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Foodborne Illness

Global food systems have grown in 
complexity and scale to respond to 
increased urbanisation and population 
growth. These significant advances 
have increased food production and 
transportation. However, they have also 
exposed vulnerabilities that can radiate 
through a highly complex food system 
to cause severe food disease outbreaks. 

To reduce outbreaks, governments and 
researchers have implemented strict 
and effective food safety measures 
and practices. Although our standards 
have significantly improved, bacteria 
including Listeria monocytogenes and 
E. coli still cause thousands of illnesses 
and hundreds of deaths in the US alone 
each year.

Antimicrobial Packaging

Antimicrobial packaging could serve as 
an additional measure to enhance food 
safety. Also called ‘active’ or ‘intelligent’ 
packaging, such materials have received 
considerable attention as the demand 
for high-quality food products with an 
extended shelf-life increases.

Intelligent packaging can be created 
by blending antimicrobial chemicals 
into the packaging material, or by 
coating a layer of such chemicals 
onto package surfaces. Additionally, 
some solutions involve sealing food 
in a package containing a protective 
gas. In response to growing consumer 
demand for sustainable packaging, 
many researchers are developing 
antimicrobial coatings derived from 
natural sources that can be applied to 
bio-based packages.

Intelligent packaging may seem like 
a no-brainer, but adoption of these 
technologies on a commercial scale 
faces several challenges. First, many 
of these chemicals remain mired 
in regulatory backlogs for years. 
Additionally, every substance must 
be extensively studied to determine 
whether it affects the flavour of the food. 
In some cases, these chemicals are only 
effective for short periods of time.

Most antimicrobial coatings for food 
packaging have only been tested in the 
lab. Now, we have an urgent need to 
test these coatings on a larger scale to 
assess their safety and effectiveness.

Dr Kay Cooksey of Clemson University 
has been at the forefront of intelligent 
packaging research for many years. 
‘My research can be described as 
mainly focusing on food packaging 
that impacts food safety and quality,’ 
she explains. ‘The food industry does 
a fantastic job in maintaining safety 
before the food goes in the package, 
but the idea of having a package that 
provides additional protection through 
the active release of an antimicrobial 
agent could provide another hurdle for 
spoilage and pathogenic bacteria to 
overcome.’

DEVELOPING INTELLIGENT 
PACKAGING SOLUTIONS 
TO PREVENT FOODBORNE 
ILLNESSES
Many of us avoid foods that contain ingredients we haven’t heard 
of. However, many of these chemicals are beneficial because they 
prevent the growth of bacteria that cause foodborne illnesses. 
Although food quality standards have improved dramatically, 
outbreaks of foodborne illnesses are still common. Luckily, we 
have one line of defence to exploit: antibacterial food packaging. 
Dr Kay Cooksey of Clemson University is leading ground-breaking 
research to overcome the hurdles associated with antibacterial food 
packaging, bringing it one step closer to market.
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Nisin and Turkey Bologna

Nisin is an antibiotic produced by fermenting strains of the 
lactic acid bacterium, Lactococcus lactis. Nisin works by 
binding to the cell membranes of other bacteria and disrupting 
cellular chemistry. It is of the first antibiotics recognised for its 
potential in food preservation, and has been studied since the 
early 1950s. 

Nisin shows excellent promise to combat Listeria 
monocytogenes, the bacteria responsible for Listeriosis, the 
third leading cause of death from foodborne illness in the US. 
Listeria monocytogenes is pervasive – found in soil, drains, 
water, and even on people. This harmful strain of bacteria is 
linked to deli meats such as salami, mortadella, and prosciutto. 
Though nisin is often used in processed cheese, it is still not 
used in deli meats.

Dr Cooksey has studied nisin in her lab for decades. In 2005, she 
determined the minimum level of nisin needed to inhibit the 
growth of Listeria monocytogenes. In the same study, her lab 
reported an effective packaging coating solution for nisin. 

More recently, in a 2022 study, Dr Cooksey and her colleagues 
developed a food-safe coating formulation that can slowly 
release nisin, increasing the amount of time the antibiotic 
remains effective.

As part of this study, the research team inoculated turkey 
bologna deli meat with Listeria monocytogenes. They then took 
a sample of the meat and sealed it in a pouch with their coating 

solution. They found that nisin, when coated in an bio-based 
material called pectin, is food safe and colourless. 

Notably, the nisin coating significantly reduced the 
concentration of Listeria monocytogenes in the turkey bologna 
when compared with a control. These results suggest that the 
nisin and pectin combination could provide valuable defence 
against this harmful strain of bacteria in deli meat. However, Dr 
Cooksey stresses that ‘more testing on a wider variety of meats 
is needed to provide further evidence of the film’s effectiveness.’

Chitin and Chitosan 

Chitin, a substance that forms a major part of crustacean shells 
and insect exoskeletons, contains many reactive components 
that can readily destroy microbial cell walls. Like nisin, chitin 
and its derivative chitosan both show promise in combating 
Listeria monocytogenes. Chitosan can be synthesised by 
removing ‘acetyl’ chemical groups from chitin, in a process 
known as ‘deacetylation’. However, it is impossible to 
completely deacetylate chitin to form pure chitosan.

In the early 2000s, Dr Cooksey and her lab evaluated 
the microbial effects of chitosan solutions with different 
percentages of deacetylation. Dr Cooksey found that all of 
the solutions – from 90% to 80% deacetylation – effectively 
reduced Listeria monocytogenes in a solution. 

Chitosan is biodegradable, making it an attractive option 
for sustainable food packaging materials. However, it is 
sensitive to changes in pH and cannot easily diffuse through 
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solid materials. Luckily, Dr Cooksey has continued research 
into chitosan and has mentored several graduate students 
studying its properties to develop solutions that will enable 
us to use chitosan commercially. In 2013, for example, Dr 
Cooksey and her graduate student Scott Hartley compared 
the effectiveness of chitosan packaging methods in reducing 
Listeria monocytogenes in hot dogs.

Chlorine Dioxide to Protect Fresh Produce 

Fresh produce forms an important part of a healthy diet, but 
many fruits, vegetables, meats and cheeses can suffer from 
bruising and mould. One solution is to create a protective 
atmosphere around food products within their packages, such 
as gaseous chlorine dioxide. Today, chlorine dioxide is used on 
fresh agricultural products to preserve food quality, supress 
bacterial and fungal growth, and decrease the risk of foodborne 
illness.

Most commonly, producers add chlorine dioxide sachets 
into the package, which release the gas gradually over time. 
However, Dr Cooksey recognised that these methods could 
lead to concentration gradients within the package, resulting 
in an uneven treatment of the produce. Her team confirmed 
this speculation in pilot experiments with strawberries, whose 
results showed that berries close to the sachet were exposed to 
large doses of chlorine dioxide compared with berries further 
from the package.

‘Currently I am working with chlorine dioxide as a gaseous 
vapor for in-package and bulk treatment of fresh produce 
such as strawberries and tomatoes,’ says Dr Cooksey. ‘This 
technology shows great promise.’

In a 2022 study, Dr Cooksey definitively modelled how 
temperature, humidity, package shape and sachet 
characteristics can influence the distribution of chlorine dioxide 
gas at the strawberry surfaces. Unsurprisingly, the team found 
that the product size and humidity influenced how the gas 
diffused from the sachet. For example, larger strawberries had 

less space between them, decreasing airflow around the fruits 
and leading to unequal gas diffusion throughout the package. 
On the other hand, the temperature did not affect the diffusion 
rate, which surprised the researchers.  

With these insights, Dr Cooksey and her colleagues improved 
their understanding of which variables influence chlorine 
dioxide distribution in packages of strawberries. The team 
hypothesised that by increasing space between the products 
and creating channels within the package, the gas would 
diffuse more evenly. 

Then, the researchers designed a widget that would increase 
airflow and facilitate more effective gas distribution across 
the surfaces of fruits. The device contains holes on its surface 
to allow more gas to escape as the distance of the widget 
from the chlorine dioxide source increases. Data from the 
team’s experiments showed that the widget increased the 
concentration of chlorine dioxide that reached the top and 
bottom of the package.

The team’s widget is not intended to be a market-ready 
product, mainly because it would lead to increased plastic use 
in an already plastic-heavy strawberry supply chain. But the 
researchers write that they ‘hope that insights from the widget’s 
improved performance can be used as a proof of concept to 
guide package systems with built-in functionality optimised for 
gas distribution.’

Promoting Resiliency to Reduce Disease

Overall, Dr Cooksey’s research will bring intelligent packaging 
solutions one step closer to reality, helping fresh produce 
to last longer, improving sustainability and reducing the 
spread of foodborne illnesses. Extending product shelf life will 
undoubtedly have cascading effects to improve consumer 
health, reduce retailer expense, and protect the environment. 
Most importantly, intelligent packaging will add one more 
obstacle in the path of harmful bacteria, adding resiliency to 
our global food production systems.
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