elongation and film handability as was expected. The
incorporation of nanoparticles promoted noticeable improvement of the mechanical properties and acted in reducing the
water vapor permeation rate, by 21% for films processed with pectin and up to 38% for films processed without pectin,
when compared to the control (puree films with no pectin and nanoparticles additions). Microscopic observation revealed
a denser matrix when nanoparticles are incorporated into the films.
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Practical Application:
natural resources. The over-ripe or even waste banana can be adequately prepared for batch films processed with

The development of films from fruit purees head to a new strategy for plastic processing from

reasonable mechanical and barrier properties, suitable for applications in the food segment. The addition of small fractions
of chitosan nanoparticles, form nanocomposites enhancing mechanical and thermal stability broadening potential film

applications.

Introduction

The development of polymeric materials, based on renew-
able resources has become increasingly important in recent years,
due to the inevitable rising prices of petroleum-based materi-
als and environmental concerns. Proteins (collagen, gluten, and
zein) and polysaccharides (alginate, starch, chitosan, and cellu-
lose) have historically been the most tested renewable materials
for film processing. As of 1996, a fruit puree was suggested as an
alternative source for producing flexible films (McHugh and oth-
ers 1996). Apple, peach, apricot, and pear purees were tested as
films precursors, resulting in materials with good oxygen barriers
and acceptable mechanical properties (McHugh and others 1996).
Banana (Sothornvit and Pitak 2007), tomato (Du and others 2008),
mango (Azeredo and others 2009), and carrot (Wang and others
2011) also have potential to be transformed into purees suitable
for edible films forming. Since the purees are mainly composed
of cellulosic and pectic substances, they can be processed not only
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from fresh fruit, but also from industrial byproducts or even from
waste. This is particularly important for seasonal fruits for which
a large proportion is discarded (Gustavsson and Stage 2011).

Banana, for example, is a highly perishable and fragile fruit.
From harvest to market, losses can reach up to 50% of the total
volume produced (SEBRAE 2008). In unripe bananas, starch is
the main component (around 220 mg per gram of fruit; Shiga
and others 2011). During ripening, the starch is converted into
soluble sugars contributing to pulp softening. Pectin (Pec) content
in bananas is found in lower levels and, depending on the cultivar,
its concentration decreases during ripening, from around 12 to
6.7 mg per gram of fruit (Prabha and Bhagyalaksmi 1988). Banana
puree is therefore of interest as raw material for plastic processing.

Generally films from fruit puree offer poor flexibility, requiring
the addition of plasticizers to improve toughness and processability.
Recently the incorporation of cellulose nanofibers (Azeredo and
others 2009) and chitosan nanoparticles (ChNp; Lorevice and
others 2012) have been evaluated as reinforcement materials within
the puree film matrix.

The formation of nanocomposites, either by fiber or particle ad-
dition, proved very useful in enhancing both mechanical and bar-
rier properties (Azeredo and others 2009). Additionally chitosan
is known to possess good antifungal and antibacterial properties
(Devlieghere and others 2004; Dutta and others 2009; Vasconez
and others 2009), both desirable for food applications.

In this study, the key aim was to produce and characterize edible
films based on over-ripe banana puree, with small additions of Pec
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and glycerol (Gly) as plasticizers. ChNp were also incorporated in
the film formulation and the thermal, mechanical, water barrier,
and antimicrobial properties were evaluated.

Materials and Methods

Preparation of banana puree

The banana puree was produced according to the procedure
described by Tadini and Ditchfield (2005), with some modifica-
tions. A total 750 g of over-ripe peeled bananas, variety “nanica”
(Musa cavendishii Lamb.), ripening stage 7 to 8 (yellow peel with
a few brown spots; Emaga and others 2007), and 25 + 2 °Brix,
were mixed in 250 g of distilled water for 3 min. The puree was
acidified with a combined solution of citric and ascorbic acid,
both at 0.2% (w/w). The mixture was centrifuged for 5 min at
12000 rpm and the supernatant discarded. The puree underwent
heat treatment at 115 °C for 60 s for enzyme inactivation and was

then packaged in plastic bags, sealed and frozen at —18 °C.

ChNp

ChNp were obtained by polymerizing methacrylic acid (MAA)
in the presence of chitosan solution (medium molecular weight,
product code 448877), both from Aldrich (St. Louis, MO, USA),
according to the sequence described by Moura and others 2008.
In an aqueous MAA solution (0.5% v/v), 0.2% (dry weight basis)
of chitosan was dissolved under moderate magnetic stirring for 12
h. Then, 0.2 mmol of potassium persulfate (K,S,Og) was added
and the solution heated at 70 °C for 1 h. The suspension was cen-
trifuged for 30 min at 4000 rpm and the supernatant discarded.
The resultant ChNp were resuspended in NaCl (1.0 mmol/L)
solution in a concentration of 15% (wt.). The zeta potential and
the particle size distribution were measured at room temperature
using a Zeta Potential Analyser (Zetasizer ZS 3600, Malvern In-
struments, Malvern, UK) at pH range of 3.5 to 8.5. The ChNp
obtained via MAA polymerization have been confirmed to be
nontoxic according to analysis performed by Lima and others,

2010.

Film processing

The tested formulations were: banana puree at 4.5% and 6.0%
(grams of dry weight per 100 g of total solution); Pec at 0.25%,
0.5%, and 0.75% (grams Pec per 100 g total solution), and Gly at
5% or 10% (grams Gly per 100 g dry weight puree). All mixtures
were first homogenized for 24 h under moderate stirring. The
film processing was carried out using a laboratory padder (Werner
Mathis AG, Niederhasli, Switzerland) running in batch mode. On
the surface of a polyester film (14 x 20 cm), 80 g of film solution
were added as support, and films obtained after 2 cycles of 40 min
at 50 °C.

The formulation 4.5% of banana puree plus 5% of Gly was
selected to receive 0.2% of nanoparticles (ChNp) resuspended
solution, prior to film processing. All films were conditioned in
desiccators containing saturated solutions of NaBr (58% relative
humidity [RH]) for 4 d before any characterization

Mechanical properties

Film thickness was measured using a digital micrometer
(Mitutoyo Corp., Kawasaki-shi, Japan). Three values were taken
at random locations along the length of each sample and the mean
value used for calculation.

Uniaxial tensile tests were conducted until film fracture on a
Texture Analyzer TA.XT Plus (Stable Micro System, Surrey, UK),

with a 50 N load cell and tensile grips at initial separation of
80 mm. The tests were run using rectangular samples of 100 mm
x 16 mm and cross-head speed of 80 mm/min, in accordance
to ASTM D882-97 (ASTM 1997). Stress—strain curves were ob-
tained for each test, and the analyzed parameters were: the ulti-
mate stress (0 na.x, MPa), the elongation at break (&,,,x, %) and the
Young’s modulus (E) calculated as the slope of the linear portion
of the stress—strain curve (E = o/, MPa).

Thermal properties

Thermal characterization was carried out using a Q100 Differ-
ential Scanning Calorimeter (TA Instruments, New Castle, DE,
USA). Approximately 5 mg of films was accurately weighed, sealed
into aluminum pans and heated from —60 to 210 °C at a rate of
10 °C/min.

The thermal degradation was analyzed in a Thermogravimetric
Analyzer TGA-Q500 (TA Instruments, New Castle, DE, USA).
The experiments were recorded in the temperature range of 20
to 700 °C (heating rate of 10 °C/min). The nitrogen flow was
maintained at 60 mL/min. The analysis was repeated twice for
each sample.

Water vapor permeability of films

Water vapor permeability (WVP) was determined using an
adaptation of the ASTM E96-92 (ASTM, 1992) gravimetric
method. Circular samples without defects were cut from each
film. Distilled water (6 mL) was dispensed into flat-bottom Plex-
iglas cups with wide rims. The samples were sealed to the cup
base with a ring located around the cup circumference (6 cm), fit-
ting an effective film area of 28.27 cm?. The cups were allocated
inside desiccators containing silica gel and placed in temperature-
controlled cabinets at 25 °C. The desiccators’ internal RH was
monitored using a hygrometer (OBH Nordica, Taastrup, Den-
mark) and weights taken periodically (Gehaka AG 2000 analytical
scale, Sio Paulo, SP, Brazil) after steady state was achieved.

The WVP was calculated by normalizing the data to the exposed
area (A), as described by Eq. 1:

w X
WVP = — -
t A-AP

M

where x is the films average thickness, AP the difference of partial
vapor pressure of the atmosphere with silica gel and pure water
(100% RH), and the term w/¢ calculated by the linear regression
from the points of weight gain and time, in the constant rate
period. All measurements were repeated 4 times.

Microscopy features

The microscopic characteristics of the films were observed in
a JEOL JSM-6510 Scanning Electron Microscope (JEOL Ltd.,
Tokyo, Japan). Strips of film were fractured under nitrogen and
mounted on aluminum stubs and coated with gold using a Balzers
sputtering device (Balzers Union, Balzers, Liechtenstein). All of
the samples were examined under an accelerating voltage of 1.5
kV.

Antimicrobial essay

Antimicrobial activity of banana puree films were evaluated ac-
cording to the zone of inhibition in disc diffusion method (Pelczar
and others 1986). Petri dishes (9 cm of diameter) containing tryptic
soy broth (TSB) and agar medium were prepared and Staphylococcus
aureus (ATCC 25923) as gram-positive and, Escherichia coli (ATCC
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8739) as gram-negative bacteria models (provided by Fundagio
Tropical André Tosello, Campinas, SP, Brazil) inoculated after ap-
propriate dilution.

Circular pieces of films with approximately 1.0 cm diameters
were cut and placed on the surface of culture medium previously
inoculated. The Petri dishes were stored at 30 °C for 48 h to
allow bacteria growth. Inhibition zones were measured on bases
in the average diameter of the clear zone directly on the dishes.
Puree films with no CHNp was taken as a control sample and all
experiments were repeated 3 times.

Statistical analyses

The experimental results of film thickness, tensile tests, WVP,
and thermal measurements were compared by one-way analysis
of variance (ANOVA) and Duncan mean comparison test (XL-
STAT), considering the significance level for P < 0.05.

Results and Discussion

Nanoparticles characterization

The ChNp were characterized to confirm stability of the col-
loidal suspension. The size distribution fits a log-normal func-
tion (Figure 1A) with average particle size measured as 88.79
£ 0.42 nm. Such dimensions are smaller than those obtained by
Moura and others 2008, using the same process and concentration,
describing particles with medium size as 111 nm. The suspension
of ChNp is pH-sensitive (Figure 1B) with isoelectric point at pH
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Figure 1—Characterization of chitosan nanoparticles solution (0.2%): (A)
particle size distribution and (B) zeta potential in function of solution pH.
The arrow indicates the isoelelectric point according to Moura and others
2008.
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Table 1-Effect of puree and plasticizer concentration on the
mechanical properties of the tested films.

Banana Thickness
puree (%)* Gly (%)f (mm) O (MPa) ¢, (%) E (MPa)
3 0 0.12 £ 0.00* 2.7+0.9" 1314 37+6"
5 0.14 +£0.01** 1.3 40.2> 27420¢ 5+£1°
10 0.14 £0.02%  1.3+0.4> 31+£3° 4420
4.5 0 0.1540.00>4 394 0.6 1042° 70 £ 5¢
5 0.15£0.00>  3.240.5 234394 21434
10 0.17 £0.00¢ 3.1 £0.6" 1942¢ 27 4 404
6 0 0.17 4 0.00¢ 6.9+0.6° 13+1° 120 £17¢
5 0.16 £ 0.00>¢ 5.0 £ 0.5 2442 3442°
10 0.18 £ 0.02¢ 2.4 4 0.6 19444 19 4 4¢

Means with different superscript letters (a to f) are statistically different at P < 0.05.
*(g of dry weight/100 g of total solution) with 0.5% addition of pectin.
f(g glycerol/100 g dried puree).

= 4.82 as determined by Moura and others 2008. In order to re-
tain a moderate stability of the colloidal suspension, film solutions
were then prepared at pH 4.0.

Effect of puree and Gly concentrations on mechanical
properties

The resulting films processed with the Mathis padder have ho-
mogeneous thickness, good handability, and acceptable visual ap-
pearance. The concentration of puree, despite having an relatively
low effect on film thickness, acted significantly on its mechanical
properties. An increasing on the Young modulus (E) and ultimate
stress (0 max) Was observed as the puree concentration increases
from 3% to 6% (w/w) (Table 1).

No significant statistical variation was observed in filme elon-
gation. The mechanical properties of the film were modified, as
expected by the addition of plasticizer. For all puree concentra-
tions an increasing in around 2 to 2.5 times for &;,,x was recorded
for an addition of 5% or 10% Gly, confirming its plasticizing effect.
Conversely o ,,x and E experienced a lowering of their compar-
ative values, mainly E which was significantly reduced bearing a
decrease in the stiffness as the plasticizer content increases (Table 1).

The effect of polyols as plasticizer in the structure of natural
polymers has been discussed by several authors (Sobral and others
2001; Scramin and others 2011). Plasticizers are small molecules
with high degree of interaction between adjacent polymer chains.
Such interactions generate “free volumes” between chains, weak-
ening the intermolecular forces and consequently increasing the
molecular mobility. Gly (C,HgO3) in particular is a small molecule
having 3 hydroxyl groups that are responsible for its ability to bind
to the polymer backbone, distancing one from another. As more
Gly is added to the formulation, more interactions are stablished
along the chains groups until saturation. This implies an increase
in the overall film plasticity and a reduction on the glass transition
temperature.

The sugars present in the puree can also act as natural plas-
ticizers. However, in the adopted process, the sugar content of
banana puree was partially removed by centrifugation, before film
processing.

Effect of Pec additions on the mechanical properties

In a cellulosic medium, Pec can form intermolecular junctions
between its homogalacturonic regions and the cellulose chains and
microfibrils (Zykwinska and others 2007). Small fractions of Pec
can be used to enhance mechanical properties and to reduce the
amount of puree used in the film’s processing. Moreover, Pec also
counterbalances certain negative effects, which may arise from the
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Table 2-Effect of pectin addition on the mechanical properties
of the tested films.

Banana Thickness O ax

puree (%)* Pec: (mm) (MPa) Emx (Y0) E (MPa)

3 0 NF; NF NF NF
0.5 0.1240.00 2.7+£0.8"  13+£4° 37+£5°
0.75  0.1340.00°  4.340.7° 16 4 40 534 3%

4.5 4+ 5% Gly 0 0.134£0.00**  1.14£0.2%¢ 1542 1142°
0.5  0.1540.00 3.2+0.5° 24 + 3¢ 21 £ 3¢

6 + 10% Gly 0 0.20 4+ 0.00¢ 0.7+£0.2¢ 14+ 2° 9+2¢
0.25 0.174£0.01¢ 2.04£0.29¢ 2443 13£2°
0.5 0.1840.02¢ 2.440.6" 19440 19 £ 4¢

Means with different superscript letters (a to e) are statistically different at P < 0.05.
*(g of dry weight/100 g of total solution).

f(g pectin/100 g film solution).

¥No film formed (inadequate sample for mechanical testing).

Table 3-Effect of 0.2% (w/w) chitosan nanoparticles addition on
film’s mechanical properties.”

Pec ChNp Thickness O iax

(%)! (o) (mm) (MPa) € (Y0)  E (MPa)

0 0 0.13 £ 0.00° 1.1£0.1° 15 4 20 11 +£1°
0.2 0.12 4 0.00¢ 0.9 £0.2* 12 £ 2¢ 14 £ 5°

0.5 0 0.15 £ 0.00¢ 3.2 £ 0.5° 23 £ 3¢ 21 £3°
0.2 0.13 £ 0.00° 45 +£0.7¢ 18 £2° 43 £ 3¢

Means with different superscript letters (a to ¢) are statistically different at P < 0.05.
*(4.5% puree with 5% Gly).
f(grams of pectin/100 g of film solution).

presence of Gly. The effect of Pec on the films is better observed
in the parameters E and 0 ,,,, when compared to pure puree films
(Table 2). For the higher puree concentration (6%, d.b.) and high
Gly content (10%), the beneficial effects of Pec addition are more
evident. When 0.25% of Pec is added, the ultimate stress increases
around 3 times (0 y,x = 2.0 & 0.2 MPa) and the elongation more
than 70% (emax = 24 £ 3%). For films containing an inferior
puree concentration (3%), more Pec is necessary to enhance the
mechanical properties. In such cases 0.75% Pec increased o .y,
from 2.7 £ 0.8 to 4.3 £ 0.7 MPa, and E from 37 £ 5 to 53
£ 3 MPa, whereas no significant difference was observed for the
ultimate strain. It should be noted that 3% of puree without Pec
did not produce films with sufficient consistency for mechanical
analysis (Table 2).

According to the literature, most of films produced from fruit
puree employed high quantities of puree, pure or plasticized, and
the reported mechanical properties were quite similar as those
reported here for banana puree (Sothornvit and R odsamran 2008).

By comparing all parameters, a reasonable assumption was made
to select an intermediary formulation (4.5% puree, 5% Gly, and
0.5% Pec), to receive the ChNp and its mechanical and perme-
ability properties tested.

Effect of ChNp addition on mechanical properties

Table 3 shows the effect of 0.2% ChNp addition (w/w) on me-
chanical properties of films. The presence of nanoparticles reduced
elongation at break in approximately 20% either for films added
Pec. For films without PEC, the difference was not significant.
Such a decrease is expected and may be understood as a conse-
quence of the interfacial affinity between ChNp and the puree
matrix. Additionally ChNp can diffuse and become entangled
with the polymer matrix, filling voids spaces and consequently
reducing plasticity. In banana-based puree films, the addition of
0.2% (w/w) ChNp increases 0 . in around 40% for film with
0.5% Pec (4.5 & 0.7 MPa), but remains almost unchanged for

formulations without Pec.

The influence of nanoparticles on polymer composites has been
studied and modeled for different systems and the influence on
mechanical behavior currently discussed in terms of their dif-
ferent chemical or physical characteristics (Odegard and others
2005; Chang and others 2010). Particle-matrix with chemical
similarities perform strong interaction, and when dispersed, the
particles act as pinning centers, reducing chain mobility and pro-
moting an improvement on the tensile strength (Chang and others

2010).

Effect of the addition of Pec and ChNp on thermal
and barrier properties

The DSC thermograms obtained from the analysis of films
(4.5% puree, 5% Gly) containing Pec and/or ChNp are presented
in Figure 2. A visible glass transition (T) followed by endother-
mic peak could be observed in the traces of the first scan for all
samples. The endothermic peak varied from 138 to 148 °C, sub-
ject to the film formulation. A reduction in endothermic values
was observed when Pec and/or ChNp were added. The main
contribution for this shift can be attributed to the nanoparticles,
since the endothermic peak for chitosan is reported as being be-
tween 80 and 100 °C (Moura and others 2008) and for pure
Pec 154 °C (Ijima and others 2000). This is also an indication
that nanoparticles are well mixed into the matrix. Physically the
presence of a non-intense endothermic peak is attributed to the
evaporation of water associated with the hydrophilic groups and
reflects the strength of water-polymer interaction (El-Hefian and
others 2010).

Concerning the T', values (Figure 2B), there is a slight decrease
in this temperature (about 4 °C) observed for the films with ChNp
(T, =—44.3 £ 0.7 °C), regardless of Pec addition.

It is worth stressing that the main component of the films pre-
pared in this study is banana puree, which may mask any Pec and
ChNp effects. Furthermore food glass transitions are strongly de-
pendent on water activity (ay,) what could be influenced by the
drying process used (Rahman 2009).

According to Hofsetz and others 2007, the T, of ripe bananas
can range from —15 °C (for a, = 0.11) to —115 °C (for a,, = 0.90),
and for dried banana puree the T\, measured was =34 °C, inferior
to our results. The importance of T\, lies in the stability of the
food under different conditions. Despite T’y can be affected by fac-
tors such as sugar and other puree components, a lower transition
temperature may suggests more water inside the matrix and con-
sequently a weakening in the main film constituents interaction.
The addition of ChNp does not appear to affect the film’s T,.

Figure 3 shows the results of TG scans of pure banana puree
and puree films (4.5%, d.b.) containing Gly, Pec, and/or ChNp.
From these observations it is possible that the thermal degradation
of films based on banana puree occurs in 3 stages. The 1st stage
(<100 °C) corresponds to the mass loss due to water evaporation
that is naturally retained in the matrix. The mass then remains con-
stant until approximately 130 °C. Above this temperature, that is,
after complete dehydration, sugar (fructose, glucose, and sucrose),
starch and proteins begin to degrade irreversibly. The 3rd stage be-
tween 230 and 400 °C may be attributed to thermal deterioration
of organic compounds (lignin, hemicellulose, and cellulose).

The results also indicate that the Gly addition as plasticizer (in
the fractions used in this study) did not appear to influence the
thermal degradation profile of the films. Conversely the presence
of ChNp introduces positive effects on the thermal characteristics
by increasing film stability. From the 2nd stage onwards, it was
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observed that for films with nanoparticles, thermal decomposition
is reduced in comparison to films without ChNp. It is evident that
film-processing temperatures should not exceed 130 °C to avoid
structural degradation.

The evaluation of WVP provides additional information that
is valuable when identifying potential applications for these films.
As displayed in Figure 4, the water barrier measured for banana
puree films (WVP = 3.03 & 0.15 g mm/m’h kPa) appears to
be lower than the permeabilities reported by McHugh and others
1996, measured in similar plasticized films processed from others
fruit purees, that is, WVP = 4.2 for peach; 4.3 for apricot; 5.8 for
apple; and 7.8 ¢ mm/m>h kPa for pear films.

The films reported in this study present higher rates of water
transference than those of other macromolecular films, such as
hydroxyl-propyl-methyl cellulose with WVP = 0.8 (Moura and
others 2009) and most protein-based films, normally hydropho-
bic materials with WVP varying from 1 to 0.7 g mm/m?h kPa
(Hettiarachchy and Eswaranandam 2005).

When ChNp is added, the barrier effect increases and the per-
meability drops by 21% and 38% in films with and without Pec re-
spectively. Proportional reduction in WVP was also observed when

ChNp was added as a reinforcement material in methylcellulose
based films (Moura and others 2009) and in poly(caprolactone)
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Figure 3-TG scans of banana base films with and without chitosan nanopar-
ticles (heating rate: 10 °C/min).

Ao Figure 2-DSC scans of banana puree films (4.5%
(d.b.) plus 5% Gly and 0.5% Pec) with addition
;\_,_ 4.5% BP + 5% Gly 0f 0.2% (ChNp): (A) from —70 to 210 °C and (B)

T enlarged region from =70 to 0 °C.

4 T =teaee.____|4.5% BP + 5% Gly + ChNp ”
% e it a"
£ h"x‘_‘ P
E o=~ o _ |asnBPesnGly+0.5%Pec™ 1
= TTmeeee — TN y
2 i 145211 -
£ _|a5%BP+5%Gly + N U
E % 5 -u_ — .,/‘
k) 0.5%Pec+ChNp ... 144t 8

20 S s . 134
-701 20 30 80 T TT--_130 180 230
Temperature (°C) e

—_—

Exothermal heat flow (mW)

=70 -60 -50 -40 -30 =20
Temperature (*C)

-10 0

N102 Journal of Food Science « Vol. 78, Nr. 1,2013



Edible films based on banana puree...

composites films (Sharmin and others 2012). This can be ex-
plained by the diffusion of ChINp during solvent evaporation and
filling empty spaces in the film matrix.

Film morphology and antimicrobial activity

SEM images of film fractured surfaces are shown in Figure 5.
The control sample (4.5% d.b. banana puree and 5% of Gly) re-
sulted in a rough surface evidencing a plastic behavior. It is possible
to observe internal pores, with variable dimensions randomly dis-
tributed inside the matrix. The ragged edge in the fracture region
also evidenced plastic deformation in the direction to the applied
force.

On the other hand, film with ChNp addition exhibited a
smooth fracture surface revealing a dense internal structure and
straight edge, characterizing a more brittle rupture in agreement
with its mechanical parameters. By SEM observation, no agglom-
erates of nanoparticles were possible to be identified suggesting a
good dispersion into the puree matrix. Both films have similar and
smooth external surface.

The preliminary essays did not show any detectable antimicro-
bial activity, neither on S. aureus or E. coli, as evaluated by disk-
diffusion method. Despite reports of good activity of ChNp (ei-
ther as isolated particles [Qi and others 2004] or dispersed in a gel
medium [Leonida and others 2011]), against both gram-positive
and gram-negative bacteria, in our evaluation the incorporation
of ChNp at 0.2% (w/w) in films did not cause any perceptible
inhibition on the bacterial growth when compared to the control
sample (film without ChNp).

One possible explanation is that physical contact between bac-
terial cells and chitosan polymer chains should be effective to

351 3.03°
285

0t [

25 2'3[3"
< 1.008
4£ =
" 20t
E
E1S
3
§ 1.0

0s

0.0

4.5% B8P 4 5% BP 4.5% BP 4.5% BP + 0.5% Pac
+0.2% Chip +0.5% Pac +0.2% ChiNp

Figure 4-Water vapor permeability (WVP) of tested films with and without
ChNp addition. All formulations have 5% Gly added. Different superscript
letters (a and b) are statistically different at P < 0.05.

A control

B chupo.22% !

|
L 100 pm

Figure 5-Scanning electron micrographs of film fractured surfaces. (A)
Control sample (4.5% of banana puree and 5% Gly). (B) Same formulation
with addition of 0.2 wt.% of CHNp.

establish an ionic interaction between species thus effecting the
antimicrobial activity (Goy and others 2009). The small amount
of nanoparticles used in this study (0.2%), along with the spatial
dispersion inside the film matrix in where its main groups are
bound to cellulose structure may reduce the probability of having
a reasonable number of particles allocated on film surface with free
active groups available for bacteria interaction.

Another reason is that banana puree, the major film constituent,
contains natural compounds that could serve as nutrients for mi-
croorganisms, thus promoting bacterial growth. In short, the use
of ChNp, as antimicrobial agents, in puree-based films should be
better investigated with different nanoparticles concentrations.

Conclusion

Opver-ripe bananas purees can be satisfactory employed as raw
material for edible film processing. Additions of Pec (0.5%) and Gly
(5%) as plasticizer (both in grams per 100 g of film solution) can
promote a significant improvement in elongation, implying bet-
ter plasticity and handablility. Small amounts of ChNp (0.2 wt.%)
were found to be sufficient as a reinforcement material, enhanc-
ing the overall mechanical properties. Additionally the presence
of nanoparticles in the film matrix reduces significantly the wa-
ter vapor permeation. The combined use of plasticizer, Pec and
nanoparticles can adjusted for broadening potential film applica-
tions. It is also noted that for the amount of ChNp used (0.2%
w/w), no antibacterial activity due to chitosan was observed in
the banana puree processed films.
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