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Highlights

•	 Biodegradable packaging material is gaining attention due to health and environmental hazards owing to plastic 
pollution. 

•	 Environment friendly packaging material can replace the synthetic plastics, at least partly.

•	 It is an age-old practice of utilizing plant parts in food packaging.

•	 Food packaging materials are currently being developed from variety of plant sources.

•	 The application of plant-based packaging materials in food industry still needs further exploration.
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Abstract: Plastic pollution, mainly due to single-use food 
packaging materials, has become a drastic environmental issue 
around the world. As a consequence of their accumulation, 
naturally balanced ecosystems may undergo various types of 
vulnerabilities, and eventually, it may lead to the annihilation of 
flora, and fauna. Hence, there is an urgent need to find alternative 
ways of packaging food with environmentally friendly materials. 
Currently, there are considerable numbers of research being 
done to prove that biodegradable packaging materials can be 
produced from plant leaves and sheaths. However, the large-scale 
production and application of eco-friendly packaging materials 
is still a challenge and more studies are further required to 
accomplish it. Hence, this review is done to identify initiatives 
made in the field of biodegradable packaging material and directs 
them towards practical application. In the end, it proves that there 
is a huge potential to produce biodegradable packaging materials 
from plant sources economically. 

Keywords: Food packaging; Biodegradable packaging; Plant 
materials; Leaf; Plastic pollution; Sheath.

INTRODUCTION

Plastic pollution has become a pervasive environmental 
issue where inhabitants are negatively and inadvertently 
altering their livelihood activities. The demand and annual 
production of plastics have been sharply increased over the 
past 65 years and estimated that 8300 million metric tons 
(Mt) of plastics have been produced to date. As of 2015, 
over half (6300 Mt) of which has been discarded after a 
single use, around 9% of which had been recycled, 12% 
was incinerated, and 79% was accumulated in landfills or 
in the natural habitat which will take more than 500 years 
to decompose (Geyer et al., 2017; Verma et al., 2016).

Further, it is a known fact that the packaging industry is 
responsible for 90 % of the single-use plastics and which 
account 50% of the total plastics around the world (Geyer et 
al., 2017) and within this usage, the food industry accounts 
for more than half of the packaging market (Manalili et al., 
2011).

Jambeck (2015) reported that between 4.8 and 12.7 
Metric tons of plastic are released globally into the oceans 
yearly as mismanaged waste. In the case of Sri Lankan 

terrestrial and aquatic ecosystems, which have already 
become dumping yards and it causes to pollute as a result 
of mingling plastic materials. This has contributed to the 
Bay of Bengal’s ‘dead zone’, an oxygen-deprived area of 
60,000km2 making it uninhabitable for many marine living 
organisms (Ghosh & Lobo, 2017). Thus, most of the Indian 
Ocean Rim Countries, like Sri Lanka, has compelled to 
improve the plastic management processes.

Under such circumstances, there is a pressing necessity to 
explore alternative means of packaging food employing 
environmentally sustainable materials, focusing on single-
use, disposable, short-life packaging and food serving 
materials. As a result, the intangible impetus pertaining to 
food packaging has been redirected towards the utilization 
of plant-based materials, which possess the dual advantage 
of being biodegradable and enriched with antioxidants 
and medicinal properties (Kora, 2019). In most areas of 
Southeast Asia, where leaves are used in wrapping food 
and some leaves impart characteristic flavours to the 
cooked food wrapped with them (Ng, 2015).  Although its 
complete replacement is nearly impossible to achieve with 
food packaging materials from plant-based agricultural 
resources, the use of leaves as packaging materials offers 
a huge opportunity for tackling environmental pollution at 
least partly. 

According to Guillard et al. (2018), by 2050, if one in two 
food packs is made of such a    biodegradable material, 50% 
of packaging waste reduction may occur which will be 
equivalent about to 46 million tons of plastic waste (p. 9). 

The development of potentially biodegradable packaging 
materials as alternatives to single use plastic wrappers and 
service ware items is gaining attention in order to tackle 
plastic pollution. But, the replacing ecofriendly material 
should have the characteristics equal to that synthetic 
plastic. On this attempt bio plastics are being developed 
from plant sources. But most of them have Poly Lactic Acid 
as the base, where it needs more processing steps and these 
bio plastics need high temperature for composting and they 
make soil acidic. Also, the bio-based polymers need high 
investment and need more cultivation area.
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If it is possible to produce a totally biodegradable packing 
material with versatility and sustainability, replacing 
synthetic plastic is possible at least partly. In Asian 
culture many plant materials specially the leaves with 
best qualities are used for wrapping food items and for 
food serving. Hence developing a cheap, sustainable 
ecofriendly packaging material from locally available plant 
materials by applying simple physiochemical treatment/s 
and transforming them into sustainable food wrappers and 
serving plates will be a productive solution to replace at 
least half of the single-use plastic. 

As a step forward in this striving path, studies are being 
carried out by the researchers especially in tropical and 
sub-tropical regions, to develop a cheap, sustainable and 
biodegradable packaging material from renewable edible 
grade plant-based materials with special concern on 
leaves. However, the commercial-scale production and 
application of eco-friendly food packaging materials that 
are developed from the leaves and sheath of plants are still 
a challenge and more studies are required to improve the 
versatilities and applicability of such materials. Hence, this 
review is done to study the evidences that prove potential 
of developing food packaging materials from plant sources 
and to identify the initiatives made in the field of plant-
based biodegradable packaging material and directs the 
researchers towards practical application.

LITERATURE REVIEW

Negative effects of plastic packaging materials

It is imperative to employ a packaging material to 
encapsulate food items, as this serves to prolong their 
shelf life by affording a physical shield, in addition to a 
semi-permeable barrier from gases and water vapor. The 
packaging, furthermore, serves to safeguard products 
against physical factors and biological contaminants, hence 
mitigating food wastage (Shobhit & Satish et al., 2012).

Single-use plastic packages, resulting mainly from takeaway 
food services, need more than 500 years to decompose, 
and until then, they harm natural habitats and ecosystems 
(Verma et al., 2016).  The extensive utilization of synthetic 
packaging materials in contemporary packaging practices 
has presented a significant peril to the globe, consequently 
leading to a decline in environmental worth. The primary 
ramification of this phenomenon is environmental 
contamination, an unfavorable outcome stemming from the 
improper disposal of packaging materials. The packaging 
materials that ultimately find their way into the oceans 
have caused not only the depletion of fossil fuels but also 
the propagation of micro-plastic pollution (Osman et al., 
2018).  

The disposal of synthetic packing materials into waterways 
results in the persistence of microplastics in the marine 
environment, leading to detrimental impacts on marine 
flora and fauna. The production of single-use packaging 
and serving items, such as plates, sheets, cups, and bags, 
relies heavily on the use of polymeric plastic compounds, 
including polythene, polyvinyl chloride, polyester, and 
polystyrene. These materials contain toxic substances, 

specifically bisphenol A, which can contaminate the stored 
food. Bisphenol A, a precursor to plastic polymers, can 
cause adverse health effects in humans, such as cancer, 
diabetes, and cardiac disease (Manzoor et al., 2022; 
Thushari & Senevirathna, 2020).

To solve this problem, packaging industries are now turning 
their interests toward developing biodegradable packaging 
materials with the intention of reducing plastic waste. It is 
believed that these biodegradable packaging materials can 
replace synthetic ones at a low cost, thereby producing a 
positive effect both environmentally and ecologically. Many 
types of alternative packaging materials using plant-based 
resources such as bioplastics and recycled leaves are being 
tried out because they are safe for the environment. There 
is an urgent need to utilize food serving materials made 
from plant leaves, which are biodegradable, renewable and 
enriched with compounds having nutritional, functional 
and medicinal values (Mensah et al., 2012; Khazir & 
Shetty, 2014). 

Positive impacts of plant-based packaging materials

The leaves of a significant number of plants consist 
of functional compounds that exhibit antimicrobial 
properties. Consequently, they possess the capability 
to provide protection against foodborne pathogens and 
illnesses (Sahu & Padhy, 2013). Furthermore, the plant 
leaves have been found to contain a profusion of organic 
compounds, particularly polyphenols, which could 
potentially be incorporated into food products during the 
packing process. These polyphenolic compounds exhibit 
antioxidant characteristics, thereby impeding the oxidation 
of food components and the generation of free radicals 
(Somayaji & Hegde, 2016).  

In South Asian nations, individuals engage in the utilization 
of plant foliage for food packaging as an aspect of their 
cultural practices. Furthermore, they hold the belief that the 
leaves employed for packaging exhibit medicinal properties 
and possess notable socio-economic significance. The 
protracted implementation of leaves in food packaging 
and serving has generated a substantial opportunity for 
the manufacturing technology of leaf-based plates and 
cups. However, not all plant materials are suitable for 
the production of such cups and plates. The materials 
utilized must possess adequate surface area, amenability, 
flexibility, and stability for storage. When single-use food 
packaging materials, such as plates and cups, are produced 
from plant leaves, they offer a multitude of advantages 
over synthetic packaging materials. Among these benefits 
are expansive availability and abundance, biodegradability, 
ease of disposal, and environmental friendliness (Kora, 
2019; Sarin, 2017). In terms of biodegradability, the 
Macaranga peltata leaves, which are rich in minerals like 
Nitrogen and Potassium, decompose in the soil rapidly and 
thereby improve the nutrient content and fertility in the soil 
(Magadula, 2014).

Furthermore, food packaging and serving materials 
derived from foliage possess numerous advantageous 
properties, such as imperviousness to leakage and water, 
absence of malodorous substances, biodegradability, and 
safety for employment in cold storage, microwaves, and 
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ovens. In addition, these materials are versatile, being able 
to accommodate both wet and dry comestibles, serving 
as disposable containers for the former and reusable 
receptacles for the latter (Kora, 2019; Shashikumar et al., 
2016). 

Among the various foliage employed in the creation of 
leaf plates, banana leaves hold a particular significance 
owing to the abundant presence of antioxidants, especially 
polyphenols, Vitamin C, and Potassium. The inclusion of 
hot foods on banana leaves not only imparts a desirable 
flavor to the food but also incorporates the aforementioned 
constituents (Hegde et al., 2018; Sarin, 2017).

Moreover, the plant materials used for packaging are 
having a major role in treating a diverse number of 
diseases and illnesses. They also contain many functional 
compounds such as Vitamins, polyphenols, tannins, 
alkaloids, saponins, steroids, glycosides, and many others 
(George et al., 2016; Orabi & Orabi, 2016). Due to the 
presence of these compounds, most of the plant leaves have 
good pharmacological and phytochemical properties such 
as antioxidant, anti-diabetic, aphrodisiac, antibacterial, 
antifungal, anticancer, anti-obesity, anti-inflammatory, 
antimalarial, anti-mutagenic, anti-inflammatory and many 
more (Bhardwaj et al., 2011; Muhammad & Mudi, 2011; 
Prasad et al., 2006; Sachan et al., 2014; Terças et al., 2017). 
Therefore, it will be an additional advantage even if the 
plant material is leached into the food item while packaging.

Types of plant materials used in food packing

Plant materials such as leaves, sheaths, barks, fibers, shells, 
and stems have been used in food packing since ancient 
times. Among them, the leaves are readily available and 
cheap and are used as wrappers for cooked foods that 
are quickly consumed. As a step forward in this path, 
plant products such as leaves, bark, and agro-based waste 

materials are now catching the attention of many in creating 
sustainable and eco-friendly packaging materials.

As far as leaf-based packaging is concerned, not all leaves 
are suitable for wrapping food, but the species that are 
being used have been tested and proven by long usage that 
those leaves do not contain any toxins, dyes, or irritants. 
But an important factor for them is flexibility, which allows 
them to be folded without breaking, and of course, strong 
water-proofing and leak-proofing quality (Ng, 2015). 

The utilization of plant leaves as receptacles, drink ware, 
and food wrappings is an established custom in the nations 
of South Asia. This long-standing tradition carries with 
it cultural, religious, medicinal, and socio-economic 
significance. These materials are used with the purpose 
of packaging food items for extended periods, serving 
both solid and liquid comestibles during festivities and 
celebrations, or even cooking food items while enveloped 
within the selected plant materials. These compounds have 
been observed to bestow special characteristic flavors upon 
the food items (Mensah et al., 2012; Ng, 2015; Kora, 2019).

A very recent study conducted in Sri Lanka, and it is able 
to identify abundantly used plant materials such as leaves 
of Lotus, Kottamba, Teak, Palmyrah, Coconut, Portia, 
Jack, Banyan and leaves and leaf sheath of Banana and 
Arecanut by the people of Northern Sri Lanka for packing 
and serving food items (Kalina et al., 2022). In India, it 
is common to wrap cheese and fruit confectionery with 
banana leaves, corn paste or blocks of brown sugar with 
maize leaves, and spices with betel leaves (Fellows, 1993). 
There are many kinds of plant materials used in India for 
packing and serving foods (Metananda et al., 2023). The 
leaves and leaf sheath (Figure 1) which are commonly used 
for food packaging and serving in South Asian countries 
especially in Sri Lanka and India are listed with the type of 
food items packed in Table 1 (a, b and c).

Figure 1: (a) The leaf sheath of Arecanut and the leaves of  (b) Banana, (c) Lotus, (d) Kottamba, (e) Teak, (f) Palmyrah, 
(g) Jack, (h) Banyan, (i) Bodhi tree, (j) White fig, (k) Hyacinth bean, (l) Turmeric, (m) Taro, (n) Cinnamon, (o) Adakku 
and (p) Bastard teak	 Source: (Kora, 2019)
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Table 1(a): Plant materials used for packing and serving foods in South East Asian countries.

Name of plant/ Part Shape       Size Food items served/ packed References

Areca catechu
(Arecanut tree)
Leaf Sheath

Oblong  length of 65–111 cm, 
Width of 23–33 cm
Thickness of 2.5–5.25 mm

All meals
Cold and hot liquids

[Raghupathy et al., 2002]; 
[Shashikumar et al., 2016]

Musa × paradisiaca
(Banana)
leaf

Large Oval 2.7 × 0.6 m All kinds of meals - Boiled, steamed, baked, 
roasted, and grilled foods.

Multi-course meals such as rice, curries, 
chutney, pachadi, sweet dishes, savories, 
salads, cooked lentils, roasted pulses etc.

[Hegde et al., 2018]; [Mensah et 
al., 2012]; [Sarin, 2017]

Nelumbo nucifera
(Lotus)
Leaf

Peltate, circular, concave 20–90 cm in diameter Cooked foods, Meat, sweets, flowers
(Leaf powder acts as an oxidation retardant 
during the refrigerated storage of cooked food)

(Choe et al., 2011); (Hebbar, 2015)

Terminalia catappa
(Kottamba)
Leaf

Ovoid 15–25 cm long Badam leaf kudubu, a recipe from Udupi 
cuisine

[Rojas-Sandoval, 2022]; [Reddy, 
2022]; [Thomson & Evans, 2006]

Tectona grandis
(Teak)
Leaf

large, broadly ovate to 
elliptic 

8–60 × 
15–30 cm

Liquid food items such as soups, cereals, raita, 
and dhal

[Hegde et al., 2018]; [Nidavani & 
Mahalakhsmi, 2014]

Artocarpus heterophyllus
(Jack tree)
Leaf

Elliptical, , acutely 
tipped

4–25 cm in length Steam cooked meals – Idli
Baked dishes
Spoon for rice starch soup, porridge

[Sidhu, 2012]
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Table 1(b): Plant materials used for packing and serving foods in South East Asian countries.

Name of plant/ Part Shape Size Food items served/ packed References

Borassus flabellifer
(Palmyrah tree)
Leaf

Fan 
shaped; rigid leaves and 
divided into lance shaped 
segments folded along the 
mid vein

3 × 3 m with a diameter 
of around 1–1.5 m

Skewed Meat and fish, Endosperm of un 
ripe fruit. Kernel of germinating seeds, 
toddy, jaggery, sugar cane, mango, 
coconut

[Rao et al., 2021]; [Vengaiah et al., 2017]

Ficus bengalensis
(Banyan tree)
Leaf

Ovate to elliptic, apex 
obtuse, stalked, and 
reticular pinnately venated

10–20 × 8–20 cm, Serving meals [Chaudhari et al., 2014];[Chaudhary et al., 
2015]; [Kothapalli et al., 2014] 

Ficus religiosa
(Bodhi Tree)
Leaf

Cordate with long tapering 
ends (drip tip), reticulately 
venated 

10–17 × 8–12 cm Serving meals [Kora, 2019]; [Rutuja et al., 2015]

Ficus virens 
(White Fig Tree)
Leaf

Ovate, leathery with 
whitish prominent mid rib

5–20 × 3–6 cm Serving meals [Prakash, 2019]

Ficus auriculata
(Broad leaf fig)
Leaf

Big, cordate, undulate, 
obtuse, heavily veined (5-7)  

30-44 × 40-45 cm. Serving meals [George et al., 2016]; [Krishnan, 2015]

Pandanus amaryllifolius
(Pandan)
Leaf

oblong, caudate, flaccid, 
keeled beneath, entirely 
margined 

25–75 × 2–5 cm. White bread, jasmine rice, kaorimai rice, 
basmati rice, Idli

[Bhagya et al., 2013]; [Liew, 2013]

Lablab purpureus
(Hyacinth bean )
Leaf

Pinnate, trifoliate, broad 
oval   

7.6–15.2 cm Sweet - Prasadam [Al-Snafi, 2017]; [Kora, 2019]

Pterospermum acerifolium
(Bayur / Dinner plate Tree )
Leaf

very broad, 
peltate, shallowly lobed, 
palmately ribbed, 

40 × 40 cm Serving, packaging and storing meals [Chatterjee et al., 2012]; [Kapoor, 2017].



26 Ceylon Journal of Science 53 (1) 2024:21-37

Table 1(c): Plant materials used for packing and serving foods in South East Asian countries.

Name of plant/ Part Shape Size Food items served/ packed References

Macaranga peltata
(Kenda)
Leaf

Peltate
leaf stalk on 
the lower leaf surface and 
lamina 

20–50 × 
12–25 cm

Serving meals, Upma
Steam-cooked sweet dishes – 
Ilayappam, ada

 [Lekshmi-Priya, 2019]; [Shimizu-Kaya, 
2014]

Curcuma longa 
(Turmeric)
Leaf

Large, tufted, oblong, narrow 
tipped 

76– 
115 × 38–45 cm

Steam-cooked sweet dishes [Amit, 2022]; [Lia, 2013];      [Suryawanshi 
et al., 2023]

Colocasia esculenta
(Taro/ Elephant Ear plant)
Leaf

Triangular-ovate, 
cordate, bright green, 
mucronately tipped

20–150 × 24.8 cm Steam cooking and oil frying of dishes 
such as patrode and alu chi wadi

[Ezeabara et al., 2015]; [Rama, 2019]

Cinnamomum malabatrum
(Cinnamon Tree)
Leaf

Three ribbed, elliptical, 
glabrous 

10–30 × 3–9 cm Sweet dishes – Appam [Kora, 2019]

Shorea robusta
(Sal Tree)
Leaf

Oblong to oval 10–25 × 5–15 cm Snacks – Boiled lentils
Temple prasadam
Pani puri, Prasadam

[Dash, 2015]; [Kora, 2019]

Phanera vahlii
(Addaku creeper)
Leaf

Bi-lobed 10- 46 cm long Idli, Sweets – Jilebi, Soup, Dhal, Ice 
cream, Honey, Meals

[Chouhan & Saklani, 2013]; [Kora, 2019]

Butea monosperma 
(Bastard teak)
Leaf

Trifoliate and Pinnate 10–15 cm long Grilled Rottis, Grilled Bread
Cooked rice, Meals
Drinking Water, Chicken

[Hebbar, 2012]; [Somayaji & Hegde, 2016]
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Further, many other countries of South Asia also practice the 
culture of packing, serving and cooking dishes by making 
use of plant materials. In the Malay community in eastern 
part of Asian continent where traditional food packaging is 
made from a variety of leaves and natural ingredients. The 
unique aspect of cakes in the Malay Archipelago is the kind 
of leaves which are used to wrap the sweet. For instance, 
banana leaves, upih pinang, baharu leaves, ketapang 
leaves, yam leaves, pandanus leaves, coconut leaves 
and rubber tree leaves are the most common leaf-based 
packaging materials. However, among these materials, 
banana leaves are very popular and most widely used as 
wrappers for some Malay food and cakes. Uniquely, each 
type of cake has its own packaging technique and methods, 
even using the same leaf as the wrapping material (Osman 
et al., 2018). 

In Malaysia, during celebrations, they serve cooked rice in 
pouches made by weaving coconut or palas. The pouches 
are filled with rice and boiled. Cooked rice expands and 
becomes compressed into the shape of pouches.  In the 
making of glutinous rice along with other fillings are 
neatly wrapped with bamboo leaves into tetrahedral, 
elongated and other shapes. These are boiled to cook while 
compressing the rice. There are many versions of this types 
of food in Malaysia but they are all typically wrapped in 
bamboo leaves (Ng, 2015).  

In China, leaves of lotus, Coral tree (M. grandifolia) and 
teak are used in Chinese restaurants for serving and packing 
foods. Chinese serve the red oval-shaped ang koo by resting 
it on a piece of the banana leaf; the original purpose of the 
leaf may have been to prevent the ang koo from sticking 
to the serving plate. In posh Chinese restaurants, there is a 
rice dish wrapped in the leaf of the lotus. The lotus leaves 
impart a characteristic flavour to the rice (Ng, 2015). 

In some parts of Africa, palmyrah palm leaves are used to 
weave boxes in which cooked foods are transported, and 
small banana leaf bags are used to contain coffee beans 
that are a traditional gift. Some of these have the potential 
to be developed as niche packaged products for tourist 
markets. Further, the teak leaves are used for packaging 
food products as a substitute for polyethylene and they 
offer a great potential to tackle environmental pollution in 
southern Benin. A diversified range of food is packaged 
with teak leaves: maize paste, bean cake, wheat paste, 
smoked fish, cassava cake, flat cake of groundnut, soya 
bean cheese, leafy vegetable, beef meat, etc. (Aoudji et al., 
2013). 

Other examples are green coconut palm, papyrus leaves 
and bamboo and rattan fibres, which are woven into bags or 
baskets and used for carrying meat and vegetables in many 
parts of the world. Fibres from kenaf and sisal plants are 
mainly used for making ropes, cord and string, which can be 
made into net bags to transport hard fruits. They can also be 
spun into a yarn that is fine enough to make a coarse canvas. 
Other examples of textile containers are woven jute sacks, 
which are used to transport a wide variety of bulk foods 
including grain, flour, sugar and salt. They are still widely 
used to transport fresh or dried crops, but they are being 
replaced as shipping containers by woven polypropylene 

or multi-walled paper sacks (Fellows, 1993).

Techniques of transforming plant materials into 
packaging materials

It is obviously observed that the leaves of a considerable 
number of plants and trees belonging to a diversified 
families of the plant kingdom are used in food packing 
and serving. The leaves are transformed into wrapping and 
serving materials such as single leaf plates, stitched dining 
leaf plates, food wraps, and food packing materials which 
are proved to have many beneficial properties (Sarin, 
2017). The manufacturing of dining plates from leaves is 
feasible due to the flexible nature that the selected leaves 
possess. This flexibility level of leaves is effected from the 
type, unfurling nature, fibre content, mechanical strength 
and orientation of the venation (Kora, 2019).

Studies conducted on Asian culture have revealed the 
potential for the creation of sustainable packaging materials 
from plants utilizing uncomplicated processing techniques 
such as boiling, grilling, or steaming. In certain instances, 
leaves are prepared for use by being pre-softened through 
steaming, boiling, or grilling. Bamboo, on the other hand, 
is obtained from hill forests. It is crucial to note that leaves 
intended for use as food packaging materials must undergo 
boiling to effectively remove any fine bristles present on 
their surfaces and to ensure their cleanliness (Ng, 2015).  

The production of leaf plates entails several general 
procedures. Firstly, the gathering of leaves, followed 
by manual or machine stitching and bundling for 
transportation. These steps culminate in the creation of 
thick, single-layered plates that are suitable for dining 
purposes. Moreover, these plates can be further processed 
into thicker variants through the use of heat-pressing 
machines, specifically hydraulic heat-pressing machines 
that are pedal-operated. These machines perform a myriad 
of functions, such as moulding, trimming, pressing, and 
drying. In order to render the plates impervious to water and 
leakage, a low-density polyethylene (LDPE) adhesive layer 
is inserted between the leaves and the underlying cardboard 
paper or leaves. It is noteworthy that the manufacturing of 
leaf plates is still largely conducted by small-scale and 
cottage industries.

Among the locally available resources, leaves from many 
different plant materials including the leaves of banana, 
teak, jack, banyan, kottamba and the leaf sheath of arecanut 
leaf are amenable for commercial leaf plate making. Recent 
studies prove that these materials have good physical 
properties which can be made use of when converting them 
into wrappers, plates and cups (Kora, 2019). The ways 
of utilizing or transforming the plant materials (Figure 2) 
for food packing and serving in South Asian countries are 
given in the Table 2 (a, b).

The scientific studies also prove that it is feasible to develop 
sustainable packaging materials from plant sources. A 
preliminary study explores the use of banana leaves and 
sheaths in making biodegradable food packaging sheets 
by eco-friendly methods with the use of Xylanase enzyme, 
immobilized in calcium alginate beads. The process 
involved bio-pulping, bio-bleaching and finally layering 
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Figure 2: (a) Machine compressed Arecanut leaf sheath plate, (b) Banana leave moulds and wrappings, (c) Application 
of lotus leaf for packing meat, Hand stitched dining plates made from the leaves of (d) Kottamba, (e) Teak, (f) Banyan, 
(g) Bodhi tree and (h) White fig, hand oven leaf basket from palmyrah leaf used for (i) storing star gooseberry fruits, (j) 
packing of toddy jaggery, (k) the cones used as spoons, (l) the hand stitched dining plate, (m) the hand woven baskets 
and (n) the steam cooking in leaf baskets of jack leaves, (o) the machine compressed cup made from the leaves of sal, (p) 
the hand stitched and (q) machine compressed dining plates made from the leaves of addaku, (r) the hand stitched and 
(s) machine compressed dining plates made from the leaves of Bastard teak, Sources: (Kora, 2019; Osman et al., 2018)
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Table 2 (a): Ways of transforming plant materials for food packing and/or serving.

Name of plant Ways of transformation for Food packing/ serving References

Areca catechu They are used for making disposable plates and cups. The naturally fallen, sheaths are collected; 
washed with water, soaked in hot water, and hot compressed to fabricate plates and cups.

[Dissanayake et al., 2021]; [Kalita et al., 2008]; 
[Shashikumar et al., 2016]

Musa × paradisiaca Leaves are hot compressed to fabricate plates and cups.
The dried leaves are used for food packing and making cups to hold liquid foods. 

[Hegde et al., 2018]; [Sarin, 2017]; [Mensah et 
al., 2012]

Nelumbo nucifera Steam cooking and wrapping the food ingredients  (Choe et al., 2011).

Terminalia catappa Fresh leaves are hand hand-stitched into plates and used for serving food 
Wrapper during steam cooking 

  [Rojas-Sandoval, 2022]; [Thomson & Evans, 
2006]

Tectona grandis Fresh leaves are hand-stitched into plates and cups and used for serving food 
Wrapper during steam cooking

 [Metananda et al., 2023]; [Ng, 2015]

Artocarpus heterophyllus The leaves are stitched together to make round, single-use, disposable plates
Used for wrapping in the form of hand-woven baskets for steam cooking
Casing material for baking dishes
Used as spoons for drinking kanji, a rice starch soup

[Sidhu, 2012]

Borassus flabellifer A single young leaf which is circularly folded and secured with leaf fiber is used for packing and 
parcelling, Weaving the tender leaves into baskets
The tender folded leaf is used for drinking liquid foods

[Rao et al., 2021]

Ficus bengalensis The leaves are used for making disposable plates and wrapping food [Prashanth, 2017]

Ficus religiosa The leaves are hand-stitched into plates for serving fooz [Kora, 2019]

Ficus virens Leaves are used for serving food [Elchuri, 2011]

Ficus auriculata Plates by stitching 3 - 4 leaves together [George et al., 2016]; [Krishnan, 2015]

Pandanus amaryllifolius Leaves are rolled, weaved like a ribbon and made into cylindrical vessels and containers, after 
blanching. 
The cylindrical leaf moulds are used as food wraps during the steam cooking of idli.
The leaves are also used for making baskets

[Bhagya et al., 2013]; [Liew, 2013]
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Table 2 (b): Ways of transforming plant materials for food packing and/or serving.

Name of plant/ Part Ways of transformation for Food packing/ serving References

Lablab purpureus Leaves are used for serving food [Al-Snafi, 2017]; [Kora, 2019]

Pterospermum acerifolium Leaves are used for making disposable plates, serving food and packaging and storing material.
They are also woven into dinner plates and bowls either by stitching with twigs or molding. 

[Kapoor, 2017].

Macaranga peltata Plates made out of leaves are used for serving the meal. 
Wrappers for steam cooking of the sweet dishes 

[Lekshmi-Priya, 2019]; [Shimizu-Kaya, 
2014]

Curcuma longa Leaves are used in wrapping foods during the steam cooking of sweet dishes [Amit, 2022]; [Lia, 2013]

Colocasia esculenta Leaves are used as food wraps during the steam cooking and oil frying of dishes
Boiled or steamed them with tamarind during cooking as they contain calcium oxalate crystals 

 [Rama, 2019]

Cinnamomum malabatrum Wrapped cones are used for steam cooking sweet dish [Kora, 2019]

Shorea robusta The fresh leaves are used for serving 
The leaves which are dried under sun are stitched together using grass stem sticks or sewing machine 
to produce leaf plates and leaf bowls. 

 [Dash, 2015]; [Arumugam et al., 2023]

Phanera vahlii The shade dried leaves (4 – 5) are stitched by hand and machine into round plates using grass stem 
sticks and thread
Leaves as packing material for cooked 
The cone-shaped leaf wraps are used during the steam cooking 
They are also made into cups and bowls for serving the liquid foods such as ice cream, soup and dal. 
Hand woven cups are used for serving honey 

[Chouhan & Saklani, 2013]; [Kumar & 
Raju, 2022]

Butea monosperma The plates and cups made of dried leaves are widely used for serving meals [Hebbar, 2012]; [Rai et al., 2016]
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on mould and deckle (Jeenusha & Amritkumar, 2020). 
Another recent research was done to develop healthy, 
environment-friendly, and organic packing materials based 
on banana leaves for food packing applications. In this 
study, processed dry banana leaves were stacked in various 
ways using corn starch to produce many samples including 
2-layer, 3-layer, 4-layer, and 5-layer. When compared to a 
1-layer sample, the tensile strength of 2, 3, 4, and 5-layer 
structures was found to be 22, 7, 42, 7, 48, and 56% higher. 
Without the use of any chemicals, the treated banana 
leaves extended their shelf life by six months, resulting in a 
sustainable bio-based material that can replace both paper 
and plastic (Arumugam et al., 2023).

Also, research on gene sequences of different varieties of 
banana trees was carried out in India, to identify and develop 
the banana varieties having desirable characteristics such 
as the production of a higher number of leaves within a 
shorter time and with good quality attributes which include 
soft and amenable nature and free from defects and leaf 
spots. The results of these researches proved that the 
cultivars NRCB selection-1, elaivazhai, and borkal basta 
are the most suitable banana varieties having desirable 
properties that support leaf plate manufacturing (Uma et 
al., 2003).

According to the findings of Manoi and his colleagues, 
lotus leaves known to contain anti-bacterial properties can 
also be utilized in producing eco-friendly food packaging. 
Cellulose extracted from lotus stalks by boiling in NaOH 
(10%) solution, can be used to make containers and coating 
them with a mixture of flours, TiO2 and lotus leaf extract 
was found to yield the best result in increasing the tensile, 
tear strength and durability of the container and food can be 
stored longer than 24 hours in its original condition without 
adding preservative (Manoi et al., 2015).

Further, a study on cassava leaves indicates that, new 
kinds packaging sheets can be formed from cassava leaves 
with desirable properties, by mercerizing with NaOH. The 
Cassava leaves possess a desirable feature of having a waxy 
leaf surface which prevents the leaf from getting wet. When 
these leaves are subjected to a conventional mercerization 
treatment, they can be transformed into a sustainable 
packaging material.  The cassava leaf sheets produced 
by mercerizing with a mild concentration of NaOH 
solution (15%) were proved to have the most preferable 
characteristics as a packaging material. This concentration 
of NaOH resulted in the packaging sheets having good tear 
index value, removal of toxic compound (HCN), formation 
of smooth sheets, low moisture absorption and hydrophobic 
nature. It is also mentioned that there is a huge potential for 
the production of these materials at a large scale due to the 
complete removal of HCN while considering its economic 
value (Sharif et al., 2014). 

Further, in a study done by Aguirre and his colleagues, 
they developed biodegradable trays using different 
combinations of Cassava starch and corn husk flour with 
the help of a thermo-forming process. The trays developed 
from the blend of 85% cassava starch and 15% corn 
husk flour possessed promising physical and mechanical 
properties for the formation of biodegradable trays.  

(Aguirre et al., 2023). Also, it is proved that the bio-plastic 
films developed from cassava flour mixed with glycerol 
plasticizer completely bio-degraded on the 9th day of soil 
burial (Wahyuningtyas & Suryanto, 2017). However, this 
novel production process requires the utilization of natural 
and bio-derived resources and cost-effectiveness. In the 
meantime, further studies are required to confirm the above 
findings and their applicability. 

A recent study in Sri Lanka proves that Arecanut Leaf 
Sheath possess mechanical properties as a raw material 
in the development of transparent, sustainable packaging 
materials for a wide array of applications. This study 
illustrates a possible method of developing a novel, 
sustainable packaging material utilizing the Arecanut leaf 
sheath. The developed material was coated with Carboxy 
Methyl Cellulose in order to improve its mechanical 
properties. The resultant material had a tearing strength of 
approximately 71% of polythene and exhibits approximately 
5% elongation at failure. The bursting strength of the 
material was found to be three times higher (0.3 kg/cm²) 
than that of polythene (0.1 kg/cm²) (Dissanayake et al., 
2021).

Studies on economic analysis, energy analysis and heat 
pressing machines for manufacturing Arecanut Leaf 
sheath products were done in order to find the feasibility 
of starting an entrepreneurial activity with Arecanut leaf 
sheath plates as a substitute for synthetic food serving 
materials. (Acharya et al., 2020; Jong et al., 2020; Kumar 
et al., 2019). This research indicates the rising demand for 
biodegradable food packing and serving materials. In a 
project where it aims to produce disposable takeaway food 
containers by using the fallen Areca leaf sheath, the sheath 
has a water absorption rate of 0.021g.min-1, which fulfils 
the purpose of disposable food packaging to contain liquid 
foods (Jong et al., 2020).

Furthermore, researchers have made paper materials with 
pineapple leaf pulp. The physical and mechanical qualities 
of paper made from pineapple leaf pulp were improved 
when it was coated with bio-coating. This was explained 
by the enhanced tensile strength, burst and tear resistance, 
and water absorbency of the materials. This finding shows 
that pineapple leaf pulp can be utilized to replace plastic in 
biodegradable packaging. As a result of this value-added 
utilization of natural fibers, less waste and less of it ends up 
in landfills (Iewkittayakorn et al., 2020).

A recent study indicated that Caesalpinia pulcherrima 
(Peacock flower) seed gum which is a rich source of 
galactomannan, could be used as an edible film-making 
material. Caesalpinia pulcherrima seed gum incorporated 
with 1.5 % of Glycerol had good physical and mechanical 
properties and it could be used as a potential source for 
the production of edible packaging film (Senarathna et al., 
2022). Also, the structural modifications of galactomannan 
in fenugreek seed gum will lead to the development of 
packaging films with the required mechanical properties. 
(Akmeemana et al., 2023), Further, packaging films are 
also produced from the processing of cassava starch 
(Senarathna et al., 2023).
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Draw backs in using plant-based packaging materials

The reviewed studies have proved the long-term usage of 
plant materials in food packing and also studies have proved 
the feasibility of developing biodegradable food packaging 
materials from plant sources. However, the replacing eco-
friendly material should have characteristics equal to that 
of synthetic plastic. In this attempt, bioplastics are being 
developed from plant sources. But most of them have Poly 
Lactic Acid as the base, which needs more processing steps 
and these bioplastics need high temperature for composting 
and make the soil acidic. Also, bio-based polymers need 
high investment and need more cultivation area (Jeevahan 
et al., 2020; Mihindukulasuriya & Lim, 2014; Raza et 
al., 2018; Tsang et al., 2019). Hence developing a cheap, 
sustainable eco-friendly packaging material from these 
locally available plant materials by applying simple 
physiochemical treatment/s and transforming them into 
sustainable food wrappers and serving plates will be a 
productive solution to replace at least half of the single-use 
plastic.

The versatility, mechanical properties and functional 
properties of synthetic packaging materials are still better 
than the plant-based packaging materials produced so 
far, thus limiting their industrial applications (Da Rocha 
et al., 2018). The employment of plant-based materials 
in packaging still presents a barrier for liquid foods, and 
their seaming properties have limitations. The hydrophilic 
nature of protein and polysaccharide films results in greater 
permeability to water compared to synthetic films, and 
these also generally demonstrate weaker and less flexible 
structures. Consequently, the specific characteristics of 
the polymers utilized as building blocks determine their 
potential application in the packaging sector, as the safety 
of different products requires specific properties (Das & 
Chowdury, 2016; Jong et al., 2020; Khodaei et al., 2021; 
Wang et al., 2015).

The mechanical properties, barrier characterization, color 
and optical properties, water solubility, biodegradability, 
and sealing properties are the principal aspects that 
constitute the main criteria for packaging polymers in 
industrial production. Plant-derived packaging materials 
must satisfy the food packaging requirements that are 
applicable to traditional synthetic packaging materials. 
These plant-derived packaging materials must remain 
unaltered and operate in a safe and efficient manner until the 
point of disposal. Only once the intended functional use has 
concluded should the process of biodegradation commence. 
Consequently, further investigation must be conducted in 
order to enhance properties such as versatility, ability to be 
sewn, and permeability of plant-based packaging materials, 
so as to align them with the characteristics of synthetic 
packaging materials (Krochta, 2002).

The drivers that propel the market towards growth are novel 
advancements in packaging materials that exhibit enhanced 
properties, increased accessibility, and reduced costs. In 
addition, the escalating awareness of environmental issues 
and the adoption of new regulatory needs contribute to this 
trajectory. The development of biodegradable packaging 
materials derived from crops is further bolstered due 

to the presence of ethical quandaries pertaining to the 
escalation of global food prices and, indeed, the occurrence 
of global food shortages (Cruz-Romero & Kerry, 2009). 
Nevertheless, this particular trend engenders challenges in 
terms of material handling during the recycling process, 
thereby reinforcing the necessity for organic recycling 
as the preferred approach towards the end-of-life stage 
(Reichert et al., 2020).

Application in the food industry

With the rising demand from consumers for sustainable 
packaging materials, more stringent government 
regulations on plastic packaging, and ongoing technological 
advancements, the market for plant-based packaging is 
experiencing significant growth. Nevertheless, the current 
stage of development for the large-scale production of 
plant-based packaging utilizing renewable materials 
sourced from plants is in its infancy. The utilization of 
plant-based packaging extends across multiple industries. 
In the realm of food and beverages, for instance, it serves 
the purpose of preserving and extending the shelf life of 
perishable items such as coffee, baked goods, meats, 
and fish. In the healthcare sector, it plays a crucial role 
in safeguarding vaccines, drugs, and other medical 
products from contamination and tampering during their 
transportation and storage (Ross, 2023). The projected 
surge in the adoption of biopolymer-based mono films 
is primarily anticipated within the food and beverages 
industry, with a projected growth rate of 161% over a five-
year period (2016 to 2021) (Reichert et al., 2020).

The functional efficacy of biodegradable materials 
derived from plant proteins can potentially be extended or 
heightened through the inclusion of additional additives or 
biopolymers. Plant protein-based bio-packaging materials 
offer significant prospects for augmenting the quality and 
safety of food, concurrently mitigating environmental 
contamination (Hadidi et al., 2022).

Certain crop-derived packaging materials, such as 
polylactide, are already considered viable alternatives to 
conventional food packaging. Conversely, other materials, 
like starch-based materials, necessitate further optimization 
to be deemed suitable for industrial packaging applications. 
In particular, the manufacturing of thermoformed items, 
such as single-use disposable cups and trays, using bio 
plastics, is well-suited for outdoor events. Furthermore, 
starch-based biodegradable polymers can be thermo-
formed to fabricate trays and containers for packaging fresh 
and convenient food items (Cruz-Romero & Kerry, 2009).

A study was conducted where potato starch was utilized 
as the primary material for the development of novel 
packaging materials. These packaging materials, known 
as BIOPLAST products, are manufactured in conventional 
production plants established by BIOTEC GmbH & Co. KG 
in Emmerich am Rhein, Germany. The production of these 
BIOPLAST products can be tailored to contain varying 
levels of bio-based carbon content, which then determines 
the compostability of the potato starch packaging material 
either in an industrial or home composting setting (Reichert 
et al., 2020).
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In a research article, it was documented that bio-based 
pouches made from mango kernel starch were successfully 
produced using a casting technique. These pouches were 
found to be a suitable alternative to polyethylene pouches 
for packaging red chili powder. The utilization of bio-based 
mango kernel starch pouches resulted in the preservation 
of the pungency and color of the chili powder to a greater 
extent compared to when it was stored in polyethylene 
pouches (Nawab et al., 2018). Thus, there is a pressing 
need to conduct thorough investigations on bio-based 
materials utilized in bags and pouches in order to generate a 
tangible impact on the production of more sustainable and 
environmentally friendly bags. To illustrate, bags designed 
for the containment of fruits and vegetables, constructed 
from the bio-plastic known as MATER-Bi, are already 
available in Uni coop Firenze grocery stores located in Italy. 
Notably, European nations have initiated the production 
of bio-plastic while simultaneously making substantial 
reductions in the utilization of disposable plastic utensils 
(Reichert et al., 2020).

Apart from bio-plastics, there exist Indian companies 
(Imarc Group) and start-up industries that engage in the 
production of disposable food serving materials made from 
banana leaves, palm leaves, and sheaths. These materials 
offer a viable alternative to polystyrene items, which are 
widely employed in the realm of food service in our daily 
lives. Notably, these plates possess the qualities of heat 
resistance, durability, freezer and microwave safety, as well 
as the ability to accommodate hot, cold, heavy, and messy 
food items with ease (Bansal, 2023).

Palm leaf tableware serves as an ecological substitute 
for disposable plastic, effectively mitigating the adverse 
effects on the environment and minimizing plastic waste. 
The lightweight nature of these items renders them 
highly suitable for various outdoor occasions, such as 
gatherings, picnics, and catering events. Moreover, the 
rustic yet refined aesthetic of palm leaf cups and plates 
further enhances their visual appeal, particularly in the 
context of environmentally-conscious gatherings and 
wedding celebrations. Consequently, the utilization of 
palm leaf tableware achieves a harmonious balance 
between utilitarian functionality, aesthetic appeal, and 
environmental accountability. Notably, these products 
are exported from India to numerous countries, including 
America, Europe, South Asia, East Asia, Oceania, the 
Middle East, and Africa. This signifies a significant global 
demand for these plates across multinational service 
restaurants. As time progresses, the demand for disposable 
plates made from plant leaves and sheaths is expected to 
experience a continuous upward trajectory, reinforcing 
the need for sustainable alternatives in the future (www.
corpseed.com).

The large-scale production and application of these kinds of 
plant materials are still challenging phenomena. The use of 
plastics is widespread worldwide because of their versatility 
and their excellent process ability, thermal and mechanical 
properties (Krishnamurthy & Amritkumar, 2019). There are 
researches being carried out in the last two to three years 
in improving the properties of plant materials like arecanut 

sheath and banana leaves. However, the application of these 
types of materials in food industry may take a considerable 
number of years as the researches done in this area are 
very limited. It is therefore imperative to undertake further 
research in this field to enable the application of these 
materials in food products. Future investigations should 
explore the potential applications of these biodegradable 
trays, which could serve as packaging for fruits, vegetables, 
bakery products, and more. Additionally, it is essential 
to conduct a thorough investigation of the advantages 
and disadvantages associated with the use of plant-based 
packaging materials.

CONCLUSION

Since the production and accumulation of non-
biodegradable plastic have increased drastically, replacing 
them at least partly with eco-friendly at the same time 
cheap and sustainable plant-based packing material will 
be helpful in saving the terrestrial and marine ecosystems 
from plastic pollution. Also, plant-based packing materials 
impart good characteristics to the packed foods, especially 
improving the organoleptic properties of the packed foods.

The previous both scientific and cultural studies prove that 
there is a huge potential to develop cheap, sustainable and 
biodegradable packaging materials from plant materials 
especially the leaves through suitable physiochemical 
treatments together with waterproof coatings. The food 
packaging industry urging for green technology as well 
as the customers who are becoming the victim due to the 
tremendous consumption of single-use plastic bags and 
wrapping sheets and all those who are taking steps towards 
the protection of the environment can make attempts to 
develop biodegradable packaging materials from plant 
sources. Hence, it is important for the scientist to focus 
on the area of transforming plant materials into packaging 
materials by improving their mechanical properties 
prominently and directs them towards the application in 
food industry. 
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