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Presenter Notes
Presentation Notes
Good morning everyone!  My name is Scott Hoffmeyer, and I’ll be your guide on this first step towards understanding hygienic design and why it’s important.
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Learning Objectives
Define Hygienic 
Design

Discuss the concept of the Holistic 
Approach to the Hygienic Design 

Define risks in food 
production

Review 
microbiology facts

Identify the Key Steps of the 
Hygienic Design Process

Classify contact 
surfaces

Presenter Notes
Presentation Notes
In this class, we will start by defining hygienic design and why it’s important.  We’ll review some facts about bad bugs, and then discuss the concepts and key steps of the hygienic design process.  We’ll define the risks associated with different types of food production, and finally we’ll get into the different kinds of contact surfaces we consider when analyzing food processing equipment.



Hygienic Design is a design process or a 
set of design principles to manage 
hazards and reduce food safety risks in 
food processing equipment, processes 
and facilities

What is Hygienic Design? 

3

Addresses hazards and food safety risks

Ensures cleanability and accessibility 

Presenter Notes
Presentation Notes
Hygienic Design is a design process or a set of design principles to manage hazards and reduce food safety risks in food processing equipment, processes and facilities.  This process specifies the use of safe and durable materials. Hygienic design also manages foreign objects and substance risks.  This includes physical contamination, chemical contamination, and biological contamination.  Hygienic design ensures cleanability and accessibility of the processing equipment and facilities
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Food Safety Hazard Risk Analysis for 
Equipment

• Allergens, gluten
• Unapproved additives 
• Odors

• Parasites, pathogens
• Spoilage organisms
• Pests

• Extrinsic
• Intrinsic
• Material compatibility 

CHEMICAL

BIOLOGICAL

PHYSICAL

Presenter Notes
Presentation Notes
Hazard Analysis and Critical Control Points (HACCP) and Hazard Analysis and Risk-Based Preventive Controls (HARPC) define the following key hazards that are relevant to food production: 
The first is Chemical
These may be Allergens, such as peanuts or gluten;
Unapproved additives such as sanitizers, lubricants;
Odors or flavors imparted from inappropriate materials of construction
They could be Biological
Parasites, pathogens
Spoilage organisms
Pests such as rodents or insects.
They may be Physical
Extrinsic contaminants are not part of the product or raw ingredients: wood from a pallet, plastic, metal, glass, stones, cloth, packaging, hypodermic needles, razor blades, golf balls, this is anything that isn’t part of the food product itself.  An extrinsic contaminant may stem from the equipment itself: Bolts, nuts, and damaged parts, or debris generated during manufacturing or maintenance.
Intrinsic contaminants on the other hand are part of the product or raw ingredients, such as seeds, bones, shells, or maybe over-processed or burnt product.
Material compatibility – not only with ingredients, but also with any cleaning chemicals that may be used
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Key Hygienic Design Criteria

ACCESSIBLE 
TO CLEAN

ACCESSIBLE TO 
INSPECT

CLEANABLE 
TO 

MICROBIAL 
LEVEL

Presenter Notes
Presentation Notes
All 3-A Standards and Practices are rooted in 3 core principles: 
The ability to clean surfaces to the microbiological level.
The ability to access those surfaces to reliably clean.
And The ability to access to inspect all surfaces after cleaning.

To understand this, let’s think about washing your car.  When you wash your car, do you just wash the outside, or do you open all the doors and clean all around the door and the door frames?  Maybe you do, but what the hinge plate?  Do you unbolt the door from the frame so you can wash behind the hinge plate?  Of course not, no one does that.  But this gives a good example of goes into a good hygienic design.  Opening the door and wiping it down is an easy thing to do, so it is not an unreasonable expectation or requirement to including in a cleaning procedure.  However, the hingeplate represents a crevice that is impossible to clean.  Sure, it could be removed to be cleaned, but it’s not reasonable to expect a cleaning crew to do that every day, so as equipment designers we need to consider that accessibility aspect, for both cleaning and inspecting.  

Food processing equipment and processing facilities needs to be cleanable to the microbiological level, and access for proper inspection must be provided. Specifications for materials, surface finishes, fabrication elements and requirements for installation outlined in 3-A Sanitary Standards serve these main purposes. For the equipment or the facilities to be hygienic all of those criteria must be met. 





Benefits of Hygienic 
Design
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➝ Reduces hazardous risks 
➝ Improves the product 

quality
➝ Allows for cleaning to the 

microbiological level 
➝ Allows for cleaning of 

allergens
➝ Cleaning and sanitizing: 

⇾ More reliable
⇾ Faster
⇾ Lower labor cost

Presenter Notes
Presentation Notes
So what are the benefits of good sanitary design?  First and most important, hygienic design reduces hazardous risks and improves food safety.  Hygienic design also improves the product quality, flavor, color, and shelf life of food products going into the consumer markets.  
It also allows for cleaning to the microbiological while making the process faster, easier, and more reliable, which means it also reduces costs downstream, so it really is a win-win for all stakeholders.




Microbiology 101 for Hygienic 
Designers
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Incredibly small1

2 Multiple extremely fast

Very dangerous or destructive

Easy to destroy with sanitizers

Need food, water, and shelter

3

4

5

Presenter Notes
Presentation Notes
We mentioned that cleaning to microbial level is a Key objective of the hygienic design, so we need to talk about microbiology. 
Microbiology is a very complex science that takes years of study, training, and experience, none of which I have, nor do we have time for anyway.  So for this course we are providing five key facts about microorganisms in about five minutes that Hygienic Designers need to know.   

Microorganisms:
Are incredibly small, you cannot see them with the naked eye, you need a microscope to see them. You will need the swab surface to detect the presence or lack of presence of microorganisms. 
They multiply very quickly- a single cell can multiply to over a million cell within hours under optimal conditions.
They can be very dangerous and destructive, a food-borne contamination can sicken thousands of people and kill those with weak immune system or are immune deficient. A spoilage microorganism can destroy millions of pounds of products.
The good news is that they are easy to destroy with disinfectants, sanitizers and heat. Common household bleach is a very effective sanitizer.
Like all living animals and humans, microorganisms Need Food, Water, and Shelter to survive and reproduce. Good hygienic design coupled with cleaning eliminates food, water, and shelter for the  microorganisms.

 



Yeast (0.05 mm),                  
(0.00019 inch, 190 micro-inch)

Mold spore (0.03 mm), 
(0.00012-inch, 120 micro-inch) 

Listeria (0.0005 mm),         
(0.00002 inch, 20 micro-inch)  
Not visible with human eye

Salt (0.3 mm, 0.01 inch,

10,000 micro-inch) 

Pin head (1.5 mm, 0.06-inch diameter, 

60,000 micro-inch)

(only half shown)

Micro Size 
Comparison (magnified)

Presenter Notes
Presentation Notes
So how small are they?  Let’s imagine this grey area represents the head of a pin.  A grain of salt would be about the size of this square, and we can see then just how small a particle of yeast is, or a mold spore or a Listeria bacterium.
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How Fast Do Microorganisms Multiply?

10 Years 1 Year

1,048,576
Cells

10 Hours

Presenter Notes
Presentation Notes

The category of time is crucial when we consider microorganisms, as they multiply a lot faster than any other living organisms.  A human couple may have up to 10 children over 10 years (which, God bless you if you have 10 kids), Comparatively, two mice can produces up to 140 offspring per year.   In 10 hours though, a single cell organism can multiply to over a million cells.




Microbiology Math 
Problem
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2 hours!

Minutes Number of 
Bacteria

0 1
20 2
40 4

? 64

Presenter Notes
Presentation Notes
Now let’s try solving a math problem. I know, I should have warned you there would be math.  We have 64 bacteria in this picture.  In optimal reproduction conditions, the number of cells of some microorganisms may double in as quickly as 20 minutes. Knowing that, how long ago there was just 1 bacteria?   

Answer: 2 hours! – [COMES WITH THE NEXT CLICK]

Now how bad is the number 64? Is it a dangerous amount? Lets looks at the next slide.





FDA Bad Bug Book
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Infective Dose
Microorganism Quantity Units
Listeria 
monocytogenes 

<1,000 Cells

E. Coli O157:H7 10 Cells
Bacillus Cereus 106 Cells/Gram
Perfringens 108 Cells
Staphylococcus 100,000 Cells/Gram
Salmonella 15-20 Cells
Campylobacter 400-500 Cells
Shigella 10 Cells
Hepatitis A 10-100 Virus Particles

Presenter Notes
Presentation Notes
The FDA Bad Bug Book (which, by the way, has to be the best name for any government document produced) defines the infective dose for these most common bacteria and viruses.  In other words, how many bugs does it take to make you sick?  As we look at this chart, we can see infective doses with as few as 10 organisms.
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Hygienic Design Eliminates the Necessities 
of Life for a Microorganism

=+ + ++

1 Cell Food ShelterWater 30 min.
X X X X

Presenter Notes
Presentation Notes
What are the essential needs of the microorganisms? Or, in other words, what creates the optimum reproduction conditions for them? 

The needs of the microorganisms are the same as the ones of the humans. These are Food, Water and Shelter. If all these factors are present within a certain time the number of bacteria and viruses will grow exponentially.

With hygienic design practices, [CLICK WITH THE MOUSE AND RED X WOULD APPEAR] cleaning removes the food source, proper draining eliminates the water source and hygienic equipment and facility design eliminates the cracks, and crevices were microorganisms can safely live and reproduce. With no shelter, food, and water, sanitizers kill bacteria and viruses.
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Microorganisms are Easy to Destroy with 
Sanitizers, Disinfectants, or Heat

Presenter Notes
Presentation Notes
Now the good news! Microorganisms are really easy to kill.

There are many disinfectants, sanitizers, gases, and heat methods to destroy microorganisms. With proper equipment and facility design, microorganisms are removed to the safe levels. In contrast, poor hygienic design provide cracks, crevices, blind spots, and dead legs where microorganisms can shelter themselves from cleaning processes.

I do want to stress there is a difference between cleaning and sanitizing, just because you have done one does not mean you have done the other.  I can put a bucket of manure into an autoclave, and it’ll come out sterilized, but I’m not about to eat it.  Both cleaning and sanitizing are critical to ensuring a food safe environment.




Cleaning vs. Sanitizing vs. Sterilization

CLEANING SANITIZING STERILIZATION

Removes 
Product/Soi
l 

Removes 
99.999% of 
bacteria

Removes 
100% of 
bacteria

Presenter Notes
Presentation Notes
Cleaning removes product and other residual soil from surfaces while sanitizing brings the quantity of microorganisms to the safe levels. As we look closer at the topic of cleaning the production equipment, we are introducing another term – “Sterilization”. While similar to sanitizing, Sterilization is the total elimination of viable microbes and spores using heat or chemical sterilants. 
 
In all cases, the cleaning step must be done first to remove 100% of the product and soils. Only after the surfaces are cleaned thoroughly they can be effectively sanitized or sterilized. 
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Holistic Approach to Hygienic Design

Equipment
Design

Facility 
Design

Cleaning &
Sanitizing

Operations
& Quality

Product 

Regulations
& 

Standards

Presenter Notes
Presentation Notes
When making a food product, we have to take a holistic approach and consider all of the factors going into hygienic design, not only the equipment itself, but how does it fit into the facility, how will it be cleaned, how is it operated, what regulations and standards must it meet?  Today we will be focusing primarily on Hygienic Equipment Design, however in this session we will be discussing how these other influencing elements of the Holistic diagram affect the safety of the end product.
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Hygienic Design 
Regulations vs. Standards vs. Guidelines

Regulations Standards Guidelines

Scope Basic criteria Very specific 
criteria

General 
recommendations

Legal 
Requirements 

Minimum 
criteria

Voluntary unless 
specified by 
Regulations

Voluntary

Evaluation 
Criteria

General 
compliance to 
Regulations

Strict General overview  -
to strict

Presenter Notes
Presentation Notes
In this section we will discuss government regulations as well as industry specific standards and guidelines. But before we look into the topic it is important to understand a clear difference between these terms. Regulations imposed by governmental authorities on different levels outline the basic requirements that must be met during production. They do not go into the specific details how this can be achieved, yet they are mandatory for industries operating within the scope of their authority. The Standards though, outline very specific criteria and it is up to an equipment fabricator to choose to purchase one or not. However, because most standards are created and updated taking into account government regulations, they serve as a map for equipment fabricators to help them meet the regulatory requirements. Because the Standards have very specific requirements, those who chose to built equipment to those requirements must fully adhere to them.  Guidelines, on the other hand, most often provide general recommendations. They give an overview on how to perform a task and do not state strict evaluation criteria. With that being said, there are some guidelines that may contain quite specific requirements.
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Food Safety Regulation & Codes
➝ Equipment hygienic design criteria within food safety 

regulations
⇾ FSMA – Food Safety Modernized Act –Preventive Controls 
⇾ FDA – 21CFR 117.40 Equipment and Utensils 
⇾ Meat & Poultry  9 CFR 416.3 Equipment and Utensils 
⇾ PMO – Pasteurized Milk Ordinance 
⇾ Hazard Analysis and Risk-Based Preventive Controls 

(HARPC) 
⇾ Hazard Analysis and Critical Control Points (HACCP) 

Prerequisite
⇾ FDA – 21CFR Parts 170-199  Materials 

➝ Global Food Safety Initiatives (GFSI) Codes 
⇾ Safe Quality Foods (SQF)
⇾ British Retail Consortium (BRC) ISO/Food
⇾ Safety System Certification (FSSC) 22000

Presenter Notes
Presentation Notes
Here is a short list of some of the regulations for equipment used here in the US.  I’m not going to spend a lot of time on this list, but the key point is there is certainly not a lack of requirements for hygienic equipment.
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3-A Standards and Accepted Practices

Farm Raw 
Milk

Cheese & 
Butter 

Equipment

Process 
& 

Cleaning 
Systems

Plant 
Support 
Systems

Heat 
Exchangers 

Conveyors 
& Feeders Instruments

Vessels Fillers

80+ 
Standards

&
Accepted 
Practices

Valves & 
Fittings 

Materials & 
Materials 
Testing

Concentrating
Equipment

Pumps & 
Mixers 

Presenter Notes
Presentation Notes
3-A Focuses on Standards and Practices for equipment & processes.
Since its foundation, 3-A has developed over 80 Standards and Accepted Practices focusing on specific food production equipment and processes. The Standards and Practices are developed and maintained by Work Groups. Currently there are 14 active work groups in the 3-A and they cover equipment in each of these categories.  Now if you’re counting there are only 13 shown here, the 14th Work Group manages the overarching General Requirements.





Hygienic Equipment Design 
Criteria
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CLEANABLE

ACCESSIBLE TO CLEAN

ACCESSIBLE TO 
INSPECT

• Cleaning Methods

• Types of Surfaces

• Materials of Construction

• Surface Finishes

• Joint Design

• Radii

• Free Draining

• Other Design 

Specifications

Presenter Notes
Presentation Notes
Welcome back.  There are several criteria that we need to consider when designing food equipment. First of all, it is important to understand that all design work should be done based on the principles of cleanability and accessibility for both cleaning and inspection. These principles will help define cleaning methods suitable for particular types of equipment. One of the key concepts in food equipment is distinguishing between product and non-product contact surfaces. Further on, various fabrication elements such as joint design, radii, dead legs and hollow tubes, as well as draining considerations need to be given a lot of attention when designing food equipment. 
Understanding these concepts will guide Hygienic Designers in the choice of materials of construction and surface finishes. These topics are critical in the hygienic design process and we will be reviewing them in great detail today. 
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Hygienic Design Process for Equipment 
Define Intended Uses & Risks

Define Cleaning Methods & 
Processes

Define Product Surfaces

Select Approved Materials                                 
of Construction

Design & Build to Meet                         
Hygienic Criteria

Third Party Verification (TPV)

Presenter Notes
Presentation Notes
So let’s discuss the hygienic design process. With any type of equipment to be designed these steps will be followed:
Defining intended uses and risks;
Defining cleaning methods;
Defining product surfaces;
Selecting approved materials of construction;
Designing and building to meet hygienic criteria. 
And then finally having a third party verification performed to ensure we haven’t missed anything.
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Intended Application and Risks

Product: _____________________  Application: ______________________

High RiskLow Risk Medium Risk
• High acid 

foods
• Raw foods 

to be  
cooked

• Low acid
foods

• Fresh 
foods

• Infant 
formula

• RTE foods

Presenter Notes
Presentation Notes
This risk continuum helps to identify the risk associated with the targeted product and intended application. Establishing the risk may not be an exact science, but with experience you should be able to point between the highest risk and the lowest risk.  
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Process Type Risks

Process Type: ________________________________________________

High RiskLow Risk Medium Risk
• In Package • Raw 

exposed 
product 

• Exposed 
RTE 

• Post-
thermal 
treatment 

Presenter Notes
Presentation Notes
Similarly, different points in a process pose different risks. Ingredients and products in packages and boxes aren’t really at risk of further contamination. Where as, exposed ready-to-eat products have the highest risk.   
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Consumer Risks

Consumer: ________________________________________________

High RiskLow Risk Medium Risk
• Healthy 

adults
• Healthy 

children
• Infants
• Elderly
• Immune 

deficient

Presenter Notes
Presentation Notes
The type of consumer also affects the risk. Products targeting infants, the elderly, and individuals with immune deficiencies are at the highest risk. This group is the most effected during a food safety outbreak. 
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Hygienic Design Process for Equipment 
Define Intended Uses & Risks

Define Cleaning Methods & 
Processes

Define Product Surfaces

Select Approved Materials                                 
of Construction

Design & Build to Meet                         
Hygienic Criteria

Third Party Verification (TPV)

Presenter Notes
Presentation Notes
Returning to our design process, next we must define our cleaning methods and processes.
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Cleaning Methods

Manual 
Cleaning

COP
Cleaning

CIP
Cleaning

Wet Dry

Presenter Notes
Presentation Notes
There are 3 main types of cleaning: Manual Cleaning, Clean-Out-of-Place (COP), and Clean-In-Place (CIP) 
Manual cleaning in-place or manual cleaning of disassembled   equipment is a common method used to clean both product and non-product contact surfaces. Manual cleaning may be wet or dry. 
For COP or Clean-Out-of-Place process, equipment is disassembled and parts are placed in a circulating bath or a spray wash cabinet.  Putting your dishes in the dishwasher is a example of COP cleaning.
CIP systems provide cleaning solutions for cleaning the inside of tanks, vessels, cooking equipment and pipelines. During this process, the equipment stays in place and the cleaning solutions are provided from remote locations.
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Define Cleaning and Sanitizing Methods

Cleaning Method
Dry Clean only
CIP Circulation and/or Sprays
COP Tanks
Manual Cleaning (Bucket and Brush)

Cleaner: Type _________ @ ____°F @ ________Concentration

Sanitizing Method
Sanitizer: Type ____________ @ ______°F @ _______Concentration
Hot Water: Time and Temperature  _____min. @ ______°F
Steam: Time, Temperature, Pressure _____min. @  ______°F @_____ 
psi

Presenter Notes
Presentation Notes
By defining the cleaning and sanitizing methods, chemistry, and temperature, we can better determine the equipment configuration, temperature limits, and corrosion resistance.
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Hygienic Design Process for Equipment 
Define Intended Uses & Risks

Define Cleaning Methods & 
Processes

Define Product Surfaces

Select Approved Materials                                 
of Construction

Design & Build to Meet                         
Hygienic Criteria

Third Party Verification (TPV)

Presenter Notes
Presentation Notes
Next, we will define our product contact surfaces.
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Product Contact Surfaces (PCS)

All surfaces which are exposed to the product and from which 
splashed product, liquids, or soil may drain, drop, diffuse or be 
drawn into the product or onto surfaces that come into contact 
with product surfaces of packaging materials

Presenter Notes
Presentation Notes
Defining product contact surfaces is arguably THE critical step in all of this, as it determines where we are at the greatest risk of contamination.  We define product contact surface as all surfaces which are exposed to the product and from which splashed product, liquids, or soil may drain, drop, diffuse or be drawn into the product or onto surfaces that come into contact with product surfaces of packaging materials.  So if we imagine this container along with a surface above it, the red areas are product contact.  If something were to drip from the surface above, we must determine if it could fall onto a product contact surface below.  If you’ve seen the Incredible Hulk Movie with Edward Norton, there is a scene were he cuts his hand while on a catwalk above a bottling line and a drop of blood falls into an open bottle.  In the real world, this would never happen because we don’t put catwalks above open contains.   We must be cognizant of not only the intended product contact surfaces, but also the surrounding surfaces that we must treat as product contact.
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Non-Product Contact Surfaces (NPCS)

All exposed surfaces from which splashed product, liquids, or 
other soils cannot drain, drop, diffuse or be drawn into or onto 
the product, product contact surfaces, open packages, or the 
product contact surfaces of package components

Presenter Notes
Presentation Notes
Non-product contact surfaces, by contrast, are those surfaces where product or soils CANNOT drain drop diffuse or be drawn into the product or onto a product contact surface.  We still have requirements for how these surfaces are treated, but we aren’t as stringent about them.



Let’s Discuss
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With exposed product on the 
conveyor belt, which surfaces 
are product contact surfaces 
(PCS) or non-product contact 
surfaces (NPCS)?

1. PCS
2. NPCS
3. PCS 
4. PCS

3

1

2

4

Presenter Notes
Presentation Notes
The belt is in contact with product, therefore is a PCS
This surfaces is below the product and other PCS, therefore it cannot drip, drain or draw on to a PCS and is a NPCS.
This one is a bit tricky, but the bearing drip shield can drip off the left side edge on the belt, therefore as designed is a PCS. This is a design fault, but by adding a lip to the left side we could then reclassify it as a NPCS.
The conveyor’s side ledge is in contact with the belt and can drip, drain or draw on to belt, therefore it is a PCS
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Hygienic Design Process for Equipment 
Define Intended Uses & Risks

Define Cleaning Methods

Define Product Surfaces

Select Approved Materials                                 
of Construction

Design & Build to Meet                         
Hygienic Criteria

Third Party Verification (TPV)

Today’s
Focus

Presenter Notes
Presentation Notes
The remainder of today will focus on the last three steps of the hygienic design process, and looking at the details of these steps.   This is where we will really get into the meat and potatoes of today’s training.
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