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Highlights 

- The main conclusion arising from the analysis of the result is that the bionanocomposites containing 6 wt% 

of Cellulose nanocrystal (NCC) exhibited the highest improvement in tensile strength and WVP compare to 

control film. Intermolecular interactions between NCC and protein molecules were found in the film as 

determined by FTIR spectroscopy. Thermo-gravimetric analysis revealed that films containing 6 wt% of NCC 

exhibited the higher degradation temperatures with the lower weight loss, compared with other samples. 

- The addition of liposomes and essential oil (EO) in the polymeric matrix supposed a decrease of the 

thermal and mechanical resistance of the films. Also antimicrobial analysis presented enhanced 

antimicrobial activities of EO after the encapsulation. 

- The results of microbiological, chemical and sensory analysis showed that coats contains 2% of EO 

and Nanoliposome EO increase the shelf life of the fillets. Moreover increase in antimicrobial stability 

along with a decrease in Cinnamon EO release rate was observed for the nanocomposites incorporated 

with EO nanoliposomes compared with EO. 
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Introduction (Hypothesis and aims) 

Among various biopolymers, fish myofibrillar protein (FMP) gained high interest in 

the development of edible coatings due to their nutritive values and better properties. 

Fish myofibrillar proteins can be used to prepare films with transparency and good 

strength. These proteins are capable of forming a continuous matrix during drying of 

films. However, poor mechanical and barrier properties as compared to plastics limit 

their industrial usage. Therefore, nano-particles with the filler property has used as 

reinforcing in biopolymer films. In this sense, Cellulose nanocrystals are highly 

crystalline and exhibit excellent properties like high tensile strength and modulus. In 

addition to, the heightened demands by consumers for better quality and improved 

freshness of food products have given rise to the development and implementation of 

edible films containing essential oils. Applications of these edible films may be useful 

to prolong the shelf life for fish and meats. Within a great variety of EOs, Cinnamon 

essential oil (CEO) is well known for its antioxidative and antimicrobial activity. 

However, Due to its volatile nature, essential oils can evaporate from film forming 

dispersions during drying, thus reducing its effectiveness in dried films. The 

encapsulation of essential oils could be a solution to maintain their usefulness for a 

longer time, by a control release of the compounds. The encapsulation of a 

hydrophobic compound in an aqueous dispersion requires the utilization of amphiphilic 

substances such as lecithin. In addition, the hydrophilic character of protein films can 

be modified by different techniques such an adding hydrophobic compounds to film 

formulation. Thus, the aim of this work was the production and characterization 

(physical, mechanical, thermal, barrier, microstructure and antimicrobial activity) of 

Protein-Cellulose nanocrystal films containing nanoliposomes as carriers of 

antimicrobial compounds (Cinnamon essential oil). In the next step the investigated the 

effects of bionanocomposites films containing EO and Nanoliposomes EO on the 

microbiological, chemical and sensory qualities of refrigerated rainbow trout fillets for 

16 days. 
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Other Information (including tables and figures) 

Bionanocomposites were prepared by incorporating 2, 4, and 6 wt% of the NCC 

into a fish myofibrillar protein matrix using a solution casting method. 

Bionanocomposites containing 6 wt% of NCC exhibited the highest improvement in 

tensile strength and WVP compare to control film. Thermo-gravimetric analysis 

revealed that films containing 6 wt% of NCC exhibited the higher degradation 

temperatures with the lower weight loss, compared with other samples. The addition of 

liposomes and essential oil in the polymeric matrix supposed a decrease of the thermal 

and mechanical resistance of the films. Also antimicrobial analysis presented enhanced 

antibacterial activities of EO after the encapsulation. Generally Films containing EO 

2% and Nanoliposome EO 2% were selected as the optimal treatment with an 

emphasis on antimicrobial analysis results and their effectiveness on quality and 

enhance shelf life of Rainbow trout fillet during refrigerator storage (4°C) was 

evaluated. The results of microbiological, chemical and sensory analysis showed that 

coats contain of EO and Nanoliposome EO increase the shelf life of the fillets.  

Importance 
 

Global environmental concern, regarding the use of non-biodegradable petroleum- 

based packaging materials, has been encouraging researchers, industries and 

governments in the quest for alternative materials made from natural biopolymers. 

Nowadays, it is well known that edible and biodegradable films obtained from 

biopolymers are able to substitute, at least partially, conventional plastics. The 

biodegradable plastics, after their useful life, get assimilated by microorganisms and 

return to the natural ecosystem without causing any pollution or harm to the 

environment. In addition to, the heightened demands by consumers for better quality 

and improved freshness of food products have given rise to the development and 

implementation of edible films containing essential oils. These films can help maintain 

and improve the quality of fresh, frozen and processed muscle foods by reducing 

moisture loss, lipid oxidation and color deterioration, and acting as carriers for 

antimicrobial and antioxidant food additives. Different spoilage mechanisms reported 

to be involved in the quality loss of fish during storage include microbial development, 

endogenous enzyme activity, non-enzymatic lipid oxidation and enzymatic browning. 

These activities lead to a short shelf life in fish and other seafood products. 

Applications of edible films, such as polysaccharides and proteins, containing essential 

oils (EOs) may be useful to prolong the shelf life for fish and meats.  
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Other Information (including tables and figures) 

 

Figure 1. Typical particle size distribution and zeta potential curves of the nanoliposomes of CEO. 

 

Table 1. Mechanical properties and water vapour permeability of FMP-based Film as affected by NCC 

content (wt %).  

Water vapor permeability  

(10-10 g/ms Pa) 

Elongation at break  

(%) 

Tensile strength  

(MPa) 

NCC content  

(wt %) 

3.41±0.06a 93.58±3.03a 6.00±0.28c 0 

2.95±0.08b 90.49±2.93ab 6.84±0.09b 2 

2.73±0.10c 86.84±3.12b 7.19±0.09b 4 

2.28±0.09d 87.63±2.52b 8.94±0.33a 6 

Any two means in the same column followed by the same letter are not significantly different (P > 0.05). Data are 

expressed as mean ± standard deviation. 
 

 

Table 2. Mechanical properties and water vapour permeability of FMP-based Film nanocomposites as 

affected by CEO and CEO nanoliposomes incorporation.  

Water vapor permeability 

(10-10 g/ms Pa) 

Elongation at break 

(%) 

Tensile strength 

(MPa) 

Overall CEO concentration 

(%v/v) 

2.28±0.09d 87.63±2.52b 8.94±0.33a 0 

3.33±0.06c 95.98±3.35a 6.42±0.48b CEO 1.5% 

3.50±0.04b 92.48±4.99ab 6.53±0.47b CEO 2% 

3.40±0.08bc 95.45±3.00a 5.52±0.17c L.CEO 1.5% 

3.69±0.01a 94.52±5.23ab 5.71±0.21c L.CEO 2% 

Any two means in the same column followed by the same letter are not significantly different (P > 0.05). Data are 

expressed as mean ± standard deviation. L: nanoliposomes.  
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Figure 2. X-ray diffractograms of (a) NCC; (b) films based on FMP as affected by NCC content (wt %) and 

(c) nanocomposites Film as affected by CEO and CEO nanoliposomes incorporation.  
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Figure 3. TGA curves for (a) films based on FMP as affected by NCC content (wt %) and (b) nanocomposites 

Film as affected by CEO and CEO nanoliposomes incorporation.  
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Figure 4. Total viable bacterial count and Psychrophilic Viable count of rainbow trout fillets wrapped 

without and with nanocomposites Film during storage at 4 °C for 16 days. Blank: unwrapped samples, Pro 

NCC 6%: samples wrapped with FMP/NCC, Cina EO: samples wrapped with FMP/NCC incorporated with 

CEO, Lip Cina EO 2%: samples wrapped with FMP/NCC incorporated CEO nanoliposomes. Bars represent 

the standard deviation (n = 4).   
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Figure 5. Changes in total volatile basic nitrogen (TVB-N) of rainbow trout fillets wrapped without and with 

nanocomposites Film during storage at 4 °C for 16 days. Blank: unwrapped samples, Pro NCC 6%: samples 

wrapped with FMP/NCC, Cina EO: samples wrapped with FMP/NCC incorporated with CEO, Lip Cina EO 

2%: samples wrapped with FMP/NCC incorporated CEO nanoliposomes. Bars represent the standard 

deviation (n = 4).  

 

 


