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Lesson Number – M1.L8
Key Concept – Food Processing
Unit – Module 1 – Food Safety
Lesson 8 – Food Processing

Precepts
F – Continuous Improvement
	F5. Acquire new knowledge

G – Physical Growth
	G1. Practice healthy eating habits

J – Mental Growth
	J1. Think critically

National Standards
FPP.02.02.01.a. Describe contamination hazards (physical, chemical and biological) associated with food products and processing.

FPP.02.02.01.b. Outline procedures to eliminate possible contamination hazards associated with food products and processing.

FPP.02.02.01.c. Analyze the effectiveness of a food products and processing company’s Critical Control Point (CCP) procedures.

FPP.02.02.02.a. Identify the seven principles of HACCP.

FPP.02.02.02.b. Explain the implementation of the seven principles of HACCP.

Student Learning Objectives

As a result of this lesson, the student will…
1. Identify physical properties of food
2. Identify chemical properties of food
3. Explain food processing process
4. Define and evaluate absolute hurdles to protect food against foodborne pathogens

Time Instruction time for this lesson: 2-3 days (50 minutes). (Time is estimated and may vary depending on teaching style) 

Resources used in lesson development:
Pohlschneider, M.K. Food Science Technology 401. L2 Princlples of Food Chemistry class notes (Winter Quarter 2012)

Pohlschneider, M.K. Food Science Technology 401. L3 Attributes and Performance. class notes (Winter Quarter 2012)

Pohlschneider, M.K. Food Science Technology 401. L4 Unit operations and processes class notes (Winter Quarter 2012)

Pohlschneider, M.K. Food Science Technology 401. L8 Preservation, introduction,. class notes (Winter Quarter 2012)

Additional teaching resources for this lesson:

Tools, Equipment, and Supplies
· Food items
·  Crackers
·  Can of soup
·  Ice cream container
·  Hot sauce
· Computers with internet access
· Poster Board
· Colored Pencils
· Scissors
· Glue
· Colored Markers

Key Terms 
Barrier or Hurdle Concept - a processing step or ingredient that protects the product from causing food borne disease

Carbohydrates - polyhydroxy compounds (poly-alcohols) that contain a carbonyl (C=O) group and the general formula (CH2O).

Fats - solid at room temperature- high in saturated fatty acids

Fluid flow - transfer of a fluid from one point to another

Heat transfer - the transfer of energy in the form of heat into or out of a product

Mass transfer - the transfer of mass into or out of a substance based on physical properties

Mixing - the production of a homogenous mass after combining two or more components

Oils - liquid at room temperature –high in unsaturated fatty acids

Proteins - large polymers constructed from a pool of 20 amino acids making up their primary structure

Separation - division of components on the basis of some physical property

Size Adjustment - altering the particle size of a food or food component

Unit operation - A single physical operation common too many processes.


Content Outline
1.	Identify physical attributes of food

2.	Identify chemical properties of food
a) Carbohydrates
b) Lipids
c) Proteins

3.	Explain food processing process
· Physical operations
a) Mixing
b) Heat transfer
c) Size adjustment
d) Separation
e) Mass transfer
f) Fluid flow

· Chemical and biochemical operations
· Chemical additions
· Fermentation
· Enzymatic or chemical reactions

4.	Define and evaluate hurdles to protect food against foodborne pathogens
a) Sterilization
b) Freezing
c) Pasteurization
d) Hot Fill
e) pH
f) Water Activity
g) Reduce Oxygen
h) Antimicrobial agents
i) Refrigeration
j) Chemicals

Interest Approach
	Bring in different food products or empty containers (i.e. crackers, can of soup, ice cream container, hot sauce, etc.) Ask the students what they expect the product to taste, color, appearance. For example, if you had strawberry ice cream then you would expect the product to be pink, cold, creamy with chucks of strawberries. Explain that these are physical attributes of food and it is one aspect food processing plants have to be aware of when creating food.  Other items of concern are the chemical properties, how the food is processed, and how to keep it safe (barriers or hurdles) from human consumption. 

Objective 1. Identify physical attributes of food (Activity 1)
· An attribute is a property of a food that the customer desires
· Most customers are looking for multiple attributes in a food product
· Attributes are expected to remain constant throughout the shelf-life of the product

· Examples of attributes: Flavor, Texture, Appearance, Color, Safety, Mouthfeel, Healthy, Nutritious, Convenience, Emotional, Fresh, Organic, Natural, Package, Long shelf life, Low cost, Low fat, Low calories, Low sugar, and Low salt

· Factors Affecting attributes
· Food type
· Ingredients
· Type (White sugar and corn syrup will both sweeten products but will cause different types of reactions and align to make different bonds creating different mouth feel)
· Amount (adding more or less of ingredients can also change the bond structure because there will be more or less atoms to react with.)
· Interactions (chemical processes depend on the amount of atoms available to reaction to form chemical bonds)

· Environment
· pH (level of acidity example pickles)
· Oxygen (vacuum packed)
· Light (exposure to sunlight, artificial light, or darkness)

· Processing history
· Temperature (frozen, chilled, etc.)
· Shear (if the product is to be in bit size pieces and the product has not be processed into the correct size pieces)

· Packaging – air in potato chip bags provide cushion to the chips do not break as easily

· Storage conditions – cool damp storage area will have a higher chance of contamination than a warm dry storage area.

· Consumer attitudes – depending on the customers prior experiences with products can determine how they may or may not like a product. 

· Influenced by:	
· Market position of the product
· Changing consumer requirements
· Desired shelf-life
· Processing capabilities
· Packaging capabilities

· Attributes may be in conflict with one another
· Frequently optimizing for one attribute will adversely affect another
· Recognize trade-offs early in development process -- a two year shelf-life generally compromises “fresh flavor”



Objective 2. Identify chemical properties of food (Activity 1)
· Carbohydrates 
· Can be simple or complex
· Simple carbohydrates: sugars (Monosaccharides)
· Complex carbohydrates: starches, gums & fiber (Polysaccharides)

· General characteristics of simple sugars
· They are generally sweet tasting
· Soluble in water 
· Can participate in chemical reactions to form color (browning reactions): Reducing sugars
· Bind water
· Ask the students to watch The Maillard Reaction to explain how the reaction works

· Three types of Monosaccharides
· Sucrose: sweet, and does not change with temperature.
· Fructose sweetness: temperature dependent
· More or less sweet than sucrose depending on the temperature
· Galactose: very little sweetness
· Sweetness: Related to the chemical structure / conformation

· Three types of Polysaccharides
· Starches
· Long polymers of glucose, may be linear or branched. 
· Bind water and build viscosity – give body to food
· Viscosity of starch based food decreased by high heat, freezing, and low pH
· Starches can be modified to make them resistant to processing 

· Gums
· Long polymers of different simple sugars, generally branched
· Frequently negatively charged and can interact with salts, proteins and lipids

· Fibers
· Long chain polymers of glucose, resistant to digestion
· Used to bind water and for nutritional value

· Lipids
· Fats: solid at room temperature- high in saturated fatty acids
· Oils: liquid at room temperature –high in unsaturated fatty acids
· Contribute 30-50% of calories for Americans
· Soluble in organic solvents, i.e., not soluble in water; exist in many foods as an emulsion

· Classifications of Fatty Acids
· Saturated 
· Carry the maximum number of possible hydrogens
· Examples: Animal fat, milk fat, coconut, palm
· Usually solids (fats) at room temperature
· Unsaturated
· Presence of double bonds (subject to oxidation)
· Have less hydrogens than the maximum
· Usually fluid at room temperature
· Present mostly in vegetable and in sea foods

· Uses of lipids in foods
· Flavor: contribute flavor and solubilize flavors
· Fried Foods 
· Popcorn 
· Texture: can contribute a mouth feel 
· Shortening (Flakiness) 
· Moistness 

· Proteins
· Proteins are large polymers constructed from a pool of 20 amino acids making up their primary structure
· Contain nitrogen, carbon and oxygen
· Primary structure how the protein folds and interacts

[image: aminoacids]Amino acids have this basic structure
· Carboxyl group at one end
· Amino group at other end

· Each amino acid has a different R-group.

· Role of proteins in foods
· Structure
· Protein hydration
· Water holding ability
· Solubility
· Flavoring agents
· Gelation
· Color (browning) – Maillard Reaction


Objective 3. Explain food processing process
· Unit operation -a single physical operation common too many processes. Each unit operation is based on defined physical properties.   

· Physical operations
a) Mixing - production of a homogenous mass from two or more components
· Example combining the dry ingredients with the wet ingredients when making cookies. 

b) Heat transfer - transfer of energy in the form of heat into or out of a product
· Heating
· Pasteurization, sterilization
· Milk and Juice boxes
· Boiling, baking
· Water to make pasta and baking cookies
· Cooling
· Freezing, refrigeration
· Ice cream and Gelatin 

c) Size adjustment - altering the particle size of a food or food component
· Reduction of the size of particles in a food
· Grinding
· Hamburger and whole peppercorn to “table pepper”
· Cutting
· Fruits and vegetables for a salad
· Slicing
· Ham and turkey breast
· Milling
· Wheat flour and separating tomato seeds and tomato juice
· Combining smaller particles into a larger mass
· Curds  Cheese

d) Separation –division  of components on the basis of some physical property
· Density
· Separating water and oil 
· Size
· Separating cheese from the whey
· Boiling point

e) Mass transfer - transfer of mass into or out of a substance based on physical properties
· The transfer of a chemical compound from one phase to another
· Examples:
· Evaporation:  liquid 		gas 
· Diffusion:  high concentration	low concentration
· Examples of processes with mass transfer
a. Drying
i. Beef jerky and dried fruit
b. Evaporation
i. Evaporated milk
c. Salt diffusion through cheese curd
d. Smoke diffusion through meat


f) Fluid flow - transfer of a fluid from one point to another
· Gravity flow
· Liquid coming from the tank above using gravity to move the liquid
· Pumping
· Liquid coming from the tank below needing to be pumped against gravity.

· Chemical and biochemical operations
· Chemical additions - additions (preservatives, flavors, colors, etc.)
· Fermentation
· Enzymatic or chemical reactions

Objective 4. Define and evaluate hurdles
· Barrier or Hurdle Concept - a processing step or ingredient that protects the product from causing food borne disease
·  “Absolute” Hurdles
a) Sterilization - destroys (99.9999999999%) of all pathogenic organisms, including spore formers 

b) Freezing - prevents growth of microorganisms as long as the food remains frozen

· Partial Hurdles -  cannot make food safe alone and are used in combination
c) Pasteurization
· Destroys vegetative pathogens
d) Hot Fill
· Filled at ~80oC
e) pH
· Below pH 4.6
f) Water Activity
· Below Aw 0.85
· Aw is a scale of 0 to 1.00 that determines the amount of water available for organisms to use as a source of water. Below 0.85 the water is unavailable for organisms to use which make the product safe.
g) Reduce Oxygen
· Prevent growth of yeasts and molds
h) Refrigeration
· Slows growth rate
i) Chemicals
· Acids (pH)
· Salts and Sugar (Aw)


Review/Summary
Ask the students to answer the following questions for various types of products (i.e. ice cream, yogurt, soup, pretzels, etc.)
For the product you have, what are physical attributes you expect?
For the product you have, what are the unit operations needed to make the product? 
For the product you have, what makes it safe?

Application

Extended classroom activity
Ask the students to look at different products such as apple slices, cooked onions, and steak to see what time of browning takes places. Then have the students explain if they think that it is Mailard Reaction or an enzyme that is causing the change. 

FFA activity
Ask the students to conduct an experiment that will keep an apple slice from browning. Ask the student to research what causes the apple slice to turn brown and what they can do to prevent or slow the enzyme reaction. Then have the students present their findings with students at and FFA meeting.

SAE activity
Ask the students to conduct research on why some fruits turn brown when they are exposed to oxygen. Ask the students to identify fruits that brown and fruits that do not. Have them conduct experiments to prevent browning and also have them try to turn the fruits that do not brown get them to brown. 
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Key Term(s):

· Attribute- a property of a food that the consumer desires.  Customers consider multiple attributes when selecting food products.  These attributes are expected to remain constant throughout the shelf-life of the product.

Concept(s):  (What we are going to learn?)

· Physical and chemical properties of foods are important factors to consider when developing new products.

Objective(s):  (What we are going to do to learn?)

· Identify and describe physical properties of food
· Identify and describe the chemical properties of food

Purpose:  (Why do we need to know this?)

What kinds of things do you expect from a food product. For example, if you had strawberry ice cream then you would expect the product to be pink, cold, creamy with chucks of strawberries.  These are physical attributes of food and it is one-aspect food processing plants have to be aware of when creating food.  Other items of concern are the chemical properties, how the food is processed, and how to keep it safe (barriers or hurdles) from human consumption. 

Materials:  (What things do we need?)

Per Student:
· Computers with internet access
· Poster Board
· Colored Pencils
· Scissors
· Glue
· Colored Markers

Procedure:  (What are the steps involved?)

Physical and chemical attributes are important factors in food processing and development of new products.

Part one:  Research

1. Pick a food product and have your instructor approve it.
2. Identify at least 5 physical and 5 chemical attributes of the product.  Use the list of attached physical and chemical attributes for reference.
3. Design a poster with your product and the middle.  One half of the poster will be dedicated to physical attributes and the other dedicated to the chemical attributes.
4. On each half of the poster identify the properties and describe the attribute and the impact it has on the product and provide a picture that represents the attribute.  Example
a. Physical attribute-Taste-Sweet, make the product taste good and appeals to the sweet tooth of the consumer.  Picture of sugar or something universally sweet.
b. Chemical attribute- Protein- Used as the building blocks for tissues in the body.  Picture of a construction site with materials used for building.
5. Present your poster to your class mates or your teacher may have all posters displayed and allow the class time to observe all posters and vote on them.

Conclusion:  (What did we learn and what does it mean?)

1. What is a physical attribute?




2. What is an example of a chemical attribute?




3. How are attributes important in developing and marketing food products?









Information Sheet:
Identify physical attributes of food
· An attribute is a property of a food that the customer desires
· Most customers are looking for multiple attributes in a food product
· Attributes are expected to remain constant throughout the shelf-life of the product

· Examples of attributes: Flavor, Texture, Appearance, Color, Safety, Mouthfeel, Healthy, Nutritious, Convenience, Emotional, Fresh, Organic, Natural, Package, Long shelf life, Low cost, Low fat, Low calories, Low sugar, and Low salt

· Factors Affecting attributes
· Food type
· Ingredients
· Type (White sugar and corn syrup will both sweeten products but will cause different types of reactions and align to make different bonds creating different mouth feel)
· Amount (adding more or less of ingredients can also change the bond structure because there will be more or less atoms to react with.)
· Interactions (chemical processes depend on the amount of atoms available to reaction to form chemical bonds)

· Environment
· pH (level of acidity example pickles)
· Oxygen (vacuum packed)
· Light (exposure to sunlight, artificial light, or darkness)

· Processing history
· Temperature (frozen, chilled, etc.)
· Shear (if the product is to be in bit size pieces and the product has not be processed into the correct size pieces)

· Packaging – air in potato chip bags provide cushion to the chips do not break as easily

· Storage conditions – cool damp storage area will have a higher chance of contamination than a warm dry storage area.

· Consumer attitudes – depending on the customers prior experiences with products can determine how they may or may not like a product. 

· Influenced by:	
· Market position of the product
· Changing consumer requirements
· Desired shelf-life
· Processing capabilities
· Packaging capabilities

· Attributes may be in conflict with one another
· Frequently optimizing for one attribute will adversely affect another
· Recognize trade-offs early in development process -- a two year shelf-life generally compromises “fresh flavor”

Identify chemical properties of food
· Carbohydrates 
· Can be simple or complex
· Simple carbohydrates: sugars (Monosaccharides)
· Complex carbohydrates: starches, gums & fiber (Polysaccharides)

· General characteristics of simple sugars
· They are generally sweet tasting
· Soluble in water 
· Can participate in chemical reactions to form color (browning reactions): Reducing sugars
· Bind water
· Ask the students to watch The Maillard Reaction to explain how the reaction works

· Three types of Monosaccharides
· Sucrose: sweet, and does not change with temperature.
· Fructose sweetness: temperature dependent
· More or less sweet than sucrose depending on the temperature
· Galactose: very little sweetness
· Sweetness: Related to the chemical structure / conformation

· Three types of Polysaccharides
· Starches
· Long polymers of glucose, may be linear or branched. 
· Bind water and build viscosity – give body to food
· Viscosity of starch based food decreased by high heat, freezing, and low pH
· Starches can be modified to make them resistant to processing 

· Gums
· Long polymers of different simple sugars, generally branched
· Frequently negatively charged and can interact with salts, proteins and lipids

· Fibers
· Long chain polymers of glucose, resistant to digestion
· Used to bind water and for nutritional value

· Lipids
· Fats: solid at room temperature- high in saturated fatty acids
· Oils: liquid at room temperature –high in unsaturated fatty acids
· Contribute 30-50% of calories for Americans
· Soluble in organic solvents, i.e., not soluble in water; exist in many foods as an emulsion

· Classifications of Fatty Acids
· Saturated 
· Carry the maximum number of possible hydrogens
· Examples: Animal fat, milk fat, coconut, palm
· Usually solids (fats) at room temperature
· Unsaturated
· Presence of double bonds (subject to oxidation)
· Have less hydrogens than the maximum
· Usually fluid at room temperature
· Present mostly in vegetable and in sea foods

· Uses of lipids in foods
· Flavor: contribute flavor and solubilize flavors
· Fried Foods 
· Popcorn 
· Texture: can contribute a mouth feel 
· Shortening (Flakiness) 
· Moistness 

· Proteins
· Proteins are large polymers constructed from a pool of 20 amino acids making up their primary structure
· Contain nitrogen, carbon and oxygen
· Primary structure how the protein folds and interacts

[image: aminoacids]Amino acids have this basic structure
· Carboxyl group at one end
· Amino group at other end

· Each amino acid has a different R-group.

· Role of proteins in foods
· Structure
· Protein hydration
· Water holding ability
· Solubility
· Flavoring agents
· Gelation
· Color (browning) – Maillard Reaction
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