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Abstract: 

The growing demand for sustainable materials has generated interest in natural polymers, most notably natural 

polymers derived from plant (vegetables and fruits) sources as a sustainable alternative to synthetic polymers. This 

review provides a comprehensive overview of extraction and processing methods for natural polymers from plant-

based feedstocks. The focus was on the technical feasibility of the process method, possible environmental 

variables, and applications. In addition, natural polymers (cellulose, pectin, starch, and lignin) are naturally 

occurring, abundant in agricultural residues and by-products, and can be regarded as renewable resources for 

biopolymer production. In general, the extraction methods can be categorized as mechanical, chemical, or 

enzymatic, all having pros and cons, mechanical extraction with processes (milling or pressing) is energy efficient, 

but to obtain high purity it may require further treatments. Chemical extraction methods (e.g. acid/alkali hydrolysis 

or solvent extraction) require large amounts of solvent and have variances of purity, they also raise the question of 

solvent toxicity (and chemical exposure) and wastewater. Enzymatic extraction of natural polymers is more 

environmentally friendly and specific but there are separate issues with the cost of enzymes and feasibility of scale. 

                                                       

Keywords: biodegradable, organic, polymerization process, fruit-based plastic, fruit-based polymer, vegetable 

polymer, natural bioplastic.    

 ملخص: ال

  نباتية( خضراوات الطبيعية المشتقة من مصادر    البوليمرات سيما  لابالبوليمرات الطبيعية،    الاهتمامأدى الطلب المتزايد على المواد المستدامة إلى تزايد  

 ومعالجة البوليمرات الطبيعية من  استخلاصلى طرق . تقدم هذه المراجعة نظرة شاملة عالصناعية للبوليمراتمستدام  كبديل)وفواكه 

إلى ذلك، تعُد البوليمرات    بالإضافة، والتطبيقات.  المحتملة  البيئيةالمواد الخام النباتية. ركزت الدراسة على الجدوى الفنية لطريقة المعالجة، والمتغيرات  

موارد     تتوافر بكثرة في المخلفات الزراعية والمنتجات الثانوية، ويمكن اعتبارهاطبيعية، و   مواد(    واللجنين  ، والبكتين، والنشا، السليلوز  )  الطبيعية

ميكانيكية، وكيميائية، وإنزيمية، ولكل منها مزايا وعيوب. يعُد    إلى  الاستخلاصالبوليمرات الحيوية. بشكل عام، يمكن تصنيف طرق    لإنتاجمتجددة  

إضافية.    معالجات  الأمرالضغط)موف ًرا للطاقة، ولكن للحصول على نقاء عالي، قد يتطلب    الطحن أو  عمليات (  الميكانيكي باستخدام  الاستخلاص

بالمذيبات) كميات كبيرة من المذيبات، وتتفاوت في نقائها،     الاستخلاصمثل التحليل المائي الحمضي/القلوي أو    الكيميائي (  الاستخلاصتتطلب طرق  

للبوليمرات الطبيعية   الإنزيمي  الاستخلاص) ومياه الصرف الصحي. يعُد    (والتعرض للمواد الكيميائيةالمذيبات     حول سمية  تساؤلاتكما أنها تثير  

 وجدوى التوسع.   الإنزيمات بتكلفةأخرى تتعلق   تساؤلاتللبيئة وأكثر دقة، ولكن هناك  ملاءمةأكثر 

حيوي  بلاستيكقائم على الفاكهة، بوليمر نباتي،  رقائم على الفاكهة، بوليم بلاستيكقابل للتحلل الحيوي، عضوي، عملية البلمرة،  لمات المفتاحية: الك

 طبيعي. 

1. Introduction 

1.1. Background Records on Natural Polymers 

The growing demand for environmentally friendly materials that can produce high-quality products without 

causing harm to the environment has led to an increased interest in natural polymers derived from fruits and 

vegetables. These nature-based materials, consisting of polysaccharides, proteins, and lipids, are biodegradable 

and safe for animal and human consumption, making them a sustainable alternative to synthetic polymers. With 

the global population on the rise, there is an urgent need for renewable and eco-friendly biodegradable polymers 

to replace synthetic ones that rely on non-renewable petroleum-based resources. Various methods, such as ring-

mailto:soudsaad177@gmail.com
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opening polymerization (ROP) and enzymatic polymerization, can synthesize biodegradable polymers. The 

traditional use of plastics in packaging and agriculture has resulted in environmental pollution and reduced 

available land space. In contrast, biodegradable polymers derived from fruits and vegetables easily break down 

with the assistance of microorganisms present in the soil, promoting faster degradation. These non-toxic 

biodegradable polymers find applications in biomedical, cosmetics, and sanitary fields. The extraction of these 

polymers from biomass and the valorization of agro-food waste have sparked significant interest in their use for 

medical products, food packaging, agricultural films, membrane processes, sustainable clothing, and other 

industrial sectors. In summary, natural polymers from fruits and vegetables offer an environmentally friendly 

alternative to synthetic polymers by providing biodegradability and bio/environmental compatibility. Developing 

renewable and sustainable biodegradable polymers is crucial in addressing the need for greener materials [1].                 

 

 
 

Figure 1: From A road map on synthetic strategies and applications of biodegradable polymers [1]. 

 

 
Figure 2: Classification of Natural Polymers [19]. 

 

 

https://media.springernature.com/full/springer-static/image/art%3A10.1007%2Fs00289-022-04565-9/MediaObjects/289_2022_4565_Fig1_HTML.png
https://www.preprints.org/manuscript/202312.1862/v1/download
https://www.preprints.org/manuscript/202312.1862/v1/download
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1.2. Importance of Natural Polymers from Greens and Fruits. 

The increasing global population has resulted in a significant rise in the use of synthetic plastics, leading to 

environmental pollution. There is a pressing need to develop renewable and biodegradable polymers as alternatives 

to synthetic ones. Natural polymers from vegetables and fruits offer a renewable, diverse, versatile, and 

biodegradable solution. Unlike synthetic polymers, they decompose without producing harmful waste. Natural 

polymers also offer cost-effectiveness and find applications in various industries, including food packaging, 

biomedical, and cosmetics. They are utilized in controlled drug delivery systems and tissue engineering in the 

biomedical field. Their biocompatibility and ability to degrade naturally make them valuable for medical 

applications. Overall, natural polymers derived from vegetables and fruits provide a sustainable alternative to 

synthetic plastics, contributing to a greener future [1,3,5, 6].                             

 2. Process of Making Natural Polymers from Vegetables and Fruit.  

             2.1. Selection of Appropriate Vegetables and Fruits for Polymer Manufacturing  

When it comes to selecting the right vegetables and fruits for polymer manufacturing, it is essential to evaluate 

their composition and potential for raw material extraction. Vegetables and fruits contain components such as 

starch, cellulose, pectin, and various proteins, which can be utilized as raw materials for producing bioplastics 

made from agro-polymers. For example, potatoes, corn, rice, and tapioca are rich sources of starch, while apples 

provide a source of cellulose. These polysaccharides are commonly used in the production of packaging materials 

due to their abundance and biodegradability. Additionally, proteins such as casein and gluten can be used as 

additives to enhance the technological properties of bioplastics. When it comes to fruits, tomato pomace has shown 

to be an effective ingredient when combined with ethylene vinyl alcohol (EVOH) to produce sustainable films that 

require less petroleum-derived plastic. By carefully selecting the appropriate vegetables and fruits, researchers and 

manufacturers can leverage their composition and extract valuable raw materials for the production of natural 

polymers with diverse applications [21].  

 
Figure 3: Bioplastics classification scheme. The three types of bioplastics are: (1) drop-in bioplastics (biobased 

or partially biobased, but not biodegradable plastics); (2) non-drop-in biobased bioplastics; and (3) non-drop-in 

bioplastics derived from fossil fuels. Non-drop-ins, or biodegradable plastics, are composed of (i) proteins and 

polysaccharides obtained from plants or animals, (ii) microorganism-derived polymers, (iii) biotechnology-

derived polymers, and (iv) blends of commercial polyesters and biopolymers [21]. 
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Table 1: Some natural fibers' chemical composition. From: Recent advances in biodegradable polymers for 

sustainable applications [2]. 

 

` 

 .2.2. Extraction of Raw Materials from Vegetables and Fruits 

The production of natural polymers from vegetables and fruits involves a series of crucial steps. Firstly, it is 

important to select appropriate vegetables and fruits for polymer production, as their composition can significantly 

impact the properties of the resulting natural polymers. Different types of fruits and vegetables, such as cotton, 

flax, kenaf, jute, hemp, ramie, abaca, sisal, coir, and PALF, have distinct chemical compositions that influence the 

final properties of the polymers. Once suitable vegetables and fruits are chosen, the raw materials need to be 

extracted. This extraction process involves the separation of components such as cellulose, hemicellulose, waxes, 

lignin, and pectin from fruits or vegetables. These components are crucial for the polymerization process and 

contribute to the unique properties of natural polymers.  Following extraction, the raw materials undergo 

purification and processing to remove impurities and prepare them for polymerization. The purification step is 

vital in ensuring that the natural polymers possess desirable properties, such as high specific strength and modulus. 

Finally, the purified materials undergo a polymerization process to produce natural polymers suitable for various 

applications. This process may involve specific techniques depending on the specific raw materials used and the 

desired properties of the final polymer. In summary, the extraction of raw materials from vegetables and fruits is 

a critical step in the creation of natural polymers with unique properties suitable for feverous industries [2,18].                           

 
Figure 4: Properties and limitations. From: Recent advances in biodegradable polymers for sustainable 

applications [2]. 

Fiber Cellulose (wt 
%) 

Hemicellulose 
(wt %) 

Waxes (wt %) Lignin (wt %) Pectin (wt %) Reference 

Cotton 89 4 0.6 0.75 6  

Flax 71 18.6–20.6 1.7 2.2 2.3  

Kenaf  53.5 21 — 17 2  

Jute 61–73.2 13.6–20.4 — 12–16 —  

Hemp 81 20 0.8 4 0.9  

Ramie 68.6–76.2 13.1–16.7 0.3 0.6–0.7 1.9  

Abaca 62.5 21 3 12 0.8  

Sisal 67–78 10–14.2 2 8–11 10  

Coir 46 0.3 — 45 4  

PALF 70–82 — — 5–12 —  

 

https://www.nature.com/articles/s41529-022-00277-7
https://www.nature.com/articles/s41529-022-00277-7
https://media.springernature.com/full/springer-static/image/art%3A10.1038%2Fs41529-022-00277-7/MediaObjects/41529_2022_277_Fig5_HTML.png
https://www.nature.com/articles/s41529-022-00277-7
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2.3. Purification and processing of extracted substances. 

Acquiring natural polymers from vegetables and fruits through purification and processing involves several 

essential steps. Once the raw materials are obtained, they undergo an extraction process, which can be achieved 

using acids, alkali solutions, or enzymatic hydrolysis. This process breaks down the plant's cellular structure and 

hydrolyzes its components, resulting in partially hydrolyzed natural polymers and phytochemicals.  The next step 

is purifying the resulting solutions and dispersions to remove impurities and unwanted substances. This 

purification process may utilize filtration, centrifugation, or other separation techniques to obtain pure natural 

polymers suitable for further processing.                                                                                             Once purified, 

the extracted materials are processed to form polymer resin formulations with specific and consistent morphology. 

These biopolymer resins are designed for high performance, easy processing, and cost reduction. They can be 

easily processed using traditional manufacturing methods and systems.                                                                                                                                                            

The final phase of the process involves the polymerization of the extracted materials to produce the desired natural 

polymers. This may involve blending them with other components or biopolymers to create stable materials 

suitable for various applications such as film extrusion, extrusion coating, injection molding, and rigid engineered 

plastics.  In conclusion, the production of natural polymers from vegetables and fruits requires a carefully 

controlled series of steps, including extraction, purification, processing, and polymerization. These steps yield 

excellent biopolymer resins that can be utilized across diverse industries [7,13, 23].                                                                                                                                                          

 
Figure 5: a) Schematic of cellulose repeating unit with the -(1,4)-glycosidic linkage; (b) hypothetical configuration 

of ordered (crystalline) and disordered (amorphous) regions in cellulose nanofibrils [13]. 

2.4. Polymerization method. 

The manufacturing of natural polymers from vegetables and fruits involves a crucial polymerization process, which 

can be carried out through enzymatic synthesis. Enzymes, known for their renewable and non-toxic nature, possess 

high catalytic activities that make them ideal for polymer synthesis. This approach takes place under mild 

conditions and low activation energy, eliminating the need for toxic organic contaminants or metals. As a result, 

enzymatic synthesis finds particular relevance in industries, especially in the biomedical sector. The initial steps 

of the process involve the extraction and purification of raw materials from vegetables and fruits. The selection of 

appropriate varieties is crucial for successful polymer production. Once purified, the materials undergo the 

polymerization process, where they are transformed into natural polymers through chemical reactions that link 

molecules together, forming long chains and resulting in a solid polymer structure. These natural polymers exhibit 

desirable properties such as biodegradability and renewability, making them highly suitable for a wide range of 

applications.                                                                                                                                                      Compared 

to synthetic polymers, natural polymers have significantly lower environmental impact due to their 

biodegradability, ensuring they do not contribute to environmental pollution. This makes them a sustainable 

alternative, particularly in industries such as food packaging, biomedical, and cosmetics.                                                                                                                                                         

In conclusion, the polymerization process plays a vital role in the production of natural polymers from vegetables 

and fruits. Enzymatic synthesis has emerged as a revolutionary method for generating biodegradable polymers 

https://www.mdpi.com/polymers/polymers-12-00028/article_deploy/html/images/polymers-12-00028-g005.png
https://www.mdpi.com/2073-4360/12/1/28
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with minimal environmental impact. Continued research and advancements in this field hold great promise for 

addressing environmental concerns while meeting diverse industrial needs [1, 7, 19]. 

  

 
Figure 6: Major macromolecules generated in the body with their precursors [19]. 

 

3. Properties and advantages of natural polymers from greens and culmination. 

3.1. Biodegradability of natural polymers. 

The eco-friendliness and sustainability of natural polymers derived from vegetables and fruits stem from their 

biodegradability, which allows them to decompose naturally without causing harmful pollution. This characteristic 

is crucial in reducing plastic waste and preserving natural resources, aligning with global efforts to mitigate plastic 

pollution. One notable example of a biodegradable polymer is poly (lactic acid) (PLA), which degrades up to 80% 

in compost environments within 58 days. Cellulose, starch, and other natural polymers also exhibit significant 

levels of biodegradability, making them suitable for various applications such as food packaging and biomedical 

materials. In terms of environmental impact and sustainability, natural polymers offer significant advantages over 

synthetic ones. Their renewability and biodegradability serve as viable alternatives to address concerns about 

plastic pollution. It is important to note that the rate of degradation for different biodegradable polymers varies 

depending on environmental conditions, underscoring the importance of selecting appropriate materials for 

specific applications.                                                                                                                               In summary, 

the biodegradability of natural polymers derived from vegetables and fruits highlights their potential as sustainable 

materials for diverse industries. Their ability to naturally degrade without causing harm to the environment 

positions them as valuable components in the development of eco-friendly products [1, 4, 10, [  18 . 
 

Table 2: Rate of degradability of different biodegradable polymers from a road map on synthetic strategies and 

applications of biodegradable polymers [1]. 

Biodegradable 

polymers 

Environment Rate of 

degradability 

Duration (Days) References 

PLA Compost 84% 58 [] 

PLAY Soil 10% 98 [] 

PHA Soil 48.5% 280 [] 

PHB Compost 79.9% 110 [] 

PHBV Sea water 99% 49 [] 

PCL Compost 38% 6 [] 

PBS Compost 90% 160 [] 

Cellulose Compost 80% 154 [] 

Starch Soil 14.2% 110 [] 

Mater-Bi Compost 26.9% 72 [] 

https://www.preprints.org/manuscript/202312.1862/v1/download
https://www.preprints.org/manuscript/202312.1862/v1/download
https://link.springer.com/article/10.1007/s00289-022-04565-9
https://link.springer.com/article/10.1007/s00289-022-04565-9
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3.2. Renewable nature of natural polymers. 

Derived from vegetables and fruits, natural polymers offer a sustainable alternative to synthetic ones, contributing 

to the reduction of plastic pollution and environmental harm. As global concerns about plastic waste continue to 

escalate, there has been a surge of interest in developing green packaging materials and utilizing natural resources. 

These polymers are sourced from renewable sources such as plants, microorganisms, and their byproducts, making 

them more readily available compared to traditional petroleum-based plastics. The use of natural polymeric 

materials for food packaging has gained popularity due to their eco-friendly nature and minimal greenhouse gas 

emissions. One notable advantage of natural polymers is their biodegradability, allowing them to be broken down 

by local microorganisms and return to nature. This stands in stark contrast to traditional petroleum-based plastics, 

which are nonrenewable and significantly contribute to environmental pollution. Moreover, natural polymers 

exhibit excellent film-forming and gelling properties, making them suitable alternatives for creating edible films 

and coatings for food packaging.  Despite the potential they offer, there are challenges associated with the use of 

natural polymers derived from vegetables and fruits. Issues such as stability during storage and transportation need 

to be addressed, along with compatibility with other materials in specific applications. However, ongoing research 

efforts aim to overcome these challenges and enhance the commercial feasibility of natural polymers. In 

conclusion, the renewable nature of natural polymers derived from vegetables and fruits makes them a practical 

solution for sustainable packaging materials. As awareness about environmental preservation continues to 

increase, the demand for natural polymers is expected to grow, further driving innovation in this field [1, 4,17, 20,  

29 [.   

                     3.3     . Environmental effect as compared to synthetic polymers    

Natural polymers derived from fruits and vegetables, such as chitosan, starch, cellulose, and alginate, present a 

more environmentally friendly alternative to synthetic polymers. These biodegradable materials are readily 

available in nature and can be utilized for various purposes, including the development of slow-release nanocarriers 

for delivering agrochemicals in agriculture and the creation of nanofilms and hydrogels for food packaging. When 

combined with nanofillers like nanoparticles, the packaging properties of natural polymers can be significantly 

enhanced. In addition to their biodegradability, natural polymers are renewable resources with minimal 

environmental impact, helping to reduce pollution caused by synthetic polymers. They have the potential to 

improve crop yields and protect food products by extending shelf life or enhancing seed germination. By 

incorporating nanofillers, the mechanical strength and barriers of these natural polymers can be further 

strengthened, making them a sustainable alternative to synthetic polymers. The global effort to reduce plastic 

pollution is driving the transition toward bio-based materials, with the biodegradable plastics market projected to 

reach $6.12 billion by 2023. The development of edible fruit and vegetable packaging materials also enables a 

reduction in the use of synthetic polymers while utilizing raw materials with low industrial costs. Overall, natural 

polymers derived from fruits and vegetables offer environmentally friendly alternatives to synthetic polymers in 

various industries, including food packaging, agriculture, and healthcare [4, 10, 12, 13, 17, 20, 23]. 

 
Figure 7: Classification of bio-additives (adapted from) [13]. 

 

 

https://www.mdpi.com/polymers/polymers-12-00028/article_deploy/html/images/polymers-12-00028-g001.png
https://www.mdpi.com/2073-4360/12/1/28


 (Libyan Journal of Contemporary Academic Studies) المجلة الليبية للدراسات الأكاديمية المعاصرة

 ليبيا  –الجمعية الليبية لأبحاث التعليم والتعّلم الإلكتروني   – المجلة الليبية للدراسات الأكاديمية المعاصرة

5970-3005- E-ISSN:  :228   2025، السنة: 1، العدد: 3المجلد 

 

4. Applications of natural polymers in numerous industries 

4.1. Food packaging industry 

The adoption of natural polymers in food packaging has gained significant popularity due to growing 

environmental concerns associated with conventional plastics. Biodegradable and compostable polymers (BCP) 

have emerged as sustainable alternatives, particularly for short-term food packaging. These BCPs are categorized 

into three types: natural, modified natural, and synthetic polymers, with a focus on their source and sustainability. 

The use of biodegradable packaging materials has been implemented across various sectors, including food 

packaging, biomedical systems, pharmaceuticals, and textiles. Natural biodegradable polymers (BDPs) have also 

found applications in ophthalmic formulations, microfluidic membranes, digital light processing additive 

manufacturing, and tissue engineering. By utilizing natural polymer-based cling films for food packaging, 

environmentally friendly solutions can replace non-biodegradable petroleum-based synthetic polymers at a lower 

cost. Protein-based edible films and cellulose derivatives are being studied for their potential in food packaging, 

offering flexible properties such as moisture retention, oxygen absorption limitation, lipid migration reduction, 

and improved mechanical handling. Polysaccharide coatings and edible films are suitable for packaging fresh fruits 

and vegetables. These natural polymer materials serve as ecological and biodegradable packaging while providing 

favorable barrier properties against oxygen and carbon dioxide. However, they do exhibit high solubility in water 

environments and limited extensibility [4, 8, 28].                                                                                   
                          

Biomedical enterprise.   4.2. 

Over the years, the use of natural polymers derived from vegetables and fruits has gained significant traction in 

the biomedical field. These environmentally friendly and biodegradable polymers have shown immense potential 

in various biomedical applications, including controlled drug delivery, tissue engineering, implantable medical 

devices, microencapsulation systems, and ophthalmic formulations.                                    

Natural biodegradable polymers such as gelatin and chitosan have proven to be effective in ocular formulations, 

enhancing viscosity to improve drug delivery to the eye and achieving superior therapeutic effects. Additionally, 

natural polymers have been utilized in cutting-edge applications such as microfluidic membranes, digital light 

processing additive manufacturing, and electrophysiological signals. The renewable nature of these materials 

makes them an attractive choice for sustainable use in the biomedical industry. The utilization of natural polymers 

in the biomedical sector aligns with the increasing demand for green materials that are both safe and high-quality. 

The functionality of these natural polymers is of particular importance in developing sustainable and biodegradable 

packaging materials that help mitigate global plastic pollution. With their renewability, biodegradability, 

compatibility with biological systems, and impressive technical and functional properties, these materials hold 

significant promise in the chemical and packaging sectors. Innovative approaches focused on developing 

sustainable packaging materials using natural resources are being encouraged to reduce reliance on plastics. 

However, several challenges related to processability, appropriate disposal methods, legal requirements, and 

industrial applicability need to be addressed to fully harness the potential of these natural polymers [2].                                                                                                            

 
Figure 8: Applications of biodegradable materials. From: Recent advances in biodegradable polymers for 

sustainable applications [2]. 

https://www.nature.com/articles/s41529-022-00277-7
https://media.springernature.com/full/springer-static/image/art%3A10.1038%2Fs41529-022-00277-7/MediaObjects/41529_2022_277_Fig7_HTML.png
https://www.nature.com/articles/s41529-022-00277-7
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4.3. Cosmetics industry. 

In the cosmetics industry, there has been an increasing demand for natural polymers as key ingredients in anti-

aging products. Consumers are becoming more averse to synthetic chemicals and their potential side effects, 

leading to a shift towards natural alternatives. Natural polymers, such as guar gum and pectin, are used as 

thickening agents and structuring agents in anti-aging formulations. These non-pharmacological agents are 

incorporated into various cosmetic products like creams, face washes, face packs, and emulsions.                                                             

The preference for anti-aging products containing natural polymers has been steadily growing, prompting 

manufacturers to prioritize natural polymers over synthetic ones. Moreover, biodegradable polymer-based 

controlled drug delivery systems have gained traction in the beauty industry, particularly in skincare products. 

Biodegradable polymeric microparticles and nanoparticles are commonly used in cosmetics due to their safe and 

effective properties. When applied to the skin, these biodegradable polymers undergo controlled degradation, 

resulting in the gradual release of the drug at the targeted site during dermatological treatments. Furthermore, the 

incorporation of natural polymers derived from vegetables and fruits into cosmetics helps meet the industry's 

increasing demand for sustainable and eco-friendly materials. By utilizing renewable sources like fruit and 

vegetable waste, the cosmetics industry can reduce its dependence on synthetic polymers derived from non-

renewable petroleum sources [1, 5]. 

 

5. The Studies on the Usage of Natural Polymers from Vegetables and Fruits 

Successful Applications in the Food Packaging Industry.   5.1. 

The food packaging industry is witnessing increasing interest in the potential of natural polymers derived from 

vegetables and fruits. These biodegradable polymers are being explored as alternatives to non-renewable materials 

such as polystyrene and other plastics, which have been associated with environmental pollution and health 

concerns. Utilizing underutilized compounds, such as by-products from fruit and vegetable processing, to produce 

biodegradable packaging films is gaining attention due to their abundance, availability, and environmentally 

friendly nature. These materials possess unique sensory and nutritional properties, making them suitable for 

various food packaging applications. An innovative approach involves the development of edible films, sheets, 

and coatings using fruit and vegetable purees, extracts, juices, and plant residues. These matrices can be utilized 

to create edible films that enhance the performance of synthetic packaging while reducing reliance on synthetic 

polymers in different applications. The natural bio-based polymers found in various fruits and vegetables enable 

the formation of colorless, tasteless, and translucent layers with excellent gas barrier properties against oxygen 

and carbon dioxide. Furthermore, these natural polymers are being used as nanocomposites in food packaging to 

enhance barrier properties against water vapor, oxygen, and other gases. This can significantly extend the shelf 

life of fresh produce and prevent spoilage. Advancements in technology that combine natural polymers with 

nanoparticles, such as AgNPs or AuNPs, can address challenges related to mechanical strength and degradation.                                                                                                                           

In conclusion, the utilization of natural polymers from vegetables and fruits in the food packaging industry shows 

great potential. These biodegradable materials offer an environmentally friendly alternative to traditional synthetic 

polymers, while their unique properties enhance the performance and shelf life of packaged foods. Continued 

research and innovation in combining natural polymers with nanoparticles can further improve their mechanical 

properties and stability [11, 12,14, 16 [. 

5.2. Promising Traits in the Biomedical Field. 

In recent years, there has been a significant surge of interest in the biomedical applications of natural polymers 

derived from vegetables and fruits, owing to their exceptional properties and potential benefits. Natural polymers, 

primarily consisting of polysaccharides, proteins, and lipids, offer biodegradability and environmental 

compatibility that surpass non-biodegradable synthetic polymers. The selection of suitable edible polymers for 

biomedical applications is based on material chemistry, shape structure, molecular weight, 

hydrophobicity/hydrophilicity, lubricating properties, degradation rate, water absorption, erosion mechanism, and 

solubility. In the pharmaceutical industry, natural polymers are being utilized in the development of transdermal, 

percutaneous, oral, and topical drug delivery systems. They are also used in the production of nutraceuticals and 

functional ingredients, thanks to their compatibility with the skin and mucus. Currently, innovative processes are 

being explored to incorporate fruits and vegetables as essential ingredients in edible films for biomedical 

applications. These matrices form the basis for creating edible films that can be consumed as dietary treats or 

applied to food products. The presence of polysaccharides and proteins facilitates the formation of these matrices 

using fruits and vegetables. Additionally, the inclusion of bioactive substances such as vitamins and polyphenols 

can impart attributes similar to active compounds like antioxidants or antimicrobial agents. In conclusion, natural 
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polymers derived from vegetables and fruits exhibit significant potential for biomedical applications due to their 

compatibility with the skin and mucus [9, 11, 15 [. 

6. Challenges and obstacles of the use of natural polymers from vegetables and result 

6.1. Stability problems during Storage and Transportation. 

The practical applications of natural polymers derived from vegetables and fruits face challenges related to stability 

during storage and transportation. Despite their biodegradability and renewable nature, ensuring the stability of 

these polymers over time and under varying conditions is a crucial concern. Proper management of the extraction, 

purification, and processing of raw materials from vegetables and fruits is essential to maintain the stability of the 

resulting natural polymers. Additionally, optimization of the polymerization process is necessary to preserve the 

integrity of the polymers during storage and transportation.  One significant issue affecting stability is the potential 

degradation or spoilage of natural polymers, particularly in food packaging applications. The environmentally 

friendly biodegradability of these polymers can pose challenges in maintaining their structural integrity over time. 

Furthermore, ensuring compatibility with other substances in biomedical or cosmetic applications is crucial to 

effectively address stability issues. Research has highlighted the potential use of agroforestry waste products for 

extracting biopolymers, providing a more sustainable source of raw materials to address stability concerns. 

Additionally, exploring the utilization of by-products from fruits and vegetables for generating biopolymers can 

enhance stability through the value-added utilization of waste materials.                                                                                                                                                          

To overcome stability challenges during storage and transportation, further research is necessary to develop 

innovative processing techniques that preserve the structural properties of natural polymers. This may involve 

exploring advanced manufacturing methods or incorporating additives that enhance stability without 

compromising biodegradability and environmental friendliness.                                                                   Ultimately, 

while natural polymers from vegetables and fruits offer several advantages such as biodegradability and renewable 

sourcing, addressing stability issues is crucial for their successful integration into various industries. By focusing 

on improving extraction processes, optimizing polymerization methods, and developing innovative solutions to 

enhance stability during storage and transportation, natural polymers can become even more viable alternatives to 

synthetic materials [1, 11, 14, 15]. 

6.2. Compatibility with different substances in positive applications. 

The utilization of natural polymers derived from vegetables and fruits has garnered significant interest due to their 

compatibility with various substances in different applications. These polymers, sourced from biomass or created 

through microorganisms, possess unique characteristics that make them suitable for use alongside synthetic or natural 

polymers. For instance, extensive research has been conducted on the potential of nanocellulose fibrils extracted from 

plants to enhance the properties of polymers. These fibrils exhibit exceptional traits, including high specific strength, 

moduli, and specific surface area. Cellulose nanomaterials offer a sustainable alternative to commonly used inorganic 

nanofillers, owing to their renewable and biodegradable nature. Furthermore, efforts have been focused on the 

development of environmentally friendly plastic materials and the utilization of renewable resources rich in 

polysaccharides and proteins. Bioplastics and biocomposites based on fruit and vegetable agro-waste have been 

proposed as green packaging materials with robust mechanical and gas barrier properties. These biomaterials 

effectively protect packaged food against oxidation or microbial contamination while preserving the phytochemicals 

present in the raw materials.                                                                                                                       Despite the 

promising advantages of natural polymers from vegetables and fruits, it is crucial to address challenges related to 

stability during storage and transportation. Additionally, ensuring compatibility with other materials in specific 

applications remains a key consideration for the successful utilization of these natural polymers.   In conclusion, 

natural polymers derived from vegetables and fruits hold tremendous potential as sustainable alternatives for various 

industries. However, it is essential to address compatibility issues with other materials to facilitate their widespread 

adoption [2, 13,  .[23   

7. Future potentialities and research directions for natural polymer manufacturing from vegetables and 

culmination 

The potential and research avenues for manufacturing natural polymers from vegetables and fruits are highly 

promising. One area of interest involves utilizing underutilized raw materials such as fruit and vegetable remnants, 

purees, extracts, and juices to create edible packaging materials. The polysaccharides and proteins present in these 

botanical sources can be harnessed to develop packaging materials with antioxidant and antimicrobial properties, 

consequently reducing the dependency on synthetic polymers and minimizing food waste. Furthermore, the 

application of biodegradable functional films based on chitosan for food packaging displays significant potential. 
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Chitosan, derived from crustacean shell waste, is a versatile biopolymer that can be obtained using energy-efficient 

methods. Its unique properties make it an excellent candidate for various food packaging applications, contributing to 

a zero-waste economy through the utilization of waste products.  Research into edible films based on fruit and 

vegetable purees has also demonstrated promise in providing desirable physical-mechanical properties along with 

distinct sensory and nutritional characteristics. Advancements in this area have focused on enhancing solubility and 

dissolution rates through techniques like solid dispersion and the use of hydrophilic natural polymers, thereby 

improving the biodegradability of food packaging materials while minimizing the reliance on synthetic polymers. 

Overall, there is a growing interest in natural polymers for diverse industrial applications due to their abundance, 

renewability, biodegradability, safety, non-toxicity, and cost-effectiveness. Therefore, future research should continue 

to explore the utilization of natural polymers in food packaging, biomedical applications, cosmetics, textiles, 

agriculture, water treatments, electronics, paper production, and other industries [3, 22, 26, 27].                                            

Conclusion:   

The utilization of natural polymers derived from fruits and vegetables holds considerable promise in various 

industries. These biodegradable and renewable materials have demonstrated their potential as cost-effective and 

environmentally friendly alternatives to synthetic polymers, particularly in the development of edible packaging 

solutions. Moreover, the incorporation of bioactive compounds with antioxidant and antibacterial properties 

further enhances the value of these natural polymers. Their successful application in the food packaging and 

biomedical sectors signifies significant progress. However, challenges related to storage and transportation, as well 

as compatibility with other chemicals in specific applications, need to be addressed. Future research efforts should 

prioritize overcoming these obstacles to fully unlock the potential of natural polymers from fruits and vegetables. 
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