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Abstract

:

The surgical face mask (SFM) is a sheet medical device covering the mouth, nose and chin to protect the medical staff from the spread of respiratory droplets produced by the infective coughing or sneezing of hospitalized patients. On the other hand the beauty face mask (BFM) has been made by the same sheet but with a different aim—to protect the skin from pollution, acting as a hydrating and rejuvenation agent. Currently, both masks are made principally by non-biodegradable tissues, utilized to avoid the increasing great pollution invading our planet. Due to the diffusion of the current COVID-19 infection rate and the increasing consumption of skin care and beauty products, the waste of these masks, made principally by petrol-derived polymers, is creating further intolerable waste-invaded land and oceans. After an introduction to the aims, differences and market of the various masks, their productive means and ingredients are reported. These news are believed necessary to give the reader the working knowledge of these products, in the context of the bioeconomy, to better understand the innovative tissues proposed and realized by the biobased and biodegradable polymers. Thus, the possibility of producing biodegradable SFMs and BFMs, characterized for their effective antimicrobial and skin repairing activities or hydrating and antiaging activity, respectively. These innovative smart and biodegradable masks are requested from the majority of consumers oriented towards a future green environment. Giving this new sense of direction to their production and consumption, it will be possible to reduce the current waste, ranging worldwide at about 2 billion tons per year.
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1. Introduction


Surgical face masks (SFMs) and beauty face masks (BFMs) are products made by specialized tissues that have the basic aim of protecting the face from the aggression of microorganisms and pollutants, respectively [1,2].



The global market of face masks may be shared out in two different categories of sheets, used respectively for medical or cosmetic purposes. SFM is a medical device covering the mouth, nose and chin with the purpose of limiting the transition of an infective agent between the hospital staff and the patient [1]. It is a means that prevents the spread of respiratory droplet produced by coughing or sneezing and protects health care workers and patients from microorganism infection [1]. BFM would catch dirt and pollution, providing the contemporary fast deep hydration, replenishment and rejuvenation of the skin, with the aim to ameliorate its general health and appearance [2].



Both the masks are currently produced by layers made generally by fossil-based spun-bond and melt-blown non-woven tissues, or by emerging techniques such as electrospinning or texturized film extrusion technologies [3]. They are therefore tissue-engineered products, emerging from the convergence of different health care disciplines such as biological science, nanotechnology, material science, information technology, etc. Various research studies and the advancements in nanobiotechnology have led to a de novo design and the fabrication of innovative nanoengineered materials and biomaterials [4,5]. Thus, by petrol-derived chemistry, many new plastic polymers have been synthesized to produce tissues. Natural polymers such as polysaccharide and biobased polymers synthesized from renewable monomers, such as poly(lactic acid) (PLA), seem to be a valid alternative to these fossil based versions, as well as polymers obtained by microorganisms like poly(hydroxyalcanoate) (PHA). Particularly the natural polymers have shown to be useful for producing functional tissues able to mimic the function of the native extracellular matrix (ECM) [5]. However, all the described classes of polymers are useful in producing tissues, characterized by their different functionalities, biocompatibility and biodegradability [6].



Fossil-derived polymers possess a consolidated processing capability and a low cost, but are not biodegradable. They are characterized by their accumulation and persistence in the environment [7]. On the other hand, the mentioned natural-derived polymers show performances and industrial possibility to be processed at a lower maturity level, but they are totally biodegraded to safe ingredients. However, polymers and active ingredients used to make SFMs and BFMs are not the same, because of the different functionalities and activities they should provide to the skin and body.



However, in our opinion, it would be necessary to produce all these masks by skin-friendly and ecofriendly raw materials, to protect human health and the environment.



SFMs and BFMs are described in the next sections considering their current prevalent structure and composition and their present and future market. These data can be relevant to give indications to readers about the future perspectives of applied research in these fields, taking into account the actual growth of the bioeconomy. Then, the environmental concern linked to both masks is presented in successive section and finally the use of different biopolymers to replace fossil-based materials is discussed in Section 5. The present review wants to give to the reader some general information and views on the use of biobased materials in these applications.




2. Surgical Face Mask Activity and Market


Surgical face masks (SFM) are made principally for medical purposes to protect doctors and health care workers from infections caused by microorganisms. Their production and use, notably increased from the year 2019 due to the diffusion of COVID-19, that involved until today, 20,260,000 affected people, provoking 740,000 deaths [8]. These masks, in fact, acting as a barrier between the wearer and contaminants, are used massively worldwide to reduce the contact with highly infective microorganisms and viruses not only between doctors and health care workers, but also among people worldwide. How are these masks made?



Produced prevalently by non-woven tissues, they are generically made up of three or four fine layers, able to filter from 85% to 99% of materials, having a dimension higher than 1 micron in size [3,4,5]. The innermost layer absorbs moisture (breath, cough, etc.), the middle layer acts as a filter for infection agents and nanoparticles, while the outer layer is repellent for liquids (water, blood, etc.) [9]. These tissues are prevalently manufactured by polypropylene (PP) to obtain a non-woven fabric or textured film, respectively, characterized by the different dimensions of their fibers and interfibrillar spaces.



Among all the petrol-derived polymers (i.e., polyethylene, polyethylene terephthalate, poly-acrylonitrile, etc.) used as materials to produce the various disposable masks in the market, polypropylene (PP) dominates as the second-highest revenue, for its low cost and simplicity in processing and usage [10,11,12]. The advantages of non-woven fabrics over woven fabrics (knitted) are their higher air permeability, higher bacterial filtration efficiency and low manufacturing cost. However, all the SFMs, while highly protective against microbiome, fungi and viruses, are often not comfortable for wearers, especially in the mouth and nose areas where the sweat vapor, transformed into liquid droplets, causes skin irritation. At this purpose and for solving this problem, it was proposed, to cover the PP fibers by adsorbent polymers, such as poly (vinyl alcohol) (PVA) [13]. By this method, the PP fibers increase their hydrophilicity so that sweat, absorbed into the fiber, is no more transformed into an irritative liquid.



To assure their quality, the surgical disposable masks, as medical devices, have to follow the official standards according to the rules of the Ministry of Health in different countries, such as Europe (EU) [14] and the World Health Organization (WHO) [15].



These SFMs, therefore, are registered products which, having to fulfill particular requirements, report on the label some imposed specifications, such as their ingredients and modality of use, in order to provide sufficient data for the surgical staff, health care workers and other consumers. These masks, in fact, must be controlled for their bacterial barrier and filtration efficiency, breathing capacity, splashing characteristics and flammability resistance, according to the Health Ministry rules. Thus, disposable masks, made by three to four layers and currently used for the COVID-19 pandemia (Figure 1), are packaged and sterilized, so that their use may prevent the spread of infection better than reusable, non-woven or knitted ones [9,11,12]. Just to have an idea of the global market insights, the protective mask market value of around USD 1 billion in 2019, is supposed to surpass USD 2.8 billion by 2026 [16,17,18].



On the other hand, the reusable surgical face masks have a reduced filtration power and protection efficiency, due to their frequent washing cycles. In addition, the repeated laundering causes a further waste of energy, generating also more wastewater in the environment. As previously reported non-woven masks, made by two/three layers of tissues and principally used in hospitals, are manufactured worldwide by PP, as the most used polymer (Figure 1). Different are the designs that can be followed. In the reported example of Figure 1, composed of four-layered tissues, the first non-woven layer avoids the ingress of dust-air, the fourth layer in contact with skin has a protective function, while the second and third core layers, have a bacterial filtration capacity of 99% and a particulate filtration effectiveness of 99%, usually obtained by melt blown non-woven fabrics.



The surgical mask market is continually growing due to the increased number of people driving worldwide its personal usage, because of the growing number of COVID-19 affected patients [8,11,12]. These masks, in fact, are used by personal health care personnel at the workplace and by the general public too as protective means against virus outbreaks, air indoor and outdoor’ air pollution, vehicle and industrial facility gas emissions, all causes of allergies and cardiovascular, respiratory and other diseases [19].



The market has been categorized by different companies not only in terms of the economic turnover, size, trends and future challenges of the masks, but also for the raw materials (cotton, polypropylene, paper and others) and the different layers used for their production [12,13,14]. These research studies cover woven and non-woven masks, protective for dust or microorganisms, respectively. Their use, in fact, is also grown because of the general needs of protection from pollution and diseases, connected worldwide to the increasing aging population [14,15,16,17,18,19]. In conclusion by Global Newswire, the global market has been estimated at about USD 4.5 billion with an expected compound annual growth rate (CAGR) of 24% by 2026 [10], while Technavio [15] reports an incremental growth of USD 2.41 billion with an annual CAGR of over 8% from 2019 to 2024 for the SFMs (Figure 2a).



In terms of countries (Figure 2b), Asia Pacific was the most attractive region in the disposable face masks market in 2019 with a share of 33.3%, due to the increasing population, growing manufacturing and health care facilities in most notably countries such as China and India. North America and the EU are expected to be other major markets, while the Middle East, Africa and South America are expected to witness a slow growth.



The distribution channel by region was segmented into offline shopping, resulting in the largest category in 2019 with a market share of 80.7%, while online shopping was used more in the emerging markets [18]. By application it is possible to distinguish two production categories—industrial, the main category in 2019, and personal (Figure 2c) [16,17,18].




3. Beauty Face Masks (BFMs) Activity and Market


Differently from surgical masks, which have a protective role against microorganisms, beauty masks should mobilize the endogenous skin defense and the cellular detoxification systems, as previously reported [2,21,22]. It is supposed, in fact, that beauty masks could increase the skin’s self-defense, becoming more effective and proactive to safeguard the skin ecosystems. As a consequence, BFMs could promote the breathing of the skin and normalize the physiological cell turnover, thus preventing the premature aging phenomena (Figure 3). Obviously the selected active ingredients, which can be used to modify the non-woven fibers and the electrospun polymers, have to be different from those used for the SFMs.



However BFMs, according to their assigned effectiveness, are enclosed into a particular category of the cosmetic global market. Thus for this niche of market, which is highly fragmented and competitive, the players are engaging a variety of strategies to produce innovative products.



As a consequence, it is possible to recognize seven basic types of face masks with different claiming benefits: clay or mud mask, cream mask, gel mask, peel-off mask, charcoal mask, sleep mask and sheet mask [23,24]. All these specialized cosmetics are principally used to supplement the daily skin care regime routine, ameliorating the skin hydration and the body’ general health and appearance [18,21,22].



At this purpose, 76% of Chinese women aged 20–49 are using these masks for hydrating the skin, followed by 58% of consumers that are looking for skin whitening and 47% for pore refining. Differently, among the US consumers, 29% are looking to treat acne or blemishes and 27% to slow down the signs of aging, such as fine lines and wrinkles [23,24].



In conclusion, consumers worldwide, suffering from uncertainty also for the recent COVID-19 diffusion, have the need to feel safe more than ever. Thus, they are looking for innovative and effective cosmetic products and sheet masks able to ameliorate their appearance and body health, slowing down the stress condition and matching their own skin type and life-style. As a consequence, self-esteem is improved with positive effects on several aspects of the self-image [25].



Regarding the market and according to Statista data, the value of sheet facial masks sheared USD 282.8 million in 2018, with an estimated increase to USD 551.3 million in 2026, as part of the global cosmetic market with a revenue of USD 489 billion in 2018 [23]. Differently, Allied Market Research evaluated the same market size at USD 206 million in 2018 with an estimated USD 392.1 million by 2026 with a CAGR of 8.8% during the forecast period of 2019–2026 [24].



However, it seems well established that the growth of sheet face masks has been influenced from the increased spending on cosmetic and personal care products, coupled with rising living standards of the consumer’s majority. Moreover, these sheet-cosmetics are considered beneficial for their hydrating and antiaging effectiveness, as well as for the possibility to be used while traveling or even doing household chores [23]. How these masks are made? These cosmetics are generally made of cotton fabric often mixed with synthetic polyesters, biocellulose and other polymers infused with cosmetic active ingredients, to provide long lasting effects, compared to traditional topical serum and hydrogels. They are preferred by consumers because they ready to use and considered to be made of natural ingredients and by new technologies, skin-friendly and ecofriendly. “The increased awareness towards sustainability and environment footprint, in fact, are largely influencing purchase decision of consumers” [24]. About the regions involved and according to Mintel research data, Asia Pacific dominated the worldwide beauty sheet market and accounted for 76% with a CAGR of 8.5% of all global masks launched in 2016, owing to high product consumption in countries such as South Korea and China [16,17] These countries follow the intensive skincare routines in which the application of this sheet mask represents an important step to hydrate the skin quickly, making it soft and glow in the shortest time [18]. Thus, as previously reported, Asia Pacific accounted for most of the global sheet market (76%), followed by the EU (16%) and USA (8%; Figure 2b) [26]. However, the more innovative market results in Asia Pacific with the most launches coming from the North Asian region, with China accounting for 28% of all the global sheet mask’ introductions, followed by Taiwan 12%, South Korea 10%, Hong Kong 7% and Japan 6%. About the size, China, Japan and South Korea are currently the world’s largest facial care market estimated to reach a retail market value of USD 15.8 billion, USD13.5 billion and USD 6.6 billion respectively [26], also because a sheet mask is now a frequent feature in many consumers’ skincare routine. At this purpose, 75% of Chinese consumers use masks in the evening before sleeping, while 68% use them in the morning and during the day also. Additionally, 53% agree that facial beauty masks are the best first-aid skincare products so that 40% of women aged 30–39 used them in the last 12 months [27]. Actually in western countries these masks are gaining in popularity as a regular beauty treatment, also they were used prevalently in an evening routine in the last 12 months: from 12% of consumers in the UK, 10% in France, 10% in Germany, 8% in Spain and 8% in USA. However, North America is projected to exhibit exponential growth throughout 2026, registering the highest 11% CAGR with the supermarket/hyper markets segment dominating and the E-commerce segment estimated to grow at a CAGR of 11.7% [24].



In conclusion, consumers are more concerned about materials and active ingredients used in the manufacturing and packaging of skin care products and beauty face masks, having special attention to skin health and to the environment preservation [27]. They, in fact, have etched in their minds the concept of zero waste, waterless and safeness. Thus, the adoption of innovative and smart technologies and natural ingredients is expected to propel the revenue growth of the overall beauty face mask market, also because this specific cosmetic product is considered multifunctional, with better performances, easy to use and able to give new benefits to the skin’s health [21,22,27].




4. Surgery and Beauty Face Masks: The Environment Problem


Although there are many natural polymers present in the market, the majority of surgery and beauty masks and their packaging are made of fossil-derived polymers, the recycling of which is difficult, being not separately collected and sorted [28,29]. Unfortunately they are made of non-biodegradable materials, contributing to worsening the worldwide plastic waste pollution (Figure 4) [30,31] and at the same time increasing greenhouse gas emissions that, from around 0.8 billion tons in 2019, will probably be 2.8 billion tons by 2050 [32]. Moreover, it is not to be forgotten the increasing global production of plastics that, coming from 1.5 million metric tons in 1950, increased to 348 billion metric tons in 2018 with a consumption per capita of 45 kg, 40% of which is disposed as waste to landfills [33,34].



Therefore, global waste with a value projected to increase to USD 530 billion in 2025 will generate 2 billion tons/year of materials, composed of 40% of consumer products. Around 13% of these materials is represented by plastics, 9% by textiles and 15% by food, while the majority of this waste is due to the urbanization population growth and the worldwide economy development [32]. Regarding the regions, 50% and 38% of this waste is produced in Asia Pacific and Europe respectively. This high increase, in fact, is directly connected to the wellness economy, which grew annually by 6.4% from 2015 to 2017, nearly twice as fast as the economic growth (3.6%), increasing to USD 4.5 trillion [33]. Just as an example, it has been calculated that only the worldwide personal care and beauty waste increased to USD 1082 billion in 2017 [33], producing every year more than 120 billion units of packaging, 60% of which are not biodegradable. Unfortunately this waste material is partially recycled while the majority of them are mainly incinerated. Thus, there is a necessity to change the linear economy into a circular economy [34,35] by a more environmentally-friendly approach based on the use of recycled or recyclable, textiles, packaging, surgical and beauty masks. This is the aim of the New Plastic economy Commitment organized by the Ellen MacArthur Foundation in collaboration with the United States Environment Program, which includes also companies representing 20% of the global plastic packaging producers. Therefore, it is time to produce zero waste, drastically reducing the current consumption of non biodegradable plastic, the waste of which is entering in the food chains with dangerous effects on flora, fauna and humans. Estimates suggest, in fact, that annually more than 100,000 marine mammals and turtles and over one million sea birds are killed by marine plastic, which, broken down into 5.25 trillion of micro-pieces, adsorb toxins, resulting in poisoning of animals that accidentally ingest it [35].



Currently, as previously reported, the problem of plastic waste is further increased by the COVID-19 problem due to the increased use of protective and sanitizing products. A growing number of countries, in fact, are encouraging citizens to wear protective equipment in public to cover the face by masks and protecting the hands by gloves, which have to be cleaned frequently by sanitizing gels, which are unfortunately packed in fossil plastic [34,35]. As a consequence consumers have embraced the clean and health concept, changing their purchase habits. They buy not only more masks, gloves, cleaning solutions and gels, but also more colored cosmetics, rethinking nail and eye care at home and outside, due to the closure of the beauty salons also [36]. Consumers, in fact, wearing masks, try to look more attractive, evidencing their eyes and nails by the use of more colored make-up [36]. Moreover the anxiety, shifting focus to health and safety, encourages consumers to seek protection against outdoor and indoor pollution also, for trying to go back to a more sustainable lifestyle [37]. Thus, the level of air pollutants, which are increasing worldwide, may be considered the real cause of many health-related problems with risks of microbial and viruses’ infections, such as the COVID-19 pandemic, certainly connected also with a wrong way of consumption. In conclusion beauty standards are evolving and customers are appreciating who they are, thus looking for a different way of living, more respectful of both their personal health and the planet’s environment.



Consequently, “conscious consumers are seeking out to make positive decisions about what they could buy, looking for a solution to the negative impact environment and consumerism are having on the world” [38]. Moreover, they are looking for high quality and high performing cosmetic and healthy products that, made by natural ingredients and sustainable and transparent production, could be able to effectively shift their activities from aging to longevity [39].



Therefore, surgical and beauty face masks, designed and realized by biodegradable natural materials, appear to become an important part of future products requested and purchased from consumers.




5. Innovative Renewable and Biodegradable Polymers for Non-Woven Tissues


As previously reported, the world generates around 2 billion tons per year of municipal waste, expected to grow to 3.4 billion tons by 2050. In the future the recycling of waste will become mandatory as a pivotal methodology of its management. Thus, also a great part of organic waste would be recycled for obtaining natural polymers such as starch, cellulose, lignin and chitin to be used for making biodegradable non-woven tissues and films [40], suitable to produce innovative SFMs and BFMs. These biobased polymers are generally processed by standard non-woven industries and by high throughput manufacturing techniques (melt blown, spun bond and casting) [41].



The electrospinning technology is the most used in cosmetic and regenerative medicine because it may easily create three dimensional fibrous scaffolds, closely imitating the nano-to micro-mesh work of the native extracellular matrix (ECM) [6,42,43,44,45]. By this technology it seems possible to produce scaffolds mimicking the structure and function of the ECM, necessary to allow the normal function and interaction of the skin cells [32]. Moreover, it is possible to obtain polymeric nanofibers of thin size tissues, characterized for their higher effectiveness because of their high surface to volume ratio and the many interfibrillar nano-dimensioned holes catching the air nanoparticulate. The use of this technique could be an alternative to the traditional production of spun-bonded or melt blown tissues, often used as an external or internal layer of the SFMs. However as previously reported, the internal third layer may be obtained generally by the casting technique, by which it is possible to obtain shorter micrometric fibers with less interfibrillar holes, so that both nanoparticles and microorganisms do not have the possibility to pass through (Figure 5).



In any way, the electrospinning is also a very simple technique because it is composed of a unit made by a syringe containing the liquid material consisting of a polymer solution or suspension to be electrospun; a pump that controls the liquid flow rate; a high voltage current supplier; a metal plate collector and a spinneret. Naturally the property of the liquid material and the process parameters are crucial for the physical, morphological and biomechanical performance of the electrospun fibers, which may be characterized and varied for their porosity, tunable pore size and high surface-to-volume ratio [43,44,45]. Thus, it is possible to produce different non-woven tissues designed for different purposes and applications. Many properties of the biomaterials used and the tissue-scaffolds realized, such as porosity, mechanical properties and degradation behavior, in fact, play a pivotal role for their activity as skin regenerating carriers.



The use of biopolymers to produce BFMs and SFMs, therefore, can be promising and useful as well as the electrospinning technique. In fact, only some biobased polyesters, like PLA and its blends, can be extruded into fibers via melt blowing or wet laid processes, while other thermal resistant polymers can undergo degradation during these processes. In general, it has been a considerable challenge to convert polyhydroxyalkanoates (PHA) copolymers as well as other biodegradable polymers into useful forms by conventional melt methods because, after the melting and cooling down processes, they remain substantially tacky. Consequently, there is a need for alternative fiber production methods. Often, the only possible routes for making biopolymer fibers are represented by productive processes made at room temperature, thus involving polymer solutions, like electrospinning with the necessity to use biodegradable and ecosustainable solvents. However, to obtain nanostructured tissues the method of election seems to be the electrospinning technique by the use of polymers water-soluble or suspendible, like the polysaccharides-based ones.



For producing SFMs or BFMs several biobased materials can be considered. The class of polysaccharides (Figure 6) consists of very hydrophilic polymers, able to retain water when at the wet state, with the possibility to transfer it to the skin, when in contact with its surface. Hence their use in beauty masks could be useful. Some of these polysaccharides, in fact, may be soluble in water like pullulan or insoluble but easily suspendible, such as starch, cellulose or chitin nanofibrils, obtained as a polymer covered by positive charges. However, all these polymers’ results are promising for their possibility to be electrospun in water [43,44,45,46]. On the other hand, they are not highly thermally resistant, so their processing by conventional methodologies can be quite difficult.



On the contrary the less hydrophilic biopolyesters, such as PLA and PHA, can easily undergo by conventional processing methodologies to produce non-woven tissues. Thus, PLA, obtained from polymerization of lactic acid, and PHA, obtained from microorganisms, are materials potentially suitable for making SFMs and BFMs, being fully biobased and biodegradable polymers as well as the commercial biopolyesters poly (caprolactone) (PCL), poly(Butylene succinate (PBS) and poly(butylene adipate-co-terephthalate) (PBAT) obtained partially by non renewable sources. However, the actual industrial trends are oriented to obtain these polymers from renewable sources only, for having in next years more commercially available fully biobased biopolyesters.



Lignin, obtained from forestry and agro-food waste, can be considered another useful material in SFM and BFM for its intrinsic antioxidant properties also. Moreover, being an electronegative hydrosoluble polymer, forms in water complexes with chitin nanofibrils. These complexes have been studied as potential carriers of active biomolecules for cosmetic and biomedical applications [47].



All these biobased materials can be considered for producing SFMs or BFMs so that their applications, advantages and disadvantages are reported in Table 1, where chitin nanofibrils-lignin complexes (CN–LG), PLA, PHA, pullulan or starch and cellulose were compared, considering their processing properties and end-life, when used as the main materials for this use.



Among the many polysaccharides and natural polymers, chitin and lignin, seem to represent a good alternative, being obtainable in great quantity from food waste and agro-forestry biomass respectively [46,47]. These polymers are the most abundant natural polymers considered as prospective raw materials suitable to produce green surgical and beauty masks according to our previous research activities [48,49,50]. Moreover both the polymers have shown to have antibacterial, antioxidant and skin regenerative activity, suitable to realize innovative and biodegradable tissues [51,52,53]. Chitin and lignin, being nontoxic compounds that are easily biodegradable, have been used in their nanosizes (i.e., chitin nanofibrils (CN) and nanolignin (LG)) to increase their effectiveness in realizing non-woven tissues [54] and films [55,56], because of the higher surface-to-volume ratio in respect to their normal dimensions. Their application seems to be more suitable to produce directly BFMs by the use of electrospun tissues, characterized for their antioxidant, antimicrobial and cell’s regenerative effectiveness. In the case of SFMs, the CN–LG complexes can be used to modify polymeric substrates, through methodologies such as powder impregnation and water based coatings [47]. Interestingly CN–LG complexes can act as carrier of various functional molecules and this possibility was successfully evidenced incorporating into the CN–LG glycyrrhetic acid, extracted from the liquorice plant [57]. This acid, in fact, possesses evident antimicrobial and anti-inflammatory properties useful for the surgical masks.



However, it is important to remember that many other common biodegradable polymers used in skin tissue regeneration are either natural or man-made, such as starch, cellulose, gelatin, pullulan or polylactic acid (PLA), polyglycolic acid (PGA), PGA-PLA copolymers and polyhydroxyalkanoates (PHA). All these polymers, as previously reported, have shown various advantages or disadvantages when used for tissue production but can be adopted in dependence of the desired final properties. PLA, for example, has a high modulus of elasticity and tensile strength but shows also inherent brittleness and low toughness [58]. However, it can be a very good candidate to produce conventional non-woven tissues with a cost similar to the current PP based version. Moreover, the recycling of the masks can be possible as well as its composting in industrial plants [59]. Thus, technologies to modulate PLA based blend properties [60,61,62,63,64] as well as the incorporation of chitin nanofibrils or other nanostructured fillers [65,66,67] have yet to be deeply investigated. It has been shown that these fillers potentiate specific properties of PLA based materials, just as for instance, the incorporation of chitin nanofibrils [68]. Thus, pure PLA or its blends with other biodegradable biopolyesters can be easily processed by traditional non-woven techniques to make SFMs.



On the one hand, hydrophobicity of PLA makes it suitable as a protective external film/tissue to be used as support for the BFMs fabrication. On the other hand PLA based composites with natural fibers [69,70,71] or nanocomposites with a higher hydrophilicity can be of utility for producing other suitable layers of non-woven tissues. The advantage of collecting the post-consumer BFM in the organic fraction of waste can improve the end of life of these products with respect to current versions where mixtures of natural and fossil fibers are used and mainly disposed by landfill.



PLA does not have intrinsic functional properties, although a slight antimicrobial behavior was evidenced [63,67] and attributed to the presence on its surface of a low concentration of lactic acid, known as a biocide. Hence the coating of PLA non-woven and their substrates with functional compounds incorporating antioxidant, anti-inflammatory and skin regenerative properties, seems to be a relevant process, yet studied by several authors. Miletić et al. [72] developed active coatings with modified and unmodified chitin–lignin nanoparticle complexes to apply them on extruded PLA-based sheets.



On the other hand, the use of PHA can result in the advantage of a tissue or film that should have a very high compatibility with skin, as demonstrated in research studies where compression molded or extruded PHA/starch BFMs based elastic films were produced, with starch acting as a carrier to be applied on the skin [71,73]. The PHA provides the possibility to degrade the mask also in the marine environment [73]. So, in the case that the mask is accidentally lost in the environment, this can be an advantage against littering and marine pollution. Unfortunately, its very narrow processing temperature range may limit its application in several fields.



The use of pullulan [74] or starch results in not being suitable for the SFMs, because these biopolymers are soluble or easily swell out in water. Hence the water vapor of human breathing can induce the partial dissolution of the mask. On the other hand, these polymers are much more interesting for the use in BFMs, as they can produce tissues that dissolve on the wet skin, rapidly releasing the biodegradable cosmetic active ingredients. Moreover, they do not induce the production of solid waste, as they can be removed by washing the skin.



Cellulose may be another cheap alternative to process both SFMs and BFMs by consolidated technologies. However, its hygroscopicity can induce some instability due to the water vapor of breathing and the cellulose fibers, which tend to be pulped by water. Anyway, for a beauty mask pure cellulose seems to be a valid and good support.



Among the biobased, biodegradable and coating materials, chitin nanofibrils can be used as a functional additive for tissues, such as for example PLA films [75] or cellulosic substrates [76]. It is also interesting to underline that chitin nanofibrils have been shown to increase not only the tensile strength and Young modulus of various composites made, for example by chitosan [56,76] or polylactic acid (PLA) [75,77], but also to stimulate the skin differentiation and maturation of CD34-posive cells of rats with the characteristics of stem cells, for example, at the level of the hair bulb (Figure 7) [78]. As it appears from the reported immuno-histochemical study, the CD34-positive cells appear to be more expressed in skin treated by CN and CN-Lutein compared with the non-treated control (Figure 7).



On the other hand, the interesting stimulus activity on CD-34-positive radicular-follicular (i.e., stem) cells reported from our group some years ago [78] has been confirmed recently from other research groups [79,80,81,82]. Thus, it has shown an increasing activity of anagen hair follicles of mice treated topically by chitosan and CN with a contemporary decrease in the number of catagen follicles, compared with the control group [82]. Additionally, it has shown a faster repairing activity on wounded and burned skin of mice and humans skin treated by CN tissue [83,84,85,86,87,88,89,90,91]. The activity on the stem cell could be one of the probable reasons of the skin repairing activity shown from CN tissues, used in vivo by surgical medications to repair the skin affected by burns of the first and second degree [83,86]. It has been shown, in fact, a faster repairing activity of the burned skin treated by CN tissues in comparison with the normal medication in use into the plastic surgery hospital department [86].



What is the reason of the reinforcing activity of chitin nanofibrils when used as a filler to realize nanocomposites with chitosan [76] or polylactic acid [56,71,73]. According to the Yudin group research studies [76], it has been supposed that CN “contributes to the orientation of the chitosan macromolecule that leads to an increased strength and elastic Young module of the composite fibers” as reported on Figure 8, contributing also to the degradability and sustainability of the nanocomposite processing [67,68,76,77]. The introduction of CN into the chitosan matrix could contribute to form a more bioresorbable composite, increasing its biocompatibility, bioactivity, hemocompatibility and effectiveness at the skin level [76,79,80,81].



All the data shown by the reported research studies both in vitro and in vivo [52,53,83,84,85] could explain, therefore, part of the mechanism of the action CN and CN–LG may have on skin, when linked to the fibers’ tissue, made by biopolysaccharide polymers. According to the active ingredients linked to CN and the relative obtained complexes, the tissue may have high regenerative effectiveness on aged skin [40,57,87,88,89] or a faster repairing activity on wounded or burned skin [40,51,52,83,84,85,86]. Additionally as previously reported, we underline the possibility to realize CN films made by short fibers, which, being strictly compressed each to others, are able to filter and stop the entry of microorganisms. On the other hand, the CN-non-woven tissues, made by longer fibers connected to each other with a morphology characterized by many holes, may facilitate the interchanging of oxygen and carbon dioxide with the cells.




6. Conclusions


In conclusion, it is possible to design innovative multilayered surgical face masks made from biodegradable films and non-woven tissue. Thus on the one hand they may reduce the likelihood of being infected with viruses and a microbiome, such as COVID-19, while on the other hand they may favor mouth and nose perspiration. Moreover, both films and non-woven tissues [89,90,91] can be modified by incorporation, impregnation, coatings or grafting techniques with specific ingredients, possessing specific properties, such as bactericidal, anti-inflammatory, skin repairing and being easily degraded or recycled. On the other hand, the current commercial surgical masks, being made of different polymeric materials, are not recycled. This is the reason why many research groups are trying to develop mono-material products to be traced, selectively collected and recycled.



Additionally, it is also possible to make beauty masks, realized by non-woven tissues made by natural fibers and activated by ingredients for hydrating, antiaging, whitening and other cosmetic activities.



These new and smart beauty masks, processed and distributed in the dry state, and activated by water, only when used, may be considered innovative and safe because they are free of preservatives, emulsifiers, colors, fragrances and other chemicals [22,49,50,71,72,73,86]. The active ingredients, in fact, are directly linked to the tissue’s fibers, during the producing process [49,50,57,87,88,89,91]. It is also important to underline that all the carriers (tissues and films) and the ingredients proposed are of a natural origin, totally biodegradable, skin and environment friendly. Moreover, according to the last consumers’ requests and the normal cosmetic principles, these sustainable, genderless and smart beauty masks, focused on natural-derived ingredients and innovative technologies, could be characterized to have more effectiveness against pollution, blue-light and skin aging.



In conclusion, according to the circular-green economy principles and in line with current scientific knowledge, both the surgical and beauty face masks could be made by ingredients obtained from renewable and biodegradable materials, thus contributing to reducing the pollutive worldwide waste and maintaining natural raw materials and the planet’ biodiversity for future generations.
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Figure 1. Surgical face masks layers. 
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Figure 2. (a) The incremental growth of surgical masks [20]. (b) Global surgical masks market share by region in 2018. (c) Disposable surgery face masks by application: industrial and personal (by courtesy of GranViewResearch [18]). 






Figure 2. (a) The incremental growth of surgical masks [20]. (b) Global surgical masks market share by region in 2018. (c) Disposable surgery face masks by application: industrial and personal (by courtesy of GranViewResearch [18]).



[image: Cosmetics 07 00068 g002]







[image: Cosmetics 07 00068 g003 550] 





Figure 3. The normal skin turnover. 






Figure 3. The normal skin turnover.



[image: Cosmetics 07 00068 g003]







[image: Cosmetics 07 00068 g004 550] 





Figure 4. The pathway by which plastic enters the world’s oceans: estimates of global plastics entering the oceans from land-based sources in 2010 (based on data from Jambeck et al. [30]). 
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Figure 5. Fibers dimension and interfibrillar boles of a chitin nanofibrils (CN)-film at SEM. 
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Figure 6. Biopolymers considered for producing a surgical face mask (SFM) and a beauty face mask (BFM). 
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Figure 7. Faster stem cells reproduction onto hair treated by chitin nanofibrils binding lutein [78]. 
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Figure 8. Nanocomposite structure organization made by chitosan fibers (green) and chitin nanofibrils (blue) [76]. 
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Table 1. Fully renewable and biodegradable polymers highly compatible with skin that can be used in surgery face masks (SFM) or beauty face masks (BFM).
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	Mask
	CN-LN
	PLA
	PHA
	PULLULAN or STARCH
	CELLULOSE





	SFM
	X
	X
	X
	
	X



	Advantages
	-Compostable

-Easily processable by electrospinning

-Antimicrobial

-Antioxidant
	-Easily processable

-Recyclable

-Compostable

-Slightly antimicrobial

-Cheap
	-Recyclable

-Compostable in marine environment
	
	-Easily processable

-Cheap



	Disadvantages
	none
	Compostable only in Composting Plant
	-Not easily processable
	-Soluble or swelling in Water
	-Low resistance to Water Vapor



	BFM
	X
	X
	X
	X
	X



	Advantages
	-Compostable

-Easily processable by electrospinning

-Antimicrobial,

-Antioxidant

-Regenerative for skin cells
	-Cheap and compostable
	-Compostable in marine environment
	-Efficient release of actives

-Compostable

-Easily processable by electrospinning

-Removal with water (no solid waste)
	-Easily processable

-Cheap



	Disadvantages
	none
	-Hydrophobic

-It needs adding actives
	-Not easily processable

-It needs adding actives
	-It needs adding actives
	It needs adding actives







CN–LG = chitin nanofibrils-lignin complexes; PLA = poly(lactic acid); PHA = poly(hydroxyalcanoate); SFM = Surgical Face Masks (SFM); BFM = Beauty Face Masks (BFM).
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