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FUN WITH COWS AND
WHIPPING CREAM!

Mess #3: Fun with Cows and Whipping Cream!

Background
We love this white stuff on pies! If you haven’t tried it, you
should.
But how does it work? How do you get light, fluffy stuff from
cream, a heavy liquid?
Let’s figure it out!
A Lazy Day1

Items Needed
•
•
•
•
•
•
•
•

1 cup heavy whipping cream
1 1/2 tablespoons powdered sugar (also called
“confectioners’ sugar”)
1/4 teaspoon vanilla extract
1 can of original flavor whipping cream, such as
ReddiWhip® (Keep it in the refrigerator for now.)
2 cold (refrigerated) mixing bowls—glass is best,
and they must be very clean
1 cold (refrigerated) plate
1 set of candy molds, or something small (about 1
tablespoon) that can be used as a mold
A handheld or countertop mixer with the beaters
chilled (refrigerated)

Tip: You only need to chill the beaters themselves—the part that comes
into contact with the food. You can do this by placing them and the bowl
and plate in the refrigerator for at least thirty minutes before starting
this experiment.
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PART 1—MAKING REAL WHIPPED CREAM

Procedures

1. Pour the cream into one chilled bowl and beat on high
speed until the mixture starts to thicken a little.
2. Remove about half the mixture and place it in the second
bowl. Cover the second bowl with plastic wrap, or a lid,
and put it in the refrigerator.

3. In the first bowl, sprinkle in the powdered sugar and vanilla and beat on high again until soft peaks form. “Soft
peaks” means that when you pull the beaters out, small
mounds stay in place and don’t collapse, but the tip wilts.

4. Taste the whipping cream, but save some for comparison
in Part 2. Record your observations:
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The Edible Knowledge, Part 1
Proteins are amazing molecules, and there’s a lot of protein
(as well as fat!) in cream. Here we saw one protein property,
which is the ability to create foams.
How does it work?
Proteins can be long molecules, but they are usually coiled
up alone, or even with other proteins. However, they can be
forced to do other things. In our case, we beat them with the
mixers. Beating breaks up the associations—or connections—
that proteins have between themselves and other proteins. They
become uncoiled and stretched out.

Beating

Protein, natural
form

Stretched out
protein

The stretched-out protein strands still interact with one
another, but since they’re stretched out, space exists between
them, forming a loose matrix. In addition to stretching out
the proteins, the process of beating with the mixer adds in air,
which gets trapped in the stretched-out protein structure.
Pretty cool!

Stretched out protein
with trapped air
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PART 2 – CANNED WHIPPING CREAM
1. Remove the can of whipping cream from the refrigerator. Shake the can, turn it upside down, and spray some
on the plate.
2. Taste it, and compare the texture and flavor with the
whipping cream you just made.
3. Look at the side panel on the can of whipping cream
and read the ingredients. Record your observations and
your thoughts about how the cream comes out already
expanded:

The Edible Knowledge, Part 2
So, what’s different here? When you looked at the side panel, you saw multiple ingredients listed, like cream, sugar, water,
corn syrup (more sugar), and milk, along with flavor, monoand diglycerides, and possibly something called carrageenan,
with nitrous oxide used as a propellant. Your particular can
might differ a little from this, but probably not much. Some of
these ingredients cause the cream inside the can to change from
liquid to foam instantly.
Let’s look at them.
• Sugar and corn syrup provide sweetness and some flavor, along with any added flavor.
• Mono- and diglycerides are “emulsifiers.” These help
water and fat to mix, and stay that way. Have you
ever tried to blend oil and water, like in salad dressing?
They’ll stay together briefly, but when left sitting still,
they’ll separate again. Emulsifiers help to prevent the
separation.
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•

•

Carrageenan is a carbohydrate that’s long and complex,
called a “hydrocolloid.” These large molecules hold on
to water and can be used to thicken foods.
Nitrous oxide (NO2) is a gas that has been compressed
(squished) into the can. That’s why the can is said to be
“under pressure.”

OK, now we have the ingredients. The instructions say to
shake the can, which mixes all the ingredients together, and
the emulsifier will help them stay together. Hold the can so
the nozzle is down, and spray it. The nozzle’s shape and the
can’s tubing force the proteins in the cream to stretch out as
they move along. The compressed nitrous oxide immediately
expands as it exits with the now-stretched-out-and-interacting
proteins, and some of the gas gets caught and trapped, creating
the foam we see!

PART 3 – BUTTER
What’s the difference between whipped cream and butter?
More whipping! Let’s beat the crud out of this stuff.
1. Clean off your beaters if you haven’t already. It’s best to
make sure they’re cold again as well.
2. Remove the saved, slightly thickened whipped cream
from the refrigerator.
3. Beat the mixture on high again, this time for a while.
You’ll see soft peaks forming, but you want to keep going for at least 3 minutes.
4. You will see the texture change, and liquid will start to
come out. Keep beating it a little longer until it doesn’t
look like any more liquid is coming out. (This is called
being “over-whipped,” which most of the time is a bad
thing!)

Carrageenan is an extract of
seaweed! It’s common in dairy
products (foods that contain
milk) because of its ability to
interact and create texture
with dairy proteins. Look at the
side of a box of ice cream; it’s
probably in there! So just think,
when you’re eating ice cream,
you’re eating seaweed. Cool!
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5. Separate the liquid—which is buttermilk!—from the
solids. Squeeze the solids together to force out most of
the liquid.
6. If you want, you can mix a little salt into the solids, just
a bit. Maybe 1/8 teaspoon.
7. Press the solids into the mold(s) and chill them in the
refrigerator. If you only have one mold, you can form
the butter in the mold and carefully remove it. Put it on
a tray to cool in the fridge. That way you can reuse the
mold as many times as needed.
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You’ve just made butter!
Record your observations:

The Edible Knowledge, Part 3
Wow! You made butter. I’ll bet you didn’t know where buttermilk came from, but now you do! Buttermilk is great for
making other foods, such as pancakes. It provides a rich flavor
that many people like.
So how did the extra beating create butter? Back to proteins.
First we made a foam with our loose, stretched-out, and
interacting proteins that were trapping gas (air), fat, and water. As we kept beating, these proteins become more and more
abused, eventually losing their ability to form a loose mesh, at
which point the gas and some water can escape. What’s left is
fat and a little protein, with some water mixed in. It’s still an
emulsion, but has flipped from oil in water (cream) to water in
oil.
That’s it! Now let’s clean up the mess!
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An Australian guy making
butter in his kitchen https://www.
youtube.com/watch?v=jDq269e6w_c

Mooooooo…
Oh! I forgot the cow! What does a cow have to do with
whipped cream and butter? Well, where do you think the cream
comes from in the first place? (And don’t say the grocery store!)
Cow’s milk is mostly water, with some carbs and protein,
but it also contains fat. When milk sits still overnight, the fat—
also known as cream!—separates from the watery milk and
floats to the top. Busy food scientists don’t generally like to
wait around for the cream to separate naturally, so they spin
the milk around through a centrifuge to separate the cream.
I have a question for you: If you milk a brown cow, do you
get chocolate milk?
That’s it! Now let’s clean up the mess!

See how milk gets from the
barn to your table https://youtu.
be/-sQS4PU3ZZE

29

MESS

4
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Mess #4: Egg-Foam-Tastic!

Background
Eggs are sometimes called “the perfect protein” because
they have a lot of nutrients. But from a food science perspective, eggs are also very cool.
Let’s take a look at how we can make foams with them…and a
couple other things.

Items Needed
•
•
•
•
•
•
•

2 whole eggs (in the shell, unbroken)
1/2 cup sugar
1 baking sheet for the oven
Parchment paper
1 handheld or countertop mixer
1 medium-sized clean metal or glass bowl
1 medium-sized container with lid for the refrigerator

Procedures
1. Preheat the oven to 425°F.
2. Separate the eggs yolks from the egg whites. Make
sure not to get any yolks in the whites! Keep the egg
whites in the clean metal or glass bowl, and you can
either throw out the egg yolks or feed them to your
dogs—they’ll love them! If you want to cook them,
the internet has good yolk-only recipes. And if you
don’t know how to separate eggs, check out the videos.
3. Using the mixer, beat the egg whites until they form
soft peaks.
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Some ways to separate egg
whites and yolks. I always use
the shell-to-shell method, but
here’s a look at a couple of
novel ways:
https://www.youtube.com/
watch?v=yAGX-54iR30
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4. Slowly add about 1/3 of the sugar and continue to mix.
Slowly add in the second 1/3 and mix, and then the final
1/3.

https://www.youtube.com/
watch?v=X3tzp_Sws2g

5. Continue beating the mixture once all the sugar has been
added until firm peaks are achieved. When you pull the
beaters straight up out of the beaten whites, firm peaks
are taller and more sturdy than soft peaks.
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6. Place a sheet of parchment paper on the baking sheet.
7. Scoop out approximately 4 mounds of egg whites, one

at a time, and put the mounds on the baking sheet.
8. Place the baking sheet in the oven and watch carefully.
Remove it when the surfaces of the egg whites begin to
brown, or after about 10 minutes.
9. Remove the sheet from the oven and let the mounds
cool. Egg whites that are baked after having been beaten are called “meringues.” As they cool, you’ll see them
collapse a bit.
10. You need to save one in a container and place the container in the refrigerator. But the meringues are probably stuck to the parchment paper now! You might find it
easiest to cut the parchment paper around the mound’s
bottom and put the whole thing—the meringue on the
parchment paper—in the container. Record your observations:

MESS #4: EGG-FOAM-TASTIC!

33

That’s it for now, but what do you do with the other three
meringues? Well, you could…eat them! For flavoring, you
could sprinkle some cinnamon sugar or brown sugar on top.
Then put an X on your calendar seven to ten days from today and wait until those days pass.

After 7 days
Remove the container from the refrigerator and observe the
meringue for any changes. Do you see any beads of liquid on
the surface? If so, taste some of it. Record your observations:

The Edible Knowledge

Denaturation refers to the loss of
the normal function of a protein.
The loss can be permanent
or reversible. Usually when
heated, protein denaturation is
permanent.

Because they’re similar to the proteins in cream, egg white
proteins are great for making foams. When the egg whites are
beaten with the mixer, they lose their natural form and stretch
out. They end up in a loose mesh form that can trap air, water,
and sugar. Any change in shape of a protein is called denaturation.
Text Box: Denaturation refers to the loss of the normal
function of a protein. The loss can be permanent or reversible.
Usually when heated, protein denaturation is permanent.
However, we see something different when we bake the
meringue! Instead of melting, its shape sets and becomes firm.
What happens here? The egg white proteins continue to denature, but this time the change becomes permanent as they bind
to neighboring proteins.
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The meringues might collapse a little after removing them
from the oven, as trapped air cools and contracts, but the egg
whites hold most of their shape.
By contrast, you saw that the whipping cream foam lost
its shape when it was left at room temperature even for a few
minutes. However, beaten meringue eventually can spoil, so the
unbaked meringue mixture shouldn’t be left unrefrigerated for
long periods of time.
When you checked the meringue left in the refrigerator, you
likely saw little beads of liquid on the surface. These beads are
an example of protein mesh shrinkage, or denaturing. That
process squeezes out some of the liquid. It’s a good example of
syneresis.
In the case of meringues, the liquid being squeezed out is a
combination of water and sugar, so the beads are sweet! Other
ingredients can be added to meringues to stabilize them and
prevent shrinkage, achieve different textures, and produce other changes.

Do you remember? When food
squeezes itself so that it loses
liquid, food scientists call the
process syneresis.

Time
Meringue with trapped air,
water, and melted sugar
Meringue cookie recipes on the internet say you can flavor them with vanilla, almond extract, peppermint, cinnamon,
orange juice, or fruit jam before baking. You can even fold in
freeze-dried fruit (like raspberries) or chocolate chips, or add
food coloring. Look at all these delicious photos!
https://is.gd/gfLEUu.
Your imagination and desire to experiment is the only limit.
That’s it! Now let’s clean up the mess!

Meringue with liquid
droplets on the surface
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Lemon Meringue Pie11
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