
Lesson C11–2

Exploring Food Preservation

Unit C. Basic Principles of Agricultural/Horticultural Science

Problem Area 11. Understanding Food Science Technology

Lesson 2. Exploring Food Preservation

New Mexico Content Standard:

Pathway Strand: Food Products and Processing Systems

Standard: III: Plan, implement, manage, and/or provide services for the preservation and

packaging of food and food products.

Benchmark: III-B: Compare and select food preservation methods to develop food preser-

vation programs.

Performance Standard: 1. Calculate and inventory parts per million (ppm) of restricted

ingredients (e.g., milk). 2. Explain methods of chemical preservation (e.g., pH, salt,

water activity [aw], additives). 3. Explain the impact of temperature in food preserva-

tion. 4. Compare and contrast packaging preservation (e.g., film, plastic, can). 5. Com-

pare and contrast process preservation (e.g., irradiation, pasteurization, sterilization).

Student Learning Objectives. Instruction in this lesson should result in students

achieving the following objectives:

1. Describe food preservation and its benefits.

2. Describe the methods of heating used in food preservation.

3. Explain how heating levels used in food preservation destroy microorganisms.

4. Describe the use of refrigeration and freezing in food preservation.

5. Explain other methods of food preservation.
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List of Resources. The following resources may be useful in teaching this lesson:

Recommended Resources. One of the following resources should be selected to accompany the

lesson:

Osborne, Edward W. Biological Science Applications in Agriculture. Danville, Illinois:

Interstate Publishers, Inc., 1994. (Textbook, Chapter 23)

Seperich, George J., Food Science and Safety, Danville, Illinois: Interstate Pub-

lishers, Inc., 1998. (Textbook, Chapter 5)

Other Resources. The following resources will be useful to students and teachers:

Cooper, Elmer E., Agriscience Fundamentals and Applications. Albany, New York:

Delmar Publishers, 1997. (Textbook, Unit 34)

Food Science, Safety, and Nutrition. Alexandria, Virginia: The National Council for

Agriculture Education, 1993. (Curriculum Binder)

Morgan, Elizabeth M., et al. AgriScience Explorations, Second Edition. Danville, Illi-

nois: Interstate Publishers, Inc., 2000. (Textbook, Chapter 16)

List of Equipment, Tools, Supplies, and Facilities

Writing surface

Overhead projector

Transparencies from attached masters

Copies of student lab sheets

Terms. The following terms are presented in this lesson (shown in bold italics):

Air-blast freezing

Bacteria

Blanching

Clostridium botulinum

Commercial sterilization

Conduction

Convection

Drying

Electromagnetic spectrum

Fermentation

Food preservation

Food spoilage

Freezing

Irradiation

Liquid freezing
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Nutrient depletion

Palatability

Pasteurization

Plate freezing

Radiation

Refrigeration

Sterilization

Interest Approach. Use an interest approach that will prepare the students for the les-

son. Teachers often develop approaches for their unique class and student situations. A possible

approach is included here.

Bring a food item with an expiration date to class. Use it as the basis for a discussion on food spoilage.

Ask students why the date is on the item. What does the date mean? Have students ever eaten an item be-

yond the expiration date? Lead the discussion toward an overview of the lesson’s student learning objec-

tives.

Summary of Content and Teaching Strategies

Objective 1: Describe food preservation and its benefits.

Anticipated Problem: What is food preservation? How does food preservation benefit consum-

ers?

I. Food preservation is the treatment of food to keep it from spoiling. It also aids in retaining

nutrients and improving taste.

A. Food spoilage is the condition in which food becomes unsafe to eat. Food spoilage is

caused by the invasion of bacteria and other foreign materials.

1. Bacteria—are one celled microscopic plants. They are the most difficult of all mi-

crobes to control in the prevention of food spoilage. Clostridium botulinum is bacte-

ria that causes botulism. Botulism is a type of illness caused by eating food that has

been made impure by these bacteria.

2. Food may be exposed to other foreign materials. These materials are not intended to

be part of the food. Their introduction leads to spoilage. Examples of foreign materi-

als that cause food spoilage are rodents, insects, and chemicals.

B. Food preservation helps foods retain their nutritional value. As foods deteriorate, they

lose the nutrients that they naturally contain. Fruit juices that are not refrigerated typi-

cally lose their nutrients. The loss of nutrients is known as nutrient depletion.

C. Food preservation aids in helping foods retain their taste. Palatability means that an

item has an agreeable taste. Various processes are used to improve food palatability.

Care must be taken to not decrease a food’s nutritional value when increasing its palat-
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ability. For example, sugar is added to foods to improve its palatability. However, if too

much sugar is added, the nutritional value of the food is decreased.

A variety of techniques can be used to help students master this objective. Have students research recent

outbreaks of food poisoning. Have them determine what caused the outbreaks. Determine if the outbreaks

were caused by poor food preservation. Use LS:C11–2A to help students gain an understanding of the ef-

fects of storage temperature on a food’s nutritional value. Students will also need text materials to help

them understand this objective. The Food Science and Safety or Biological Science Applications in Agri-

culture textbooks are recommended. Have students read the food preservation sections in either resource.

Objective 2: Describe the methods of heating used in food preservation.

Anticipated Problem: How are different heating methods used in preserving food?

II. Heat is the most effective means of preserving a food product. It is commonly used in can-

ning foods. In food processing, heat energy is transferred in one of three ways to aid in pres-

ervation:

A. Conduction is a method of heating in which energy moves from one particle to another

through direct contact. Conduction may be compared to a chain reaction. As each parti-

cle of food is heated, it passes energy on to other particles it is touching. Examples of

foods that are preserved through conduction heating include canned tuna or ham.

B. Convection is a method of heating that involves the movement of a heated air or liquid

through the food being heated. This is the same type of heat used in a kitchen oven. In

convention heating, the movement of the heated air or fluid around the food causes it to

be heated. Examples of foods that are preserved through convection heating are canned

soups.

C. Radiation is a form of conduction in which heat energy is transferred through the elec-

tromagnetic spectrum. The electromagnetic spectrum is a linear arrangement of all

known forms of energy. In radiation, energy from the infrared and ultraviolet range of

the spectrum are used to heat the food. An example is the infrared radiation lamps used

in restaurant buffets to keep food warm.

Many techniques can be used to help students to master this objective. Use TMs: C11–2A to help rein-

force an understanding of the three methods of heating in food preservation. Use TM:C11–2B to help

them gain an understanding of the electromagnetic spectrum and its ranges. Students also need text mate-

rials to more completely understand the use of heat in food preservation. Have the class read the Heating

section in Chapter 5 of the recommended reference.
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Objective 3: Explain how heating levels used in food preservation destroy microorganisms.

Anticipated Problem: How are foods heated in order to destroy microorganisms? Are there dif-

ferent levels of heating?

III. Heat preservation is the most complete means of food preservation. When food is heated, it

is altered. The extent to which a food is altered depends on the amount and duration of heat

it is subjected to.

A. Sterilization is the complete destruction of all microorganisms. Sterilized foods will last a

very long time. Because they have undergone a high level of heat treatment, sterilized

foods go through significant alterations.

B. Commercial sterilization is the complete destruction of all microorganisms except some

spores. Commercially sterilized foods will eventually become unsuitable to eat. They will

not cause sickness. Instead, they become unpalatable.

C. Pasteurization is a heat treatment that destroys all pathogenic microorganisms, but not

organisms that cause spoilage. A pathogenic organism inflicts illness in humans.

D. Blanching is a heat treatment used with vegetables where their temperature is raised to

between 180� and 190�F and followed by rapid cooling. This process does not destroy

microorganisms. It does inactivate enzymes that might alter the taste or color of the veg-

etable.

A variety of techniques can be used to help students master this objective. Use TM: C:11–2C to help re-

inforce how heating levels in food preservation destroy microorganisms. Students need text materials to

help in understanding the use of heat in food preservation. Have the class read the Heating section in

Chapter 5 of the recommended reference.

Objective 4: Describe the use of refrigeration and freezing in food preservation.

Anticipated Problem: How are refrigeration and freezing used in preserving foods?

IV. Cold temperatures have been used for centuries to preserve foods. Before this century, peo-

ple had to depend on the weather for temperatures cold enough for food preservation. In

this century we now depend on electrically powered refrigerators and freezers. Refrigeration

and freezing are not as effective as heating in preserving foods. Heating destroys all microor-

ganisms. Cold treatments only slow the metabolisms of the microorganisms.

A. Refrigeration is the storage of foods at a temperature below room temperature but above

freezing. It is used as a transitional environment. A transitional environment means that

the food product will ultimately be heated or consumed. It will not stay refrigerated for-

ever. When using refrigeration for preserving foods, three important variables must be

monitored.

1. Temperature control—the temperature needs to be at a level that does not freeze

the food product.
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2. Air circulation—the flow of air needs to be monitored to aid in removing heat from

the product.

3. Humidity is the amount of moisture in the air. Humidity needs to be kept at a level

where the movement of air does not dry out the food product.

B. Freezing is the storage of food products at temperatures where water contained in the

products becomes ice. When a food is frozen, it is the water in the food that freezes. The

three main methods of freezing used in commercial food preservation are:

1. Plate freezing uses the surface of metal plates to sandwich the food product to be

frozen. As the food and plates contact each other, fluid that circulates in the plate

removes heat and freezes the product.

2. Air-blast freezing uses high speed air and cold temperatures to freeze the product.

Air is the freezing medium in this method.

3. Liquid freezing involves spraying fluid refrigerants such as liquid nitrogen on individ-

ual food products as they move down a conveyor belt. This method is commonly

used on meat patties.

A variety of techniques can be used to help students master this objective. Use TM: C11–2D to help rein-

force the use of refrigeration and freezing in food preservation. Students need text materials to gain an un-

derstanding of the physical changes foods undergo when refrigerated or frozen. Have them read the Refrig-

erating and Freezing section in Chapter 5 of the recommended reference.

Objective 5: Explain other methods of food preservation.

Anticipated Problem: What are some other common methods of food preservation?

V. For one reason or another, heating, or cooling may not be possible when preserving certain

foods. This can be due to the type of food product being preserved, the cost associated with

heating or cooling it, or the available facilities. For these reasons, food may be preserved us-

ing other methods.

A. Drying involves removing the moisture from a food product. When moisture is removed,

most of the substances that lead to spoilage are also removed. Food is dried in one of

three ways:

1. Mechanical drying—uses a machine to remove the moisture in the food product.

2. Freeze drying—involves freezing the food product then placing it in a chamber

where all air and moisture are removed.

3. Chemical drying—uses a chemical substance to remove moisture from the food. Salt

is the most common chemical used in chemical drying.

B. Fermentation involves a microorganism such as yeast, that uses a carbohydrate present

in the food item being preserved. The microorganism converts the carbohydrate into a

byproduct, which then turns the food into something different. Fermentation can take

place under either of two conditions.

1. Aerobic fermentation takes place with air present.
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2. Anaerobic fermentation takes place without the presence of air.

C. Irradiation is the exposure of food to gamma rays generated by a radioactive material.

Gamma Rays have no charge. They are used to destroy enzymes or microorganisms in

the food product. Food that has been irradiated does not mean that it is radioactive.

D. Food additives are chemicals added to a food product to increase its length of usefulness.

The chemicals used are not dangerous. Instead, they prolong the useful life of the food

by slowing the natural deterioration process.

A variety of techniques can be used to help students master this objective. Students need text materials to

help them understand methods of food preservation. Have them read the last four sections dealing with

preservation methods in Chapter 5 of the recommended reference.

Review/Summary. Focus your review and summary of the lesson around the student

learning objectives. Call on students to explain the content associated with each objective. Ques-

tions at the end of the chapter in the recommended reference will also be of use.

Application. Application may involve the activities contained in the Applying the Con-

cepts section at the end of the chapter in the recommended reference. The experiments con-

tained in Chapter 23 of Biological Science Applications in Agriculture may also be use in applica-

tion. The following lab activity may also be of use:

Effects of Temperature on Vitamin C Level—LS:C11–2A.

Evaluation. Evaluation should focus on student understanding of the lesson’s objectives.

Class discussion may be used to determine understanding of the lesson content. A sample written

test is also attached.

Answers to Sample Test:

Part One: Matching

1=c, 2=g, 3=a, 4=d, 5=i, 6=h, 7=b, 8=e, 9=f, 10=j

Part Two: Completion

1 = nutrient depletion

2 = Heat

3 = Refrigeration/freezing

4 = 180/190

5 = microorganisms

6 = Fermentation

7 = Gamma rays

8 = Food additives
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Part Three: Short Answer

1. Conduction—a method of heating in which energy moves from one particle to another

through direct contact.

Convection—a method of heating that involves the movement of a heated air or liquid

through the food being heated.

Radiation—a form of conduction in which heat energy is transferred through the elec-

tro-magnetic spectrum.

2. Mechanical drying—uses a machine to remove the moisture in the food product.

Freeze drying—involves freezing the food product then placing it in a chamber where all

air and moisture are removed.

Chemical drying—uses a chemical substance to remove moisture from the food. Salt is

the most common chemical used in chemical drying.

3. Sterilization—the complete destruction of all microorganisms.

Commercial sterilization—the complete destruction of all microorganisms except some

spores.

Pasteurization—a heat treatment that destroys all pathogenic microorganisms, but not

organisms that cause spoilage.

Blanching—a heat treatment used with vegetables where their temperature is raised to

between 180� and 190�F and followed by rapid cooling.

4. Plate freezing—uses the surface of metal plates to sandwich the food product to be

frozen.

Air-blast freezing—uses high speed air and cold temperatures to freeze the product.

Liquid freezing—involves spraying fluid refrigerants such as liquid nitrogen on individual

food products as they move down a conveyer belt.
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Sample Test Name_____________________________________

Test

Lesson C11–2: Exploring Food Preservation

Part One: Matching

Instructions. Match the term with the correct response. Write the letter of the term by the defini-
tion.

a. drying f. refrigeration

b. clostridium botulinum g. sterilization

c. freezing h. palatability

d. bacteria i. irradiation

e. electromagnetic spectrum j. pasteurization

_______ 1. The storage of food products at temperatures where water contained in the prod-

ucts becomes ice.

_______ 2. The complete destruction of all microorganisms.

_______ 3. Removing the moisture from a food product.

_______ 4. One celled microscopic plants.

_______ 5. The exposure of food to gamma rays generated by a radioactive material.

_______ 6. Condition of a food to have an agreeable taste.

_______ 7. Bacteria that causes botulism.

_______ 8. A linear arrangement of all known forms of energy.

_______ 9. The storage of foods at a temperature below room temperature but above freezing.

_______ 10. A heat treatment that destroys all pathogenic microorganisms, but not organisms

that cause spoilage.

Part Two: Completion

Instructions. Provide the word or words to complete the following statements.

1. The loss of nutrients is known as _______ _________.

2. _________ is the most effective means of preserving a food product.

3. __________ and __________ are not as effective as heating in preserving food.

4. Blanching is a heat treatment used with vegetables where their temperature is raised to be-

tween _____� and ______�F and followed by rapid cooling.

5. Heating destroys all _____________.
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6. ____________ involves a microorganism such as yeast, that uses a carbohydrate present in

the food item being preserved.

7. ________ ________ are used to destroy enzymes or microorganisms in the food product.

8. ______ __________ chemicals added to a food product to increase its length of usefulness.

Part Three: Short Answer

Instructions. Provide information to answer the following questions.

1. Name and describe the three heating methods used in food preservation.

2. Name and describe three ways food is dried.

3. Name and describe four heating levels in food preservation.

4. Name and describe the three commercial methods of freezing.
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TM: C11–2A

The Three Heating Methods

Used in Food Preservation

1. Conduction—heat energy moves
from one particle to another

2. Convection—movement of heated
air or liquid through the item
being heated

3. Radiation—heat is transferred
through the electromagnetic
spectrum
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TM: C11–2B

The Electromagnetic

Spectrum of Radiant Energy
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TM: C11–2C

Heating Levels in

Food Preservation

A. Sterilization—complete
destruction of all microorganisms

B. Commercial
Sterilization—complete
destruction of all microorganisms
except some bacterial spores

C. Pasteurization

• destroys all pathogenic microorganisms

• some microorganisms that cause spoilage are
left

D. Blanching

• treatment used to raise temperature of
vegetables to between 180° and 190°F

• followed by rapid cooling
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TM: C11–2D

Refrigeration—the storage of foods at a
temperature below room temperature
but above freezing

Variables to Be Monitored:

A. Temperature control

B. Air Circulation

C. Humidity

Freezing—the storage of foods at a
temperature where water contained in
the food becomes ice

Commercial Methods of Freezing

• Plate Freezing

• Air-blast Freezing

• Liquid Freezing
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LS: C11–2A Name ____________________________________

Lab Sheet

The Effects of Temperature on Vitamin C Levels

Purpose:

To investigate the effects of storage temperatures on the Vitamin C levels in fruit juices.

Materials

Vitamin C tablets (available from health food stores)

Indicator solution (methylene blue)

Fruit juice samples (orange, lemon, cranberry, etc.)

100 ml graduated cylinder

Test tubes

Eye dropper

Plastic cups

Procedures:

1. Perform an indicator test for Vitamin C. Dissolve a Vitamin C tablet in a cup of water.

Using an eye dropper, add methylene blue solution, one drop at a time. Count the drops

added. Watch what happens to the blue color. Record your findings in the table below.

2. Pour samples of each juice into two cups. Place one cup of each sample into a refrigera-

tor.

3. Leave one cup of each sample exposed to open air at room temperature for 24 hours.

4. Place 10ml of each sample into test tubes. Label each tube as to the type of juice and

whether or not it was refrigerated.

5. Place the tubes in the test tube rack.

6. Select a test tube. Add a single drop of indicator solution. Swirl the tube and watch for a

color change. Continue adding indicator solution (count the drops) until the color of

the solution does not change.

7. Repeat Step 6 for the remaining juice samples.

8. Record the number of drops in the following table and compare the results.
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Sample # Type of Sample # of Drops Added

#1 Water and Vitamin C tablet

#2

#3

#4

#5

#6

#7

Questions

1. When you added the methylene blue to the refrigerated and unrefrigerated samples, which

took more drops before the solution’s color remained constant?

2. What does your answer to Question 1 indicate about Vitamin C concentrations between the

refrigerated and unrefrigerated samples?

3. What is it called when a food loses its nutrients?

4. What impact did refrigeration have on the nutritional value of the juice samples.
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