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 Background: Food loss and spoilage is a major issue facing the world today. To 

overcome it, polymer food packaging is being developed to have antimicrobial 

functionality in improving food safety. With this aim, radiation-induced grafting has 

been used to covalently bond low density polyethylene with antimicrobial additive, 
sorbic acid (SA) to develop a non-migrate antimicrobial active film. Objective To 

determine the effect of grafting of sorbic acid onto polyethylene film using radiation 

grafting technique with respect to their oxygen permeability, water contact angle and 
mechanical properties. Results: Oxygen permeability and water contact angle of the 

grafted film slightly increased compared with raw LDPE film. Tensile strength 

increased from 20.48 MPa to 32.61Mpa, while elongation at break increased from 
193.25 % to 254.47% when 10% of SA was incorporated.. Conclusion: The results 

obtained will be a guide for subsequent novel development of LDPE film with sorbic 

acid attributes for active packaging application for food industry.  
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INTRODUCTION 

 

 Petrochemical-based plastics such as LDPE have gained much attention in packaging technology because 

of their physical properties, prominent strength and barrier properties to protect food form spoilage by microbial 

contaminant [2]. In general, plastic packaging provides several advantages when used in food packaging such 

as, lightweight and low cost with notable strength compared to other packaging material, good oil and chemical 

resistance, heat sealing, excellent gas and water vapour barrier properties, thermally stable, easily reused and 

recycled [7]. However, this traditional packaging only meant for mechanical supporting and protecting food 

from external contaminant and was considered as passive protection due to the its key safety when in contact 

with foods is to be as inert as possible [14]. Thus, new polymer based packaging for food technology was 

developed during past decade to overcome this problem. At the point of safety, industrial food production had 

moved towards fresh, less chemical food products with maximum quality and prolonged shelf-life. In addition, 

trends in market globalization resulting in longer distribution of food and consumer’s way of lifestyle act as 

driving forces for the development of new and improved packaging to expand the function of traditional 

packaging. In fact, polymer packagings are now shifting from passive protection to an active role in improving 

food quality. There have been remarkable developments in recent years in the polymeric packaging films 

incorporated with antimicrobial agents for improving the preservation of packaged foods. These films possess 

the potential for improving microbial stability of foods by acting on the food surface [1,12]. 

 Modification in polymeric structure of plastic material can be achieved either by conventional chemical 

process or by ionization radiation from radioactive sources or highly accelerated electrons. Among these, 

radiation grafting is well known as a versatile and a clean method because of its large penetration in polymer 

matrix, rapid and uniform formation of active sites for initiating grafting throughout the matrix which is useful 

for the development of new materials that feature unique properties. Radiation-induced grafting in its simplest 

form involves heterogeneous systems, with the substrate being film, fibre, or even powder and the monomer to 

be grafted onto the substrate can be liquid, vapour, or solution. Polymers are quite often irradiated for 

modification of the chemical and physical properties, and are of particular interest for achieving specifically 

desired properties. Under appropriate experimental conditions, modification of polymer properties can be 
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accomplished not only at the surface but also throughout the internal phase of polymer [3]. Grafting of 

polyethylene with polar functional groups is a very good method for obtaining new materials of special 

physical-chemical properties. The incorporation of polar functional groups like carbonyls (C=O) into polymeric 

chain provides specific sites for interactions such as hydrogen and covalent bonding which improves the 

compatibility of polymer with other materials [8]. Moreover, the attachment of covalent bond provides long 

lifetime of chemical stability by means of introduced chains, compared to physically coated polymer chain [9]. 

 Sorbic acid (2,4-hexadienoic acid) is considered a GRAS additive used in beverages, processed fruits and 

vegetables commonly used as model additive in release studies [5,6]. Furthermore, the effective concentrations 

normally do not alter the taste or odor of a food product and are considered harmless [15]. Recently, the 

radiation-induced grafting of antimicrobial agent on polymer films with electron beam, x-rays, gamma or ultra-

violet has been reported [13,10,4]. However, until now, there is no reported literature on radiation-induced 

grafting of sorbic acid onto LDPE film. Therefore, the research aimed at evaluating the properties, including 

oxygen permeability, tensile strength, elongation at break, water contact angle and surface morphology of 

antimicrobial LDPE film grafted with sorbic acid.  

 

Methodology: 

Materials: 

 Low Density Polyethylene film (thickness ~ 50µm)  was extruded using blown film extrusion. Sorbic acid 

were purchased from Sigma-Aldrich and used as received. Solvent and chemical reagents were of laboratory 

grade and were used without further purification. 

 

Radiation-Induced Grafting: 

 Pre-irradiation grafting method was employed to graft sorbic acid (SA) onto low density polyethylene 

(LDPE) film. 10cm x 10cm square pieces of LDPE films were placed in a zippered bag, which was sealed after 

nitrogen flushing and irradiated at dry ice temperature using electron beam accelerator, EPS 3000 available at 

Agensi Nuklear Malaysia. The irradiated film was directly used for grafting reaction after irradiation. The 

grafting reaction was carried out in an ampoule, where the irradiated sample was placed inside the ampoule and 

immersed with sorbic acid solution of 2%, 5% and 10% of SA concentration for 3 hours at 60°C. The samples 

were then removed from the solution and cleaned by sonicating for 1 hour in distilled water and washed again 

repeatedly with distilled water until no subsequent weight decrease.  

 

Characteristization of Films: 

 Oxygen permeability rates were measured using a constant-pressure system and a soap bubble flow meter. 

Permeation tests were carried out at 25◦C with feed gas pressure of 5 bar gauge. The measurement was repeated 

three times for each sample. Pure gas permeability was calculated using Eq. (1):  

 

              (1)  

 

 where P is the permeability,  is the pressure difference across films (Pa), A is the effective surface area 

(12.5×10−4 m
2
), l is the thickness of film (m), t is the permeation time (s), V is the volume of the gas permeated 

through the film (m
3

(STP)). 

 Tensile properties were measured on SHIDMADZU Autograph Tensile Test Machine Model AGS-G 

according to ASTM D1822L. The gauge length was set at 30 mm and the cross head speed of 1 mm/min was 

used and the test was performed at 25 ± 3°C.  The grafted film morphology was analyzed as a function of 

grafting yield using AFM (Shimadzu SPM-9500J2). The water contact angles of the surface of the samples were 

measured with Static Contact Angle Measurement using the drop drop method (each sample was analyzed three 

times). 

 

Results: 

 
Table 3.1 : Oxygen permeability (OP), tensile strength and elongation at break of LDPE and LDPE-g-SA film  

Samples OP × 10−16  (m3m/m2sPa) Tensile strength (MPa) Elongation at break (%) 

LDPE (control) 3.36 20.48 ± 0.70 193.25 ± 0.61 

LDPE + 2% SA 3.34 31.25 ± 0.29 201.10 ± 1.31 

LDPE + 5% SA 3.21 31.84 ± 1.12 213.17 ± 0.73 

LDPE + 10% SA 3.07 32.61 ± 0.32 254.47 ± 1.36 
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Fig. 3(1): Contact angle images of deionized water droplet over the film surface for  LDPE and  LDPE-g-SA.  

 

 
Fig. 3(2): AFM image of surface roughness of (A) LDPE and (B) LDPE-g-Sorbic Acid. 

 

Discussion: 

 As shown in Table 3.1, the oxygen permeability (OP) values of the control film and of the films with sorbic 

acid (SA) grafted at different concentration were compared. The effect of sorbic acid grafting onto LDPE films 

plays an important roles in improvement of OP. From the results, lowest OP was observed at LDPE+ 10% SA 

with 3.07 × 10
−16

 m
3
m/m

2
sPa, which is significantly different from other film. LDPE grafted with 2% and 5% of 

SA presented values of OP of 3.34 × 10
−16

 and 3.21 × 10
−16

 m
3
m/m

2
sPa, respectively, with LDPE+2% being the 

highest OP value indicates that the film is not qualified for good oxygen prevention as compared with other 

films.  OP of the films decreased with the incorporation SA probably due to limited inter molecular chain 

mobility and decreased its free volume resulting to the decrease of OP . This result indicates the potential of 

LDPE-g-SA films to be used as antimicrobial packaging to protect food from deterioration. The films with low 

oxygen permeability are suitable for confectionery products, baked foods, nuts and other products that are 

susceptible to oxidation [11].   

 Tensile strength (TS) and elongation at break (EAB) of LDPE film grafted with different concentration of 

SA are shown in Table 3.1. The incorporation of SA significantly improved both TS and EAB. The control film 

showed lower TS (20.48 MPa) and lower EAB (193.25%) than those grafted films. When SA concentration 

increased from 2% to 10%, TS also increased from 31.25 MPa to 32.61 MPa. On the other hand, EAB of 

antimicrobial film significantly increased when compared with control film from 201.10% up to 254.47% with 

increasing concentration of SA from 2% to 10%.  However, the TS and EAB of film with 2% and 5% SA was 

lower than those films with 10% SA indicating the film with 10% sorbic acid exhibit superior TS and EAB 

properties. An improvement of mechanical properties of grafted film was probably due to the grafting of SA 

onto backbone of LDPE film and therefore increases the flexibility of polymer chains. The tensile results 

suggested that incorporation of sorbic acid via radiation grafting could improve the tensile properties of LDPE-

g-SA film.  

 

A) B) 
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 Contact angle measurements were performed to provide information regarding the contact angle of water on 

the surface of LDPE and LDPE-g-SA. As shown in Figure 3.1, generally, all the contact angle for grafted of 

sorbic acid onto LDPE film are above 90° which means that the films have a hydrophobic surfaces. Before 

grafting, the contact angle of control LDPE film is about 86.42° which mean that the surface of the material is 

hydrophilic. As to the grafted film, the water contact angle increases up to 105.25°, indicating that grafting of 

sorbic acid led to a decreased of surface wettability of the grafted film in comparison to the raw LDPE. The 

enhanced of LDPE-g-SA wettability properties are determined by the chemical composition and surface 

morphological structure of material surface, which associated to its surface roughness. These results correlate 

well with AFM micrograph observations that indicated attachment of sorbic acid at film surface.    

 Figure 3.2 displays the three-dimensional AFM images obtained from raw film sample and the grafted film. 

It is clear from this result, the grafted sample seems to have a relatively rougher surface topography, which 

supports the earlier result in Figure 3.1. The effect of grafting on the topology can be seen from the pictures of 

grafted samples with small new spikes, presumably exhibited considerable grafted SA as compared to the raw 

LDPE film.  

 

Conclusion: 

 This study showed that grafting of sorbic acid (SA) onto LDPE film has significant effect on its film 

properties. LDPE-g-SA film exhibit an excellent improvement in both tensile strength and elongation at break, a 

consequence of increasing flexibility of polymer chains, which affected film morphology, resulting increased 

surface roughness of the film. Contact angle of the grafted film revealed a decreased of surface wettability 

which means the films have a hydrophobic surfaces. Overall, the use of SA as active agent offer high potential 

for the development of antimicrobial active film for food packaging. Thus, future research in this area should 

focus on the application of this antimicrobial film to food product to evaluate the effectiveness of its 

antimicrobial properties.  
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