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Webinar Housekeeping

 The presentation will last about 45 minutes.

 After the presentation, there will be a 10-15 
minute Q&A session. You may send your 
questions in the chat box provided.

 This webinar is being recorded and we will send 
you the recording a few days after the live 
event.

 We will reach out after the webinar to answer 
any questions we do not address during the 
session.



About Vikan and Remco

Leading provider of advanced hygiene and cleaning 
products and solutions for key sectors, with a global 
presence in over 90 countries.

Supplies color-coded sanitation and material 
handling tools for the food industry in North 
America.

Remco is Vikan’s dedicated presence in North America (U.S. and Canada).

For more information, visit us at:
• Remcoproducts.com/about
• Vikan.com/int/about-vikan/who-we-are
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About our presenters

Deb Smith
Global Hygiene Specialist

Deb has over 35 years of food safety and research 
training and experience. At Vikan, Deb provides food 
safety and hygiene advice, training, and support to 

colleagues and customers.

David Buckley, PhD
Director of Technical Consulting

David’s team is responsible for industry engagement 
and science-based consulting with customers on a wide 

range of areas, such as food safety, sanitation, and 
infection prevention and control programs.
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• French Polony sausage: long shelf-life, chilled, 

ready-to-eat (RTE) meat product

• Largest ever recorded: 1065 confirmed cases

• Estimated cost: *> 280 million USD

• New SA legislation (Regulation 638: 2018) requiring 
application of HACCP/FSMS principles and absence of
Listeria monocytogenes

• No. of deaths recorded by September 2018. 
Outbreak of Listeriosis, South Africa

* https://www.sciencedirect.com/science/article/abs/pii/S0956713519300556?via%3Dihub

High-risk foods



Classically defined as 
• “any ready-to-eat food that will support the ggrroowwtthh of 

pathogenic bacteria easily and does not require any 
further heat treatment or cooking”

Traditionally associated with 
• chilled, ready-to-eat foods containing raw materials of 

animal origin, such as eggs, fish, meat, poultry and dairy

Growing incidence of pathogen ssuurrvviivvaall in
• frozen foods like ice cream, frozen fruit and vegetables

What are High-risk foods?



• An environmental bacteria – found everywhere 

• Listeria monocytogenes is pathogenic – causes 
Listeriosis in humans (pregnant women, children, 
elderly, immunocompromised, stressed)

• Rare disease - 0.1 to 10 cases/million people/year but 
high mortality.
• U.S. CDC (2020) estimated ~1,600 infections/year, 

~94% hospitalised, ~260 deaths (>16%). 

• Strict controls on the levels of Listeria monocytogenes 
allowed in RTE foods & production environments

• Commission Regulation (EC) 2073/2005 – Microbiological 
criteria for food. 

• Regulation (EC) No 852/2004 on the hygiene of foodstuffs.
• US FDA 21 CFR 117, relevant to Listeria control.
• US FSIS-USDA 9CFR 430, Listeria rule.

Listeria



Listeria in High-risk foods

• Product contamination can occur as a result of, 
Listeria on raw foods / produce / ingredients.

• Post-process Listeria cross-contamination from,

• Other foods (raw to cooked)

• Equipment (food production surfaces, utensils)

• The environment (air, water droplets)

• People

• Packaging

• Pests



Use of risk assessment based management systems, e.g. 
• GMPs/ HACCP Pre-requisite programme (PRPs)
• HACCP 
• TACCP (Threats)
• VACCP (Vulnerabilities)

The 4C’s
• Cook (or any process that lowers the level of 

contamination to an acceptable level, e.g. wash, 
irradiate)

• Chill
• Clean
• Cross-contamination control

Contamination control

HACCP

Prerequisite 
Program



• *Cooking food at the right temperature and for the correct 
length of time will ensure that most bacteria are killed.

• Advice in Europe is to cook food until food has reached a 
minimum core temperature of 70 (158oF) for 2 minutes. 
Other time and temperature combinations can be used.

• *Can be any process that lowers the level of contamination 
to an acceptable level, e.g., wash, irradiate, etc.

• The cook time and temperature (or other decontamination 
parameters) must be 

• validated (to make sure that the chosen parameters 
achieve the desired level of microbial kill/removal) and

• monitored (to check that the defined parameters are 
consistently achieved).

Contamination control: 
Cook



• Chilling food helps prevent the growth of any remaining 
bacteria

• Guidance on chilling of food is to cool it as soon as 
possible after cooking and then place in cold storage

• Cold storage should be at 8oC (46oF) or below

• The chill time and temperature must be validated (to make 
sure that the chosen time and temperature achieves the 
desired cooling and reduction in microbial growth)

• The chill temperature must monitored (to check that the 
defined temperature is consistently achieved)

• The chill storage time and temperature should be indicated 
on the product label

Contamination control: 
Chill



• Cleaning (sanitation) is a critical step in the 
maintenance of food safety and quality, 
especially for high-risk foods. 

• Cleaning minimises the risk of cross-
contamination and pest infestation

• Most common cause of inspection non-
compliance

Top 10 Major SQF Non-Conformances

## EELLEEMMEENNTT  ffoorr  SSQQFF  FFoooodd  SSaaffeettyy  
CCooddee  ffoorr  FFoooodd  MMaannuuffaaccttuurriinngg

EEddiittiioonn  99

I Cleaning and Sanitation 11.2.5.1
II Identified Pest Activity Risk 11.2.4.3
III Internal Audits and Inspections 2.5.4.1
IV Pest Prevention Program 11.2.4.1
V Senior Management Commitment 2.1.1.2
VI Product Trace 2.6.2.1
VII Food Safety Plan Development 2.4.3.1
VIII Food Safety Plan CCP Monitoring 2.4.3.12
IX Management Review 2.1.2.1
X Corrective & Preventative Actions 2.5.3.1

SSoouurrccee::  SQFI Compliance

Contamination control: 
Clean



Before cleaning After cleaning After cleaning 
and disinfection

1,320,000 
microbes

86,700 
microbes

2,500  microbes

Microbial 
reduction

1,233,300 
microbes
9933..44%%

84,200 
microbes

66..44%%  ((9999..88%%))

Factory trial data – Courtesy of Campden BRI

Cleaning removes most of the contamination and 
makes disinfection more effective

Sterilisation

Clean

 CClleeaanniinngg
 physical removal of contamination (food 

debris, allergens, microbes, foreign 
bodies)

 DDiissiinnffeeccttiioonn (sanitization)
 use of heat, radiation or chemicals to 

reduce microbial load to an acceptable 
level

Disinfect / 
sanitize

Clean: A multi-task force approach



Complex mixture microbes working 
together to survive and spread

WWaatteerr  9988--9999%%

++

==

Polysaccharides + nucleic acids + 
glycoproteins = Extracellular or

Exopolymer matrix
MMiiccrroobbeess  11--22%%

++

Biofilm

Clean: Biofilms



Transferred from:
• the environment to food contact surfaces
• food contact surfaces to the food product

Transferred by:
• people, air, moisture, equipment, pests

Biofilms aid microbial *survival, growth and transfer 

*Microbes in biofilms 
may be up to

3,000
times more resistant to 

hypochlorous 
acid than free cells (Le 

Chevalier et al, 1988)

Resistant to:
• detergents
• disinfectants
• preservatives
• antimicrobials
• biocides 
• heat
• radiation (UV)

Clean: Why?



Exopolymer matrix

Surface growth Monolayer Microcolony Biofilm

Time

Decontaminate at a *frequency that 
prevents them reaching their mature phase. 
Frequency determined through monitoring 
biofilm formation and risk assessment

*Many things affect the speed at which a biofilm develops, 
including the environmental temperature, the availability of 
water and nutrients, & the microbial composition of the biofilm.

Clean: When?



Courtesy of Campden BRI

Hot water 
blancher = 
‘clean’ peas

Biofilm

Conveyor 
transport to 
freezer = 
‘dirty’ peas

Clean: Biofilms in the food industry
Biofilm formation in frozen pea processing



Courtesy of Campden BRI

Stainless steel plates on side of conveyor Biofilm >16 hours

Clean: Biofilms in the food industry
Biofilm formation in frozen pea processing



MMaannuuaall  cclleeaanniinngg
Good for:
• decontaminating small to 

medium sized production 
areas/equipment; 

• deep cleaning
• detail cleaning; and 
• cleaning of complex equipment

FFooaammiinngg
Good for decontaminating 
large areas such as walls & 
large production equipment

CCIIPP
Commonly used to 
clean pipework used 
for liquid/semi-solid 
foods

Clean: How?



• When bacteria (and other contamination) is 
spread between food, surfaces or equipment. 

• One of the most common events leading to
food poisoning.

• Three key controls 
• Hygienic design
• Segregation
• Sanitation

• Use a cleaning schedule to ensure that 
surfaces and equipment are cleaned when 
they need to be.

Cross-contamination



The ability to clean something easily

Good hygienic design principles* 
• No sharp internal angles

• All areas accessible for easy cleaning and disinfection (sanitizing)
– avoid deep recesses, nooks, and crannies

• Of one-piece construction, or quickly and easily dismantled / re-
assembled 

• Smooth surface finish

• Made of appropriate materials 

• Non-absorbent; Food contact compliant 

*EHEDG Guideline 8  
"Hygienic Equipment Design Criteria” 

https://www.ehedg.org/guidelines-working-
groups/guidelines/guidelines

https://www.youtube.com/wa
tch?v=_8ThxynV8mQ

Cross-contamination: Hygienic design



• BRCv9 Global Standard for Food Safety

• 4.11.6. ‘cleaning equipment should be hygienically designed’

• 8.5.3. ‘equipment used for cleaning in high-care/risk areas shall 
be hygienically designed’

• FSSC 22000: ISO/TS 22002-1:2009 (2013) Prerequisite programmes
on food safety Part 1: Food manufacturing

• 11.2 Cleaning and sanitising agents and tools:

• ‘Tools and equipment shall be of hygienic design…’

Global food safety standard requirements
• New GFSI Benchmarking requirements on Hygienic Design
• https://www.ehedg.org/ehedg/new-gfsi-hygienic-design-

benchmarking-requirements/

• 4.6. Equipment (4.6.1 – 4.6.7)

Cross-contamination: Hygienic design



 Schäfer1

 67% of poultry plant equipment and utensils positive for L. mono, even after cleaning

 Campden BRI2

 47% of cleaning equipment positive for L. mono

2. Holah, J.T. (1998). Effective microbiological sampling of food processing areas. Guideline No. 20, CCFRA. Bad hygienic design 
1. Schäfer, D., Steffens, J., Barbosa, J., Jamile Z., Rogério L. C. (2017). Monitoring of contamination sources of Listeria 

monocytogenes in a poultry slaughterhouse. LWT – Food Science & Technology. Dec 2017, Vol. 86, p. 393-398.

Cross-contamination: Bad hygienic design



Cross-contamination: Good hygienic design

Courtesy of Buhler Courtesy of ACO



• Separate equipment and utensils for 
contaminated and de-contaminated foods (e.g., 
raw vs cooked, unwashed vs washed)

• Physical or spacial segregation of production, 
and food and packaging storage areas.

• Time segregation of production of different 
foods, cleaning and production activities.

Colour-coding 
for segregation

• https://www.vikan.com/uk/services/site-survey

Cross-contamination: 
Segregation



Nearly all cleaning activities can spread 
contamination

Low risk Vacuuming

Wiping

Scraping

Scrubbing

Sweeping

Compressed air

Hosing

High risk

Cross-contamination: Sanitation



Courtesy of Campden BRI

Spread of contamination: High pressure hosing

Angle = 30 degrees
Pressure = 90 bar

No. of droplets

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

23  Feet by 11.5 feet

Cross-contamination: Sanitation



• Choose cleaning equipment and 
methods that maximise biofilm removal 
and minimise its spread

• Don’t clean / minimise cleaning during 
production

• Clean things as far away as possible 
from open product (spacial segregation)

• Clean in physically segregated areas to 
protect product from splashes etc. 
(separate cleaning rooms / screens) 

Cross-contamination: Sanitation



Contamination transfer by hhaannddss  
Wash & dry hands/change gloves 
between tasks

Contamination transfer by ccllootthhiinngg    
Use separate colour-coded clothing, 
disposable aprons, change between 
tasks

Contamination transfer by ffoooottwweeaarr  
Keep captive to different areas, clean and 
disinfect/sanitise based on risk 
assessment

Use different people for different 
areas – high/low risk

People – an essential asset 
in contamination control
Use trained, competent, conscious 
people. Tell them,

 why it’s important

 how to select, use and maintain 
cleaning equipment effectively

 how to minimise the spread 
of contamination by themselves, 
their cleaning actions, and the 
cleaning equipment

Contamination transfer by eeqquuiippmmeenntt  --
Keep captive to different areas/tasks - use 
color-coding

Cross-contamination: Sanitation



Selection of sanitation chemicals

Clean
Effective sanitation is a multi-task force 

approach cleaning

Cleaning performance = Ti * A * C * Te

Where
Ti = Time
A = Action
C = Chemical
Te = Temperature

Ti

TeA

C



Cleaning and Antimicrobial Chemistry 
David Buckley, Ph.D.
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Chilled RTE Facilities

DDiissaaddvvaannttaaggeess  ttoo  cclleeaanniinngg  iinn  CChhiilllleedd  RRTTEE  PPrroodduuccttiioonn  

• No lethality step means there is little room error 

• Low temperature slows reaction rates and select for a 
different microbiome

• Mixture of warm and cool air creates condensation drip 
hazards 

Lethality step=

Condensation

Temperature
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Rules to Sanitation

• RRuullee  11::  Process beats chemistry EVERY time

• RRuullee  22:: Cleaning boils down to 4 factors

• RRuullee  33::  There are uncontrollable variables that 
impact cleaning 

Cleaning performance = Ti * A * C * Te

Where
Ti = Time
A = Action
C = Chemical
Te = Temperature

Ti

TeA

C
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So what is the BEST cleaning 
process formula?

Cleaning performance = Ti * A * C * Te

• CCoorrrreecctt  aannsswweerr::  it depends!

• Optimizing TACT is about compromise. One TACT approach is likely not the same for another 
environment. 

• That means that there is no BEST TACT equation.
• It needs to be set empirically
• It needs to be set for each location
• It needs to be set for each task

Ti

TeA

C
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Which cleaner should you use?

TTyyppee  ooff  ssooiill EExxaammppllee OOppttiimmuumm  cclleeaanneerr  cchheemmiissttrryy

OOrrggaanniicc  ssooiillss

Carbohydrate Sugar, starch, caramel Surfactant, alkalinity

Protein Casein Chlorine, alkalinity, surfactants

Fat Tallow, lard, seed oils, resins Alkalinity, surfactants

Petroleum Greases, oils, lubricants Solvent

IInnoorrggaanniicc  ssooiillss

Monovalent salts sodium chloride Acid or high levels of Chelant

Milk stone Calcium nitrate Acid or high levels of Chelant

Food stone Beer, milk, and celery stone Acid or high levels of Chelant

Metallic deposits Rust, aluminum oxide Acid or high levels of Chelant
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Some Practical Advice

MMeeaatt,,  ppoouullttrryy,,  sseeaaffoooodd  
lleeaaddss  ttoo  hhiigghh  ffaatt,,  hhiigghh  
pprrootteeiinn,,  aanndd  llaarrggee  
qquuaannttiittyy  ssooiill..

Cleaner of choice is 
usually chlorinated alkali

DDoouugghh,,  bbaatttteerrss,,  ppaassttaass  
uussuuaallllyy  ccoonnttaaiinn  hhiigghh  
ccaarrbboohhyyddrraattee  lleevveell  aanndd  
hhiigghh  pprrootteeiinn

Chlorinated alkali is a 
common choice. 
However, built cleaners 
with ethoxylated alcohol 
and acid does well, too

VVeeggeettaabblleess  hhaavvee  
hhiigghh  ccaarrbboohhyyddrraattee  
wwiitthh  ssoommee  ssttoonnee  
iissssuueess  ((ee..gg..  cceelleerryy  
aanndd  ssppiinnaacchh  ssttoonnee))..

Any cleaner with 
surfactant cleaners 
can work well for 
these applications, it 
helps if it is “built”

CCaarrbboonniizzeedd  oorr  bbuurrnntt  
oonn  ssooiill  ooff  aannyy  ssoorrtt  iiss  
uussuuaallllyy  cclleeaanneedd  wwiitthh  
hhiigghh  ccaauussttiicc  lleevveellss  
((11--55%%))  

MMiillkk  ccoonnttaaiinnss  
CCaarrbboohhyyddrraattee  ((mmiillkk  
ssuuggaarr)),,  pprrootteeiinn,,  ffaattss,,  
mmiinneerraallss,,  aanndd  wwaatteerr

www.kitchenviva.com/

Use chlorinated alkali 
cleaners

Potassium hydroxide
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Surface Compatibility
Surface/Finish Surface/FinishExample Example
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What Antimicrobial Chemistry Works Best?

IInnggrreeddiieenntt  SSppeeccttrruumm  ooff  aaccttiivviittyy AAddvvaannttaaggeess DDiissaaddvvaannttaaggeess

FFrreeee  aavvaaiillaabbllee  
cchhlloorriinnee  ((cchhlloorriinnee,,  
hhyyppoocchhlloorroouuss  aacciidd,,  
ssooddiiuumm  hhyyppoocchhlloorriittee))

Vegetative bacteria and 
enveloped and non-
enveloped viruses 

- Broad spectrum of activity
- Good hard water tolerance

- May be incompatible with some soft metals 
- Rapidly inactivated by soil
- Limited shelf life
- Can generate chlorine gas if mixed with acid or 
ammonia
- Can be inactivated by organic matter

QQuuaatteerrnnaarryy  
aammmmoonniiuumm  
ccoommppoouunnddss

Vegetative bacteria and 
enveloped and non-
enveloped viruses

- Broad spectrum of activity
- Compatible with most surfaces
- Very stable with long shelf lives
- Less reactive with soil 

- Can be inactivated by hard water
- Can be inactivated by some surfactants used  in 
cleaners 
- May bind to cleaning cloths reducing active levels in a 
solution
- Food Code requires use above 24oC (75oF)

PPeerrooxxiiddeess
Vegetative bacteria and 
enveloped and non-
enveloped viruses

- Minimal residue
- Formulated for good hard 
water tolerance

- May require elevated levels to be effective against 
catalase positive organisms.
- High levels of peroxide (>30%) can be significant 
health and flammability risks.
- May be incompatible with some soft metals 

Adapted from Fraser et al. 2021
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IInnggrreeddiieenntt SSppeeccttrruumm  ooff  aaccttiivviittyy AAddvvaannttaaggeess DDiissaaddvvaannttaaggeess

PPeerraacciiddss
Vegetative bacteria and 
enveloped and non-
enveloped viruses

- Broad spectrum of activity (note that 
antifungal activity may require a mixture 
of peracid)
- Compatible with most surfaces
Minimal residue

- Pungent odor
- Limited shelf life
- Inactivated by some types of soil
- May be incompatible with some metals 

AAcciidd  AAnniioonniiccss
Vegetative bacteria and 
enveloped and non-
enveloped viruses

- Compatible with residual cleaners if 
rinsing is incomplete
- Good cleaning performance
- Good material compatibility
- Good hard water tolerance

- May be incompatible with some soft metals and 
some plastic surfaces
- Can generate chlorine gas if mixed with chlorine 
products

AAllccoohhooll
Vegetative bacteria and 
enveloped viruses

- Can be used in environments where 
aqueous sanitizers or disinfectants 
cannot
- No residue
- Limited impact of organic matter

- High flammability
- Limited material compatibility
- RTU format only

Adapted from Fraser et al. 2021

What Antimicrobial Chemistry Works Best?
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What Antimicrobial Chemistry Works Best?

• Do not purchase antimicrobials based on active 
ingredient alone. Instead look at the product’s label 
claims

• Professionally sold products are often formulated 
meaning they may include surfactants, solvents, 
chelants, etc. 

• A formulated ethanol based product is going to 
perform much differently than a solution of 60% 
ethanol  

Acids

Caustics

Free Available Chlorine 

Peroxides Peracids

Acid Anionics
Quats

Alcohols
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Quesille-Villalobos et al. 2019

• Standardized test methods for antimicrobial evaluation are 
conducted between 20 to 25°C

• A product’s efficacy changes when used at low 
temperatures 

• Critical to validate sanitation protocols in RTE facilities  

Ti

TeA

C

Temperature Impacts on Antimicrobials

Ti

Te
A

C

25°C

4°C
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Low Temperature Impact on Microorganisms 

• Low temperature is a great 
preservation tool and a must in 
certain RTE manufacturing 
settings

• Low temperature environments 
select for cold-tolerant bacteria, 
such as Listeria monocytogenes

Listeria monocytogenes growth curves from Quesille-Villalobos et al. 2019
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Eliminating Biofilms

Exopolysacharide
• Carbohydrates 
• Protein
• DNA

Microorganism
• Carbohydrate
• Protein
• Lipid
• Minerals
• Trace compounds

What is soil in a food processor made of?
• Carbohydrates 
• Protein
• DNA
• Lipid
• Minerals
• Trace compounds

Biofilms = Soil
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Lessons from the Field

SSeettttiinngg::  
• RTE food manufacturer of >1K meals per day
• Produces primarily salads and sandwiches under chilled conditions

IIssssuuee::
• Unit has persistent Listeria monocytogenes positive samples from EMP 

on zone 2 and 3 surfaces. 
• Problem existed under two different chemical providers

RReessoolluuttiioonn::
• Restorative clean by 3rd party found certain areas inaccessible. Areas 

cleaned were negative for L. monocytogenes and facilities improvements 
made.

• Another restorative cleaning prior to government inspection led to zero L. 
monocytogenes positives 

• Months later, 3rd party cleaning changed and EMP began to find high 
positivity of L. monocytogenes

• Company built a new facility 

RReessttoorraattiivvee  CClleeaann  ##11
• Chlorinated alkaline cleaner 
• Quat based disinfectant
• Quat based sanitizer

RReessttoorraattiivvee  CClleeaann  ##22
• Chlorinated alkaline cleaner 
• Peroxide/Quat based disinfectant
• Quat based sanitizer



Key take home messages
• Understand which foods are high-risk and why
• Understand Listeria as a key hazard for high-risk chilled foods
• Understand contamination control 

• Use established risk-based management approaches, e.g., HACCP
• The 4 C’s

• Cook
• Chill
• Clean

• a multi-task force approach
• Biofilm formation and control

• Cross-contamination control
• Hygienic Design
• Segregation
• Sanitation
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