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ABSTRACT: Films of quinoa flour (Chenopodium quinoa, W) incorporated with oregano (Origanum vulgare L.) and thyme (Thymus
vulgaris L.) essential oils (EOs) at 0.5%, 1%, and 2% p/p were prepared to examine their physical and mechanical properties and
antimicrobial activity against Escherichia coli and Staphylococcus aureus. The type of EO was not significant for the physical and bar-
rier parameters of the films. The increase in the EOs concentration led to an increase in the elongation at break, but decrease in the
tensile strength, Young’s modulus, solubility and water vapor permeability. Films containing 1% and 2% EOs exhibited an inhibitory
effect on the growth of S. aureus and E. coli. However, S. aureus was more sensitive to both EOs and the oregano was more efficient
in the inactivation to both microorganisms. The incorporation of EOs as natural antibacterial agents may lead to their potential

application as active packaging materials to increase food safety. © 2016 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 43311.
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INTRODUCTION

The majority of packaging used by industry comes from nonde-
gradable polymers, the increase in waste and the difficulty in recy-
cling most of the available synthetic packaging, has led to
increased research into the development of new biodegradable
materials that are suitable for packaging.'™ The use of agricultural
biopolymers for the development of edible and/or biodegradable
films could be an alternative that could create new markets.*

Proteins and polysaccharides are well known for being good film
formers. Protein films are characterized by good mechanical prop-
erties, although they are usually quite permeable to water and
gases.” Starch is the most widely employed polysaccharide for film
production because it is naturally abundant and inexpensive.
Starch films present good mechanical properties, but their sensi-
tivity to moisture is a major drawback.®” To overcome this prob-
lem, researchers have turned to natural mixtures of starch,
protein, lipids, and fibers, which can be obtained in the form of

. 3,7-9
flour from raw plant materials, such as cereals and legumes.

Several authors have reported the potential application of flours
from whole materials, such as amaranth,>®'®'" soy,>'?
1314 715 and achira flour,” for film production.

wheat, rice,
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The quinoa seed (Chenopodium quinoa, W) is a small grain
(~3 mm diameter) found typically in the South American Andean
highlands, and it is composed of significant amounts of starch
(~80%), which has an amylose content of 10-21% (depending on
the variety).'®'” Quinoa is described as a seed with a high protein
content of 12-23% (depending on the variety) and a highly rec-
ommendable amino acid balance for human consumption.'®
Moreover, quinoa presents a balanced content of lipids and fiber,
making this grain highly promising for the development of biode-
gradable edible films for applications in the food industry.

In addition to the significant use of nonbiodegradable packag-
ing, another problem confronting the food industry is food
spoilage, which is caused by microbial contamination. Studies
have demonstrated that antimicrobial agents could be effective
for reducing the levels of foodborne organisms when incorpo-
rated into packaging films."” Packaging that contain biodegrad-
able polymers have the possibility of being carriers of different
additives, such as antimicrobial, antioxidant, nutraceuticals and
flavorings agents.”® The use of biodegradable edible films con-
taining antimicrobials has been demonstrated as a useful stress
factor tool to protect foodstuff against spoilage flora and to
decrease the risk of pathogen growth.?'
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Essential oils (EOs) from many aromatic spices (oregano,
thyme, salvia, parsley, clove, coriander, garlic, and onion) have
natural antimicrobial and antioxidant properties that could
potentially extend the shelf life of food.'”*”**> However, the
effect of these active components on the structure and function-
ality of the films should be evaluated.*® Therefore, the combina-
tion of production technologies for biodegradable packaging
with active antibacterial technologies may be a good alternative
to lengthen the shelf life and improve the quality and safety of
food.*

The aim of this work is to develop and characterize biodegrad-
able/edible quinoa flour films and to analyze the effect of essen-
tial oil incorporation on the mechanical, optical, and barrier
properties and on the antimicrobial activity.

MATERIALS AND METHODS

Materials

The films were formulated with flour Quinoa (Chenopodium
quinoa W), which was acquired in the local market and was
originally from Bolivia, glycerol (MERCK®) as plasticizer and
essential oils of were rosemary (Rosmarinus officinalis), cloves
(Eugenia caryophyllata), oregano (Origanum vulgare L.), sage
(Salvia officinalis) and thyme (Thymus vulgaris L.) that were
acquired from Verbhena® from Rio Grande do Sul, Brazil.

Quinoa Flour Production and Proximate Composition

The grains were first washed at least four times in an excess of
deionized water to remove the saponins that cover the quinoa
seeds, which are totally soluble in water.'® Afterward, the grains
were dried in an oven with forced air circulation (DeLeo
B5AFD, Brazil) at 40°C for 24 h. The quinoa flour was pro-
duced by grinding the seeds using a benchtop mill (Arbel,
model MGR90, Brazil). The resulting flour was sifted on 150
mesh sieves and used for the preparation of the films. The pro-
tein, ash, lipid, total fiber, and water contents were determined
using standard AOAC methods (AOAC, 1995). The carbohy-
drate content was determined by the difference. The moisture
content was determined by desiccation of the sample in an oven
at 105°C (DeLeo, model TLK 48, Porto Alegre, Brazil). All of
the analyses were performed in triplicate, and the results are
expressed as grams per 100 g of flour in dry matter (DM).

Selection of Essential Oils

The selection of EOs to be used in the films was determined by
preliminary tests. The tested EOs were rosemary (Rosmarinus
officinalis), cloves (Eugenia caryophyllata), oregano (Origanum
vulgare L.), sage (Salvia officinalis) and thyme (Thymus vulgaris
L.). Antimicrobial activity of the oils was tested by the filter
paper disc diffusion method,” culture of Staphylococcus aureus
(ATCC 1901) with 10° CFU mL ™" was spread on Trypticase Soy
Agar (TSA, HiMedia, India) (0.1 mL/plate). One sterile 10 mm
diameter filter paper disc was placed in the center of inoculated
plate and 10 L of EOs was carefully pipetted onto it. All of the
plates were incubated at 37°C for 24 h, and the results were vis-
ually observed for the zone of inhibition.

Film Preparation
The films were prepared using the casting method. The film-
forming solution was prepared with a suspension of 6% quinoa
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flour (6 g 100 g~ " of film-forming solution), and then it was
homogenized for 30 min at 50°C to solubilize the protein. The
solution was then heated to the processing temperature of 82°C
with gentle stirring for 30 min in a water bath for gelatinization
of starch. The film-forming solution was cooled to 40°C, and
the plasticizer (1% w/w film solution) and essential oils
(selected according to preliminary test) in concentrations of 0%
(control), 0.5%, 1%, and 2% (w/w), was added stirred for 5
min in homogenizer (Ultra Turrax T25 DSI, disperser S25N -
25G, IKA® Germany/Deutschland). Then, 0.24 g cm ™ ? of the
film-forming solution was poured evenly onto acrylic plates.
The films were dried in an oven with forced air circulation
(DeLeo B5AFD, Brazil) at 35°C for 16 h.

Film Characterization

The thickness of the films was measured with a digital micro-
meter (DIGIMESS Precision: 0.001 mm, resolution: 0 mm
~25 mm, Brazil). To determine the mechanical properties, solu-
bility and water vapor permeability, the film samples were pre-
conditioned at 25°C and 58% relative humidity."

Mechanical Properties. The films were cut into strips (80 mm
X 25 mm), and the thickness was measured using a micrometer
(Precision: 0.001 mm, resolution: 0 mm-25 mm) at five ran-
dom positions on each strip. The tensile strength (TS) [MPa],
percent elongation at break (EB) [%] and Young’s modulus
(YM) [MPa] were evaluated using a tensile test performed on a
texture analyzer (TA.XT2i e Stable Micro Systems, UK) with a
load cell of 5 kg and using an A/TGT self-tightening roller grip
fixture, according to ASTM D882-09 (2009). Ten strips were
cut, and each one was mounted between the grips of the equip-
ment for testing. The initial distance between the grips and the
set test speed were 50 mm and 0.8 mm s~ ', respectively.

Solubility. The moisture content (MC) of films was determined
by oven-drying at 105 = 2°C for 24 h, and it is expressed as the
percentage of the initial film weight lost during drying. The sol-
ubility was calculated as the percentage of dry matter in the
film that was solubilized after immersion in water. Film discs
(2 cm in diameter) were cut and weighed in metal capsules,
and then added to 30 mL of distilled water, and placed in shak-
ing water bath (Mark DGM, Sao Paulo, Brazil) and slowly and
periodically agitated in speed 1 (30 cycles per minute), for 24 h
at 25°C. The amounts of the dry matter in the initial and final
samples were determined by drying the samples at 105°C
for 24 h. The solubility was calculated using eq. (1).'

S %=100[wi—wf / wi] (1)

where w; is the initial dry weight of the sample (g) and wy is
the final dry weight of the sample (g).

Water Vapor Permeability (WVP). The samples were placed in
permeation cells (inner diameter: 63 mm, height: 25 mm),
filled with granular anhydrous calcium chloride and hermeti-
cally sealed. The permeation cells were placed in a glass cham-
ber with a saturated sodium chloride solution, providing RH
gradients of 0 to75% at 25°C. The mass gain was monitored
for 24 hours by weighing the permeation cell on an analytical
balance (AY 220, Shimadzu). The water vapor permeability of
the samples was determined in triplicate using eq. (2).*’
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WVP=w.L/A.t.Ap 2)

where w is the weight of the water the permeated through the
film (g), L is the thickness of the film (m), A is the permeation
area (m?), t is the time of permeation (s), and Ap the water
vapor pressure difference between the two sides of the film
(3167,46 Pa a 25°C). The WVP is expressed in gm 's ' Pa ™!

Optical Properties (Color and Opacity)

The opacity was determined by measuring the film absorbance
at 210 nm (UV region UV) and 500 nm (visible region) using a
UV spectrophotometer (Shimadzu UV-1800). The films were
cut into a rectangle and directly placed in a spectrophotometer
test cell. An empty test cell was used as the reference. The opac-
ity of the films was calculated by dividing the values of the
absorbance (nm) by the thickness of the film (mm).*®

The color change of the films was determined by the color dif-
ference (AE) with a colorimeter (Hunter Lab system, model
Miniscan XE, USA) operated with D65 (daylight) and using the
CIELab color parameters. The parameters L* (luminosity), a*
(red-green), and b* (yellow-blue) were determined. A white disk
(Ly* = 97.55 ap* = 0.13; and by* = 1.7) was used as the standard.
The AE was calculated using eq. (3).%”

Eq. (3) AE=\/(AL*)2+(Aa*)2+(Ab*)2

where AL*=L*—Ly*, Aa*=a*—ay*, Ab*=b*—b,* in which L%,
ao®, and by* are the color values of the standards and L*, af,
and b* are the film color values.

Morphological Properties

The morphological properties of the films containing the ore-
gano and thyme essential oils were studied using scanning elec-
tron microscopy (SEM). The images were obtained using a
scanning electron microscope JSM 5800 LV, JEOL (Tokyo,
Japan), connected to a secondary electron detector for energy
dispersive X-ray spectroscopy (EDS). The films were cut and
pasted onto double-sided conducting tape on an aluminum
support and coated with a thin film of platinum using a Balted
SCD 050 Sputter Coater (Scotia, NY). The micrographs were
obtained with a magnification of 550X at an accelerating volt-
age of 5 kV. Several images were taken from different points on
the surface of the film to ensure that the final image was repre-
sentative of the entire sample.

Thermal Stability

The thermal stability of the films was studied using thermogra-
vimetric analysis. This was performed under argon flow on a
Shimadzu Instrument, model TGA-502, with a heating rate of
10°C min~"' from room temperature up to 600°C.

Antimicrobial Activity

Antimicrobial activity tests of the films was performed using the
agar diffusion method.?° Strains of Escherichia coli (ATCC 25972)
and Staphylococcus aureus (ATCC 1901) were inoculated in Brain
Heart Infusion (BHI, HiMedia, India) and incubated at 37°C for
12 h. The films were cut into a disc form of 10 mm diameter
and were placed on Trypticase Soy Agar (TSA, HiMedia, India)
plates that were previously seeded with 0.1 mL of inoculum con-
taining indicator microorganisms in the range of 10° CFU mL ™.
The plates were incubated at 37°C for 24 h. The diameter of the
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inhibition zone surrounding the film discs with the agar surface
were measured, with digital micrometer (DIGIMESS Precision:
0.001 mm, resolution: 0-25 mm, Brazil), and the total area was
calculated. The entire zone area was calculated by subtracting
from the film disk area, and this difference was reported as the
zone of inhibition in mm® We also observed the antimicrobial
activity by contact inhibition, i.e., even without the presence of a
clear zone inhibition, if the film inhibited microbial growth on
the surface contact of film disk with the agar.

Statistical Analysis

The results were evaluated using analysis of variance (ANOVA)
and Tukey’s test at a significance level of 0.05 using the Statis-
tica 12.0 software (STATSOFT Inc., Sao Paulo, Brazil).

RESULTS AND DISCUSSION

Proximate Analysis of Quinoa Flour

The quinoa flour obtained in this work had a moisture content
of 11 £0.1%, and the proximate analysis for the dry basis
found 13.0£0.1% of protein, 6.0 *=1.5% of total lipids,
3+0.1% of ash, 6.1 +0.3% of total fiber and 71 = 1% of car-
bohydrates. These values were similar to other studies in the lit-
erature reporting the proximate analysis of grain quinoa.'®?%~?

Selection of Essential Oils

In Figure 1, the zone of inhibition from the preliminary tests of
antimicrobial activity of the EOs is observable. The oils that
showed visually larger inhibition zones to the growth of S. aureus
(ATCC 1901) included oregano (Origanum vulgare L.) and thyme
(Thymus vulgaris L.), these added in the formulations. Oregano
and thyme EOs are known for their antimicrobial activity in vitro
due to the presence of carvacrol (traces to 80% in oregano and
2-11% in thyme) and thymol (traces to 64% in oregano and 10—
64% in thyme).” Several studies have shown that certain essen-
tial oils have strong antimicrobial properties; therefore, they
could be used in food production as a possible alternative to syn-
thetic preservative additives to limit the growth of food patho-
gens and increasing the shelf life of some food.***

Mechanical Properties

Regarding the thickness, independent of the type of essential oil
and concentration used, we did not observe a statistically signif-
icant difference (P>0.05), with thickness ranging from
181 =16 pm to 209 £ 10 pum. The mechanical properties of the
tensile strength, TS (MPa), elongation at break, EB (%) and
Young’s modulus, YM (MPa), of the quinoa flour films contain-
ing the EOs are provided in Table 1.

The tensile strength (TS) is a measurement of the maximum
strength of the film under an applied tensile stress. Our analysis
of the films revealed that the addition of the EOs, including
increasing their concentration, produced a significant reduction
(P<0.05) in the TS compared with the film produced only
with quinoa flour (0% EO). The values reduced from 3.5 £ 0.2
MPa to 1.2 £0.2 MPa for the film with the EO of oregano and
to 1.8 = 0.1 MPa for the film with the EO of thyme. The reverse
effect was observed for the elongation at break (EB), which
increased significantly (P<0.05) with an increase in EO con-
centration from 14.3 £0.9% for the film formulated only with
quinoa flour to 37.3 £3.1% and 20.1 £0.3% for the films with

J. APPL. POLYM. SCI. 2016, DOI: 10.1002/APP.43311



http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

WILEYONLINELIBRARY.COM/APP

Applied Polymer

IENCE

Figure 1. Images of zones of inhibition of essential oils of rosemary (rosmarinus officinalis), cloves (Eugenia caryophyllata), sage (Salvia officinalis), ore-
gano (Origanum vulgare L.) and thyme (Thymus vulgaris L.) against Staphylococcus aureus.

2% of oregano and thyme EOs, respectively. For the Young’s
modulus (YM), we observed that the addition of the EO led to
a significant reduction (P < 0.05) in the values. The results indi-
cated that the addition of the EOs in the films led to a signifi-
cant decrease in strength and rigidity of the films; however, the
EOs significantly increased the elasticity.

According to Sanchez-Gonzalez et al.’® the oil incorporation in

the film results in discontinuities in the polymer matrix of the
dried film, which results in a decrease in the mechanical proper-
ties of the TS and EB. The same authors observed that the addi-
tion of tea tree essential oil (TTO) in films based on
hydroxypropylmethylcellulose (HPMC) results in a significant
decrease in the TS and elastic modulus of the films. A similar
effect was observed by Pranoto et al,** in which the incorpora-
tion of garlic oil in chitosan edible film significantly reduced
the TS from 37.03 = 1.29 MPa (control) to 28.97 +1.92 (400
ul/g of chitosan).

Another group,” developed gelatin-based edible films that were
incorporated with olive oil and observed an increase in the ten-
sile strength (TS) from 6.10 (control) to 6.7 MPa with a final

value of 10.9 MPa (emulsified films). According to the authors,
the inclusion of oil favored protein—protein interactions, and as
a consequence, the obtained films exhibited higher TS values in
comparison with those films without the oil. Jouki et al,®®
developed films of quince seed mucilage (QSM) containing ore-
gano essential oil (OEO), observed that the TS and YM of the
films decreased significantly (P < 0.05) after addition of the EO
from 21.14 to 13.28 MPa and 79.29 to 66.13 MPa for the TS
and YM, respectively. This was accompanied by significant
increase (P<0.05) in the EB from 29.02% to 34.67% with an
increase in the oil concentration of up to 2.0% (w/w). The EO
is liquid at room temperature, and it is present in the film in
the form of oil droplets that can easily be deformed, enhancing
the film’s extensibility. Thus, the OE can act as a plasticizer to
reduce the TS and increasing the EB of the films.

Solubility and Water Vapor Permeability (WVP)

The moisture content (MC) and water solubility of the quinoa
flour films are shown in Table II. Biodegradable packaging
should maintain moisture levels within the packaged product.
Therefore, knowledge of the solubility and MC of the film is

Table I. Properties Mechanical of Tensile Strength (TS), Elongation at Break (EB), and Modulo de Young (YM), of Films Prepared Quinoa Flour with

and without Essential Oils (EOs)

TS [MPa] EB [%] YM [MPa]
Oregano Thyme Oregano Thyme Oregano Thyme
0% 3.5+0.2° 3.5=0.2° 14.3+0.9° 14.3+0.9° 128.3+10.3° 128.3+10.3°
0.5% 3.0+0.2° 2.8=0.1° 19.2+1.8° 16.6+1.3° 1152+6.9° 101.3+3.5°
1% 2.7+0.3° 28+0.2° 19.7+0.9° 192+1.2° 82.3+7.6° 88.4+7.0P
2% 12+0.2° 1.8+0.1° 27.3+31° 20.1+0.3° 51.9+4.29 54.2 +3.6°

The results are represented as the means + standard deviation of the ten repetitions. Values with the same lowercase letter in the column show signifi-
cant similarity (P> 0.05) according to Tukey's test, for films containing essential oils of oregano or thyme in different concentrations.
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Table II. Moisture Content (MC) and Solubility (S) of the Films of
Quinoa Flour Incorporated with Essential Oils (EOs)

MC (%) S (%)
Oregano Thyme Oregano Thyme
0% 18.70+0.9% 18.70+0.9% 43.1+1.5° 431=+15°
0.5% 16.3+0.8° 16.1+04° 412+0.4°> 421+0.6%®
1% 158+06° 155+0.2° 384+0.1° 39.2+0.2°
2% 147+02° 145+04° 36.5+0.3° 37.0+0.4°

The results are represented as the means = standard deviation of three
repetitions. Values with the same lowercase letter in the column show
significant similarity (P> 0.05) according to Tukey's test, for films con-
taining essential oils of oregano or thyme in different concentrations.

highly important for food packaging applications. The MC val-
ues of the films significantly decreased (P < 0.05) with the pres-
ence of the EOQ; however, the increase in the concentration of
the OE was not significant (P> 0.05) for MC.

The solubility of a film is an important property for edible
films, and the water insolubility or resistance is usually
required for a potentially commercial film.”” The solubility of
the quinoa flour film (43.1 £1.5%) showed a significant
reduction (P<0.05) when compared with films incorporated
with the EO of oregano (36.5*0.3%) and thyme
(37.0 = 0.4%) at higher concentrations. According to Jiménez
et al.,”® this effect is a consequence of the increase in the film’s
hydrophobicity due to the incorporation of the oil. Ma et al.,”’
developed gelatin-based edible films incorporated with olive
oil and observed that the solubility significantly decreased
(P<0.05) from 44.67% (control) to 27-33% (emulsified
films). A similar effect was observed by Tapia-Blacido et al.,*
in their study of the interactions of the lipid fraction with the
properties of amaranth flour films. The authors observed that
the presence of lipid in the flour films increased their hydro-
phobicity and decreased their solubility from 42.2 *1.8%
(flour) to 39.9 = 2.5%.
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The Figure 2 shows that an increase in EO concentration results
in a significant reduction (P<0.05) in the WVP from
1.48+0.07 X 107" ¢ m™"' s7' Pa~! for the film produced
only with quinoa flour (0% OE) to 1.05*0.04 X 10710
gm 's ' Pa'and 1.11£0.08 X 107" gm ' s ! Pa! for
films with 2% oregano or thyme EOs, respectively. Ma et al.,”’
developed gelatin-based edible films that were incorporated
with olive oil and observed a significant reduction in the WVP
with an increased concentration of olive oil from 5.610 = 0.068
X 1079 (@ m™' 57! Pa7') to 4.194+0.044 X 107"
(g m ' s7' Pa') (emulsified films). According to these
authors, the olive oil incorporation in the gelatin matrix
improved the water barrier ability of the films for any given oil
to protein ratio. Pereda et al. (2012)*° reported that the WVP is
a crucial property for films intended for use as edible food coat-
ings because most natural biopolymers are very susceptible to
water absorption. The same authors investigated the effect of
the addition of olive oil in edible chitosan films, and they found
that the WVP through the films decreased as the oil concentra-
tion increased with values on the order of 1077
gm ' s' Pa”!, which may be quite high for preventing migra-
tion of moisture from the fruit, e.g., to the environment during
freezing and thawing.

Because of the hydrophobic nature of the oils, their incorpora-
tion in the quinoa flour films improved the solubility and water
barrier ability. A primary function of food packaging is to avoid
or to decrease moisture transfer between the food and the
atmosphere or between two components in a heterogeneous
food product.

Optical Properties (Color and Opacity)

The optical properties of the films are relevant properties
because they have a direct impact on the film appearance and
application.>®

Table IIT shows the values for the color parameters (a*, b*, and
L) of the quinoa flour containing the EO. The color parameter,
L, provides a measure of the lightness, and the color values

Table III. Color Parameters of Films of Quinoa Flour Incorporated with Essential Oils

L a* b* AE*

Oregano

0% 89.3x1.1% -0.3x0.0° 22.6=0.2° 1398.8+41.1°
0.5% 89.4+1.1° -0.3x0.1° 22.8+0.3% 1351.2+86.7°
1% 89.8+0.1° -0.3+x0.1° 22.5+0.1° 1499.2 =52.4°
2% 89.6+0.42 -0.4+0.0% 23.0+0.2° 1606.8 +98.2°
Thyme

0% 89.3x1.1% -0.3x0.0° 22.7+0.2° 1448.1 + 41,42
0.5% 89.8x0.2% -0.3x0.1° 22.8+0.1° 1499.2 +90.5%
1% 88.1+1.3% -0.3x0.1° 22.8+0.1° 1499.2 = 51 .42
2% 89.8+0.4° -0.3+£0.0° 22.9+0.1°2 1559.0+52.8°2

The data are presented as the means plus or minus the standard deviations of three repetitions. Means in the same column followed by different let-
ters were significantly different (P < 0.05) according to Tukey's test for films containing essential oils of oregano or thyme in different concentrations.
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Table IV. Opacity (A mm ') of Quinoa Flour Films and Films Containing Essential Oils at Different Wavelengths (nm)

280 nm 350 nm 500 nm 600 nm 700 nm
Oregano
0% 23.8=+1.2° 151 +1.2° 46+0.3° 3.8+0.2° 3.4+0.3°
0.5% 18.6 = 0.5? 15.0 = 0.6° 47+0.1° 41+0.1° 3.8+0.1°
1% 22.3+1.8° 15.8+0.8? 5.1+0.4° 43+0.4° 3.9+0.4°
2% 22.5+1.92 17.6+1.52 6.8+0.32 6.1+0.32 5.8+0.32
Thyme
0% 23.3=1.2° 151 +1.2° 46+0.3° 3.8+0.2° 3.4+0.4°
0.5% 20.3+1.6° 15.2 +0.42 4.7 +0.4% 3.9+0.3° 3.4+0.2°
1% 19.5+0.9° 15.2+0.5° 5.0+ 0.2%° 4.2+0.3a° 3.8+0.3%
2% 216+1.1° 16.5+0.6° 56+0.22 48+0.22 45+02°

The data are presented as the means (in triplicate) plus or minus the standard deviations. Means in the same column followed by different letters were

significantly different (P < 0.05) according to Tukey's test.

range from 0 to 100 with 0 designating a perfect black and 100
designating pure white. With regard to the color difference of
the films (AE), higher values of DE indicate films with a more
significant color intensity.

The addition of the EO into the films did not modify signifi-
cantly (P> 0.05) the AE, demonstrating that for the tested con-
centrations the oregano and thyme oils did not significantly
change the color parameters in our quinoa flour films. The
parameter, CIE Lab b*, indicates that the quinoa flour films
exhibit a strong tendency to a yellowish color, and the parame-
ter, a¥, is negative for both films, indicating a tendency toward
the characteristic tones of the color green. Flour films exhibit a
tendency toward a yellowish color," this result indicated that the
yellowish color of the flour films would be related to the pres-
ence of proteins in their composition.”*

The analysis of the opacity (Amm™") at different wavelengths
(nm) for the quinoa flour films and films containing the EOs
related to the absorption of UV and visible light in the range of
280-700 nm are presented in Table IV. High absorbance values
indicate films with less transparency or a higher degree of opac-
ity. In the UV region, independent of the concentration, the
addition of an EO did not significantly (P> 0.05) change the
opacity. The films exhibited excellent barrier properties to light
in the UV range (280-350 nm). These results indicate that the
films had a protective ability against UV radiation because of
their UV-barrier capabilities, which suggests their potential pre-
ventive effect on product oxidation due to UV light.

The evaluation of the opacity in the visible region (500—
700 nm) revealed that all of the tested films generally showed
low absorbance values, indicating their high transparency and
low opacity. However, with an increase in essential oil concen-
tration, we observed a significant increase (P < 0.05) in the light
absorption of the films, consequently leading to a reduction in
the transparency of the films. According to Pereda et al,”® oil
droplets that are dispersed in the carbohydrate matrix affect the
transparency by preventing light transmission through the
resulting film. The same authors added olive oil in chitosan
films (5%, 10%, and 15% olive oil/chitosan, wt %), and they

Mnh\"‘lfu-'§ WWW.MATERIALSVIEWS.COM
1

43311 (6 of 9)

observed an increase in the film opacity as the concentration of
lipids increased. To evaluate the opacity of gelatin-based edible
films incorporated with olive oil, Ma et al.,>” observed that the
addition of olive oil (5, 10, 15, and 20% olive oil/protein weight
ratios) produced a significant increase (P < 0.05) in the opacity
of films from 0.58 Agp.mm ' for the control film to values
between 3.28 Agpo.mm ™~ ' and 6.50 Aggo.mm .

Morphological Properties

The scanning electron microscopy (SEM) images for the quinoa
flour-based films and quinoa flour-based films containing the
EOs are shown in Figure 3. The results show that for the stud-
ied magnification (550X) the quinoa flour-based films (without
EOs), presented a compact structure without the presence of
cracks or blistering, with small irregularities. However, with an
increase in the EO concentration, an increase in the irregular-
ities of the film surface was observable that were possibly caused
by the increased lipid droplet concentration that was dispersed
in the matrix of the film.

For the films with 2% of the EOs of oregano or thyme, we
observed a dispersal of the lipid droplets in the emulsion that
were continuously distributed throughout the polymer network
after the film formed. This dispersal and the higher lipid con-
centration on the surface of the film may explain the greater

1,60E-10 - —e— Oregano
--&- Thyme
© 1,40E-10 -
a
)
E  1,20E-10 -
o
o
; 1,00E-10 -
8,00E-11

0% 0.5% 1% 2%
Oil Concentration
Figure 2. Water vapor permeability (WVP) of the films of quinoa flour
incorporated with essential oils (EOs).

J. APPL. POLYM. SCI. 2016, DOI: 10.1002/APP.43311



http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

Figure 3. Scanning Electron Microscopy (SEM), images of film surface
without essential oil (control) and with essential oil of oregano at concen-
tration of 0.5% (OR 0.5%), 1% (OR 1%), 2% (OR 2%) and oil of thyme
at concentration of 0.5 (Th0.5%), 1% (Th 1%), 2% (Th 2%).

opacity of the film with higher levels of EO because, according
to Pereda et al.,>® the lipid droplets cause a greater dispersion of
light on the surface of the film, leading to an increase in
opacity.

Thermal Stability

TGA thermograms showing thermal degradation behavior of
the films with or without EOs are shown in Figure 4. It can be
seen that the addition of EOs, does not affect the thermal stabil-
ity of the films, exhibiting three main stages of weight loss

(Aw).

The first weight loss (Aw; = 10-15%), observed between room
temperature and 180°C, is generally due to the evaporation of
residual water. The estimated amount of water desorbed was
nearly 10-15%, these values are similar to those seen in Table II
for moisture content (MC). The weight loss (Aw2 = 18-20%)
in the second stage, which corresponds to the degradation of
lower molecular weight fractions or structurally bound water in
the film network, occurred at the range 180-250°C. For the
third stage, the major weight loss (Aw; of 21-33%) occurred
between 250 and 350°C for all of the samples, which is ascribed
to the organic phase decomposition. Therefore, all films exhibit
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high thermal stability at least up to 250°C. It was not possible
to observe a larger residual weight with the gradual increase in
EOs concentration or between the different oils that were
tested.

Antimicrobial Activity

The antibacterial activities (inhibitory zone and contact inhi-
bition) of the quinoa flour films incorporated with oregano
and thyme EOs against E. coli (Gram —) and S. aureus (Gram
+) bacteria are shown in Table V. The inhibitory zone is
based on the measurement of the clear zone that was caused
by growth inhibition produced by a film disk (10 mm) that
contained the antimicrobial agent when placed in direct con-
tact with a bacterial culture. When antimicrobial agents are
incorporated into food packaging films, these materials diffuse
through the agar gel and result in a clear zone around the cut

As shown in Table V, an increase of the zone inhibition of the
tested microorganisms occurred with an increase in both EOs
concentrations. Nonetheless, in lowest concentration tested
(0.5%) for both EOs did not produce a zone of inhibition
against E. coli growth, there was only contact inhibition. How-
ever, the same concentration produced a small zone of inhibi-
tion against S. aureus, as well as contact inhibition.

This behavior was observed for other concentrations, inde-
pendent of the EO, in which larger zones of inhibition were
observed for S. aureus (Gram +). These results are in accord-
ance with other authors who reported that Gram-positive
microorganisms are more sensitive to essential oils than Gram-
negative bacteria. This behavior may be related to the presence
of an additional external membrane surrounding the cell wall
in Gram-negative bacteria, which may restrict the diffusion
of hydrophobic compounds through its lipopolysaccharide
covering,'>*

In Table V, we show that, with the same concentrations and
independent of the microorganisms, the EO of oregano had the

Control
i e 00000000 s Oregano 1%
Oregano 2%
----=- Thyme 1%
g
= 604
=
o
=
40 -
20 1 =

¥ T 3 T ¥ T s T X T x T
0 100 200 300 400 500 600
Temperature (°C)

Figure 4. Thermogravimetric Analysis (TGA) analyses of control films
and films containing essential oil of de oregano (1% and 2%) and thyme
(1% and 2%).
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Table V. Zone of Inhibition of Edible Films Prepared with Quinoa Flour and Films Containing Essential Oils Against E. coli ATCC 25972 and S. aureus
ATCC 1901

E. coli (Gram —) S. aureus (Gram +)
Antimicrobial Agents Inhibitory (mm?) Contact Inhibitory (mm?) Contact
Control 0 = 0 =
Oregano
0.5% 0 3 16.5=0.9 4
1% 23.5x0.8 + 50.1+0.9 +
2% 56.2+1.0 A 1225+x1.2 I
Thyme
0.5% 0 + 131+0.8 +
1% 253+0.8 + 36.4=0.9 +
2% 36.4+0.9 * 981=1.1 4

highest inhibition zones in comparison with thyme. These
results are probably related to the composition of the EOs used.
Thymol and carvacrol are the main antimicrobial constituents
of thyme (Thymus vulgaris) and oregano (Origanum vulgare).
They represent the monoterpenes with the highest bactericidal
power, which are present in the composition of many EOs, due
to their phenolic nature.*' As previously mentioned, these are
compounds found in higher quantities in the EOs of oregano
when compared with thyme. Pesavento et al,** analyzed the
chemical composition (%) of OF’s and found concentrations
for carvacrol and thymol that are approximately 71.8% and
1.6% (vol/vol), respectively, for oregano (Origanum vulgare)
and concentrations of ~0.40% and 43.1% (vol/vol), respectively,
for thyme (Thymus vulgaris).

The inhibition zone values obtained in this work are similar to
those obtained in the literature for the same oils that are incor-
porated in films with different matrices. Seydim and Sarikus®*
found a zone of inhibition against S. aureus (ATCC 43300) that
was 33.65 mm® for whey protein isolate films containing 2%
oregano EO, and they did not observe a zone of inhibition for
the same films with 1% oregano EO. Other authors® reported
that in chitosan-based films that contained thyme EO, large
inhibition zones were present against S. aureus (PTCC 143) that
were 109.03 mm? (films containing 1% EO) and 61.43 mm?
(films containing 0.5% EO). Jouki et al** observed inhibition
zones against S. aureus (ATCC 25923) that were 74.56 mm? for
quince seed mucilage film that was incorporated with 1% thyme
EO. Another group of researchers'® developed a soy protein-
based edible film that was incorporated with oregano and
thyme essential oil (2%) for use against S. aureus. They
observed inhibition zones that were 42 mm® and 41 mm?
respectively. Pelissari et al.' reported inhibition zones against E.
coli (ATCC 25922) that were 23.73 mm’ for starch-chitosan
films incorporated with 1% oregano EO.

Several mechanisms are involved in the inhibition of microorgan-
isms in edible films that depend on the source and concentration
of the active compounds in the plant extracts and the composition
of the film material.** In this work, the film with 2% oregano EO
showed the best results with respect to antimicrobial activity pri-
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marily against the Gram positive bacteria, S. aureus, demonstrating
its potential use and application in food packaging.

CONCLUSIONS

Our results indicate that quinoa flour containing the essential oil
(EO) of oregano or thyme is a potentially useful material for the
formulation of active coatings and edible films. The addition or
the increase in EOs concentration both significantly changed the
physical and mechanical properties. The incorporation of the
EOs, despite the reduction in the resistance of the films, led to
an increase in their elasticity, and they became more malleable. It
also led to a reduction in the WVP and solubility, which is a pos-
itive attribute for their application in food. The films exhibited
good light absorption while maintaining the protective barrier
against UV and visible light, which are important characteristics
for their application in food with high lipid contents to minimize
the oxidative effects of light. Even for the low concentrations, all
of the films incorporated with the EOs of oregano and thyme
demonstrated greater antimicrobial activities against S. aureus
and E. coli. However, larger zones of inhibition were observed for
films with the oregano EO compared to films with the thyme
EO. Therefore, our results are encouraging because they demon-
strate that the use of EOs, in addition to improving the mechani-
cal and barrier properties of films, may offer an alternative
method for limiting pathogens and aerobic spoilage in food.
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