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Abstract: Edible films were produced combining pectin (P) matrix with chitosan nanoparticle 
(CSNP), polysorbate 80 (T80), and garlic essential oil (GEO) as an antimicrobial agent. The CSNP 
were analyzed for their size and stability, and the films, throughout their contact angle, scanning 
electron microscopy (SEM), mechanical and thermal properties, WVP and antimicrobial activity. 
Four filming-forming suspension were investigated: PGEO (control); PGEO@T80; PGEO@CSNP; 
PGEO@T80@CSNP. The average particle size was 317nm with zeta potential reaching +21.4 mV, 
which indicated colloidal stability. The wettability of the films exhibited values of 65°, 43°, 78°, 64° 
respectively. In antimicrobial tests, the films containing GEO showed inhibition only by contact for 
S.aureus. For E. coli, the inhibition occurred only in films containing CSNP and by direct contact in 
the culture. The results indicate a promising alternative for designing stable antimicrobial nanopar-
ticles for application in novel food active packaging. 
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1. Introduction 
Biopolymers have been called as a greener and sustainable alternative raw-material 

to replace petroleum-based polymers in the production of food packaging (edible films 
and coatings), due their low toxicity, biocompatibility, renewability, and biodegradabil-
ity[1].  From several biopolymers studied in the food packaging development, Pectin 
(PEC) have risen as an ecofriendly option for coating and film applications, due its film-
forming ability, greater and greener availability from citrus fruits [2]. PEC is an anionic 
linear polysaccharide composed majority by α(1,4) liked D-galacturonic acid chains, being 
classified according to its degree of esterification: high methoxylation (HMD, when half 
or more of the carboxyl groups are esterified) and low methoxylation degree (LMD, when 
less than half of the carboxyl groups are esterified)[3]. These characteristics strongly influ-
ence physicochemical and functional properties, such as gelling conditions, solubility, 
temperature or even polymer modification, allowing the formation of continuous matri-
ces for the preparation of active packaging [4,5]. 

Although those eco-promising properties of PEC, PEC-based films usually do not 
exhibit higher or comparable physical -chemical attributes than conventional packaging, 
which have demanded the different strategies to enhance film properties. To address these 
requirements, fillers and nanofillers have been successfully incorporated into PEC matrix 
improving mechanical, barrier and thermal properties of PEC-based composites and 
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nanocomposite, respectively, in equivalent or superior order, turning these materials a 
useful alternative for food application[2]. Nanostructured fillers, especially polymeric na-
noparticles (chitosan nanoparticles, cellulose nanofibrils, etc.) [6], have been widely in-
serted in the biopolymer matrices improving substantial and effectively the physicochem-
ical properties, mechanical strength and water vapor permeability [7], as well as in some 
cases incorporating complementary properties, such as active properties (antioxidant and 
antimicrobial) [8]. 

Active packaging has been the focus of intense study in the last decades, and its ap-
plication goes far beyond just creating a barrier between the internal and external envi-
ronment. The interest relies on their capability to perform specific functions in food 
preservation [9]. These functions are linked to the presence of additives substances that 
exhibit antimicrobial activities, antioxidants, crosslinkers, or pH regulators. Recently, the 
incorporation of natural active compounds in food packaging has been highlighted since 
their consumptions have been generally recognized as safe (GRAS) by the Food and Drug 
Administration (FDA, USA [10]). Among these natural additives, essential oils (EO) rise 
as an effective alternative for having antioxidant, antimicrobial and anti-inflammatory re-
lated to the presence of terpenes, flavonoids, and other aromatic substances in their com-
position, besides their aroma and taste properties [11,12]. 

Garlic essential oil (GEO) is extracted from Allium sativum, an edible plant widely 
applied in culinary with related pharmacological and antimicrobial activities [13]. The 
GEO antimicrobial activity has been linked to higher quantity of sulfated substances: Al-
licin (Diallyl Thiosulfinate) and organosulfur compounds [12,14]. Due to the presence of 
these active substances, the use of GEO in the development of new active food packaging 
shows up as an effectively option to assist food preservation and/or to replace synthetic 
additives in the food industry. 

Even though chitosan nanoparticles and EO have been widely describes as efficient 
alternative to improve, respectively, physicochemical, and active packaging properties, to 
date, no works combining these compounds to produce pectin-based films had been re-
ported until. Thus, the objective of this work was to produce biodegradable biopolymer-
based films containing GEO in PEC matrices, investigating the interference of chitosan 
nanoparticles (CSNP) and Tween 80 incorporation in terms of mechanical enhancement, 
hydrophobic and antimicrobial properties provided by GEO into the pectin films for ap-
plication in edible packaging. The innovation of this work relies on to extend the shelf life 
of food, rice grains, proposing a new method of secondary active packaging containing 
rice. 

2. Materials and Methods 
Reagents used in the procedures described here were used without further purifica-

tion. Chitosan (MW= 71,3 kDa, degree of deacetylation 94%) was bought from Polymar® 
(Fortaleza, BR), while methacrylic acid (MAA, MW = 86.1 kDa - CAS -79-41-4) was pur-
chased from Aldrich (St. Louis, USA). Potassium persulphate PA ACS (270.3 g/mol) and 
Tween 80 (Polysorbate 80, 604.8 g/mol - CAS-9005-65-6) were bought from Dinamica 
Química Conteporânea Ltda® (São Paulo, BR) Garlic essential oil (Allium sp.; density of 
1.02 g∙ml-1; refraction index 1.57) was gently donated for Lapiendrius Flavours (Itaqua-
quecetuba, BR). The high methoxylated pectin (HMP; MD over 50%) was purchased from 
CP Kelco© (Limeira, BR). 

2.1. Preparation and Characterization of Chitosan Nanoparticles in Solution 
The CS nanoparticles (CSNP) were synthesized by polymerization of methacrylic 

acid (MAA) in chitosan solution according to the work firstly reported by Moura et al. 
2008. This synthesis occurs in two subsequent steps: (1) CS were dispersed 0.2% (w/v) in 
acidic solution under (methacrylic acid 1% wt.) at constant stirring for 5 hours; (2) the 
solution was inserted into a reflux condenser, and potassium persulfate (K2S2O8) as initi-
ator was added to the CS solution. The system was kept at 70 ° C (1 hour) to promote the 
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polymerization of methacrylic acid. Further, the suspension was immersed in an ice bath 
to stop polymerization. The changes in transparency of the suspension to opalescent dis-
persion was the indicative of CSNP formation [15]. 

2.2. Chitosan Nanoparticle’s Characterization: Hydrodynamic Size Distribution, Polydisperse 
Index and Zeta Potential 

The mean size distribution, polydisperse index, and zeta potential of CSNP were ob-
tained through dynamic light scattering in Zetasizer Nano ZS (Malvern Instruments Inc., 
Irvine, U.S.A). Measurements were performed in triplicate by diluting CSNP suspension 
(1:10) in water to avoid high light scattering rate. 

2.3. Film Formulations, Preparation, and Characterization 
The film-forming composition (FFC) were based on the presence of GEO, CSNP, and 

Tween 80 (T80). The components of the fourth different composition are fully described 
in Table 1 within their correlated symbols. For all the film-forming suspension (FFS), the 
total weight was kept constant and equal to 100g. For those composition without CSNP 
(PGEO and PGEO@T80), powered PEC was gently added in water at continuous mechan-
ical stirring (~1500 rpm). GEO and/or T80 was further added, and suspension was kept at 
stirring for 12h. Film-forming suspension comprising CSNP, firstly PEC power was added 
to CSNP dispersion, followed by GEO and/or T80 incorporation. Films were prepared 
through casting-technique: around 40g of FFS was spread over polyester substrate (20 x 
30 cm, Mylar® polyester, Dupont, USA), in which wet-thickness was controlled through 
doctor blade-B and left to dry for 48h at 25°C. 

Table 1. Film-forming composition. 

Acronyms  Pectin 
(% wt.) 

GEO1  
(% v/w) 

CSNP 
(% wt. pectin) 

 T801 
(% wt.) 

PGEO 2.0 1.0 -  - 
PGEO@T80 2.0 1.0 -  1.0 

PGEO@CSNP 2.0 1.0 10  - 
PGEO@T80@CSNP 2.0 1.0 10  01/01/00 

1The oil/surfactant weight ratio was equal to 1. 

2.4. Water Wettability  
The film water wettability was investigated through a contact angle (WCA) of water 

droplet (5.0 μL) over film surface via KSV Instruments (Helsinki, Finland). 60 images were 
recorded within 60 seconds. Measurements were taken at 5 randomly points of film sur-
face, according to ASTM D5725-99. The WCA mean values were calculated at the right 
and left ends of the drop. 

2.5. Scanning Electron Microscopy (SEM) 
The cross-section morphology of cryogenic fracture of the films were obtained via 

Zeiss Scanning Electron Microscope (EVO LS15), operating at a voltage of 5.00 39 kV to 
10.00 kV using a thin layer of gold deposited on the samples. 

2.6. Fourier Transformed Infrared Spectroscopy (FT-IR) 
The FT-IR spectra were recorded in spectrophotometer (Nicolet – NEXUS 670 FT-IT), 

operating in 128 scans, frequency range of 400 – 4000 cm-1, and 2 cm-1 of resolution. Films 
were macerated and pressed into KBr pastilles. 

 

2.7. Mechanical Properties: Tensile strength, Strain, and Young’s Modulus 
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Firstly, the film thickness was determined at five random positions along the sample 
using digital micrometer No. 7326 (Mitutoyo Corp., Japan). The thickness means were 
further used in mechanical and barrier analysis. 

The mechanical attributes of Tensile Strength (TS), Strain (%), and Yong’s modulus 
(E) were calculated from a uniaxial test according to ASTM method D882-12 [16] through 
an Instron Universal Testing Model 3369 (Instron Corp., USA). At least ten samples of 
each film in the dimensions of 100 mm length × 13 mm width were cut and analyzed. The 
films were equilibrated at 33 ± 2% relative humidity (RH) for 48 h before test. 

2.8. Water Vapor Permeability  
The water vapor permeability (WVP) was evaluated according to the ASTM E96-80 

[17]with some modifications. Briefly, the film samples were cut into a circular format and 
placed on poly(methyl methacrylate) cups, which were filled with deionized water, so the 
films acted as a semipermeable barrier between a high- and a low-RH environment. To 
determine the RH at films' undersides (%) and water permeability (g mm KPa-1 h-1 m-2), 
the test cells had their weights measured every two hours for 24h at 25º ± 1 C. 

2.9. Thermal Property: Thermogravimetric Analysis  
The thermal degradation analysis was performed in a Thermogravimetric Analyzer 

TGA-Q500 (TA Instruments, New Castle, DE, USA). The measurements were recorded in 
the temperature range of 20 to 800 ◦C (heating rate of 10 ◦C/min). The nitrogen flow was 
maintained at 100 mL/min. 

2.10. Antimicrobial Properties  
Antimicrobial activity was evaluated based on disk inhibition tests as fully described 

by Otoni et al. [18]. Briefly. The disk inhibition test was performed as following: colonies 
isolated from the cultures of E. coli (ATCC 25922) and S. aureus (ATCC 25923) were inoc-
ulated into 0.85% (w/v) NaCl solution until 0.5 McFarland standard turbidity atched (108 
CFU mL-1. The suspensions were spread out over solidified Mueller Hinton agar. Discs 
with diameters of 0.5; 0.6; 0.7 and 0.8 cm were exposed to UV light (110 V and 254 nm) for 
2 min on each side before being placed in contact with the bacterial surface and the plates 
were incubated at 37 ° C for 24 h in the appropriate incubation chamber. The inhibition 
zones (diameters around the films) were measured to the nearest 0.01 mm with a digital 
caliper (Mitutoyo Corp.). The inefficient in inhibiting microbial growth was considered as 
when inhibition zones were not detected, and the area was assigned as zero. 

3. Results 
This section may be divided by subheadings. It should provide a concise and precise 

description of the experimental results, their interpretation, as well as the experimental 
conclusions that can be drawn. 

3.1. CNPS Characterization  
The particle size distribution is an important characteristic of nanoparticles since the 

size is an essential factor that drives their good performance when incorporated into a 
polysaccharide-based matrix. The mean size obtained for CSNP was 317 ± 2 nm. Aranda-
Barradas et al. [19] reported regardless the others factors that can affect the diameter of 
the particles (CS content or MMA precursor, for instantce), chitosan-based systems pre-
pared through via insitu polymerizations or the precipitation of preformed polymers usu-
ally provide CSNP size diameters ranging from 50 to 300 nm. According to Moura et al. 
[12], the CSNP is usually spherical and stable. This stability can be measured through zeta 
potential. Here CSNP exhibited zeta potential of 21.4 ± 0.9 mV, indicating indicating a sta-
ble suspension and since the values are between in modulu, 20 to 40 mV. In the case of 
NPQs, this increase is related to the amount of chitosan, consequently, there will be an 
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increase in the concentration of NH3+ ions, resulting in a greater surface positive charge 
[20] . 

3.2. PectinGEO Films Characterization  
3.1.1. Visual Appearance 

Figure 1 summarizes the data on visual, superficial, and internal film structure. From 
Figure 1a-d, differences in the film appearance can be noted when the first Tween 80 
and/or CSNP was incorporated. PGEO@T80 films seemed more flexible than PGEO, indi-
cating that the surfactant could be plasticizing the pectin matrix or even facilitating some 
compatibilization of GEO hydrophobic components with the polysaccharide matrix. In-
terestingly, CSNP turned the film extremally homogeneous and apparently more flexible 
than PGEO. Also, less transparency may be linked to a less crystalline portion of pectin 
when the nanofiller is added.  This behavior was not observed when Tween 80 was 
added to the film composition, however, even looking more brittle than PGEO@CSNP, 
PGEO@T80 and PGEO@T80@CSNP look similar, without fissures or phase separation, re-
vealing the good compatibilization of these three components (GEO, T80, and CSNP) with 
the polymeric matrix.  

 
Figure 1. Visual (a-d), superficial (e-h), and internal SEM (i-l) characteristics of pectin-based: 
PGEO(a, e, and i); PGEO@T80 (b, f, and j); PGEO@CSNP (c, g, and k); PGEO@T80@CSNP (d, h, and 
l). 

3.1.2. Water Wettability 
The water contact angle (WCA) measurement gives the wettability (hydrophilic/hy-

drophobic nature) of the surface of the films. Values above 90° indicate surfaces intrinsi-
cally hydrophobic, while values below 90° suggest more hydrophilic surfaces [21]. The 
results can be seen in Figure 1e-h. All films have shown hydrophilic surfaces, with the 
PGEO film (Figure 1e) showing WCA of 65°. By adding surfactant Tween 80 (Figure 1f), 
the WCA decreased to 43°, indicating that maybe this compound provided greater affinity 
between its surface and the liquid, turning it more hydrophilic. This may be correlated to 
a possible plasticizing effect of the surfactant in the matrix, where the hydrophilic part of 
the surfactant interacts with water, facilitating its presence between the polymer 
chains[22]. In this way, there is a decrease in the polymer-polymer interactions, and also 
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the migration of the excess to the surface, increasing the hydrophilicity of the film [22]. 
Equally, the film containing the CSNP (Figure 1g) exhibited WCA equal to 78°, but when 
Tween80 (Figure 1h) was added, the WCA reached 64°. Even CSNP may provide the film 
with a denser matrix caused by favoring the aggregation of hydrophobic agents present 
in the essential oil during the drying process [23,24]. In general, although all compositions 
contain GEO, the compositions incorporated with Tween 80 showed low hydrophobicity, 
considering that the surfactant mediates the oil/water interface, hindering the hydropho-
bic effect in the mediations of the film surface. Given the results, it is possible to affirm 
that the chemical composition of the material directly influences the hydrophobic charac-
teristics of the final film. 

3.1.3. Internal Morphology: SEM analysis  
The cryogenic fracture micrograph of the films intended to investigate the effect of 

the nanofiller and the surfactant in the films containing GEO. Figure 1i-l shows the cross 
sections of the pectin-based films. The control film GEO (Figure 1i) presented a compact 
and ordered structure, suggesting miscibility among some components of the EO and pec-
tin matrix. In films containing Tween 80 (Figure 1j), internal pores with variable dimen-
sions distributed randomly within the matrix can be observed, which could reduce hy-
drophobic aspects and increase flexibility, providing the film with a more amorphous 
structure [25,26]. When CSNP were incorporated into the film composition (Figure 1k), 
the polymeric matrix presented a denser and more compacted than the control film (Fig-
ure 1i). The uniformity of its internal structure and the decrease in pore size indicate that 
CSNP acted as reinforcing agents. 

3.1.4. FT-IR analysis 
Figure 2 shows the infrared spectra of the different film compositions and their com-

ponents. The spectrum of the GEO (Figure 2a) shows the typical four bands in the region 
between 3100 and 2900 cm -1. The first at 3081 cm-1 corresponds to the asymmetric stretch-
ing vibration of CH2, the second (3011-3007 cm- 1) relates the C-H stretching, the third 
(from 2980 to 2978 cm- 1) shows the symmetric stretching vibration of CH2, and the fourth 
between 2914 and 2912 cm -1 the stretching of - CH 2 -. The band 1428 and 1401 cm -1 are 
attributed to the stretching of -CH 2 -, and at length 1217 cm -1 concerns the stretching CH 
2 = CH-, which are associated with the presence of GEO in the films [8,13,27].  

Figures 2a and 2b show the infrared spectra of the neat CS and the CSNP, respec-
tively. The band between 1657 cm-1 and 1598 cm-1 refers to the amine group of the CS 
structure, which is shifted (1638 and 1545 cm-1) due to the interaction among the amine 
group of CS (NH+3) and the carboxylic groups (COO-) from PMMA. The broad band at 
3419 and 2859 cm-1 assigned to asymmetric/symmetric stretching of the primary amines 
(NH2) and O–H stretching from intermolecular/intramolecular hydrogen bonds) [13,27]. 
Moreover, peaks at 1750 cm-1 and 1640 cm-1 are assigned to the stretching of carboxylate 
ions COO-. In addition, the weaker symmetric COO- stretching is followed by moderately 
intense absorption patterns between 1300 and 800 cm-1, a pectin-fingerprint region, also 
visualized in the spectra of the films (Figures 2b). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 December 2022                   doi:10.20944/preprints202212.0435.v1

https://doi.org/10.20944/preprints202212.0435.v1


 

 

 
Figure 2. Infrared spectra of (a) films compositions: garlic essential oil (GEO, black), pectin (P, red, 
and chitosan (CS, blue); (b) pectin-based films: PGEO (black); PGEO@T80 (red); PGEO@CSNP 
(blue); PGEO@T80@CSNP (pink). 

3.1.4. Mechanical Properties 
The mechanical properties are one of the most important properties of composite 

films, which can be evaluated in terms of tensile strength (TS), Young's modulus (YM) 
and elongation at break (EB). The TS represents the film's resistance when it is submitted 
to tensile forces, and modulus of elasticity provides quantitative values of film stiffness 
[28,29]. In this context, the addition of chitosan nanoparticles and/or surfactant in the pec-
tin matrix with garlic essential oil was investigated and how it could impact on the me-
chanical performance of the pectin-based films. Figure 3a-d shows the results obtained 
from the mechanical properties for the different film formulations. The tensile strength, 
elongation at break and Young's modulus ranged from 13.84 to 29.03 MPa, 2.55 to 1.6% 
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and 1.32 to 2.1 GPa, respectively. The values of tensile strength and Young's modulus of 
the control film (PGEO) had a positive significant difference (p < 0.05) in relation to the 
other compositions, with variation of up to 47.67 % and 62.9 %, respectively. The PGEO 
composite was the stiffness film. On the other hand, the elongation at break had no dif-
ference among the film composition. 

 
Figure 3. Mechanical properties (tensile strength, Young's modulus and elongation at break) for 
different film formulations. 

The main drawback of pectin-based films in applications relies on their limited me-
chanical properties, as they become, under specific drying conditions more rigid, brittle 
and have low elongation at break (EB < 25 %) [30–33]. Thus, the increment in such prop-
erties is essential. to improve their applicability. It has been reported that several phenolic 
compounds, essential oil extracted from plants, are used to improve the functional prop-
erties of biopolymers [34–37]. In addition, they also describe antioxidant activity to these 
films, being an extra property to extend the shelf life of foods, reduce food waste and limit 
the application of synthetic chemicals, thus meeting the goals of sustainable industrial and 
social development [38]. 

Although it does not vary statistically, the material shows an improvement tendency. 
By adding CSNP it is possible to observe an increase in the elongation, which can be re-
lated to the composition PGEO@T80@CSNP in relation to the control film (PGEO). And 
the insertion of CSNP to the PGEO@T80 film increased the TS, YM and EB. Yeddes et al. 
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[39] described the tensile strength values of films with different proportions of chitosan 
and pectin, however the tensile strength of composite films had a threefold increase when 
the proportion of chitosan was increased from 3 to 5 parts. The high tensile strength values 
of these films can be attributed to the excellent association between the NH3+ groups of 
chitose and the COO− groups of pectin [39]. Kurek et al. [29] concluded in their studies 
that chitosan flexibility may be caused by the presence of β-(1–4)-D-glucosamine bonds 
that are absent in pectin polymer chains. 

Norcino et al. [40] showed that the addition of copaiba oil nanoemulsions to pectin 
films led to a considerable increase in EB, with pure pectin films showing elongation 
around 1%, with a concomitant decrease in TS. They suggested that the plasticizing action 
of copaiba oil could lead to a decline in intermolecular interactions between the pectin 
chains and increase the free volume and mobility of the chain, which would eventually 
form a film with lower strength and greater flexibility. They also attributed the lower TS 
of the films to the formation of a heterogeneous and incoherent structure in the films 
caused by the copaiba oil phase. 

The addition of the surfactant caused a significant reduction (p < 0.05) in the tensile 
strength when added only to the control film (PGEO). This behavior was also reported by 
Brandelero, Yamashita and Grossmann [41], cassava starch films with Tween 80 showed 
a reduction in mechanical strength values due to the plasticizing effect of the surfactant, 
increasing the free volume between adjacent starch chains and making the more fragile 
structure. Tween 80 is a hydrophilic surfactant with a higher hydrophilic-lipophilic bal-
ance value and can interact with water that weakens the intermolecular hydrogen bond, 
consequently resulting in decreased mechanical properties [42]. 

Figure 3d shows a comparison of Young's modulus and tensile strength (Omnexus) 
with petroleum-based synthetic polymers that are commonly used as packaging. It can be 
observed that the biopolymers synthesized in this work have elastic modulus and tensile 
strength values similar to PVDF and PP. Therefore, biopolymers can be applied in pack-
ages that require mechanical resistance, such as these synthetic polymers. 

3.1.5. Water Vapor Permeability  
The edible films' water vapor permeability shows dependency on the biopolymeric-

based matrix used, and their values are still much higher than those of petroleum-based 
polymeric matrices. Thus, it is imperative to improve this property to turn them compa-
rable to conventional polymeric matrices. Figure 3e shows the WVP results for the differ-
ent compositions. The PGEO film exhibited a WVP value of 0.21 g mm K-1 h-1 m-2 below 
WVP values (0.6 - 1.05 g mm K-1 h-1 m-2) reported in pectin-based films [43]. This result 
may be related to both the nature of the matrix and the hydrophobicity of the GEO.  The 
polymers chains interact with EO compounds, which may reduce the availability of hy-
drophilic groups to form hydrophilic bonds, thus decreasing the water vapor transmis-
sion rate of the film [44–47]. Due to the hydrophilic character of the matrix, the water 
molecules interact with the polar groups of the polymer chains and get trapped by Van 
der Waals interactions as illustrated in Figure 4a. 
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Figure 4. Proposed mechanism of garlic essential oil (GEO), surfactant Tween 80 (T80), and chitosan 
nanoparticles (CSNP) distribution in pectin matrix. Pectin incorporated with GEO (a), GEO@T80 
(b), GEO@CSNP (c), and GEO@T80@CSNP. 

In the films containing the surfactant (Figure 3e), the WVP values increased to 0.39 g 
mm K-1 h-1 m-2. This increase can be linked to the presence of the surfactant [48]. Tween 80 
molecules probably increase the narrow spacing between the pectin chains, allowing 
greater diffusion of water molecules (Figure 4b). The non-free groups favor greater mo-
bility, and consequently, the permeability of the water molecules, such iterations can be 
observed in the representative model in Figure 4c for the films containing Tween 80 [41]. 

The CSNP incorporation (Figure 3e) reached WVP value up to 0.87 g mm K-1 h-1 m-2. 
This unexpected increase may be related to the film thickness. The barrier properties of 
films depend on factors such as thickness and plasticizer concentration. McHugh et 
al.[17]observed that as film thickness increased. The film provided greater resistance to 
mass transfer through it; consequently, the equilibrium water vapor partial pressure at 
the internal surface of the film increased. It caused an improvement on permeability due 
to the higher HR gradient between the film and the environment [49,50]. Additionally, the 
surface positive of CSNP interacting with the polar groups of the pectin matrix turned 
these groups no longer free to interact with water molecules. Then, there may be a repul-
sive interaction between the CSNP surface and the positive permanent dipoles of the wa-
ter molecules (hydrogens) promoting diffusion between all formulations, as represented 
in Figure 4d. 
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3.1.6. Thermogravimetric Analysis 
Thermal analysis is an efficient technique to evaluate the thermal stability of films. 

The thermograms of the pectin-based films are shown in Figure 5. 

 
Figure 5. Thermogravimetric scans of composites (PGEO and PGEO@T80) and nanocomposite 
(PGEO@CSNP and PGEO@CSNP@T80) films. 

Generally, the degradation profile of biopolymer-based materials occurs in three 
stages: dehydration of the material (up to 100 °C) that is naturally retained in the matrix, 
irreversible degradation of saccharides (~230°C), and thermal deterioration of organic 
compounds into CO2 and H2O above 230°C[41,45–51].Here, a typical initial weight loss 
stage over 100 °C was observed in all thermogram curves. The presence of T80 added a 
second weight loss step, probably related to surfactant degradation can be noted [45,52]. 
The degradation onset temperature (Td) decreased to 87.73°C when compared to the ther-
mogram of the PEC matrix. This suggests that the addition of the surfactant decreased the 
molecular interactions between the adjacent pectin chains made up of hydrogen bonds 
between the hydroxyl groups of the PEC. Similar results were mentioned by Norcino et 
al. [40], who reported a decrease in the temperature of onset of degradation (Td) for films 
containing copaiba oil emulsified with Tween 80 when compared to pectin. Such results 
were also reported with the addition of extracts in the film composition as reported in the 
literature[53,54]. Interestingly, the addition of T80 decreased the water moisture, being 
even higher when CSNP was incorporated into the polysaccharide matrix, which turned 
the nanocomposite matrix more thermal stable. For the films containing the CSNP, a slow 
mass loss occurs from 140 °C to 200 °C referring to the decomposition of polymer with 
low molar mass as NH3+ [55].  At approximately 243 and 325 °C the onset of degradation 
(TD) occurs, this event corresponds to the process of dehydration of the anhydrous glu-
cosidic ring present in the chitosan molecule, depolymerization, and side chain decompo-
sition [54,56]. 

3.1.7. Antimicrobial Properties  
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The antimicrobial activity of the films was analyzed through an inhibitory halo 
against E. coli and S. aureus since these microorganisms are the most common pathogens 
found in food (Figure 6) [30,57].  The inhibition against E.coli occurred by contact in the 
films containing the CNPs. The results suggest that chitosan content drives inhibitory ac-
tivity, and since this polysaccharide is assembled as nanoparticles, the effect may have 
been intensified. Additionally, as the nanostructures have a large surface area, the ionic 
interaction of the bacterial cell wall and CSNPs was enhanced, and then the antimicrobial 
property. It promoted cell rupture, changing the membrane permeability, inhibiting the 
replication of the bacteria DNA, and causing cell death [54,56,58].  
GEO content and T80 did not show an inhibition effect (Figure 6). It may be related 
to the GEO volatile compounds, evaporating themselves even before diffusion on the 
Agar, leading to a decrease in the antimicrobial property of the film. The Agar plate 
method has already been related to greater exposure of these compounds present in 
GEO (sulfides) to the environment, decreasing the antimicrobial activity of GEO and 
turning it undetectable [59]. In addition, Gram-negative food spoilage bacteria and 
foodborne pathogens such as E.coli show higher resistance to various types of EOs 
due to the complexity of their structure, thus explaining the unsatisfactory antimicro-
bial effect of the films [11,60]. On the contrary, both CNPs and GEO drove the inhib-
itory activity of the films for the S. aureus bacteria. Previous studies have reported a 
more synergic effect of chitosan and EOs against Gram-positive bacteria than Gram-
negative bacteria due to the difference in the outer membrane characteristics. These 
finds explain why all films showed inhibitory activity against S.aureus while for 
E.coli only those containing CNPs were effective in inhibition [11,61] 
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Figure 6. Antimicrobial activity of the films analyzed through an inhibitory halo against E. coli and 
S. aureus. 

Among several novel packaging with the potential to reach the final consumers, ac-
tive packaging is a promising way to slowly release functional additives to the food and 
avoid food spoilage. Moreover, considering the growing concerns about reducing the dis-
posal of plastics in the environment, the suggested applications for biopolymer films 
based on the results obtained in this work expand the applications already reported for 
active and edible films. 

4. Conclusions 
According to the results obtained in this work, it can be concluded that the NPQs 

was stable as shown by the Zeta potential data. Their presence in the composition of the 
films caused a decrease in the surface affinity of the film for water, thus increasing its 
hydrophobicity, results confirmed by scanning electron microscopy images. The SEM 
analysis showed the uniformity of its internal structure indicates that CSNP acted as rein-
forcing agents. This reinforce improved is demonstrated in mechanical properties results.  

The results from the antimicrobial activity showed that all films containing NPQs 
presented inhibition only by contact for Gram-positive bacteria (S.aureus) and Gram-neg-
ative (E.coli). For films containing essential oil and nanoaprticles, the synergistic effect of 
oil and nanoparticle contributed to the improvement of inhibitory activity against S. Au-
reus. For bacteria of the E.Coli type, only the films containing nanoparticles were more 
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active. In general, the films presented properties considered satisfactory for application as 
active edible films, demonstrating homogeneous and continuous appearance, as well as 
slight transparency and malleability. 
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