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Abstract- Antimicrobial agent and polymer with good antimicrobial activity are in demand for food packaging. This research 
is related to the production of an effective antimicrobial packaging which uses the chitosan and antimicrobial (AM) agent. 
Chitosan based film can be potentially used as biodegradation, antimicrobial packaging and also can be effective in food 
preservation. A composite film was prepared by blending low linear density polyethylene (LLDPE), chitosan and 
antimicrobial agent (AM) with different formulation via Twin Screw compounder.  The effects of incorporation with chitosan 
on film blend strength and melt flow were investigated. The melt flow test is important to identify and analyse sample for 
blown film process.  Overall, higher chitosan composition were found to reduce MFI which cause resistance to flow due to 
greater viscosity of more rigid chitosan chain. Melt flow for chitosan without and with AM were found to be between 0.49-0.79 
and 0.64-0.83. The fourier transform infrared spectroscopy (FTIR) test were carried out to determine the presence of functional 
group of chitosan, polyethylene and Antimicrobial AM agent  blend. It was found that functional group exists in the composite 
film ; they interact as composite blend. The functional group of amine, amide and esters exhibited were suitable for oxidation 
process and zone of inhibition test. The mechanical properties such as tensile strength, elongation at break and Young’s 
modulus were investigated. Higher stiffness were found with higher chitosan composition of 10% without AM.  Blend with 
5% Chitosan and 5% Antimicrobial AM agent  gave the lowest tensile strength and higher elongation at break .  
 
Index Terms- Antimicrobial agent, chitosan, composite film, organic acid 
 
I. INTRODUCTION 
 
Around the worked, plastic is considered as the main 
material polluting environment and some countries 
had banned the use of plastic for consumer good 
packaging and shoppers. Local governments had to 
solve problem of increase usage of plastics by 
managing good solid waste programme. Due to the 
decreasing capacity of landfills, it can be problematic 
to the environment and human health. The mass burn 
incineration of the plastic is not the way to solve the 
problem properly. This country recognized that the 
recycling is the way in reducing packaging in the 
waste stream in order to have an effective integrated 
waste management system. But not all of the plastics 
can be recycle easily for example thermosetting 
plastics [10]. 
Chitosan had been used as film to protect fruits and 
edible foods by coating via dipping and spraying 
method. Chitosan were found to have antimicrobial 
properties [4]. Polyethylene packaging is considered 
superior to any other material for this purpose and its 
use is widespread in the flexible packaging market [4]. 
Some studies using LDPE Chitosan prepared by melt 
processing were under research recently [10]. They 
incorporated nanoclay and irganox as their additive. 
Flexible food packaging using chitosan and AM 
organic agent had not been exploited in industrial film 
processing.  Hence, this research will investigate the 
properties of the use of chitosan as biodegradable 
component and conventional LLDPE film as 
laminated film which forms the multilayer plastic film. 
In industrial food packaging, multilayer films are used 
widely in flexible packaging; it serves to prolong the 
shelf life of food. 

II. LITERATURE REVIEW 
 
A. Antimicrobial Agents 
Food can be easily attacked by bacteria, yeasts and 
fungi. The microorganisms can cause undesirable and 
can destroy the nutritional properties of food and also 
when the microbial growth, it can lead to food 
poisoning. In order to prevent the quality of food, 
antimicrobial packaging will be proposed on this 
research. Antimicrobial packaging is the packaging 
that able to kill the spoilage and pathogenic 
microorganisms that contaminating foods. There are 
two categories that involving in the antimicrobial 
polymer additives which are organic and inorganic 
system. While there are two different effect of 
antimicrobial additives which are biocidal and 
biostatic. Moreover, biocidal are intended to destroy, 
prevent the action or controlling the effect on any 
harmful organism by chemical or biological 
system[7]. The biostatic is preventing the growth an 
organism (microorganism). Moreover, there are two 
different Antimicrobial AM agent s namely synthetics 
additive and natural Antimicrobial AM agents. The 
natural Antimicrobial AM agent s have attracted 
attention as they are safe, from food sources by their 
potential action in food preservation. From the natural 
Antimicrobial AM agents were classified by their 
sources to vegetal (herbs and essential oils (EO), 
animal (Iysozyme, lactoferrin), microbial (nisin, 
natamycin) or antimicrobial polymers (chitosan)[4]. 
At present, synthetic additives such metal oxides such 
as Zinc oxide nanoparticles [8] and silver 
nanoparticles [5]  are normally employed in the 
packaging industries to confer antimicrobial 
properties.  Other examples include nano system and 
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oxides. They proved to confer antimicrobial properties 
to plastics packaging but has It disadvantage to the 
human health[16]. 
 
B. Chitosan 
Chitosan is a nontoxic, semicrystalline, biodegradable 
and biocompatible linear polysaccharide of randomly 
distributed N-acetyl glucosamine and glucosamine 
units [9]. Chitosan is a derivative of natural chitin. 
Typically, chitosan is insoluble in water, aqueous 
alkaline solutions and common organic solvents, but it 
readily dissolves in aqueous inorganic and organic 
acid media. It is degraded by enzymatic hydrolysis. 
chitosan contain the strongly hydrophilic character 
and provides them with good barrier properties against 
gases [3].  Furthermore,  chitosan film are brittle 
which consists the high glass transition temperature 
Tg of polymer [13]. They have been used as coating on 
edible food through casting method as thin film to 
preserve foods [9].   
 

 
Fig 1: structure of chitosan upon treatment [8] 

 
C. Antimicrobial agent ( AM)  
Antimicrobial agent (AM) was commercialized in 
pharmaceutical and food industry. The interaction 
between polycationic nature of chitosan and AM can 
enhance the antimicrobial activity between these 
blend. AM is of organic nature and has ester groups.   
 
D. Linear Low Denstiy Polyethylene (LLDPE) 
LLDPE was commonly used for production films, 
bags, tubes and so on. The combination between the 
LLDPE, chitosan and AM can be producing the 
production of film by melt processing via twin screw. 
This method can enhance the gas barrier properties at 
low relative humidities [8].  
  
III. MATERIAL 
 
Materials used in this research are LLDPE and 
chitosan and antimicrobial (AM) agent. Polyethylene 
are varied with chitosan composition 2%, 5%, 8% and 
10% and fix amount of AM (5%).  
 
IV. METHODOLOGY 
 
Samples were formulated as in Table 1 and 
compounded materials were mixed via melt 
processing using twin screw compounder with 
temperature barrel set at 145 ̊C to 155 C̊. 

TABLE 1 Formulation of LLDPE and chitosan with AM 

 
 
Testings conducted for compounded LLDPE/Chitosan 
blend.  Melt Flow index, ASTM  D1238, Tensile 
Tests, ASTM  D638  and FTIR, ASTM F2024. 
Melt Flow index (MFI) were measured at 190ºC at 
load of 2.16 kg with ASTM 1238.  MFI were 
measured by weighing extrudates flowing through 
capillary die for 1 min time. Weight for 10 min was 
taken to be the MFI.  
Tensile strength of films were measured for tensile 
loading using a universal machine  testometric 
(Huntington Beach, CA, USA) with head 
displacement rate of 50 mm min. At least eight 
specimens of each film were tested and the average 
values are reported. The thickness of the films were 
measured using a Mitutoyo micrometer and were 
approximately sample length 75 mm and gauge length 
of 20mm.  
  Structural investigation were performed and analysed 
via FTIR spectroscopy. 
 
V. RESULT AND DISCUSSION 
 
A. Melt Flow Index Test 
The graph below shows the melt flow index with 
various percentage of chitosan incorporated with and 
without Antimicrobial AM agent. 
 

 
Fig 2:  Melt flow index values with and without Antimicrobial 

AM agent . 
 
From the graph above, the melt flow index between 
the different percentage of chitosan and 5% of 
Antimicrobial AM agent . By adding the 
Antimicrobial AM agent , MFI remain constant 
between 0.66 to 0.70, Antimicrobial AM agent  had 
modified the flow of LLDPE and chitosan. However, 
without Antimicrobial AM agent , melt flow is 
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significantly affected for Chitosan above 5%.  The 
drastic drop in MFI were exhibited from ~0.75 for 5% 
chitosan to 0.47 for 8 and 10% Chitosan composition.  
Chitosan had increased the resistance to flow. 
Chitosan is rigid and has very high viscosity, with zero 
MFI. It could not flow and showed any reading upon 
extrusion through Melt flow capillary.  Chitosan blend 
flow can be maintained at 0.66 to 0.70 as the organic 
groups of esters can be flexible enough to intermingle 
with the hydrophilic reduce the resistance to flow as 
now the blend could have been plasticized with the 
antimicrobial AM agent .  Amine and hydroxyl group 
of chitosan. From the MFI values obtained which 
ranges below <1 and suitable to film blowing process.  
 
B. Fourier Transform Infrared Spectroscopy FTIR 
The fourier transform transform infrared spectroscopy 
(FTIR) test were carried out by blending the different 
percentage of chitosan and polyethylene with 5% of 
Antimicrobial AM agent. The purpose of this test is to 
determine the presence of functional group of 
chitosan, polyethylene and Antimicrobial AM agent . 
Below shows the comparisons between adding the 
Antimicrobial AM agent and without Antimicrobial 
AM agent  and the list of the presence of functional 
group have been carried out.  
 

 
Fig 3: The different percentage of sample by adding 

Antimicrobial AM agent . 
 

TABLE 2 The list of functional group with added 
5%Antimicrobial AM agent . 

 
 
Table 2 and Fig 3 shows the FTIR spectra of LLDPE 
incorporated with chitosan and antimicrobial AM 
agent  with different formulation. Hence, the FTIR 
spectra of chitosan shows bands at 3000 to 3500 (NH 
bond) [3] .In the present study, there are 4 prominent 
bands at 3604.07, 1748, 1155 and 1107 were recorded. 
The broad band in the range 3000 to 3500 is due to 
O-H and N-H stretching vibrations.  
Furthermore, the FTIR spectra of AM show bands at 
1000 to 1320 correspond to C-O bonds [13]. In the 

present study, there are 4 prominent bands at 1155, 
1378, 1457 and 1748 were recorded. The broad band 
in the range at 1000 to 1320 is due to C-O stretching 
vibrations. Hence, bands at 1748 and 1155 were 
represents stretching absorption of carboxylic (C=O) 
and esters (C-O). The band at 720 is representing a 
vinyl group(CH_2). The AM had represented by band 
at 1083.04 of the chitosan itself have absorption 
slightly shifted to the higher wavenumber. 
 
Moreover, from the result above can be conclude as 
chitosan and the antimicrobial AM agent  composite 
film showed the present of characteristics peak 
between chitosan and antimicrobial AM agent . These 
characteristics confirmed that the cationic group from 
chitosan has great ability to adsorb ester groups from 
antimicrobial AM agent. These processes call the 
electronic interaction which is the electric force 
between two charged objects [3]. 
 

 
Fig 4: The different percentage of sample without adding 

Antimicrobial AM agent . 
 

TABLE 3 The list of functional group without added 
5%Antimicrobial AM agent . 

 
  
For blend without Antimicrobial AM agent from Fig 4 
and Table 3, there are two prominent bands that are not 
exist as with AM (Fig 3). These band are referred as 
stretching absorption of carboxylic (C=O) and esters 
(C-O). Without antimicrobial AM agent had 
represented by band at 1117 cm -1 of the chitosan 
itself have absorption slightly shifted to the higher 
wave number.  It was found that functional groups of 
LLDPE and chitosan with AM and without 
Antimicrobial AM agent existed in composite film and 
interact together in the formation of stable composite 
film [3]. 
 
C. Tensile Test 
The mechanical property of films was studied 
according to the three parameters which are tensile 
strength, elongation at break and Young’s modulus. 
These results were analyses depend on compounding 
with and without added Antimicrobial AM agent. 
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1. Tensile strength 

 
Fig 5: Tensile strength with different chitosan composition 

 
From the graph above shows the stress at peak of four 
samples with various chitosan composition with and 
without Antimicrobial AM agent.  For samples with 
Antimicrobial AM agent, film showed highest stress 
with lowest 2% chitosan.  Upon adding Antimicrobial 
AM agent, increasing chitosan resulted in lower 
tensile strength.  Lower amounts of chitosan ~2%, 
exhibited highest tensile strength ~ 18 MPa. 2% 
chitosan blend also showed highest elongation 
compared to other sample. LLDPE composition 
dominates for the 2% sample.  Chitosan do not give 
any enhancement to film strength for blends.      
Antimicrobial AM agent could possibly plasticize and 
cause better interaction between the chitosan and 
LLDPE; hence increasing the strength with greater 
compatibility between LLDPE and chitosan for all 
composition. 
According to the sample without adding the 
Antimicrobial AM agent, the highest tensile strength is 
the composition of 2% of chitosan compared to other 
sample. Chitosan of more than 5% composition had 
tensile strength value ~  14 MPa .  
Tensile strength TS had reduced drastically by 35% 
for all chitosan filled sample above 5%, from tensile 
strength of 2% chitosan. Overall, there are reduction in 
the interaction between chitosan polymer chains and 
LLDPE resulting in less compact network. Melt 
mixing do not form homogenous film; it is 
incompatible blend and no strong intermolecular 
attraction exist between chitosan and blend as they are 
exist as separated phases.   
 
2. Elongation At Break 
Fig 5 shows elongation at break with different chitosan 
composition with AM and without Antimicrobial AM 
agent. Different percentage composition of chitosan 
and LLDPE had affected tensile strength. 
 

 
Fig 6:  Elongation between the difference percentages of 

chitosan 

With Antimicrobial AM agent, samples have higher 
elongation, more flexible and ductile with highest 
elongation for 5% chitosan.  For samples without 
Antimicrobial AM agent, the highest value of 
elongation at break was exhibited by blend of 2% 
Chitosan. The blends were found to be very brittle 
with 5% Chitosan blend. The samples also fail and too 
brittle at 10% chitosan. With and without AM, 
samples of more than 10% could not elongate.  
 
However, by adding the AM agent, it consists of the 
CH- group that exhibited higher elongation values. So 
this agent who acts as plasticizer in hydrocolloid 
networks, which may improve the stretch of 
emulsified films. So from the sample with the 
5%chitosan is higher elongation values for the 
composite film may be due to the plasticizing effect of 
AM agent. The ratio of the composition of chitosan 
and AM agent are similar. So it easier the higher MW 
of chitosan with high surface area availability of AM 
agent to interact with chitosan. Followed the sample 
consist of 2% and  8%chitosan which has high tensile 
strength but the elongation is decrease. It might be due 
to the low molecular weight of chitosan, make the less 
surface area for interaction and entrapment of agent.   
 
3. Young’s Modulus 

 
Fig 7: Young’s modulus between the difference percentages of 

chitosan 
 
From the graph above shows the sample tests young’s 
modulus with a different composition and by adding 
Antimicrobial AM agent and without Antimicrobial 
AM agent. Young’s modulus is important to measure 
the stiffness of sample with different composition of 
polyethylene and chitosan with Antimicrobial AM 
agent  and without Antimicrobial AM agent . Sample 
with 5%chitosan shows the higher value of young’s 
modulus followed 8% and 10%chitosan. The lowest 
young’s modulus is the sample with 2%chitosan. The 
resulted were analysed by the increase value of 
young’s modulus with the increase percentage of 
chitosan and Antimicrobial AM agent. Compared to 
the lowest value of young’s modulus with the low 
percentage of chitosan and 5% value of Antimicrobial 
AM agent . 
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Moreover, the highest percentage of without adding 
Antimicrobial AM agent  is 10% chitosan followed by 
5% , 8% Chitosan and the lowest young’s modulus 
value is 2% Chitosan. The resulted were analysed 
increase value of young’s modulus with the high 
percentage of chitosan without adding Antimicrobial 
AM agent . Compared to the lowest value of young’s 
modulus with the low percentage of chitosan without 
adding Antimicrobial AM agent . It seems like by 
adding Antimicrobial AM agent . But the different is 
the percentage by adding the Antimicrobial AM agent 
, 5% chitosan produce the higher young’s modulus  
value compared without Antimicrobial AM agent  is 
10% chitosan. 
 
 
CONCLUSION 
 
In conclusion, the comparison between the different 
percentage of chitosan in composite film by with 
adding Antimicrobial AM agent and without 
Antimicrobial AM agent was evaluated. The 
evaluation based on the tensile testing, Fourier 
transforms infrared spectroscopy and melt flow index.  
The tensile test show the sample 2 with 5% Chitosan 
gave the low tensile strength, lower elongation at 
break of the film and the higher stiffness were 
considerably improved by addition the Antimicrobial 
AM agent to the film forming solution. By adding the 
Antimicrobial AM agent in melt flow test were 
improved the characteristics of chitosan with the 
increase amount of 10%Chitosan. The Antimicrobial 
AM agent produces the packaging become stronger 
and less elasticity than without adding the 
Antimicrobial AM agent . Hence, the melt flow values 
<1 show these formulations were suitable for plastic 
packaging by using blowing moulding. The FTIR 
were show the functional group and characteristics 
between the chitosan with and without Antimicrobial 
AM agent. 
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