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Abstract: This work presents a comprehensive evaluation of the heat-sealability of films developed from chañar 
brea gum (CBG), a biopolymer with potential for packaging applications. Heat-sealability is a critical property 
in the packaging industry, as it directly determines the integrity and functionality of the final product. The films 
were prepared by the 10% casting method with the addition of glycerin and heat sealing was carried out at 140 
°C using a heat sealer. The study employs a joint determination that explore fundamental properties of the films, 
including proximate analysis, antioxidant capacity, FTIR, DSC, TGA-DTGA, XRD, mechanical testing, water 
vapor permeability and sorption, and biodegradability. By integrating the results of all these determinations, the 
study seeks to evaluate and explain the ʺintimate relationshipsʺ—i.e., the complex interconnections among the 
molecular structure, composition, thermal behavior, mechanical properties, and barrier properties of chañar 
gum films—and how these fundamental properties dictate and control their heat-sealability. Thermal stability 
is up to 200°C with a melting point of 152.48°C for CBG. The interstrand spacing is very similar at 4.88nm for 
CBG and 4.66nm for CBG-H. SEM images of the heat seal show rounded shapes on the surface, while in the cross 
section it is homogeneous and almost without gaps. The WVP decreases from 1.7 to 0.37 for CBG and CBG-H, 
respectively. The Youngʹs modulus decreases from 132MP for CBG to 96.5MPa for CBG-H. The heat sealability 
is 656N/m with a biodegradability of 4 days. This comprehensive approach is crucial for optimizing the sealing 
process and designing functional and efficient biodegradable packaging. 

Keywords: chañar brea gum; heat-sealed; films 
 

1. Introduction 

One of the fundamental criteria for polymer or biopolymer films is heat sealing, primarily due 
to its application in the successful closure of flexible materials. In the heat sealing process, two layers 
of thin films are pressed between two heated metal bar jaws for a sufficient period of time, followed 
by cooling. The polymer melts due to this applied heat, and simultaneous interfacial interaction 
occurs through mass diffusion through the molten layers. Upon cooling, a rigid bond develops due 
to interdiffusion and entanglement of the polymers of both molten layers at the interface. Seal 
strength defines the maximum force per unit seal width required to progressively separate one 
flexible material from another flexible material, according to the ASTM F88-09 standard method 
(ASTM, 2009). Seal strength is measured to indicate the quality of the seal. Seal strength depends on 
the sealing temperature, the applied pressure, and the dwell time, i.e., the time the material remains 
in the heating zone. In seal strength testing, it is important to understand the failure mode of a heat-
sealed material to consider the performance of the packaging and how the sealed surface separates 
during the seal failure assessment. The different seal failure modes are: delamination, peeling, and 
tearing [1,2]. 
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Global interest in edible and biodegradable flexible films stems from the need to reduce 
pollution from non-recyclable synthetic plastic packaging. These films, particularly those made from 
starch, show promise for packaging dry ingredients, preserving their quality, and can function as 
ingredient delivery systems in food processing [3,4]. 

For use in bags and sachets, effective heat sealing is critical. Seal strength is key to withstand 
handling and storage. Although heat sealing has been investigated in biodegradable films with 
blends of starch and other polymers (including synthetic ones), information on fully edible films is 
limited. Sealing properties have been studied in whey protein and zein films, with zein being found 
to improve heat sealing. Blends of carbohydrates and proteins have also been evaluated, with 
measured seal strengths [5]. 

However, there are few specific reports on edible films based primarily on starch. Although 
heat-sealed banana flour films have been used for food packaging, seal strength is not always 
detailed. To address this gap, recent research seeks to thoroughly evaluate the heat-sealing properties 
of edible films made from corn starch and functional polysaccharides, adding the latter to improve 
mechanical and barrier properties and achieve effective heat sealing for packaging applications [1]. 

Research into bio-based polymers and composites is crucial for creating sustainable alternatives 
to petroleum-based plastics and reducing environmental pollution [6]. 

The research demonstrates significant economic potential for producing biodegradable 
packaging from plants as an alternative to plastic pollution, although large-scale implementation still 
faces challenges [7]. 

The heat sealing property of self-supporting edible films composed of corn starch and functional 
polysaccharides (amylose, methylcellulose and hydroxypropylmethylcellulose), heat sealed between 
85 and 166 °C, was evaluated in reference [1]. 

Protein films are alternatives to conventional plastics, but their mechanical and barrier 
properties require improvement through physical, chemical, or biochemical treatments. Although 
results vary depending on the method and composition, it is concluded that combining 
nanotechnology with enzymatic and physical treatments is the most promising way to create optimal 
protein packaging for various food applications [8]. 

Biodegradable corn/wheat starch films were developed with lemon essential oil (LEO) and 
surfactants. The addition of LEO and surfactants modified their physical properties and significantly 
increased their antimicrobial activity. These films have potential as biodegradable active packaging 
to control microbial food spoilage [9]. 

To improve the properties of edible soluble soy polysaccharide (SSPS) films with gelatin 
addition, creating blended films with improved heat sealability, strength, and stability. These 
SSPS/gelatin blended films are promising candidates for rapidly dissolving packaging of powdered 
products [10]. 

A biodegradable bag for fish and meat was developed using cellulose acetate and cellulose 
nanofibers. Natural anthocyanin was incorporated to create an ammonia sensor that indicates 
freshness through color change. This heat-sealable film has good properties and potential as an active 
biodegradable packaging with a freshness indicator [11]. 

Biodegradable active films of starch-chitosan reinforced with reduced graphene oxide were 
developed that improved functional properties and maintained heat sealability for food packaging 
[12]. 

The effect of the glycerol/sorbitol ratio on the properties, including heat sealing, of cassava starch 
films was studied. A 1:1 ratio of glycerol and sorbitol resulted in the best strength and sealing 
morphology, highlighting the need to optimize the combination of plasticizers [13]. 

Heat sealing is key to sealing flexible packaging, forming bonds through diffusion and 
crosslinking of polymers upon heating. Seal performance (strength and tightness) is vital to food 
safety and quality, influenced by material properties and sealing parameters. Optimizing the 
selection of thermoplastic materials by understanding their thermal transitions is crucial to achieving 
seals with the strength and tightness required for flexible packaging [14]. 
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Biodegradable films were developed from soy protein isolate (SPI) with Tara pod extract (TPE) 
for packaging. The addition of TPE improved mechanical properties, UV/oxygen barrier properties, 
and heat sealing. These TPE-SPI films showed potential for packaging fatty foods, offering greater 
protection than polyethylene containers [15]. 

Starch-based packaging is a sustainable and affordable alternative for reducing plastic pollution 
in developing countries with limited recycling infrastructure. Although laboratory-level formulation 
is advanced, there are significant practical challenges along the value chain, including industrial 
processing, storage, and moisture resistance. Comprehensively addressing these stages is crucial for 
scaling up production and achieving successful implementation to replace single-use plastics [16]. 

Active, printable, and heat-sealable HPMC/cellulose nanofiber films with propolis-loaded zein 
nanoparticles were developed, showing potential as an environmentally friendly alternative to 
plastic for food packaging [4]. 

ʺGreek saladʺ-style edible films were created from vegetable purees and pectin, with and 
without olive oil/guar gum, and characterized. All films showed good heat-sealing properties, but 
the additions offered no significant advantages. The focus in the future is on optimizing the basic film 
for packaging fatty foods [17]. 

Enhanced pectin-active films were developed with curcumin-loaded phytoglycogen 
nanoparticles, achieving improved barrier, antioxidant, and antibacterial properties, with the 
potential to replace heat-sealable plastics in oil packaging [18]. 

Chitosan is a promising antimicrobial biopolymer for biodegradable packaging that extends 
food shelf life. Further research is needed to optimize its properties and commercialization [19]. 

Given the limitations of conventional sealing techniques for biopolymers, a novel, nontoxic and 
sustainable adhesive based on rice biopolymer, chitosan, and alginate was developed. This 
formulation proved effective in bonding biopolymer surfaces with good strength, even under high 
humidity conditions. It represents a promising and safe alternative for sealing bio-based films and 
materials [20]. 

Heat-sealable soy protein films reinforced with cow horn were developed, proving to be smart 
(pH-sensitive) and environmentally friendly packaging with good mechanical properties and UV 
protection for food [21]. 

For example, the authors of references [22,23] highlight heat sealing as a key packaging 
technique for ensuring the integrity of polymeric containers, achieved by fusing and bonding films 
using heat and pressure. Seal strength is a measure of seal quality, assessed in tensile tests that 
identify failure modes according to ASTM F 88-00.  

Chañar brea gum (CBG), extracted and purified from Parkinsonia praecox, is a water-soluble 
hydrocolloid (solubility increases with temperature). Its solutions increase in viscosity with 
increasing CBG concentration and decreasing temperature, and pH also affects the viscosity [24]. The 
density of the solution at 25°C increases linearly with concentration until saturation. GB reduces the 
surface tension of water at 5% concentration. CBG is useful as a stabilizer/emulsifier, foam former, 
and film former. 

This study focused on the formulation of CBG-based films and coatings with glycerol used as a 
plasticizer [25]. The CBG films displayed amber-colored transparency, with a dense and 
homogeneous structure at the microscopic level. Wetting capacity increased with the addition of 
glycerol, while the water solubility of the films increased with temperature. Water vapor permeability 
remained stable up to 20% glycerol, increasing thereafter. Glycerol also reduced opacity and tensile 
strength [25].  

This study investigated how to improve the functional properties of CBG films by adding 
montmorillonite (MMT). The incorporation of MMT into the film-forming GB solution reduced 
foaming. The resulting films, created by casting MMT exfoliated within the CBG matrix, showed that 
their optical properties depended on the nanofiller concentration. The addition of MMT decreased 
the filmsʹ solubility, moisture uptake, and water and gas permeability. Furthermore, an increase in 
Youngʹs modulus and tensile strength was observed, albeit with a reduction in elongation [26].  
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Water transport in edible films made of hydrophilic polymers is complex. This study 
thermodynamically and phenomenologically analyzed the incorporation of montmorillonite (Mt) 
nanoparticles into CBG films. Moisture adsorption isotherms showed that the presence of Mt makes 
the exothermic adsorption process less favorable, reducing water uptake. Changes in entropy and 
isosteric heat suggest a more stable and ordered structure in films containing Mt. The Gibbs energy 
indicated a lower affinity for water in the composite films. Water vapor permeability in CBG films 
decreases with the addition of Mt, due to the increased tortuosity created by the nanoparticles and 
the decreased hydrophilic character of the matrix [27]. 

In reference [28], edible films of whey protein concentrate (WPC) were prepared with lipids 
(sunflower oil or beeswax) to improve their water vapor barrier, using CBG as an emulsifier and 
matrix component. Ultrasonication was used to obtain homogeneous emulsions with small droplet 
sizes. CBG helped to reduce the emulsion droplet size, especially at lower lipid contents. The 
emulsions presented negative zeta potential due to the pH and isoelectric point of CBG and proteins. 
The increase in lipids in the films reduced the mechanical strength, being better the films without 
lipids. The addition of lipids decreased the water vapor permeability (WVP), an effect that was 
enhanced by CBG. Films with CBG presented a slight amber color. Overall, GB proved to be a good 
emulsifier for the lipid fraction and improved the homogeneity and mechanical properties of the 
WPC-lipid composite films. 

In this study, given in reference [29], bilayer films were formulated using pectin and CBG, 
comparing their functional properties with those of single-layer films of each component. 
Microscopic and surface observations confirmed the integrity of the bilayer films, with no 
delamination. The high solubility of the CBG films also influenced the solubility of the bilayer films. 
The water vapor permeability of the bilayer films depended on the layer exposed during desorption, 
being lower than that of CBG films alone, but higher than that of pectin films of similar thicknesses. 
The distinct properties of each layer in the bilayer films make them potentially interesting for 
applications such as controlled drug release. 

This paper presents a comprehensive evaluation of the heat-sealing capability of films 
developed from chañar gum (pitch gum), a biopolymer with potential for packaging applications. 
Heat-sealability is a critical property in the packaging industry, as it directly determines the integrity 
and functionality of the final package, ensuring the protection of the product inside. The heat-sealing 
process involves the controlled fusion of the surfaces of two films through the application of heat and 
pressure, followed by cooling that solidifies the bond. To fully understand this heat-sealing behavior 
and its underlying mechanisms, the study employs a battery of determinations that explore 
fundamental properties of the films: proximate analysis, antioxidant capacity, FTIR, DSC, TGA-
DTGA, XRD, mechanical testing, water vapor permeability and sorption, and biodegradability. By 
integrating the results obtained from all these determinations, the study seeks to evaluate and explain 
the ʺintimate relationshipsʺ—that is, the complex interconnections between the molecular structure, 
composition, thermal behavior, mechanical properties, and barrier properties of chañar gum pitch 
films—and how these fundamental properties dictate and control their heat-sealability. This 
comprehensive approach is crucial for optimizing the sealing process and designing functional and 
efficient biodegradable packaging. 

2. Materials and Methods 

2.1. Raw Material 

Chañar brea gum was collected by the “Viva el Monte” from the exudate of the Parkinsonia 
praecox tree located in 32°06ʹ36.5ʺS, 65°03ʹ56.8ʺW named “La Travesía”, Traslasierra, Córdoba, 
Argentina.  

The procedure consists of dissolving the exudate in distilled water and then filtering it. This 
filtrate is precipitated with ethanol in a 70/30 ratio in distilled water. It is filtered again, and the 
retentate is dried at 60 °C for 24 hours [30–32]. 
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The yield was calculated from 100 g CBG, using the following equation: 𝑌𝑖𝑒𝑙𝑑% = 100 ஼஻ீೞ೚೗஼஻ீ   (1) 

where CBG was the initial mass (100 g) and CBGsol was the mass of resulting filtration processes [33]. 

2.1.1. Film Preparation 

The films preparation was carried out by adding 10 g CBG in 100mL water and 5 mL of glycerin 
used as plasticizer and molded in box of 29cm x 21cm x 4cm. Next was dry at 60°C by 24hs. Finally, 
it was unmolded and packaged in a self-sealing polyethylene bag [25,27]. 

2.1.2. Film Heat-Sealing 

Heat-sealing was performed on an OX400 bag sealer (Oryx, China) at 140°C, 3 mm wide, for 3 
seconds. The samples to be heat sealed were cut into rectangular strips of film, each 100 mm long and 
20 mm wide. The strips were conditioned at 40% (RH) and a temperature of 25°C for 24 hours. For 
sealing, two conditioned strips were placed one on top of the other and sealed. Heat sealing is studied 
in a conventional way, that is, horizontal heat sealing (CBG-H), and vertical heat sealing (CBG-V) 
was evaluated. Measurements were repeated 3 times. Seal strength was determined according to the 
ASTM F88-09 method (ASTM, 2009) using a Brookfield CT3 texturometer (U.S.A.). The maximum 
force (N) required to peel/tear the seal was recorded numerically and graphically, and the failure 
mode was simultaneously noted. Seal strength was calculated as the maximum force/film width [1]. 

2.1.3. Proximate Analysis of Biomass 

Proximate analysis of the macerated biomass powder was performed according to AOAC 
standard methods (AOAC, 2012). Nitrogen content was measured via the Kjeldahl–Arnold–Gunning 
method, calculating total proteins with a 6.25 factor (AOAC. 920.12); protein productivity 
(mg/L/hour) was also determined. Total fats were analyzed by the Soxhlet gravimetric method using 
petroleum ether (Sigma Aldrich) (AOAC 945.39). Crude fiber analysis used the digesting sample 
method with H2SO4 and NaOH (Sigma Aldrich) (AOAC 962.09). Ash content was found by weight 
difference after calcining the sample (AOAC 945.46), and moisture content by heating under reduced 
pressure (AOAC 945.46). Carbohydrates were calculated indirectly: 
Total carbohydrates=100−(Proteins+Total Fat+Moisture+Ash). Following these standard procedures 
ensured accurate and consistent results, providing valuable data for research and industry [34]. 

2.1.4. Antioxidant Activity Assays 

Reactive oxygen species (ROS), such as superoxide anion radicals (O*2-) and DPPH radicals, are 
recognized culprits behind oxidative damage and functional decline, notably affecting the liver. 
Given the detrimental impact of ROS, investigating novel polysaccharides as potential 
countermeasures is vital for developing effective treatments for liver damage and oxidative stress-
related conditions. Consequently, the determination (or measurement) of these harmful free radicals 
is a crucial prerequisite in evaluating such polysaccharides and uncovering their therapeutic 
potential. Research in this area, by studying the interaction between novel polysaccharides and ROS, 
holds promise for leading to significant breakthroughs in healthcare and wellness [35]. 

Reducing Power 

Based on the method described in reference [35], a reducing power assay was conducted to 
determine the reducing capacity of polysaccharide solutions. Executing this method required 
precision and careful incubation. The procedure involved adding phosphate buffer (2 M, pH 6.6), 
potassium ferricyanide (1% wt.), and trichloroacetic acid (10% wt., 2.5 mL) to halt the reaction. 
Subsequently, ferric chloride (0.2 mL) was introduced, and the absorbance at 700 nm was recorded. 
For ensured reliability, the assay was conducted in triplicate, incorporating gallic acid as a positive 
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control. The outcomes were presented as meq/mL of gallic acid, reflecting a rigorous approach to 
assessing reducing power. 

DPPH Scavenging Activity 

To determine the DPPH radical scavenging activity of polysaccharide solutions, a method based 
on reference [35] with some adjustments was employed. The protocol involved combining volumes 
of polysaccharide solution (tested across a range, such as 0.1 to 1 mL) with a 90% ethanolic DPPH 
solution (0.15 M). Following a 30-minute incubation period protected from light, the absorbance was 
recorded at 517 nm. Total antioxidant content was quantified as a percentage of antioxidant activity 
(% AA) through the application of the provided equation: 

𝐴𝐴ሺ%ሻ = (஺௖ି(஺௠ି஺௕ሻ)஺௖ × 100  (2) 

Following absorbance measurements, calculations utilized a formula incorporating the 
absorbance of the control (Ac), the sample absorbance (Am), and the blank absorbance (Ab). The entire 
procedure was executed in triplicate to ensure robust reliability. Ascorbic acid served as the positive 
control; a calibration curve was constructed based on measurements from ascorbic acid standards. 
This calibration curve allowed results to be expressed as mg/mL equivalents of ascorbic acid. Such 
diligent measurements and subsequent computations yielded valuable insights into the antioxidant 
properties and potential health benefits of the polysaccharides [35]. 

Total Polyphenol Content 

Total phenolic compounds were determined employing the Folin–Ciocalteu method [35–37], 
adapted with modifications to enhance accuracy and precision. The protocol involved carefully 
combining a 5 mL sample aliquot with 1.5 mL of Folin–Ciocalteu reagent (2 N) and 15 mL of 15% 
Na2CO3 solution in a volumetric flask. The volume was then adjusted to 25 mL with distilled water. 
The resulting solution was incubated for 2 hours at room temperature, protected from light, to allow 
the reaction to complete. Absorbance was subsequently measured at 760 nm. For quantification, a 
calibration curve was established using gallic acid (GA) as a reference standard, with six 
concentrations ranging from 1 to 6 mg/L being prepared and measured. To confirm the 
reproducibility and reliability of the data, the entire analytical procedure was meticulously repeated. 

2.2. Fourier-Transform Infrared Spectroscopy 

In this study, Fourier transform infrared spectroscopy (FTIR), a common technique in analytical 
chemistry for identifying chemical compounds, was employed. Spectra were obtained using a Nicolet 
PROTEGE 460 spectrometer in two modes: diffuse reflectance (DRIFTS) and transmission. Data 
collection was performed in the 700–400 cm⁻¹ range, scanning each sample 64 times to ensure accurate 
results. The combined use of both modes allowed for a detailed analysis of the samplesʹ chemical 
composition, structure, and molecular vibrations, ensuring the robustness and reliability of the 
obtained spectra for meaningful interpretation [38]. 

2.3. X-Ray Diffraction (XRD) 

X-ray diffraction (XRD) studies were carried out using an advanced Rigaku ULTIMA IV type II 
instrument (Tokyo, Japan). This instrument employed a Cu Kα lamp with a wavelength (λB) of 1.54 
Å and a nickel filter for accurate measurements. Scanning was performed in the 2θ range from 3° to 
60°, operating the equipment at 30 kV and 20 mA. Data collection was carried out continuously at a 
speed of 3° per minute and a reading step of 0.02°. The average interlaminar distance (dspacing) was 
calculated using the Bragg equation. 
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𝑑௦௣௔௖௜௡௚ =  𝑛 𝜆஻2𝑠𝑖𝑛𝜃஻ (3) 

where dspacing represents the intercatenary distance, θB refers to Bragg’s angle, n is an integer value 
determined through analysis, and λB denotes the X-ray wavelength used [49]. 𝐼௖௥ = 100 ூ೘ೌೣି ூೌ೏ூ೘ೌೣ   (4) 

In addition, the crystallinity index (ICr) was calculated from the normalized diffractogram. For 
this purpose, the intensities of the peaks corresponding to the lattice planes were used, such as the 
(110) reflection (Imax), observed around 21°, which represents the maximum intensity. The intensity 
of the amorphous diffraction (Iad), taken at approximately 15°, was also used, following 
methodologies described in the previous literature [39,40] to determine the ICr. 

2.4. Differential Scanning Calorimetric Analysis (DSC) 

Differential scanning calorimetry (DSC) was performed using a STA 449F3-Jupiter (Selb, 
Germany). Approximately 5 mg of biopolymer sample was placed in an alumina crucible and heated 
from 25 °C to 400 °C at a constant rate of 5 °C per minute. This process was carried out under a 
dynamic nitrogen atmosphere with a flow rate of 25 mL/min, parameters selected to accurately 
analyze the thermal behavior, characteristic transitions, and stability of the biopolymer [41]. 

2.5. Thermogravimetric Analysis 

The thermal stability of the polysaccharide films was determined by thermogravimetric analysis 
(TGA) using a TA Instruments TG 295 analyzer. Samples of approximately 8 mg were heated at 10 
°C/min under a pre-filtered N2 (99.99%) atmosphere with a flow rate of 50 mL/min, using empty 
aluminum crucibles as reference. Temperature calibration was performed with indium (melting point 
156.60 °C) and the Curie point of Ni (353 °C) [42]. 

2.6. Scanning Electron Microscopy (SEM) 

The film morphology was meticulously analyzed using a LEO 145VP scanning electron 
microscope (SEM), complemented by energy dispersive X-ray (EDAX) analysis using an EDS Genesis 
200. For SEM observation, samples were prepared by immersion in liquid nitrogen and gold coating. 
Analyses were performed under high vacuum, with EDAX spectra obtained at an accelerating 
voltage of 120 kV to ensure accurate data collection of elemental composition [43]. 

2.7. Mechanical Tests 

The mechanical properties of the materials were evaluated using a Brookfield CT3 instrument, 
in accordance with ASTM D882. Tests were performed in triplicate at 25 °C and 40% relative 
humidity, with a constant tensile rate of 0.1 mm/min. Samples of 40 mm length by 10 mm width were 
used, and the thickness of each film was measured with a micrometer. Force (F) and strain (Δl) data 
were recorded until failure. Tensile strength (σ) was calculated as the maximum load divided by the 
initial cross-sectional area (A), percentage elongation at break (% ε) as the percentage change from 
the initial length (l=40 mm) at failure, and elastic modulus (E) as the slope of the stress (σ) vs. strain 
(ε) curve in the linear elastic region. [43,44]. 𝐸 =  𝜎𝜀  (5) 

𝜎 = 𝐹𝐴 (6) 

𝜀 =  ∆𝑙𝑙଴  (7) 
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2.8. Water Vapor Permeability 

Water permeability was determined using Electrotech Systems equipment that controlled 
temperature and humidity in a closed system. Weight change was recorded using a RADWAG 
balance accurate to 0.1 mg, and film thickness was measured using a Kolfe micrometer accurate to 
0.1 mg. Circular film samples, 25 mm in diameter, of measured thickness were placed in the 
perforated caps of bottles containing 20 g of silica gel. The sealed bottles were maintained at 30 °C 
and 85% relative humidity, and weight changes were recorded according to a detailed schedule for 
24 hours, following ASTM E96. 𝜏 =  ொ௧ ஺  (8) 

𝑃 =  𝜆∆𝑃  𝜏 (9) 

where τ is transmission speed (ng/m2s), ∆P is pure water vapor pressure (4238.605 Pa), t is 
measurement time(s), Q is permeating mass (ng), λ is thickness of film (m) and A is area of cell (m2) 
[43–45]. 

Biodegradability 

Biodegradation is the breakdown of biopolymers by microbial enzymes (bacteria, yeast, fungi), 
which can be total (generating methane or CO2) or partial (changing composition/properties). A 
recent study evaluated biodegradation rates in a container covered with moistened soil (85% RH, 30 
°C) for 30 days. These findings improve the understanding of biodegradation mechanisms and their 
implications for sustainable waste management [43,44]. 

3. Results 

3.1. Proximate Analysis of Biomass and Antioxidant Capacity 

Starting with 100 grams of chañar brea exudate, an extraction process was carried out to obtain 
purified chañar brea gum (CBG), achieving a highly efficient extraction. The specific yield achieved 
in the operation was 82.33±2.45%. This means that the vast majority of the initial exudate could be 
converted into gum. This yield underscores the effectiveness of the extraction method employed. The 
analyzed product exhibits notable antioxidant and bioactive properties, evidenced by a DPPH value 
of 9.81±0.32 meq/L ascorbic acid equivalent. Its polyphenol content is 1.16±0.034 meq/g of gallic acid, 
quantified using the Folin–Ciocalteu method. In addition, it demonstrates a hydroxyl radical (OH*) 
scavenging capacity of 4.2±0.25% and a reducing power of 4.89±41 meq/g, which underscores its 
potential activity. Regarding its nutritional composition, it is distinguished by being predominantly 
a source of total carbohydrates, constituting 86.97±3.77% of its weight. It provides a moderate protein 
content (6.36±023%) and is significantly low in total fat, representing only 1.19±0.03%. Other 
components analyzed include 4.07±0.15% ash, 3.12±0.11% moisture, and an extremely low sodium 
content of just 0.0114±0.002%. Similar results can be found for pectin and Lithraea molleoides gum and 
chañar gum (Geoffrea decorticans) [33,44]. No changes were recorded in proximal analysis and 
antioxidant capacity of heat-sealed CBG films. 

3.2. X-Ray Diffraction (XRD) 

Data obtained through techniques such as X-ray diffraction (XRD) are essential for 
characterizing these polysaccharides, even though they are predominantly amorphous. These data, 
particularly d-spacing, allow us to infer crucial information about the intermolecular distances 
between polymer chains, as well as to identify structural modifications induced by environmental 
changes such as moisture content or temperature fluctuations. Understanding this structure at the 
molecular level is vital for the development of new materials with improved functionalities. In the 
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context of the packaging industry, modulating these structures can translate into the creation of films 
with superior barrier properties against gases such as oxygen, thus significantly extending the shelf 
life of the food products that come into contact with them [46]. 

Amorphous polysaccharides are a fundamental component of numerous natural and synthetic 
materials. Therefore, a thorough understanding of their structural properties is essential in fields as 
diverse as pharmaceuticals, food science, and materials engineering. A key analytical technique for 
this purpose is X-ray diffraction (XRD). Although amorphous polysaccharides do not exhibit the 
sharp peaks characteristic of crystalline materials, their XRD patterns provide valuable information 
about the arrangement and organization of their molecular chains. Analysis of these diffuse patterns, 
including their numerical characteristics, serves as a basis for describing the structure and properties 
of these polysaccharides. Comparing these diffraction patterns with standard references or known 
structures of related compounds or polymers provides important details about their arrangement at 
the atomic and molecular levels, even in the absence of long-range crystalline ordering [46]. 

 

Figure 1. XRD of gums. 

Table 3. XRD data of gums. 

Flour 2θ dspacing (nm) ICr % 
CBG 18.15 ± 0.72 4.88 ± 0.97 34.16 ± 0.97 

CBG-H 19.05 ± 0.84 4.66 ± 0.91 32.54 ± 0.89 
The X-ray diffraction (XRD) results for the CBG film revealed significant differences in its 

molecular structure after heat sealing. Initially, the unheat-sealed film showed a d-spacing value of 
4.88 nm and a crystallinity index of 34.16%. D-spacing, which represents the distance between atomic 
or molecular planes within the materialʹs crystalline structure, suggests a certain level of organization 
of the polymer chains. The crystallinity index, on the other hand, indicates the percentage of the 
material that exhibits an ordered, crystalline structure compared to the amorphous and disordered 
fraction [47]. No changes were recorded in DRX of heat-sealed CBG-H and CBG-V films. 

After applying the heat sealing process of CBG-H, the XRD results showed a decrease in both 
parameters. The d-spacing was reduced to 4.66 nm and the crystallinity index decreased to 32.54%. 
This shrinkage in d-spacing could be interpreted as a rearrangement of the polymer chains to a 
slightly smaller interlayer distance, possibly induced by the thermal energy applied during heat 
sealing. The decrease in the crystallinity index suggests that the heat treatment caused a slight loss of 
the ordered structure in favor of a more amorphous phase [48]. 

This reduction in crystallinity after heat sealing is not a universal phenomenon in all polymers, 
as it depends on the specific nature of the material and the process conditions. However, in some 
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cases, partial melting or thermal stress during heat sealing can alter existing crystalline regions or 
hinder the formation of new ordered structures during cooling, leading to a net decrease in 
crystallinity. These changes in the nanostructure of the CBG film, evidenced by the variation in d-
spacing and crystallinity index determined by XRD, are crucial to understand how heat sealing affects 
the physical and mechanical properties of the material, such as its barrier, flexibility or sealing 
strength [49].  

A chitosan film presented two distinctive peaks at 10.46° and 20.1° (2θ), typical of its semi-
crystalline nature [50]. Carboxymethylcellulose (CMC) [50] exhibited a characteristic peak at 20.71° 
(2θ), reflecting its structure with a degree of ordering, although probably lower than native cellulose 
due to substitution. Materials designated CBG and CBG-H, showed peaks at 18.15° and 19.05° (2θ), 
suggesting the presence of specific crystalline structures of these materials. In contrast, the study of 
sonicated spores of Ganoderma lucidum [51] revealed a significant impact of physical treatment. These 
spores lost their original chitosan morphology, experienced a dramatic decrease in their degree of 
crystallinity (shifting toward a more amorphous state), and showed an increase in the degree of 
deacetylation of their constituent chitosan. Taken together, the XRD results demonstrate how the 
technique allows for the identification of crystalline structural features of different polymers and 
biological materials, which can contribute to the disruption of crystallinity [48]. 

3.3. Fourier-Transform Infrared Spectroscopy (FTIR) 

Analysis of the infrared spectrum (Figure 2) identifies prominent absorption bands linked to 
specific functional groups. Hydroxyl groups are indicated by the –OH stretching band at 3430 cm⁻¹. 
C–H stretching occurs at 2920 cm⁻¹, and a general carbonyl band is present at 1740 cm⁻¹. More 
specifically, the carboxylate group shows a characteristic carbonyl band at 1640 cm⁻¹ (C=O from –
COO⁻). Bending vibrations from –CH2OH side chains produce multiple bands at 1420 cm⁻¹ and 1380 
cm⁻¹. A strong peak at 1250 cm⁻¹ is assigned to C−O−C stretching. C−O glucopyranosic bending is 
seen around 1040 cm⁻¹, and a signal at 890 cm⁻¹ may suggest the presence of a C-N bond. Out-of-
plane C−O bending vibrations are detected at 775 cm⁻¹ [43,44]. Together, these assignments provide 
a detailed picture of the compoundʹs structure. No changes were recorded in FTIR of heat-sealed 
CBG films. 

 

Figure 2. FTIR of CBG. 

3.4. Differential Scanning Calorimetry (DSC) 

Differential Scanning Calorimetry (DSC) analysis of CBG provides essential information about 
its thermal transformations, see Figure 3. The DSC initially reveals a clear glass transition (Tg) at 43.78 
°C. This second-order transition marks the point at which the amorphous regions of CBG transition 
from a rigid, glassy solid state to a more flexible, rubbery state with greater molecular mobility. Tg is 
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a critical parameter for predicting the behavior of amorphous materials, affecting their mechanical 
stability, reaction kinetics, and diffusion properties. An endothermic peak is then observed around 
75.85 °C, associated with an enthalpy of 216.2 J/g. The endothermic nature of this energy-intensive 
event, combined with its temperature, strongly suggests the desorption or elimination of potentially 
adsorbed water from the sample. The presence of moisture, even in small amounts, can significantly 
influence the Tg and stability of CBG, making this peak relevant to understanding its behavior under 
different ambient humidity conditions. 

 

Figure 3. DSC of CBG. 

Continuing to increase in temperature, the DSC displays a prominent first-order phase 
transition: the melting peak (Tm) at 152.48°C. This pronounced endothermic peak represents the 
energy absorbed during the melting of crystalline CBG, transforming it from solid to liquid. The 
melting temperature is an intrinsic property of a crystalline substance and a key indicator of its purity. 
Finally, at a higher temperature, near 275.39°C, another significant endothermic peak appears with 
an area of 369.9 J/g. This high-temperature thermal event, which also requires the absorption of a 
considerable amount of energy, is indicative of CBG degradation or thermal decomposition 
processes. The temperature at which this decomposition peak occurs is critical for determining the 
compoundʹs thermal stability and establishing safe temperature limits for its processing and long-
term storage, ensuring that the CBG maintains its chemical integrity and potency. Similar discussion 
for different biodegradable film materials can be found in reference [53]. 

3.5. Thermogravimetric Analysis (TGA-DTGA) 

According to TGA and DTGA analysis of CBG, demonstrates thermal stability up to 
approximately 200°C. Below this temperature, both materials exhibit minimal mass loss, indicating 
the absence of significant degradation or evaporation of volatile components. Above 200°C, the TGA 
and DTGA show begin to show more pronounced mass losses, see Figure 4. This suggests that, up to 
this temperature limit, CBG maintains its structural integrity and composition. Therefore, 200°C 
represents a critical point in its thermal behavior before decomposition processes begin, where the 
reference [54] gives a thermal stability value less than 250°C. 
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Figure 4. TGA and DTGA of CBG. 

3.6. Scanning Electron Microscopy (SEM) 

In Figure 5 presents a scanning electron microscopy (SEM) image of the cross-section of a heat-
sealed chañar brea gum (CBG-H) film. In this micrograph, the heat-sealed area of the CBG-H film is 
clearly visible, appearing well-defined, allowing the area where heat was applied to seal to be visually 
distinguished. The heat-seal joint does not show any gaps or cracks and is almost homogeneous. 

 
Figure 5. Cross section of CBG-H film. 

The surface image of the heat-sealed film offers a detailed view of its surface morphology (see 
Figure 6a). A general gray background, characteristic of the base material, can be seen. Against this 
relatively uniform background, certain shadows with a more rounded morphology stand out. These 
shadows appear as alterations in the filmʹs surface texture or topography in the heat-sealed area. For 
clear identification and visual reference, these specific areas, which correspond to the section where 
heat was applied to perform the seal, have been indicated by arrows. The appearance of these 
rounded shadows, unmistakably indicated by the arrows on the gray background of the film, 
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precisely and clearly delimits and shows the specific section that was subjected to the heat-sealing 
process, allowing it to be differentiated from the rest of the filmʹs surface (see Figure 6b). 

 
(a) 

 
(b) 

Figure 6. a- Surface SEM image of heat sealing CBG-H film. b- 90% de contrast. 

According to the analysis of images obtained by scanning electron microscopy (SEM), both in 
cross-section and in surface view (Figure 7a), the chañar brea gum (CBG) film that has not been heat-
sealed exhibits distinctive structural characteristics, similar to reference [25,55]. The cross-sectional 
image allows an in-depth observation of the internal organization of the material (Figure 7b). In this 
view, the absence of large pores, significant cavities, or noticeable internal separations suggests a 
compact and dense structure. At the same time, the surface image provides information on the texture 
and uniformity of the filmʹs outer layer. In both perspectives, homogeneity is evident; the micrograph 
presents a uniform appearance along its length, without showing clearly separated distinct phases, 
irregular accumulations of material, or abrupt variations in density or surface texture. This dense and 
homogeneous structure observed both on the surface and inside the non-heat-sealed CBG film 
indicates a uniform distribution of its components and a robust internal cohesion before any localized 
heat treatment such as heat sealing. 

 
(a) 

 
(b) 

Figure 7. a- Surface image of CBG film without heat sealing. b- Transversal cut. 

3.7. Water Sorption and Water Vapor Permeability 

Comparison of the water vapor interaction properties of standard chañar brea gum (CBG) and 
horizontally heat-sealed chañar gum (CBG-H) reveals notable differences. The standard CBG sample 
exhibits a water vapor sorption rate of 3.40 g/g, indicating a high capacity to absorb moisture from 
the environment. In contrast, horizontally heat-sealed chañar brea gum (CBG-H) shows a 
significantly lower sorption rate of only 1.16 g/g. This difference suggests that the heat-sealing 
process drastically reduces the materialʹs affinity for water. 

Similarly, water vapor permeability differs substantially. The standard CBG exhibits a 
permeability of 1.70 ng m/(m² s Pa), implying that water vapor passes through the film with relative 
ease. On the other hand, horizontally heat-sealed CBG-H has a much lower permeability, of 0.37 ng 
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m/(m² s Pa). This demonstrates that horizontal heat-sealing gives the film a much more effective 
barrier to water vapor penetration.  

Considering these findings in conjunction with other possible effects of heat-sealing, such as a 
potential reduction in water sorption capacity (absorption/adsorption), these data indicate that the 
horizontal heat-sealing treatment significantly and quantifiably improves the moisture barrier 
properties of chañar brea gum film. The combination of lower sorption and such a significant 
reduction in water vapor permeability positions the CBG-H film as a considerably more promising 
and suitable material for use in various applications where actively controlling moisture transfer is 
crucial, such as packaging for moisture-sensitive products, protective coatings, or components in 
products requiring dry environments. For a more in-depth discussion, see reference [56]. 

3.8. Mechanical Test and Heat-Sealing Capacity 

A thorough comparison of the mechanical properties of chañar pitch gum (CBG) films reveals 
that both the initial film thickness and the heat-sealing method employed have a considerable 
influence on its performance under tension. Analyzing the maximum elongation at break, a key 
indicator of the materialʹs flexibility and stretchability before failure, a marked difference is observed. 
The CBG sample with a thickness of 190 microns exhibits a significantly lower maximum elongation 
of just 5.11%. This contrasts markedly with the heat-sealed samples, where the CBG-H (horizontally 
heat-sealed) reaches 11.09% and the CBG-V (vertically heat-sealed) reaches 12.13%. This disparity 
suggests that either the base film used for heat sealing is inherently more extensible, or the heat 
sealing process itself induces structural changes that increase the ductility of the film in the analyzed 
area, allowing it to deform much more before breaking compared to the standard film of lower 
thickness. 

Table 4. Films mechanical test. 

Film e (µm) εmax% τmax (MPa) E(MPa) 

CBG 190 5.11 4.48 132.0 

CBG-H 307 11.09 3.36 96.8 

CBG-V 305 12.13 4.58 159 
Regarding the ultimate tensile strength, which quantifies the maximum tensile force the material 

can withstand before fracturing, values also vary between samples. The CBG film of 190 µm has an 
intermediate value of 4.48 MPa. The CBG-H sample records the lowest ultimate tensile strength of 
the group, at 3.36 MPa with thickness of 307 µm, which could indicate some weakness induced by 
horizontal heat sealing. In contrast, the CBG-V proves to be the most tensile, reaching 4.58 MPa, 
slightly surpassing even the 305 µm sample. This suggests that vertical heat sealing, unlike 
horizontal, appears to maintain or even slightly improve the materialʹs inherent resistance to tensile 
fracture. 

Finally, examining Youngʹs modulus, a measure of stiffness or how resistant the material is to 
elastic deformation under stress, clear differences are evident. The 190 µm CBG sample has a 
modulus of 132 MPa, placing it at an intermediate stiffness within the group. The CBG-H sample, 
with a modulus of 96.8 MPa, is noticeably less stiff, consistent with its greater elongation and lower 
tensile strength; it is a ʺsofterʺ or more flexible material. In contrast, the CBG-V sample exhibits the 
highest Youngʹs modulus, 159 MPa, indicating that it is the stiffest and most resistant to initial 
deformation under load. 

In summary, these results show that both the original film thickness (comparing 190 µm with 
CBG-H and CBG-V) and, crucially, the heat-sealing orientation (horizontal versus vertical) have a 
determining impact on the mechanical profile of the chañar tar gum films. The 190 µm film is less 
extensible but has intermediate strength. Horizontal heat sealing (CBG-H) results in a more flexible 
material (higher elongation, lower modulus) but less resistant to breakage (lower tension). 
Surprisingly, the vertically heat-sealed sample (CBG-V) appears to optimize properties, combining 
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high stretchability (elongation comparable to CBG-H) with the highest break strength and highest 
stiffness. This positions it as the option with the most robust and balanced mechanical profile among 
the samples analyzed, suggesting that vertical heat sealing is an effective process for obtaining CBG 
films with improved performance for applications requiring strength, stiffness, and a certain degree 
of flexibility. Similar details can be found in reference [25,57]. 

Heat Sealing Capacity 

Since the ultimate goal of films developed from chañar brea gum (CBG) lies in their potential 
application as packaging materials, evaluating their heat-sealing capabilities becomes a critical and 
indispensable aspect. Heat sealing is the fundamental mechanism for creating hermetic seals and 
ensuring package integrity, and its quality directly determines the protection the package offers to 
the product it contains [58]. 

In this context, the mechanical behavior of CBG films subjected to heat sealing was analyzed, 
specifically evaluating the strength and failure mode of the seal. During tensile tests applied to the 
sealed samples, it was consistently observed that the predominant failure mode was not the 
separation or opening of the heat-sealed area, but rather fracture due to tearing of the film material 
adjacent to the seal line. This finding is of utmost importance, as it highlights the inherent strength of 
the heat seal compared to the mechanical strength of the unsealed film itself in that region. The fact 
that the film yields before the seal indicates that the bond formed by the heat seal is more resistant to 
the applied forces than the film itself, which is a key criterion for a high-quality seal in packaging 
applications [58]. 

In this work, from the tensile tests the seal strength values are CBG-H 656N/m, CBG-V 950N/m. 
Similar results were obtained with potato starch films con halloysite nanoclay, hadgood heat 
sealability and the seal strength of near 500 N/m which iscomparable with that of synthetic films 
(>600 N/m) [57]. Other results similar are whey protein isolate/lipid emulsion edible films [59] and 
used of starch films filled with nanoparticles [60]. 

Considering that the functionality and reliability of a package crucially depend on the integrity 
of its closure, the goal is to achieve a ʺgood seal.ʺ An optimal seal is achieved at the microscopic and 
molecular level: it implies that, under the controlled action of heat and pressure, the interfaces 
between the individual layers of the film being joined effectively disappear. This occurs thanks to 
sufficient molecular interaction between the polymer chains of both surfaces, promoting their 
interdiffusion and the formation of a new, homogeneous, continuous layer in the bonded area. This 
molecular fusion results in an internal cohesion in the sealed region that is, ideally, as strong as or 
stronger than that of the base material. The evidence observed in the mechanical analysis, where the 
film failed before the seal, suggests that the heat-sealing process applied to CBG films achieved 
precisely this successful fusion, resulting in a seal with a strength superior to that of the base material, 
thus fulfilling a fundamental requirement for its potential use as packaging [61,62]. 

Heat sealing is another critical factor, along with the barrier and mechanical properties of the 
material developed as food packaging. A good seal must be strong enough to keep the product in the 
package, and airtight enough to keep the product fresh throughout its shelf life, such as cellulose 
films [63], wheat gluten [64], fish gelatin/ZnO nanorods [65], potato starch/halloysite nanoclay [57 
Sadegh-Hassani], pullulan (PUL)/soluble soybean polysaccharide [66], Tara pod extract/soy protein 
isolate [15], tapioca and potato starch [67].  

The heat-sealing properties of self-supporting edible films based on corn starch and a functional 
polysaccharide (amylose, methylcellulose, or hydroxypropylmethylcellulose) were evaluated. The 
highest sealing strength was obtained at 166 °C, reaching values of 0.396 N/mm for the film 
containing amylose, 0.211 N/mm for the film containing methylcellulose, and 0.385 N/mm for the 
film containing hydroxypropylmethylcellulose [1].  

In reference [10], the importance of adequate sealing strength for the integrity of soluble soy 
polysaccharide packaging with gelatin is emphasized. Comparative results showed that the pure 
soluble soy polysaccharide film had a significantly lower strength (50 N/m) than the pure gelatin film 
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(590 N/m). The incorporation of gelatin in blends with soluble soy polysaccharide significantly 
increased the sealing strength (up to 640 N/m with 60% gelatin), which is attributed to the differences 
in composition and structure of the materials.  

Biodegradable films were prepared incorporating Tara pod extract (TPE) using soy protein 
isolate (SPI) as the polymer matrix. The TPE-SPI composite films showed improved mechanical 
properties, UV blocking, good heat sealing performance, and barrier properties [15].  

In according to reference [67], developed biodegradable edible films from tapioca (T) and potato 
(P) starch in various proportions, heat sealing is analyzed, it presented the lowest tensile strength 
and greatest elongation.  

A paper [11] evaluated the characterization of cellulose acetate-CNF composite films and 
showed that the tensile strength decreased with increasing nanofiber concentration.  

According to reference [12], the pure starch film showed low strength (0.06 N/mm), possibly due 
to its low polymer concentration. The combined addition of 75% starch and 25% chitosan resulted in 
the highest strength (0.17 N/mm), suggesting that chitosan at this ratio acts as a plasticizer, enhancing 
molecular interdiffusion during sealing through hydrogen bonding. However, increasing the 
chitosan ratio decreased the strength due to its lack of thermoplasticity. The incorporation of reduced 
graphene oxide reduced the strength to less than 0.04 N/mm, making sealing more difficult by 
restricting the mobility of the polymer chains and affecting hydrogen bonding. The common failure 
mode was peeling, indicative of sealing below the melting point of the polymers. 

3.9. Biodegradability 

The biodegradability of films made from polysaccharides is one of their most notable properties 
and one of the main reasons for their growing interest as an alternative to conventional plastics. 
Polysaccharides are widely available, renewable, and, crucially, susceptible to degradation by the 
action of microorganisms present in various environments [68]. 

The biodegradation process of polysaccharide films involves the breakdown of polymer chains 
into simpler compounds, such as carbon dioxide, water, methane (under anaerobic conditions), and 
biomass, through enzymatic mechanisms carried out by bacteria, fungi, and other microbial 
communities. These enzymes, such as amylases (for starch), cellulases (for cellulose), and chitinases 
(for chitin/chitosan), hydrolyze the glycosidic bonds that link the monomeric sugar units in the 
polysaccharide [69]. 

In general, polysaccharide films offer a sustainable alternative to petroleum-derived plastics due 
to their ability to be reincorporated into the natural cycle through biodegradation, contributing to the 
reduction of plastic waste accumulation in the environment. However, it is important to consider that 
the speed and extent of biodegradation can vary significantly depending on the specific film 
formulation and the conditions of the disposal environment [66,68]. 

Several factors influence the speed and degree of biodegradation of a polysaccharide film, as 
described below. 1- Polysaccharide Type: The chemical structure and complexity of the base 
polysaccharide affect its susceptibility to enzymatic degradation. Polysaccharides such as starch tend 
to degrade more rapidly than crystalline cellulose, for example. 2- Film Structure and Composition: 
The crystallinity of the polymer, its molecular weight, and the presence of chain branches influence 
the accessibility of enzymes to degradable bonds. 3- Additives and Plasticizers: The addition of 
plasticizers (such as glycerol) to improve flexibility can, in some cases, increase the rate of 
biodegradation by facilitating water absorption and microbial activity. However, other additives may 
have the opposite effect. 4- Environmental Conditions: Factors such as temperature, humidity, pH, 
oxygen availability, and the activity of microbial populations in the environment (soil, compost, 
water) are crucial in determining the rate of degradation. Warm, humid environments with rich 
microbial activity generally accelerate the process. 5- Film Thickness: Thinner films tend to degrade 
faster due to a greater contact surface area available for microorganisms and enzymes [66,68,70]. 

Common polysaccharides used in the production of biodegradable films include: 
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-Starch: Widely studied and used due to its low cost and availability. Thermoplastic starch films 
are biodegradable in a variety of environments [70]. 

-Cellulose and derivatives: Cellulose, being the most abundant natural polymer, is an important 
base for biodegradable films. Its derivatives, such as carboxymethylcellulose or cellophane 
(regenerated cellulose), are also biodegradable [71]. 

-Chitin and Chitosan: Obtained mainly from crustacean exoskeletons, they are polysaccharides 
with interesting properties for films, including their biodegradability in the presence of chitinases 
[72]. 

In this work, CBG, CBG-H and CBG-V films are completely degraded after 4 days and, for 
example, similar studies of materials biodegradability are: heat-sealed arabinogalactan (AG) and poly 
(vinyl alcohol) (PVA) films with and without vinyllin [73], heat-sealed cellulose/zein films [71], films 
of oxidized sucrose (starch), chitosan, calcium chloride (alginate) and blends (starch/chitosan and 
starch/alginate, respectively) [74], edible films based on corn starch [70] and a functional 
polysaccharide, such as amylose, methylcellulose or hydroxypropylmethylcellulose (HPMC) [1], 
FucoPol films [75], chia mucilago films [76], Chañar films [44], Lithraea molleoides gum films [33], 
Pachycymbiola brasiliana gum films [42], alcayota gum films [41], Tragacanth films [45], Tara gum 
films [77], pectins films [43,78], etc.  

4. Conclusions 

This study demonstrates that films developed from chañar gum (CBG), prepared by the 10% 
glycerin casting method and heat-sealed at 140°C, possess promising characteristics for 
biodegradable packaging applications. A thorough evaluation of their fundamental properties 
revealed crucial intrinsic relationships that dictate their heat-sealability. 

Remarkable thermal stability of CBG was observed up to 200°C, with a melting point of 
152.48°C, which is compatible with the sealing temperatures used. The homogeneous and nearly 
gapless microstructure of the heat seal, evidenced by SEM images, along with similar interchain 
spacing between CBG and CBG-H (4.88 nm vs. 4.66 nm), suggests good surface integration during 
sealing. Barrier properties improved significantly, with water vapor permeability (WVP) decreasing 
from 1.7 to 0.37 for CBG and CBG-H, respectively, indicating greater protection of the packaged 
product. Although Youngʹs modulus decreased from 132 MPa to 96.5 MPa with the addition of 
glycerin (CBG-H), heat sealability reached 656 N/m, representing a robust sealing force. Furthermore, 
biodegradability in just 4 days highlights the potential of these films as a sustainable packaging 
alternative. 

In summary, the integration of molecular, thermal, mechanical, and barrier properties has 
provided insight into how these fundamental characteristics interconnect to control the heat-
sealability of chañar brea gum films. This comprehensive approach is vital to optimizing the sealing 
process and advancing the design of efficient and functional biodegradable packaging. 
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