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Synthetic polymers and biodegradable and biobased polymers are currently the largest
class of materials studied and used for various applications due to their unique and peculiar
properties. For manufactured products made of non-biodegradable polymers, effective end-
of-life management through mechanical and chemical recycling is crucial for their future
consumption, especially in the case of products with short lifetimes that generate large
volumes of waste. For biodegradable polymers, often obtained from renewable sources,
the additional opportunity for organic recycling by composting or anaerobic digestion for
the end-of-life of such products is a very beneficial element that fits well with the circular
economy principles [1]. This can be particularly advantageous for widespread products
such as packaging, personal care, cosmetics, and sanitary products that could be gradually
replaced with renewable and biodegradable materials. Another exciting aspect is that
many renewable materials exhibit high biocompatibility, which could facilitate their use in
various applications associated with body and skin contact [2].

In addition to their primary function (protection, containment, preservation, etc.), con-
sumer goods must often possess additional properties that enhance product performance.
To this end, several approaches have been proposed to endow polymers with specific
functionalities, such as antioxidant, antimicrobial, and anti-inflammatory properties. For
example, incorporating functional additives into polymer matrices by extrusion or solvent
casting [3,4] or the deposition of additives on the surface of the finished product [5] are
effective methods that improve the performance of biobased materials and significantly
increase their efficiency and competitiveness compared with fossil-derived materials.

Many molecules and biomaterials from terrestrial or marine environments can be
considered for formulating or modifying short-lived polymeric products. A wide range
of natural molecules from the marine environment, for example, exhibit antimicrobial
properties and could potentially be used in cosmeceutical and nutraceutical applications
due to their depigmenting, UV-filtering, anti-inflammatory, anti-wrinkle, anti-ageing, mois-
turizing, anti-acne, as well as antioxidant and cytoprotective properties [6,7]. However,
molecules of plant origin have some limitations because plants grow slowly, and their
chemical composition varies from region to region and season to season. In any case,
molecules extracted from different terrestrial plants may be of interest because they are
already widely available and can be accumulated in different plants [8]. Another signifi-
cant advantage is that these molecules can often be obtained from agricultural wastes or
by-products [9]. For example, waste materials from agri-food industries represent an easily
accessible source of phenolic compounds that have recognized antioxidant properties and
that, in addition to their use as dietary supplements or as additives in functional foods,
have also become increasingly attractive technologically for their possible exploitation in
materials science [10,11]. Incorporating polyphenols into polymers, either for stabilization
or functionalization purposes, is particularly relevant for active food packaging to prevent
or slow oxidative deterioration of food [12]. For example, several articles have reported that
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polyphenols from by-products of the agribusiness industry, including grape pomace, spent
coffee grounds, orange peels, pomegranate processing waste, and walnut shells, can exert
powerful stabilizing action on various polymers, proving to be competitive and low-cost
additives for active packaging and food preservation [13–16].

In recent years, biomolecules have also emerged as a promising tool to confer antimi-
crobial resistance and inhibit biofilm formation, which is the preferred growth strategy
for the expansion and survival of many clinically and environmentally relevant microor-
ganisms. Chemical biocides are commonly used to control microbial contamination and
biofilm. However, several concerns are related to these substances' intensive and prolonged
use. Long-term exposure to antimicrobial agents, for example, can increase the tolerance of
microorganisms to certain compounds and lead to antimicrobial cross-resistance [17]. In
addition, the most used biocides can impact the environment and human health. Therefore,
interest in additional or alternative compounds has increased, and identifying biobased
compounds from natural sources as new disinfectant products is one of the most current
challenges. It has been shown that polyphenols can inhibit biofilm formation or even
eradicate it. In addition, several works have suggested using biomolecules to impart
antimicrobial and antioxidant properties to fibers and nonwoven fabrics. For example,
poly(vinyl alcohol) fibers containing liquorice root extracts (with antimicrobial properties)
were obtained by electrospinning [18], antiviral polymerization fibers were prepared with
cranberry extracts [19], and mixtures of polyphenols extracted from cloves, green tea, and
olive leaves were deposited on the surface of nonwoven face masks showing virucidal
properties [20].

However, biomolecules are vulnerable to oxygen, light, heat, and pH. Therefore,
encapsulation of these molecules can be helpful for better modulation of their proper-
ties and easier integration of functional molecules into the final product [21]. In par-
ticular, combination with nanostructured materials can lead to the preparation of stable
bio-nanosystems [22] that can improve the solubility and bioavailability of these substances,
protect them from environmental conditions, and enable their controlled release and tar-
geted delivery. Biopolymers or nanoinorganics are often considered to encapsulate active
molecules. An example of nanoinorganics is layered double hydroxides (LDH), which
were used to encapsulate salicylic acid and rosmarinic acid [23]. Biopolymers obtained
by biotechnology that are useful as carriers of functional compounds are pullulan [24]
or bacterial cellulose [25]. Renewable biopolymers can be used, for instance, as active
encapsulants, as in the case of chitin nanofibril–nanolignin complexes [26], which are both
antimicrobial and antioxidant. These complexes were used to encapsulate vitamin E or
C, lutein, glycyrrhetinic acid, and nicotinamide. Ulvan [27] can be considered another
encapsulant for active biomolecules. Researchers are particularly engaged in studying
the synergistic actions of such bio-nanosystems [26,28,29] and investigating techniques to
apply them on polymeric substrates [29].

Nevertheless, encapsulation followed by coating is not the unique methodology for
modifying polymeric substrates (Figure 1). For instance, grafting enhanced by plasma or
electron beam technologies is also widely considered [30]. After all, the chemical nature
and surface morphology of polymeric substrate also play a crucial role in the modification
process and its effectiveness.

This short editorial does not pretend to be exhaustive on all possible topics related
to the preparation and characterization of functional polymeric materials using active
biomolecules. It only gives some input to the authors to propose their research. By
collecting valuable manuscripts for this Special Issue, we intend to focus the attention of
polymer scientists on the advantages that can be obtained in using biomolecules from the
marine or terrestrial environment, including as waste or by-products, to endow polymeric
materials with functional properties by discussing their possible applications and prospects
for use.
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Figure 1. Example of production of encapsulated active molecules that can be suitable for the 
modification of polymeric substrates. 
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