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The concept of mimetics can be defined in terms of “learning from others” 
or “inspired by others”, and indeed its essence is “universal”. A well-known 
marvelous example of designing materials inspired by nature is human 
flight. Essentially, everything can be mimicked somehow in this huge 
world. In this sense, the characteristics of polysaccharides, including 
chitosan, can shed light on new product development. Owing to the 
interesting features of chitosan, such as nontoxicity, biodegradability, 
antibacterial activity, and the puzzling hydrophobic nature of chitosan 
films, the synthesis of chitosan-mimetic materials represents a promising 
strategy for developing a diverse group of functional products. The 
abundant amino and hydroxyl groups of chitosan are the basis for 
designing different functional materials. It is expected that chitosan-
mimetic strategies may potentially address issues or challenges related to 
the commercial use of chitosan. For example, chitosan functions well as a 
paper additive (e.g. surface sizing); however, its use is strongly hampered 
by high cost, poor water-solubility, etc. In this case, chitosan-mimetic 
products derived from low-cost materials (e.g., starch) may be considered 
as alternatives to chitosan. Limitless types of products stemming from the 
interaction between mimetics and chitosan are designable, potentially 
creating endless opportunities for different industrial sectors. 
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The “Universal” Concept of Mimetics 
 A lot of life lessons or insights can be learnt from nature. Human flight, which is 

mimetic of birds, is a typical example of designing materials via nature’s inspirations. We 

believe that everything in the world has its own value, and something can shed light on 

others in due course. Learning from successful examples benefits us in some ways, and it 

may help to gain success faster. The concept of mimetics is indeed universal, since it is a 

primary means of learning. Mimetics can help us to understand the world, fostering the 

advancement of different scientific disciplines: formal sciences, natural sciences, and 

social sciences. As an example, biomimetics can be used as guiding principles for 

designing paper products with tailorable functionalities (Liu et al. 2005; Wan et al. 2020). 

The bottom line is that learning from “others” can benefit “someone” or “something”. 

 

Chitosan and Its Mimetic Materials 
Chitin is well known to be the second most abundant biopolymer on Earth after the 

group of cellulose, hemicellulose, and lignin. As a structural polymer specific for the early 

evolution of organisms (e.g. arthropods), chitin molecules form fibers, and the fibers are 

bonded via intermolecular forces to form a networked native structure. Chitosan is a chitin-

derived linear polysaccharide containing abundant amino and hydroxyl groups. The 
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commercial production of chitosan involves deacetylation of chitin under alkaline 

conditions. The molecular structure of chitosan is very similar to that of cellulose, and key 

difference is chitosan’s abundant availability of amino groups at the carbon-2 positions of 

repeating units (Hubbe 2019). The uses and applications of chitosan seem limitless. In the 

specific area of pulp and paper, researchers around the world have extensively studied the 

use of chitosan-based chemical additives in paper production; however, commercial uses 

are rare, possibly due to the imbalance between performance and price. Nevertheless, there 

are lots of successful uses of chitosan (e.g., drug manufacturing, control of diseases of fruits 

and vegetables, and slimming diets) (Romanazzi et al. 2018). 

When mimetics meets chitosan, there are definitely new inspirations of product 

development. It is easy to understand that the amino and hydroxyl groups of chitosan can 

be mimicked. The puzzling fact of chitosan films’ hydrophobicity (Hubbe 2019), which 

might be due to the orientation of chitosan molecules. Such evidence can shed light on the 

design of polysaccharide-based hydrophobic materials. Chitosan’s multifunctional 

reactivities, polycationic nature, and antibacterial properties are among the interesting 

features for the motivations concerning the concept of designing chitosan-mimetic 

materials. Typically, researchers at Beijing Institute of Technology and National 

Engineering & Technology Research Center for Paper Chemicals (China) recently 

published a work addressing the synthesis of chitosan-mimetic polymers via ring-opening 

metathesis polymerization (Li et al. 2020). As another example, in a paper published in 

Progress in Polymer Science, researchers at Boston University (United States) shared their 

important insights into mimetics related to different polysaccharides (Xiao and Grinstaff 

2017). It is noted that besides chitosan-mimetic materials, other polysaccharide-mimetic 

materials such as those related to alginate are designable (Wathier et al. 2010). The 

chemical synthesis of a diverse group of materials mimicking structural or functional 

features of chitosan can facilitate the elucidation of chitosan’s structure-performance 

relationships and possibly lead to new possibilities of uses and applications. Broadly 

speaking, different approaches of mimicking the characteristics of chitosan are applicable 

to the design of chitosan-mimetic materials. For instance, the treatment of starch via host-

guest interaction between amylose and a fatty amine to introduce functional amino groups 

can be considerable as an example of using biopolymers for structural mimicking (Fanta 

et al. 2017; Guo 2022). Essentially, different types of feedstocks can be used for designing 

chitosan-mimetic materials.  

 

Some Possibilities 
         As mentioned above, mimetics (including biomimetics) is a very broad and 

insightful term related to all scientific disciplines as well as all corners of life. When this 

term meets chitosan, there are possibilities of understanding the structural features, 

developing processes for efficient utilization of agricultural and industrial wastes, and 

commercializing value-added applications. It is noteworthy that despite chitosan’s 

encouraging features such as antibacterial activity, there are inherent limitations in certain 

cases of uses and applications: (1) relatively high cost associated with production from 

seafood wastes, (2) poor water-solubility, and (3) limited molecule weight. In this sense, 

the development of chitosan-mimetic materials may shed light on new routes. However, 

current research activities in the area of chitosan-mimetic materials are somehow limited, 

and there is definitely much room for further studies. Indeed, lots of products may be 

developed based on mimicking the characteristics of chitosan. Besides the herein 
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highlighted concept of chitosan-mimetic materials, chitosan can alternatively be used to 

mimic the functions of other substances (e.g. peroxidase) (Ragavan et al. 2018). Overall, 

learning from chitosan or other materials is worthwhile. When mimetics meets different 

materials, we are likely to have the chance to understand these materials better, and on the 

other hand, we may design new materials based on our improved insights.  
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