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Introduction

Due to the increasing waste material that is creating 
environmental pollution with a continuous increase of greenhouse 
gas (GHG) emissions and great disasters in our Planet, it is 
necessary to change our way of living and thinking to save the 
environment and human health. Unfortunately, our society uses 
and consumes high quantity of plastic materials that, with the 
high quantity of food lost during the production, distribution and  
consume chain, contributes to produce the majority of waste and  

 
CO2 invading the Planet (Figure 1a/b) [1-3]. Plastic raw material,is 
used to produce among others different kind of goods, such as soft 
and hard packagings ,cosmetic and medical products and tools,used 
for surgery purposes also. These products are made by the use of 
polymers petrol-derived that unfortunately are not biodegradable 
and remain as waste in the land and oceans for hundred of years as 
different items (Figure 2) creating great problems to both flora and 
fauna [3,4].

Figure 1: Plastic waste( on top  )and Food losses worldwide(below).
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Figure 2: Plastic items  remaining into the land and ocean for hundreds of years.

The Alternative Solution 

Figure 3: Photo at SEM of chitin nanofibril network (CN)(left) compared to natural Extra cellular matrix(ECM) (right).

Figure 4: Deep 2nd degree burn of a left forearm caused by hot water in a 67 years-old man(a).
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Thus, the necessity to research alternative solutions by the use 
of natural bio-based polymers (i.e. the so called biopolymers) which, 
obtained from waste materials, may be used to make biodegradable 
non-woven tissues, skin-friendly and environmentally-friendly. Our 
group, working from many years on this sector of research, has 
published many papers showing the possibility to produce non-
woven tissues and films, characterized for having antiiflammatory, 
immunomodulating and antibacterial effectiveness [5-7].These 
tissues, made by natural nanostructured polymers such as chitin 
nanofibrils (CN)and biolignin (LG),have been developed as matrices  
that mimic the key characteristics of the Extracellular matrix (ECM) 
(Figure 3) [8].They, in fact, seem to have the ability to transmit the 
biochemical signals necessary to sequester ,prevent and orient the 
many morphoregulatory molecules able to control cell division, 
differentiation and growth. Thus, a tissue ECM-like (Figure 3), based 
on the complex CN-LG was applied as a dressing for superficial and 
deep second degree burns on a 67 years-old man with injury on 
the left forearm. This innovative tissue has solved an important role 
on skin regeneration with results comparable to other dressing 
commonly used and a shorter healing time,modulating the bacteria 
growth also (Figure 4)[9].

Role of Chitin-Lignin Nanostructured

Figure 5a: Before treatment.

It is interesting to underline that while chitin nano-fibril is an 
electropositive polymer, bio-lignin has composed by nanoparticles 
with a surface covered by electronegative charges. Thus,it has 
been possible to make nano-chitin/nano-lignin complexes by the 
simple gelation technology (Figure 5a).These complexes, able to 
encapsulate different active ingredients, have been embedded into 
emulsions or bound to polysaccharide-non woven tissues to be 
used as sheets for baby diapers, face beauty masks and advanced 
medications, according also to the in progress EU polybioskin 
research project(www.polybioskin.eu) [10-13] (Figure 5b). 
Regarding the interesting actives shown by the chitin-lignin ( 
CN-LG) micro/nanoparticles as drug and cosmetic carrier, it is to 

remember it’s own peculiarity (Figure 5c). On the one hand, it is 
able to load and carry the active ingredients to the designed skin 
location, releasing them at the desired dose and programmed time. 

Figure 5b: Dressing in situ.

Figure 5c: result after 2 weeks of treatment. It is possible 
to see that the skin is completely regenerated with a 
good. aesthetic result.

On the other hand, it acts as a smart “active” carrier (Figure 6) 
being composed in part from chitin nanofibrils ,easily metabolized 
in glucosamine, acetyl glucosamine, and glucose used from the cells 
to make glycosaminoglycans and/or more complex macromolecules 
or as energy respectively; on the other part nano-lignin is used 
as an antioxidant and photoprotective ingredient because rich in 
polyphenol molecules [14] (Figure 7). Both chitin and lignin are, 
therefore, easily biodegraded by the human and environment’ 
enzymes, without producing toxic compounds. On the contrary 
both chitin and lignin, if not processed properly ,may have a 
negative impact on human health, biodiversity and environments.
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Figure 6: Gelation method to make chitin Nanofibril-Nanolignin or Hyaluronic aci (HA) complexes entrapping active 
ingredients.

Figure 7: Chitin Nanofibrils-nanolignin biodegradable and smart carrier at SEM.

Conclusive Remarks

In conclusion, chitin nanofibrils and biolignin, which represent 
each year a global waste material of about 300 billion of tonnes, 
produced respectively as underutilized by-product of fishery’s 
industry and agricultural biomass, could be used in the medical field 
also to make innovative and eco-compatible products and tools. 
The major utilization of this waste may be useful to preserve the 
natural raw materials for the incoming generations, contemporary 
reducing the GHG emissions necessary to save our Planet and its 
biodiversity.
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