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The actual human ecosystems are producing a high quantity of plastic waste that 
represents a tough problem to be solved. Thus the need of operating and living by the 
circular green economy using food and agro-forestry by-products, such as nano-sized 
chitin and lignin, to make innovative biodegradable products and packagings at zero 
waste. These natural polymers may be used, for example, to make smart tissues which, 
copying the Extra Cellular Matrix (ECM)' structure, result effective and safe, for medical 
and cosmetic use, also because packaged into biodegradable containers. This new way 
to produce and consume will be useful to stop plastic waste and pollution invading land 
and oceans, safeguarding the natural raw materials and the Earth' biodiversity for the 
incoming generations.

ABSTRACT

Introduction
Chitin and lignin are natural biopolymers obtainable from waste 

material at low cost. They, found in the exoskeleton of crustaceans 
and insects as well as cell walls of fungi or in waste material of paper 
production are recovered as by-products of fi shery and wood pulp 
respectively [1]. These interesting biopolymers have been used from our 
research group as block polymeric micro/nano complexes which, bound 
to natural fi bers of non-woven tissues, have been utilized for producing 
innovative medical and cosmetic active carriers [2-4]. The micro/
nanosize of chitin, lignin and their block polymeric nanoparticles used 
are necessary to increase the area weight ratio and their eff ectiveness [5]. 
Effi  ciency of encapsulation as well as the morphological structure and 
relative bio- and eco compatibility of the obtained complexes and tissues, 
have been verifi ed in advance by in vitro and in vivo technologies [6,7]. The 
biopolimers, in fact, may be easily complexed each to other because of the 
diff erent electrical charges covering their surface, respectively positive for 
chitin and negative for lignin. Moreover the micro/nano particles (NPs), 
obtained in water solution by the gelation method (Figure 1), have been 
produced encapsulating various active ingredients, selected according 
to the activity designed for the fi nal product. Successively the NPs have 
been bound to non-woven tissue made by the electrospinning technology 
for realizing smart advanced medications and innovative cosmeceuticals 
[8,9]. Naturally all the steps for producing particles and tissues have 
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to respect particular conditions of pH, humidity 
and temperature necessary to optimize the skin 
homeostasis and the crosstalk between the diff erent 
cells, such as keratinocytes and fi broblasts [10-12].
To regenerate a wounded, burned or rejuvenate an 
aged skin, in fact, it is necessary to provide a tissue 
acting as an artifi cial matrix. Therefore, structure and 
morphology of the obtained tissues have to mimic 
the porous scaff old of the natural Extra Cellular 
Matrix (ECM) (Figure 2). They, in fact, have to be 
able to facilitate adhesion, growth and proliferation 
of human keratinocytes and fi broblasts, necessary 
to enhance the regeneration of the wounded, 
burned or precociously aged skin [13,14]. Thus 
these innovative tissues, incorporated with selected 
bioactive ingredients, opportunely engineered and 
therefore named cosmeceutical-tissues, seem to 
be able to rejuvenate an aged skin reducing fi ne 
lines and wrinkles, being skin- and environmental-
friendly [13,14]. At this purpose it is interesting also 
to underline the possibility chitin and lignin have 
to be used for making biodegradable packagings, 
usually made by plastic material, contributing to 
create a more green and healthy environment [15,16]. 
These biopolymers, in fact, are easily degraded by 
human and environmental microoganisms and are 
obtained from natural by-products of food and agro-
forestry, as previously reported. At this purpose it is 
to remember that plastic packagings are increasing 
day by day, invading rivers, lakes and sea of their 

non-biodegradable waste. Consequently, production 
of plastic materials increased from around 1.5 million 
tons in 1950 to 460 million tonnes in 2019, created 
a 275 million tons of waste per year, the majority of 
which is invading oceans (Figure 3) [17].

Unfortunately this waste, transformed in plastic' 
microparticles by microbial enzymes and sun energy, 
become seafood for birds, mammals and humans 
together with the toxic ingredients. Thus the so called 
microplastics, recovered in tea bags, and human blood 
and placenta, will represent a probable cause of future 
toxic side eff ects, not well known and studied until now 
[18-20]. Moreover the great quantity of waste, stored 
up for the actual way of producing and consuming, is 
the main cause of the increased Greenhouse Gas (GHG) 
emissions with the consequent worldwide climate 
changing characterized by increase of temperature 
and disasters [21-23]. Therefore the most of our 
society is to change the lifestyle, transforming the 
actual linear economy based on the taking, making 
and producing waste in circular economy based on 
redesigning, reducing, reusing and recycling [24,25]. 
Thus the future human growth has to be sustainable 
with a more inclusive access to labor-market and 
healthcare [26]. Therefore we hope that, acceleration 
of a more organized work and economy through 
advanced technologies and innovations capable to 
maintain the Planet' biodiversity, will become a 
reality [26]. In conclusion the use on natural polymers 

Figure 1 Gelation method used for producing chitin-lignin Nanoparticles.
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Figure 2 The chitin Nanofi bril lignin (CN) scaffold compared to the natural Extra Cellular structure (ECM).

Figure 3 Plastic production and plastic waste (by courtesy of Our World in Data [17].

such as the proposed chitin and lignin seem to go in 
this direction.

Confl ict of Interest: The author declares no 
confl ict of interest.
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