STATE SCIENCE STANDARDS:
6th, 7th, and 8th Grade Skills and Processes:
1.0.B.1
Review data from a simple experiment, summarize the data, and construct a logical
argument about the cause‐and‐eﬀect rela onships in the experiment.
8th Grade Science:
4.0.A.1.a.
4.0.A.1.b.
4.0.A.1.c.

Describe how elements form compounds and molecules.
Inves gate and describe what happens to the proper es of elements when they
react chemically with other elements.
Based on data from inves ga ons and research compare the proper es of compounds
with those of the elements from which they are made.

GOAL STATEMENT:
Students will learn about varied uses of animal byproducts or coproducts, focusing on agricultural animals
produced in Maryland.
OBJECTIVES:
 Students will iden fy animal byproducts or animal coproducts and iden fy what their uses are.
 Students will be able to list examples of poten al byproducts and coproducts from agricultural

animals produced in Maryland.
 Students will learn where, biologically speaking, various animal coproducts originate.
 Students will understand physical and chemical changes when an experiment is performed and
how addi onal value is added to products.
REQUIRED MATERIALS:
 4 unsharpened wooden pencils, 4 hand‐held pencil sharpeners
 Samples of these items: soil amendments, such as composted manure and bone meal; feed
ingredients, such as oyster shells and bone meal (source of calcium in animal feeds)
 Pictures of animal byproducts such as gela n, violin bow, baseball, football, bone china, etc.
 Copy of “How to Make Nontoxic Glue” worksheet (1 per student)
 Copy of “Food, Fiber, and More” worksheet (1 per student)
 Items to complete glue ac vity (per student or small group):
 1/4 cup hot water
 1 tablespoon vinegar
 2 tablespoons powdered dry milk
 1/2 tsp baking soda
 Water
AMOUNT OF TIME TO ALLOW:
60 – 75 minutes. Extension ac vi es will take addi onal me.
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Our ancestors domes cated animals and began raising them to provide food (i.e. meat, milk, eggs)
and fiber (i.e. wool, mohair) to meet their needs. Most animals are raised for one or two specific
products. However, a er an animal is harvested for its primary products, there are some things “le
over” that have to be dealt with. Some of these le overs are simply waste, but much of the le overs
can be used or made into useful products. These parts are called coproudcts or byproducts. Animal
byproducts play a significant role in society.
O en mes, animal coproducts and byproducts are “value‐added” addi ons to the economic profile of
our communi es, states, and country. When an item is value‐added, it means that the item’s value has
been increased by altering or improving the item in a way that makes it more useful or makes it useful
under diﬀerent circumstances. An example of a value‐added byproduct is biofuel made from animal fat.
We do not raise animals primarily for their fat, but animal fat can be processed into a value‐added product
that is useful to society.

10 minutes

Ask for several volunteers. Tell students that you need several sharp pencils. Have volunteer
students come forward and have each one sharpen a pencil, using a hand‐held pencil sharpener. Ask
what occurs when the pencil is sharpened. What have you produced, beyond our nice, sharp pencil?
(Pencil trimmings.) This is an example of byproducts or coproducts that result from our mee ng our
needs. We obtain a sharp pencil (our primary product, mee ng our need to take our science quiz), but
we also have a byproduct (pencil trimmings). How can we use the pencil trimmings? Will they provide
us with anything useful? Put class in groups with each of the volunteers and their pencil trimmings.
Have them make a list of ideas for using the pencil trimmings. [You may want to save the ideas and
pencil trimmings for a later ac vity, giving students the opportunity to test their hypotheses
about how to add value to the pencil trimmings.]
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40 minutes

The table provided below will assist educators and students as you go through the Explora on sec on.
Species
Chicken

Primary
Products
Poultry meat

Byproducts
Feathers

Edible or
Inedible?
Inedible

Litter (manure)

Inedible

Value-added products
Feathers – Decorations,
Craft supplies
Litter – Fertilizer

Cattle

Beef, Milk

Gelatin (from bones)
Hides

Edible
Inedible

Gelatin – Jello
Hides – Leather
Additional Items –
Cheese, Yogurt, Ice
Cream
Bone meal – nutritional
supplements,fertilizer
(comes from other
species too)

Pigs

Pork

Hides
Fat

Inedible
Inedible

Medical (Insulin & Heart
Valves)

Inedible

Hides – Leather
Fats – Makeup, Soaps,
Shampoos
Medical – Insulin and
Heart Valves

Lanolin (oil from the
fleece)

Inedible

Sheep

Lamb, Wool

Goats

Meat, Milk,
Hair (Mohair)

Oysters

Oyster (for
food)

Lanolin – Lotion and
Soaps
Additional Items –
Clothing
Additional Items:
Clothing, Cheese, Yogurt,
Lotions and Soaps

Shell

Edible and
Inedible

Shell powder – calcium
supplements
Whole shells – driveways

NOTE: Seafood is not currently “farmed” on a widespread basis in Maryland, although there is interest
building in cul va ng various shellfish, such as oysters.
Direc ons:
1. Ask students: What food animal species are produced in Maryland?
Some possible answers are: chicken, beef, pork, and crabs.
Generally, byproducts have been defined as inedible ssues that are produced concurrently with
food and fiber.
2. Have students work in groups to list what byproducts or coproducts each of these animals
produces. Then ask each group of students to write a way to use the coproducts from each
animal. Cul vate the students’ imagina ons.
For example, one of the coproducts from animals is manure. We can use manure for fer lizer,
but how else might we be able to use it? Composted manure could be used, for example, to
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make pre‐planted topiaries, molded into various shapes, such as flowers or animals. Coproducts
of oyster produc on are shells. Oyster shells are used to set up oyster reefs for young oysters to
a ach to for their growth.
3. Have students list examples of inedible animal products.
Some examples are: bone, hides, fat, and eggshells.
4. Discuss where on the animal each of these items originates and how it func ons.
Bone, internal to the carcass, lends support to the animal’s body, and provides a frame for
muscles and ssues to be placed so they can func on together.
Hides cover the exterior of the animal, and give the en re animal’s body some shape and
limita on.
Fat can be found between muscles (intramuscular fat), just under the hide, and also distributed
throughout the muscles. Fat trimmed from between muscles (retail cuts of meat) and from
under the skin typically is not included in sale items for human consump on.
5. Ask students to think of other examples of how animal coproducts assist us in our daily lives.
Examples may include hormones, such as thyroxine, cor sol, and insulin. (Insulin is isolated from
pig or ca le pancreases and can be used in diabetes treatment, although there are many bio‐
synthesized hormones used now. Animal sources of hormones were, and s ll are, the preferred
choice for some physicians.) From what organs do we obtain thyroxine and cor sol?
(Thyroxine comes from from the thyroid gland. Cor sol is produced in the adrenal gland. Both
are important hormones for regula ng metabolism.)
Rennet, an enzyme isolated from calf stomachs, is used to make cheese. It promotes curd
forma on by causing the casein (protein) to clump and form curds. Making co age cheese
is an op onal ac vity to support this lesson.
Footballs have been referred to as “pigskins” for many years. Can you guess why?
Footballs are frequently made of leather, made from pigskins. Baseballs are frequently
made from leather, a byproduct of beef produc on (hides.)
Bone china is also a byproduct of animal produc on. Look up how bone china is made, and
what makes a superior product.
A er the discussion, it’s me to make glue!
1. Have students work in small groups or individually to complete the ac vity.
2. Pass out the worksheet for students to complete as they make the glue (a ached).
3. A er the ac vity is completed, you may wish to allow a short cut and paste ac vity so
that the students can use their newly created glue.
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10 minutes

In the preceding ac vity, milk, and animal product, was turned into a valuable product, glue,
using chemical reac ons. This was accomplished by employing the scien fic principles of acids,
bases, and proteins. The pH (rela ve acidity or basicity) of milk is near neutral (pH 7). Adding vinegar
(pH 2 – 4) causes the proteins in the milk to coagulate because milk protein (casein) clumps together
when acid is introduced into neutral milk. Milk protein is called casein, and it is an ingredient in various
food products. The watery substance le a er the casein precipitates out is whey. When baking soda
is added, chemical neutraliza on of the mixture occurs. Baking soda is a buﬀer (a compound that
neutralizes acids and bases in a mixture). The neutraliza on process releases carbon dioxide as a
byproduct. This byproduct is also a compound, a combina on of two or more elements or parts. In this
case, the diﬀerent parts are dry milk, vinegar, baking soda, and water.
Once students complete the Adding Value to Milk Worksheet, discuss their answers. For more informa on
about the chemical reac on that occurs in this, and other kitchen science experiments, consult the book
en tled On Food and Cooking the Science and Lore of the Kitchen.

Ask which students have handled sheep and felt their fleeces. The fleeces will be “greasy” due to the
presence of lanolin, an emollient agent found in many cosme cs and lo ons. If possible, bring in a raw fleece,
shorn from a sheep to feel the lanolin. Contact a local sheep producer to see if you can obtain some wool
samples. See if students can determine how to isolate the lanolin from the fleece by experimen ng with the
samples.
Have students make co age cheese, using rennet, an enzyme from calf stomachs. One recipe is available
from Essortment: Your Source for Knowledge at <www.essortment.com/all/makeco ageche_rloh.htm> This
is an example of using a coproduct or byproduct to make a “value‐added” product. Co age cheese is made
by adding value to milk, using a byproduct from animals (rennet).
Students may find making soap a rewarding experience. This recipe, from Countryfarm Lifestyles at
<www.countryfarm‐lifestyles.com/soap‐recipes.html> uses lard. Lard was formerly a staple in cooking but
now is infrequently used and is referenced more o en as a coproduct.
Use beef suet (fat) to make wild bird feed. You can find suet at the meat department in your grocery
store. Fat has a lot of calories per unit weight and makes especially good wild bird feed during cold
weather. Also keep in mind that there are several approaches to making suet and that addi ons to the
suet will a ract specific species of birds. Woodpeckers, for example, are a racted by adding nuts
to suet. See several recipes for making suet cakes for feeding wild birds from the A ract Wild
Birds website at <www.a ractwildbirds.com/feedingbirds/how‐to‐make‐suet.htm>
It is the policy of the University of Maryland Extension that no person shall be subjected to
discrimina on on the grounds of race, color, sex, religion, disability, age or na onal origin.

 Pharmacist – This person may use hormones to create medicines to treat and/or prevent disease.

Even though there are now synthe cally produced hormones that are some mes used, many mes
doctors prefer to prescribe the real thing.
 Doctor – This person may use pig livers to filter the blood of pa ents whose livers have failed.
Surgeons have been able to use pig heart valves to replace human heart valves!
 Inventor – This person finds new ways that animal products may be helpful.

A pre/post test should be completed with this lesson plan. Student understanding of concepts can also be
evaluated through class discussion as well as through evalua on of completed ac vity data sheets. Analysis/
conclusion ques ons that are answered incorrectly by a large number of students should be addressed in a
follow‐up discussion.

Helmenstein, Anne Marie. (n.d.). How to Make Non‐toxic Glue from Milk. About.com Guide. Retrieved
from: <chemistry.about.com/cs/howtos/ht/gluefrommilk.htm>
McGee, Harold. On Food and Cooking the Science and Lore of the Kitchen. (2004). New York:
Scribner.
She ler, Emily. (2009, February). Taking Animal Fats Biodiesel to the Next Level. Renderer
Magazine. pp. 10‐12. <rendermagazine.com/assets/TakingAnimalFatBiodiesel.pdf>
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Name:
Date:

Period:

What food animal species are produced in Maryland? List four examples, and complete the table below. Keep
in mind that byproducts or coproducts may be quite useful, even though they are not the reason that we raise
and produce a given species of animal. For other items, we may need to change their form to make the
byproducts useful and add value to them.
How do we add value to these byproducts? Is the process always costly? Why or why not?

Generally byproducts have been defined as inedible ssues that are produced concurrently with food and
fiber. Some mes we see coproducts used to describe other valuable items produced with our primary crop.
When we raise ca le, for example, manure is a coproduct. Feathers, on the other hand, are considered
byproducts of raising chickens; i.e., they are inedible ssues produced concurrently with the birds. Complete
the table as a team, and use your imagina on to determine uses for the byproducts or coproducts that you
have listed. Uses of these items typically ADD VALUE to them; hence, we reference them as “value‐added
products.”
Species
Species

Primary
Primary Products
Products

Byproducts
Byproducts or
or
Coproducts
Coproducts

Edible
Edible or
or Inedible?
Inedible?

Value-added
Value-added
products
products

Which of your classmates’ ideas is most scien fically possible? Why? Which one of your classmates’ ideas is
“greenest,” or that improves environmental impact?
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The informa on below is from an ar cle en tled
“How To Make Non‐Toxic Glue From Milk”
By Anne Marie Helmens ne, Ph.D., About.com Guide
Retrieved from: h p://chemistry.about.com/cs/howtos/ht/gluefrommilk.htm
What You Need:
 1/4 cup hot water
 1 tablespoon vinegar
 2 tablespoons powdered dry milk
 1/2 tsp baking soda
 Water
 Coﬀee filters
Here's How:
1. Mix 1/4 cup hot tap water with 2 tablespoons powdered milk (keep water hot or glue will not form as
well). S r un l dissolved.
2. S r 1 tablespoon of vinegar into the mixture. The milk will begin to separate into solid curds and watery
whey. Con nue s rring un l the milk is well‐separated.
3. Pour the curds and whey into a coﬀee filter posi oned over a cup. Slowly li the filter, draining the whey.
Keep the curd, which is in the filter.
4. Squeeze the filter to remove as much liquid as possible from the curd. Discard the whey (i.e., pour it down
a drain) and return the curd to a cup.
5. Use a spoon to break the curd into small pieces.
6. Add 1 teaspoon hot water and 1/8 to 1/4 teaspoon baking soda to the chopped curd. Some foaming may
occur (carbon dioxide gas from reac on of baking soda with vinegar).
7. Mix thoroughly un l the glue becomes smooth and more liquid. If the mixture is too thick, add a bit more
water. If the glue is too lumpy, add more baking soda.
8. The finished glue can vary in consistency from a thick liquid to a thick paste, depending on how much water
has been added, how much curd was present, and how much baking soda was added.
9. Use your glue as you would any school paste. Have fun!
10. When not in use, cover your cup of glue with plas c wrap. Over me, its consistency will become
smoother and clearer.
Unrefrigerated glue will 'spoil' a er 24‐48 hours. Discard the glue when it develops a spoiled milk smell.
Tips:
1. The separa on of curds and whey works best when the milk is warm or hot (which is why powdered milk is
used).
2. If the separa on doesn't work well, heat the milk or add a bit more vinegar. If it s ll doesn't work, start
again with warmer water.
3. Clean dried glue by loosening/dissolving it in warm water and wiping it away. Glue will wash out of clothes
and oﬀ surfaces.
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We can take animal products and change their chemical form to make another useful item. In this exercise,
we will use milk to make glue. As you complete the experiment, answer the following ques ons:
What happened when you added vinegar to the milk? How did the solu on look?

What were the resul ng products from adding the vinegar?

Why would we add baking soda to the mixture? What causes the bubbling to occur?

What other examples of adding value to animal products and byproducts can you list? How is the value added?
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PRE‐Evalua on: Food, Fiber, and More From Animals
2. Are you….(Select one.)
A Boy

1. How old are you? ______________
3. Are you….(Select ALL that apply.)
African American/Black
Na ve American/Alaskan Na ve
White

A Girl

Asian
Other
Hispanic/La no
Na ve Hawaiian/Other Pacific Islander

4. What type of school do you go to? (Select one.)
Public school

Private school

Religious school (Catholic, etc.)

Home school

Your Science and Agriculture Opinions and Knowledge
5. BEFORE going through the AGsplora on Program, please circle the degree to which you agree or disagree
with the following statements.
Strongly
Disagree

Disagree

Agree

Strongly
Agree

I like science.

1

2

3

4

I feel that Maryland agriculture is a part of science.

1

2

3

4

Science is useful for solving everyday problems.

1

2

3

4

Maryland agriculture is beneficial to me, my family, and my
community.

1

2

3

4

When I graduate from high school, I would like to have a job in
agricultural science.

1

2

3

4

I can name three jobs in the agriculture industry.

1

2

3

4

6. BEFORE going through the AGsplora on Program, please circle your knowledge level about the topics
listed below.
None

Low

Medium

High

Very
High

Maryland agriculture

1

2

3

4

5

Primary products

1

2

3

4

5

By products

1

2

3

4

5

Value added products

1

2

3

4

5

Animal products in our daily lives

1

2

3

4

5
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POST‐Evalua on: Food, Fiber, and More From Animals
Your Science and Agriculture Opinions and Knowledge
5. AFTER going through the AGsplora on Program, please circle the degree to which you agree or disagree
with the following statements.
Strongly
Disagree

Disagree

Agree

Strongly
Agree

I like science.

1

2

3

4

I feel that Maryland agriculture is a part of science.

1

2

3

4

Science is useful for solving everyday problems.

1

2

3

4

Maryland agriculture is beneficial to me, my family, and my
community.

1

2

3

4

When I graduate from high school, I would like to have a job in
agricultural science.

1

2

3

4

I can name three jobs in the agriculture industry.

1

2

3

4

6. AFTER going through the AGsplora on Program, please circle your knowledge level about the topics listed
below.
None

Low

Medium

High

Very
High

Maryland agriculture

1

2

3

4

5

Primary products

1

2

3

4

5

By products

1

2

3

4

5

Value added products

1

2

3

4

5

Animal products in our daily lives

1

2

3

4

5

7. As a result of par cipa ng in this ac vity, tell one new thing you will try or one thing you will find
informa on about.
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SUPPLEMENTAL – Evalua on: Food, Fiber, and More From Animals
Direc ons: If you are teaching more than one lesson plan in one day, you may a ach this to the pre/post
evalua on form for the other lesson you are teaching. Please have the student fill out these during the pre
and post evalua on mes. In addi on, only have the student fill out the post evalua on ques ons Q5 – Q7 at
the comple on of all lessons.

PRE‐Evalua on
BEFORE going through the AGsplora on Program, please circle your knowledge level about the topics listed below.
None

Low

Medium

High

Very
High

Maryland agriculture

1

2

3

4

5

Primary products

1

2

3

4

5

By products

1

2

3

4

5

Value added products

1

2

3

4

5

Animal products in our daily lives

1

2

3

4

5

POST‐Evalua on
AFTER going through the AGsplora on Program, please circle your knowledge level about the topics listed below.
None

Low

Medium

High

Very
High

Maryland agriculture

1

2

3

4

5

Primary products

1

2

3

4

5

By products

1

2

3

4

5

Value added products

1

2

3

4

5

Animal products in our daily lives

1

2

3

4

5
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