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Sustainable bioactive films by self-assembly of 

natural polyphenols-containing chitin nanocrystals
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𝐷𝐷13𝐶 % = 1 −
𝐼𝐶𝐻3

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐼𝐶1−𝐶6
× 100

𝐷𝐷1𝐻(%) = 1 −
1/3 × 𝐼𝑁−𝐶𝑂𝐶𝐻3

𝐼𝐻2 𝐺𝑙𝑐𝑁𝐴𝑐
× 100

𝐷𝐷𝐶𝐻𝑁𝑆 % = 100 × (4 − 0.583093 × 𝑤𝑐/𝑛)

𝑤𝑐/𝑛 =
𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑎𝑟𝑏𝑜𝑛 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒

𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑛𝑖𝑡𝑟𝑜𝑔𝑒𝑛 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒

1H NMR in suspension

13C Solid State NMR
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ChNCs

L = 321 ± 166
W = 36 ± 13

CsNCs

L = 312 ± 168
W = 37 ± 15 1 µm

1 µm

Epigallocatechin gallate (EGCG)
MW = 458 g/mol
Pyrogallol/ Catechol = 5.59 mmol/g
Other phenolic OH = 5.24 mmol/g

CsNCs + glycerol (30 wt%) + EGCG (1wt%) 
CsNCs-E film

Tannic Acid (TA)
MW = 1701 g/mol
Pyrogallol/ Catechol = 4.93 mmol/g
Other phenolic OH = 0 mmol/g
CsNCs + glycerol (30 wt%) + TA (1wt%) 

CsNCs-T film

Methanol insoluble fraction of hardwood 
lignosulfonate (MIHLS)
ഥ𝑀𝑛= 8000 g/mol

Pyrogallol/ Catechol = 0 mmol/g
Other phenolic OH = 1.3 mmol/g
CsNCs + glycerol (30 wt%) + MIHLS (1wt%) 

CsNCs-L film
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CsNCs + glycerol (30 wt%) → CsNCs-G film
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Film morphology by SEM

Antioxidant activity (DPPH assay)Antibacterial activity 

Chitin nanocrystals (ChNCs)

3 M HCl, reflux, 4h

CsNCs-based films Aqueous colloidal
dispersion of CsNCs

Chitin

Surface deacetylated chitin
nanocrystals (CsNCs)

12.5 M NaOH, 
reflux

35 g/l, pH 5.8
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