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Abstract In this work, mint essential oil (MEO) was

added into gelatin films and antifungal activity was eval-

uated. Five concentrations of MEO (0, 0.06, 0.13, 0.25,

0.38, 0.50% (g/g gelatin)) were incorporated into gelatin

solutions. The films were prepared by casting and charac-

terized for their barrier properties, mechanical resistance,

morphology, thermal and antifungal activity. The addition

of oil into the solution slightly improved water vapor

barrier, increased thickness and opacity, decreased trans-

parency and modified thermal and mechanical properties of

films. With addition of oil above 0.38%, the films were

effective against the growth of Botrytis cinerea and Rhi-

zopus stolonifer, indicating an inhibitory activity. Thus,

gelatin-based edible films incorporated with MEO showed

to be an effective way to inhibit microbial growth on the

film surface.

Keywords Edible film � Gelatin � Mint essential oil �
Antifungal activity

Introduction

Recently, the interest in preserving food in a safe, natural

and easy-to-prepare way has increased, as well as the

worries to reduce the use of synthetic non-biodegradable

polymers. Many materials can be used to produce

biodegradable and/or edible films and coatings. Currently,

bovine and fish proteins have been investigated as raw

material for preparation of edible films as substitute for

synthetic polymers due to their biocompatibility,

biodegradability and good mechanical and barrier proper-

ties to gases, volatile compounds, oils and UV light

(Kanmani and Rhim 2014; Tongnuanchan et al. 2016).

However, these properties may change according to the

coating solution formulation. Several authors report that

bovine and porcine gelatin-based films show low defor-

mation and high puncture force (Sobral et al. 2001).

Gelatin-made edible coatings present low barrier to water

vapor due to the hydrophilic nature of both gelatins and

plasticizers used for producing the film (Limpisophon et al.

2010; Tongnuanchan et al. 2015). The use of active com-

pounds in the preparation of edible coating films, such as

plant essential oils with hydrophobic properties, can

improve the barrier properties against water vapor. Dif-

ferent types of essential oils have been used in gelatin films

such as bergamot, lemongrass, basil leaf and citronella

essential oils (Ahmad et al. 2012; Arfat et al. 2014;

Tongnuanchan et al. 2014, 2016). Mint essential oil (MEO)

contains volatile components with flavonoids, organic

acids and quinones. It has analgesic, anti-inflammatory and

anti-spamodic properties and has been used for antimi-

crobial applications (Hussain et al. 2010). Kalemba and

Kunicka (2003) and Guerra et al. (2015) reported the

antimicrobial capacity of the coating of shrimp chitosan

supplemented withMentha piperita L. orMentha 9 villosa
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Huds essencial oils against Aspergillus niger, Botrytis

cinerea, Penicillium expansusm and Rhyzopus stolonifer,

which were applied on the surface cherry tomato fruits. In

addition, MEO can be used to improve the chemical and

physical characteristics of the edible films (Guerra et al.

2015) thanks to its barrier property to hinder the develop-

ment of fungi and avoid external and internal food con-

tamination. This hydrophobic compound can also reduce

water vapor permeability of films preventing food water

loss during storage (Abbaszadeh et al. 2014; Guerra et al.

2015).

The present study aimed at production of gelatin-based

edible films with different mint oil concentrations and

characterization of their physical–chemical properties and

effectiveness against B. cinerea and R. stolonifer.

Materials and methods

Materials

Bovine gelatin type B (Bloom 250, viscosity 34 mPa s,

moisture 9%, ashes B 2%, pH 5.8) was obtained from

Gelnex (Itá, Santa Catarina, Brazil). Mint (Mentha arven-

sis) essential oil (MEO, approximately L-menthol = 40%,

menthone = 24%, menthyl acetate = 4%, isomen-

thone = 10%) was acquired from Ferquima Indústria e

Comercio Ltda (Vargem Grande, SP, Brazil), and glycerin

(C3H8O3) and Tween 80 (C64H124O26) were supplied by

Sigma Aldrich (St. Louis, Missouri, USA). The Rhizopus

stolonifer (CBMAI 1551) strain was donated by Laboratory

of Soil Microbiology, Federal University of Santa Catarina

(Florianópolis, SC, Brazil) and the B. cinerea strain

(CBMAI 863) was obtained from the Brazilian Collection

of Environmental and Industrial Microorganisms—

CBMAI/DRM, UNICAMP (Paulı́nia, SP, Brazil).

Preparation and formulation of coatings

Filmogenic solution formulations were adapted from

Tongnuanchan et al. (2015) and were set as follows: gelatin

4% (m/v) was dissolved in distilled water under agitation

for 20 min at 25 �C. Then, glycerol 0.13% (w/w gelatin)

and Tween 80 0.06% (w/w gelatin) were added and the

solution was incubated in a water bath at 80 �C for 10 min.

Then, the solution was cooled to 25 �C, and mint essential

oil was added in several concentrations: 0; 0.06; 0.13; 0.25;

0.38; 0.5% (w/w gelatin). The solutions were then

homogenized using Ultra-Turrax T25 IKA-Werke (Steu-

fen, Germany), at 14,500 rpm for 3 min. The air bubbles

were removed under vacuum. The films were formed by

pouring 20 g of the solution into 15 cm (ID) acrylic dishes,

following drying at 25 �C for 24 h. The films were

removed from the dishes, cut and stored under 58% RH at

25 �C for 48 h.

Thickness

Film thickness was determined using a digital micrometer

(Mitutoyo, MDC-25P, Japan) with accuracy of 0.001 mm.

The results were obtained by calculating the arithmetic

mean of eight random measurements from the surface of

each sample.

Opacity

Opacity was determined according to Hunterlab method

using the colorimeter Ultra Scan Vis 1043 (Hunter Lab,

Reston, USA) operating in the reflectance mode. The

opacity values of each sample were calculated by software

(Easy Match QC 3.83.00, EUA), as the relation between

the opacity on the black standard and white standard in the

CIELab* scale (Vanin et al. 2005; Sobral et al. 2005).

Transparency

Film samples with 1.0 cm 9 4.0 cm were adapted on a

glass cuvette with a 10 mm optical path. Transparency was

measured by transmittance (%) at 500 nm using a spec-

trophotometer (SQ-2800 UV/VIS, UNICO, United Prod-

ucts & Instruments Inc., New Jersey, USA). Total

transmittance (100% T) was determined using the same

cuvette with no film attached (Tang et al. 2005).

Water vapor permeability (WVP)

WVP was determined by gravimetric analysis at 25 �C
(Bertan et al. 2005) according to the method ASTM E96/

E96M-5. Diffusion capsules filled with previously dried

silica gel (0% RH) were covered with the film sample,

sealed and stored in a chamber under 75% RH. The mass

gain of each cell was determined by difference of weigh

measured with an analytical balance (Shimadzu, AY220,

Brasil) after 24 h of storage. Film permeability was cal-

culated by Eq. 1:

WVP ¼ W � L
A � psðaw1 � aw2Þ

ð1Þ

where W is the mass gain (water) of the diffusion cell (g/h);

L is the thickness of the film (m); A is the film area (m2); ps
is the saturation pressure of water vapor (Pa) at the assay

temperature. aw is water activity determined using a digital

hygrometer (Aqualab Model -Series 3 TE, Decagon

Devices, Inc., Pullman, USA) at 25 �C, and (aw1 - aw2) is

the water activity difference between the external and

internal environment, respectively.
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Mechanical properties

The parameters of tensile strength (MPa) and strain (%)

were determined using a universal texture analyzer with a

25 kg load cell, (TA-XT plus model, Stable Micro Sys-

tems, Surrey, England) according to ASTM D882-00

method (ASTM International 2003). Eight measurements

were carried out for each sample (9.0 cm 9 2.5 cm). The

samples were fixed to a pair of grips on the TA-XT probe,

with separation of 60 mm and test speed of 1 mm/s, pre-

and post-test speeds 5 mm/s. Film thickness was measured

before each analysis and taken at four random points using

a digital micrometer (Mitutoyo, MDC-25P, Japan). The

determinations were performed at 25 �C for 3 min, so that

room conditions did not interfere with the results. From

stress–strain curves the following parameters were calcu-

lated: (1) tensile strength was calculated as maximum

stress, (2) strain, at break where the film is torn.

Morphology, chemical and thermal properties

of films

Film morphology was analyzed by scanning electron

microscopy (SEM, JEOL, JSM-6390LV, Japan). The film

surface and cross section, fractured in liquid nitrogen, were

analyzed with secondary electron sensor at an acceleration

voltage of 15 kV and magnification of 10009 for the

surface and 15009 for the cross section of the films. The

films were previously cut into small rectangles of 1.0 cm

by 0.5 cm and fixed in a metallic cylindrical support and

covered by a thin layer of gold using a sputter coater (Bal-

tec, SCD 0005, Japan).

Image analysis of the essential oil distribution on the

film surface was performed using laser scanning confocal

microscope model TCS SP5 (Leica Microsystems Inc.

Wetzlar, Germany) captured with a 639 objective lens in

oil immersion, laser set to green fluorescence mode, in a

wavelength of 514 nm. The images were analyzed in Leica

Application Suite software—LAS lite—TCS MP5 (Leica

Microsystems inc. Wetzlar, Germany).

Prior to the formation of the films, the mint oil was

stained with Nile Red (0.004 mg/10 mL of oil) until

complete solubilization. Then, the films were produced

following the method described earlier. For confocal

microscope analysis the films were cut (diame-

ter = 1.5 cm), placed onto a glass slide with a cover plate

fixed to the sides with adhesive (Bertan et al. 2005). MEO

droplet size was obtained with Leica Application Suite

software—LAS lite—TCS MP5 (Leica Microsystems inc.

Wetzlar, Germany) from mean droplet radius.

Interaction of the MEO in the matrix of films was

assessed by infrared spectra of the films obtained using a

FTIR (Agilent, model Carry 660, USA) spectrometer with

a horizontal attenuated total reflectance (ZnSe) accessory

(ATR). Samples were placed directly on the crystal and 20

scans were performed in the range of 4000–650 cm-1 and

resolution of 4 cm-1 for each sample, as described by

Tongnuanchan et al. (2015). The measurements of the

samples were discounted by the background with air. Three

replicates were performed for each film.

Thermal properties of the films were determined by

Differential Scanning Calorimetry (DSC), using a TA-

MDSC-2920 calorimeter (TA Instruments, New Castle,

USA) with Refrigerated Cooling Accessory (RCS), oper-

ating with nitrogen gas at 150 mL/min. Calibration of the

equipment was carried out with Indium (Tmelt = 156.6 �C),
using helium as purge gas, with a constant flow rate of

25 mL/min. About 3 mg of sample were placed in a her-

metically sealed aluminum capsules (20 lL) and analyzed

using an empty capsule as a reference at a heating rate of

10 �C/min, in the temperature range of 0–180 �C. The

same samples were analyzed in a second scan from 0 to

250 �C (10 �C/min) for eliminating the thermal history of

the samples. The glass transition temperatures (Tg), melt-

ing points (Tmax) and enthalpies (DH) were determined

only in the first heating scans, because the values obtained

in the second scans were not relevant, since no changes

were observed during heating. The analyses were per-

formed in duplicates and the data were analyzed using the

Universal Analysis 2.6 software (TA Instruments, New

Castle, EUA) (Ma et al. 2012).

Contact angle and superficial free energy

Contact angles of films were measured by Tracker-S ten-

siometer equipment (Teclis Sarl, Longessaigne, France)

following the method proposed by Rotta et al. (2009) with

some modifications. Samples films (1 cm 9 5 cm) were

superimposed on a flat surface. One drop of 1 lL of the

standard liquids (water, formamide and diiodomethane)

was generated by a graduated microsyringe and applied

separately on the surface of the films. The contact angle

was calculated by the mean values of the left and right

angles of the drop, from the digital image of the drop cross

section. Measurements were performed for 30 s to avoid

liquid absorption by the film at room temperature (23 �C).
Four replicates were taken for each liquid in each film

formulation. The surface free energy and its components

(polar and dispersive) were calculated by the method of

Owens and Wendt (1969) (Eqs. (2) and (3)):

cTs ¼ cdsl þ cpl cosh ð2Þ

clð1þ cos hÞ ¼ 2

ffiffiffiffiffiffiffiffiffi

cdsc
d
l

q

þ
ffiffiffiffiffiffiffiffiffi

cpsc
p
l

q

� �

ð3Þ
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where cTs is the total free surface energy of the solid, cdsl is
the surface free dispersive energy of the interface between

liquid and solid (apolar), cpl is the non-dispersive (polar)

surface free energy of the liquid.

In Eq. (2), the surface free energy of the solid is

described by using the angle h, surface tension of the liquid

cl and interfacial tension between solid and liquid csl.

Antifungal assay

The antifungal activity of gelatin films with and without

mint oil was evaluated in vitro against R. stolonifer and B.

cinerea. A sample of 0.1 mL of the spore suspension (104

spores/mL) was spread on the surface of the PAD (Potato

Agar Dextrose) medium. The films (diameter = 2.0 cm),

pre-cut with a cylindrical blade, were positioned in the

center of the plates, which were then incubated at 26 �C for

3 days for R. stolonifer and 26 �C for 5 days for B. cinerea.

The antifungal activity of the films was determined by

measuring the diameter of the zone of inhibition of fungal

growth around the film with a Mitutoyo caliper (Kawasaki,

Japan). The tests were performed in duplicate for each film

(Perdones et al. 2014).

The antifungal activity of the oil was determined by the

disk diffusion method described above according to

Alexandre et al. (2016) with modifications. Sterile filter

paper (diameter = 2.0 cm) impregnated with 5 lL of MEO

was used. Disks impregnated with soybean oil were used as

positive control and absolute ethanol as negative control.

This analysis aimed to characterize the oil used for its

antifungal activity against B. cinerea and R. stolonifer.

Statistical analysis

The results were evaluated by Analysis of variance

(ANOVA) using the software Statistica 10 (Stafsoft Inc.,

USA). The means were compared by Tukey�s test. The

level of significance adopted was p\ 0.05.

Results and discussion

Thickness, transparency and opacity

Thickness, transparency and opacity of gelatin films

incorporated with different concentrations of MEO are

presented in Table 1. Films thickness increased with

incorporation of oil into edible solution when compared to

control films (without MEO), varying from 41.0 to

44.0 lm. However, no difference (p[ 0.05) in thickness

was observed between the lowest oil concentrations (0.06,

0.13 and 0.25%) and control films. Actually, the significant

differences (p\ 0.05) in comparison to control films were

observed only in samples containing the highest oil con-

centrations (0.38 and 0.50%). The variation of film thick-

ness can be related to the increase of solids content or due

to peptide chains in gelatin being unable to form a compact

film network in the presence of oil, as suggested by Ahmad

et al. (2012) and Tongnuanchan et al. (2015), who reported

similar results for fish gelatin films incorporated with oils

at different concentrations.

On the other hand, the transparency of films containing

MEO decreased when compared to the control film. This

reduction (p\ 0.05) was observed for samples containing

0.25% or higher concentrations of MEO in the formulation.

Ahmad et al. (2012) reported that the incorporation of

different concentrations of mandarin and citronella essen-

tial oils in gelatin films did not increase the transparency.

Rauwendaal (2001), cited by Ahmad et al. (2012), reported

that optical properties of materials can be significantly

modified by the heterogeneity of material composition and

can significantly modify its transparency. Pires et al. (2011)

showed that the addition of thyme oil into gelatin films

resulted in less transparent films. The authors pointed out,

however, that films containing oil were clear enough to be

used as films or food coating material. The transparency

reduction was also reported by Tongnuanchan et al. (2014)

and Tongnuanchan et al. (2015) in studies with fish-based

gelatin incorporated with basil and citronella essential oils

and palm oil, respectively.

Film optical properties are attributes that can influence

the product aspect, commercial value and the adequacy for

several applications (Ahmad et al. 2012). The opacity of

films increased with the increase in oil concentration,

ranging from 13.0 to 18.0%, consequently increasing the

opacity of gelatin films. Several studies focused on gelatin

films also described an increment in opacity in the presence

of essential oils. Kavoosi et al. (2014) characterized gelatin

films added with Zataria essential oil and observed an

enhancement to opacity with the increase of oil concen-

tration. The same was reported by Ma et al. (2012) who

observed an increase in gelatin films opacity when different

concentrations of essential oil were added, due to the color

of the oil.

Water vapor permeability (WVP)

Water vapor permeabilities (WVP) of films incorporated

with different concentrations of MEO are presented in

Table 1. Gelatin films showed low barrier to water vapor

due their hydrophilic characteristic (Dangaran et al. 2009).

Significant reductions (p\ 0.05) of WVP were obtained

between oil concentrations of 0.06, 0.13 and 0.25% and the

control film. However, WVP of samples containing 0.38

and 0.50% MEO did not differ (p[ 0.05) from films
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without MEO. This behavior can be due to heterogeneous

dispersion of MEO in the film, forming oil agglomerates,

which were observed by scanning electron and confocal

scanning laser microscopy (Fig. 1). At 0.06, 0.13 and

0.25% MEO, WVP was lower due to better oil droplet

distribution within the polymeric matrix. Thus,

microstructure of films, droplet size and lipid distribution

in the film matrix are important characteristics to under-

stand the water barrier properties of films (Ma et al. 2012).

Pires et al. (2011) characterized fish-based gelatin films

incorporated with 5–20% of essential oils of citronella,

cilantro, tarragon and thyme. The authors showed the

addition of essential oil in the films caused a reduction in

water vapor permeability. Nevertheless, they also observed

an increase in WVP for films containing higher amounts

(10 and 15%) of essential oils. Ahmad et al. (2012) also

described an increase in WVP for gelatin films added with

mandarin oil. This behavior was attributed to the difference

in the hygroscopic nature of the oils used what caused

changes in the affinity of water molecules with the film

polymeric network.

Mechanical properties

Mechanical properties of gelatin film added of MEO are

shown in Table 1. Tensile strength of films with oil

decreased significantly (p\ 0.05) from 32 to 27 MPa.

Films containing lower oil concentration (0.06, 0.13%)

showed a significant (p\ 0.05) increment on elongation at

break values. These results corroborate with Young’s

modulus, which decreased significantly (p\ 0.05) with

increase of oil concentration, indicating that the films

became less rigid than the control film, as Young’s mod-

ulus display the intrinsic rigidity of films (Kanmani and

Rhim 2014).

The mechanical properties at higher amount of essential

oil showed the further increase in MEO concentration

resulted in more fragile films, less rigid and less resistant,

consistent with the results of water vapor permeability

(Table 1) and heterogeneous distribution of lipid in the

matrix of these films, according to photomicrographs

(Fig. 1). The results are in accordance with Ahmad et al.

(2012) and Kavoosi et al. (2014), who reported that

increasing the concentration of different essential oils in

gelatin films caused reductions in tensile resistance, elon-

gation and Young’s modulus.

Lower MEO concentrations (0.06, 0.13 and 0.25%)

resulted in an increase of film flexibility as result of

resistance to traction and Young�s modulus, with simulta-

neous increase in elongation, characterizing the plasticizer

effect of MEO on film matrix at these concentrations.

Morphology, chemical and thermal properties

of films

Film microstructure obtained by SEM is presented by the

micrographs in Fig. 1 (left). Film without MEO showed a

smooth surface, with presence of air microbubbles that

probably were not removed from the solution by vacuum

treatment. Cross-sections of film without MEO (Fig. 1b)

show a more homogeneous, compact structure, slightly

rough, and without aggregates, compared to the films

added with MEO. Other studies (Ahmad et al. 2012;

Tongnuanchan et al. 2014, 2015; Martucci et al. 2015)

analyzing pure gelatin films also showed the same mor-

phological characteristics of gelatin films found in the

present study.

The films incorporated with MEO showed smoother and

homogeneous surfaces, when compared to control, except

the film containing 0.50% of oil, which showed coales-

cence regions. This is probably due to the non-homoge-

neous distribution of MEO within the film protein matrix.

Samples with lower concentrations of MEO (0.06, 0.13 and

0.25%) showed structures less rough and more compact,

suggesting a better incorporation MEO within the film

matrix.

Table 1 Thickness, opacity, transparency, water vapor permeability (WVP), tensile strength, elongation and Young’s modulus of the gelatin

films incorporated with mint essential oil (MEO) in different concentrations

Formulations

(% MEO)

Thickness

(lm)

Opacity

(%)

Transparency

(%)

WVP

(10-4 g mm/m2 Pa h)

Tensile strength

(MPa)

Elongation

(%)

Young’s modulus

(MPa)

Control (0) 37.0 ± 4.0a 11.0 ± 1.0a 83.3 ± 1.1a 1.55 ± 0.08a 41.0 ± 2.0a 13.3 ± 2.2ac 1596 ± 60a

A1 (0.06) 41.0 ± 1.3ab 13.0 ± 1.0b 82.0 ± 1.0ab 1.12 ± 0.02b 32.1 ± 3.0b 18.1 ± 3.0b 1118 ± 98bc

A2 (0.13) 42.0 ± 3.3ab 13.1 ± 1.0b 81.2 ± 1.2ab 1.11 ± 0.06b 32.4 ± 2.0b 17.0 ± 2.3ab 1187 ± 106bc

A3 (0.25) 43.0 ± 2.1ab 14.0 ± 1.0b 80.0 ± 1.0bc 1.10 ± 0.07b 32.0 ± 3.0b 15.2 ± 2.0ab 1258 ± 111b

A4 (0.38) 43.0 ± 2.1b 16.0 ± 1.0c 77.4 ± 2.0cd 1.46 ± 0.01a 29.0 ± 2.1bc 11.1 ± 2.0c 1047 ± 82c

A5 (0.50) 44.0 ± 2.0b 18.0 ± 1.0c 76.3 ± 1.3d 1.51 ± 0.06a 27.0 ± 3.0c 10.0 ± 1.3c 1048 ± 117c

Equal superscript letters in the columns for the same parameter indicate that the samples do not differ significantly (p[ 0.05)
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Fig. 1 Scanning electron (left) and confocal scanning laser micro-

scopy (right) micrographs of the gelatin films incorporated with mint

essential oil (MEO) at different concentrations. Surface (a) and cross-

section fracture (b). Size bars in confocal scanning laser microscopy

represent 25 lm
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Confocal laser scanning microscopy was also used as

tool to evaluate MEO dispersion in the film matrix.

Increase in yellow fluorescence due to the presence of

essential oil can be evidenced in Fig. 1 (right). Control film

images (without MEO) do not show any yellow color. We

did not observe any MEO drop aggregates in gelatin films

with 0.06, 0.13 and 0.25% of oil, confirming results

observed by SEM images. Droplet size of MEO was lower

than 9 lm. For films containing 0.38 and 0.50% of MEO,

aggregation in the matrix varied from 5 to 18 lm. These

results are in accordance with SEM observations.

All the films presented FT-IR spectra with the main

characteristic peaks of proteins. The peak amplitude varied

with the concentration of MEO (Fig. 2). Bands at

1045 cm-1 were found in all film samples, probably due to

the interaction of the protein (–CH2 of amino acid residue

of gelatin molecules) and plasticizer (OH group of glyc-

erol) (Bergo and Sobral 2007). The amplitude of these

peaks increased with the incorporation of the different

concentrations of MEO in the films, showing no effect of

dilution of the glycerol by the MEO, as reported by

Tongnuanchan et al. (2015).

The spectra of the films also showed bands in the amide

region at 1645 cm-1 (Amide I), 1548 cm-1 (Amide II),

1243 cm-1 (Amide III), 3295 cm-1 (Amide A),

3070 cm-1 (Amide B) (Bergo and Sobral 2007; Ahmad

et al. 2012; Tongnuanchan et al. 2015). The amplitudes of

Amide I, II, and III were smaller for the control film

compared to films incorporated with MEO, while Amide A

and B bands were not shifted by the addition of MEO. Shift

in amide bands and changes in amplitude of such bands are

reported when adding palm oil and cinnamon oil in gelatin

films (Tongnuanchan et al., 2015, Bahram et al., 2014) and

attributed to the interaction of the protein with the oil

compounds. The addition of MEO in the films probably

caused less intermolecular interaction among the compo-

nents of the formulations during the film drying process

(Ahmad et al. 2012), correlating with the reduction in

tensile strength values of the films added of oil, as shown

later in this paper. Wu et al. (2015) also found similar

Amide I, II and III spectra for fish gelatin films incorpo-

rated with cinnamon essential oil nanoliposomes, at

wavenumber values of 1642 cm-1, 1552 cm-1 and

1237 cm-1, respectively, and observed that amplitudes of

Amides I, II and III were higher for the film with oil

nanoliposomes.

Bands at 2858 cm-1 and 2930 cm-1 were also observed

in all samples of the films in the present study, with higher

intensity and area in the films added with MEO. These

bands can be attributed to the asymmetric and symmetric

stretching vibrations of C–H aliphatic type in CH2 and CH3

groups, respectively. These bands showed greater intensity

in the presence of hydrophobic components, such as ter-

penoids. Thus, films containing different concentrations of

MEO indicated the presence of hydrocarbons that cause

vibrations in these peaks, consequently altering the

molecular organization and intermolecular interaction in

the matrix of the film (Ahmad et al. 2012; Guerra et al.

2015; Tongnuanchan et al. 2016).

DSC thermograms of gelatin film samples, of the first

and second heating steps, are illustrated in Fig. 3. The

thermograms of all samples in the first heating exhibited

glass transition temperatures (Tg), melting temperatures

(Tmax) and enthalpies (DH), which are summarized in

Table 2. In the second heating, no phase changes or any

melting event was observed. The film with the highest

concentration of MEO (0.50%) showed the highest Tg

value (27.0 �C), while the lowest Tg (17.0 �C) was found
for the sample with lower concentration of MEO (0.06%).

There was no significant difference (p[ 0.05) between the

samples with MEO when compared to the control sample

without MEO (22.02 �C). Tg is related to the displacement

of polymer chain segments from amorphous materials. This

transition is important and influences the properties of

materials and potential applications, thus helping to explain

the physical and chemical behavior of the material (Per-

domo et al. 2009; Nagarajan et al. 2012; Tongnuanchan

et al. 2016).

The gelatin films added of different concentrations of

MEO presented Tg close to the control film. This suggests

that test concentration of MEO was too low to increase the

chain mobility. The decrease of Tg could explain, in part,

the reduction in the strength and stiffness values of the

gelatin films incorporated with the MEO. Tongnuanchan

et al. (2014) reported lower values of Tg for fish gelatin

films incorporated with basil and citronella oils, compared
Fig. 2 Infrared spectra of the gelatin films incorporated with mint

essential oil (MEO) at different concentrations
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Fig. 3 Thermograms of the first

heating (a) and second heating

(b) of the gelatin films

incorporated with mint essential

oil (MEO) at different

concentrations

Table 2 Glass transition temperature (Tg), melt temperature (Tmax), fusion enthalpy (DH), surface free energy, polar component and dispersive

component of the gelatin films incorporated with mint essential oil (MEO) at different concentrations

Formulations

(% MEO)

Tg

(�C)
Tmax

(�C)
DH
(J/g)

Surface free energy

(mN m-1)

Polar component

(mN m-1)

Dispersive component

(mN m-1)

Control (0) 22.3 ± 2.0ab 82.0 ± 0.1ab 14.4 ± 1.4a 59.2 ± 0.3a 17.0 ± 0.1a 43.0 ± 0.1a

A1 (0.06%) 17.0 ± 1.0a 80.2 ± 2.0a 14.0 ± 0.1a 59.0 ± 0.3a 13.3 ± 0.5b 45.3 ± 0.2b

A2 (0.13%) 22.0 ± 3.0ab 81.0 ± 0.4ab 15.0 ± 1.0ab 58.0 ± 0.1b 12.0 ± 0.1c 46.1 ± 0.2c

A3 (0.25%) 24.2 ± 1.0ab 81.0 ± 0.4ab 16.0 ± 2.0ab 56.2 ± 0.3c 11.0 ± 0.4d 45.4 ± 0.2b

A4 (0.38%) 22.0 ± 2.0ab 83.4 ± 0.1b 17.2 ± 0.3ab 55.1 ± 0.2d 11.0 ± 0.3d 44.4 ± 0.2d

A5 (0.50%) 27.0 ± 2.0b 83.1 ± 0.3ab 18.4 ± 0.4b 57.0 ± 0.1c 8.3 ± 0.2e 48.3 ± 0.1e

Equal superscript letters in the columns for the same parameter indicate that the samples do not differ significantly (p[ 0.05)
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to the control film, independently of the surfactant used.

The authors explained that the Tg of gelatin films increases

with increasing chain stiffness, as measured by attractive

inter/intramolecular forces, and that the weaker structure of

the film was developed when essential oils were incorpo-

rated, causing a decrease in mechanical strength of films.

The authors further explained that better dispersion and

greater stability of the oil droplets, regulated by the sur-

factants, could interfere in the inter/intramolecular inter-

action of the protein network.

The melting temperature of the control gelatin film was

characterized by an endothermic peak at 82.0 �C, caused
by the melting of the crystal structure of a triple helix of

gelatin, as well as the range of other types of ordered

molecular structures (Sobral and Habitante 2001; Ma et al.

2012; Staroszczyk et al. 2012). During the drying stage of

gelatin films, they undergo a renaturation, changing into a

more regular structure (Rahman et al. 2008; Tongnuanchan

et al. 2016). The incorporation of the different concentra-

tions of MEO in the matrix of the films resulted in a small

increase in the melting temperature (Tmax) of the samples

containing 0.38% and 0.50% of oil, showing no significant

difference (p[ 0.05) compared to the control sample. This

transition is associated with the rupture of ordered or

aggregate molecular structure (Tang et al. 2005; Tongnu-

anchan et al. 2016). This displacement of the Tmax may be

associated with the lower water content of these samples

(Guerrero and De La Caba 2010). Similar results for fish

gelatin films with essential oils were reported by Ma et al.

(2012) and Tongnuanchan et al. (2016).

The control film (without OEM) presents a lower fusion

enthalpy (DH) of 14.4 J/g (p\ 0.05) than the film with the

highest concentration of MEO (0.50%) (DH = 18.4 J/g).

For the other samples, the enthalpy values did not present a

significant difference (p[ 0.05) compared to the control

film. The higher fusion enthalpy suggests better ordination

among the components (gelatin, oil, water, plasticizer) in

the structures of the films, which need to be overcome to

achieve fusion. The opposite behavior was reported in the

study of Tongnuanchan et al. (2016), who showed fish

gelatin films incorporated with both citronella or basil oils

required lower enthalpies to break the interactions among

chains. They also explained the addition of essential oils in

high amounts may increase the amorphous phase and

decrease the ordered phase, thus enhancing the molecular

mobility.

Contact angle and surface free energy

Figure 4 shows the contact angles of the standard liquids:

water, formamide and diiodomethane, dispensed on the

surfaces of the films added with different concentrations of

MEO. The contact angle is an indirect measurement of

hydrophilicity or hydrophobicity and wettability of films

(Su et al. 2010). Usually, films that have an angle of con-

tact with water greater than 65� are considered as

hydrophobic surfaces (Vogler 1998).

Compared with the control film, the addition of different

concentrations of MEO has shown a significant effect

(p\ 0.05) on the water contact angle (polar). The contact

angles of the water with the films varied from 49.0� to

63.1�, indicating an increase in the hydrophobic character

of the films with the increase of the oil concentration

incorporated into them. The lower contact angles were

found using formamide (24.0�–17.4�) and diiodomethane

(30.2�–17.0�). The former is a liquid of intermediate

polarity between water and diiodomethane. The lowest

contact angle of the water with the control film (without

MEO) can be attributed to the water binding capacity with

plasticizer (glycerol) and functional groups in gelatin

(Ojagh et al. 2010). The hydrophobicity of the MEO was

an important factor for the increase of contact angles with

water, decrease in hydrophilicity, and thus, decrease in the

WVP values, as observed previously (Sect. 3.2).

Table 2 shows the surface free energy and the polar and

dispersive components for the films. The surface free

energy values of the polar components of the films were

lower than the values of the dispersive components. This

may characterize the films as hydrophobic. The contact

angles indicated that the water (polar component) was the

liquid that presented less interaction with the films. When

the film is more hydrophilic, the polar component of the

surface free energy is higher, while the dispersive com-

ponent (non-polar) of the surface free energy becomes

lower (Rotta et al. 2009; Mihaly Cozmuta et al. 2015). In

the present study, gelatin films added with MEO showed

Fig. 4 Contact angles of water, formamide and diiodomethane on the

surface of gelatin films incorporated with mint essential oil (MEO) at

different concentrations. Equal letters in the columns for the same

parameter mean that the samples did not differ significantly

(p[ 0.05)
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hydrophobic characteristics, since the increase in MEO

concentrations in the formulations caused a decrease in the

polar component from 17.0 to 8.3 mN m-1 and increased

the dispersive component from 43.0 to 48.3 mN m-1. It is

worth mentioning these results agree with the lower values

of the water vapor permeabilities of the films incorporated

with MEO.

Antifungal capacity

The pure MEO inhibited completely the growth of fungus

during the period of 15 days, thus confirming antifungal

activity against B. cinerea and R. stolonifer. When MEO

was added in the film at various concentrations, antifungal

activity against B. cinerea and R. stolonifer was observed

at 0.38 and 0.50% MEO in films, with an inhibition halo of

2.0 cm in diameter (Table 3). For MEO concentrations

lower than 0.38% no inhibition was observed. Despite the

lack of researches about the use of MEO in edibles films or

coatings in the literature, antifungal activity of the MEO

could be attributed to menthol. According to Abbaszadeh

et al. (2014), pure menthol effectively inhibited B. cinerea

and Rhizopus oryzae PTCC 5174. Kazemi et al. (2012)

showed the MEO has strong effectiveness against patho-

genic fungus. Moleyar and Narasimham (1986) used

essential oil components to inactivate fungal such as A.

niger, R. stolonifer and Mucor spp. and showed the men-

thol was most inhibitory to R. stolonifer. In the MEO used

in this work, menthol was the major component (41%),

according to the technical report of the supplier.

Conclusion

Gelatin films added with lower concentrations of mint

essential oil (MEO) were prepared in this work. The

addition of concentrations equal or higher than 0.38% of

MEO in the filmogenic solution yielded gelatin films with

effective antifungal activity against B. cinerea and R. sto-

lonifer. The essential oil caused some changes in the

physical–chemical characteristics of the films. The most

relevant changes occurred in water vapor permeation (29%

decrease in WVP at 0.25% MEO), as well as in tensile

strength and Young’s module (up to 35% decrease in both

parameters at 0.5% MEO). On the other hand, films with

higher amounts of MEO were more effective against the

fungi growth. Thus, the choice of the film formulation for

posterior studies or application should considered a balance

between physical–chemical and antifungal characteristics.

Hence, based on our results, we can conclude the 0.38% of

MEO is the most promising concentration for application

in the preparation of gelatin films, which may later be used

as a protective edible film on fruits and vegetables.
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