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A Commentary on
 Preparation, characterization and application of rod-like chitin nanocrystal

by using p-toluenesulfonic acid/choline chloride deep eutectic solvent as a hydrolytic media by Cao, S.-L., Gu, W.-M., Ou-Yang, W.-D., Chen, D.-C., Yang, B.-Y., Lai, L.-H., et al. (2019). Carbohydr. Polym. 213, 304–310. doi: 10.1016/j.carbpol.2019.02.092




INTRODUCTION

Chitin nanocrystal (ChiNC) is a unique bio-based nanomaterial extracted from chitin. This nano-biopolymer is biocompatible, biodegradable, and antimicrobial. In recent decades, ChiNC exhibits great potential in several fields, such as bio-medicine (Sahraee et al., 2017) and biocatalysis (Huang et al., 2018). In the recent publication from our research group, a green preparation method for ChiNC was established by using deep eutectic solvent (DES) as media and the relative ChiNC product was proved to be an excellent enzyme carrier for lipase immobilization. In this commentary, we would like to add some information for the design of the recyclable ChiNC nanocrystal enzyme carriers by using DES as media, which provides insight in enzyme immobilization.



CHALLENGES IN DEVELOPING MILD AND GREEN METHODS IN PREPARING CHINC ENZYME CARRIERS

According to the previous studies, acid hydrolysis (Gopalan and Dufresne, 2003; Goodrich and Winter, 2007) and oxidation (Fan et al., 2008) are common ways of producing ChiNC. However, there are some drawbacks in these methods.

In the acid hydrolysis, abundant acid medias (mineral acids and/or organic acids) were used. Unfortunately, these acid medias were difficult to recycle. This leads to waste of resources and pollution. For example, during a typical acid hydrolysis process of ChiNC, treating 1 g of chitin materials would consume about 30 mL 3 mol/L HCl at first. In the following process, about 5–10 times of water (150 to 300 mL) was required for dilution (thus, the HCl media cannot be reused). In addition, this process needs to be repeated for more than three times. Moreover, 3.6 g of NaOH was used to neutralize the HCl media. In general, to treat 1 kg chitin, about 30 L 3M HCl solution, 3.6 kg solid NaOH, and more that 600 L water was consumed. Besides, as for TEMPO(2,2,6,6-Tetramethyl-1-piperidinyloxy)-oxidation, to fabricate the ChiNC with abundant carboxyl groups, 1 mol TEMPO and more than 100 L water are needed to treat 1 kg of chitin. Thus, designing the ChiNC preparation process by using hydrolytic media with low volatility and reusability is urgently needed to solve this problem.

Deep eutectic solvents (DESs) are mixtures consisting of hydrogen bond donor and acceptor pair with low volatility. Thus, DESs exhibit great potential as recyclable reaction medias. Moreover, it is important to choose a good diluent. The following requirements need to be met as a suitable diluent: (1) the diluent should be completely miscible with DES to form a homogeneous mixture solution; (2) since the high viscosity of the DES resulted in lower sedimentation efficiency, the diluent should have relatively low viscosity to reduce the viscosity of the mixture media; (3) in order to separate and recycle the dilute and DESs from the mixture media, the dilute should be volatile with a suitable boiling point. In our previous experiments, ethanol was found to fulfill all the above requirements. Also, it is noteworthy that the ChiNC is easy to sedimentate in the ethanol media.

Thus, in our latest publication, a type of acidic DESs (p-toluenesulfonic acid/choline chloride, PTA-ChCl) was used. The preparation process was designed as follows (Figure 1): (1) chitin raw material was treated with PTA-ChCl DES to form ChiNC; (2) the mixture was diluted by about absolute ethanol and centrifuged to separate the ChiNC product and mixture media (containing PTA-ChCl and absolute ethanol); (3) the ChiNC product was furtherly washed with absolute ethanol; (4) PTA-ChCl and absolute ethanol was separated from the mixture media obtained in step (2) by distillation or rotational evaporation. In these preparation process, the PTA-ChCl and ethanol can be reused.


[image: Figure 1]
FIGURE 1. The scheme of the ChiNC preparation process by using DES as media.




FUTURE PERSPECTIVE

There are several aspects that need further exploration in using DESs to prepare ChiNC nanocarriers. Firstly, the effects of different DESs treatments on the physical and chemical properties of the ChiNC nanocarriers need to be further investigated. This can help researchers to design more efficient and greener ChiNC preparation processes. Secondly, a clear understanding of the interaction between ChiNC enzyme carriers and enzyme is lacking. Until now, the mechanism of the interaction of the enzyme and carriers at the atomic and molecular level still require further investigation. Thus, molecular dynamic simulation and quantum chemistry is a promising way to better explain the underlying mechanism at the atomic and/or molecular level.
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