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Introduction

The ongoing COVID-19 crisis has accelerated the sustainability 
and skin health trends, fueling the growth of the global Cosmetic  

 
market [1]. Consequently, consumers “looking for more from life 
in the post pandemic” are demanding products made by natural, 

Abstract 

COVID-19 pandemic, impacting both health and wealth, has changed the people’s way of living. Therefore, consumers are looking for holistic 
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causing yearly many human diseases and environmental disasters. Thus the need to recover pure and natural active ingredients and innovative, 
biodegradable delivery systems which are respective of the nature and able to ameliorate the efficacy of drug, cosmetics, diet supplements and 
all the goods, transforming the linear Economy in Circular Economy.

Linear Economy in fact, is based on the taking, making, and producing waste, while Circular Economy is based on re-designing, reducing, reusing 
and recycling the products. Consequently, scientists and Industries have to develop a new way for making the products, realizing new carriers 
and techniques able to delivery active compounds through the skin layers and mucous membranes, in a non-invasive way and at sufficient 
concentration. At this purpose it has born a renewed interest for natural biopolymers, including Chitin and Lignin, obtainable at low cost 
from food forestry waste. Humans and the environmental enzymes, in fact, biodegrade easily these polymers to human and plant cell-friendly 
molecules. For all these reasons, our group are proposing the use of these two natural polymers at their micro-nanosize to make innovative and 
smart tissues. Thus chitin nanofibrils and nanolignin, complexed each to other for simply contact in water solution and transformed in block 
polymeric micronano particles (PLs), have been used to make innovative delivery systems. They, in fact, being characterized by electropositive 
and electronegative electrical charged respectively, may be easily combined together by the gelation method, having also the ability to 
encapsulate different kind of active ingredients. The obtained PLs, characterized by the selected ingredients, may be embedded into emulsions 
and/or bound to the tissue ‘fibers made by natural polymers. It is interesting to underline the possibility to use the same PLs for producing not 
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skin- and environmentally friendly ingredients which, free of 
waste and chemicals. have to show Clinical Efficacy, being packed 
by plastic-free containers also [2,3]. Thus the Cosmetic market 
should reach USD 463,5 billion by 2027 from the USD 380,2 billion 
generated in 2019 [4], while the global market value for natural 
Cosmetics and Personal care is expected to increase from almost 
USD 30 billion in 2021 to roughly USD 50.5 billion by 2027 [5,6]. 
However, the Cosmetic and Personal care Industry continues to be 
a science-driven and highly innovative sector for the consumer’ 
requests, being also characterized by large investments in R&D 
,still in absence of regulations that establish the meaning of 
“natural cosmetics” [7]. On the other hand, the daily use of a wide 
range of cosmetic products made by different kind of chemicals, 
are considered to be cause of allergy and sensitization problems 
as well as of the so called cocktail effect due to the synergistic 
interaction of different substances [8,9].The beauty Industry, in 
fact, uses globally thousands of man-made and natural ingredients 
to make many cosmetic products packaged by more than 120 billion 
plastic units per year. Unfortunately 95%of these units is thrown 
out after just one use and 14% is recycled [10], so that part of the 
cosmetic and other consumer products’ waste end up each year in 
the oceans together with their containers, contributing to increase 
the global pollution [10].These 10-20 million tons of plastics, 
transformed in microplastics by sun and microbial enzymes, give 
rice to toxic compounds for both environment and the human 
health [11].It has been shown, in fact that microplastics, entering 
from marine to food system(Figure 1), represent a problem for 
humans, enhancing, for example, the antibiotic resistance and 
the inflammatory Bowel disease [12-15]. They in fact have been 
recovered in tea bags (Figure 2), and in human placenta and blood 
[16-18]. However, in the U.S. alone, health and beauty sales rose 
USD 3.74 billion and since 2018,”beauty and cosmetics has proven 
to be the fastest-growing interest among male consumers” also. 
Both young and elderly men, in fact, looking to climate changing 
and sustainability, are shopping in response to health and safety 
(Figure 3) [19]. Moreover, all consumers have made changes to 
their beauty/skincare preferences and, simplifying their way of 
living, are selecting and buying only the products considered to 
maintain a natural beauty. Therefore they are looking more to a real 
appearance, as opposed to enhancing it (Figure 4) [20],planning 
to buy more products and services able to improve their health 
and wellness. Consequently, consumers are spending about USD 
1.5 trillion a year, likely to choose natural products over effective 
ones [7,21]. However, the worldwide consumers especially in 
China, are looking and purchasing for personalized and natural 
- oriented cosmeceuticals, nutraceuticals and beauty treatments, 
thinking they are tailoring and working for themselves [22].This 
the reason why the global demand for natural and clean skin care 
cosmetics [7] is steadily growing and people seems to be more 
oriented to know where the formulation’ ingredients come from, 
being increasingly looking for wellness-related products and 
services, including digital and social channels [23]. 

Moreover, there is a rediscovered interest to go versus the 
circular economy, based on redesigning, reducing, reusing and 
recycling the products in substitution of the linear Economy 
based on the concept of taking making and producing waste [24] 
To “reuse and better design, Infact, can significantly reduce the 
material billion and the expense of disposal”[24]. Consumers, in 
fact, have to better understand the necessity to don’t produce 
waste and to know the potential and utility of recycling food and 
agro-forestry by-products for making new safe and effective goods 
for different fields, including Pharmaceuticals, Nutraceuticals and 
Cosmeceuticals [25]. They have to know that Circular Economy 
represents an Industrial system and a new way of consuming for 
stopping or modifying the climate changing, the production of 
waste and pollution, fundamental to safeguard the natural raw 
materials and the Planet Biodiversity for the future generations 
[24,25]. Therefore, the today’s goods should be the tomorrow 
resources, rethinking and redesigning the society’ future [24]. At 
this purpose, a new wave of innovation is emerging in biological 
science by an accelerated confluence in computer automation, 
data analytics, machine learning artificial intelligence, and 
biological engineering [26,27]. This so called bio revolution 
as integrated part of Circular Economy “could have significant 
impact on economies and our lives, from health and agriculture, to 
consumer goods and energy materials”[26,27]. As a consequence, 
products made by these innovative biological engineering 
approaches will result more sustainable helping to better manage 
the Earth’s natural resources. The bio revolution, in fact, is based 
on the use of more precise and innovative R&D technologies able 
to connect humans to computers [26]. Thus the so called phygital 
reality(physical plus digital)is emerging, where consumers can 
seamless live, work, shop and play both in person and online 
by their smartphone, thus involving the 3i network: immersion, 
immediacy and interaction (Figure 5) [28,29]. In conclusion, the 
bio revolution and the phygital reality represent the last target 
of our society. but what we may do to handle and increase these 
new technologies? It is necessary to change our way of thinking, 
Producing, consuming and transforming the linear economy in 
the circular green economy [24-30]. It has been estimated, in fact, 
that each year by 2030 more goods will be produced together with 
billon tons of waste,74 million tons of which will be represented 
by e-waste due to the increased consumption of computers, 
tablets and iPhones used for the reported phygital reality [28,29]. 
This will cause further problem of sustainability [24,30,31]. 
However as previously suggested, consumers are keen to recycle 
and willing to pay more for eco-friendly products. Unfortunately, 
in various key markets, “more than 8 in 10 consumers have heard 
the term e-waste”, a third don’t know its meaning while 18% aren’t 
aware of the term”, particularly people aged 45 and up [29-31].

However, It is interesting to underline that worldwide 
consumers think and agree that civic authorities should help 
people to recycle, providing more information and making it 
more convenient [30]. Thus, the need to search and use natural 
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raw materials to make biodegradable bio-composites obtainable 
from agro-forestry and food-industry. These innovative materials 
might be useful to realize new smart products, more humans- and 
ecofriendly [31-34]. Among the biopolymers, Chitin, and Lignin at 

their nanosize dimension, have shown to be particularly useful for 
making innovative carriers and active ingredients for Medical and 
Cosmetic use [31-36].

Figure 1: Microplastics in food system.

Figure 2: Microplastics recovered in tea bags (by courtesy of Hernadez et al [16]).
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Figure 3: The increasing interest of men for beauty products from 2018 to2021(courtesy of Morris from GWI [19]).

Figure 4: The consumer’s opinions on the appearance (By the courtesy of Gerstell from GWI [20].
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Figure 5: The phygital 3i (by the courtesy of GWI [28]).

Biopolymers and Bio-Based Polymers: The Cosmetic 
Dermatology Approach

As previously discussed, the beauty consumers are not only 
searching for more natural cosmetics and natural skin care but are 
also focusing their interest to know where the ingredients come 
from, during all the production chain [22,35]. Moreover, because 
of the COVID-19 pandemic they are looking for more hygiene 
considering body and mind health as fundamental indicators 
for a healthy state, connected to a green environment [36-38]. 
Consequently consumers, craving for a major sense of control 
over their live, are giving much attention to the use of innovative 
natural ingredients and technologies that have to be sustainable 
and respectful of human health and the environment [38-40].

Particular attention has reserved, therefore, to control 
safeness and effectiveness of the cosmetic purchased. People, in 
fact, desire to know in advance source and origin of the ingredients 
used for the product’ formulation, as well as for the materials 
utilized for making its packaging [39,40]. Thus, the worldwide 
increased production and use of biopolymers and bio-based 
polymers [41,42] But which the difference from biopolymers and 
bio-based ones? Both contain monomeric units that are covalently 
bonded to form larger structures. On the one side biopolymers 
are polymeric natural macromolecules normally present in 
natural organisms made by repetitive monomers produced 
from living organisms and, therefore, generically extracted from 
waste organic materials [41,42]. On other side the bio-based 
polymers don’t exist in nature and are man-made and therefore 
synthesized starting from natural monomers or building blocks 
obtained from biological raw materials [41,42]. However, both 
the polymers may be used to produce goods as well as skin- and 
eco-friendly tissues/films useful as carriers for making medical, 
specialized food and cosmetic products [43-49]. In any way, all the 
living materials made by housing biological cells within nonliving 

matrix (i.e., Tissue/film) have been recognized from scientists as 
useful material mimicking nature.

Collagen, hyaluronic acid, chitin and lignin are the more used 
biopolymers while, among the bio-based ones, polylactic acid 
(PLA) and polyhydroxyalcanoates (PHA) are the more known 
biobased ones. all these polymers are normally used in the field 
of cosmetic dermatology and medicine, being characterized by 
their skin- and environmental-friendly effectiveness and safeness 
[43-50].But what does Cosmetic Dermatology mean ?The term, 
suggested in Monterey (CA,USA) in 1983 during a meeting of 
American Clinical Dermatology, became a reality in 1985 with 
the foundation in Rome (Italy) of the International Society of 
Cosmetic Dermatology and the foundation of its official organ 
:Journal of Applied Cosmetology that until now are publishing 
scientific papers on this field [51]. Cosmetic Dermatology may be 
considered a new branch of science that unify the skin’ knowledge 
of dermatologists with the chemical experience of cosmetologists 
on Cosmetic ingredients and skin care formulations, as reported 
from many books edited by eminent dermatologists and Cosmetic 
chemists, since 1998 [52]. At this purpose many new cosmetics 
and advanced medications are using biopolymer and bio 
nanocomposites in their formulations [52-54]. However, due to 
the experience of our research group in the field of both cosmetic 
dermatology and polymers, it has been shown that chitin and 
lignin at their nano dimension possess interesting Medical and 
Cosmetic effectiveness when used to produce co-polymeric block 
micro/nanoparticles [43-49]. Being chitin an electropositive 
polymer and lignin an electronegative one, when in contact in 
a water solution by a slow stirring they form a block polymeric 
complex by the ionotropic gelation method (Figure 6) [55-57]. 
Before going on, it seems useful to report some news about the 
source and physicochemical characteristics of these two natural 
biopolymers.
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Figure 6: The ionotropic gelation method (courtesy of [57]).

Chitin

Chitin is a Biocompatible and biodegradable polysaccharide 
estimated to be synthesized in the biosphere in a quantity over 
100 gigatons yearly. It is a polymer that, highly organized in 
hierarchical crystalline structures, is composed of nano-scaled 
building blocks, showing interesting mechanical and optical 
properties. The particular properties shown from this polymer 
seem due fundamentally to its degree of acetylation and the 
hydrogen bonding formed between the acetyl amine group and 
the hydroxyl group of chitin chains (Figure 7) [58-60]. Moreover, 
chitin is an amphiphilic polymer showing super hydrophobic 
properties based on the micro patterning and surface engineering 
at the nanoscale [61]. However, as linear polymer it is composed 
of N-acetyl-2-amino-2-deoxy-D-glucose units jointed together 
by beta-glucosidic bonds. As raw material it represents also the 
principal source of carbon and nitrogen for marine chitinolytic 
organisms, including crustaceans and krills, as well as mollusks, 
insects, soil fungi and bacteria [61]. Hard crustacean shells 
contain 15-20% chitin and around 75% calcium carbonate 
with protein, while softer ones contain 15-30% chitin and 13-
40% calcium carbonate plus protein. Protein, minerals, and 
carbonates are totally eliminated from the adopted procedure 
to make chitin nanofibrils [59-62]. Chitosan is the chitin derived 
compound having a degree of deacetylation from 50% to 90%, 
depending to the adopted production method. However, both 
the polymers have a high economical value. thus, chitin and 
chitosan find extensive applications in various sectors, including 
the biomedical , food and cosmetic ones [53,54,63-65]. However, 
the different applications of these polymers are due to their 
particular biological activities connected with their structural 
and morphological characteristics placed between cellulose and 
collagen [64-67]. Chitin, recovered in nature in the different 
alpha, beta and gamma forms, is mostly found in crustacean shells 
waste, such as prawns, crabs and lobsters , in its most stable alpha 

crystalline form with the polymer’ chains arranged and packed in 
antiparallel and hexagonal fashion; the beta-crystal form presents 
a parallel arrangement of chains [59-61]. On the other hand, 
chitin nanofibrils (CN) obtained industrially by our patented 
technology [57], have a needle-like form at the mean dimension 
of 7x5x300 nanometers, being chemically analogous to cellulose 
with acetamide groups located at the C-2 positions (Figure 8) [59-
61]. It is interesting to underline how the activity of CN seems due 
fundamentally to their micro-nano dimension. In fact, while the 
small chitin (<40 Millimicrons) has shown an anti-inflammatory 
effectiveness, the intermediate chitin  [40-70 millimicrons] 
resulted to increase the inflammation process activated by 
macrophages, while the large ones had no activity [64]. These 
first data were successively confirmed by other authors by in vitro 
and in vivo studies [66-71]. However, it is interesting to underline 
the possibility this electropositive polymer has to produce 
micro-nano particles (NPs) when in contact, for example, with 
the electronegative nano-lignin (NL) useful to realize innovative 
multifunctional materials [72-74]. Before starting to describe the 
activity of these NPs, it seems necessary to report some news on 
the source and activity of lignin.

Lignin

Lignin, the most abundant phenolic amphoteric biopolymer 
in Earth characterized by the presence of both hydrophilic and 
hydrophobic components, is made by a chiral structure that varies 
depending on plant species and extraction processes [75,76]. In 
fact each year, over 100 million tons of this polymer are produced 
from waste, 98% to 99% of which is incinerated to produce energy 
[75]. However, lignin is an organic material that, found in wood 
and lignified elements of plants, is built from the polymerization 
of three phenyl propanoid monomeric units interconnected by 
C-O or C-C bonds: p-coumaryl alcohol( H-Lignin),coniferyl alcohol 
(G-Lignin)and Sinapyl (S-Lignin) (Figure 9) [74,75]. The units’ 

http://dx.doi.org/10.19080/PMCIJ.2023.04.555638


Palliative Medicine and Care International Journal 

How to cite this article: Pierfrancesco M, Gianluca M, Alessandro G, Maria Beatrice C. Reinassance of Cosmetic Dermatology for a Greener
Society: The Nanochitin-Nanolignin Approach. Palliat Med Care Int J. 2023; 4(3): 555638. DOI:10.19080/PMCIJ.2023.04.555638007

ratio of these monomers depends from plant species and the 
habitat, so that Lignin in hardwood contains a higher quantity 
of S-Lignin units, while soft and grass Lignin, that contain more 
G-lignin units, are considered most promising for their structure 
[76]. This kind of lignin, in fact, is more rich of reactive sites at the 
benzene ring and, therefore, more useful for chemical treatments 
[77]. However, it is interesting to underline the improved UV-A 
and UV-B absorbing and antioxidant properties shown from this 
important polymer when in its nano size dimension [78,79]. 
Particularly, the antimicrobial activity of lignin seems due to the 
C=C double bond and the gamma-methyl groups present in its 
side chains [79-81]. Consequently, the nano-dimension of the 
polymer, facilitating its penetration through the bacterial cell, 

increases its activity [79-81]. Industrially speaking, lignin is 
commercially available primarily as a byproduct of pulping and to 
a less extend of bio-refinery [82]. During both the processes the 
polymer’ structure may be degraded, forming smaller molecules 
with new functional group of active chromophores [83]. Thus, 
the emerging biofuel/bioenergy’ technologies are going on to 
develop new value-added products made by more cost effective 
processes, also if the actual lignin used at this purpose represents 
today only 2% of the entire lignin production [75,83].Therefore 
as discussed previously, lignin might be also used to realize the 
proposed innovative biodegradable micro nanoparticles and 
tissues for making “active” carriers for medical and cosmetic 
products [32,35,36].

Figure 7: The crystalline hierarchical structure of chitin (by courtesy of Fabricius et al [60]).

Figure 8: ChitinNanofibrils at SEM characterized by a needle-like form.

Chitin-lignin Block Micro/Nanoparticles 

As previously indicated, our research group obtained block-
polymeric micro nano particles, mixing together in water solution 

the crystallin chitin nanofibrils with the purest nano-lignin 
extracted from grass material [43-45]. During this process it 
was possible to encapsulate (Figure 10) different kind of active 
ingredients, such as vitamins A, E And C to be used as antioxidant 
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compounds, as well as glycyrrhetinic acid (GA), nicotinamide 
(NI) and Ag+ ions as anti-inflammatory and antibacterial agents 
respectively, embedded into the reported tissues/films [44-
49],[84-92] (Figure 11). Naturally, both thermal stability and skin 
compatibility of all the obtained NPs were controlled (Figure 12), 
before producing the tissues by the electrospinning technology 
[71,86]. However, it is interesting to underline how the various NPs 
embedded into the fibers of tissues, have been able to characterize 

the different effectiveness and safeness of the obtained final 
products [35,43-49,86-88]. Thus, the tissues embedded by 
antibacterial micro/nano particles were used to make biomedical 
dressings to repair burned or wounded skin [89,90], while 
those embedded by anti-inflammatory and antioxidant micro/
nanoparticles were used to repair the prematurely aged skin 
(Figure 13) [57,71,72,86-89,91].

Figure 9: Proposed chemical structure of lignin (courtesy of Wikipedia).

Figure 10: Encapsulated active ingredients revealed by NMR Spectroscopy.

However the combined activities of the two polymers (i.e. 
nano chitin and nano lignin) resulted of fundamental importance 
for obtaining the self-assembly effectiveness and safeness of the 
realized micro-nano particles, as well as the selected parameters 
such as source of lignin and chitin, pH of the solution, temperature 

and naturally the nature of the solvent used(i.e. Water) In any way, 
these tissues/films have to be considered innovative carriers for 
advanced medications and beauty products because, being skin- 
and environmentally-friendly, are made by natural biopolymers, 
easily biode gradated and purchased at low cost [43-48,91]. 
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Moreover, they may be realized by the use of active ingredients and 
polymers obtained from food-forestry waste, thus safeguarding 

natural raw materials and the earth’s biodiversity for the future 
generations [92].

Figure 11: Encapsulated active ingredients revealed by NMR Spectroscopy.

Figure 12: Skin compatibility and thermo stability of some CN-NL micro nanoparticles.

Figure 13: Skin repairing activity of the biomedical tissue used to slowdown fine lines and wrinkles.
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Conclusion and Future Perspectives

By the actual linear economy, the demand for materials 
and products are increasing day by day with a consequential 
production of waste and pollution. Thus, the necessary to modify 
the way of producing and consuming adopting the circular 
economy’ system, connected also to a better understanding of 
the recycling modality [24,30,31,93]. The product recycling, in 
fact, represents a key challenge for policy-makes, research and 
consumers. Another important problem to solve is to obtain and 
adopt the best delivery systems capable to ameliorate and possibly 
increase the efficacy of drugs, cosmetics and specialized food [94]. 
The challenge, in fact, is to find the best way for bettering the 
active ingredients and the products’ effectiveness using innovative 
nanotechnological systems, capable to increase their penetration 
and interaction with the skin’ lipid lamellae and/or the mucous 
membrane’ peptides [94-100]. Thus the need to recover natural 
ingredients and develop biodegradable new carriers and 
techniques, for easily delivering the designed active ingredients 
through these natural barriers [88,91,94-99]. Simultaneously as 
previously discussed, it became a further necessity to organize 
a correct waste recycling, transforming the line are economy in 
circular economy [24,30]. However, the active ingredients have to 
be delivered at the designed site , in a non - invasive way and at 
sufficient concentration.

Therefore, the proposed use of the biopolymeric-tissues 
embedded by the chitin nanofibrils and nano chitin’ micro-
nanoparticles seems to go in the right direction [99-101]. As 
previously reported in fact, the natural complex CN-NL is able 
to form polymeric NPs which, encapsulating different active 
ingredients, may be embedded into the biodegradable tissue-
carriers, characterizing their effectiveness and safeness also. 
Thus, the possibility to realize new and smart topical products 
which, produced at a low consume of energy and water, are free 
of unnecessary ingredients or chemicals. Therefore, by this new 
proposed technology it seems possible to realize innovative 
skin-penetrating and biocompatible matrices capable of loading 
selective active ingredients, releasing them at the designed skin 
and mucous membranes’ layers. Therefore, the future trends of 
cosmeceuticals, nutraceuticals and topical medications might be 
based on the use of the reported tissues which, manufacturing in 
a dry state and limiting their dependence on water, seem able to 
control the consumer’ requests for a natural and safe beauty. 

These tissues in fact, resulting biodegradable and healthy for 
humans and the environment for their packaging materials also, 
may be obtained at low cost from food-forestry waste [57,92]. In 
conclusion, by a more consumption of environmentally friendly 
innovative cosmeceuticals, nutraceutical and advanced topical 
medications, packed by biodegradable containers and made 
by recycled and reused materials, it seems possible to obtain a 
positive contribution for the community’ activities, transforming 
unwanted resources into skin-friendly products, beneficial for the 

environment also. Finally, this way of operating is correlated with 
the consumers’ requests of natural-derived and/or the so called 
“hybrid beauty and cosmetics”, chemicals-free, considered not 
only to save health, time and money but also to be indispensable to 
preserve water and the environmental raw materials, necessary to 
obtain life’ satisfaction and happiness [102-105]. Thus, according 
to the last trends of the beauty industry, the terms “biohacking” 
and “beauty verse” have been coined .The first, coming from union 
between biology and hacking, should indicate the set of actions 
that an individual could carry out for a better understanding 
about how the body work and how we age [106,107]. Therefore, 
it might be possible to optimize the body, mind and life activity 
through the use of different medical, nutritional, cosmetic, 
biological and electronic techniques and tools [102,105] on the 
other hand, beauty verse, the union of metaverse with beauty, 
intends converge virtual and physical worlds with the aesthetic 
appearance [102,107]. The development of virtual communities 
and mixed reality, in fact, has been particularly accelerated from 
the worldwide diffusion of COVID-19 pandemic [107]. However, 
to make innovative skin-friendly products it is necessary the 
recovery of new technologies capable of extracting pure, natural 
active ingredients and control their specific activities. Among the 
more recent techniques, it is to remember the use of ultrasounds 
by which some extraction process for obtaining active ingredients 
from herbs and plants have been modified, determining, and 
predicting their physicochemical properties also [108]. 

Other innovative extraction methods of growing interest are 
based on the use of green, environmentally friendly solvents, 
including the deep eutectic solvents (DES) and the natural deep 
eutectic solvents (NADES) [109]. However, for obtaining the best 
extractive results it results important not only the method used, 
but also the standardization of laboratory equipment’s, combined 
with physicochemical predictive process and innovative, modular 
and flexible manufacturing technologies fully automated by 
advanced control methods [110]. In conclusion as previously 
focused, these smart tissues may be used as biodegradable and 
innovative carriers for active ingredients effective to rejuvenate 
[71,86,87,91,111,112] the skin as well as to repair a wounded or 
burned skin [36,68,89,113] or to rejuvenate a prematurely aged 
skin [36,71],[86-91],[111-113].Therefore, a more frequent use 
of these specialized cosmeceutical-tissues might represent the 
renaissance of the future cosmetic dermatology, respective of 
both human and the environment health.
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