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Abstract : The growing concern over the pollution of the natural environment by non-biodegradable polymers has intensified studies being
conducted to create recyclable materials for packaging. Biodegradable films made from renewable materials like starch and pectin have attracted
a lot of interest because of their promising qualities and eco-friendliness. This review comprehensively summarizes recent advancements in the
synthesis, properties, and applications of biodegradable films based on starch and pectin. The methods for the extraction and processing of
starch and pectin, including chemical modification techniques to enhance their film-forming capabilities, are discussed. An overview is also
given of the various mixing techniques and additives used to enhance the mechanical, obstacle, and thermal properties of these films. A
comprehensive study was conducted into the impact of processing factors on the properties of films, particularly temperature, pH, and
plasticizers.
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INTRODUCTION

Packages act as marketing tools for reaching out to customers, shielding goods from environmental factors, holding a variety of
products in different sizes and shapes, and providing convenience and time-saving features to the user (Otles & Yalcin, 2008). Food
packaging provides a physical barrier between the food items and the external environment, maintaining sanitation and increasing
the shelf life of perishable foods, particularly those that are subject to oxidative and microbiological deterioration (Gomez-Guillen
et al., 2009). Plastic, paper, glass, aluminum, fiberboard, and steel are the materials most frequently used to package food. Plastics
made from petroleum are extensively used because they are more durable, resilient, and lighter than substitutes for packaging. But
since they produce large amounts of non-biodegradable trash, they cause significant ecological issues (Siracusa, Rocculi, Romani,
& Rosa, 2008). Utilizing novel biodegradable films made of biopolymers is essential to minimizing the harm that non-
biodegradable plastic waste causes to the environment (Soo and Sarbon, 2018).

One of the food elements that is frequently used in the food processing sector is starch. The inexpensive cost and the availability
of starch in nature are the reasons for its wide application (Kaur, M. et al., 2004). Starches are utilized in the food packaging
business for a number of reasons, more than only functional food components, because of their water-soluble nature and capacity to
form films, such as the creation of edible coatings or films (Sadeghizadeh-Yazdi et al., 2019). Previous studies have extensively
documented the potential use of starches derived from conventional sources, including but not limited to wheat, corn, potatoes,
cassava, and the like, in the packaging of fresh produce and animal items (Ghanbarzadeh et al., 2011). For the purpose of creating
film that is edible for use in food packaging, starches from unconventional sources, such as the processing of fruit waste, might thus
be studied (Kringel et al., 2020). Edible films may be made from a polymer called starch. Due to its affordability, renewable nature,
and suitable physical qualities, starch is widely used in the food sector as a sustainable film substitute for plastic polymers
(Bourtoom, T. 2007). Biopolymers like starch and its primary constituents, amylose and amylopectin, make them appealing raw
materials for packaging material preservation. Starch is a common ingredient in industrial foods.

The production of biodegradable films to replace plastic polymers has been made possible by their low cost, renewable nature,
and advantageous mechanical characteristics (Xu et al., 2005). Although a starch membrane is commonly used, its mechanical
properties and ability to protect against low-polar compounds make it ineffective (Azeredo et al., 2000).

Pectin is an acidic heteropolysaccharide of plant origin consisting of -(1-4)-linked d-galacturonic acid and other saccharides
such as galactose, arabinose, and rhamnose (Roy, S. et al., 2021). Due to its properties of stabilizing, emulsifying, and thickening,
pectin is commonly utilized as a thickener, coating, and encapsulating agent (Ahn, Halake, & Lee, 2017). Pectin can be used as a
packaging material to enhance the sensory experience and extend the shelf life of specific foods, thanks to its ability to form films
(Bermudez-Oria, A. et al., 2017).

The plasticizer had an impact on the rheological characteristics of the films used. The plasticizer effectively improved the
properties of mixed films (Sun et al., 2020). The functional properties of biopolymer films are altered by the addition of
plasticizers, which are low-volatility molecules that enhance their extensibility, spread ability, and flexibility (Hanani et al., 2014a,
2014b).

The use of starch, pectin, and plasticizer for biodegradable packaging materials is the primary focus of this paper.
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STARCH BASED BIODEGRADABLE PACKAGING

The primary source of starch for the worldwide starch industry has been determined to be maize (about 65%), followed by
sweet potato (about 13%) and cassava (about 11%) (Sarka and Dvoracek 2017). So far, corn starch is the main biodegradable
material that has been used as a film-forming component. Due to the molecular structures of amylose and amylopectin and their
excellent physio-chemical properties, the production of corn starch has a large share in the entire corn processing industry (Singh,
Langyan, and Yadava 2014). The microstructure of cornstarch-based films can be studied for food applications on a large scale. A
scanning electron microscope (SEM) was employed to measure the microstructure of cornstarch-based films (Jiang et al. 2020).
The mechanical properties and mechanical values of the maize starch-based films were similar to those of the LDPE-based films
that are currently used in food packaging.

It has been demonstrated through a comparison of the mechanical characteristics of PVC and LDPE commercial films with corn
starch-based films that the mechanical properties of the LDPE film are very similar to those of the maize starch-based film. The
choice of starch source has a significant impact on the film's functional, chemical, and physical properties.

The starch source's microstructure, particle size, and roughness all had an impact on the texture and viscosity of the film-
forming suspensions, which encouraged the drying process to modify the filmogenic matrix (Luchese CL et al., 2017). The use of
cornstarch films can be utilized to create reusable pouches for processed vegetables that require heat-sealing ability. The film
properties are highly desirable for biodegradable packaging, particularly for organic products, as they are preferred by consumers
(Bof MJ et al., 2021). Additionally, the disadvantages of cornstarch-based membrane usage, such as suppleness, reduced
mechanical properties, and inadequate water resistance, have hindered their adoption as biomaterials. The aim of this. research was
to improve the functional properties of corn starch. The mechanical and physical properties of the maize material were also tested.
The tensile strength, brittleness, density, moisture, and water absorption of cornstarch-based film were studied to reduce the
disadvantages of cornstarch-based film and maximize efficiency (Harussani MM et al., 2021).

The properties of sweet potato starch (SPS) are similar to those of regular potato flour, with a dry starchy content between 58
and. When compared to conventional potato starch, SPS is rich in fibers and minerals, along with vitamins and antibodies. Consider
this. Polyphenols, anthocyanins, ascorbic acid, tocopherol, and B-carotene. Using films made using SPS in food packaging can
measure these nutrients, which would enhance the quality of packaged food and increase nutritional value.Biodegradable
nanocomposite packaging (SPS) film may be produced without allergenic ingredients, as it has not been reported to be allergen-
free. This is a potential source of biodegraded starch for packaging (Issa A. et al., 2016). SPS-based films have been shown to
possess antioxidant properties. The results showed that natural anthocyanin in purple sweet potatoes has higher antioxidant activity
compared to BHA (10 mg/l) in white-fleshed potatoes. Reduction of the synthetic antioxidant can be achieved by using natural
antioxidants in the films (Ishak I et al., 2015). Sweet potato starch films are softened with glycerol and sorbitol to serve as
packaging and coating materials for food. Overall, the water solubility, elongation, and water vapor permeability of the membranes
subjected to testing were positively affected by the plasticizer's presence in suspension (Ballesteros-Martinez L et al., 2020).

Rice starch is an excellent source of ingredients for biodegradable film production since it has a high amylose content. When
both types of films are created using glycerol, the permeability to water vapor of the rice-starch-based film is twice that of the
starch-based film.

Glycerol-containing films are additionally plasticized and have worse tear barrier properties than sorbitol-containing films,
which are less water transparent and stronger (Dias AB et al., 2010). By adding chitosan, the mechanical strength of rice starch
films was greatly enhanced. Rice starch-chitosan mixture films were found to improve the crystallized peak structure of the starchy
film by X-ray diffraction and FTIR analysis; however, the separation of starches and other underlying cellular phases was
hampered by an excessive chitosan concentration (Bourtoom T et al., 2008).

PECTIN BASED BIODEGRADABLE PACKAGING

Pectin is a polymer that can be synthesized as dietary supplements, thickening, and serving as an additive in food packaging. It
is considered one of the most promising polymers for future development. Even so, due to the poor mechanical and barrier
properties of pure pectin-based films, their use in food packaging is very limited (Gouveia TI et al., 2019). The insolubility of
pectin films to water vapor and the migration of water vapor make them highly reactive towards polyvalent cations. Among the
cations tested, calcium treatment best improves the physicochemical properties, competing with commercial non-biodegradable
membranes. Although the exact results of remote biodegradation tests are not yet available, it is safe to assume that ionic cross-
linking does not significantly alter biodegradability. Worst of all, although these films are insoluble in water, the buried film slowly
turns to pectin when washed away (Pavlath AE et al., 1999).

The physical characteristics of orange waste biofilms are identical to those of raw materials; drying provided a smoother surface
but had no impact on physical or thermal qualities. Anaerobic conditions allowed for the biodegradable nature of these membranes.
The constituents of biofilms, such as pectin and cellulose fiber optic cables, indicate an application where biodegradability is
equally significant to durability, like short-acting packaging. The properties are promising, but they need to be characterized and
improved to achieve the desired outcomes, which may involve less visible or highly detailed hygroscopic features.

In summary, the generation of biofilms from citrus waste has opportunities for the creation of environmentally friendly
polymers and might possibly solve problems connected to the disposal of orange waste (Batori V et al., 2017). The incorporation of
orange peel pectin into fish gelatin-based edible films enhances their physicochemical properties, such as mechanical strength and
barrier properties.

The resulting films exhibit notable antioxidant activity, attributed to the presence of antioxidants in orange peel pectin.
Additionally, these films demonstrate antibacterial properties, contributing to their potential as antimicrobial packaging materials.
The synergistic effects of fish gelatin and orange peel pectin make these films promising for wrapping applications in the food
industry. The improved characteristics not only extend the shelf life of packaged products but also offer a sustainable alternative to
conventional packaging materials. Further research and development in this area could explore different ratios of gelatin to pectin,
optimize processing conditions, and assess the films performance with various food products to fully realize their potential in
practical applications (Jridi M et al., 2020).
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Edible film is a type of active food packaging that enhances the quality of food products by providing biodegradability and
edible coatings. These films protect food from deterioration, reduce particle clustering, and enhance visual and tactile features.
They also serve as barriers against gas, vapor, oil, and carriers of active substances like flavors, antimicrobials, antioxidants, and
colors (Dash KK et al., 2019).

PLASTICIZERS

The plasticizer had an impact on the rheological properties of the film-forming solution. Plasticizer worked well to improve
the properties of the blended film. The chitosan/zein film demonstrated remarkable properties with PEG-400 (Sun et al., 2020).
Polyols are effective plasticizers for products containing proteins, such as gelatin films. The beneficial elements of a plasticized
gelatin film can be used to package food so that it breaks down organically. It was discovered that sorbitol and glycerol had a
significant plasticizing effect on gelatin-based films (Sudermanet et al., 2018). Starch films have exceptional O2 hindrance
properties because of their strongly pressed, systematic H2-linked groups and low dissolvability (Dos Santos Caetano et al.,
2018). However, one disadvantage of starch films is that they break easily (Vu et al., 2016).

According to Souza et al. (2012), the plasticizer effect in the film exhibits a significant rate of water vapor transmission and
high solubility. Edible films made of gelatin that have been plasticized by sorbitol based on the thickness, drying conditions,
and/or plasticizer concentration. In a more recent study, Simon-Lukasik and Ludescher (2004) investigated how the relative
humidity of conditioning affected the diffusion of oxygen in gelatin films. The study conducted by Bertan, Tanada-Palmu, Siani,
and Grosso (2005) examined the microstructural and physical characteristics of edible films that were created by blending gelatin
and starches and then plasticized using triacetin. These materials' characteristics can be broadly regarded as typical of edible
films.Gelatin forms into a three-dimensional network consisting of intermolecular microcrystalline connection zones; dehydration
of this system could result in brittle films (Vanin, Sobral, Menegalli, Carvalho, & Habitante, 2005). Therefore, adding a
plasticizer is required to increase toughness, improve flow and flexibility, overcome the brittleness of the films, raise the impact
resistance of the film coating, and keep the films from breaking during packing and transit (Aydinli and Tutas, 2000; Barreto et
al., 2003). Various plasticizers, such as water, oligosaccharides, polyols, and lipids, are frequently utilized in hydrocolloid-based
films (Suyatma, Tighzert, & Copinet, 2005).

Glycerine and sorbitol concentrations increased as the films' stickiness and softness increased. With 35% (w/w) glycerine and
45% (w/w) sorbitol (optimum solubility), the plasticized films showed greater solubility in water than the unplasticized films. In
the high concentration range of 20-45% (w/w) plasticizer/rice starch film, the tensile strength of the films reduced significantly
(Natta Laohakunijit et al., 2004).

Due to its plasticizing effect and ability to increase the ductility of biodegradable packaging, glycerine is vital to the food
packaging industry. The starch film that has been plasticized with glycerine is flexible and processable, but its water and gaseous
barrier qualities have been compromised, making it too fragile to handle when it is in its natural unplasticized state (Benet et al.,
2022). According to Nordine et al. (2020), glycerine had a greater effect on the tensile strength of maize starch films than thymol
alone. The elongation of the films rose and their tensile strength dropped as the plasticizer level increased. The starch-glycerine
phase separation phenomenon may have caused some of the fissures that were observed in the dry films at high glycerine
concentrations. The elongation and tensile strength of the films decreased as the plasticizer level rose.

When the glycerine content was high, some fissures were observed in the dried films; these cracks might have been caused by
the starch-glycerine phase separation phenomenon. .Given that the ability of the polymer chain to undergo rearrangement is
connected with film crystallinity, the relative film crystallinity should increase with plasticizer content (glycerine and water).

Since starch films are hydrophilic, it has been found that the amount of water present greatly affects their mechanical
properties. Moisture sorption had an impact on tensile strength in a manner akin to that of glycerine plasticization (Bertuzzi et al.,
2012). Many plasticizers are added to starch films to change their characteristics. Commonly, glycerine and water are employed
as plasticizers. In this study, we employ glycerine derivatives as a contemporary plasticizer for starch films made from potato
starch using the tape casting technique, resulting in films that are 20 cm long and have a constant thickness. Investigations were
conducted into the effects of different plasticizer ratios on mechanical qualities and surface-free energy. These plasticizers
included glycerine, pentaerythiolethoxylate, glycerine ethoxylate, and Poligliceryn-3. Our choice of plasticizers is distinguished
by the abundance of functional hydroxyl groups. When a combination of plasticizers is used instead of a single plasticizer, the
starch films exhibit improved mechanical and usable qualities (Zuzanna et al., 2018).

CONCLUSION

Starch, as a widely available and inexpensive natural polymer, serves as an excellent matrix for biodegradable films. Its
compatibility with various additives and blending agents enables the modification of film properties to meet specific application
requirements. Furthermore, the renewable nature of starch ensures sustainability in production processes, reducing dependence on
non-renewable resources. Pectin, derived from plant sources such as citrus fruits and apples, offers distinct advantages in film
formation due to its gel-forming properties. This enables the creation of films with tailored characteristics, including enhanced
flexibility and moisture resistance. Moreover, pectin-based films exhibit good biodegradability, contributing to the reduction of
environmental pollution.
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