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ABSTRACT 

With the advancement of human civilization, their population and need also increased 
exponentially. To cope up with such overgrown requirement many temporary, cheaper and 
cost-effective solutions have emerged. Plastic is one of such innovation of human which 
initially revolutionized but later on mankind have to pay for this as plastic pollution in the 
form of nano-plastic in their ecosystem, food, DNA and even in their sperm. The main 
reason for plastic pollution is their irresponsible use and almost non-degradable nature for 
20 to 500 years. This non-degradable nature of plastic causes them to remain in the 
ecosystem and disrupt it. These micro-plastics severely harms the aquatic and coastal 
ecosystem. The micro-plastic levels in different coastal and marine ecosystem ranges from 
10-3 to 140 particles/m3 in water and 0.2 to 8766 particles/m3 in sediments at different 
aquatic ecosystems worldwide. Micro-plastic accumulation rate in coastal and marine 
organism varies from 10-1 to 15,033 counts. Medicinal plants and their products can be a 
reasonable and alternative solution for this hazard and this synthetic plastic can be 
substituted by medicinal plant’s bio-plastic which is 100% bio-degradable and eco-friendly. 
In this review article, authors have critically reviewed the different available research 
articles and tried to give a comprehensive and summarized solution for the research 
problem. 

 

INTRODUCTION 

Plastic is a large molecular material derived 
from synthetic and semi-synthetic polymers as well as 
naturally obtained from the rubber and silk and now it 
has become a common part of our daily lives. Bakelite 
was the first synthetic plastic invented at the beginning 
of 20th Century (1907) and supposed to be a 
revolutionary change in material because of it 
malleability and molding ability. But, as the time 
passes it has started showing its negative impact on 
mankind disrupting the ecological equilibrium,  
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ecosystem and ruining the aesthetical value of nature 
by litter of single use plastic mainly. And at the end of 
20th century micro-plastic has been detected in human 
sperm. Plastic pollution is the consequence of man-
made plastic built up in nature including oceans and 
seas as they resist breaking down, sometimes, taking 
20 to 500 years or more. Recycling of plastic helps in 
curbing it to some extent but it is not absolute solution 
because of the improper disposal practices and lack of 
knowledge. [1] 

Marine and coastal environments are the 
highly productive zones for coral reefs and sea grasses 
with rich biodiversity of primitive and advanced 
organisms. The marine ecosystem comprises 71 
percentage of Earth’s surface and are the witness of 
various historical, cultural, geographical and scientific 
events. [2] 
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Source of Micro plastics and Nano-plastics in the 
Environment 

Environmental micro-plastic pollution mainly 
results from the land-based activities like hiking, 
coastal tourism and fishing whereas fractional traces 
may occur from the sea. It is estimated that over 800 
million tons of aquatic plastic pollution is the 
contribution of the land-based activities in coastal 
areas. Aquatic plastic pollution travels worldwide 
through rivers and oceans and remain present in soil 
due to erosion. A data from the United Nations 
Environment Program shows that 275 million tons of 
plastic waste were produced in the year 2010 of which 
an estimated amount of 4.8 to 12.7 million tons are 
again leaching way into the aquatic ecosystem. 
Biodegradation of plastic is done by bacteria while its 
non-biodegradation occurs due to chemical and 
thermal catalyst especially at a faster rate in coastal 
region due to UV radiation, high temperature and 
presence of salt from ocean. [7, 8, 9, 10] 

MATERIALS AND METHODS 

Extensive literary research from various 
journals, books and online available sources have been 
carried out to gather the valid scientific information on 
the topic and all the information have been 
systematically compiled. Research articles, books and 
journals such as Encyclopaedia Britannica, PubMed, 
and Google Scholar were referred as sources of online 
materials to obtain the information on the topic.  

OBSERVATIONS AND DISCUSSION 

Effect of plastic pollution 

Now-a-days, plastic in nano form has 
contaminated the food, human sperm and even DNA. 
Plastic pollutants in the ecosystem is traced in various 
size variations like mega-plastic, macro-plastic, meso-
plastic and micro-plastic, among which, last one is the 
most harmful for aquatic flora and fauna. Smaller and 
fiber-shaped micro-plastic shows more toxicity.  

It has been observed that plastic pollution has 
put its obnoxious impact like entanglement to big 
aquatic creatures like shark, whales, turtles, accidental 
ingestion lead toxicity, suffocation to smaller aquatic 
lives, starvation due to blockage of plastic and 
introduction of new invasive species posing growing 
threats to biodiversity and trophic relationships. 
Because of this emerging man-made environmental 
contamination, many socio-economic adverse impact 
to tourism, fishery, shipping and human health have 
been observed. [3, 4] 

Plastic pollution has also disrupted nesting of 
animals and nutrient cycle of soil, potentially 
impacting the human health through consumption of 
these contaminated food. Micro-plastics along with 
plasticizers and chemicals clog the soil particles 
hindering water infiltration causing soil erosion and 

drought. Micro-plastics can absorb and adsorb 
essential plant nutrients disrupting nutrient cycle 
causing altered and weak plant growth in the 
ecosystem. Plastic pollution also disrupt pollinators, 
soil organism, predators leading to gross disturbance 
in predator-prey relationship and ultimately 
hampering the food-web. Disruption in ecosystem 
function will impact on food security, particularly in 
vulnerable species. [5] 

Plastic in human body 

Micro-plastic contamination in human body is 
borne by three routes. The first and most common 
route is oral, through sea foods, salts, drinking water, 
honey, beers etc. The second route is through 
respiration and third one is cosmetics through dermal 
cream.[11,12,13] 

Control measures for plastic pollution 

Various methods can be adopted for curbing and 
controlling this man-made disaster in the form of 
plastic pollution. UV rays present in sunlight also 
causes photo-degradation of micro-plastics in photic 
zone of sea water[34]. Other measures are being 
discussed here: 

A. Eco-friendly Concept: The eco-friendly measures 
includes the following steps.  

a. Reduced use: By collaborative efforts of 
society, government and NGOs, steps can be 
taken to fully curb the single-use plastics. [14] 

b. Re-use: To promote the re-usability of plastic 
among the common peoples, best quality and 
broad variety of the plastic can be used. This 
will curb the waste production of single used 
plastic. [15] 

c. Recycle: Polymer based plastics can be more 
efficiently used for new applications. [16]  

B. Bio-degradation by micro-organisms: Bio-
degradation of plastic occurs in three steps.[17] 

a. Bio-deterioration: Breakdown of 
environmental plastic by micro-organisms like 
bacteria, fungi, algae and insects. 

b. Bio-fragmentation: Due to natural 
decomposition processes, larger materials are 
broken down into smaller pieces by micro-
organisms. 

c. Assimilation: The bio-degraded and 
defragmented materials are absorbed by the 
micro-organism in the form of their nutrients.  

C. Degradation of micro-plastics using medicinal 
plants: The enzymes from the medicinal plants are 
used for the degradation of plastics. Some of the 
medicinal plants which can be used for the 
degradation of plastics are as follows.  

a) Gelatin and Papaya: The enzymes like 
gelatinase and papain found in gelatin and 
papaya latex cause breakdown of polyethylene 
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terephthalate (PET) which is a common plastic 
used in bottle and food packaging industry. [18] 

b) Ginger: Zingiberine and protease, the two 
enzymes, are exhibiting degrading effect on 
polyethylene (PE) and Polysterene (PS) which 
are widely used component of plastic industry. 
[19]  

c) Turmeric: The curcumin, one of the most 
important component of the turmeric, has been 
showing degrading potential to low density 
polyethylene (LDPE), a certain type of plastic. 
[20] 

D. Myco-remediation with medicinal mushrooms 

a) Ganoderma lucidum (Reishi): The enzymes 
present in them have degrading effect on 
certain types of polyurethane foam (PU foam) 
and they also shows symbiotic relation with 
some bacteria causing plastic degradation.  

b) Pleurotus ostreatus (Oyster mushroom): 
These mushrooms can degrade the most 
complex molecule known as lignin found in 
some plastics. [21] 

E. Symbiosis of medicinal plants with composting 
or microbial consortia 

 A group of two or more micro-organism living 
together in a symbiotic relationship and acting as 
composting measures for nano-plastic pollution. 
This type of microbial association is termed as 
consortium. Some examples of medicinal plants and 
microbial consortia symbiosis are as follows: 

a) Jatropha curcas (Physic nuts): Consortia is 
formed by Pseudomonas putida and bacillus 
species. [22,23,24] 

b) Hypericum perforatum (St. John’s wort): 
Consortia is formed by Arbuscular mycorrhizal 
fungal species. [25,26] 

c) Azadirachta indica: Consortia is formed by 
Piriformospor putida and Azotobacter 
chroococcum species. 

d) Andrgraphis paniculata: Consortium is 
formed by Endophytic bacterial species like 
bacillus sp. Pseudomonas sp. etc.  

e) Zingiber officinale: Consortium is formed by 
Endophytic fungal species like trichoderma sp. 
Penicillium sp. etc. [27-33] 

F. Medicinal plants as an greener alternative to 
plastic [35-39] 

We know that less use, re-use and recycle are the 
three basic eco-friendly concept of curbing the 
plastic pollution and, noteworthy, about 10 
Countries uses 43 types of greener packaging 
labels to reduce the plastic pollution in their 
country. The measures taken are as follows: 

a. Bio-degradable and Compostable material 

These materials include medicinal plant resins, 
mushrooms mycelium etc. which breakdown 
naturally in the ecosystem and reduces the 
landfill waste. 

b. Re-usable packaging 

Re-usable containers, bags and bottles are also 
the effective eco-friendly measures to minimize 
the plastic waste. 

G. Medicinal plants-based packaging materials 

Many medicinal plants contain some specific 
metabolites and biomolecules which can be used as 
bio-plastic for greener packaging solution. Some 
are being discussed here. 

a. Corn starch: It contains secondary metabolites 
like ferulic acid, p-Coumaric acid, flavonoids, 
anthocyanins, tocopherols, tocotrienols, phytic 
acid etc. which produces bio-ethanol which is 
converted into polyethylene terephthalate 
(PET), a common plastic material. It also 
produces bagasse. [40] 

b. Cellulose: It contains secondary metabolites 
like harzianum, clostridial toxins, gonodema 
lucidum etc. which can be molded into bio-
degradable and compostable trays, clamshells 
and other packaging materials. [41] 

c. Mushroom mycelium: It contains secondary 
metabolites like β-glucans, ergosterol, 
gonoderic acids, cordycepin, hericenones, 
erinacines, mycolactones, proteases, lipases 
and cellulases which are bio-degradable 
materials have potentials to replace bubble 
wraps and insulating materials. [36] 

d. Large leaves and skins of banana and 
grapes: It contains secondary metabolites like 
quercetin, gallic acid, chlorogenic acids, 
matairesinol, lericiresinol, mussaendaine, 
steroidal saponins, inulin etc. which are 
compostable and waterproof material and are 
the better eco-friendly solution for packaging 
industry. [42-44] 

e. Alagae-derived materials: It contains 
secondary metabolites like astaxanthin, 
fucoxanthin, phlorotannins, flavonoids, 
phenolic acids, alginates, omega-3 fatty acids, 
eicosapentaenoic acids (EPA), which produces 
various types of bio-plastics used for altering 
the proportions of polymers, plasticizers 
(DEHP & DINP) and additives in the mixture. 
[45] 

f. Bamboo: It contains secondary metabolites 
like orientin, homo-orientin, luteolin, apigenin, 
ferulic acid, p-Coumaric acid, coumarins, 
bambusinine, β-glucans, etc. which are used to 
make durable cardboard in paper industry. [46] 
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g. Hemp: It contains secondary metabolites like 
cannabidiol (CBD), tetrahydrocannabidiol 
(THcbd), minor cannabinoid, flavonoids, 
omega-3 FA, omega-6 FA etc. These fibers are 
strong and versatile bio-degradable materials 
ideal for making cardboard, re-usable bags, 
seed papers at industrial level. [47] 

h. Seed papers: Embedded seed papers used as 
packaging materials are an effective way to 
reduce waste and also add fun element in 
packaging. Common examples of seeds used in 
embedded packing are tomato, lettuce, carrot, 
basil, tri-herb blend (basil, parsley and 
oregano). Such type of packaging are very 
helpful for reducing the waste in a very eco-
friendly manner. [48,49] 

i. Mushroom packaging: Mushroom packaging 
is also an example of embedded packaging. 
Here packing can be infused with seeds and 
planted after use promoting both sustainability 
and urban gardening. [36] 

j. Other eco-friendly measures: Other 
measures may be included as use of eco-bricks 
made up of non-degradable plastics. [50,51] 

CONCLUSION 

 From the above observations and discussion 
derived on the basis of extensive literary research from 
various published journals, many factors influencing 
our ecosystem and bio-diversity directly or indirectly 
which imply to curb the plastic pollution have been 
found. Micro-plastic, particularly, is very harmful to 
aquatic life and they enter human body through many 
sources, specially, through seafood. Enzymes like 
gelatinase, papain, zingiberine and protease and 
curcumin obtained from gelatin, papaya, ginger and 
turmeric has shown potential plastic degrading action. 
Further, medicinal mushrooms like Reishi and Oyster 
mushroom have also possessed plastic degrading 
properties. Additionally, it has also been found that 
many medicinal plants or their product or bye-product 
such as corn starch, sugarcane, cellulose, mushroom 
mycelium, various leaves etc. can be used as an 
alternative or substitute to plastic. Eco-friendly 
measures like limiting or curbing the use of plastic by 
promoting social awareness about the disastrous 
consequences of plastic are also a promising solution. 
Other measures like re-use and recycling of the same 
plastic bags can also be practiced as an eco-friendly 
measure. Contribution of medicinal plants such as 
banana leaves, bamboo and algae-derived products etc. 
for making trays, clamshells, bubble wraps are also an 
innovative step in bio-plastic production. Finally, the 
authors are very much hopeful that this article will 
surely serve its purpose and help other researchers 
and interested scholar to quench their queries. 
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