Food Safety: Hazards to Food Safety and Factors that Affect Foodborne Illness

Lesson 2: Bacteria and Factors that Affect Food Safety (Time, Temperature, and Hand Washing)
Grade Level(s)

9 - 12

Estimated Time:

2-45 Minute Periods or 1 90 Minute Period
Purpose: 
 Students now should understand different ways bacteria can contaminate food, what bacteria need to grow, and ideas of how to reduce growth in food. These lessons further explore food safety factors that affect foodborne illness like time, temperature, proper handwashing and personal hygiene. 

Objectives:

Lesson 2: The Temperature Danger Zone
· Define the term “temperature danger zone”. 
· Explain how time and temperature affect food safety. 
· Explain why raw animal products should be cooked thoroughly before they are eaten. 
· Explain how to properly thaw foods. 
· Explain how to properly cool foods. 
· Discuss reheating. 
Lesson 3: It’s All in Your Hands!

· State why handwashing is important 
· State when handwashing is important 
· Demonstrate how to do a thorough handwashing 
Standards:
Agriculture and the Environment:
Science, Technology, Engineering & Math:
Materials:

Lesson 2:

· Student Activity Sheets 
· 3-600 ml beakers 
· Three labels
· 1⁄4 cup of sugar 
· Room temperature water (about 80EF) 
· Ice water (below 40EF) and ice cubes
· Three balloons
· 2-250 ml flasks Thermometer
· One package of dry yeast 
· Warm water (about 130EF)
· One spoon
Lesson 3: 
· Germ Powder
· Ultraviolet light
· Access to warm water
· Soap
· Paper Towels
Essential Links:

Foodborne Illness—YouTube

https://www.youtube.com/watch?v=U7yq-GwbcgE
Background Agricultural Connections:
Interest Approach – Engagement:
From the essential links list, show students the “How do I know if I have food poisoning” video (5:22). The video reviews ideas from the previous lesson and previews the objectives for lessons 2 and 3. 

Start a discussion with students asking them:

1. What they remembered from the previous day that was referenced in the video?

2. What they think today’s topic will be about?

3. An interesting fact they learned from the video

Procedures:

Part 1:

Background information: 
1. How do time and temperature affect food safety? 
As we discussed in Lesson Three, bacteria require food, water, time and a nice environment (low acidity and the right temperature) in order to grow. Because of water availability, acidity, and other factors, bacteria will grow in some foods, but not in others. The foods in which bacteria will grow include foods from animal sources, cooked foods from a plant source, raw seed sprouts, and cut melons. We have been referring to these foods as risky foods. To prevent bacterial growth, we must try to keep risky foods out of the temperature danger zone of 40°F to 140°F. Freezing or refrigerating foods will slow or stop the growth of bacteria, but will not kill bacteria. Maintaining foods at temperatures of 140°F or above will also stop the growth of organisms. The only way to kill bacteria is by thoroughly cooking the food. You cannot kill bacteria by refrigerating or freezing. Irradiation is another method of killing bacteria in food. 
It would be great if risky foods were never in the temperature danger zone, however that isn’t always possible. Foods must pass through this zone when they are cooked, cooled, and reheated. We can’t prevent the foods from passing through this temperature danger zone, but we can limit the time that we keep risky foods in this zone. By limiting the time that these foods are in this danger zone, bacteria are not given enough time to grow and make us sick. Remember, bacteria doubles every 20 minutes! 

NOTE: This experiment should be done at this point in the lesson to give the balloons time enough to expand (about 20 minutes). 
Activity #1: Balloon Blowup Activity (Bacterial Growth) 

Following set up, continue with background information:

2. Why should raw animal products be cooked thoroughly?
Many of the raw food products that come from animal sources, such as meat, poultry, fish, and eggs, may contain microorganisms that can make us sick. Some of these products may be contaminated with microorganisms from the very beginning, as in the case of Salmonella enteritidis which may be present in eggs when they are laid by the chicken. Other products may become contaminated when they are slaughtered and processed, as in the case of Escherichia coli O157:H7 in ground beef. We make these foods safe by properly cooking the foods to kill these harmful microorganisms. When we eat animal products that are either raw (such as raw eggs in cookie dough) or not cooked thoroughly (such as a hamburger that is still pink in the middle), we run the risk of becoming ill with a foodborne illness. To reduce the risk of foodborne illness, food products that come from animal sources should always be properly cooked. 
3. Thawing Food 

Risky foods should never be thawed at room temperature, because this allows the temperature of the outside layer of the food to enter the temperature danger zone, even though the center may still be frozen. If you were thawing a turkey on a countertop, the temperature of the legs of the turkey could be at 50°F, even though the rest of the turkey could still be frozen. Risky foods should be thawed either in the refrigerator or in the microwave. Do not thaw foods by putting in a sink with standing water – it is not safe. 
4. Cooling Foods

When hot foods are cooled, they must pass through the temperature danger zone. To limit the time that risky foods are in the temperature range of 40°F to 140°F, we must try to cool these foods as quickly as possible. Do not allow hot foods to cool at room temperature before putting them in the refrigerator or freezer. We want to get the food out of the temperature danger zone as soon as possible. Some things that you can do to help cool hot foods faster include: 
· Put foods into smaller containers and then refrigerate. 
· When placing hot food in the refrigerator, don’t cover foods tightly until after they are cooled, it traps the steam inside. 
Chill large containers of hot food in an ice bath in the kitchen sink and stir often.
5. Reheating Foods 
When foods are reheated, they must pass through the danger zone again. Reheating should be done quickly (not in slow cookers or crock pots) and should only be done once. By the time the food has been reheated once, it has already passed through the temperature danger zone two times, once when it was cooled and again when it was reheated. Each time risky foods pass through the danger zone, the chance for bacteria to grow and cause problems is increased. Foods should be thoroughly reheated to kill off bacteria that might have grown during the cooling process. 

If risky foods are left out at room temperature for more than two hours, they should no longer be considered safe to eat and should be thrown away. There is no way to make the food safe again. Cooking, refrigerating or freezing food after it has been in the temperature danger zone for too long does not make the food safe again. Cooking will destroy the bacteria, but it doesn’t necessarily destroy the poisons that may have been produced by bacteria during growth. 
Part 2: Balloon Blowup Activity (Cont.)
Set up a display of two beakers with water at the half way mark and two flasks placed in the beakers with balloons over the openings of the flasks. This helps the students visualize what their end product should look like and speeds the process. 
Today’s activity will demonstrate that we can control the growth of microorganisms like bacteria and yeast by controlling their temperature. One flask of yeast will be chilled with ice to maintain the temperature at 40oF or less. The other flask will be held at about 130oF. As the yeast grows, it produces a gas and the balloon will inflate. In which flask do you think the yeast will grow and cause the balloon to inflate? Why? 
1. Have a group of students do the experiment. 

2. Give the group the following items: 

· Student Activity Sheets (See attached)
· Three 600 ml beakers 
· Three labels (masking tape) 
· 1 package of yeast 
· Thermometer 
· Two balloons
· Two 250 ml flasks 
· 1/4 cup of sugar 
· One spoon 
3. Instruct the students to label the beakers: 
· “Mixing Beaker” 
· “Warm Water Bath” 
· “Ice Water Bath” 
4. Instruct the students to fill the ice water beaker with water and ice cubes to the half way mark on the beaker. Temperature must be below 40EF. The students should use a thermometer to measure the temperature of the water. Set aside. 

5. Instruct the students to fill the mixing beaker with 500 ml of room temperature water – 80oF (will feel cool.) The students should use a thermometer to measure the temperature of the water. 

6. Instruct the students to add the sugar to the “mixing beaker” and stir until the sugar is dissolved. 

7. After the sugar has dissolved, instruct the students to add the packet of yeast to the sugar/water mixture and stir until dissolved – will take about one minute of stirring to dissolve. Instruct the students to pour half of this mixture into each one of the two flasks shaking the mixture several times as they pour it into the flasks. 

8. Instruct the students to put enough warm water to fill to half way mark of third “warm water” beaker. Use thermometer to measure water at 130oF. Cannot be warmer than 130oF. 

9. Ask the students to fill the balloons with some air to stretch, and then allow the balloons to deflate. Instruct the students to carefully stretch the balloon openings to fit over the openings of the two flasks. 

10. Have students put flasks in the two beakers – the warm water and the ice water. 

11. Instruct the students to observe and record what happens after 5 minutes, after 10 minutes, after 20 minutes, and after 1 hour (This last observation may have to be made by the teacher) 
Once finished with the lab (either for the day or for the period), transition into handwashing. The other way you can reduce the amount of bacteria growth and spread, can be through handwashing. Proper hygiene can reduce outbreaks of viruses, bacteria, parasites and other pathogens that are harmful. 
Part 3: Handwashing
Background information:

To involve students in the background information, you could try reading sections aloud (popcorn reading) especially with facts about handwashing. Since the background information for this section is fairly short, one could also have students silently read, or read aloud to small groups.
1. Importance of handwashing 
Handwashing is one of the most important things we can do to prevent foodborne illness. Later in the lesson, we will do two experiments to prove how important it is. 
2. Do people really not wash their hands?

Researchers hid in stalls or pretended to be combing their hair while observing men and women in public rest rooms across the nation. 
1. New York City: 40% did not wash in Penn train station. 

2. Chicago: 22% did not wash at the Navy Pier. 

3. New Orleans Casino: 29% did not wash. 

4. San Francisco Golden Gate Park: 31% did not wash. 

5. The worst was observed at an Atlanta Braves Game: 54% of men did not wash compared to 11% of women. 

6. Based on the study, women are cleaner than men: 74 % of women washed their hands compared to 61% of men. 
3. Why is handwashing important? 
1. Prevents spreading germs to food or to another person 

2. Germs are invisible on your hands 

3. Germs can make you sick. 

4. Hands are most exposed part of the body to germs. 

5. Washing hands regularly can keep a person healthy. 

6. 1996 Wirthlin research study of 305 school students reported that students who washed their hands four times a day had 51% fewer lost days to stomach upset. 

4. When is handwashing important? 
a. Ask students to list things touched in one day – use any of the following to reinforce: 
· Before eating, preparing or serving food 
· Whenever hands look, feel, or smell dirty 
· After using the toilet 
· After handling raw meat, fish, poultry & before touching any other food 
· After changing diaper 
· When sick, after blowing your nose 
· Cough or sneeze – Germs get on hands from a sneeze (sneezing into the hands is not a good idea)-important to sneeze into sleeve. 
· After using common objects money, door knobs, computer keys, telephone, lockers, keys 
· After touching pet 
· After taking out the trash 
Handwashing experiment with Glitter Bug Potion and ultraviolet light 
Warning: People with skin allergies should not use this lotion. 
1. Place 1 drop of germ powder in the palm of each student’s hand, have them rub germ powder all over their hands and wrists as if they were applying hand lotion. 

2. Students observe “contaminated” hands under UV light. 

3. Instruct to wash hands without any hints as to correct technique. 
4. Have all students check hands with UV light for any residual germ powder.
5. Point out areas commonly missed: cuticles, under nails, thumb and finger webs, wrists. 

3. Proper handwashing technique 
We will now look at videos which demonstrate proper handwashing. 
SOS Handwashing video – 3 minutes (junior high student demonstrates)
Clean Hands–Safer Food video – 5 minutes (food service workers)
4. Demonstrate correct handwashing technique–overheads 
 (Instructor talks through and demonstrates.) This is how you should wash your hands to get rid of all the germs that could get you sick & cause you to miss the big football game, a great party, a sleepover, a camping trip, a vacation. Friction while scrubbing hands and drying hands removes most of the germs. (Use PowerPoint or printed paper to help guide the demonstration. See attached)
5. Students practice correct handwashing. 
Have the hamster or some other method to time the practice–Say ABCs or Happy birthday twice. Remind: palms, backs, between fingers, thumbs, nails and wrists. 
6. Have students do actual handwashing. 
1. Use singing animal as they wash their hands–each repetition of song is 20 seconds. 

2. All students use proper technique to wash hands for 20 seconds 

3. Remind them to be very careful not to touch anything when they are finished. 

4. Can recommend they can say ABCs or sing Happy Birthday twice– (both about 20 seconds.) 

7. Have students observe clean hands under ultraviolet light second time. 
Wrap-Up: 

At the end of the lesson, ask the students to respond to the following questions: 
· How do time and temperature affect food safety? 
· Why should you never eat raw meat, eggs, poultry or fish? 
· Why is handwashing important? 

· When is handwashing important? 
Take home activity: 
Jody’s Submarine Sandwich—Math activity related to time; students calculate how much bacteria is on a sandwich when left out over a length of time. Students will then use data-based decision making to determine if the sandwich is still safe to eat.

Optional:
Send home parent letters with Home food Safety Quiz. 

