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Abstract- This study utilizes an analytic hierarchic process (AHP) to select the best polymeric material for food packaging 

applications as this will positively affect the quality and shelf life of food products. The proposed model uses seven criteria, 

including: tensile strength, flexural modulus, water vapor transmission, haze optical properties, melting point, density and 

cost. Low density polyethylene (LDPE), linear low density polyethylene (LLDPE), high density polyethylene (HDPE), 

polypropylene (extrusion grade), polypropylene (film grade), expanded polystyrene (EPS) and polyethylene terephthalate 

(PET) are used as alternatives. The results of this model show that PET is the best material for food packaging among the 

tested alternatives. Both inconsistency and sensitivity analysis are done and show that model is robust. 
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I. INTRODUCTION 

 

Food packaging is a critical phase in food production 

in which the food is prepared for distribution, storage, 

and end-use to maintain its quality, freshness, safety 

and to increase the shelf life of foods with the 

minimum possible cost [1]. This is done by the 

appropriate selection of packaging material that 

satisfies the four basic functions of packaging: 

containment, protection, communication and utility 

[2]. These functional requirements must be 

technically translated  to compare between available 

materials [3]. Particularly, there are a huge number of 

alternative materials available for food packaging 

applications; including: plastic, paper, metals and 

glass. Furthermore, each one of these groups includes 

different materials [2]. 

  

The selection of appropriate materials is a complex 

task that requires a good understanding of the product 

requirements, and materials properties in order to 

produce a successful high performance product that is 

market competitive [4]. 

 

The analytical hierarchy processes (AHP) is an 

effective decision making tool that used to rank group 

of alternatives on the basis of a set of criteria in terms 

of their relative importance for achieving the desired 

goal [5]. It is commonly used due to its capability and 

simplicity to help the decision maker having a robust 

decision using both subjective and objective measures 

[6,7]. In addition, the consistency of the evaluations 

can be checked in order to reduce the bias in decision 

making. 

  

Many researchers used the AHP alone, a modified 

form of AHP, or AHP integrated with other methods 

in the materials selection. For example, AHP was 

used select the best footwear insole material between 

three alternatives; polyurethane, poron, and plastzote 

[8].  In another study, AHP was integrated with 

balanced scorecard (BSC-AHP) to select a suitable 

material for condenser tube [9]. Also, fuzzy analytic 

hierarchical process method was utilized to evaluate 

the building material suppliers [10]. 

 

The literature is rich with studies that focus on 

improving the food packaging materials by using 

nanotechnology [11-14], few researchers attempt to 

select the food packaging material [15, 16], but no 

one used AHP to select the material for food 

packaging applications. Therefore, this research aims 

to develop a robust model utilizing AHP for this 

selection problem. 

 

II. LITREATURE REVIEW 

 

To improve the function of protecting the food from 

physical damage such as shock, vibration, tensile and 

compressive forces, food package should be made 

from materials that have the ability to prevent this 

type of damage. This can be satisfied by using 

material with excellent mechanical properties such as; 

high tensile strength and high flexural modulus 

[17,18]. In addition, the material should be selected 

with good physical properties; less water, vapor and 

moisture transmission which can prevent the food 

from environmental damage that occurs due to 

exposure to water, gases and microorganisms [19]. 

Also, the material should have low density, the good 

optical properties can prevent food from 

environmental damage that occurs due to exposure to 

light. Thus, packaging material should have low haze 

property [20]. Thermal properties are also important 

for package material in order to prevent reactions 

between food and package, its favorable for a 

material to have high melting point. For commercial 

use, cost must be considered and package must be 

made with an affordable cost to the customer. Hence, 

the cost must be minimized. Table 1 shows the 
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different criteria that are used to select polymeric 

material for food package, their units and required 

direction of change for each criterion to achieve 

optimal performance. 

 

Criterion  Abbreviatio

n 

Unit Direction of 

improvemen

t 

Tensile 

strength 

T.S. MPa Maximize 

Flexural 

modulus  

F.M. GPa Maximize 

Water 

vapor 

transmissio

n 

W.V.T. g/m²/da

y 

Minimize 

Haze  % Minimize 

Melting 

point 

M.P. °C Maximize 

Density  g/cm3 Minimize 

Cost  $/kg Minimize 
Table 1: List of criteria used to select polymeric material for 

food package, units and required direction of change. 

 

A large number of materials used in food packaging 

applications. The researchers extensively studied the 

required properties of such materials, and the 

emerging technologies that aim for developing a new 

generation of intelligent food packaging system [14]. 

Also, attempts were conducted to use nanocomposites 

and nanotechnology to tackle the problems that 

associated with packaging materials. They found that 

nanocomposites material can enhance the shelf-life, 

quality, safety, and security of food [11,12]. Cellulose 

nanostructure was suggested as a component in food 

packaging materials [11]. In other study, a bio-

nanocomposite made of biopolymer and nanosized 

filler was found to exhibit good mechanical, thermal 

properties as compared to unreinforced biopolymer. 

This nanocomposite shows high sustainability and 

eco-friendly properties [13].  Few researchers 

attempted to select the food packaging  material. A  

real life case was conudcted to choose the best 

material between recyclable, compostable and 

biodegradable packaging materials [16]. EXSYS 

Corvid software was used as an expert system for 

selecting suitable bio-based polymer material. If – 

Then rule based system was utilized to accomplish 

the material selection process. As a result, the 

proposed system selects the polylactic acid (PLA) 

[15]. Attempt was made to enhance the properties of 

the food packaging material by incorporating some 

nanoparticles and food packaging materials and 

forming composite [17]. 

 

III. METHODOLOGY 

 

3.1 Model construction 

Based on the literature, five main criteria were used; 

mechanical properties, physical properties, thermal 

properties, optical properties, and none technical 

criterion (cost). Low density polyethylene (LDPE), 

linear low density polyethylene (LLDPE), high 

density polyethylene (HDPE), polypropylene 

(extrusion grade), polypropylene (film grade), 

expanded polystyrene (EPS) and polyethylene 

terephthalate (PET) had been identified as 

alternatives. Expert Choice software was utilized to 

develop the model and solve the problem. Figure 1 

shows the hierarchal structure of the proposed model. 

  

 
Figure 1: The proposed AHP model for selecting polymeric 

food packaging materials. 

 

3.1.1 Alternative pairwise comparison 

The alternatives were compared one-to-one basis for 

all criteria. Online website for material properties; 

MatWeb [21] was used to gather data on each one of 

the alternatives. Table 2 lists the values of qualities 

under consideration for each one of the alternatives. 

The quantifiable measures that favor one alternative 

material over another, were established based on 

these values. The relative importance index (as 

defined by Almomani [22]) was used to relatively 

compare alternative A over alternative B regarding a 

certain criterion, was defined as: 

 

RIA

B

=  
XA

B

 , Maximize X

XB

A

, Minimize X
                                         (1) 

 

Where X is the property of comparison between the 

two alternatives A and B. 

 

Alternative T.S. F.M. W.V.T. Haze 

LDPE 11.5 0.189 15.8 8.43 

LLDPE 14.3 0.411 15 15.1 

HDPE 27 1.19 13 14 

PP E 94 1.4 14 19.6 

PP F 42.9 1.38 3 6.79 

EPS 0.439 0.1 126 6 

PET 38.8 2.41 3.08 10.6 
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Alternatives M. P. Density Cost 

LDPE 108 0.92 0.42 

LLDPE 122 0.926 1.2 

HDPE 129 0.958 1.8 

PP E 160 0.917 1 

PP F 154 0.906 1.35 

EPS 134.6 0.0917 0.85 

PET 245 1.28 1.4 

Table 2: List of the values of the qualities under consideration 

for the considered alternatives. 

 

The use of the aforementioned equation is illustrated 

in the following examples. (1) The flexural modulus 

must be maximized to achieve the goal. Hence, the 

relative importance of LDPE over EPS is calculated 

by 
FM  LDPE

FM  EPS
= 1.89, indicating that the LDPE is 

approximately 1.89 better than EPS on this sub-

criterion.  (2) The water vapor transmission must be 

minimized to achieve the goal. Therefore, the relative 

importance index of LDPE to HDPE is RILDPE

HDPE

=

1.053. This means that HDPE is better than LDPE by 

1.053. Figure 2 shows the alternatives pairwise 

comparison matrix for all criteria in the model.  

 

 
Figure 2: Alternative prioritization matrix for all  criteria. 

 

3.1.2 Criteria weight assignment 

The weight of the used criteria in terms of their 

importance to the main goal of selecting the food 

packaging polymeric material is shown in Figure 3. 

 
Figure 2: AHP Hierarchical structure for selecting the best 

polymeric food packaging material and weight of the criteria. 

3.2 Inconsistency Testing 

Inconsistency test was used to measure the deviation 

of relative weight of alternatives one over another for 

each criterion. The maximum inconsistency value in 

the model has the value of 0.02. This indicates that 

there are no problems in relative weight assignments. 

 

3.3 Alternative Total Weight 

The final score of each one of the alternatives in  the 

proposed model as computed using the software are 

shown on Figure 4. 

 

 
Figure 4: Final score of each one of the used alternatives. 

 

IV. RESULTS 

 

4.1 Alternative Final Rank 

The results from the proposed AHP model indicated 

that polyethylene terephthalate (PET) is the best 

polymeric material choice for food packaging 

application with total weight (0.219). This is referred 

to its excellent mechanical properties, high melting 

point, good optical properties, good water vapor 

transmission and acceptable cost. Polypropylene film 

grade (PPF) has the second rank with total score 

(0.188) because of its good mechanical, thermal and 

optical properties. 

4.2 Sensitivity Analysis 

In order to evaluate the stability of the alternatives 

ranking due to changing the weights of the criteria, 

the sensitivity analysis was done. The criteria weights 

assigned from the experts were used as a baseline. 

This test was done in different scenarios. where in 

each scenario, the weight of one criterion was 

increased, and then the alternative ranking was 

recomputed. For example, the weight of the 

mechanical properties was increased by 5% at the 

expense of other criteria, and then the alternative 

ranking was recomputed. It was found that PET 

sustain its first rank. 
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V. CONCLUSIONS 

 

In this study, the analytic hierarchic process (AHP) 

model was used to select the best polymeric material 

for food packaging applications, and the major 

conclusions are:.  

1. Polyethylene terephthalate (PET) was the best 

material for food packaging polymeric material 

applications.  

2. The proposed model is robust with inconsistency 

value of less than 0.02. 

3. The model has a sensitivity greater than 5%. 
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