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Introduction

Manufacturers are trying to replace plastic materials in the food packaging industry with biodegradable and edible
films. Biodegradable edible films and coatings are mainly made from carbohydrates, lipids and proteins and their
mixtures. In recent decades, various carbohydrates from plant sources have been investigated and introduced as new
compounds for the preparation of these films. Flaxseed gum is a white to cream-colored powder that dissolves in water
and produces a gel, and is a desirable compound for forming films and coatings. Recently, through the integration of
reinforcements or fillers with at least one nanometer dimension in the substrate of one or more natural biopolymers, the
physicochemical, mechanical, optical, thermal and barrier properties of pure biofilms have been improved. The use of
cellulose nanoparticles in biofilms as a reinforcing agent for polymer materials leads to the creation of composite films
with better quality characteristics and leads to the creation of functionalization activities in film production. Therefore,
the aim of this research was to produce and characterize edible and biodegradable film based on the combination of
flaxseed gum and cellulose nanocrystals.

Materials and Methods

Cellulose nanocrystals (Degree of crystallinity: 42% and average particle size: 58 nm) were extracted from cotton
linters. Glycerol and other chemicals used for this research were obtained from Merck, Germany. Flaxseeds were
purchased from the local market of Shiraz (Iran). Bionanocomposite films were prepared from different ratios (0:100,
30:70, 50:50, 70:30 and 100:0) of flaxseed mucilage (2% w/v) and cellulose nanocrystal (6% w/v) solutions. The prepared
solutions were poured on a petri dish with a diameter of 15 cm and dried in an oven at 80°C for 4 hours. Their physical,
color and mechanical properties were investigated and the best ratio was selected for the preparation of bionanocomposite
film. The produced films were subjected to different analysis to determine thickness, solubility, water absorption capacity,
permeability to water vapor, tensile strength, elongation at break point, and colorimetry. The microstructure of the
produced film was studied using a scanning electron microscopy (SEM).The average data were analyzed by analysis of
variance in a completely randomized design using SPSS 22.0 software. Differences between treatments were expressed

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
ET any medium or format, as long as you give appropriate credit to the original author(s) and the source.
https://doi.org/10.22067/ifstrj.2023.79467.1214



mailto:hannan.lashkari@iau.ac.ir
https://doi.org/10.22067/ifstrj.2023.79467.1214
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2023.79467.1214
https://orcid.org/0000-0002-2831-3119
https://ifstrj.um.ac.ir/

V¥ 33T i o5l I8 ol oyl 18 qolio g pole sleidois aspis VY

in Duncan's multiple range test at the 95% probability level (p<0.05) and the corresponding graphs were drawn with Excel
2013.

Results and Discussion

The results of the film thickness test showed that the film containing 100% mucilage has the lowest thickness and
with the addition of cellulose nanocrystals, the thickness increased significantly (p<0.05). The results of the water
solubility and water absorption capacity of the film samples showed that the addition of cellulose nanocrystals to the
flaxseed mucilage film initially led to a significant decrease in the water solubility and water absorption capacity (p<0.05),
so that the lowest level ofthese two physical parameters were obtained in the film containing the combination of 70%
flaxseed mucilage and 30% cellulose nanocrystal, and then with the increase of cellulose nanocrystals, an increase in
water solubility and water absorption capacity of the films was observed. Nanocrystal cellulose at low levels (30%) acted
as a filler and was uniformly dispersed in the network of the film and by filling the empty pores of the biopolymer film
based on flaxseed mucilage, it caused the transfer of water vapor more complicated and reduced the permeability to water
vapor. However, its higher amount increased the permeability of the film to water vapor.The results showed that by adding
cellulose nanocrystal to the film based on flaxseed mucilage and increasing its amount, the brightness of the films
decreased and the intensity of redness, yellowness and turbidity of the films increased significantly (p<0.05). By
combining flaxseed mucilage and cellulose nanocrystals in a ratio of 30:70, the best film was produced in terms of
mechanical strength and stability against moisture and water vapor. The SEM image of this film showed a smooth, even
surface and a uniform distribution of cellulose nanocrystals in the film network.

Conclusion

The results finally showed that the combination of flaxseed mucilage and cellulose nanocrystals in a ratio of 30:70
was able to produce a biodegradable and edible film with favorable structural and barrier properties. The characteristics
of this film include; thickness (0.313mm), solubility (53.42%), water absorption capacity (44.44%), permeability to water
vapor (0.350 g.m%s?Pa! x 10 -19), tensile strength (0.973 MPa), elongation at break point (30.52%) were obtained. The
colorimetric indices L*, a*, b* and turbidity were determined as 79.73, 1.95, 3.48 and 1.335 mm-* respectively.
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Table 2- Data obtained from examining the mechanical properties of films based on flaxseed mucilage and cellulose

nanocrystals
Treatments Tensile strength (MPa) Elongation at break point (%)
u)w & s P|s . ‘ . S - wu‘; " 5
T1 0.691 + 0.037 d 26.88+0.81¢c
T2 0.780+0.051 ¢ 28.69+097b
T3 0.892+0.023 b 29.88 +1.05ab
T4 0.973+0.045a 30.52+0.59 a
T5 0.851 + 0.034 bc 30.89+0.77a
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*The results are reported as mean + standard deviation. The presence of at least one common Latin letter indicates that there is no
significant difference between the values of each column at the 5% probability level. T1: 100% cellulose nanocrystals; T2: 70%
cellulose nanocrystals+30% flaxseed mucilage; T3: 50% cellulose nanocrystals+50% flaxseed mucilage; T4: 30% cellulose
nanocrystals+70% flaxseed mucilage; T5: 100% flaxseed mucilage.
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Table 3- Data obtained from examining the color properties of films based on flaxseed mucilage and cellulose nanocrystals

Treatments L* a* b* Opacity (mm?)
W) lo S by, Ky S-S50 58 Ky 263y 98

T1 73.96+1.09d 257+011a 520+0.18a 1.946 +0.015a

T2 75.35+0.87¢c 240+0.02b 4.72+0.14b 1.805+0.042b

T3 76.91+0.96b 229+0.13b 419+037¢c 1518+0.016 ¢

T4 79.73+0.99a 1.95+0.08c 3.48+0.29d 1.335+0.026 d

T5 81.70+1.16a 1.72+0.06d 258+0.21e 1.179+0.033 e
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*The results are reported as mean + standard deviation. The presence of at least one common Latin letter indicates that there is no
significant difference between the values of each column at the 5% probability level. T1: 100% cellulose nanocrystals; T2: 70%
cellulose nanocrystals+30% flaxseed mucilage; T3: 50% cellulose nanocrystals+50% flaxseed mucilage; T4: 30% cellulose
nanocrystals+70% flaxseed mucilage; T5: 100% flaxseed mucilage.
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Fig. 1. SEM images: (A) Surface section of film based on 100% flaxseed mucilage; (B) Surface section of film containing 30%
cellulose nanocrystals; (C) Cross section of film containing 30% cellulose nanocrystals
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