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• The principal cause of climate change is 
greenhouse gas (GHG) emission 
(anthropogenic)

• The major climatic factors influenced are 
 Temperature
 Relative humidity
 Precipitation
 UV 
 Climate variability
• Results in increased prevalence of 

catastrophic weather events; and
• Changes to:
 Sea levels and salinity
 Crop yields
 Soil quality
 Nitrogen deposition
 Plant diversity
 Animal (including human) and crop diseases

Duchenne-Moutien and Neeto. 2021. J. Food Prot. 84 (11): 1884–1897 
https://doi.org/10.4315/JFP-21-141J. 

Models predict mean global warming from 1.5 
to 5.88C and a rise in the mean global 
precipitation of 5 to 15% by 2100
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Complexity!



Specific Food Safety-Related Implications for Global 
Climate Change

• Changes in prevalence, occurrence, and distribution; dynamics of 
growth and survival; and pathogenic potential, of microbial 
(bacteria, viruses, parasitic protozoa) pathogens in waters and 
food intended for human and animal consumption
• Global expansion of harmful algal blooms
• It’s all about competition (changing balance)
• Increased fungal growth with resultant formation of mycotoxins 
• Elevated risk for emerging zoonoses
• Potential for increased veterinary drug residues and associated 
antibiotic resistance of microbes
• Increased pesticide use and associated residues
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Shellfish Toxin/Vibrio Examples
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From:  Froelich and Daine. 2020. 
Environmental Microbiology 22(10), 4101–
4111. doi:10.1111/1462-2920.14967
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Sustainability:  Fulfilling the 
needs of current generations 
without compromising the 
needs of future generations

“A sustainable food value chain is a 
food value chain that:
• is profitable throughout all of its 
stages (economic sustainability);
• has broad-based benefits for society 
(social sustainability);
• has a positive or neutral impact on 
the natural environment 
(environmental sustainability)”

“A food value chain (FVC) consists of all 
the stakeholders who participate in 
the coordinated production and 
value-adding activities that are 
needed to make food products.”

From:  https://www.fao.org/sustainable-food-
value-chains/what-is-it/en/
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Food waste is any substance or 
object which the holder 
discards or intends to or is 
required to discard

Circular economy is a system 
based on the reuse 
and regeneration of materials 
or products, especially as a 
means of continuing production 
in a sustainable 
or environmentally friendly 
manner.
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Life cycle assessment
is a method for 
assessing environmental 
impacts associated with all 
the stages of the life cycle of 
a commercial product, 
process, or service. For a 
manufactured product, 
environmental impacts track 
from raw material production 
through manufacture, 
distribution and use, to the 
recycling or final disposal 
(Cradle to Grave). The aim is 
to document and improve the 
overall environmental profile 
of the product.
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Alternative Protein Sources
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• Cultured Meat
• Microbes derived from use of bovine serum in culture medium; must be free 

of  bovine-specific pathogens, e.g., a variety of bovine diarrheal viruses and 
including infectious prions

• Plant-Based Meat
• Can carry pathogenic bacteria originating from the raw ingredients, although 

all but endospore-forming bacteria (e.g., Clostridium spp. or Bacillus spp.) 
should be inactivated by heat produced in extrusion

• Allergens and ‘anti-nutrients’
• Insect Protein

• Pathogenic microorganisms in edible insects have been reported [bacteria 
(e.g., Cronobacter, Bacillus, Staphylococcus, Clostridium spp.; parasitic 
protozoa (e.g., Cryptosporidium spp.), and mycotoxin-producing molds

• Microbial biomass proteins
• Largely unknown



16



17

Among the most 
significant opportunities 
for decreasing
food waste and 
enhancing food security 
are using sensors
and intelligent packaging 
Sensor categories:
--Freshness sensors
--Gas sensors for food 
package integrity--
--Identification
tags like radio-frequency 
identification tags
--Time–temperature
indicators (TTI)
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Collision of Climate Change 
and Sustainability

The Big Picture--Oceans

Sustainability
Plastics as packaging materials

Climate Change
Implications of fossil fuel use

Run-off due to increased rainfall and/or 
flooding

Often impacts reflect both 
concepts



Collision of Climate Change and Sustainability on 
Food Safety
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• Changing food safety risks
• Increasing the prevalence or risk of known food safety 

hazards
• Altering the balance or prioritization of food safety risks
• Promoting the emergence of new or unforeseen food 

safety risks
• Introduction of new products for which we do not yet 

know the food safety risks
• Making it more difficult to manage food safety risks
• Changing how we might manage food safety risks
• Etc. and unknown



Conclusions
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• It’s Complicated, it Depends
• Unintended consequences equate to unpredictability
• Anticipated consequences
• The same organisms, different contamination routes and 

foods
• Emerging pathogens
• Emerging issues
• Consequences driven by scientific developments

• It’s here to stay
• We are in uncharted territory


