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Abstract: Active chitosan film (Ch) and chitosan nanoparticles/chitin 
nanoparticles film (NCh) were prepared with anthocyanin extracts of mulberry 
fruit (M), grape skin (G), or Roselle (R), and their effect on the mechanical and 
barrier properties was studied. The results showed that the films are self-
contained and have good mechanical and barrier properties. The thickness 
increased significantly for the active ChG and NChG films with 3% grape skin 
extract, 0.083 and 0.071 mm, respectively. The tensile strength increased and 
the elongation percentage decreased for the active films, and the highest 
strength tensile of the active ChM film with mulberry extract was 53.95 MPa 
and less elongation of the active film with Roselle extract ChR was 7.20%, the 
decrease in moisture content decreased with increasing the concentration of 
anthocyanin extracts. The lowest moisture content was 10.30 and 9.25% for 
the ChR and NChR film, respectively, the solubility of the active films 
decreased, the lowest solubility was 18.28 and 14.10% for ChR and NChR 
films, respectively, with Roselle anthocyanin extract. The water vapor 
permeability and oil permeability of the active films decreased with increasing 
concentration of different extracts. The lowest water vapor permeability was 
5.25 and 2.15 for ChM and NChM films, respectively, with mulberry extract. 
The lowest oil permeability was 0.022 and 0.016 for ChM and NChM films, 
respectively, with mulberry extract, which indicates that the mechanical and 
barrier properties of the film can be improved by adding materials active from 
botanical anthocyanin extracts and the active film properties depend on the 
source and concentration of the anthocyanin added. 
 

Introduction 
Many researchers have been interested in studying edible films made of 

biodegradable polymers, which can play a major role in reducing the accumulation 
of waste and environmental pollution on one hand and protecting the surface of 
food from contamination with harmful substances on the other (Galus et al., 2020). 

Chitosan is a biopolymer prepared by deacetylation of chitin that is available in 
the exoskeleton of insects, crustaceans and the cell wall of fungi. It is the most 
abundant polymer in nature after cellulose. Chitosan differs from other 
polysaccharides because of the presence of an amine group that made it 
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characterized by multiple physical, chemical and biological properties such as the 
formation of film and the binding of ions and antioxidant and antimicrobial 
properties. It consists of units of glucosamine, N-acetyl D-glucosamine, and units 
of D-glucosamine linked together by glycosidic bonds of the type β 1, 4. It is 
soluble in acidic solutions, which enables it to possess properties that can be used 
in various medical and pharmaceutical applications and in food processing and 
packaging (Shahidi et al., 1999; Patria, 2013; Rajasree & Rahate, 2013; Divya & 
Jisha, 2018; Wang et al., 2018). 

Food packaging with nano-biopolymers such as chitosan nanoparticles aims to 
improve the physical, mechanical and reservation properties of the films, on one 
hand and to increase their antioxidant and antimicrobial effectiveness on the other 
hand (Divya et al., 2018; Kumar et al., 2021). Many researchers mentioned that the 
addition of nano-biopolymers when preparing edible films led to an improvement in 
the functional, reservation and mechanical properties and increased their ability to 
preserve food products (Divya et al., 2018; Li & Zhuang, 2020; Yanat et al., 2022). 
The polymers are called nanopolymers when their size is 100 nanometers or less, as 
chitosan nanoparticles are one of the most important nano-biopolymers as they have 
better mechanical and functional properties compared to their natural sizes (Joye & 
McClements, 2014; Ramezani et al., 2015). 

Anthocyanin are natural plant pigments soluble in water. They are classified as 
one of the largest groups of phenolic compounds, which are called flavonoids. They 
can be extracted from various sources, such as berries, grape skin and calyx of 
Roselle, which are rich sources of anthocyanin. They are used in the food, 
pharmaceutical, and cosmetic industries (Fang, 2015; Islam, 2019; Kurek et al., 
2019). 

Biopolymers are limited materials in their mechanical, antioxidant, antimicrobial 
and other functional properties. For example, chitosan films have weak water vapor 
retention properties. Therefore, some active materials such as phenolic compounds 
are combined to improve the properties of biopolymer-based films. Such films are 
called active packaging films (Bi et al., 2019; Kumar et al., 2021). Because of the 
increased risks of adding chemicals and industrial preservatives to food and the 
increase in consumer awareness, interest in natural additives such as active 
compounds such as anthocyanin has increased, which has a significant impact on 
extending the shelf life of preserved foods (Zhou et al., 2021). 

There are few studies related to the preparation of films based on nano-
biopolymers mainly prepared from agricultural and animal waste. The current study 
aimed to prepare the most abundant nano-biopolymers in nature, which is chitosan 
nanoparticles, and the preparation of active Nano edible films and the addition of 
anthocyanin from various sources such as mulberry, grape skin and Roselle calyxes 
and study of the mechanical and sequestration properties of the prepared film. 
 
Material and Methods 

Mulberry fruits (Morus alba L.), black grape skins (Vitis vinifera L.) and Roselle 
(Hibiscus sabdariffa L.) were obtained from local markets in Basrah city. Glycerol,
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sodium hydroxide (NaOH), acetic acid (CH 3COOH), Hydrochloric acid (HCl, 
37%) were obtained from Sigma Aldrich. 

 
Preparation of Chitosan and Chitosan Nanoparticles 

Chitin was extracted from Shrimp Shell according to the method of Hisham et al. 
(2021), deproteinization using NaOH, 1M) and demineralization by treating the 
product with (HCI, 2N). Then, decoloration according to the method described by 
Ocloo et al. (2011) by using acetone and a solution of Sodium hypochlorite 
(NaOCl, 0.315%), the product was washed with distilled water until neutralization 
was reached, then dried at 60 m for 5 hours to obtain chitin. Chitin nanoparticles 
was prepared according to the method of Salaberria  et al. (2014) by acid hydrolysis 
(HCI, 3M) at 90 °C for (90) minutes, and centrifuge at 10,000 rpm for 10 minutes 
then transferred to dialysis membranes (12-14 kDa) until the neutral pH was 
reached, the suspension produced was transferred to the Vibra-cell ultrasonic 
(75043) device for 10 minutes, at a frequency of 20 kHz, a power of 50 kW, then 
freeze dried (Hetosick Danemark) to obtain the chitin nanoparticles powder. 
Chitosan (Ch) and chitosan nanoparticles (NCh) were prepared according to 
methods Goto & Teramoto (2020) with 50% NaOH at a temperature of 90 °C.  
 

Extraction of Anthocyanin 
The anthocyanin was extracted according to the method described by Liu et al. 

(2019), 30 gm of mulberry fruits (M), grape skin (G) and Roselle calyxes (R) were 
weight, 100 ml of acidified methanol was added (85 ml methanol +15 ml acetic acid 
solution 1%). Then, placed on a magnetic stirrer for 24 hours, away from light and 
filtering, then the precipitate was washed with acidified methanol until the color 
became pale. The extract was concentrated under vacuum using a rotary evaporator 
at a temperature of 40 °C and kept by freezing in opaque plastic containers. 

 
Preparation of Simple and Active Chitosan and Chitosan Nanoparticles Films 

The films were prepared by solution casting method according to Yong et al. 
(2019) with some modifications. Two grams of chitosan or chitosan nanoparticles 
were dissolved in 100 ml of 1% acetic acid solution, 0.06 g (3% based on chitosan 
nanoparticles) was added to prepare solutions of chitosan nanoparticles films, and 
the solutions where the sample was subjected to ultrasonic treatment (200 watts, 40 
kHz, Vibracell 75043) for 20 minutes. An amount of 0.8 ml glycerol (40 w% based 
on chitosan or chitosan nanoparticles) was added and mixed again for an hour to 
prepare Chitosan films (Ch) and Chitosan nanoparticles (NCh) films. To prepare 
Active Chitosan films and Active Chitosan nanoparticles films, anthocyanin 
extracts from mulberry fruits, grape peels, or red Roselle were added at rates of 1, 2 
and 3 wt% (based on chitosan or chitosan nanoparticles), to prepared ChM1, ChM2, 
Chm3, ChG1, ChG2, ChG3, ChR1, ChR2 and ChR3 To prepare Active Chitosan 
films and Active Chitosan nanoparticles films, anthocyanin extracts from mulberry 
fruits, grape peels, or red Roselle were added at rates of 1, 2 and 3% (based on 
chitosan or chitosan nanoparticles), mixed again for one hour, after which 18 ml of 
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the film solution was poured into plastic dishes on a flat surface with an inner 
diameter of 9 cm, and left to dry for 48 hours. Then, it was removed from the 
dishes. The films were conditioned according to Ezati et al. (2020) by placing the 
films in a glass desiccator at a relative humidity of 55 +1 and a room temperature of 
252 ± °C for 48 hours. 

 
Fourier Transform Infrared (FT-IR) Spectroscopy 

FT-IR spectrum was obtained by the FT-IR device of the Polymer Research 
Center, University of Basrah and according to the method described by Fatima 
(2020). Films was scanned in the range of 400-4000 cm−1. 

 
Mechanical Properties 

The tensile strength and the percentage of elongation until cutting were 
measured for the films according to the method of Ferreira et al. (2009) using the 
Texture analyzer of the Polymer Research Center, University of Basrah according 
to the American Standard for Testing and Materials ASTM No. 91-D-882. 

 
Film Thickness 

A digital micrometer with a 0.01 mm accuracy was used to measure the average 
thickness of the films at five random locations. 

 
Moisture Content 

The method given by Liu et al. (2017) was used to determine the moisture 
content of the films, and the following calculation was made based on weight loss 
for films:  

 
Where Mw and Md presented the weights of film sample before and after drying. 

 

Water Solubility 

Water solubility was calculated according to the method of Roy et al. (2020). 
The films were cut into square pieces with dimensions of 5 x 5 cm, which were 
dried at 105 ◦C until the weight was stable and the initial weight was recorded, then 
immersed in 50 ml of distilled water at 25 m for 24 hours and dried again at the 
same temperature, then according to final weight. Water solubility was calculated 
using equation: 

 
Where W0 and W1are the initial weight and final weight (g).  

 
Water Vapor Permeability  

The water vapor permeability (wvp) of the films was determined based on the 
method described by Wang et al. (2019). The film samples were fixed on the mouth 
of a cylindrical container with a diameter of 4 cm and a depth of 8 cm containing 3 
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g of silica gel, which were dried at 105 °C for 2 h. The container was weighed with 
its contents and kept in a desiccator with a humidity regulator relative to 75% and a 
temperature of 25 ± 2 °C. The weight of the container was measured every 6 h for 3 
days, and the permeability was estimated according to the following equation:  

WVP =    

Where W represented the increased weight of cylindrical container (g), x is film 
thickness (m), t is the time (s) for the increased weight of test tube, A is the area of 
the films sample (m2), and ΔP (2339 Pa at 20 °C) is the partial vapor pressure. 
 
Oil Permeability  

The oil permeability (PO) was tested according to the method described by Cao 
et al. (2020), 5 ml of edible oil was placed in a test tube with a mouth with a 
diameter of 3 cm, and it was covered with the prepared films by cutting it in a 
circular shape, and it was fixed with a pair of rubber to secure the seal, then placed 
on an inverted shape. On ten layers of filter paper, the amount of change in the 
weight of the filter paper was measured after 7 days, and the oil permeability was 
measured as follows: 

PO = (Δm × d)/ (S × t) 
Where ∆m is the weight change of the filter paper (g), d is thickness of film sample 
(mm), S is the area (m2) and t is the testing time (day).  

 
Statistical Analysis  

The data were analyzed statistically according to the complete randomized 
design (CRD) by using the ready-made statistical program SPSS (2018) and 
statistically significant differences were taken at the level of 0.05. Each experiment 
was repeated three times. 

 
Results and Discussion 

General Properties of the Active Nano Biopolymer Films 

The prepared films were homogeneous, highly transparent, and possessed good 
mechanical properties, ductility and bending. The effect of adding anthocyanin 
extracts on the transparency of the films was relatively small due to the low 
percentages of the added extracts. The films were slightly yellow. 

 
FT-IR Spectra of Films 

An infrared spectrophotometer was used to determine the chemical groups in 
simple and active nano-chitosan and chitosan films. Table 1 and Figure 1 show the 
infrared spectrum (FTIR) of simple and active chitosan (Ch) and chitosan 
nanoparticles (NCh) films added to anthocyanin extracts from mulberry fruits (M), 
grape skin (G) and Roselle calyxes (R). As presented in films exhibited 
characteristic bands at 3395.07- 3449.06 cm-1, attributed to hydroxyl groups (O-H) 
and the amino groups (N-H) stretching vibration (Gopi et al., 2018). A less intense 
band at 2821.63- 2884.02 cm-1, which represents to aliphatic -CH2, which belongs 
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to the Pyranose ring. FT-IR spectrum of plain films exhibited characteristic bands at 
1599.66-656.55 cm-1, assigned to C = O stretching of the acetyl groups (Wang et 
al., 2019). The presence of a beam at frequency of 1420.32-1428.21 cm-1 indicates 
the stretching vibration of the -CH group (Hisham et al., 2021). The absorption 
band at 1381.75-1379.82 cm−1 was assigned to the C-N (amide III) group (Qin et 
al., 2019). Absorption bands representing free amine groups NH2 appeared on the 
site of the second carbon atom C2 of glucoseamine, which is the main group of 
chitosan, which shows absorption bands confined between 1067.41-1158.04 cm-1 
(Puvvada et al., 2012). It is noted that no new bands appear in the active chitosan 
and chitosan nanoparticles films. The reason may be due to the low percentage of 
anthocyanins added when preparing the active films. A slight change in the 
positions of the beams and their peaks can be observed in the active films compared 
to the simple films. Several researchers (Bi et al., 2019; Wang et al., 2019; Wu et 
al., 2020), have found that changes in band position and peak intensity are due to 
hydrogen bonding between anthocyanin and chitosan chains. The reason may be 
due to the formation of hydrogen bonds between chains of chitosan or chitosan 
nanoparticles with anthocyanin from different sources. These results agreed with 
the findings of Wang et al. (2019), which indicated a decrease in the peak band of 
amide II and the displacement from 1549 to 1542 cm-1 when preparing the pH-
sensitive antioxidant chitosan film supplemented with anthocyanin extract from 
black soybean seeds. 
 
Table 1: Infrared spectrum for models of simple and active chitosan and chitosan nanoparticles 

films. 
NH2  free C-N 

 (amid III) 
-CH C=O 

C-H  

C-H2 

OH- 

NH- 
Film sample 

1155.15-1080.91  1379.82 1421.17 1656.55 2872.45 3430.74 Ch 

1158.04-1074.16  1380.78 1423.21 1653.66 2879.20 3436.54 ChM 

1154.19-1084.76  1380.78 1424.17 1599.66 2821.63 3395.07 ChG 

1156.12-1084.76  1381.75 1421.28 1617.98 2884.02 3449.06 ChR 

1156.12-1090.55  1381.75 1428.21 1599.66 2878.24 98.9233  NCh 

1158.04-1067.41  1381.75 1428.21 1600.63 2879.20 3403.74 NChM 

1155.15-1081.87  1381.75 1428.21 1600.63 2881.13 3442.31 NChG 

1156.12-1094.40  1381.75 1420.32 1600.63 2875.34 3454.85 NChR 
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Figure 1: Infrared spectrum of films of simple chitosan (Ch), active chitosan with mulberry 
anthocyanin (ChM), active chitosan with grape skin anthocyanin (ChG), active 
chitosan with Roselle anthocyanin (ChR), simple chitosan nanoparticle (NCh), 
active chitosan nanoparticle with mulberry anthocyanin (NChM), active chitosan 
nanoparticle with grape skin anthocyanin (NChG) and active chitosan 
nanoparticle with anthocyanin of Roselle (NChR). 

 
Physical Properties of Films 
Film Thickness 

The mechanical strength, water vapor permeability and light transmittance of 
films are all strongly impacted by film thickness (Wu et al., 2019; Yong et al., 
2019; Fernández-Marín et al., 2022). The results of Table 2 and 3 show the 
thickness of chitosan and chitosan nanoparticles films with anthocyanin extracts of 
mulberry fruits (M), grape skin (G) and Roselle calyxes (R). It is noted that the 
thickness of the chitosan nanoparticles film is lower compared to the chitosan film, 
and there is no significant increase in the thickness of the active films when 
increasing the concentration of the added extracts from 0-2%. However, when 
increasing the concentration of grape peel extract to 3%, a significant increase was 
observed in the thickness of the active chitosan films and chitosan nanoparticles 
films to 0.083 and 0.071 mm, respectively. The thickness of the active films varies 
according to the source of the anthocyanin. Active films due to the abundance of 
hydroxyl groups in the anthocyanin compounds, which can be distributed 
homogeneously between the chains, lead to a reduction in the effect on the 
thickness of the active films (Wang et al., 2019). This is consistent with Yong et al. 
(2019), who noticed significant differences in the thickness of the films of chitosan
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 and purple eggplant anthocyanin extract from 0.060 to 0.068 mm when increasing 
the concentration of the extract from 1 to 3%, and the thickness of the chitosan film 
with black eggplant extract (0.074 mm) was higher of chitosan film thickness with 
brown eggplant extract (0.068 mm). 

 
Mechanical Properties 

The tensile strength (TS) and elongation percentage (%E) of films are shown in 
Table 2 and 3. The results showed an increase in the TS values of the active Ch and 
NCh films with increasing the concentration of anthocyanin extracts, there are 
significant differences in the tensile strength of the films according to the source of 
the anthocyanins extracts, and that the addition of low concentrations didn't lead to 
a significant increase in the tensile strength of the films. The highest TS reached 
53.95 and 47.43 MPa for the active Ch and active NCh films with the anthocyanin 
extract from the mulberry. The increase may be due to the fact that the addition of 
anthocyanins led to a kind of internal bonding due to the formation of hydrogen 
bonds between the chitosan and chitosan nanoparticles and the added anthocyanin 
extracts. These results are consistent with Bilgiç et al. (2019), who showed an 
increase in TS of chitosan film from 13.57 to 19.23 and 19.29 MPa when adding 
1.5% of aqueous and ethanolic eggplant peels extract, respectively. This behavior 
was also found by Halász & Csóka (2018) when studying the effect of different 
concentrations of anthocyanin extracts from chokeberry (Aronia melanocarpa) 
from 0 to 0.5%, and they noticed that the TS increased from 51.85 to 81.7 MPa, 
which is attributed to the formation of hydrogen bonds between the anthocyanin 
extracts and the chitosan chains, which leads to reduce the movement of these 
chains and increase the tensile strength of the composite films.   

Besides, the results indicated that %E decreased significantly with increasing 
anthocyanin extracts and obtained the lowest %E at 3.0 % (w/v) of Roselle 
anthocyanin extract which was 6.27% and 7.80% for active Ch and active NCh 
films, respectively. The results agreed with Halász & Csóka (2018) when studying 
the effect of increasing the concentrations of anthocyanin extracts of chokeberry 
fruits from 0 to 0.5% on the properties of the chitosan film, and they noticed a 
decrease in the %E from 7.3% to 3.0%. 
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Table 2: Thickness, tensile strength (TS) and elongation (E) for chitosan film (Ch) with 1, 2 
and 3% anthocyanin extract from mulberry fruits (M), black grape skin (G) and 
Roselle calyxes (R).  

Film sample Film thickness (mm) TS (MPa) E (%) 
Ch 0.072±0.002a 47.50±1.02a 11.50±1.322b 
ChM1 0.072±0.001ab 47.70±0.100a 11.90±0.400b 
ChM2 0.073±0.003ab 48.07±0.996a 10.33±0.577b 
ChM3 0.080±0.005ab 53.95±1.775c 7.20±1.311a 
ChG1 0.075±0.002ab 46.10±0.953a 10.53±0.680b 
ChG2 0.074±0.001ab 47.25±1.050c 10.60±1.178b 
ChG3 0.083±0.010b 52.20±1.734bc 6.50±0.866a 
ChR1 0.071±0.000ab 47.15±0.150a 11.10±0.871b 
ChR2 0.074±0.006ab   46.60±1.000a 10.80±1.743b 
ChR3 0.078±0.009ab 51.80±1.562b 6.27±0.575a 

*Different letters in one column were significantly different (P≤0.05). 
 
Table 3: Thickness, tensile strength (TS) and elongation (E) for chitosan nanoparticles 

films (NCh) with 1, 2 and 3% anthocyanin extract from mulberry fruits (M), black 
grape skin (G) and Roselle calyxes (R).  

Film sample Film thickness (mm) TS (MPa) E (%) 

NCh 0.060±0.005a 40.00±1.000a 14.10±1.01de 

NChM1 0.063±0.004ab 42.60±1.100b 12.60±0.40cd 

NChM2 0.063±0.002ab 41.70±0.953ab 13.80±0.34cde 

NChM3 0.068±0.002ab 47.43±1.401d 8.40±1.05ab 

NChG1 0.060±0.001a 41.50±0.500ab 12.30±1.00cd 

NChG2 0.062±0.004a 42.30±1.907b 12.70±1.32cd 

NChG3 0.071±0.005b 45.10±0.500c 9.50±0.50b 

NChR1 0.064±0.004ab 42.80±1.562ab 14.90±0.10e 

NChR2 0.064±0.007ab 46.20±0.500cd 12.30±0.70c 

NChR3 0.065±0.004ab 46.70±0.700cd 7.80±1.15a 

*Different letters in one column were significantly different (P≤0.05). 
 
Moisture Content 

The results of Figure 2 showed the percentage of moisture content (MC) for the 
simple and active Ch and NCh films. As it was observed that there were no 
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significant differences in the MC of the films when adding concentrations of 1% of 
anthocyanin extracts from different sources, and the water content of Ch films and 
NCh films was 12.50% and 11.20%, respectively. When increasing the 
concentration of the anthocyanin extracts added to 3%, a decrease in the MC 
percentages of the films was observed, reaching 10.54%, 10.30% and 10.10% for 
the active Ch films, and to 9.66%, 9.83% and 9.25% for the active NCh films when 
adding extracts of mulberry fruits, grape skins and Roselle, respectively. The reason 
may be that the anthocyanin extracts contain an abundance of hydroxyl groups that 
bind with hydrophilic groups in the polymer matrix, which reduce the diffusion of 
water molecules in the film structure and reduce the available groups to bind with 
water molecules (Gasti et al., 2021). The results agreed with Fernández-Marín et al. 
(2022), who showed a decrease in the MC values from 41.73% to 34.20% when 
adding 1% (v/v) of anthocyanin extracts of red cabbage to chitosan and chitin 
nanoparticles films. 
 

 

Figure 2:  moisture content (MC) chitosan films (a) and chitosan nanoparticles film (b) with 

anthocyanin extract form mulberry fruits (M), black grape skin (G) and Roselle 
calyxes (R) in concentration of 0% (C0), 1% (C1), 2% (C2) and 3% (C3). 

 
Water Solubility 

Water solubility (WS) is an indicator of a film's water resistance. As presented in 
Figure 3, the WS of the active Ch and NCh films were significantly reduced as a 
result of anthocyanin extracts incorporation (p < 0.05), It was observed that WS of 
the active Ch and NCh films decreased with increasing the concentration of the 
anthocyanin extracts, and the addition lower concentration of the anthocyanin 
extracts didn't give any significant differences in the WS of the films, while the 
addition of 3% of the extracts led to a significant decrease in the WS of the active 
Ch and NCh films. The WS of active NCh films were lower than the active Ch 
films which was probably related to increase in the surface area of chitosan 
nanoparticles compared to chitosan and increase free amino groups (Shapi et al., 
2022). WS was 14.10 and 18.48% for active NCh and Ch film with 3% Roselle 
anthocyanin extract. which was probably related to the association of hydroxyl 
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groups in the phenolic compounds (anthocyanins) with the amino groups in 
chitosan, and caused a decrease in these groups, which limits the association of 
water molecules with the components of the films through hydrogen bonds and thus 
reduces the WS of the active films (Peralta et al., 2019). The results agreed with 

Kurek et al. (2018), which showed a decrease in the WS of chitosan film from 
34.04 to 23.96% when increasing the concentration of anthocyanin extracts of 
mulberry fruits from 0 to 4% w/v. 
 

 

Figure 3: Water solubility (WS) chitosan films (a) and chitosan nanoparticles film (b) with 

anthocyanin extract form mulberry fruits (M), black grape skin (G) and Roselle 
calyxes (R) in concentration of 0% (C0), 1% (C1), 2% (C2) and 3% (C3). 

 
Water Vapor Permeability  

The water vapor permeability (WVP) indicates the barrier property of the film 
against water vapor. It is one of the important properties when manufacturing films 
used in food packaging and preservation. Food packaging films should be able to 
reduce moisture transfer between food and the outside environment (Kurek et al., 
2019; Wu et al., 2020). 

The results of Table 4 and 5 showed a decrease in the WVP of the active Ch and 
active NCh films with an increase in the concentration of the anthocyanin extracts, 
with the incorporation of 1%w anthocyanin extract. No significant effect was 
observed on the water vapor permeability of active Ch and active NCh films, while 
a significant decrease was observed in active films with 3%w anthocyanin extracts. 
Films with mulberry were generally less WVP than those with grape skin and 
Roselle calyxes extracts (Kurek et al., 2019). The lowest WVP with 3% mulberry 
anthocyanin extract was 5.38 and 2.15 × 10-10 g. m-1. Sec-1. Pa-1 for active Ch and 
active NCh films, respectively, probably due to the bonding between the added 
anthocyanin and the polymer chains, which reduced the availability of free 
hydrophilic molecules that could bind with water molecules (Kurek et al., 2018). It 
is also noted that the WVP of the NCh and active NCh films is less than the simple 
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Ch and active Ch film. The improvement may be due to the presence of chitin 
nanoparticles and chitosan nanoparticles which increased tortuosity path to hinder 
the movement of water vapor through the NCh and active NCh films, leading to a 
lower WVP of the films (Shapi et al., 2022). Similar decreases in WVP were 
reported when chitosan nanoparticles were incorporated with chitosan films as the 
WVP was decreased from 7.44×10-6 to 6.22×10-6 cm2.sec (Correa-Pacheco et al., 
2019). 

 
Oil Permeability  

Table 4 and 5 showed a decrease in the oil permeability (OP) values of the active 
Ch and NCh films with the increase in the concentrations of the anthocyanin 
extracts, probably due to the bulky aromatic compounds rings in the anthocyanins 
extracts, which could obstruct the inner networks of active chitosan films and 
reduce oil particles affinity of films (Tong et al., 2020). Similar decreases in WVP 
values were reported when chitosan film was incorporated with black soybean seed 
coat extract (Wang et al., 2019). The results also showed that the OP of the active 
NCh films was less than the active Ch films, as the nanoparticles of chitosan fill the 
interstitial voids in the structure of the films and the films become more compact 
compared to the Ch films. In addition to that, they create a tortuous path for the 
diffusion of oil through the films, which leads to lower its OP (Shapi et al., 2022). 

 
Table 4: Water vapor permeability (WVP) and oil permeability (OP) for chitosan films with 

1, 2 and 3% anthocyanin extract from mulberry fruits (M), black grape skin (G) and 
Roselle calyxes (R). 

Film sample WVP 
 (×10-10 g. m-1. Sec-1. Pas-1) 

 OP 
(g. mm. m−2 day−1) 

Ch 6.70±0.10b 0.049±0.001c 
ChM1 6.69±0.32b 0.046±0.005c 
ChM2 5.56±0.06a 0.028±0.008a 
ChM3 5.25±0.13a 0.022±0.000a 
ChG1 6.43±0.49b 0.044±0.004c 
ChG2 5.445±0.39a 0.32±0.008ab 
ChG3 5.38±0.42a 0.027±0.007a 
ChR1 6.50±0.53b 0.040±0.005bc 
ChR2 5.63±0.55a 0.030±0.010ab 
ChR3 5.40±0.36a 0.025±0.005a 

*Different letters in one column were significantly different (P≤0.05). 
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Table 5: Water vapor permeability (WVP) and oil permeability (OP) for chitosan 
nanoparticles films with 1, 2 and 3% anthocyanin extract from mulberry fruits 
(M), black grape skin (G) and Roselle calyxes (R). 

Film sample WVP 
 (×10-10 g. m-1. Sec-1. Pas-1) 

 OP 
(g. mm. m−2 day−1) 

NCh 3.35±0.30d 0.030±0.005c 
NChM1 3.20±0.20cd 0.031±0.005c 
NChM2 2.55±0.13ab 0.020±0.002ab 
NChM3 2.15±0.26a 0.016±0.004a 
NChG1 3.10±0.00bcd 0.029±0.006c 
NChG2 2.50±0.50ab 0.025±0.001bc 
NChG3 2.41±0.37a 0.021±0.003ab 
NChR1 3.30±0.60d 0.026±0.005bc 
NChR2 2.60±0.05abc 0.019±0.001ab 
NChR3 2.47±0.50a 0.018±0.006ab 

  *Different letters in one column were significantly different (P≤0.05). 
 
Conclusion 
The current study aimed to prepare films based on biodegradable chitosan and 
chitosan nanoparticles incorporated with chitin nanoparticles that are widely 
available in nature with anthocyanin extracts from mulberry fruits, grape skins and 
roselle, and study their mechanical and barrier properties. The results showed an 
increase in the tensile strength of the active Ch and active NCh films and a 
decrease in the elongation and water content by increasing the concentration of 
anthocyanin extracts, and decrease in the solubility and of water vapor and oil 
permeability for the active Ch and active NCh films. Significant effect of the 
anthocyanin source on some characteristics such as tensile strength, elongation and 
moisture content. 
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