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Abstract  

Periodontal disease results in damage to dental insertion apparatus. Regenerative procedures are proposed to replace 

lost structures in the context of guided tissue regeneration (GTR), guided bone regeneration (GBR) techniques and 

frequently associate bone substitutes with physical barriers aiming at greater longevity and improvement of aesthetic 

pattern. This study evaluates the possibility of using glycerol as a starch films modifying agent, acting as a cross-linking 

agent, without compromising its plasticizing effect. Biodegradable cassava starch films were prepared incorporating 

glycerol at concentrations of 0, 15, 20, 30 and 40% aiming application at dental regenerative procedures. The 

characterization of films by microscopy (SEM), thermal analysis (DSC), spectroscopic (UV / Vis., FTIR, XRD), 

mechanical (Traction), and analysis of protein swelling, degradation and diffusion and physiological temperature) 

showed that the incorporation of glycerol in up to 20% attributed to the films a plasticizer character and in higher 

concentrations, conferred a greater interaction of glycerol (crosslinking) with the starch chains and a degradation time 

that allows the physical barrier in RTG and ROG. The films presented mechanical resistance, malleability and 

permissiveness to protein diffusion in the in vitro assays, which meet the current attributes that guide the use of these 

resources in biomaterials. 

Keywords: Crosslinking; Glycerol; Guided tissue regeneration; Starch. 
 

Resumo  

A doença periodontal resulta em danos ao aparelho de inserção dentária. Procedimentos regenerativos são propostos 

para substituir estruturas perdidas no contexto de técnicas de regeneração tecidual guiada (GTR), regeneração óssea 

guiada (GBR) e frequentemente associam substitutos ósseos a barreiras físicas visando maior longevidade e melhoria 

do padrão estético. Este estudo avalia a possibilidade da utilização do glicerol como agente modificador de filmes de 

amido, atuando como agente reticulante, sem comprometer seu efeito plastificante. Filmes biodegradáveis de amido de 

mandioca foram preparados incorporando glicerol nas concentrações de 0, 15, 20, 30 e 40% visando aplicação em 

procedimentos regenerativos odontológicos. A caracterização dos filmes por microscopia (SEM), análise térmica 

(DSC), espectroscópica (UV / Vis., FTIR, XRD), mecânica (Tração), e análise de intumescimento, degradação e difusão 

e temperatura fisiológica de proteínas mostraram que a incorporação de glicerol em até 20% atribuiu aos filmes um 

caráter plastificante e em maiores concentrações, conferiu uma maior interação do glicerol (reticulação) com as cadeias 

de amido e um tempo de degradação que permite a barreira física em RTG e ROG. Os filmes apresentaram resistência 

mecânica, maleabilidade e permissividade à difusão de proteínas nos ensaios in vitro, que atendem aos atuais atributos 

que norteiam a utilização desses recursos em biomateriais. 

Palavras-chave: Reticulação; Glicerol; Regeneração tecidual guiada; Amido. 
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Resumen  

Periodontal disease results in damage to dental insertion apparatus. Regenerative procedures are proposed to replace 

lost structures in the context of guided tissue regeneration (GTR), guided bone regeneration (GBR) techniques and 

frequently associate bone substitutes with physical barriers aiming at greater longevity and improvement of aesthetic 

pattern. This study evaluates the possibility of using glycerol as a starch films modifying agent, acting as a cross-linking 

agent, without compromising its plasticizing effect. Biodegradable cassava starch films were prepared incorporating 

glycerol at concentrations of 0, 15, 20, 30 and 40% aiming application at dental regenerative procedures. The 

characterization of films by microscopy (SEM), thermal analysis (DSC), spectroscopic (UV / Vis., FTIR, XRD), 

mechanical (Traction), and analysis of protein swelling, degradation and diffusion and physiological temperature) 

showed that the incorporation of glycerol in up to 20% attributed to the films a plasticizer character and in higher 

concentrations, conferred a greater interaction of glycerol (crosslinking) with the starch chains and a degradation time 

that allows the physical barrier in RTG and ROG. The films presented mechanical resistance, malleability and 

permissiveness to protein diffusion in the in vitro assays, which meet the current attributes that guide the use of these 

resources in biomaterials. 

Palabras clave: Reticulación; Glicerol; Regeneración tisular guiada; Almidón. 

 

1. Introduction  

Periodontal disease is characterized as a multifactorial chronic inflammatory disease associated with biofilm presenting 

clinically with loss of dental insertion apparatus (Pinheiro et al., 2021). The treatment aims at interrupting the tissue destruction 

in which surgical interventions are presented with the purpose to promote root decontamination and adjust the periodontal 

structures through the resective and regenerative procedures. Considering the limitations of resective surgeries when using bone 

reconstructions to eradicate defects (Becker et al. 2001), regenerative techniques are recommended based on improved function 

and prognosis in the long term, as well as improvement in the esthetic pattern (Boyne 1964). 

Gottlow et al., (1986), evaluated the stability of new periodontal insertion achieved through guided tissue regeneration 

(GTR). This principle, initially called Guided Bone Regeneration (GBR), was described by Hurley et al., in 1959. It is possible 

to point out the use of tissue barriers in order to inhibit the interference of unwanted cells from adjacent soft tissues during the 

cicatricial process (Nyman et al.,1989). It is known that fibroblasts activity is much faster than the activity of osteoblasts and 

with collagen fiber deposition the bone neoformation is not effective, since the space was not physically preserved (Pecora et 

al., 1997). Studies describe the efficacy of the membranes together with the reconstructive treatment as the result of contact 

inhibition by the interaction of heterotopic cells in addition to the exclusion of soluble inhibitory factors derived from cells, 

favoring the local concentration of growth stimulating factors, even combined with properties stimulating the membrane itself 

(Linde et al., 1993; Andrade Silva et al., 2021). 

Scientific investigations report absorbable membranes with certain advantages over the first generation membranes such 

as better biocompatibility (Williams 1981), precise cell occlusion (Karring et al., 1985), tissue integration (Rothamel et al., 2005) 

and semi-rigidity when positioned at the interface of the defect and the epithelium (Chen et al. 1997), which collaborate with 

wound stabilization (Schwarz et al., 2008), transfer of oxygen and nutrients (Schwarz et al., 2006). However, anatomical and 

technical realities of clinical treatment may result in early exposure of the membrane to the oral medium and consequent bacterial 

invasion resulting in acute inflammation that is detrimental to osteogenesis (Warrer et al., 1991; Andrade Silva et al., 2021). 

Among the materials used for the production of films, starch presents itself as a natural polymer, abundant in nature and 

biocompatible (Aggarwall & Dollimore 1998; Silva et al., 2021), having its structure in the form of intracellular spherical 

granules of 2-100 μm in diameter and having in its composition amylose consisting of a linear chain polysaccharide and 

amylopectin, with a branched chain ratio of 30 and 70% respectively (Sing et al., 2007). However, starch films in their native 

form are brittle and have low moisture barrier properties and high water sensitivity due to their hydrophilic character.  

As a consequence of the limitations of native starches, plasticization and modification of the starch is required order to 

improve their properties and broaden the application possibilities (Srinivasa et al. 2007; Moad 2011; Menzel et al. 2013).  One 

approach taken to modify starch films, for better control of dissolution and degradation of the material, is chemical cross-linking 

http://dx.doi.org/10.33448/rsd-v10i16.23640
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(Kim & Lee 2002; Kou & Gao 2018; Wu et al., 2019). This process occurs by the addition of cross-linking agents, such as 

gluteraldehyde, which normally exhibit toxicity (Shi et al., 2008). Thus, for the application of films as biomaterials, the use of 

non-toxic cross-linking reagents is required. 

In this work glycerol was chosen as a modifying agent in starch films, considering that it promotes plasticization, 

overcoming film fragility and improving flexibility and extensibility (Cruz et al., 2020). In addition, because of its bifunctional 

structure it can serve as a non-toxic cross-linking agent, through the interaction between glycerol hydroxyl groups and starch 

hydroxyl groups, improving the water resistibility due to reducing available OH groups of starch (Thiebaud et al., 1997). The 

purpose of this work was to evaluate the influence of different glycerol concentrations on the properties of starch films aiming 

their application in dental regenerative procedures. 

 

2. Methodology 

2.1 Materials 

Cassava starch (Manihotutilissima) refer to the starch product extracted from the ground and edible parts of the plant, 

containing approximately 25% amylose and 75% amylopectin, was commercially acquired locally, and glycerol from Neon. 

Phosphate buffered saline (PBS) was prepared by mixing sodium hydroxide (Vetec), sodium dihydrogen phosphate (Carlo 

ErbaReagents) and deionized water. Bovine serum albumin (BSA) protein was purchased from Sigma Aldrich. 

 

2.2 Production of films 

The different starch films were developed by the casting method (Gontijo de Melo et al., 2018). From the same 

concentration of cassava starch (6% m/v) the glycerol was incorporated in the concentrations 0%, 15%, 20%, 30% and 40% 

(m/v) relative to the starch mass. For each formulation the starch and the glycerol in the different concentrations were diluted in 

100.00 mL of deionized water and taken to the heating by means of a microwave oven with a power of 30 W until gelatinization 

occurred. The remaining solvent (100.00 mL) was then added and the systems were magnetic stirred for 10 minutes and then 

they were kept at a rest at room temperature for 24 hours. Finally, the filmogenic solutions were poured into silicone molds and 

allowed to dry in a hood for a period of 30 hours. At the end of the drying time, the resulting films were removed and stored. 

 

2.3 Determination of thickness and density 

The films were cut into 1.5 cm2 squares and weighed on analytical balance. Subsequently, the thickness (e) was 

determined at 3 different points using a ZAAS digital micrometer. 

The density (d) was calculated from Equation 1, where "m" is the mass of the film, "t" the thickness (cm) of the sample 

and "A" the area of the sample (Müller et al. 2008). 

𝑑 =   
𝑚

𝑉
=  

𝑚

𝑡𝐴
                       (1) 

 

2.4 Analysis of humidity absorption 

The films were dried in an oven at 60 ° C for 2 hours, weighed on analytical balance for initial mass determination (mi) 

and stored in “zip lock” plastics. At different time periods films were removed from the plastics, weighed again to obtain mass 

gain due to humidity absorption (mh) and stored again until the next weighing period. The humidity absorption was determined 

by Equation 2. 

Humidity absorption (%) =  
𝑚ℎ− 𝑚𝑖

𝑚𝑖
 . 100         (2) 
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2.5 Analysis by scanning electron microscopy (SEM) 

The morphology of the films was analyzed with respect to their surface and cross-sectional surface using the CARL 

ZEISS MOD EVO MA10 microscope, with an acceleration voltage of 5 kV. Prior to analysis, the samples were coated with an 

ultrafine gold layer in a spray coating system and for cross-sectional surface analysis the samples were previously frozen in 

liquid nitrogen and fragmented. Analysis of the swollen films without the freezing and metallization procedures was also 

performed. 

 

2.6 Analysis by fourier transform infrared spectroscopy (FTIR) 

The infrared transmittance spectra of the films were obtained with a spectrometer FT-IR Spectrometer Frontier with 

attenuated total reflectance (ATR) accessory, in the range of 4000 to 650 cm-1, with a resolution of 4 cm-1. 

 

2.7 Differential scanning calorimetry (DSC) 

The analysis were performed on a Q-20 model, TA Instuments, in a scan. The films, about 7.00 mg, were heated from 

25 °C to 175 °C, both at a heating rate of 10 °C min-1, under an atmosphere of nitrogen with flow of50 cm3 min-1. 

 

2.8 X-ray diffraction analysis (XRD) 

The X - ray diffraction analysis was performed in a Shimadzu XRD - 6000 LabX diffractometer, operating at a power 

of 40 kV with 30 mA of current and radiation of Cu Kα (1.5406 A). The 2θscan data were collected from 5 ° to 35 ° at a scanning 

speed of 1° min-1. 

The relative crystallinity index (CI) was quantitatively estimated as proposed by Rocha et al., (2008), based on the ratio 

of the area of the crystalline region and the total area covered by the curve, composed by the area of the crystalline region (Ac) 

and the area of the amorphous region (Aa), according to Equation 3: 

𝐶𝐼(%) =  
𝐴𝑐

𝐴𝑐+ 𝐴𝑎
 . 100             (3) 

 

2.9 Analysis of mechanical properties 

The mechanical properties of the films (tensile strength, Young's modulus and elongation at break) were evaluated by 

uniaxial tensile test using an Instron universal model 5982 mechanical test apparatus with a load cell of 5.00 kN. The films were 

cut into strips of 1.00 cm wide by 4.00 cm in length, fixed in the apparatus and subjected to the stress and strain test with a 

velocity of 25.00 mm min-1 and distance between the claws of 3.00 cm. 

 

2.10 Analysis of swelling and degradation at physiological pH 

Swelling and degradation were analyzed under conditions close to the post-surgical environment at physiological pH, 

which was simulated using a solution of phosphate buffered saline (PBS), whose pH = 7.4 is similar to the pH of the blood                

(pH = 7.35). 

The swelling behavior was evaluated by the gravimetric method (Doulabi et al., 2013). The films were weighed (wd) 

and then immersed in 10.00 mL of PBS at 36.5 ° C. After distinct periods of time, the films were removed from the PBS, placed 

on paper towel to remove excess liquid and immediately weighed (wm). The swelling ratio of the films was calculated using 

Equation 4.  

http://dx.doi.org/10.33448/rsd-v10i16.23640
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For the degradation studies, film samples were initially weighed (wo), immersed in degradation media containing PBS 

and incubated at 36.6 ° C for several weeks. After each time interval the films were removed and completely dried before being 

reweighed (wt). The mass loss was calculated using Equation 5 and the time required for total degradation of the films was 

determined by the equation of the line obtained from the graph of mass variation according to the time (Figure S12 - 

Supplementary Material). 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔𝑟𝑎𝑡𝑒(%) =  
𝑤𝑤− 𝑤𝑑

𝑤𝑑
 . 100                (4) 

𝑊𝑒𝑖𝑔ℎ𝑡𝑙𝑜𝑠𝑠 (%) =  
𝑤𝑜− 𝑤𝑡

𝑤𝑜
 . 100%                (5) 

 

2.11 Protein diffusion study 

The protein diffusion study was performed using bovine serum albumin (BSA) as a model. For this, a calibration curve 

was constructed with known concentrations of BSA in PBS, considering BSA had a maximum absorption at 280 nm (Zaia et al., 

1988), (Figure S13 - Supplementary Material). 

Diffusion of the BSA protein was analyzed using an identical two-compartment system separated by discrete film 

samples containing one-side PBS and a BSA solution with a concentration of 2.00 mg mL-1 in PBS on the other side. At different 

time periods aliquots of 3.00 mL of solution were collected at the same point in the compartment containing only PBS solvent 

and its UV/Vis absorbance was determined in a spectrophotometer (Shimadzu, model UV 2501 PC) at wavelength 280 nm, the 

maximum absorption of BSA in this solution, determined previously. 

 

3. Results and Discussion 

3.1 Determination of thickness and density 

 Biodegradables starch films were produced by the casting method, resulting in translucent, homogeneous, depigmented 

samples without the presence of lumps or bubbles (Figure 1). The flexibility of the films varied according to the glycerol content. 

 

Figure 1. Films of cassava starch with glycerol in the concentrations of: (a) 0%, (b) 15%, (c) 20%, (d) 30% and (e) 40%. 

 

Source: Authors. 

The thickness of the films ranged from 0.174 mm to 0.229 mm, with significant differences between the formulations 

(Figure 2). The addition of glycerol led to an increase in film thickness due to the higher mass in the polymer matrix. With 

respect to density (Figure 2) one can observe an inverse behavior to the thickness data. At the beginning, with the incorporation 

of glycerol in 15% and 20%, an increase in the thickness on the one hand, and the decrease in density, on the other hand, are 
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observed. Until the concentration of 20% the interaction with the glycerol, does not seem to occur in an effective way, since the 

small increase of mass does not imply in decrease of the volume of the system. Above 20%, this phenomenon begins to reverse, 

suggesting a probable process of physical crosslinking, which reduces the empty spaces of the starch matrix. 

 

Figure 2. Effect of glycerol concentration on density and thickness of films. 

0 10 20 30 40

2,3

2,4

2,5

2,6

2,7

2,8

2,9

3,0

Glycerol concentration  (%)

D
e
n
si

ty
 (

g
 c

m
-3
)

0,16

0,18

0,20

0,22

T
h
ickn

e
ss (m

m
)

 

Source: Authors. 

 

Films prepared in the presence of glycerol exhibited thickness and malleability favorable to handling suggesting 

adequate application. The clinical control can be determined by the ease of surgical manipulation, setting a format favorable to 

the operative handling. In more complex anatomical situations, the adaptation of a two-dimensional membrane on a three-

dimensional surface may require of the film certain rigidity or memory to remain modelled to the bone contour, resulting in a 

more complete bone regeneration. 

 

3.2 Analysis of humidity absorption 

Films prepared in the presence of glycerol exhibit increased humidity absorption, as shown in Figure 3. This increase 

is related to the hydrophilic character of the glycerol that allows a greater interaction of the film with the water present in the 

environment (humidity). 
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Figure 3. Humidity absorption of the starch films with different concentrations of glycerol. 
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Source: Authors. 

 

It was expected that with higher concentrations of glycerol the humidity absorption would be higher, but this was only 

observed for the samples with glycerol content of up to 20%. This change is due to the intensification of glycerol-starch 

interactions, which hinder the interaction of glycerol molecules with water. This effect confirms the strong crosslinking between 

starch and glycerol, when the concentration of glycerol exceeds 20%, as observed in the data of density and thickness (Figure 

2). 

As for the application of films, the rate of humidity absorption should not be a problem, since they can be stored in 

sealed packages without contact with the environment. 

 

3.3 Analysis by scanning electron microscopy (SEM) 

In order to obtain more information on the morphology of the films under study, SEM analysis was performed. The 

analysis may illustrate the impact of glycerol incorporation on the structure of cassava starch films. Surface and cross-section 

(fracture) micrographs of dry and swollen films are shown in Figure 4. The images of the dry samples have different structural 

patterns. The first two films (A and AG-15%) look very similar to both surface and cross-sectional images, whereas in AG-20%  

film the images change radically with the appearance of striations.For the most concentrated films in glycerol (AG-30% and 

AG40%), the aspect changes  again. On the surface clarification of the image occurs as the concentration of glycerol increase. 

 It is also noted in the of cross-sectional images that the AG-30% film presents wide vertical channels in all its extension 

from the surface and the film AG-40% presents an intense increase of thinner channels in all directions and in all extension 

transverse.The micrographs of the swollen samples also show structural alterations, with the occurrence of large vertical fringes 

on the surface in A and transverse in AG-15%. In the sample AG-20%, AG-30% and AG-40%, the fringes are drastically reduced 

both at the surface and in the cross-section appearing greater homogeneity.Another notable fact is the progressive clarification 

on the surface of the samples as the concentration of glycerol increase. 
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Based on the superficial texture of the films produced and with respect to the integration of these to adjacent tissues in 

the repair process, we can expect them to be viable to this requirement. The biomaterial must provide a chemical structure that 

favors the growth of connective tissue or the insertion to the membrane during the healing process, promoting tissue integration 

(Somerman et al., 1991; Andrade et al., 2021).  

Analyzing the micrographs, it is possible to notice that the films, regardless of the formulation used, do not have pores 

on their surface and along their cross section, with homogeneous regions being observed. The transport of nutrients through the 

membrane is suggested by the permissiveness to the protein diffusion in the assays at physiological pH. 

 

Figura 4. MEV micrographs of films: (A) surface for dry films (1000x), (B) cross section for dry films (1000x), (C) surface for 

swollen films (100x) and (D) cross section for swollen films (500x). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors. 
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3.4 Analysis by fourier transform infrared spectroscopy (FTIR) 

FTIR spectroscopy was performed to determine the interactions between the starch matrix and glycerol. The spectra of 

the films are shown in Figure 5. The films presented spectra in characteristic bands: a) 3467 cm-1 at 3151 cm-1, a range attributed 

to the stretching of free OH groups and associated with intra and intermolecular hydrogen bonds formed from hydroxyl groups 

of starch and glycerol; b) 2994 cm-1 at 2950 cm-1, range attributed to the stretching of the C-H group present in the polymer 

matrix; c) 1690 cm-1 to 1589 cm-1, the range attributed to the water absorbed by the starch molecules; d) 1346 cm-1, attributed to 

glycerol molecules; and e) 1167 cm-1 at 930 cm-1, range attributed to C-O stretching at C-O-H and C-O at C-O-C bonds, 

respectively (Wolkers et al., 2004; Jaramillo et al., 2016). 

 

Figure 5. FTIR spectra of the starch films with different concentrations of glycerol. 
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Source: Authors. 

 

In general, the FTIR spectra of the films show the same principal main peaks with some variations in peak amplitude 

in certain regions, as the glycerol concentration increases. These modifications are more pronounced in the band related to 

hydroxyl groups, which increase in intensity due to the formation of hydrogen bonds between the starch and glycerol chains 

promoted by the crosslinking process. 

 

3.5 Differential exploration calorimetry (DSC) 

The DSC curves of the starch films (Figure 6) were analyzed to determine the differences in the thermal behavior of the 

materials with regard to the elimination of water. It is observed through the DSC curves that all films have profiles with 

occurrence of endothermic peaks, with some changes in maximum temperatures and intensity, through the incorporation of 

glycerol. In Figure 6(A), we have the occurrence of an endothermic peak, around 100 °C, attributed to the water exit of the 

structure of the films. Note that films containing glycerol exhibit a displacement of this peak at higher temperatures in Fig. 6(B), 

indicating that water is associated with the other components of the films, at different intensities of interactions.  
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Thus, it is observed that water retention increases as the amount of glycerol in the film increases, except for the AG-

40% sample, where there is a small decrease in temperature. The graph for these data in Figure 6(B), also shows that this increase 

in temperature occurs more slowly at concentrations above 20% glycerol and decrease from 30%, validating the previous 

discussions, where it is concluded that above 20% of glycerol, there is a growing attractive interaction between starch and 

glycerol, which makes the interaction of the sample with water less intense. 

 

Figure 6. (A) DSC thermograms for starch films and (B) Maximum water outlet temperature of the films. 
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Source: Authors. 

 

3.6 X-ray diffraction analysis (XRD) 

The structural analysis of the films was obtained by XRD and the results are shown in Figure 7.  
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Figure 7. X-ray diffraction patterns of the starch films with the studied glycerol concentrations. 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors. 

 

The starch granules have different types of crystallinity, such as types A, B or C, depending on the length of the 

amylopectin branched chains, described mainly due to the double helix formed (Jane 2006; Rengadu et al., 2020). The 

diffractogram of the starch granule showed six main peaks around the diffraction angles of 11, 15, 17, 18, 20 and 23° and a low 

intensity peak around the diffraction angle of 5.5°, which are characteristic of the starch type CA, due to the greater similarity of 

the peaks with the type A pattern (Kawabata et al., 1984; Moorthy 2002; Rengadu et al., 2020).  

The process of gelatinization of the starch to elaborate the films resulted in the loss of its structural order, with change 

in the intensity of the reflection peaks, remaining only a small intensity peak occurring around the angle of diffraction of 17° for 

the films A, AG -15% and AG-20% and around 14° and 17° for AG-30% and AG-40% films. 

The differences between the films can be explained by the presence of glycerol, which favors the reorganization of the 

amylose and amylopectin chains, through its interaction with the hydroxyls present in the starch molecules. This process is 

dependent on the glycerol content, as it can be verified by the IC data (Table 1). In this case, at concentrations up to 20%, glycerol 

acts predominantly as a plasticizer (Chang et al., 2006). In this case, it interacts with the polymer matrix, but less intensely, as 

seen in the density data, thus increasing the mobility of its polymer chains. Above 20%, however, glycerol begins to act as a 

crosslinking agent, promoting the approximation of the polymer chains due to the intensification of the intermolecular strach-

glycerol interactions. 
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Table 1. The effect of glycerol concentration on the crystallinity index (CI), ultimate tensile stress, elongation at break and 

Young's modulus of the films. 

 

 

 

 

 

 
 

Source: Authors. 
 

3.7 Analysis of mechanical properties 

The evaluation of the mechanical properties of the films in relation to their tensile strength and deformation capacity 

were performed to verify the influence of the incorporation of the glycerol and to correlate the results obtained with its 

application. The parameters of the ultimate tensile stress, elongation at break and Young’s modulus are shown in Table 1. The 

stress-strain characteristic curves of the films are shown below (Figure 8). 

The incorporation of the glycerol to the starch matrix induced a mechanical behavior of the films, which varied from 

brittle to ductile. This change is due to the plasticizing character of glycerol, which reduces the stiffness of the polymer matrix, 

as shown by the values of modulus of the elasticity, causing sliding between the starch chains and thus favoring the deformation 

of the film during the application of the tension. Thereby, it was expected that with the addition of the glycerol concentration the 

deformation rate would be higher, however this behavior is only valid up to the 20% concentration. Above this concentration the 

crosslinking effect of glycerol begins to overlap with its plasticizing effect due to the intensification of its interaction with the 

starch chains, which results in the formation of a structure less resistant to traction and deformation. This effect is also due to the 

presence of larger portions of crystalline regions in the structure of the films when high concentrations of glycerol are 

incorporated, as shown by the values of crystallinity index (Table 1). 

 

Figure 8. Stress vsstrain curves of films (Zoom for films with glycerol). 
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Source: Authors. 

 

Samples CI (%) 
Ultimate tensile 

stress (Mpa) 

Elongation at 

break (%) 

Young's modulus   

(Mpa) 

starch 12 - - - 

A 0,8 48,56 ± 0,50 3,51 ± 0,34 2.688,93 ± 8,60 

AG-15% 0,85 6,17 ± 0,23 47,68 ± 0,15 458,03 ± 4,36 

AG-20% 0,7 3,50 ± 0,09 86,58 ± 0,04 124,55 ± 1,51 

AG-30% 0,9 3,57 ± 0,16 65,64 ± 0,21 37,36 ± 0,79 

AG-40% 4,3 2,58 ± 0,13 63,70 ± 0,11 15,65 ± 1,36 
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From the results of resistance and elongation, it can be suggested that the films prepared in this study present favorable 

characteristics to the application in the context of alveolar bone regeneration, for example, where the anatomical, mechanical 

and technical realities of the clinical treatment may require of the membrane a behavior which guarantees the creation of space, 

adequate volume and geometry maintenance by supporting their own weight and resisting the pressure exerted by the overlapping 

tissue and external forces such as mastication. Membrane collapse results in the elimination of the required space, which may 

impair regeneration (Kohavi et al., 1991) or result in early exposure of the membrane to the oral medium in the course of 

treatment. 

 

3.8 Analysis of swelling and degradation at physiological PH 

The results of the swelling and mass loss studies of the starch films in phosphate buffered saline (PBS) are shown in 

Figure 9.  

The swelling process of the films occurs by the spacing between the starch chains due to the retention of the molecules 

of the solvent PBS, which promote reduction in the intermolecular attraction forces, thus increasing the motility of the starch 

matrix chains. As the glycerol is incorporated into the polymer matrix, the swelling kinetics of the films is altered as seen in the 

Figure 9(A). Films with no and low glycerol content exhibit very close kinetics, even after a long time of contact with the 

simulated body fluid. AG-20% film has a peculiar kinetic behavior since up to 35 minutes in contact with the fluid, it swells less 

than AG-40% and up to 60 minutes, less than AG-30%.  

But the film AG-15%, from this time, it starts to swell more. In the two films most concentrated in glycerol, from 20 

minutes the kinetics of swelling decreases significantly to a state close to equilibrium after 2 hours of immersion. The results 

also show that the presence of glycerol reduces the swelling ability of the films, since glycerol acts as a crosslinking agent in the 

starch, installing itself between amylaceous chains, favoring these interactions, permitting less space available for PBS to flow. 
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Figure 9. Influence of glycerol concentration on (A) rate of swelling, (B) loss of mass of starch films. 
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Source: Authors. 

 

Concerning the study of mass loss, which was used to evaluate the degradation profile of the films, it was verified that 

the presence of the glycerol and the concentration in which it is incorporated affects differently the capacity of loss of mass. 

After 30 days of analysis, in the film with lower content of glycerol, AG-15%, the loss of mass was greater than in the film 

without glycerol (increasing from 50% to 63%) and in the films with higher contents, AG-30 % and AG-40%, it was lower (it 

was reduced to approximately 35% in both). 

These changes are a consequence of the double effect promoted by glycerol, plasticizer and crosslinking. When the 

plasticizing effect predominates we have an increase in the mass loss capacity due to the hydrophilicity of the glycerol that favors 

the interaction of the starch matrix with the solvent PBS, but when the crosslinking effect predominates this interaction is difficult 

since glycerol is interacting effectively with the starch chains and thus it is not available to interact with the solvent as verified 

by the swelling study. The AG-20% film presents a borderline behavior between plasticizer and crosslinking effects, which gives 

it the odd properties as observed in previous characterizations. 
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In respect to the results of figures 9(B) and 10, we can deduce that the films produced with concentrations of glycerol 

from 20% presented degradation rates compatible with the requirement of tissue barrier, except for the AG-20% film that despite 

presenting the lowest loss of mass did not maintain its structural integrity, exhibiting a gelatinous appearance after 30 days.  

The films can be classified as absorbable, considering the estimated period of time for their total degradation (Table 2). 

The polymeric materials commonly suggested in the constitution of membranes, are degraded by the hydrolysis process and are 

clearly affected by the environment of the organism, so a degradation that does not promote damage to regenerating tissues is 

one of the first functions required in this category of biomaterials (Bostman, 1992). 

In the  RTG and ROG procedures  the degradation rate is an essential parameter, since the membrane  plays the role of 

tissue barrier, so it must remain intact by separating the bone tissue from the connective tissue by 3 at 4 weeks, a period in which 

there is probable formation of immature bone tissue at the site of the defect (Gerzson et al. 2016). The formation of an embryonic 

bone begins at the surface of the bone matrix, and propagates towards the interior of the defect (Hollinger & Chaudhari, 1992). 

By doing so the distance to be covered by the bone regeneration will determine the time in which the membrane should remain 

in place and functionally intact. 

 

Figure 10. Photograph of the starch films after 30 days: (A) in solution and (B) after removal of the solution. 

 

Source: Authors. 
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Table 2. Estimation of the total degradation time in PBS of the glycerol crosslinked starch films. 

 

 

 

 

 

 

Source: Authors. 

 

3.9 Analysis of protein diffusion 

The results obtained regarding to the diffusion profile and the amount of BSA diffused by the films are shown 

respectively in Figure 11 and in Table 3. As it can be seen in the graph, the film A presents a high diffusion rate in the period 

between 4 and 24 hours. As the concentration of glycerol increases, the diffusion of the BSA decreases. The data also show that 

in the first 4 hours, the films A and AG-15% have the lowest rates of protein diffusion (BSA), whereas the films with higher 

amount of glycerol presented higher diffusion rates, being AG-20 %> AG-30%> AG-40%.  

 

Figure 11. Diffusion profile of BSA by means of the films as a function of time. 
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Table 3. Amount of BSA diffused through the films as a function of time. 

Time (hours) 
Amount of BSA diffused (mg mL-1) 

A AG-15% AG-20% AG-30% AG-40% 

1 0,02653 0,02359 0,16192 0,02285 0,02396 

2 0,02744 0,02396 0,21703 0,13987 0,03553 

4 0,04306 0,03388 0,28831 0,17092 0,1204 

24 1,9253 1,88067 1,2241 0,21703 0,18249 

Source: Authors. 

Samples R2 Estimated end time (days) 

A 0,9848 44 

AG-15% 0,9691 35 

AG-20% 0,9884 92 

AG-30% 0,9357 65 

AG-40% 0,9737 63 
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After 4 hours this behavior is reversed and the films with higher amounts of glycerol are those that present smaller 

diffusions, since in long period of time these films tend to have less permissiveness to the diffusion of the protein. This fact 

probably has to do with the greater crosslinking occurring in high concentrations of glycerol, as seen in the previous results, 

leading to a more attractive interaction between the components of the same, reducing the possibility of BSA diffusion. Further 

more, at concentrations above 20%, the polymer network tends to become denser, as shown by the density data, and hence less 

permeable to the protein. 

It has been suggested that membranes used in bone regeneration have properties that allow the transfer of fluid and 

gaseous nutrients, providing ample nutrition to the graft (Boyne, 1969). The films prepared with the starch do not present visible 

pores in their structure, however, the findings demonstrated that there is transfer of proteins through diffusion according to the 

results presented in (Figure 9). The transfer through the membrane is due to the difference in chemical potential due to the 

concentration gradient. The direction in which these gradients would be established and would be of sufficient magnitude to 

result in the diffusion of quantities of physiologically significant substances into the regenerating tissues still require other studies 

that quantify and better qualify these gains.  

Based on these results, it was observed that the films presented permissiveness to the diffusion of proteins that are 

similar to those organically present in the regenerative processes of ROG and RTG. 

Considering that starch is a natural vegetable material, easily accessible and inexpensive, because it presents control of 

the production process and characteristics that make it biologically viable, the use of starch film is suggested as a resource in 

biomaterials, although future studies are needed, such as: cytotoxicity, cell proliferation and in vivo evaluations. 

 

4. Conclusion  

Within the proposed methodology and the limitations of this in vitro study, we can conclude that: 

- The films of cassava starch and glycerol at concentrations above 20% present characteristics that suggest that they are 

applied as a barrier in ROG and RTG having properties such as, mechanical resistence, permissiveness to protein diffusion and 

degradation in a viable period to the process of repair and regeneration. 

- Glycerol exhibits a double behavior since at concentrations below 20% there is a predominance of the plasticizer 

character and in the concentrations of 30 and 40% there is a predominance of the crosslinking effect. 

 - The AG-30% and AG-40% films have a stable behavior maintaining the physical integrity and presenting sufficient 

degradation time to be used in RTG and ROG, resulting from the crosslinking process. 

Based on the results obtained, the development of new studies on the topic addressed is of great value as it will support 

further discussions on strategies for Obtaining physically crosslinked starch films. Thus, it is proposed for future work to optimize 

the physical crosslinking of starch using glycerol in concentrations from 30% in relation to the polymer mass. 
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