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Abstract: Food contamination outbreaks are becoming more prevalent in today’s society. These outbreaks can occur due to 
contamination at any point during the food supply chain. This in turn can lead to many illnesses that cause a loss of confidence 
in the food chain. Two main objectives are considered for this research. The first objective is to consider the food products that 
are linked to illness. The second objective focuses on determining the optimal food removal policy. Two deterministic 
differential equations models are used to model these processes. As a result, we are able to see the progression of food through 
various stages and see how shelf life plays a role in the number of consumers that become ill. We are also able to see the 
optimal time to remove products from the shelf based on different food types to lessen the number of consumers that will 
become ill. 
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1. Introduction

From 2009 to 2010, there were 1,527 food outbreaks reported by the United States (U.S) public health departments, 
which contributed to 7.8% of deaths (Centers for Disease Control and Prevention, 2014). Since the September 11th terrorist 
attacks, there has been an increased concern about the vulnerability associated with the food supply chain. Implementation of 
intervention strategies, such as recalls, can help in preventing the distribution of food with impurities because of a vulnerable 
system. This concern as well as recurring instances of illness has made food safety and defense a top priority in this country. 
Although previous research has shown developments in understanding food contamination events, many use only one 
solution approach such as simulations or growth and probabilistic models we consider using compartmental models. 

2. Methodology

2.1 Case 1: Deterministic Differential Equation model with non-constant population, purchasing and 
consumption behavior (Food) 

2.1.1 Model Description and Assumption 
A deterministic ordinary differential equation progression model is developed to illustrate how contaminated food 

moves through the food supply chain. The model links illness in consumers to food products sent to a distribution channel. 
The phase of progression is as follows: (1)The total amount of contaminated food  products is denoted by (A); (2) The 
number of food products purchased from a distribution channel that can lead to consumer illness is denoted by (P); (3) The 
number of contaminated food products consumed is denoted by (C); (4) The number of food products that cause illness is 
denoted by (I). This model is different from the original SEIR model because it uses food instead of people as the population. 
The population of food is finite and known. Based on the flow of each stage, we construct a system of differential equations 
(Figure 1). 
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