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FIGURE 1. Relationship among climate variability, the effects of
climate change, and other related phenomena.

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

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

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
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and Current Design Innovations
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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

e [t’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



Shellfish Toxin/Vibrio Examples
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Landrigan PJ, et al. Human Health and Ocean Pollution.
Annals of Global Health. 2020; 86(1): 151, 1-64.
DOI: https://doi.org/10.5334/aogh.2831

TEXT BOX 4: Reduced Water Flow and Increased
Frequency of HABs.

An example of an area where changes in freshwater
flow may be affecting HAB incidence is in the Bohai
Sea of China. The Bohai is one of several regions in
China where the number of HABs has increased in
recent years. Due to droughts and water diversions
for drinking water and agriculture, several of the riv-
ers that used to flow freely into the Bohai are now dry
for many days every year. This reduces the dilution of
pollution loads in nearshore waters and also reduces
stratification.

Dams are another factor that can increase frequency
of HABs by altering fresh water flow into the ocean.
Dams decrease turbidity and the availability of silicate
to downstream waters due to sediment trapping within
impounded waters. A decrease in the amount of silicate
reaching coastal waters, concurrent with increases in
water transparency can lead to shifts in the nutrient
ratios that regulate phytoplankton community com-
position [390]. An increase in HAB frequency has been
observed downstream of the massive Three Gorges Dam
in China, and this increase is linked to a decrease in sedi-
mentation and turbidity [391].

Figure 10: Geographical Distribution of Paralytic Shellfish Poisoning (PSP) Events, 1970 and 2017.
Source: US National Office for HABs, Woods Hole, MA. 6
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Figure 11: Trends in conditions favorable to Vibrio outbreaks in selected world regions [411].
Source: Reprinted from Watts et al. The 2018 report of the Lancet Countdown on health and climate change: shaping
the health of nations for centuries to come. Lancet 392: 2479-2514, 2018, with permission from Elsevier.
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Table 1: Key foodborne pathogens currently ranked in Canada to

Pathogen

Symptoms (42)

Current cases
per 100,000

consider in the context climate change (6)

Influence of climate on
occurrence (20,43)

people (6)

N

Symptoms include nausea, vomiting, diarrhea, stomach xtreme weather events (such as
Norovirus cramps, low-grade fever, chills, headache, muscle aches 3,223.{9 | heavy precipitation and flooding) and
and fatigue decreased air temperature A
.
——— —
Symptoms include diarrhea, pain and cramps, stomach
Clostridium perfringens bIoatu?g, increased gas, nausea, weight loss, loss of 54450 | Uncertain
appetite, muscle aches and fatigue. In rare cases, severe
dehydration, hospitalization, death
y P _— ———
Symptoms include fever, nausea, vomiting, stomach pain, Changes in the timing or length of
Campylobacter spp. and diarrhea. In rare cases, hospitalization and long- 447 R3 | seasons, increased air temperatures,

lasting health effects, death

NRLEcipitation and flooding

Salmonella spp.,

Symptoms include chills, fever, nausea, diarrhea,
vomiting, stomach cramps, and headache. In rare cases,

269.26

Changes in the timing or length of
seasons, extreme weather events,

nontyphoidal hospitalization and long-lasting health effects, death increased air temperatures
Symptoms include diarrhea or vomiting. ket i e S s lenatiat
Bacillus cereus In rare cases, hospitalization and long-lasting health 111.6(( 9 d h 9 9
effects death seasons, drought
Verotoxigenic Escherichia | Symptoms include diarrhea. In rare cases, hospitalization Changes In The timmg or Tength of
: ; 63.15 | seasons, extreme weather events,
colinon-0O157 and long-lasting health effects, death : x
increased air temperatures
Verotoxigenic Escherichia | Symptoms include diarrhea. In rare cases, hospitalization Changes in the timing or length of
: ; 39.47 | seasons, extreme weather events,
coli 0157 and long-lasting health effects, death : X
increased air temperatures
Symptoms include minimal to mild illness with fever. In Extreme weather events. increased air
Toxoplasma gondii rare cases, inflammation of the brain and infection of 28.10 ioitation (44
other organs, birth defects temperatures, precipitation (44)
Yy : Symptoms include diarrhea, stomach cramps, nausea, Exireme weather:events, Increazed air
Vibrio parahaemolyticus i . ; 5.53 | temperatures, increased sea surface
vomiting, fever and headache. In rare cases, liver disease
temperature
Symptoms include fever, nausea, cramps, diarrhea,
vomiting, headache, constipation, muscle aches. In severe Ty
Listeria monocytogenes cases, stiff neck, confusion, headache, loss of balance, 0.55 !

miscarriage, stillbirth, premature delivery, meningitis,
death

temperatures, precipitation

...

Vibrio vulnificus

Symptoms include diarrhea, stomach cramps, nausea,
vomiting, fever, headache. In rare cases, liver disease

<0.0<

treme weather events, increasedm
temperatures, increased sea surface

%eratu re

Abbreviations: spp., species; <, inferior to
Note: Currently, the five most common foodborne pathogens are noroviryl

v

?

Suggested citation: Smith BA, Fazil A. How will climate change impact microbial foodborne disease in Canada?
Can Commun Dis Rep 2019;45(4):108-13. https://doi.org/10.14745/ccdr.v45i04a05




" g Climate change and zoonoses: A review of the current status, knowledge
TROPICA gaps, and future trends

Acta Tropica 226 (2022) 106225

N . a, * b . z z a
Ruwini Rupasinghe > , Bruno B. Chomel ’, Beatriz Martinez-Lépez https://doi.org/10.1016/j.actatropica.2021.106225
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Fig. 1. Impacts of global warming and geoclimatic variations on zoonoses.




Figure 2 - The Concept of Sustainability in Food Value Chain Development

ECONOMIC IMPACTS

Profits
Jobs/incomes
Tax revenues

Food supply

SOCIAL IMPACTS ENVIRONMENTAL

IMPACTS
Added value distribution | Eco-social
Cultural traditions progress Carbon footprint
Nutrition and heaith Animal/plant heaith

Workersrights and safety Water footprint

Animal welfare Soil conservation
Institutions Biodiversity
Food loss and waste
Toxicity

Source: FAO, 2014

From: https://www.fao.org/sustainable-food-
value-chains/what-is-it/en/

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.”

10




New insights in food security and environmental sustainability
through waste food management
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Environmental Science and Pollution Research
https://doi.org/10.1007/511356-023-26462-y

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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Conflicting Issues of Sustainable Consumption and Food
Safety: Risky Consumer Behaviors in Reducing Food Waste and

Plastic Packaging

Gyula Kasza 20, Nina Veflen 34(%, Joachim Scholderer °, Lars Miinter ¢, Laszl6 Fekete 7, Eszter Zita Csenki !,
Annamaria Dorké 1, David Szakos 2(° and Tekla Izso6 1'*

Foods 2022, 11, 3520. https://doi.org/10.3390/foods11213520

Table 1. Messages targeting risky behaviors * from the domain of sustainability—safety controversy

regarding food waste.

Recommendations to Disband Conflicts

Risky Consumer I.S?ha\.nor in Food-Waste Examples of Seemingly C?ntrover51al between Food Safety and Food-Waste
Mitigation Food-Safety Advice :
Reduction
Plan menus ahead of time.

: Respect use-by dates [63]. Check the labeling during the shopping.

Consunag aad s use-by Cafebasedion When in doubt, throw it out [64]. Follow the “first in, first out” practice.
sensory evaluation B : : =
on’t trust your senses [65]. Differentiate expiration-date types.

Keep track of your food stock.

Bring your reusable bags to the shop, but pay
attention to their proper washing and

TG : A
Use single-use plastic bags for temporary RS pos?;l;f), Sl Gk

N s e S o storage or transportation of RTE (ready-to-eat)
without washing or sanitizing [106] & P G Wash and sanitize reusable bags dedicated to
food to prevent cross-contamination [37].
RTE food after each use.

For the industry: Include washing instructions
on a label inside each bag.

12



Sustainable food cold chain logistics: From

microenvironmental monitoring to global impact

Qian Chen® |

Jianping Qian

Han Yang |

Wenbin Wu

COMPREHENSIVE REVIEWS IN FOOD SCIENCE AND FOOD SAFETY

TABLE 2

Reference
Loiseau et al., 2020

Svanes & Johnsen, 2019

Dong & Miller, 2021
Frankowska et al., 2019a, 2019b
Maiolo et al., 2021

Bonou et al., 2020

Hoang et al., 2016

Latini et al., 2016

Evans, Foster, et al., 2014; Wu et al., 2018;

Zhang et al., 2021
de Frias et al., 2020
Tassou et al., 2009
Hariga et al., 2017
Bottani et al., 2019
Wu et al., 2019
Gwanpua et al., 2015
Fan et al., 2021
Jouzdani & Govindan, 2021

Product
Apples

Plums, sweet cherries, apples

F&V, meat, aquatic products
F&V

Rainbow trout

Pork

Salmon

F&V

Cooling system

Refrigerated display cabinet
Refrigerated vehicles
Perishable food

Perishable food

Fruit

Perishable food

Banana

Dairy

Cold chain stage
Distribution

Production, processing,
distribution, consumption

Full

Full

Full

Full

Chilling, super-chilling
Processing

Cold storage

Consumption
Transport
Multi-stage
Full

Full

Full

Full

Full

Comprehensive summary of research of life cycle assessment for food cold chain logistics between 2010 and 2021

Objective
EI
EI

EI
EI
EI
EI
EI
EC
EC

EC

EC, EI

EC, EI

EC, EI

FQS, EI

FQS, EC, EI
FQS, EC, EI
EC, EI, traffic

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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Applications of green technologies-based approaches for food
safety enhancement: A comprehensive review

Fakhar Islam'® | Farhan Saeed'® | Muhammad Afzaal'® | Aftab Ahmad? |

Muzzamal Hussain! ©® | Muhammad Armghan Khalid! | Shamaail A. Saewan®® |
4
AShraf O KhaShroum Food Sci Nutr. 2022;10:2855-2867.
DOI: 10.1002/fsn3.2915
Abstract

Food is the basic necessity for life that always motivated man for its preservation and
making it available for an extended period. Food scientists always tried to preserve
it with minimum deterioration in quality by employing and investigating innovative
preservation techniques. The food sector always remained in search of eco-friendly

and sustainable solutions to tackle food safety challenges. Green technologies (ozone,

pulsed electric field, ohmic heating, photosensitization, ultraviolet radiations, high-

pressure processing, ultrasonic, nanotechnology) are in high demand owing to their

eco-friendly, rapid, efficient, and effective nature in controlling microbes with a negli-

gible residual impact on food quality during processing. The use of green technologies

would be a desirable substitute for conventionally available preservation techniques.
This paper discusses different food preservation techniques with special reference to
green technologies to minimize the deleterious impact on the environment and em-

ploys these innovative technologies to play role in enhancing the food safety.
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Alternative Protein Sources

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.qg., Cronobacter, Bacillus, Staphylococcus, Clostridium spp.; parasitic
protozoa (e.g., Cryptosporidium spp.), and mycotoxin-producing molds
Microbial biomass proteins
« Largely unknown

15




Comprehensive
REVIEWS

1 Food Scieace and Food Safety

Food safety considerations and research priorities for the
cultured meat and seafood industry

Jeremiah Johnston?
Jo Anne Shatkin'

Kimberly J. Ong' © |

Dwayne Holmes* |

| IshaDatar’ | Vincent Sewalt? |

Compr Rev Food Sci Food Saf. 2021;20:5421-5448.

DOI: 10.1111/1541-4337.12853

Production cell
preparation
= Cell culture medium
- Antibiotics
- Physico-chemical
transformations
- Microbiological
contamination

Biomass production

- Cell culture medium
- Antibiotics

Food Processing
- Physico-chemical
transformations
- Microbiological
contamination

Target tissue/cell
procurement
= Microbiological
contamination

Product collection

- Cell culture medium

ination

TABLE 1

Source

Source animal

Cell culture medium

Cell storage inputs

Cell storage conditions

Continual subculturing,
handling, and
transferring of cells

Novel expression products

Scaffold and microcarriers

Dissociation reagents

Food processing

Equipment, supplies,
packaging, cleaning
products

Main potential hazard(s)

Bacteria, viruses, parasites,
prionsAntibiotics

Fetal Bovine Growth serum and
animal-derived components
Antibiotics
Inputs at higher concentrations than
found in conventional meat or
seafoodNovel inputs and allergens

Cryoprotectants

Leakage of cryopreservation fluid into cells

Microbiological
contaminationPhysicochemical
transformations

Hazardous or allergenic proteins or
bioactive moleculesIntroduction of traits
of concern

Hazardous materials

Hazardous reagents

Physicochemical transformationsNovel
inputs and allergens

Chemicals
Microbiological contaminationAllergens

Summary of source, main potential hazards, and potential outcomes that may require investigation

Potential outcomes

Introduction of infectious disease agents into cell

culture.Increase in antibiotic resistance.

Introduction of infectious disease agents into cell culture
from cell culture components.
Increase in antibiotic resistance.
Could be hazardous to human health (e.g., certain growth
factors). -
Could be hazardous to human health.Potential
allergenicity.

Final product contains cryoprotectants in amounts not safe
for human consumption.

Microbiological contamination or cross-contamination of
cells.

Introduction of infectious disease agents into cell culture.
Changes in cell morphology, function, and physiology
may result in a final product that has characteristics
different to those of conventional meat.

Alterations in the types and levels of endogenous gene

expression or as a result of genetic drift may cause
pleiotropic effects or novel expression products that may
not be safe for consumption.

May result in traits of concern, such as antibiotic
resistance.

Materials used for adherent surfaces and their degradation
products may not be safe for consumption.
Use of hazardous reagents may end up in the final products.

Induction of structural and chemical changes different from
those of conventional meat.
Could be hazardous to human health.Potential
allergenicity.

Leaching of hazardous chemicals or substances into cell

culture.
Introduction of infectious disease agents into cell culture.
Cross-contamination with allergenic substances.
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and Current Design Innovations

Florencia Versino

and Maria Alejandra Garcia

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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Characterizing Microbial Cross-Contamination
on Large Surfaces Using a Traditional
“Cloth and Bucket” Disinfection Method

Rebecca M. Goulter,’” James S. Clayton,?
Robin Grant Moore,? Justin M. Bradshaw,’?
Jason W. Frye,' Esa J. Puntch’ and Lee-Ann Jaykus'

Food Protection Trends, Vol 40, No. 6, p. 392-401
Copyright® 2020, International Association for Food Protection
2900 100th Street, Suite 309, Des Moines, |1A 50322-3855

TABLE 1. Cross-contamination efficiency ratios of microorganisms from an inoculated

laminate surface to a clean laminate surface with a single wiping step using the
cloth and bucket method

CFU/PFU on surface 1— CFU/PFU on surface 1— Cross-contamination
Organism Treatment dirty (zllliai:tiios:;ndard clean (ii::t ii;) it)andard eﬁicien% astanclarcl
PBS 7.24+0.99 6.79 +0.88 / 108006\
L. innocua QAC 3.77+027 LOE’ /N \
QAC + 5% soil 4.18+0.29 3.51+0.38 /  120:005 |\
PBS 5264126 5.08+129 [ 1054005 |
E. coli QAC 3.19+0.42 LOE® N/Ab
QAC + 5% soil 3.72+£0.30 3.01 £0.40 1.28+£0.17
PBS 8.85+0.06 8.75+£0.08 1.01£0.01
B. cereus QAC 9.04 £ 0.34 8.90£0.22 1.01 £0.02
QAC + 5% soil 9.13+0.16 9.20 +0.07 \ 099+002 |/
PBS 6.34+0.96 5.80 +0.86 \ 1.09:003  /
MS2 QAC 5.51+£0.94 4.41 £0.78 1.26+0.17 /
QAC + 5% soil 5.50+0.88 4.76 £0.22 \ 1.15+0. 18/

*Cross-contamination efficiency was calculated as a ratio of the total number of organisms on the inoculated side of S1d to the total

number of organisms on S1c after the first wiping event (S1d/S1c).

"Not applicable (N/A), when the organism was completely inactivated by the disinfectant (limit of enumeration [LOE] reached)

and ratios could not be determined.

SANITIZING

TRADITIONAL
RAG & BUCKET

[N Gathes tooks: bucket, solution, potable water, dean
towel, test hit.

|EX Follow manuBacturer s Instructions on label to
prepare sclution.

BN Check concentration lewvel with tast kit made for
your solution.

I Gensurfacetob —

Bl Rinse surface with potable wates.

Il Remove towed from solution and wiing out.

B Sanitize clean surface. Wipe encugh for treated area
toremain wet for one [1] minute o according to the
manufacturer’ Instructions.

1Bl Allow surface to air dry.

DN Return towel dirctly tosolution ensuring t &

X Test concentration of solution throughout the day.

bits, leftover detergent, grease, etc) every 2-4 hours,
and/or when concentration level & low.

FOOD SAFETY is our Passion.
Making it SIMPLE is our Mission.

Alow surface to air dry.

Choosing the right sanitizng method Is Important to achlewing and maintaining compliance. Consider ease of use, exse of
training, convenlence, quidkness, consistency and effictiveness. You dhoose:

11 STEPS . 3 STEPS

Sanl Professional”
No-Rinse Sanitizing
Multi-Surface Wipes

Pull wipe and dean »
surface of debris
andresidue.

A

Pull wipe and sanitiz
dean arface. Wipe
encugh for treated area
toremain wet for one
[1] minute.

. DONE!

X0 Replace solution and towel when they lock dirty (food

& ,t‘.;.ss'l‘!’ﬁ

saniprofessionolcom




The Efficacy of Commercial Surface Sanitizers against Norovirus
on Formica Surfaces with and without Inclusion of a Wiping

Step

10.1128/aem.00807-22

Jeremy Faircloth,” ©Rebecca M. Goulter,* Clyde S.

Manuel,” James W. Arbogast,” Blanca Escudero-Abarca,® Lee-Ann Jaykus®
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0 C EAN PO L LUTl 0 N It reaches the oceans through rivers,
More runoff, atmospheric deposition and direct . . .
Pollution of the oceans is widespread, worsening, than 80% discharges. Ocean pollution has multiple CO I | |S | O n Of Cl | m ate Ch a nge

and in most countries poorly controlled. Human arises from negative impacts on ecosystems and

activities result in a complex mixture of land-based human health, particularly in vulnerable . ope
| populatons and Sustainability

substances entering the aquatic environment sources

PLASTIC WASTE _ The Big Picture--Oceans

0 million metric tons of plastic
ar. Plastic pollution

Sustainability

Plastics as packaging materials
OIL SPILLS

Oil spills kill beneficial marine
microorganisms that produce oxygen. They

lead also to adisruption of food sources and v coal comousuun ane omatl-ceale anld .
destruction of fragile habitats such as mining. Exposures of infants in utero wher CI I m ate Ch a nge
pregnant mothers
( ( 3

MERCURY

Mercury is released from two main sources -

eat contaminated seafood

ety mplications of fossil fuel use
& RUn-off due to increased rainfall and/or
flooding

estuaries and coral reefs

MANUFACTURED CHEMICALS
Manufacture
phtt jlates

G) | Often impacts reflect both
i concepts
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Collision of Climate Change and Sustainability on
Food Safety

 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
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Conclusions

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
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