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 Nowadays, food packaging materials are dominated by synthetic plastic materials that 
are based on crude oil, e.g. polyethylene (PE), polypropylene (PP), and 
polyvinylchloride (PVC). These plastics are categorized as non-degradable materials, 
and when plastic waste is mishandled, it will harm the environment. Furthermore, 
Bisphenol A (BPA), commonly used for strengthening plastic properties, might 
contaminate the foods wrapped in those mentioned plastic materials and adversely 
affect human health. One of the alternative solutions to reduce crude oil-based plastics 
as food packaging is edible film packaging. Edible film packaging on a biopolymer basis 
can be applied as food packaging to replace synthetic plastics and maintain fruit quality 
at the same time. This research aims to conduct modification and characterization of 
edible film chitosan-based for food packaging applications. In this research, the 
composite film was produced from chitosan nanoparticles and cellulose nanocrystal 
composite and mixed with a variation of plasticizer (glycerol) of 10% w/w in 
concentration and a variation of KMnO4 concentration. Mixing of composite material 
was done at 50 oC with an interpretation of ultrasonic irradiation processes. Then, the 
composite was characterized by UTM, FTIR. The result showed that the optimum 
condition was CNC variation by 5% and glycerol by 10%. It gave a tensile strength 
result of 464.1 MPa. and 266.3 MPa on a nano chitosan-based film. Adding active agent 
KMnO4 by as much as 8% can reduce the tensile strength value by 46.3%. 
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1. INTRODUCTION  
Plastic packaging used for food (fruit and 
vegetables) is currently dominated by petroleum-
based materials such as polyethylene (PE), 
polypropylene (PP), polyvinyl chloride (PVC). With 
advanced processes such as blowing, injection, 
extrusion, plastic pellets can be shaped as desired 
[1]. The characteristics of plastics that are light, 
flexible, easy to form, resistant to water, have 
strong mechanical properties, and are economical 
are the main reasons this product is widely used 
for packaging. 

Besides having many advantages and benefits, 
plastic packaging is a non-degradable material, so 

that plastic waste that is not handled correctly will 
harm the environment. Based on data from the 
Ministry of Environment and Forestry in 2019, the 
amount of plastic waste or waste in Indonesia was 
63 million tons per year or 175,000 tons per day. 
One alternative to reduce petroleum-based plastic 
packaging, especially food product packaging, is 
biodegradable and even edible packaging.  

Edible packaging is a food packaging technique 
using edible polymers. Its nature is 
environmentally friendly, easy to decompose, so it 
does not produce waste compared to conventional 
plastic. Edible packaging is a material that is safe 
for health and is non-toxic, so it is safe for 
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consumption with the product it is packaged in. 
The primary function of edible packaging is in 
addition to protecting the packaged product. It also 
functions to add value to food as an anti-bacterial, 
anti-oxidant, and coloring agent [2]. Edible 
packaging can be grouped into two parts based on 
the packaging process: edible coating (coating 
directly) and edible film (sheet). The edible coating 
uses natural ingredients that are safe and healthy 
to extend the shelf life of food products. Several 
applications of edible coatings on food products are 
brushed, sprayed, immersion, or melting [3]. The 
edible film is a thin layer produced from the 
polymerization process of natural materials that 
can be eaten. It has a function to reduce mass 
transfer (such as moisture, oxygen, and fat) or as a 
carrier for food ingredients and additives and 
improve the ease of handling food [3]. One of the 
ingredients that can be used as edible film is 
chitosan. 

Chitosan is a derivative of chitin through the 
deacetylation process or removing the acetyl group  
(CH3CHO-). Chitin is a natural polymer type of 
polysaccharide with the second most availability on 
earth after cellulose (Figure 1). Chitosan has the 
advantage of being a film-forming ability and 
abundant availability of chitosan because it comes 
from food processing waste of the crustacean 
group (shrimp, crab, mushroom). Chitosan is a 
renewable material or material, so its availability 
will continue to exist. Chitosan has hydrophilic and 
low mechanical properties; this limits its 
application to commercial food packaging 
materials. One way to improve the performance of 
chitosan as a food packaging material is to modify 
the size of the chitosan particles to be smaller, 
namely in the form of nanoparticles, and combine 
them with other materials into nanocomposites.  
 

 

Figure 1. The structure of chitin [4]. 

 
The one method of creating nanoparticles is the 

ionic gelation of hydrophilic polymers [5]. Chitosan 
nanoparticles were created using this method. 
Chitosan nanoparticles were synthesized based on 
ionic cross-linking with sodium tripolyphosphate. 
Chitosan can be chemically and physically linked 
together to form nanoparticles because it contains 

several ammoniac groups that use protonation to 
develop NH3

+ in acidic solutions [6]. Crosslinking 
based on positively charged chitosan complexes 
with negatively charged multivalent ions. It is 
derived from sodium tripolyphosphate (TPP), 
citrate, and sulfate  [7]. 

Nano chitosan is chitosan with nanoparticle size, 
having the advantage of a larger surface area and 
volume ratio compared to micro chitosan so that 
nanoparticles are more reactive [8]. The addition of 
nanoparticles into the film formula is one of the 
technologies that are developing to produce 
nanocomposites. Nanocomposites will increase the 
effectiveness of storage, absorption, and mixing [2]. 
Filler with nanoparticle size can maintain material 
transparency and form a strong matrix bond [9]. 

Research on edible packaging continues to be 
developed with many variations to get optimum 
results, one of which is edible films based on 
nanoparticle composites. Nanocomposites are 
multi-phase materials derived from two or more 
components, a matrix component as a continuous 
phase and a nano-dimensional phase as a 
discontinuous phase. The size of the nano 
dimension is 100 nm in diameter [10]. In this study, 
the composite matrix used was Cellulose Nano 
Particle (CNP) with glycerol as a plasticizer, KMnO4 
as an ethylene absorber, and Cellulose Nano Crystal 
(CNC) as a filler. In this research, an edible film will 
be made to obtain the resulting film's good 
mechanical characteristics and properties. 

In 2010 [11], Fernandes developed a 
nanoparticle composite edible film with Chitosan-
Cellulose nanofiber (CNF) as the base material. The 
results obtained are that the mechanical properties 
(flexibility and heat stability) of edible film 
reinforced with CNF are higher than chitosan that 
CNF did not strengthen, the particle size of the 
resulting CNF was less than 50 nm. 

In another study [12], observed the 
optimization of CNF content (0 – 20% w/w) and 
glycerol concentration (0 – 30% w/w) as fillers. 
The research concluded that the most optimum 
dispersion of CNF in the film was obtained at the 
ratio of CNF to glycerol of 15% CNF and 18% 
glycerol, which is the most optimum mechanical 
properties value (tensile strength and stiffness). 
However, the flexibility and ability to hold water 
vapor produced were still poor; in other words, 
this film can only be applied to those that do not 
require high flexibility and water vapor 
permeability. 

Chitosan nanoparticle composites with a 
mixture of chitosan – cellulose nanowhisker (CNW) 
have also been developed. Khan et al. (2012) [13] 
concluded that the composition of 5% w/w CNW of 
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dry chitosan could increase the film's tensile 
strength by 26% and reduce the water vapor 
permeability of the film by 27%. However, 
variations in the composition of CNW do not affect 
the heat stability of the film generated. In their 
research, Li, Zhou, and Zang (2009) concluded that 
by increasing the CNW concentration from 0 – 25% 
dry weight, the tensile strength of the film 
increased from 9.9 MPa to 17.3 MPa. 

Another nanoparticle composite being 
developed is a mixture of chitosan–cellulose 
nanocrystals (CNCs). Wardhono (2019) [15] have 
formulated this film with a matrix of chitosan 
nanoparticles–sodium tripolyphosphate–cellulose 
nanocrystals (CNP–TPP–CNCs). The results 
obtained are that the mechanical strength of the 
nanoparticle composite film increases when 
compared with pure chitosan film. Tensile strength 
(Ts) increased from 56.5 MPa to 74.9 MPa, and film 
flexibility (elongation break) increased from 7.6% 
to 20%. The optimum composition was obtained 
from the CNCs ratio of 2.5% w/w dry chitosan 
basis. Stability, heat resistance, and water 
resistance are also good. 

Based on the existing literature, the research 
that will be carried out refers to the method that 
has been carried out by Wardhono (2019) by 
adding the KMnO4 variable as an ethylene absorber 
to the film.  

 
2. METHODOLOGY  
2.1. Method 
In this research, the manufacture of edible films 
was carried out in several stages, including the 
preparation stage, the formation of chitosan 
colloids, the formation of nano chitosan 
composites, the manufacture of nano-composite 
matrices, film formation, and film characterization 
tests.  

The flow chart for the preparation and 
characterization stages of the film is presented in 
Figure 2. The formation of the CNP-TPP-CNC matrix is 
carried out in three stages, namely: 

 

• Preparation of 1% w/v chitosan solution, 
dissolved chitosan powder in 0.1 M acetic acid 
solution, stirred using a magnetic stirrer at 300 
rpm for 24 hours, then filtered to remove 
impurities. 

• Preparation of CNP-TPP colloid solution, heated 
chitosan solution at a temperature of 50 oC then 
added TPP solution with a concentration of 5% 
as much as 20% by weight of dry chitosan 
dropwise under constant stirring at 1000 rpm 
using a magnetic stirrer for five minutes. 

• Preparation of CNP-TPP-CNC-KMnO4 matrix, 
CNP-TPP colloid solution, added glycerol 
solution with variations of 5,10 and 15% w/w 
dry chitosan base and added CNC with 
variations 1-5% w/w dry chitosan base, stirred 
at 300 rpm for 30 minutes at room temperature. 
8% w/w of dry chitosan base was added with 
KMnO4 at a temperature of 50 oC under constant 
stirring at 1000 rpm for five minutes. The film 
solution was poured into a petri dish and then 
heated using an oven at 62 oC for 12 hours.  

 
 

 

Figure 2. Flowchart of Film Preparation Stages 
and Characterization. 

 
 

2.2. Tools and materials 
Tool : 
Magnetic Stirrer, Hot Plates, Vacuum Ovens, Petri 
dish, Chemical Glasses, Digital Balance 

 
Material : 
Chitosan powder, Acetic Acid 0.1 M, Sodium- 
tripolyphosphate (TPP), Cellulose Nanocrystal 
(CNC), Glycerol, KMnO4.  

 
2.3. Characterization and testing 
Mechanical characteristics were determined using 
the ASTM 638 technique and a Zwick Roell 
instrument. Each preconditioned sample was sliced 
into film strips of 11.5 cm x 1.9 cm (length overall x 
width overall) as in Figure 3 and put between the 
machine's grips. The grip separation and crosshead 
speed were initially set to 50 mm and 50 mm/min, 
respectively. 
 

Chitosan Powder 

Chitosan solution CS 1% 
b/v 

on 0.1 M acetic acid  

Colloid solution CNP - 

TPP  

Film  

Hydrophilic Matrix 

CNP - CNC  

Glycerol 

5,10,15% w/w 

TPP 20% w/w 

CNC  

1-5% 

w/w 

Magnetic stirrer, 1000 

rpm 

characterizes 

Magnetic stirrer, 300 

rpm  
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Figure 3. Test Specimen shape [16]. 

 
Fourier transform infrared (FTIR) spectroscopy 

of the chitosan and the composites was recorded 
using a Bruker Tensor 27 FTIR spectrometer with a 
testing range of 7500 cm-1 - 350 cm-1 . They were 
testing using ASTM standards  E1252. 

 
3. RESULTS AND DISCUSSION 
This research was conducted to make edible films 
based on chitosan and chitosan nanoparticles. The 
experiment was carried out by making a film from 
a chitosan-based composite solution and chitosan 
nanoparticles which were poured into a petri dish 
and then dried in an oven at 62°C for 12 hours. The 
dried film was analyzed for mechanical properties 
and functional groups to observe the effect of the 
addition of CNC on chitosan-based films and 
chitosan nanoparticles. Some of the parameters 
observed in this study include: 
 
3.1. Mechanical Properties of Edible Film 
The edible film's mechanical characteristics or 
properties (chitosan and nano chitosan-base) were 
prepared according to ASTM standard number 
D638. The specimen shape of film and tools is 
shown in Figure 4 below. 
 

 

Figure 4. Film specimen shape, b. Zwick Roell for 
mechanical characteristics test. 

 
3.1.1. Chitosan-based films 
In Figure 5, it shows that with increasing CNC 
concentration, the tensile strength value also 
increases by 192.2 MPa for 1% CNC, 212.8 MPa for 
2% CNC, 311.2 MPa for 3% CNC, 324.3 MPa for CNC 

4%, and peaked at 464.1 MPa for 5% CNC. The 
addition of CNC variations increases the tensile 
strength of the chitosan film. According to 
Wardhono (2019) [15], CNC at the optimum 
concentration can improve the mechanical strength 
of the film. The increase in tensile strength due to 
the increase in the interaction of attractive forces 
between molecules that make up the thin layer 
forms inter-and intra-molecular hydrogen bonds to 
form a thin layer consisting of mutually reinforcing 
fibers. CNC supports the value of tensile strength 
because of the uniformity of the nano-sized 
material structure that can produce an adequate 
bond. 
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Figure 5. The Effect of the Addition of CNC 
Concentration on the Tensile Strength Value of 

Chitosan Film. 
 

3.1.2. Nano chitosan-based film 
Figure 6 shows that the addition of CNC 
concentration can increase the tensile strength of 
the nano chitosan film and generally decrease the 
flexural value of the film (Figure 7). The increase in 
the tensile strength value can be caused by a 
plasticizer, namely glycerol, which causes the 
molecules that make up the film to be dispersed 
better [17]. The elongation of the edible film is 
always inversely proportional to the tensile 
strength value. After all, the higher the force 
required to pull the edible film, the lower the 
elongation obtained. 

Films with nano chitosan matrix provide lower 
strength than chitosan matrix due to agglomeration 
of nano-particles due to poor dispersion, thereby 
reducing the potential for increasing mechanical 
properties[15].  
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Figure 6. Effect of Addition of CNC Concentration 
on Tensile Strength Value of Nano Chitosan Film.  
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Figure 7. Effect of Addition of CNC Concentration 

on Flexibility of Nano Chitosan Film. 

 
 
3.1.3. Composite Film with Active Content KMnO4  
The addition of active KMnO4 content in chitosan 
film is functions as an ethylene absorber. That can 
be applied as a technique to inhibit the ripening 
rate of fruit. Therefore it is necessary to examine 
the effect of adding KMnO4 to the strength of the 
chitosan composite film. In Figure 8, the addition of 
KMnO4  into the film reduces the tensile strength of 
the film. In pure chitosan film, the addition of 
KMnO4 decreased the strength from 195.2 Mpa to 
167 MPa and decreased the composite strength of 
chitosan film from 464.1 Mpa to 263.5 MPa. In 
addition to lowering the film's tensile strength, the 
addition of KMnO4 also affects the flexibility of the 
film. 

From Figure 9, the film without KMnO4  has the 
highest flexibility value. The addition of active 
KMnO4 content in the chitosan film caused an 

increase in the brittleness of the film. The bond 
formed between KMnO4 and and chitosan may not 
be compatible, so that its strength is weakened. The 
more KMnO4 added to the film; the more brittle the 
film will be [18]. 
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Figure 8. Tensile Strength Value of Composite Film 

with Active Content KMnO4. 
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Figure 9. Flexibility Value of Composite Film with 

Active Content KMnO4. 
 
 

3.2. Inter-Molecular Interactions in Composites 
FT-IR spectroscopy was performed to detect 
interactions between CNC nanofillers and chitosan 
nanoparticles in composite films (Figure 10) [4]. 
Each functional group obtained has an infrared 
absorption band characteristic at a specific 
wavenumber, thus obtaining a distinctive peak and 
identifying compound functional groups (Table 1). 
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Table 1. Typical vibration band for 
the infrared spectrum of chitosan [19] 

Wave number, cm-1 Bonding type 

3342 O-H Bond Strain 

2895 C-H symmetrical strain 

1645 C=O amide I Strain 

1550 N-H amide II bond 

1383 Acetyl 

960 - 1100 
C-O-C asymmetric 

stretching 

 
 

 

Figure 10. The structure of the chitosan-TPP 
complex, cross-linked [20] 

 
 

 

Figure 11. FT-IR Spectrum, Chitosan (I), Chitosan-
CNC (II), Chitosan-CNC-KMnO4 (III). 

 
The molecular framework and functional groups 

contained in cellulose and amino polysaccharides 
from chitosan are the same. Vibrations at 3057 
cm−1, 2776 cm−1, 1419 cm−1, 1152 cm−1, and 1017 
cm−1 correspond to O–H bonds, symmetrical C–H 
stretching, asymmetrical C–H angle deformation, C 

glycosidic bonds –O–C is asymmetric, and the CH 
angle deformation is asymmetric. Several peaks 
were observed to shift down the wavenumber. 
Such as from 3334 to 3057 cm−1  corresponds to 
the O–H strain band, and from 1653 cm−1 to 1652 
cm−1 for the C=O stretching vibration. Meanwhile, 
the signal around 1553 cm−1 identified the bending 
vibration of NH amide II as becoming wider. A shift 
in wavenumber, intensity of reduction, or band 
widening confirms the presence of non-covalent 
interactions in the composite film [21]. Implies 
strong hydrogen bond is formed between Chitosan 
and CNC molecules to increase the mechanical 
strength of the Chitosan – CNC matrix composite. 
Figure 11(III) showed the functional groups of O-H 
with a wavelength of 3278, C-H with a wavelength 
of 2833; 1415; 899; 654, C=C with a wavelength of 
1653; 1560, C-N with a wavelength of 1338; 1251, 
C-O with a wavelength of 1153, C-O-C at a 
wavelength of 1073, 1027. On the addition of 
KMnO4, the C-O functional group appears at waves 
1153,48. 
 
4. CONCLUSION 
In this experiment, the manufacture of an edible 
film based on chitosan nanoparticle composite as a 
polymer matrix and CNC as a particle stabilizer and 
reinforcing agent, glycerol as a filler. The 
nanoparticles were prepared by a simple ion cross-
linking methodology using a TPP solution and high-
speed homogenization (1000 rpm). The tensile 
strength test and flexibility (elongation at break) 
obtained optimum results at 5% CNC variables and 
10% glycerol. In chitosan-based composite films, 
the maximum tensile strength value is 464.1 MPa. 
In chitosan nano-based films, the maximum tensile 
strength value is 266.3 MPa with an elongation at a 
break value of 4.5%. The addition of active content 
KMnO4 8% in the chitosan-based composite film 
resulted in a 46.3% decrease in the film's tensile 
strength from 464.1 MPa to 263.5 MPa. The FTIR 
results support evidence that some of the non-
covalent interactions in the composite film 
between CNC and chitosan are highly effective.   
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