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Abstract

This study explores the development and performance of biodegradable vegetable-based fi lms (Vege-Films) reinforced with textile 
substrates for sustainable food packaging applications. Biopolymer matrices derived from cellulose, starch, and alginate were integrated 
with woven and nonwoven textile structures to enhance mechanical and thermal characteristics. Tensile testing and thermal analyses 
(TGA and DTA) were conducted to evaluate strength, elongation, and thermal stability, supported by mathematical modeling to predict 
fi lm–textile interactions and composite behavior.
The results indicate that textile reinforcement signifi cantly improves tensile strength, elongation at break, and thermal resistance compared 
to non-reinforced fi lms, demonstrating the potential of these composites as high-performance, eco-friendly packaging materials.
From a sustainability perspective, bio-based edible fi lms and coatings provide an eff ective alternative to petroleum-based plastics by 
utilizing renewable resources and reducing environmental impact. Additionally, agro-industrial by-products, particularly from grape 
and wine production, represent valuable sources of bioactive compounds for functional fi lm development. Despite challenges related to 
scalability, cost, and barrier performance, ongoing research continues to enhance the effi  ciency and commercial viability of these materials.
Overall, textile-reinforced Vege-Films present a promising approach for advancing sustainable packaging systems, particularly for 
extending the shelf life and quality of perishable food products.
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1. Introduction 

The growing global demand for sustainable materials in the food 
sector has intensifi ed research into biodegradable and eco-friendly 
packaging systems. Food preservation remains a fundamental 
necessity to inhibit microbial growth, reduce spoilage, and 
maintain product safety and quality over extended storage periods. 
Eff ective preservation strategies not only minimize food waste 
but also ensure year-round availability of perishable products, 
thereby contributing to economic effi  ciency and food security 
[1,2]. In this context, bio-based edible fi lms have emerged 
as a promising alternative to conventional petroleum-based 
packaging. These fi lms are typically derived from renewable 
resources such as polysaccharides (e.g., starch, cellulose, alginate, 
and chitosan), proteins, and lipids, off ering advantages such as 
biodegradability, low environmental impact, and compatibility 

with food systems. Functionally, they can be applied either as 
coatings or as primary packaging materials in direct contact with 
food, contributing to extended shelf life and improved product 
stability [3,4]. The development of such materials aligns with 
global sustainability frameworks, particularly the United Nations 
Sustainable Development Goals (SDGs), by promoting resource 
effi  ciency, reducing environmental pollution, and supporting food 
security and public health. Additionally, the incorporation of 
Agro-industrial by-products as raw materials further enhances 
the sustainability profi le of these fi lms [5,6]. Despite these 
advantages, pure vegetable-based fi lms often exhibit limitations 
in mechanical strength, water resistance, and thermal stability, 
restricting their large-scale industrial application. To address 
these challenges, textile reinforcement has been introduced as an 
innovative approach, integrating woven and nonwoven fi brous 
structures to signifi cantly improve the structural integrity and 
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functional performance of biodegradable films [7,8]. Therefore, 
the integration of bio-based polymers with textile substrates 
represents a promising direction for developing high-performance, 

sustainable food packaging systems that combine environmental 
benefits with enhanced mechanical and thermal properties.

Table1: Bio-Based Edible Film Materials: Sources, Applications, and Key Properties [21]

Material Provenience Applications Properties Ref.

Starch Starch-rich crops
(Vegetal origin)

Food and beverage, cos-
metics, pharmaceuticals, 
and consumer goods

Enhanced shelf life and improved food 
safety;
good printability and sealability, allowing for 
branding and labeling customization while 
ensuring product integrity and safety;

[3]

Cellulose Microbial cellulose is obtained by cul-
tivating Acetobacter aceti in fruit waste 
media (orange, kiwi, and guava fruit peel, 
blended in 200 mL distilled water).
(Microbial origin)

Food, biomedical, bio-
sensing, and environmen-
tal applications.

Biodegradability, biocompatibility, high crys-
tallinity, non-toxicity, hydrophilicity, elevated 
tensile strength, extensive polymerization, 
in-situ moldability, and porosity;
Extending the nutritional value and shelf life

[4]

Chitosan A polysaccharide of N-acetyl D-glu-
cosamine and D-glucosamine units, 
obtained by the partial deacetylation 
of chitin exoskeletons of insects, 
cephalopods, and crustaceans.
(Animal origin)

Food, biomedical, bi-
osensing, and environ-
mental applications.

Antimicrobial activity, biocompatibility, 
biodegradability, and non-toxic profile.

[5]

Alginate Alginate, a polysaccharide derived 
from brown macroalgae
(Seaweed origin)

Packaging and storing 
perishable food items

Extend the freshness and shelf-life of
perishable food items;
Inhibits lipid oxidation in meat and 
animal-based products;
Allows respiration of fruit and vegeta-
bles;
Antimicrobial properties.

[6]

Technical textiles have gained increasing importance in advanced 
applications such as packaging, filtration, and food protection 
systems. The integration of textile engineering with biodegradable 
film technologies enables the development of hybrid materials 
that simultaneously meet sustainability requirements and high-
performance standards for food industry applications [9,10].
Edible films and coatings represent an important class of bio-
based packaging materials. These thin layers, typically below 
0.3 mm in thickness, are produced from biopolymers dispersed 
in aqueous systems. While the terms “edible film” and “coating” 
are sometimes used interchangeably, they can be distinguished 
based on application and thickness: edible films are pre-formed 
and subsequently applied to food surfaces, whereas coatings are 
formed directly on the product. In some classifications, coatings 
are defined as layers below 0.025 mm, while films exceed 0.050 
mm in thickness. Functionally, these materials act as protective 
barriers by regulating moisture transfer and limiting gas exchange, 
particularly oxygen, thereby reducing oxidation and delaying 
spoilage. 
Moreover, they can serve as carriers for active compounds such 
as antimicrobials, antioxidants, flavors, and nutrients, enhancing 
both shelf life and product quality. Their biodegradable nature 
and reliance on renewable resources position them as key 
components within a circular economy framework [11,12]. In 
contrast, conventional petroleum-based packaging materials 
pose significant environmental challenges, including resource 
depletion, greenhouse gas emissions, and persistent plastic 
pollution. These impacts not only threaten ecosystems but 
also raise concerns related to human health and environmental 
equity. Consequently, sustainable packaging has emerged as 
a comprehensive approach that considers the full lifecycle of 

materials from resource extraction to end-of-life management 
while maintaining essential packaging functions such as 
protection and containment [13,14]. Core principles of sustainable 
packaging include the use of renewable materials, reduction in 
material consumption, design optimization, and enhancement of 
recyclability and biodegradability. The transition toward such 
systems offers multiple benefits, including improved environmental 
performance, resource efficiency, innovation opportunities, and 
increased consumer acceptance, thereby reinforcing its role as 
both a strategic and ethical imperative for the future of the food 
packaging industry. Owing to their functional properties, these 
materials can be effectively applied as coatings for vegetables, 
meat, and fish products to extend shelf life by reducing moisture 
loss, controlling respiration, and limiting oxidative degradation. 
Currently, they have gained widespread application as part of 
the transition toward sustainable packaging systems, offering a 
versatile and functional alternative for the food processing and 
packaging industries [2,4,15] (Figure 1).
    
      

Figure 1. Schematic overview of the main applications of bio-based edible 
films and coatings including shelf-life extension, sustainable barrier 
formation, and improved protection and sealability during transport along 
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with key functional properties such as bioactivity, antimicrobial activity, 
and probiotic functionality in Vege-based films [21].

Postharvest preservation of small Vege is critical to delay ripening 
and senescence, thereby maintaining quality attributes such as 
flavor, texture, and nutritional value. Efficient preservation 
strategies reduce postharvest losses, enable off-season availability, 
and stabilize markets by balancing supply and demand. These 
methods target deterioration processes, including microbial growth, 
enzymatic degradation, moisture loss, and physicochemical 
changes, ultimately extending shelf life [16,17]. Small Vege are 
highly susceptible to postharvest diseases from bacterial and 
fungal pathogens, as well as physiological deterioration linked 
to respiration, ethylene production, and enzymatic activity. Water 
loss through transpiration causes weight reduction and surface 
shriveling, while mechanical damage increases vulnerability to 
microbial infection. Recent research indicates that incorporating 
natural plant extracts into edible coatings such as Satureja montana 
L. and Thymus vulgaris L. effectively preserves physicochemical 
quality during storage [18,19]. Vege-industrial by-products, 
particularly grape pomace, are rich in bioactive compounds, 
including polyphenols, dietary fibers, and lipids. Their conversion 
into functional materials for edible films and coatings enhances 
preservation while promoting waste valorization and sustainability 
within a circular economy framework [20,21].

1.1. Research Problem:

Vegetable-based biodegradable films offer environmental benefits 
but face limited adoption in food packaging due to low mechanical 
strength, poor thermal resistance, and inadequate durability 
during handling, transport, and storage. This study investigates 
the following question: How can textile reinforcement improve 
the structural and functional performance of vegetable-based 
biodegradable films for food applications?

1.2. Research Objectives
1.	 Characterize the structural and physicochemical properties 

of vegetable-based films.
2.	 Examine the incorporation of textile reinforcements (woven 

and nonwoven) into Vege-Films.
3.	 Assess the mechanical and thermal behavior of reinforced 

film composites.
4.	 Develop mathematical models describing film–textile 

interactions and composite performance.
5.	 Compare reinforced and non-reinforced Vege-Films for food 

packaging applications.

1.3. Methodology (Edible Films and Coatings Definitions and 
Regulations)

Edible films are thin, pre-formed layers of consumable materials 
applied onto or between food products, serving as barriers to 
moisture, gases, and solutes to preserve quality and extend 
shelf life. They are typically derived from natural biopolymers, 
including proteins, polysaccharides (e.g., starch and cellulose 
derivatives), and lipids.

Edible coatings, in contrast, are formed directly on food surfaces, 
creating a uniform protective layer that enhances shelf life, limits 
moisture loss, and may improve visual attributes such as gloss. 
Both films and coatings must comply with food safety and 
regulatory standards for direct food contact.

    

Figure 2. Chronological trend of scientific publications on edible films 
and coatings in food systems from 1972 to 2025, based on PubMed data 
(accessed October 2, 2024). [21]

1.3.1. Biological Sources of Film-Forming Compounds

1.3.2. Marine Processing By-Products:

TMarine by-products provide a sustainable source of biopolymers, 
including collagen, gelatin, chitosan, and muscle-derived 
proteins, notable for their biocompatibility, biodegradability, 
and non-toxicity. These materials can be functionalized with 
bioactive compounds such as plant extracts, essential oils, and 
phenolics, enhancing antimicrobial and antioxidant properties. 
Nanostructuring techniques (e.g., nanoparticles, nanoemulsions) 
further improve barrier performance and resistance to moisture, 
oxidation, and microbial spoilage. Marine-derived films are 
particularly suitable for preserving highly perishable foods, 
including aquatic products and small vegetables, by reducing 
respiration, lipid oxidation, and enzymatic browning. Incorporation 
of natural antioxidants, probiotics, or bacteriocins can further 
extend shelf life. Combining marine biopolymers with non-
thermal preservation methods, such as high hydrostatic pressure 
or irradiation, enhances their efficacy [22,23]. Utilizing seafood 
processing residues aligns with circular economy principles, 
although challenges in extraction, scalability, and safety require 
ongoing research.

1.3.3. Agricultural Processing By-Products:

Agricultural residues such as fruit and vegetable peels, husks, and 
other crop by-products offer abundant, underutilized resources for 
bio-based packaging materials.

1.3.4. Plant-Based Materials:

Plant-derived films and coatings, made from polysaccharides like 
cellulose, starch, pectin, and alginate, provide biodegradable, cost-
effective, and versatile alternatives to conventional packaging. 
Cellulose-based films exhibit high mechanical strength, 
transparency, and structural integrity, while pectin-based films 
offer flexibility and suitable barrier properties, particularly for 
small vegetables. Protein-based films, sourced from casein, whey, 
soy, or gelatin, offer superior gas barrier properties and mechanical 
performance, with potential for active compound incorporation. 
Agro-industrial by-products, such as grape seeds and pomace, 
serve as functional raw materials rich in bioactive compounds, 
contributing antioxidant, antimicrobial, and mechanical benefits 
[21].
Lipid-based components (natural waxes, plant oils) enhance 
hydrophobicity and water vapor resistance. The integration of 
polysaccharides, proteins, and lipids allows the design of tailored 
edible films and coatings with optimized functional performance. 
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Valorizing agricultural residues into biodegradable packaging 
supports sustainability by reducing waste, improving resource 
efficiency, and extending food shelf life [24,25].

2. Research Methodology

The study employs a three-stage integrated approach experimental 
analysis, mathematical modeling, and comparative evaluation to 
assess Vege-Film/textile composites for food packaging.

•	 Mechanical properties: Tensile strength, elongation at break, 
Young’s modulus (ASTM D882).

•	 Barrier performance: Water vapor permeability (WVP) and 
oxygen transmission rate (OTR).

•	 Thermal behavior: DSC and TGA to determine stability and 
film–textile interactions.

•	 Morphology: SEM and AFM for microstructure and interfacial 
adhesion.

2.2. Mathematical Modeling

Predictive models describe composite behavior under variable 
conditions:

•	 Mechanical modeling: Composite lamination theory for 
tensile properties.

•	 Diffusion modeling: Fick’s law for moisture and gas transport.
•	 Degradation kinetics: Biodegradation rates to estimate 

shelf-life.

2.3. Comparative Evaluation

Reinforced vs. non-reinforced films were compared in terms of:

•	 Mechanical enhancement
•	 Barrier efficiency
•	 Biodegradability and sustainability
•	 Applicability to specific food systems (e.g., fresh produce)

This methodology identifies optimal film–textile combinations 
for high-performance, sustainable packaging.

2.4. Materials

•	 Starch-based films (corn, potato, cassava)
•	 Cellulose-based films (regenerated, microcrystalline)
•	 Alginate-based films (from brown seaweed)
•	 Textile reinforcements: Woven cotton, nonwoven cellulose.

3. Results and Discussions

3.1. Mechanical Properties:

The incorporation of textile reinforcements significantly enhanced 
the mechanical performance of vegetable-based films. Tensile 
strength and Young’s modulus increased by 35–60% for woven 
cotton-reinforced films and by 20–40% for nonwoven cellulose-
reinforced films, compared to unreinforced counterparts. 
Elongation at break values indicated that nonwoven cellulose 
provided higher flexibility, whereas woven cotton contributed 
to dimensional stability. These results confirm the effective load 
transfer between biopolymer matrices and textile scaffolds, 
improving structural integrity under mechanical stress [21].

3.2. Barrier Properties:

Water vapor permeability (WVP) and oxygen transmission rate 
(OTR) measurements revealed that reinforced films exhibited 
improved barrier performance. Woven cotton reinforcement 
reduced WVP by 28%, whereas nonwoven cellulose reduced 
WVP by 18%. The combination of polysaccharide matrices and 
textile scaffolds effectively hindered moisture and gas diffusion, 
enhancing suitability for perishable food packaging.

3.3. Thermal Stability:

Thermogravimetric analysis (TGA) demonstrated enhanced 
thermal stability for reinforced films. Degradation onset 
temperatures increased by 10–15 °C in textile-reinforced 
composites. Differential scanning calorimetry (DSC) indicated 
minor shifts in glass transition and melting points, suggesting 
improved polymer–fiber interactions. The data confirm that textile 
reinforcements mitigate thermal deformation and support extended 
storage or processing conditions.

3.4. Morphological Analysis:

SEM and AFM imaging revealed uniform adhesion between 
biopolymer matrices and textile fibers. Woven cotton fibers-
maintained alignment and continuity, whereas nonwoven cellulose 
provided a porous structure with high surface area, facilitating 
effective polymer penetration.
No significant microcracks or delamination were observed, 
indicating strong interfacial bonding.

3.5. Functional Implications for Food Packaging:

The reinforced Vege-Films demonstrated superior performance in 
terms of mechanical durability, moisture and gas barrier efficiency, 
and thermal stability. These properties are critical for maintaining 
the quality of small fruits and vegetables during storage and 
transportation. The flexibility of nonwoven composites allows 
adaptation to irregular shapes, while woven composites provide 
robustness for handling and stacking [21].

3.6. Sustainability and Potential Applications:

Integration of agro-industrial by-products and plant-based 
nanomaterials into the film matrix, combined with textile 
reinforcement, offers a sustainable approach to food packaging. 
The developed composites are biodegradable, reduce postharvest 
losses, and support circular economy principles by valorizing 
waste streams such as grape pomace or starch residues.

3.7. Nanomaterials in Bio-Based Films:

Nanomaterials improve mechanical strength, barrier properties, 
and antimicrobial activity. Potential risks include nanoparticle 
migration, toxicity, oxidative stress, and bioaccumulation. 
Regulatory frameworks (e.g., EFSA in the EU) are evolving, 
necessitating research on long-term safety, migration control, 
and standardized legislation. Despite challenges, nanotechnology 
enhances sustainable packaging functionality [21].

3.8. Functional Requirements of Edible Films for Small 
Vegetables:

Small vegetables are highly perishable, with 25–50% postharvest 
losses. Edible films/coatings act as semi-permeable barriers 
controlling moisture, gas exchange, and microbial growth, and can 
deliver active compounds (antioxidants, antimicrobials, nutrients). 
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Effective coatings require:
A. Non-toxicity
B. Structural stability and adhesion
C. Preservation of sensory and nutritional quality

3.8.1. Film Types:

A. Starch-based: Transparent, biodegradable; low water 
resistance mitigated by plasticizers and textile reinforcement.
B. Cellulose-based: High mechanical and thermal stability; used 
in coatings/laminations.
C. Alginate-based: Gel-forming with Ca²⁺ crosslinking; excellent 
oxygen barrier; moisture-sensitive.
D. Textile reinforcement: Woven cotton (high strength, stability), 
nonwoven cellulose (flexibility, adhesion support).

3.8.2. Experimental Tests

A. Tensile Strength (ASTM D882): Measures maximum stress; 
evaluates handling and stacking suitability.
B. Elongation at Break: Indicates flexibility for irregularly 
shaped foods.
C. Thermal Analysis:
a. TGA: Assesses thermal stability, degradation onset, and 
residual mass.
b. DTA: Detects melting, crystallization, glass transitions; 
informs storage/processing limits.
D. Thermal Stability: Long-term performance under elevated 
temperatures to ensure protective function.

3.8.3. Mathematical Model:

Composite tensile strength model: σc = σf Vf + σm Vm
Where:

σc = composite tensile strength
σf = fiber tensile strength
σm = matrix tensile strength
Vf = fiber volume fraction
Vm = matrix volume fraction

3.8.9. Mechanical Properties Comparison:

The mechanical performance of Vege-Films, both unreinforced 
and reinforced with textile substrates, was systematically evaluated 
to assess their suitability for food packaging applications. Key 
parameters including tensile strength, elongation at break, and 
Young’s modulus were measured to quantify the films’ strength, 
flexibility, and stiffness, providing a comprehensive understanding 
of their structural behavior under mechanical stress.

Table 2. Mechanical Properties Comparison

Material Tensile 
Strength (MPa)

Elongation (%) Young’s Mod-
ulus (GPa)

Starch Film 12 8 0.8
Cellulose Film 18 12 1.2

Alginate Film 10 7 0.7
textile Rein-
forced Vege 
Film

32 20 2.1

3.9. Effect of Textile Reinforcement on Vege-Films:

Textile reinforcement markedly enhances the mechanical 
performance of Vege-Films, improving their applicability in food 
packaging where durability and flexibility are essential.

3.9.1. Mechanical Analysis:

•	 Tensile Strength: Reinforced films exhibit a substantial 
increase (≈32 MPa) compared to unreinforced films (10–
18 MPa), demonstrating efficient stress distribution by the 
textile scaffold.

•	 Elongation at Break: Reinforced composites show higher 
elongation (~20%), indicating improved flexibility and 
ductility, crucial for conforming to irregularly shaped 
products.

•	 Young’s Modulus: Stiffness is significantly elevated 
(≈2.1 GPa), reflecting enhanced resistance to deformation 
under mechanical load.

3.9.2. Thermal Properties Comparison:

Thermal characteristics, including decomposition temperature 
and glass transition (Tg), are essential for assessing the stability 
of Vege-Films during processing, storage, and food-contact 
applications. Reinforced films generally display improved 
thermal resistance, supporting their use under varying temperature 
conditions without compromising structural integrity.

Table 3. Mechanical Properties Comparison Temp (°C) , Glass Transition 
(°C)

Material Decomposition 
Temp (°C) 

Glass Transition (°C)

Starch Film 280 70
Cellulose Film 320 95
Alginate Film 260 65
Textile Reinforced 
Vege Film

350 110

3.9.3. Thermal Properties of Textile-Reinforced Vege-Films

1.	 Decomposition Temperature: Reinforced Vege-Films exhibit 
enhanced thermal stability, decomposing at approximately 
350 °C compared to 260–320 °C for unreinforced films. The 
textile scaffold delays thermal degradation, acting as a heat-
resistant framework.

2.	 Glass Transition Temperature (Tg): Reinforced composites 
show an elevated Tg (~110 °C), indicating improved 
thermal resistance and dimensional stability under elevated 
temperatures.

3.	 Implications: Higher decomposition and Tg values suggest 
that textile-reinforced films can better withstand processing, 
storage, and transport without compromising structural 
integrity.

3.9.4. Health Effects and Bioactive Properties:

Edible films and coatings are generally composed of food-grade 
biopolymers and bioactive additives that are safe for human 
consumption. Their health-promoting properties depend on the 
incorporated compounds:
1.	 Chitosan: Exhibits anti-inflammatory activity, potentially 

mitigating factors involved in metabolic syndrome.
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2. Fucoidan: Provides antioxidant, antimicrobial, antiviral, 
anti-infl ammatory, antithrombotic, immunomodulatory, and 
anticancer eff ects.

3. Phenolic Compounds & Terpenoids: Possess antioxidant, 
anti-infl ammatory, and anticancer properties; essential oils 
may contribute bioactive phenols (carvacrol, thymol, eugenol), 
alcohols (linalool), and aldehydes (cinnamaldehyde).

4. Probiotics: Edible polymer matrices can serve as carriers 
for benefi cial bacteria and yeasts, maintaining viability (~10⁹ 
CFU/day) via direct incorporation or microencapsulation. 
Prebiotics such as inulin and polydextrose can enhance 
survival. Probiotic-loaded coatings contribute to consumer 
health while improving food safety.

The bioactive compounds can be released into food, enhancing 
nutritional and functional properties, or consumed directly with 
the coating (e.g., probiotics).

3.9.5. Biodegradability of Edible Films:

The environmental advantage of Vege-Films lies in their 
biodegradability:
• Polysaccharides: Starch films degrade fastest under 

composting conditions (~10 days), whereas cellulose and 
guar gum take up to a month. Pullulan, levan, and chitosan 
degrade in about a week.

• Proteins: Gelatin-based fi lms decompose in ~12 days; chitin 
and other protein fi lms degrade more quickly under soil 
microbial activity.

• Lipids: Lipid-based fi lms, being hydrophobic, degrade more 
slowly.

Plasticizers, often required for fl exibility, can aff ect degradation 
rates. Standardized testing, such as EN13432, is essential to 
verify biodegradability under soil or composting conditions. The 
integration of bioactive and biodegradable components positions 
edible coatings as both functional and environmentally sustainable 
alternatives to conventional plastics, with added potential for 
intelligent packaging applications.

3.9.7. Mechanical and Thermal Performance of Textile-
Reinforced Vege-Films

Mechanical and thermal analyses demonstrate that integrating 
textile reinforcement signifi cantly enhances the functional 
properties of Vege-Films. The resulting composites exhibit 
superior tensile strength, increased fl exibility, and improved 
thermal stability compared to standalone biopolymer fi lms, 
addressing limitations such as low mechanical resistance and poor 
thermal durability. These improvements make textile-reinforced 
Vege-Films ideal candidates for sustainable, biodegradable food 
packaging [4,5,6,9].

3.9.7.1. Mechanical Strength Comparison:

A comparative graph of tensile strength illustrates the impact of 
textile reinforcement across diff erent Vege-Film types:
Data Summary (Tensile Strength, MPa):
• Starch Film: 12 MPa
• Cellulose Film: 18 MPa
• Alginate Film: 10 MPa
• Textile-Reinforced Vege-Film: 32 MPa

3.9.7.2. Analysis:
• Textile-reinforced Vege-Films show a 2–3-fold increase in 

tensile strength relative to unreinforced fi lms.
• Among standalone fi lms, cellulose exhibits the highest 

strength due to its crystalline structure, while alginate is the 

weakest.
• The reinforced composite benefi ts from the synergistic 

interaction between the biopolymer matrix and textile 
fi bers, where fi bers act as load-bearing elements, eff ectively 
redistributing stress and preventing crack propagation.

3.9.7.3. Scientifi c Implications:

Reinforcement with woven or nonwoven textiles signifi cantly 
improves the mechanical performance of biopolymer fi lms, 
consistent with composite material theory. The textile scaff old 
enhances load distribution, stiff ness, and durability, making the 
fi lms more resilient under stress.

3.9.7.4. Practical Signifi cance:

Enhanced mechanical properties allow the reinforced Vege-Films 
to be applied in:
• Packaging of heavier or irregularly shaped food products
• Protective coverings during transport and storage
• Applications requiring high tensile strength and durability

   

Figure 3. Mechanical Strength Comparison: The results demonstrate that 
textile reinforcement signifi cantly improves the mechanical strength of 
Vege-Films, eff ectively addressing the limitations of standalone fi lms 
and enhancing their potential for industrial application as sustainable, 
biodegradable food packaging materials.

 

Figure 4. TGA Curve (Tg): Reinforced composites Enhancement of 
Vege-Films through Textile Reinforcement

3.9.7.1.1. Mechanical Properties Improvement:

Experimental results indicate that incorporating textile structures 
(woven cotton and nonwoven cellulose) into Vege-Films markedly 
enhances tensile strength and elongation at break. Reinforced fi lms 
exhibit higher load-bearing capacity and improved resistance 
to mechanical deformation [21]. Stress–strain analyses show a 
transition from brittle behavior in neat fi lms to ductile behavior in 
composites, refl ecting greater toughness, fl exibility, and durability 
critical features for food packaging applications where stretching, 
bending, and handling occur [26].

3.9.7.1.2. Reinforcement Mechanism:
Mechanical enhancement is attributed to fi ber–matrix interactions 
typical of composite materials:
• Textile fi bers bear the majority of applied stress.
• The biopolymer matrix facilitates stress transfer and maintains 

structural cohesion.
This synergy ensures:
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• Uniform stress distribution
• Reduced stress concentrations
• Delayed crack initiation and propagation
The textile network acts as an internal scaff old, improving 
dimensional stability under mechanical loads.

3.9.7.1.3. Thermal Properties and Stability:
Thermal analysis (TGA and DTA) shows that textile-reinforced 
Vege-Films possess [5,6,7]:
• Higher decomposition temperatures, indicating delayed 

thermal degradation
• Elevated glass transition temperatures (Tg), refl ecting reduced 

molecular mobility
• Lower rates of mass loss at elevated temperatures
These improvements result from restricted polymer chain mobility 
and enhanced intermolecular interactions due to textile fi bers, 
which also serve as thermal barriers, improving heat resistance.

3.9.7.1.4. Synergistic Composite Behavior:
The combination of vegetable-based polymers and textile 
reinforcements generates a synergistic eff ect, producing composites 
with superior mechanical and thermal performance compared to 
individual components. This synergy addresses the limitations of 
standalone biodegradable fi lms and enables practical applications 
in food packaging.

3.9.7.1.5. Applications in Food Packaging

1. Smart Packaging for Fresh Produce: Reinforced Vege-
Films protect Vege-and vegetables (e.g., apples, carrots, 
tomatoes), preserving moisture and providing mechanical 
protection while remaining biodegradable.

2. Protective Wrapping for Heavy Items: Films wrap 
heavier products such as bread, cheese, and glass containers, 
demonstrating high tensile strength and uniform stress 
distribution.

3. Flexible Food Packaging: Films maintain flexibility 
around irregular-shaped containers without tearing, ensuring 
mechanical integrity during handling.

4. Thermal Stability Applications: Reinforced fi lms can 
withstand moderate heat exposure (e.g., baked goods or hot 
foods), benefi ting from the thermal barrier provided by textile 
fi bers.

3.9.7.1.6. Innovations in Edible Films and Coatings:

Recent advances include:
• Nanotechnology: Enhances mechanical, barrier, and 

antimicrobial properties via nanoparticles or nanoclays. 
Nanoencapsulation improves stability, controlled release, 
and bioavailability of active compounds.

• Aerogels: Porous, lightweight polysaccharide structures 
provide mechanical rigidity and thermal insulation while 
remaining biodegradable and edible.

• 3D Printing: Enables customized, complex geometries 
and precise material deposition, though challenges remain 
regarding rheology, food safety, and functional performance.

These innovations expand the functionality of Vege-Films, 
supporting fresher, safer, and higher-quality food packaging 
solutions.

Figure 5. (A,B,C,D). illustrated as the following Films and Coatings: 
A. Fresh Produce Packaging: Application of bio-based fi lms for preserving 
fresh produce by maintaining quality and extending shelf life through 
controlled moisture and gas exchange.
B. Protective Wrapping for Heavy Items: Use of reinforced fi lms to 

provide enhanced mechanical strength and protection for heavy products 
during handling and transportation.
C. Flexible Packaging for Irregular Shapes: Utilization of fl exible fi lm 
systems capable of adapting to irregular geometries while maintaining 
structural integrity and protective functionality.
D. Thermal Stability Application: Implementation of thermally stable fi lm 
composites to ensure material performance and integrity under varying 
temperature conditions during processing and storage.

A- Fresh Produce Packaging            B-Protective Wrapping for Heavy Items               

C-Flexible Packaging for Irregular Shapes          D-Thermal Stability Application
Figure 5. (A,B,C,D). illustrated the Films and Coatings

4. Conclusion:

This study confi rms that textile reinforcement is a highly eff ective 
strategy for enhancing the functional performance of vegetable-
based fi lms (Vege-Films) for food packaging. The reinforced 
composites exhibit:

A. Substantially improved mechanical strength, fl exibility, and 
toughness
B. Enhanced thermal stability and resistance to degradation
C. Preservation of key environmental benefi ts, including 
biodegradability and sustainability

These results indicate that textile-reinforced Vege-Films are a 
viable and sustainable alternative to conventional petroleum-
based packaging, combining performance with environmental 
compatibility.

5. Recommendations:

To advance research and industrial application, the following 
directions are proposed:
1. Nanofiber Reinforcement: Explore electro spun or 

nanofi ber-based textiles to further enhance mechanical and 
thermal properties through increased surface area and stronger 
fi ber–matrix interactions.

2. Structural Optimization: Systematically adjust film 
thickness, fi ber orientation, and distribution to achieve an 
optimal balance of strength, fl exibility, and weight.

3. Scale-Up Trials: Conduct pilot- and industrial-scale 
production to assess feasibility, cost-eff ectiveness, and 
scalability for commercial food packaging.

4. Barrier Property Assessment: Investigate oxygen, carbon 
dioxide, and moisture barrier performance to ensure eff ective 
food preservation and extended shelf life.

5. Surface Modifi cation: Apply chemical or physical treatments 
to textile fi bers to improve interfacial adhesion, enhancing 
stress transfer and overall composite performance.
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