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ABSTRACT

New technologies for active food packaging that can protect and interact with the food, increasing its
shelf life are currently being developed. Essential oils are active compounds that, in addition to providing
antibacterial protection, can improve the functional and mechanical properties of films. This research
aimed to evaluate the influence of orange (Citrus sinensis L.) essential oil (AEN) on the physical and
antimicrobial properties of active films produced from cassava (Manihot esculenta) starch and alginate
(AY/AG) using the plate diffusion technique. The films were formulated with different concentrations of
AEN (0, 0,5, 1,0 and 1,5 %). Elongation at break (EB), water vapor permeability (WVP), moisture content,
solubility and Luminosity (L*) decreased significantly (p < 0,05) with the addition of AEN, on the other
hand, tensile strength (TS), b* value (tendency towards yellow) and opacity increased. Scanning electron
microscopy (SEM) images showed a smooth, uniform appearance and continuous dispersion between
cassava starch, alginate. The results obtained indicated that the incorporation of AEN presented an
inhibitory effect against Escherichia coli and Staphylococcus aureus bacteria. Therefore, the films obtained
have a high potential to be used in the development of antimicrobial packaging for food applications.

Keywords: Orange Essential Oil; Antimicrobial Activity; Starch Films; Physical Properties.
RESUMEN

Nuevas tecnologias para el envasado activo de alimentos que pueden proteger e interactuar con el alimento,
aumentando su vida Gtil se estan desarrollando en la actualidad. Los aceites esenciales son compuestos activos
que, ademas de brindar proteccion antibacteriana, pueden mejorar las propiedades funcionales y mecanicas
de las peliculas. Esta investigacion tuvo como objetivo evaluar la influencia del aceite de esencial de naranja
(Citrus sinensis L.) (AEN) en las propiedades fisicas y antimicrobianas de peliculas activas producidas a partir de
almidén de yuca (Manihot esculenta) y alginato (AY/AG) mediante la técnica de difusion en placa. Las peliculas
fueron formuladas con diferentes concentraciones de AEN (0, 0,5, 1,0 y 1,5 %). El alargamiento a la rotura
(EB), la permeabilidad al vapor de agua (WVP), el contenido de humedad, la solubilidad y la Luminosidad (L*)
disminuyeron significativamente (p < 0,05) con la adicion de AEN, en cambio, la resistencia a la traccion (TS),
el valor de b* (tendencia hacia el amarillo) y la opacidad aumentaron. Las imagenes de microscopia electrénica
de barrido (SEM) mostraron una apariencia lisa, uniforme y una dispersion continua entre el almidén de yuca,
el alginato. Los resultados obtenidos indicaron que la incorporacion de AEN presento un efecto inhibidor
contra las bacterias Escherichia coli y Staphylococcus aureus. Por lo tanto, las peliculas obtenidas, tienen un
altopotencial para ser utilizadas en el desarrollo de empaques antimicrobianas para aplicaciones alimentarias.
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INTRODUCTION

Antimicrobial compounds are incorporated into edible films as bioactive components to improve food safety
and quality. Essential oils exhibit strong antimicrobial properties and can improve the film’s functional and
mechanical properties (Sadaf & Idrees, 2022).

Prolonged quality, safety, and shelf life of agricultural products increase consumer acceptability. Edible films
represent an alternative solution for the preservation of minimally processed vegetables. Coating materials
with natural antimicrobials can be an opportunity to increase the safety of fresh produce. Edible films also
control the disadvantages of essential oils in vegetable preservation (Yousuf et al., 2021; Zhu et al., 2021).

Films formulated with active ingredients of natural origin are promising for biodegradable packaging
and their use in food preservation; they represent an environmentally friendly alternative to the packaging
traditionally used in the food industry (Jafarzadeha et al., 2020). Starch, a natural, low-cost, biodegradable
polysaccharide with good biocompatibility, can be used as a carrier of bioactive substances that improve the
function of food packaging (Menzel, C. 2020). As a plasticizer, glycerol can reduce the cohesion between
molecules and increase the fluidity of the polymer chain, thus improving the flexibility of the film and reducing
its brittleness (Chillo et al., 2008). Essential oils have an oily and volatile nature that can affect the integrity or
degree of hydrophobicity of polymer films, changing their mechanical and barrier properties (Atarés & Chiralt,
2016). Therefore, studies are needed to examine the potential of each antibacterial agent and its interaction
with the material used to produce the active starch films.

Orange essential oil (AEN) obtained from the citrus peel (Citrus sinensis L.) has strong antimicrobial properties,
which could be due to the high quantity relative amount of terpenic compounds, including D-limonene (90 % -96
%), myrcene (19 %), and linalool (0,32 %) (Silveira et al., 2021). It has attracted special attention in scientific
communities for its potential applications as a natural preservative (Aguiar et al., 2020). The FDA recognized
it as safe (GRAS) in 2018. it is used as a preservative or flavoring agent in food industries (Sharma & Tripathi,
2008) and has become an ideal choice for incorporation in starch-formulated active films (Tan et al., 2019); it
not only improves the antimicrobial and antioxidant capabilities of films but also functions as a bulking agent in
the film forming solution (SFP), improving mechanical and physical properties (Sahraee et al., 2019). However,
more information is needed on its activity in the cassava starch/Alginate mixture or its impact on the functional
properties of the film. Therefore, this study aimed to formulate cassava starch/alginate-based films active with
AEN and to study their effect on the physical and antimicrobial properties of the obtained films.

METHOD
Materials

Cassava starch was used as the film matrix forming component to prepare the films, which was acquired
from TECNAS, Medellin, Colombia. Sodium alginate and glycerol were purchased from Sigma-Aldrich, USA, and
AEN from Natuaroma S.A., Colombia. The bacterial strains S.aureus Gram (+) and E coli Gram (-) were acquired
from Merck, Colombia.

Gas Chromatography-Mass Spectrometry (GC-MS) analysis

The chemical composition of the AEN was determined by gas chromatography-mass spectrometry (GC-MS). An
Agilent HP- 6890N gas chromatograph coupled to an Agilent 5975N mass selective detector (Agilent et al. USA)
was used, and compound identification was based on mass spectra (MS) obtained with NIST02.L, NIST5a.L, and
NIST98.L library data and the selected ion monitoring mode was used to determine compound concentrations.

Minimum inhibitory concentration (MIC)

To determine the minimum inhibitory concentration (MIC) of AEM, a Gram-negative Escherichia coli (ATCC
25922) and a Gram-positive Staphylococcus aureus (ATCC 25923) bacteria obtained from the GYMOL Group of the
University of Quindio were selected. The strains were previously cultured in Luria Bertani (LB) medium (10g/L
tryptone, 5g/L yeast extract, and 5g/L NaCl) for 24h at 36+ one °C. After this period, the bacterial suspension
corresponded to approximately 108 CFU/mL. MIC assays were performed with concentrations between 0,01 and
5mg/mL of AEN in microplates with a volume of 200 pL of LB medium and ten pL of bacteria in each dilution.
Absorbance readings were taken at 490 nm before and after incubation for 24h at 36 + 1 °C. MIC was defined as
the lowest concentration of AEN in mg/mL capable of inhibiting microbial growth, measured by the difference
between each bacterium’s final and initial absorbance.
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Preparation of films

Films formulated with cassava starch were obtained by the plate diffusion or casting method following the
methodology proposed by Torres et al., 2021 with some modifications. The film-forming solution (FFS) was
prepared by homogenizing the following components: A 1,8 % (w/w) aqueous suspension of cassava starch at
60°C for 30 min at 600 rpm, 1,2 % (w/w) sodium alginate at 600 rpm with constant stirring. The amounts of
glycerol (15 %) and calcium chloride (1,7 %) were calculated based on the mass of sodium alginate. Subsequently,
the calcium chloride solution was added to the sodium alginate solution, and a glycerol solution was heated
for 15 minutes. All components were mixed to obtain the SFP. Subsequently, AEN (0,0, 0,5, 1,0, and 1,5 %) was
added to the SFP. Once homogenized, the SFP was poured into the molds and dried in a forced air oven (Binder
et al.) until the films were obtained. All films were stored at 20°C in a desiccator with a relative humidity of 50
% until further characterization. A control film (PC) will be formulated using the same methodology but without
incorporating AEN.

Film characterization
Thickness

The thickness of the formulated films was measured following the methodology described by (Siripatrawan
and Harte, 2010) with some modifications. A digital micrometer with an accuracy of 0,001 mm (Mitutoyo et al.)
was used for the measurements. Ten measurements were taken at randomly selected points on each type of
film obtained; the value of each thickness will be the average of the measurements taken.

Moisture content

Moisture content was determined immediately after the formulated films were obtained by conditioning for
48h at 25°C at a relative humidity of 50 %, following the ASTM D644-99 method. Moisture was determined by
the gravimetric method, and the samples were cut into 2x2 cm sheets and weighed. Initially, the weight of the
films was taken, and then they were placed in an oven with forced air at 105°C for 24 hours until they were
constantly weighed.

Solubility

The solubility of the formulated films was determined by the percentage of the film dry matter that is
soluble in water. The methodology reported by Akhter et al., 2019 was followed with some modifications. The
formulated films were cut into 2 x 2cm sheets. The samples were dried at 105°C to constant weight to obtain
the initial dry mass. The formulated films were placed in 50 mL of distilled water, covered, and stored at 25°C
for 24h, then vacuum filtered and dried at 105°C to constant weight to obtain the final dry mass.

Water vapor permeability (PVA)

To determine the water vapor permeability (WVP), the formulated films were conditioned for 48 hours at
20 + 0,1 °C and a relative humidity of 40 + 1 %. Once conditioned, they were evaluated according to ASTM E-96
(2005).

The capsules were weighed every hour for 9 hours to determine the film’s weight loss.

Film color and opacity

The color and opacity of the films were determined using a colorimeter (MINOLTA, CR 400, Japan). The films
were placed on a white plate, defined as standard, and illuminance D65 (daylight) was used to determine the
color parameters. The L* parameter indicates lightness, ranging from 0 (black) to 100 (white); the a* and b*
parameters are the chromaticity coordinates, where a* ranges from green (-) to red (+) and b* ranges from (-)
to yellow (+).

Scanning Electron Microscopy (SEM)

The morphological characterization of the surface and cross-section of the obtained films was performed
by scanning electron microscopy (SEM). The films were cut into 1-2 mm long sheets. The formulated films
were fixed with conductive carbon and metalized with gold to present electrically conductive properties. A
JSM-6610LV microscope, JEOL Ltd Japan, was used, and the formulated films were systematically observed at
magnifications of 10000x using an accelerating voltage of 5 KV and 500x using an accelerating voltage of 10 KV.

Antimicrobial activity

The antimicrobial activity of the films was evaluated using the disk diffusion method with modifications
described by (Bajpai et al., 2011) with slight modifications. Disks of 5 mm diameter were aseptically cut
and placed in Petri dishes with solid Mueller-Hinton agar and swabbed with 1,0mL of 10-7 (100ul) CFU/mL of
Escherichia coli and Staphylococcus aureus bacterial culture suspensions. The plates were incubated at 37,0 +
0,1 °C for 24 hours. The diameter of the inhibition zones of the discs was measured using a digital micrometer.
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Each sample was evaluated in triplicate, and the average and standard deviation of the measurements were
used as the result.

Statistical analysis

All determinations were made in triplicate, and the results were reported as the mean + standard deviation.
Statistical data analysis was performed using variance analysis (ANOVA) and Statgraphics Centurion XVIII
software. Differences between the mean values of film properties were compared using Tukey’s test with a 95
% confidence level (p<0,05). The Shapiro-Wilks test was used to verify the normality and homogeneity fit of the
variance data.

RESULTS AND DISCUSSION
Chemical Analysis: Orange Essential Oil

GC-MS analysis identified the presence of seven components in AEN. The main compounds were 84 %
d-limonene and 2,1 % B-myrcene, the main constituents of AEL. Five other compounds were also identified
in lower concentrations: 0,50 % octanal, 0,42 % a-pinene, 0,45 % B-linalool, 0,20 % cyclohexene, and 0,20 %
decanal; these results agree with those reported by Do Evangelho, (2019).

Minimum inhibitory concentration (MIC).

The results obtained for the antimicrobial activity of AEN against two bacterial strains. Revealed that AEM
presented the lowest minimum inhibitory concentration (MIC) of 0,025 mg/mL for the large negative Escherichia
coli strain and 0,050 mg/mL for the gram-positive Staphylococcus aureus strain. Therefore, the Gram-positive
bacteria were more sensitive to AEM than the Gram-negative strain. The findings are consistent with previous
studies published by Singh et al. (2015), where it was observed that MIC showed higher efficacy against gram-
positive bacteria than gram-negative bacteria.

Morphological analysis of films

In figure 1, the images of the visual appearance and SEM photographs made to the PC and PA/AY/AEN-1,5
% film are presented. As shown in figure 1 a), the films presented a cohesive matrix that was continuous and
flexible to handle, with smooth surfaces without cracks that could lead to breakage or insoluble particles that
could be observed with the naked eye.

Surface section Cross section

PC

PA/AY/AEN-15%

d) e) f)

Figure 1. Images of the visual appearance and SEM photographs of PC and PA/AY/AEN-1.5% film
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In figure 1 b) the incorporation of AEN in PA/AY/AEN, regardless of the concentration, reduced the homogeneity
of the cross sections, with the presence of more concentrated pores on the surface.

In image 1 d), a small decrease in brightness and a slightly opaque appearance can be visually appreciated,
attributed to incorporating AEN into the film, but they keep their transparency. The appearance of the PA/AY/
AEN is attributed to the chemical composition of the AEN, which presents a combination of resins and essential
oils obtained by extraction of the characteristic spice and when combined with the film-forming solution, gives
this appearance (Rodianawati, 2015). These results are in agreement with those obtained from the color analysis.

The SEM images of the surface and cross-section of the obtained PA/AY/AENs are presented in figure 1b)
and e) presented a continuous, homogeneous lamellar appearance characteristic of cassava starch/glycerol/
alginate. In figures 1e) and 1f), non-uniform micropores can be distinguished between the outer and inner layers
of the film-forming matrix. This behavior is attributed to the hydrophobicity of the oil and its density difference
with the aqueous starch solution, which may affect the stability of the film-forming solution and consequently
form heterogeneous structures due to phase separation and the presence of pores (Phan et al., 2002) and may
contribute to the antibacterial property of the films, considering that they facilitate the diffusion process of the
essential oil from the interior of the polymeric matrix. To the surface to perform the desired action.

Physical properties

The values of moisture content, solubility, and water vapor permeability of formulated films incorporated with
AEN as an antimicrobial agent are shown in table 1. The control film showed the highest moisture content (15,31
%) and water solubility (51,31 %). A significant decrease (P < 0,05) in moisture content and water solubility was
observed for the PA/AY-AEN films.

Incorporating AEL improves the film surface’s wetting due to its natural oily character (Istiqgomah et al., 2022).
These values indicate smaller free spaces in the SFP, attributed to the decrease produced by AEL of the number
of hydrogen bonds with water and the formation of a denser network with better resistance (Suriyatem et al.,
2018). AEN addition changed the water solubility from 51,72 % to 30,15 %, with a reduction in the diffusion of
water-soluble substances due to the formation of an insoluble outer layer of starch granules (Cao et al., 2017).

Table 1. Moisture and solubility percentages, water vapor permeability (WVP), of films containing or
not different concentrations of Orange essential oil (AEN)

Film % humidity % Solubility PVA (g/ hm?)
PC 15,31 = 0,22° 51,72 + 0,21° 52,62 + 0,01°
PA/AY/AEN -0,5 % 13,61 + 0,15 46,03 + 0,13b 42,28 + 0,03°
PA/AY/AEN -1,0 % 10,72 + 0,02 39,05 + 0,12¢ 38,14 + 0,02¢
PA/AY/AEN -1,5 % 8,72 + 0,02¢ 30,15 + 0,15¢ 31,27 + 0,05¢

Note: Data reported are mean values + standard deviation.
The median of the same column with different letters is significantly different (Tukey: p > 0,05).

The PVA values (table 1) for all films are relatively low. The highest PVA value was the control film (52,62
g/ hm2), while the film formulated with 1,5 % AEN had the lowest PA/AY/AEN -1,5 % (31,27 g/ hm2). These
values indicate to us that the hydrophobic monoterpenes present in AEN influence the hydrophobic properties
of starch films and thus affect the water vapor transfer of the films, thus reducing the PVA by increasing the
hydrophobicity of the formulated films (Yanwon et al., P., 2015).

The thickness of the films (table 2) ranged from 0,084 to 0,106 mm; no significant changes were presented
(P < 0,05). It was observed that there is good compatibility between the SFP components, and the thickness
of the PA/AY/AEN film increased by 0,106 mm, which may be associated with the solids contained in the AEN.
AEL incorporation improved (p < 0,05) the tensile stress (ET) and percent elongation (%E) of PA/AY/AEN (table
2) compared to PC. This behavior is attributed to the presence of several additional functional groups, such as
hydroxyl, ketone and ketone groups hydroxyl, ketone and ester groups in the AEL components, which can form
stronger interactions between the components (de Oliveira et al., 2020).

Table 2. Thickness and mechanical properties of films containing or not containing different
concentrations of orange essential oil (AEN)

Films Thickness (mm) TS (MPa) EB (%)

PC 0,084+ 0,02" 5,370,232 22,70+0,82 2
PA/AY/AEN -0,5 % 0,106+ 0,01 8,27+0,36 ° 20,53+0,61 2
PA/AY/AEN -1,0 % 0,107+ 0,03 11,530,74 ¢ 18,35+0,17 ©
PA/AY/AEN -1,5 % 0,106+ 0,01 15,82+0,95 ¢ 14,43+0,23

Note: Data reported are mean values + standard deviation.
The median of the same column with different letters is significantly different (Tukey: p > 0,05).
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Film color and opacity

Table 3 shows the results of color properties (L*. a*. b*) and opacity of PA/AY/AEN. The lightness (L*)
decreased significantly (p < 0,05) as the concentration of AEN increased. The b* values increased significantly
(p < 0,05) in PA/AY/AEN compared to PC; the values obtained for the* coordinate did not show significant
differences, indicating a tendency to slightly yellow tones. Therefore, the color changes of the formulated films
depend directly on the type and concentration of the essential oil added (Mendes et al., 2019).

Adding AEN increased opacity, which could be attributed to the fact that essential oils dispersed in the
polymeric matrix increase light scattering, resulting in higher opacity of the films (Table 3). This behavior is
due to the change in the refractive index of the film at the polymer interface promoted by the addition of
essential oils.

Table 3. CIEL*a*b* coordinates and opacity contained in films with or without different concentrations of orange
essential oil. (AEN)

Films L* a* b* Opacity

PC 87,26+0,11 @ -1,64+0,57 2 2,67+0,09 2 0,40+0,06 °
PA/AY/AEN -0,5 % 85,07+0,35° -1,54+0,41 2 2,98+0,05° 0,52+0,04°
PA/AY/AEN -1,0 % 83,21£0,74° -1,32+0,61 2 3,21+0,06 ° 0,72+0,01 ©
PA/AY/AEN -1,5 % 80,62+0,42 © -1,27+0,58 2 4,62+0,08"° 0,89+0,02 ¢

Note: Data reported are mean values + standard deviation.
The median of the same column with different letters is significantly different (Tukey: p > 0,05).

Essential oils dispersed in the polymer matrix promote an increase in light scattering and, consequently,
in the opacity of the films. This behavior is due to the change in the film’s refractive index at the polymer
interface promoted by adding essential oils (Valencia-Sullca et al., 2018).

Antimicrobial Activity

Table 4 shows the results obtained for antimicrobial activity using the disk diffusion method. PC did not show
antimicrobial activity against the microorganisms tested. Inhibition halos presented in PA/AY/AEN showed higher
antimicrobial activity (p < 0,05) against Staphylococcus aureus. It has been reported that the antimicrobial
activity observed in AEN could be linked to the significant presence of 84 % d-limonene and 2,1 % B-myrcene
main constituents of AEL. D-limonene usually exhibits antimicrobial and antiseptic activities, and B-myrcene,
the second main constituent of AEN, also has antimicrobial activity (Jarine et al., 2019).

These interactions result in a gradual release of the antimicrobial compounds and ensure their action for
longer than direct application ( Atarés & Chiralt, 2016 ). In addition, the incorporation of essential oils into
packaging is interesting because it is an indirect method of using this natural extract in food without the need
to add it as an ingredient, thus reducing undesirable sensory interferences (Calo et al., 2015).

Table 4. Antibacterial activity of films containing or not different concentrations
of orange essential oil against Escherichia coli (ATCC 25922) and Staphylococcus
aureus (ATCC 25923)

Zone of inhibition (mm)

Films E. coli S. aureus
PC 0,02 0,02
PA/AY/AEN -0,5 % 10,21+1,05° 12,70+1,25°
PA/AY/AEN -1,0 % 11,65+1,32° 14,68+1,27°
PA/AY/AEN -1,5 % 12,25+1,40°¢ 14,87+1,19°¢

Note: Data reported are mean values + standard deviation. The median of the
same column with different letters is significantly different (Tukey: p > 0,05).

CONCLUSIONS

The present study investigated the effect of orange essential oil incorporation on the formulated films’
physical, optical, and structural properties. The main components of orange essential oil identified were 84 %
d-limonene and 2,1 % B-myrcene, which exhibit antimicrobial characteristics that could contribute to extending
the shelf life of packaged foods. The addition of orange essential oil evidenced improvements in decreased
moisture content, solubility, and water vapor permeability values. Also, its effect as an antimicrobial agent
was evidenced, presenting inhibition against E. coli and S. aureus strains, evidencing that the great positive
bacteria were more sensitive to this organic compound. The results obtained indicated that the incorporation
of orange essential oil was positive for antimicrobial activation and integral and film performance, indicating
its potential use in food packaging.
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