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Development and characterization of orally-disintegrating films for propolis delivery

Desenvolvimento e caracterizagdo de filmes de desintegragdo para liberagdo oral de prépolis

Josiane Gongalves BORGES!, Marina TAGLIAMENTOQ, Aline Guerra SILVA',
Paulo José do Amaral SOBRAL', Rosemary Aparecida de CARVALHO™

Abstract

This study aimed at evaluating the effect of different concentrations of hydrolyzed collagen (HC) on the properties of an orally disintegrating
film containing propolis ethanol extract (PEE) as an active component. The films were evaluated in terms of total phenols, mechanical
properties, solubility, contact angle, disintegration time, and microstructure. The films were prepared by casting with 2 g of protein mass
(gelatin and HC), 30 g of sorbitol/100 g of protein mass, and 100 g of PEE/100 g of protein mass. HC was incorporated at concentrations of
0, 10, 20, and 30 g/100 g of protein mass. It was found that increased concentrations of HC reduced tensile strength and increased elongation;
however, all films showed plastic behavior. An increase in solubility at 25 °C, a reduction in the contact angle, and disintegration time were
also observed. Thus, higher concentrations of collagen led to more hydrophilic and more soluble polymeric matrices that showed shorter
dissolution time, favoring the use of these materials as carriers for active compounds to be delivered in the oral cavity.

Keywords: protein; natural bioactive compounds; disintegration time.

Resumo

Este trabalho teve como objetivo avaliar o efeito de diferentes concentragdes de coldgeno hidrolisado nas propriedades de filmes de
desintegragao oral contendo extrato etanélico de propolis como componente ativo. Os filmes foram avaliados em relagdo aos fendis totais,
propriedade mecanica, solubilidade, 4ngulo de contato, tempo de desintegra¢ao e microestrutura. Os filmes foram produzidos por “casting”
com concentragdes de 2 g de massa proteica (gelatina e colageno hidrolisado), 30 g de sorbitol/100 g de massa proteica e 100 g de extrato
fendlico de propolis/100 g de massa proteica. Coldgeno hidrolisado foi incorporado nas concentragdes de 0, 10, 20 e 30 g/100 g de massa
proteica. Verificou-se que o aumento da concentragao de colageno hidrolisado provocou redugdo na tensao de ruptura e aumento da elongagao,
entretanto todos os filmes apresentaram comportamento plastico. Observou-se também aumento da solubilidade a 25 °C e redugdo do
angulo de contato, bem como do tempo de desintegragao. Observou-se ainda, que os todos filmes apresentaram concentragao consideravel
de fenois e estrutura interna porosa. Desta forma, maiores concentragdes de coldgeno apresentaram matrizes poliméricas mais hidrofilicas,
mais soluveis e com menor tempo de dissolugao o que favorece a utilizagao destes materiais como carreadores de componentes ativos para

liberagdo na cavidade oral.

Palavras-chave: proteina; compostos bioativos naturais; tempo de desintegragdo.

1 Introduction

Due to increased concern about health, nowadays there
has been growing interest in products enriched or fortified
with natural components that have functional properties.
Orally disintegrating films may be options for incorporation
of these components since they are convenient to use, and
there is a large variety of substances that can be used to
form the polymer matrix depending on the physicochemical
properties of the active component (DIXIT; PUTHLI, 2009;
NISHIGAKI et al,, 2012). These films are mainly produced
using natural macromolecules, such as starch (SHIMODA et al.,
2009), proteins (CHEN et al., 2008), blends of chitosan and
gelatin (ABRUZZO et al,, 2012), microcrystalline cellulose and
polyethylene glycol (NISHIGAKI et al., 2012).

Gelatin could be used for the development of orally
disintegrating films because of its ability to form a polymer
matrix (MANDAL; MANN; KUNDU, 2009; ABRUZZO et al,,
2012). Although the capacity of hydrolyzed collagen to form

a polymeric matrix has not been proven, it presents other
properties, such as assisting bone maintenance because it
increases osteoblast activity (GUILLERMINET et al., 2010).
Furthermore, hydrolyzed collagen, which is derived from the
enzymatic hydrolysis of collagen and not only from acid or
alkaline hydrolysis such as gelatin (HOQUE; BENJAKUL;
PRODPRAN, 2011), has smaller peptides (OESSER; ADAM,;
BABEL, 1999), and thus it has higher solubility and possibly
affects the characteristics of the film, as well as the process of
delivering the active component.

Propolis is mainly composed of organic acids, flavonoids,
phenolic compounds, and some enzymes, vitamins, and minerals
(BENKOVIC et al., 2007). Among propolis characteristics,
antimicrobial, antifungal, antioxidant, anti-inflammatory
properties may be emphasized (KOC et al., 2011; SILVA et al,,
2012) making it a potential source of active components.
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Generally, when in solution, active compounds have the
disadvantage of rapidly reducing the concentration in the oral
mucosa due to salivation (McNALLY; PARK, 2007). Propolis is
widely used as propolis ethanol extract solution. Therefore, the
incorporation of PEE in orally disintegrating films may extend
the action of the active compounds in the oral cavity.

This study aimed at developing an orally disintegrating film
containing propolis ethanol extract as an active component
and at evaluating the effect of the incorporation of hydrolyzed
collagen into the properties of these films. Films were evaluated
in terms of total phenol content, mechanical properties, soluble
matter, contact angle, disintegration time, and microstructure.

2 Materials and methods

2.1 Materials

For the production of orally disintegrating films (ODEF),
pig skin gelatin (G, 260 Bloom, 40 mesh) and hydrolyzed
collagen (HC, B50) were purchased from Gelita Ltda of Brazil
(Sao Paulo, Brazil). Sorbitol (Nuclear) was used as plasticizing
agent. The preparation of propolis ethanol extract (PEE) was
based on type 12 resin (Star Rigel, Raffard - SP) and absolute
ethyl alcohol (Labsynth).

2.2 Preparation of propolis ethanol extract (PEE)

Propolis resin was ground using a kitchen blender. Propolis
ethanol extract (PEE) was produced using 30 g of resin powder
per 100 mL of alcohol (98%) (BODINI, 2011). Extraction was
carried out under mechanical stirring (500 rpm) at 50 °C for
30 minutes. Subsequently, the solution was cooled and kept cool
for 24 hours and filtered.

2.3 Production of orally disintegrating films (ODF)

ODFs were produced by casting, with 2 g of protein
mass (gelatin + HC)/100 g of filmogenic solution; 30 g of
sorbitol/100 g protein mass; and 100 g of PEE/100 g of protein
mass. Gelatin and hydrolyzed collagen were hydrated at room
temperature for 30 minutes, and then solubilized at 50 °C for 10
minutes. Next, solubilized sorbitol was added to the filmogenic
solution, which was maintained at 50 °C for 10 minutes. PEE
was added to the solution and homogenized in an ultra-turrax
(IKA, T25-digital Ultra-Turrax, Staufen, German) for 1 minute
at 6,000 rpm. The film solution was placed in an ultrasound
bath (Unique, 1400A, Indaiatuba, Brazil) for 2 minutes and
dispersed on the surface of acrylic plates (12 x 12 cm). Drying
was carried out in a forced circulation oven at 30 °C for 24 hours.
Film thickness was kept constant by controlling the mass/area
ratio. Prior to the analyses, the films were placed into desiccators
containing saturated solution of NaBr (58% relative humidity) at
room temperature for 5 days. Then, the moisture content of the
films was determined gravimetrically. The previously weighed
samples were dried in an oven at 105 °C for 24 hours. Next, they
were weighed again and the moisture content was calculated.

2.4 Determination of total phenol content.

Total phenol content of the propolis ethanol extract and
the orally disintegrating films were determined using the
Folin-Ciocateu assay, according to Singleton, Orthofer and
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Lamuela-Raventds (1999) with modifications, as follows. PEE
was diluted (1:1000) and 0.5 mL of this solution were added to a
tube containing 2.5 mL of Folin-Ciacauteu reagent (1:10). After
5 minutes, 2.0 mL of 4% sodium carbonate were added, and the
solution was homogenized. This solution was maintained at rest
for 2 hours. Absorbance was measured at 740 nm. For the ODF
analysis, the samples (10 to 12 mg of film) were solubilized in
6 mL of water at 50 °C (for 50 minutes), subsequently diluted
in 4 mL of ethanol (80%), and kept at 50 °C for 10 minutes,
which was the solution used to determine total phenol content.

2.5 Mechanical properties

The mechanical properties of the films were evaluated
by the tensile test using a texturometer TA.XT (Stable Micro
Systems, TA.XT.plus, Godalming, England) (THOMAZINE;
CARVALHO; SOBRAL, 2005). The samples were cut into strips
(15 x 100 mm), the grid separation was maintained at 80 mm,
and the speed of testing was fixed at 0.9 mm.s™". Tensile strength
(TS, MPa) and elongation (E, %) at break are obtained directly
from the stress versus elongation curve.

2.6 Soluble matter (SM)

The water-soluble matter (SM, %) was determined
according to Gontard et al. (1994). Previously weighed samples
of 2.0 cm in diameter were immersed in 50 mL of distilled
water and kept under mechanical stirring (63 rpm) at 25 °C for
24 hours. Next, the samples were removed from the solution
and dried in an oven (Fanem, oven 515, Sao Paulo, Brazil) at
105 °C for 24 hours to determine the final mass. The analyses
were carried out in triplicate, and the total soluble matter was
determined according to Equation 1.

s =" 100 )

mi

where: SM = percentage of total soluble matter; mi = initial
mass of the sample (g), and mf = final mass of the sample (g).

2.7 Contact angle

Determination of the contact angle was carried out
according to Silva et al. (2007) using the optical method in an
optical tensiometer (Attension, Theta Lite, Espoo, Finland).
The films were cut into rectangles of 20 x 40 mm. The samples
were attached to the base of the equipment, and a drop of
deionized water was carefully deposited on the surface of the
film using a graduated syringe. The contact angle was obtained
by photographs submitted to software analysis after 30 seconds.
At least 10 repetitions of the analysis were performed.

2.8 Disintegration time

Disintegration time was determined according to
Perumal et al. (2008) using film samples of rectangular shape
(2.2 x 3.5 cm). The samples were immersed in 50 mL distilled
water at 37 °C under constant stirring at 100 rpm. The time for
total disintegration (minutes) of the film was determined using
a chronometer (Technos, YP2151, Manaus, Brazil). At least 10
repetitions of the analysis were performed.
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2.9 Scanning electron microscopy

The film samples were previously placed into desiccators
containing silica gel (25 °C) for ten days. For the surface analysis,
the sample was attached to the conductive copper tape, and for
the internal structure analysis, the cryofracture technique was
used. Next, the samples were analyzed by scanning electron
microscopy (Hitachi Ltd, TM-3000, Tokyo, Japan) of images
of the surface and internal structure (fracture). The samples
were evaluated at 1,000x magnification for the surface images
and at 3,000x magnification for fractures with an acceleration
voltage of 15 kV.

2.10 Statistical analysis

Statistical analyses were carried out using SAS software
(Version 9.2, SAS, Inc.). The difference between means was
determined by Duncan’s test (95% confidence interval).

3 Results and discussion

3.1 Total phenol content

PEE showed a concentration of 35.18 mg of gallic
acid/g of PEE. This result is similar to that reported by
Mohammadzadeh et al. (2007). For all films analyzed, no
significant differences were observed in total phenol content,
and means of 27.6 mg of gallic acid/g of film were observed.
Therefore, it could be noted that, after the processing and drying
of the films, regardless of the formulation, phenolic compounds
were not degraded.

Similar results were observed by Bodini (2011), who
evaluated gelatin films with twice the PEE concentration used
in the present study and observed concentrations of 51.5 mg of
gallic acid/g of film.

3.2 Mechanical properties

The stress versus strain curves of the films shown in Figure 1
represent the mechanical behavior of films with different
concentration of hydrolyzed collagen, and all films showed
a behavior similar to plastic material (CALISTER JUNIOR,
2008). In the samples studied, it was found (Table 1) that the
increase in the concentration of hydrolyzed collagen did not
affect the moisture content of the films after conditioning even
though collagen is more hydrophilic than gelatin. On the other
hand, the increase in the concentration of hydrolyzed collagen
caused a reduction in the tensile strength and an increase in
elongation (Figure 1 and Table 1). It is possible that due to the
low molecular weight of hydrolyzed collagen, its incorporation
decreased the cohesiveness of the polymer matrix, resulting in
reduced resistance and increased flexibility.

The mechanical properties strongly depend on the
formulation used, and in the case of orally disintegrating films,
this formulation should ensure the integrity of the matrix to
protect the active compounds and that the material is easy to
handle. Different values for the mechanical properties of orally
disintegrating films were found in the literature. Dong, Wang
and Du (2006) studied alginate/gelatin film cross-linked with
Ca’* and verified that films with 100% of gelatin and plasticized

30

40

——C,, = 0g/100g of protein mass

— =C,,. = 10g/100g of protein mass
= = = C,. = 20g/100g of protein mass
— = =C,,. = 30g/100g of protein mass

Stress (MPa)

—_——————— )

80
Elongation (%)
Figure 1. Effect of the hydrolyzed collagen concentration (C,.) on

the mechanical properties of orally disintegrating films with propolis
ethanol extract.

Table 1. Effect of hydrolyzed collagen concentration (C,,.) on moisture
content (MC), tensile strength (TS), and elongation (E).

C,.(g/100gde MP)  MC (%) TS (MPa) E (%)
0 121£07° 31329  482%43
10 11.9+0.7*  272+26"  526+3.9%
20 125+0.7°  238+22°  565%52"
30 131+0.8  180+17¢ 65262

sbedDifferent letters in the same column indicate significant differences between the
means obtained according to the Duncan’s test (p < 0.05).

with glycerol showed similar tensile strength (about 40 MPa),
but they had smaller breaking elongation (about 4.5%), than
that of the films of the present study. Chen et al. (2008) found
values between 0.7 to 1.7 MPa for tensile strength and 52.0 to
173.1% for breaking elongation of soy protein film. Mandal,
Mann and Kundu (2009) studied silk fibroin/gelatin film and
found greater values of tensile strength (about 110 MPa) and
shorter elongation (about 9.5%).

3.3 Soluble matter

Figure 2 shows that the increase in the concentration of
hydrolyzed collagen significantly increased the percentage of
total soluble matter of the orally disintegrating film in water
at 25 °C, as a function of the low molecular weight of the
hydrolyzed collagen and its higher hydrophilicity in relation
to gelatin.

Considering the components delivery, higher solubility is
a desirable feature. Thus, the addition of collagen increases the
solubility of the matrix enabling faster delivery of the active
component in the site of interest. Water solubility observed in
this study was similar to that reported in the literature for gelatin
films. Alves et al. (2011) evaluated the solubility of gelatin films
and polyvinyl alcohol and found values between 46.2 and 47.7%,
and Bodini (2011) studied the use of gelatin films with PEE and
found values of about 31.1%.
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Figure 2. Effect of the concentration of hydrolyzed collagen (C )
on the total soluble matter (SM) of orally disintegrating films with
propolis ethanol extract.

3.4 Contact angle

The results of the contact angles of the films are shown in
Table 2. A significant decrease in the contact angle was observed
only for the film with higher concentration of hydrolyzed collagen
(30 g/100 g of protein mass) indicating greater wettability in
relation to the other films (FLORENCE; ATTWOOD, 2003).
This decrease may be related to the increased hydrophilicity of
the films due to the high concentration of hydrolyzed collagen.
An increase in wettability is interesting because when placed
in the oral cavity, the orally disintegrating films should exhibit
instant wettability for delivery of the active components.

The values found in this study were higher than those
of other films reported in the literature. Otto et al. (2008)
found values of contact angle of about 80° for films based on
poly(styrene-co-methyl methacrylate) and poly(syrene-co-ethyl
methacrylate). Lue et al. (2011) studied N-isopropylacrylamide
films and evaluated the effect of incorporation of particles
of acrylic acid (which is more hydrophilic than the matrix
macromolecules) into the contact angle, and they observed that
it was reduced (71.3 to 63.7°) when the concentration of these
particles increased. There were no studies on the contact angle
for protein-based orally disintegrating films.

3.5 Disintegration time

Asshown in Figure 3, the increase in the hydrolyzed collagen
reduced the disintegration time. This result corroborates the
values found for total soluble matter, which showed that the
concentration of hydrolyzed collagen increased as well. The
results were related to the higher hydrophilicity and the reduced
molecular weight of hydrolyzed collagen.

Films based on polysaccharides, for example, show much
shorter disintegration times than those of protein-based films.
Shimoda et al. (2009) studied films based on microcrystalline
cellulose, polyethylene glycol, hydroxypropylmethyl cellulose,
and hydroxypropyl cellulose containing dexamethasone and

Ciénc. Tecnol. Aliment., Campinas, 33(Supl. 1): 28-33, fev. 2013

Table 2. Effect of hydrolyzed collagen concentration (C,,.) on contact
angle (CA).

C,. (/100 g de MP) CA (°)
0 88.3 +2.0°
10 87.5+4.7°
20 86.1 + 3.4
30 84.0 +£5.4°

**Different letters in the same column indicate significant differences between the means
according to the Duncan’s test (p < 0.05).
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Figure 3. Effect of the concentration of hydrolyzed collagen (C,,.) on
the disintegration time (DT) of orally disintegrating film with propolis
ethanolic extract.

found a disintegration time of 12.5 seconds in water. Liew,
Tan and Peh (2012) reported a time of 43 seconds for orally
disintegrating films based on hydroxypropyl methylcellulose,
corn starch, polyethylene glycol, and films with lactose
monohydrate with donepezil. Moreover, Abruzzo et al. (2012)
studied chitosan/gelatin films and, for the films that were made
only with gelatin, they observed complete disintegration in an
average of 10 minutes at pH 6.8.

3.6 Scanning electron microscopy

In the surface analysis, all films showed cohesive and
homogeneous matrix. The internal structure (Figure 4) of
the films incorporated with propolis ethanol extract showed
the presence of pores in the polymer matrix, regardless of the
concentration of hydrolyzed collagen added, possibly due to
the process used for propolis ethanol extract incorporation.

Similar results were reported by Bodini (2011), who
evaluated gelatin films incorporated with PEE and found the
formation of cohesive and homogeneous matrix in the analysis
of film surface. The analysis of the internal structure also showed
that increasing the concentration of propolis increased the
porosity of the polymer matrix, and it indicated good dispersion
of the components in the matrix.
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D4.5 x3.0k 30 um

D4.5 x3.0k 30 um

D45 x3.0k 30 um

10:44N D49 x3.0k 30 um

Figure 4. Micrographs of the internal structure after cryofracture of the films: a) C, . = 0 g/100 g of protein mass; b) C,,. = 10 g/100 g of protein
mass; ¢) C,,. = 20 g/100 g of protein mass, and d) C,. = 30 g/100 g of protein mass (magnification of 3,000x).

4 Conclusions

Orally disintegrating films based on gelatin and hydrolyzed
collagen may be good alternatives to be used as vehicles for
active components from propolis ethanol extract. As shown in
the mechanical property analysis, these films were not brittle
and proved to be easy to handle. Hydrolyzed collagen has low
molecular weight, which makes it more soluble than gelatin.
Therefore, an increase in its concentration increased solubility
and reduced disintegration times and contact angles, with
consequent increased film wettability. Moreover, the films
analyzed exhibited high total phenol content, which indicates
that the processing did not degrade the active compounds
of interest. Thus, hydrolyzed collagen can be used as an
alternative to control the delivery of the active components, and
consequently, the time of action of these components.
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