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Abstract−− This study aimed to evaluate the in-

corporation of mango peel extract, as a source of nat-

ural active compounds, in oral disintegrating films 

(ODF). The starch–based ODF were produced using 

a casting technique with glycerol as a plasticizer. Four 

formulations were tested by varying the amount of ex-

tract in the films: control, ODF 20, ODF 40, and ODF 

60 (0, 20, 40, and 60 g of extract per 100 g of 

film0genic solution, respectively). The surface pH, 

disintegration time, total phenolic content, antioxi-

dant activity, release of total phenolic content, and 

stability of the ODF was evaluated. All formulations 

studied could be classified as fast disintegrating films 

and source of phenolic compounds. ODF 60 showed 

the largest, most stable release of phenolic compounds 

under accelerated conditions (40 °C and 75% relative 

humidity). Thus, corn starch–based oral disintegrat-

ing films containing mango peel extract represent a 

useful vehicle for the delivery of phenolic compounds 

in the oral cavity.  

Keywords−− Natural extracts, phenolic com-

pounds, polymers.. 

I. INTRODUCTION 

Due to its warm climate and favorable planting condi-

tions, Brazil is home to a wide variety of fruits, including 

the mango, which can be consumed in whole or in pulp, 

juice, nectar, candy and jam (Canuto, 2009). The pro-

cessing of mangos generates large amounts of waste, in-

cluding bark (12–15% of the fruit weight) and almonds 

(15–25%) (Arbos et al., 2013). Several authors have re-

ported the antioxidant activity of mango peel (Guo et al., 

2003; Huber et al., 2012; Arbos et al., 2013) mainly due 

to the presence of compounds such as glycosides, flavo-

nols and xanthones (Leontowicz et al., 2003). 

Oral disintegrating films (ODF) represent a potential 

route of administration of pharmaceutical phenolic com-

pounds (Borges and Carvalho, 2015) since they can over-

come common problems, including stability and diffi-

culty in swallowing, which are associated with conven-

tional oral dosage forms (Buanz et al., 2015). ODF are 

thin films designed to dissolve in the buccal cavity and 

release the active component (Dixit and Puthli, 2009). 

They can be produced from various polymers depending 

on the physicochemical properties of the active compo-

nent of interest (Dixit and Puthli, 2009). Starch is consid-

ered to be an effective polymer for the production of ODF 

because it is nontoxic, biodegradable, renewable and in-

expensive compared to other polymers (Da Róz, 2003). 

The delivery of active compounds incorporated in 

films, through the buccal mucosa, has the advantage of 

increasing bioavailability, since the compounds do not 

suffer enzymatic degradation and pH variations in the 

gastrointestinal tract (Figueiras and Veiga, 2006). In the 

literature, there are few studies that report the addition of 

natural extracts to ODF; however, propolis (Juliano et al., 

2007; Borges and Carvalho, 2015; Borges et al., 2016), 

and ginger (Daud et al., 2011) have been previously stud-

ied for such usage. 

In this context, this study aimed to develop and char-

acterize starch–based ODF containing mango peel ex-

tract as a vehicle for the delivery of phenolic com-

pounds.  

II. METHODS 

A. Material 

Mangoes (Mangifera indica L. cv. “Tommy Atkins”) 

were obtained from the local market of Umuarama (Pa-

raná, Brazil). The fruits were selected, washed, and 

peeled (with the aid of knives). The samples of mango 

peel were dried in an oven with circulation and air ex-

change (Marconi/MA035/5) at 60 °C for 17 h. Samples 

were then ground in knife mills (Cadence) and particle 

size separation was performed using a Tyler type sieve 

and mechanical stirrer (Marconi/MA750). Samples with 

an average diameter of 0.300 mm were selected for con-

ducting the experiments. 

B. Extraction of phenolics compounds 

The extraction of phenolic compounds from mango peel 

was conducted in an ultrasound bath (Ultranique Q5. 

9/40 A, frequency of 40 KHz, potency of 123 W) at 60ºC 

for 60 min and 50% of ethyl alcohol (Anidrol). 

C. Production of oral disintegration films 

The films were produced using a casting technique with 

corn starch (Cargill Agrícola S/A) and glycerol as the 

polymer and plasticizer (Synth), respectively. The corn 
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starch, at a concentration of 2 g per 100 g of filmogenic 

solution (FS), was dispersed in distilled water under mag-

netic stirring for 30 min at ambient temperature. Posteri-

orly, the FS was kept in a thermostatic bath (Mar-

coni/MA159) at 90 ºC for 10 min. After this period, the 

glycerol (0.4 g 100 g-1 of FS) and mango peel extract 

were added under magnetic stirring. The mango peel ex-

tract was added at different concentrations: 0 (control), 

20 (ODF 20), 40 (ODF 40), and 60 (ODF 60) g 100 g-1 

FS. The solutions were placed into disposable polysty-

rene petri dishes and subjected to oven drying (Mar-

coni/MA035/5) at 30 ºC for 24 h. 

D. Disintegration time 

The disintegration time was determined according to 

Garsuch and Breitkreutz (2010). Samples of ODF (2 x 3 

cm) were placed into a petri dish, using a slide frame as 

a support. A fixed volume of distilled water (200 μL) was 

deposited on the film surface (Janβen et al., 2013) and 

the time needed for the drop to dissolve and form an ori-

fice was determined. 

E. Surface pH 

The surface pH was determined using phosphate buff-

ered saline according to Föger et al. (2008) for saliva sim-

ulation (pH 6.8). The phosphate buffer solution was pre-

pared using 8 g of sodium chloride (Synth), 0.2 g of po-

tassium chloride, 0.2 g of potassium phosphate mon-

obasic (Vetec Química Fina Ltda) and 1.536 g of sodium 

phosphate dibasic (Vetec Química Fina Ltda). Samples 

of ODF (2 x 1 cm) were placed in glass containers con-

taining 15 mL of phosphate buffer solution (Prabhu et al., 

2015) and the pH was determined after 0, 0.5, 1.5, 2, 3, 

4, 5, 7, 10, 12, and 15 min. 

F. Total phenolic content 

The total phenolic content was determined using the 

spectrophotometric method proposed by Singleton et al. 

(1999) with Folin-Ciocalteau reagent (Sigma Aldrich), 

anhydrous sodium carbonate (Synth) and a gallic acid 

standard (Sigma Aldrich). Samples of ODF (approxi-

mately 0.2 g) were dissolved in 10 mL of distilled water 

and maintained in an ultrasound bath for 10 min. Subse-

quently, the sam-ples were centrifuged (3500 rpm/10 

min). Aliquots of the solution (0.5 mL) were added to 2.5 

mL of Folin’s reagent (1:10, diluted in distilled water). 

After 5 min, 2.0 mL of calcium carbonate (7.5%) were 

added. The solution was homogenized and kept in the 

dark for 2 h. The absorbance at 740 nm was read on spec-

trophotometer (Kazuaki/IL-227), and the results were ex-

pressed in equivalent mg gallic acid equivalent g ODF-1. 

G. Iron reduction method (FRAP) 

The antioxidant capacity by iron reduction method 

(FRAP) was determined according to Benzie and Strain 

(1996). FRAP reagent was prepared at the time of analy-

sis from 0.3 M acetate buffer (25 mL), 10 mM TPTZ so-

lution (Tris (2-pyridyl)–s-triazine, Sigma Aldrich) (2.5 

mL), and an aqueous solution of 20 mM ferric chloride 

(Synth) (2.5 mL). Samples of ODF (~0.4 g) were solubil-

ized in 10 mL of distilled water and kept in an ultrasound 

bath for 10 min, and then centrifuged (3500 rpm for 10 

min). Posteriorly, 150 μL of this solution was added to 

2850 μL FRAP reagent and the solution was incubated 

(37 °C for 30 min) in a thermostatic bath (Forlab, Dub-

noff FL157/22R). The absorbance of the samples at 595 

nm was read using a spectrophotometer (Kazuaki/IL-

227) at 595 nm. Trolox (Sigma Aldrich) was used for an 

analytical curve and the results were ex-pressed in μmol 

Trolox equivalent g ODF-1. 

H. Iron reduction method (FRAP) 

To evaluate the release of total phenolic content, samples 

of ODF (~0.6 g) were placed in phosphate buffered saline 

solution (pH 6.8) (Wong et al., 1999) at 37 ºC and kept 

under stirring at 100 rpm (Perumal et al., 2008). At dif-

ferent time intervals (0, 2, 3, 4, 5, 10, 15, and 20 min) 

aliquots of the solution (0.5 mL) were removed and the 

total phenolic content was determined using a spectro-

photometric method (Singleton et al., 1999). Kinetic data 

of the re-lease of total phenolic content was related to Eq. 

(1) (Korsmeyer and Peppas, 1981).  

 
𝑀𝑡

𝑀∞
= 𝐾𝑡𝑛 + 𝑏 (1)  

where 𝑀𝑡/𝑀∞ is the fraction of compounds released over 

time t, K is the kinetic constant, b is the initial concentra-

tion of phenolic compounds in ODF and n is the exponent 

of drug release. 

I. Accelerated stability 

The ODF that had the lowest disintegration time and 

greatest concentration of total phenolic content was 

stored at 40 °C in a relative humidity of 75% using a 

BOD incubator (Lucadema/Luca 161/04) to evaluate the 

stability of the film relative to the of total phenolic con-

tent over a period of 0, 3, 7, 10, 15, 20, and 30 days. 

J. Statistical analysis 

Statistical analysis was assessed using a mean Tukey’s 

test using the SAS software (version 9.2, SAS, Inc) at the 

level of 95%. 

III. RESULTS AND DISCUSSION 

A. Disintegration time 

ODF presented film–forming capacity, easy maneuver-

ability (easy removal of the film of the plates), homoge-

neity and absence of insoluble particles, independent of 

the concentration of mango peel extract used. The disin-

tegrating times of the films were 40.0 ± 1.8 seconds (con-

trol), 32.2 ± 2.7 seconds (ODF 20), 29.5 ± 3.6 seconds 

(ODF 40) and 22.4 ± 2.9 s (ODF 60), demonstrating sta-

tistically significant differences (p < 0.05) among differ-

ent extract concentrations.  

According to Jyoti et al. (2011), fast disintegrating 

films are characterized by a disintegration time of less 

than 60 seconds. All formulations evaluated in this study 

could be classified as rapidly disintegrating. This may be 

due to the high content, in mango peel extract, of phe-

nolic compounds which have a high hydrophilicity due 

to the number of hydroxyl groups present in their struc-

ture (Angelo and Jorge, 2007).  

Other studies have reported similar disintegration 

times for ODF containing starch or other natural poly-
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mers.  Garsuch and Breitkreutz (2010) observed a disin-

tegration time of 40 seconds for ODF composed of dif-

ferent polymers incorporated with caffeine and caffeine 

citrate. Liew et al. (2012) reported disintegration times 

between 39 and 47 seconds for ODF developed from hy-

droxypropyl methyl cellulose, corn starch and polyeth-

ylene glycol. Borges et al. (2016) showed that incorpora-

tion of hydrolyzed collagen and increasing concentra-

tions of the propolis ethanol extract significantly reduced 

the disintegration time for gelatin–lecithin–based ODF, 

to between 18.9 and 25.3 seconds. 

B. Surface pH 

The surface pH of ODF was determined to identify pos-

sible side effects during the use of ODF by humans, since 

the acid or alkaline pH may cause irritation of the buccal 

mucosa (Bottenberg et al., 1999). The surface pH of the 

ODF remained close to neutrality, with values between 

6.65 and 7.65 after 15 min, independent of the mango 

peel extract concentration.  

These results suggest that all the formulations studied 

here are suitable for human use, since they did not vary 

in pH over time and there were no significant differences 

between the pH of the control ODF and those containing 

mango peel extract. However, pH is not the only param-

eter that must be evaluated in order to ensure suitability 

for human use 

C. Surface pH 

Table 1 shows the power iron reducing and total phenolic 

content of ODF incorporated with mango peel extract. In-

creasing concentrations of mango peel extract in starch–

based ODF favored the antioxidant activity of the films. 

This may be because the antioxidant capacity is related 

to the presence of antioxidant compounds in the mango 

extract, suggesting that the method used to produce ODF 

in this study did not cause degradation of the total phe-

nolic compounds.  

Consistent with our findings, Juliano et al. (2007) and 

Borges and Carvalho (2015) reported that ODF devel-

oped through incorporation of the propolis extract are 

sources of phenolic compounds, since ODF showed high 

levels of phenolic compounds even after the drying pro-

cess. 

D. Release of total phenolic content 

Figure 1 shows the kinetics of phenolic compound re-

lease from starch–based ODF incorporated with mango 

peel extract. In all formulations, the maximum release of 

total phenolic content occurred at 3 min, with no signifi-

cant difference (p > 0.05) after this period, while the ODF 

with the highest concentration peel of mango extract 

(ODF 60), showed higher release.  

We suspect that greater concentrations of mango peel 

extract favoured the solubility of the film in aqueous me-

dia and consequently the release of phenolic compounds. 

These results corroborate those observed for the disinte-

gration time. Borges and Carvalho (2015) found that the 

addition of a higher concentration of ethanol extract of 

propolis also caused increased release of phenolic com-

pounds and shorter disintegration times. 

Table 1. Total phenolic content (TPC) and power iron reduc-

ing (FRAP) of oral disintegrating films with addition of differ-

ent peel of mango extract concentrations. 

Formulations 
TPC* 

mg GAE g ODF-1 

FRAP** 

μmol TE g ODF-1 

ODF 20 0.41±0.02a 436.4±3.28a 

ODF 40 0.56±0.02b 549.2±22.46b 

ODF 60 1.36±0.02c 726.4±14.06c 
Means followed by same lowercase letters (in the same column) did not 

differ statistically (p>0.05).  

* mg gallic acid equivalent g oral disintegrating film-1  

**μmol Trolox equivalent g oral disintegrating film-1 

 
Figure 1. Release of total phenolic content in the oral disinte-

grating films with addition of different peel of mango extract 

concentrations a function of time.  
Means followed by same lowercase letters (in the different formula-
tions) and uppercase letters (in the same formulations) did not differ 

statistically (p>0.05). 

For all formulations studied, the data release of com-

pound phenolics set the mathematical model Korsmeyer 

and Peppas (1981) depending on the R2 values of 0.89, 

0.96 and 0.95 for ODF 20, ODF 40 and ODF 60, respec-

tively. The ODF containing the highest concentration of 

mango peel extract (ODF 60) showed a higher K value 

(1.30), indicating a faster release of total phenolic content 

compared to ODF 20 and ODF 40, which showed K val-

ues of 1.13 and 1.24, respectively. 

E. Accelerated stability of oral disintegration films 

Figure 2 shows the accelerated stability of the ODF 60, 

measured from the concentration of phenolic com-

pounds as a function of time. This value was measured 

for ODF 60 because this formulation showed the lowest 

disintegration time (22.4 seconds) and antioxidant activ-

ity (Table 1). 

Figure 2 demonstrates that, in the first three days of 

storage, there was no significant difference in the con-

centration of phenolics (p > 0.05), however, from the 

third day a significant reduction in the concentration of 

total phenolic content was observed. At the end of the 

storage period (30 days), there was a 42% reduction in 

the total phenolic content. Factors such as temperature 

can accelerate the loss of antioxidant compounds from 

ODF and the use of polymers can minimize this loss by 

aiding in the preservation of antioxidants.  
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Figure 2. Effect of storage time (days) total phenolic content in 

the based starch ODF with 60 g of peel of mango extract 100 g-

1 of filmogenic solution.  

Same lowercase letters did not differ statistically (p>0.05). 

According to Bordenave et al. (2014) the interactions be-

tween starch and phenolic compounds are non-covalent 

bonds, involving hydrogen bonds, hydrophobic interac-

tion, and electrostatic and ionic interactions, being 

strongly affected according to storage conditions, mainly 

by temperature (Zhu, 2015), thus the temperature (40°C) 

and relative humidity (75%), possibly influenced the 

bonds formed between the starch and phenolic com-

pounds, reducing their concentration according to time. 

Chandrasekhar et al. (2009) reported that the devel-

opment of ODF with matrices that make them stable ac-

tive compounds minimizes the cost of packaging to pro-

tect the embedded compounds and Schmidt et al. (2013) 

reported that starch–based films have good barrier prop-

erties against oxygen, but are sensitive to moisture. Thus, 

the use of ODF developed from starch can minimize the 

degradation of total phenolic content, especially in the 

first days of storage. 

IV. CONCLUSIONS 

This study demonstrated the possibility of producing 

starch–based ODF incorporated with the extract from 

mango peels. The developed formulations showed re-

duced disintegration time, a surface pH close to neutral 

and antioxidant activity. In general, ODF incorporated 

with mango peel extract can be classified as a novel ve-

hicle for the release of active natural compounds. 
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