Module 1 / Lesson 3 – Foodborne Illness, Pathogens, and Allergens

Lesson Number – M1.L3
Key Concept – Foodborne diseases
Unit – Module 1 – Food Safety 
Lesson 3 – Foodborne Illness, Pathogens, and Allergens 

Precepts
A - Action
A4.	Identify and use resources.

E - Awareness
E1.	Address issues important to the community.

G – Physical Growth
G1.	Practice healthy eating habits.

National Standards
FPP.02.03.03.a.Describe the effects food-borne pathogens have on food products and humans.

FPP.02.03.03.b. Explain the importance of microbiological tests in food product preparation, listing common spoilage and pathogenic microorganisms.

Student Learning Objectives
As a result, of this lesson the student will . . .
1. Identify specific causes of pathogens and spoilage

2. Discuss microorganisms and their roles in food

3. Identify twelve most undesirable pathogens

4. Explain how beneficial bacteria are used in food processing

5. Identify eight major food allergens

Time: Instruction time for this lesson: 3-5 days (50 minutes). (Time is estimated and may vary depending on teaching style) 

Resources used in lesson development:

Bacteria: The Good, The Bad, and The Ugly http://www.beyondbooks.com/lif72/2b.asp

Common Questions - Food Safety: Bacteria, Spoilage http://www.fsis.usda.gov/help/FAQs_Food_Spoilage/index.asp

FDA Center for Food Safety and Applied Nutrition. Food Safety A to Z Reference Guide

Food Allergies: What you need to know, U.S Food and Drug Administration http://www.fda.gov/food/resourcesforyou/consumers/ucm079311.htm

Food Safety Music – Microbe Medley, YouTube Video http://www.youtube.com/watch?v=1EkehFkhWf4

Horton, R. L., and Cochran, S.S., Science Fun with Dairy Food The Case of the Missing Milk, 2012 The Ohio State University

Least Wanted Foodborne Pathogens, Centers for Disease Control in Partnership for Food Safety with the Fight BAC campaign http://www.fightbac.org/storage/documents/10_least_wanted_foodborne_pathogens.pdf

Seperich, G. J. Food Science and Safety. 1998. Intestate Publishers, Inc. Danville, IL

Script: Questions for the Hotline – Spoilage Bacteria, United States Department of Agriculture- Food Safety and Inspection Service http://www.fsis.usda.gov/News_&_Events/Script_Spoilage_Bacteria/index.asp


Additional teaching resources for this lesson:

Tools, Equipment, and Supplies
· skim milk
· microwave-safe bowl
· white vinegar
· mixing spoon
· strainer
· cheese cloth
· airtight container
· Microwave
· Computer Access
· Poster Supplies (optional)
· 


Key Terms 
Bacteria - single-cell, independently-replicating microorganisms that lack a membrane-bound nucleus and other organelles. 

FALCPA - Food Allergen Labeling and Consumer Protection Act of 2004 

Fermentation - is the chemical conversion of carbohydrates into alcohols or acids. It occurs when oxygen supplies are limited and therefore is a type of anaerobic respiration. 

Microorganism - a microscopic life form that cannot be seen with the naked eye. Types of microorganisms includes: bacteria, viruses, protozoa, fungi, yeasts, and some parasites and algae.

Pathogens - any microorganism that is infectious or toxigenic and causes disease. Pathogens include parasites, viruses, and some fungi/ yeast and bacteria

Probiotic - Probiotic (for life) bacteria can protect the host and prevent disease. They are live micro-organisms that provide a health benefit to the host. For example, antibiotics can kill off normal intestinal flora and the administration of probiotic bacteria can replenish the flora to normal levels. 

Spoil - diminish or destroy the value or quality

Spoilage bacteria - microorganisms too small to be seen without a microscope that cause food to deteriorate and develop unpleasant odors, tastes, and textures.

Content Outline
1. Identify specific causes of pathogens and spoilage
a. Types of food pathogens
b. Causes of food pathogens
c. Effects of food pathogens
d. Causes of food spoilage
e. Effects of food spoilage

2. Discuss microorganisms and their roles in food
a. What are microorganisms?
b. How do they affect the food I eat?

3. Identify twelve most unwanted bacteria
a. Are all bacteria bad?
b. Good bacteria used in food processing
c. The twelve most unwanted bacteria 

4. Identify eight major food allergens
a. Define allergens
b. Labeling of food allergens

Interest Approach

When the students arrive have a piece of moldy bread, a container of yogurt, a block of cheese, and a cup of water. Ask what these foods have in common. Explain that they all have microorganisms. Some microorganisms are helpful and others are harmful. Show the video Food Safety Music - Microbes Medley to introduce microbes.

Objective 1. Identify specific causes of pathogens and spoilage
	
· Define Pathogens. They include parasites, viruses, and some fungi/yeast and bacteria

· Question: What are spoilage bacteria?
· Answer: Spoilage bacteria are microorganisms too small to be seen without a microscope. They cause food to deteriorate (i.e. decompose) and textures. These one-celled microorganisms are what causes fruits and vegetables to get mushy or slimy, or meat to develop a bad odor and discolor.

· Question: Can spoilage bacteria make people sick?
· Answer: Most people wouldn’t choose to eat spoiled food. However, if they did, they may not get sick. Although they may experience upset stomach and/or diarrhea.

· The type of bacteria that cause illness are pathogenic bacteria. They grow rapidly in the "danger zone" – when food temperatures are between 40 and 140 °f – and don’t generally affect the taste, smell, or appearance of food. Food that is left too long or stoned at unsafe temperatures could be dangerous to eat, but look and smell just fine. E. Coli 0157:H7,Campylobacter, and Salmonella are examples of pathogenic bacteria.

· Question: How do bacteria spoil food?
· Answer: There are many bacteria that can spoil food. Some can grow at low temperatures in the refrigerator. Others grow well at room temperature and in the "danger zone" bacteria will grow anywhere they have access to nutrients and water. Under the right conditions, spoilage bacteria can grow rapidly and in some cases, they can double their numbers in as little as 20 minutes.

· A large number of microorganisms and their waste products cause the undesirable changes in odor, taste, and texture that we associate with spoiled food.

· Question: What would happen if we did not have bacteria to decompose food?
· Answer: Some bacteria use dead organism’s molecules as food, but the rest of the molecules get mixed into the soil for plants to use for their growth. Without bacteria animals and plants could not obtain the nutrients they would require. If we did not have bacteria to decompose food we would not be able to create new food because there would be no nutrients for plants to grow.

Objective 2. Discuss microorganisms and their roles in food

· Using the Descartes Moment ask the students to answer the following three questions about microorganisms.
· What do you know about microorganisms?

· What do you think you should know about microorganisms?

· What don’t you know about microorganisms?

·  This will help you as the educator know what prior knowledge the students have about the subject.

·  Define Microorganism. Microorganisms can be found anywhere water is found. Some species have adapted to live in extreme and hostile environments such as the deep sea or geothermal springs.


·  Ask students to identify Microorganisms they know are in foods and describe if the Microorganism is harmful, helpful or they do not know.

· Explain that not all microorganisms are harmful there are many foods that use Microorganisms to make the food edible.

· The most common yeast that is used in the preparation of beer is Saccharomyces cerevisiae, commonly known as ‘baker’s yeast’ or ‘brewer’s yeast’. Beer is made from barley, wheat or rye grain which is germinated to convert starch to sugar such as maltose. The grain is dried and crushed before hot water and yeast are added to initiate Fermentation. In the fermentation process, sugars in the mixture are converted to alcohol and carbon dioxide. After 2–5 days the beer is separated from the yeast, matured and filtered before packaging.

· Wine is also produced through fermentation. Grapes or other fruits are crushed to release the sugars, and yeast is then added for fermentation and conversion of the sugars into alcohol. For sparkling wines, the carbon dioxide produced by the fermentation process is trapped to create bubbles.

· Yogurt-based drinks that contain Probiotic bacteria (live micro-organisms that offer a health benefit to the host) are increasingly becoming popular. Bacterial strains such as Lactobacillus bulgaricus convert lactose sugar into lactic acid. This reactions lowers the pH (e.g. acidity) and causes the milk to clot, creating the characteristic texture and taste of yogurt. Live bacteria in probiotic yogurts can help restore the natural microbe population of the gut (stomach), which can be depleted by using antibiotics.

6. LAB: Mixed-Up Milk Activity (Objective 4 Explain how beneficial bacteria are used in food processing)
· 	The vinegar is an acid and that lowers the pH of the milk just as the beneficial bacteria would however; it takes less time and would be able to be completed in one class period. It takes about 8 hours for the pH levels to reach the proper level so it is impossible to accomplish in one class period. The bacteria feeds on the glucose until there is no more glucose available. Lactic-acid will lower the pH to 4.5. This is the magic number because other bacteria that could spoil the food, normally dies at a pH of 4.5. If the fermentation does not continue long enough to lower the pH below 4.5, the bacteria remain alive and can make the food inedible

A good bacterium that multiplies in warm milk creates the slightly sour food product known as yogurt. Lactobacillus bulgaricus and Streptococcus thermophiles are two bacteria used yogurt production. These bacteria curdle milk, but the curds and whey do not separate. Instead, they can be used to create a thick custard.

Liquids can be described as either an acid or a base. The pH scale measures the concentration of positive hydrogen (H+) and negative hydroxide (OH-) ions in a liquid, ranging at zero(strong acid) and up to 14(strong alkaline). Seven is considered neutral. Distilled water, which has no flavor, is neutral since the negative hydroxide and positive hydrogen ions are present in equal amounts.

Objective 3. Identify most unwanted bacteria (Activity 1)
· Not all bacteria are good and helpful to foods. The U.S. Public Health Service has identified the following microorganisms as being the biggest culprits of foodborne illness, either because of the severity of the sickness or the number of cases of illness they cause. Beware of these pathogens: Fight BAC!®

· Campylobacter- Second most common bacterial cause of diarrhea in the United States;
·  Sources: raw and undercooked poultry and other meat, raw milk and untreated water.

· Clostridium botulinum- This organism produces a toxin which causes botulism, a life-threatening illness that can prevent the breathing muscles from moving air in and out of the lungs. 
· Sources: improperly prepared home-canned foods; honey should not be fed to children less than 12 months old. 

· E. coli O157:H7- A bacterium that can produce a deadly toxin and causes approximately 73,000 cases of foodborne illness each year in the U.S. 
· Sources: beef, especially undercooked or raw hamburger; produce; raw milk; and unpasteurized juices and ciders. 


· Listeria monocytogenes- Causes listeriosis, a serious disease for pregnant women, newborns and adults with a weakened immune system.
·  Sources: unpasteurized dairy products, including soft cheeses; sliced deli meats; smoked fish; hot dogs; pate'; and deli-prepared salads (i.e. egg, ham, seafood, and chicken salads).

· Norovirus- The leading viral cause of diarrhea in the United States. Poor hygiene causes Norovirus to be easily passed from person to person and from infected individuals to food items. 
· Sources: Any food contaminated by someone who is infected with this virus.

· Salmonella- Most common bacterial cause of diarrhea in the United States, and the most common cause of foodborne deaths. Responsible for 1.4 million cases of foodborne illness a year.
·  Sources: raw and undercooked eggs, undercooked poultry and meat, fresh fruits and vegetables, and unpasteurized dairy products.

· Staphylococcus aureus- This bacterium produces a toxin that causes vomiting shortly after being ingested. 
· Sources: cooked foods high in protein (e.g. cooked ham, salads, bakery products, dairy products) that are held too long at room temperature. 

· Shigella- Causes an estimated 448,000 cases of diarrhea illnesses per year. Poor hygiene causes Shigella to be easily passed from person to person and from infected individuals to food items. 
· Sources: salads, unclean water, and any food handled by someone who is infected with the bacterium. 

· Toxoplasma gondii- A parasite that causes toxoplasmosis, a very severe disease that can produce central nervous system disorders particularly mental retardation and visual impairment in children. Pregnant women and people with weakened immune systems are at higher risk; 
· Sources: raw or undercooked pork. 

· Vibrio vulnificus- Causes gastroenteritis, wound infection, and severe bloodstream infections. People with liver diseases are especially at high risk.
·  Sources: raw or undercooked seafood, particularly shellfish.

Objective 4. Identify eight major food Allergens (Activity 2)
· While more than 160 foods can cause allergic reactions (and even death) in people with food allergies, the law identifies the eight most common allergenic foods. 
· These foods account for 90 percent of food allergic reactions, and are the food sources from which many other ingredients are derived.
· Milk
· Eggs
· Fish (e.g., bass, flounder, cod)
· Crustacean shellfish (e.g., crab, lobster, shrimp
· Tree nuts (e.g., almonds, walnuts, pecans)
· Peanuts
· Wheat 
· Soybeans
· These eight foods, and any ingredient that contains protein derived from one or more of them, are designated as “major food allergens” by FALCPA.

· The law requires that food labels identify the food source names of all major food allergens used to make the food. This requirement is met if the common or usual name of an ingredient (e.g., buttermilk) that is a major food allergen already identifies that allergen's food source name (i.e., milk).  Otherwise, the allergen's food source name must be declared at least once on the food label in one of two ways.

· The name of the food source of a major food allergen must appear
· In parentheses following the name of the ingredient.
Examples: "lecithin (soy)," "flour (wheat)," and "whey (milk)"
– OR –
· Immediately after or next to the list of ingredients in a "contains" statement.
Example: "Contains Wheat, Milk, and Soy."
· Food Allergen “Advisory” Labeling
· FALCPA’s labeling requirements do not apply to the potential or unintentional presence of major food allergens in foods resulting from "cross-contact" situations during manufacturing, e.g., because of shared equipment or processing lines. In the context of food allergens, "cross-contact" occurs when a residue or trace amount of an allergenic food becomes incorporated into another food not intended to contain it. FDA guidance for the food industry states that food allergen advisory statements, e.g., "may contain [allergen]" or "produced in a facility that also uses [allergen]" should not be used as a substitute for adhering to current good manufacturing practices and must be truthful and not misleading. FDA is considering ways to best manage the use of these types of statements by manufacturers to better inform consumers
Review/Summary
	Using the Party Host Moment have each student assume the identity of a different pathogen. The party host and the rest of the class must figure out which pathogen the guests are, based on what they grow on and the amount of time they are alive. Let the party guest be creative on how they can accurately portray the role of a pathogen.

Application

Extended classroom activity
	Ask the students look at labels in their home or at the grocery store to identify if food allergens are in the package. Have them describe how the company worded the allergen warning. Also, have them observe if the product is manufactured in the same processing plant as one of the major allergens. Ask them why they think it is important to have all of that information on the label.

FFA activity
Ask the students prepare a five-minute speech to present at an FFA chapter meeting on the twelve least wanted pathogens or eight allergens to explain how they can affect the population. 

SAE activity
	Ask the students to research a food processing plant that processes one of the major allergens. Ask the students to identify policies and procedures employed at the facility to protect other foods. Ask the student to describe careers that specifically related to food allergens.



MIXED-UP MILK





Experiment with different types of milk (skim, 1%, 2%, whole, half & half, heavy whipping cream, buttermilk). Have students develop a chart or poster to compare and summarize the results. 
Investigational Tools: 

1 ½ cups of skim milk
1 microwave-safe bowl
4 teaspoons white vinegar
1 mixing spoon
1 strainer
1 cheese cloth
1 airtight container

Now it’s time to investigate:

1. Pour the skim milk into the bowl, and add the vinegar

2. Microwave the bowl for 1 minute on high power

3. Look at the mixture. What happened? Record your observations below
													
													

4. Stir the mixture. Then, over the sink, pour it through the strainer, lined with a cheese cloth.

5. You have just made curds! What you have should look like large-curd cottage cheese.

6. Cool the solid and rinse it lightly before handling. 

7. Squeeze out any remaining liquid and shape the solid with your hands. 

8. Store it in the airtight container.



Outline the Facts:
Share Pick up your product. What does it feel like?
													
													

Reflect What role did the vinegar play in the experiment?

													
													

Generalize Would this experiment work with any kind of milk? Do you need white vinegar; or can you try another kind of vinegar?

													
													

Apply Heating the milk and vinegar caused a change in milk’s form. What other liquids can change form when combined with other ingredients?

													
													

















Introduction to Food Science
[bookmark: L3A1]Lesson 3, Activity 1

Key Term(s):

· Bacteria- ubiquitous one-celled organisms, spherical, spiral, or rod-shaped and appearing singly or in chains, comprising the Schizomycota, a phylum of the kingdom Monera (in some classification systems the plant class Schizomycetes), various species of which are involved in fermentation, putrefaction, infectious diseases, or nitrogen fixation.

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

· Describe the effects food-borne pathogens have on food products and humans.

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

· Identify the most common undesirable food pathogens

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

Not all bacteria are good and helpful to foods. The U.S. Public Health Service has identified the following microorganisms as being the biggest culprits of foodborne illness, either because of the severity of the sickness or the number of cases of illness they cause. Beware of these pathogens: Fight BAC!®

Materials:  (What things do we need?)

Per group of students 1-3 depending on class size:
· Computer Access
· Poster Supplies (optional)
· One microorganism from the list below
· Campylobacter
· Clostridium botulinum
· E. coli O157:H7
· Listeria monocytogenes
· Norovirus
· Salmonella
· Staphylococcus aureus
· Shigella
· Toxoplasma gondii
· Vibrio vulnificus

Procedure:  (What are the steps involved?)

Part one:  Research

1. Your instructor will assign each group one microorganism.
2. Research the microorganism and determine the following;
a. Causes
b. Symptoms
c. Treatment and prevention
d. Brief description of the organism
3. Prepare a visual and oral presentation detailing all of the above information in any format you choose.  Formats could include but limited to
a. Prezi
b. Powerpoint
c. Glogster
d. Poster
e. Other with instructor approval
4. You will be given time to present your information to the class.  As you present be sure to highlight the information to complete table 1 for the activity.


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

1. What are the commonalities of the organisms presented?





2. What can be done to prevent bacterial food borne illnesses?






3. What precautions should you take to minimize risks associated with food borne illnesses?



Table 1
	Name
	Description
	Cause
	Symptoms
	Treatment
	Prevention

	



	
	
	
	
	

	



	
	
	
	
	

	



	
	
	
	
	

	



	
	
	
	
	

	



	
	
	
	
	

	



	
	
	
	
	

	



	
	
	
	
	

	



	
	
	
	
	

	



	
	
	
	
	

	



	
	
	
	
	










Introduction to Food Science
[bookmark: L3A2]Lesson 3, Activity 2

Key Term(s):

· Allergen- any substance, often a protein, that induces an allergy; common allergens include pollen, grasses, dust, and some medications.

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

· Describe the effects food-borne allergens have on people

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

· Identify 8 major food allergens

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

While more than 160 foods can cause allergic reactions (and even death) in people with food allergies, the law identifies the eight most common allergenic foods. These foods account for 90 percent of food allergic reactions, and are the food sources from which many other ingredients are derived.
· Milk
· Eggs
· Fish (e.g., bass, flounder, cod)
· Crustacean shellfish (e.g., crab, lobster, shrimp
· Tree nuts (e.g., almonds, walnuts, pecans)
· Peanuts
· Wheat 
· Soybeans
These eight foods, and any ingredient that contains protein derived from one or more of them, are designated as “major food allergens” by FALCPA.

The law requires that food labels identify the food source names of all major food allergens used to make the food. This requirement is met if the common or usual name of an ingredient (e.g., buttermilk) that is a major food allergen already identifies that allergen's food source name (i.e., milk).  Otherwise, the allergen's food source name must be declared at least once on the food label in one of two ways.

· The name of the food source of a major food allergen must appear
· In parentheses following the name of the ingredient.
Examples: "lecithin (soy)," "flour (wheat)," and "whey (milk)"
– OR –
· Immediately after or next to the list of ingredients in a "contains" statement.
Example: "Contains Wheat, Milk, and Soy."
· Food Allergen “Advisory” Labeling
FALCPA’s labeling requirements do not apply to the potential or unintentional presence of major food allergens in foods resulting from "cross-contact" situations during manufacturing, e.g., because of shared equipment or processing lines. In the context of food allergens, "cross-contact" occurs when a residue or trace amount of an allergenic food becomes incorporated into another food not intended to contain it. The FDA guidance for the food industry on potential allergens, states that the food allergen advisory statements, e.g., "may contain [allergen]" or "produced in a facility that also uses [allergen]" should not be used as a substitute for adhering to current good manufacturing practices and must be truthful and not misleading.   The FDA is considering ways to best manage the use of these types of statements by manufacturers to better inform consumers

Materials:  (What things do we need?)

Per group of students:
· Computer Access

Procedure:  (What are the steps involved?)

Part one:  Research

1. Your group will be assigned one food allergen from the list above.
2. In your group decide how to develop a fact sheet about your allergen.
3. Things to include on the fact sheet could be:
a. Name
b. What causes the allergic reaction
c. Symptoms of the reaction
d. Level of reaction
e. Treatment for a reaction
f. What foods to avoid 
g. Other useful information
4. Fact sheet should be one page in length and include all-important information about the allergen and how to treat or avoid a reaction.
5. Your teacher may make a copy of your fact sheet for all of your classmates.
6. You will share your information with your classmates and complete table 1.


Conclusion:  (What did we learn and what does it mean?)
1. What causes food-borne allergens?







2. Why is food labeling important for people with food allergens?





3. What are the most dangerous food allergies?






















Table 1
	Name 
	Causes
	Symptoms
	Levels of reaction
	Treatment for reaction
	Foods to avoid

	


	
	
	
	
	

	


	
	
	
	
	

	


	
	
	
	
	

	


	
	
	
	
	

	


	
	
	
	
	

	


	
	
	
	
	

	


	
	
	
	
	

	



	
	
	
	
	





