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Setting the Table

No matter where people live, how they live, or who they
live with, they all share one thing in common: they eat food.
People combine various ingredients to create the best-tasting
food. But what is food? How do simple ingredients undergo
complex changes in the kitchen?

On a chemical level, food is made up of atoms and
molecules. These atoms and molecules combine into

carbohydrates, or fats. These are macronu
might be micronutrients, such as vi



Methods of food preparation involve two kinds of
reactions that use energy. First, physical reactions in the
kitchen can change how food looks without changing the
molecules. This is true for foods like ice cream and butter.
Second, chemical reactions cause permanent changes to
molecules. Transforming a batter into a cake or grilling a
steak are two examples of chemical changes. Let’s dig into
some ingredients and dishes that undergo thesegeactions!

Tasty

Think of all the different
flavors you enjoy. You can
taste them thanks to t

tiny bumps on your tong \-\

PN

called papillae, where
taste buds are found

SCIENCE




Ways of Preparing Food

Many methods exist for preparing food. And when

food is cooked, it undergoes changes that involve chemical
reactions. For example, you might fry onion rings, bake
cookies, or boil oatmeal. In each of these cases, cooking the
food involves an endothermic reaction. In this type of
reaction, heat is a key factor. The food absorbs heat, causing
a permanent chemical change. To cook certain types of
food, different heating methods are used.

is why cookies, pies, bread, and cakes are bak
where they can be surrounded
by heat. During this cooking

process, the outer surface of a
dough or batter bakes faster
the middle. So, while the
may look done, the inside
still be undercooke
that the inside is cook
often insert a ick i
middle.




FON FACT

Microwaves can heat food
about six times faster than
regular ovens. Every
microwave has a device

that converts electricity into
electromagnetic waves.

These waves of energy are
absorbed by the water, sugar,
and fat molecules in food.

The molecules begin to vibrate
quickly. This movement heats the
food.

Frying and grilling are other Jr...?
methods of cooking. A fat, suc—r_ll—r‘—‘— |
as butter or vegetable oil, is often j

needed for frying. This cr% Sﬁl“

barrier that prevents food

sticking to hot pans ﬁo—ﬁ slpecia!;

equipment, such as n

frying pans, haqze coatin _%1
them that allow/fooc eated
without sﬁ_chng en usmg a
grill, (1Irect nd Jntg-inse heat is |
appl'ed:ﬂ;d_fOOdlfDr a short time. N Deep-frying involves covering ¥
Meats an(t_\fgg*étables are often food in hot oil to cook it.
cooked on grills.

Gas grills use flames
to cook food.




Unique Methods

Baking, frying, grilling, and microwaving are not the only
ways to prepare food. Here are a few unique food and drink
preparation methods.

Zing! Some foods like sauerkraut and kimchi are prepared
through fermentation. Fermentation uses bacteria to change
the sugars and starches in food to lactic acid. Lactic acid
is what gives these foods their tangy, sour taste. To make
sauerkraut, cabbage is finely shredded and combined with

and spices are added. Then, the mixture is
airtight jar. Over time, the salty brine allows
get to work. The bacteria creates aci
dioxide as it changes the food. The

S



Fizz!" The sharp, bubbly effect
in sodas comes from carbon dioxide
gas. At a soda factory, the gas is forced
into each beverage using pressure and cool
temperatures. When the gas is trapped
inside a bottle or can, it can’t escape.
But when the container is opened and
exposed to the air, you'll hear the bubbles
inside fizzing.

Spicy! Pepperoni is a blend of meat
that is cured rather than cooked. When

it. Salt is added too, remoyi
slowing down harmful bacteri:

& When pepperoni is put into
casings, it is hung to air-dry

for a few days to a few weeks.



All About Fruits
and Vegetables

It’s Taco Tuesday, and you want some guacamole to put
on your tacos. You remember that there is some in the
fridge from yesterday. But when you open it, you see that it
has changed colors!

Many fruits and vegetables turn brown when they are
cut, heated, or cooled. (Or, in the case of the avbcado in the
guacamole, as they get older.) This can alsoappen, if you
slice an apple or let a banana sit on the couﬁi@r too long.
This browning is a chemical reaction known as y ic
browning. This is due to certain moléi: les called zymes.
When a certain enzyme found i in lits and vegpfables comes
into contact with oxygen, it cadses a/ emJEé’I— reaction. A
substance called melanin isgprodiucéd,
creating the brown color i Luts
and vegetables. Me%nln is

t

the same substance q_im
wn h
. O

responsible forgbrow
eyes, and skin.

.~ Guacamole changes
from bright green
.~ to brown over time.




If cut apple slices are left
long enough, the tops ¢

or slow down
on. Lowering the
ge can decrease the

There are w
this browning re

properly, so drying fruits and vegetables
can help. Packaging that prevents
oxygen from getting in reduces the
amount of browning. Finally, adding

an acid like lemon juice or vinegar can
interfere with the enzyme and

stop the reaction from

happening.




How can lemon juice or vinegar stop browning? The
answer lies in acidity. The pH scale, which goes from 0 to
14, determines how acidic or alkaline a substance is. For
reference, pure water measures right in the middle at 7.0. It
is neutral because it is neither acidic nor alkaline. Most foods
are mildly acidic with pH values slightly less than 7.

Lemon juice, on the other hand, has a pH of around 2
to 3. Lemons are strongly acidic. That is why they have a
sour taste that might make you pucker your lips! Acids can

limes, and grapefruit, are acidic as well. Hig
tend to taste sour or tangy.

without heat. The
seafood, making it sim
seafood.

texture of grilled or cooked

The pH Scale

battery milk blood stomachtablets soap  drain cleaner

stomach acid vinegar coffee water baking soda ammonia bleach
I I I solution I
. Acidic Neutral Alkaline

L,L??‘
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. Ceviche recipes combine
w» fish cooked in citrus
juice with tomatoes,
onions, cilantro, avocado,
jalapeno, and cucumber.

FUN FACT

A chemical reaction occurs when
you combine acidic and basic
substances. Have you ever heard
of combining baking soda with
vinegar? This mixture can create

a minor explosion. That's because
baking soda is alkaline and vinegar
is acidic, so mixing the two releases
carbon dioxide bubbles.




Protein Power

Crack! Sizzle! From frying an egg to grilling a hamburger,
proteins undergo massive transformations in the kitchen.
Chicken, beef, pork, fish, and turkey are common protein
choices. Let’s take a look at what makes up these proteins
and how they can change.

Meats are made of molecules called amino acids that link
up into chains of protein. Amino acids are necessary sources
of energy for human bodies. For instance, bodies can build
[ ids: While

come from the food we eat. Meat an
& . :; i
sources of essential amino acidsd”

Meats and eggs are common
i | sources of protein, but other
L. options include nuts, beans,
and peas.
.




Ll Steak can be cooked

5‘ v, ﬁ to dlfferent Ievels

rare medium-rare  medium

When meats are roasted, fried
molecules begin to vibrate fas
a chemical reaction, forcing t
to rearrange. Some of th

n’s building blocks

e bonds between the
ins begin to unwind.
This process of alte a protein is called
denaturation. urs, the meat cooks, and
the flavor and eat changes. Plus, as the meat
cooks, heat kills | bacteria in it. Food safety
exper mm cooking different protein sources to
different i peratures. For example, steak is safe to
eat when it reaches 62.8 °C (145 °F).

denaturation
_>

normal protein denatured protein @




The Maillard Reaction

It’s lunchtime, so you take a plate full of hamburger
patties out of the fridge. Your first step is to heat a frying
pan on the stove with some oil. When the surface is piping
hot, you place the burgers in the pan, and the meat sizzles.
When you flip the burgers, you see a brown crust on the
outside of each patty. The food smells amazing, and your
stomach growls.

A chemical reaction causes food to become brown,
aromatic, and delicious. It’s called the Malllard reaction,
and it is also known as the browning reactidn. Th1_s reaction
occurs when heat interacts with amino acids ﬁ:cfsimplg
sugars found in protein. Meats are nét the onlyﬂgei)f food
that undergoes this reaction. Thi reactlon occufs in bread,

roasted vegetables, cookies, an@ even coffeed

! !
Here’s a closer look at what happens when a hamburger

patty experiences this reacti(f)n-.‘ Theheat from the pan

sets off a series of chemical r'taact'ipns  New and unstable

molecules form, WhICh soon, br?ak down and create different
molecules. ThiSuis What CT’eates a brown crust on the surface

of the meat. Then the meat turns from red to pink inside. If

the megt_ls_cookeld ‘even longer, the inside will change from

pink t@ browaser gan. In the end, this process changes both
color and'taste, Jereating a more flavorful protein.




ENGINEERING

Vegetables turn brown
and crispy when roa

Food.Engineering

There are many types of engineering
jobs—and one even exists for

food! Food engineers have a wide
range of jobs. They might figure
out the logistics of producing and
handling food. They might design

a system of transportation for food
so that it can be delivered fresh and
undamaged. They might also work
on food packaging.

Some food engineers
work in factories.




Baked Goods

Baking a cake, cookies, or bread is a delicious—and
exact—science experiment. If too much or too little of an
ingredient is added, you may not get the results you were
hoping for. During the cooking process, batter or dough
undergoes a chemical reaction to form something entirely
new.

This process may start with mixing a fat, such as butter,

flour provides structure. Leavening agent
powder and baking soda, release carbon dioxi

the mixture rises, sets fir
outside.

as flowers or stars. Airbrushes can
create a chocolate or colored mist

on a cake. Chocolate can be melted
and shaped with spatulas to form
patterns and decorations.




V
Introducing Glutexy;p_wlL V4

: . 4 . =
Flour is made from grains,‘auts, beans.l Wheat flour,

the most common type, cc‘h:lf;_aiﬁli@ostly starch and proteins.
When wheat flour is mixed with,water, proteins in the

flour form a new prdjéilm‘c{al‘%_d glaten. The

molecules in gluten de‘Jrerbﬂlong

chains and a WEbbqg structure
that holds baked\goods®y -
togethef™ The cré"tion of
glutetps whatmakes the
dough%?" Batteétretchy.
This qualify-!héﬁ)s trap
air or carbon dioxide
bubbles that come

from mixing or using
leavening agents.

Pizza dough is stretched
to make gluten form,
allowing the dough to
be easily rolled out.



Getting a Rise out of It

How does a gooey batter turn into a fluffy cake? This rise
is all thanks to leavening agents. These substances are added
to a batter before the baking stage. They help the batter
expand by releasing gas when they are mixed with liquid,
acid, or heat.

One leavening agent is yeast, which is popular for
making bread. Yeast is made of tiny one-cell organisms. It
needs food, moisture, and warmth to grow. It also needs
time, which bakers call proofing. When yeast
food, especially sugar,
it produces carbon
dioxide gas and ethanol.
This process is called
fermentation, and it traps
gas bubbles inside the
dough. When dough is
put in the oven to bake,
the yeast dies off but
leaves the bread light
and airy.

FON FACT

People have been making
(and eating!) bread for
thousands of years.
Historians think ancient
Egyptians were the first
people to discover how to
make dough rise. Ancient
Egyptians also developed
more than 50 types of
bread.

Egyptian sun bread is _
traditionally left outside | =
to rise in the sun.




Baking soda is another leavening
agent. It needs to be mixed with an
acid to produce gas. That’s why you
might find lemon juice or buttermilk in
certain recipes. These acids are added
to the batter to help baking soda make
carbon dioxide bubbles.

baking soda

Baking powder can also be used
to help dough or batter rise. Baking
powder comes with a dry acid already
added to it. So, there is no need to add
an acid like you would with baking soda.

The advantage of baking powdery
and baking soda is that they work rrlmuch ":l " baking powder
faster than yeast. Some recipes mpiy call
for both ingredients to maxn‘mze thg rise
of a baked good. & \ _ 1

Cake batter rises in
the heat of an oven.

/"-——"
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Milking It

Dairy products include milk, butter, and cheese. These
foods are often savory and can be used in various recipes or
consumed on their own. Milk is the key to creating butter
and cheese through chemical reactions.

In the United States, most milk is produced by cows. Milk
is about 88 percent water. The remainder includes high-fat
cream, proteins, lactose, vitamins, and minerals. All milk
is an emulsion, meaning it is a mixture of a liquid within a
liquid. Tiny droplets of fat called globules a usp ded
throughout the milk. ;

Before milk is bottled
and shipped to stores,
it is pasteurized. It is
heated briefly to kill
dangerous bacteria and
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Milk Percentages

What is the difference between whole, two
percent, one percent, and skim milk? The
taste, thickness, and amount of calories all
differ. For starters, whole milk is the closest
match to milk straight from a cow. Itis
made of about 3.5 percent milk fat and will
have the most calories. As you go from two
percent to skim milk, fat gets taken out, and
calories are reduced.

MATHEM ATICS

When Things Go Bad
Pasteurizing milk kills off most of :t:tl;

the bacteria, but it doesn’t getﬂﬁt&% “M e
it entirely. Some harmless ba€teria ét G Al

remain. Over time, this bde er'd'# har “'_" oy

multiplies. It feeds off the{P se |ﬁ- o~ ‘:‘%‘ -

milk, making the mi ' d% ) b '

The pH decreases andic ‘the "w' %

milk proteins tGueh ucture. } b

This isachem% hange, because R g ‘ c

the protei ates. Solid, o 5 curds and whey ‘5
lum blts curds form. When G AT § -

milk fullg’spoils; it turns into white . - L 2, . 3
curds an ery, yellowish whey. s v "’\L y

Plus, it tastes and smells sour.

e e WA
(e e AT te




Cheese, Please!

All cheeses start as milk. Helpful bacteria are added to
make the milk break down, and a chemical reaction separates
it into curds and whey. This might sound a lot like spoiled
milk, but the mixture does not have harmful bacteria in it.
The curds are taken out of the whey and gently cooked, and
salt is added to preserve them. This is how soft cheeses,
such as cream cheese and cottage cheese, are made. For
hard cheeses, the curds are put into molds and stored in
a cool place to age, dry out,
and develop flavor. This is - .t l,h\‘ -
how firm cheeses, such - ; oir;lglfn; g

as sharp cheddar or . ‘
TN
- -

Parmesan, are made. - —
- v a—

/=

Cheeses come
in many shapes,
colors, and flavors!




Creamy Ice Cream

Making ice cream is a physical
change. Milk and cream
transform from a liquid to a
smooth solid without becoming
too hard. First, large machines
homogenize the liquid to
create even fat droplets. This
prevents clumps of fat from
forming. Next, high-speed
blades spin to prevent ice crystals
from forming and add air to the mix.

finished
ice cream
coming out
of a machine

TECHNOLOGY

i |nk of how easy it is to melt butter And if
you take melted butter and mix it with buttermilk for long
enough, you'll end up with cream again!




Time to Eat!

The chopping, mixing, and cooking is done. The
food’s ready, and it's time to eat! Physical and chemical
changes in the food have produced delicious smells and
mouthwatering tastes. Every bite includes macronutrients
and micronutrients. These nutrients keep our bodies healthy
and provide energy.

When you're hungry, it’s hard to think about the complex

reversible physical chang
food leads to a physical ch

your next meal, think about the
hat reactions occurred to make the






STEAM
CHALLENGE

Define the Problem
Restaurant workers are looking to learn mo

of substances that results in a ch ]
to test six materials for their a @ :
will create a combination ama
chemical changes.

the materials. Your resulting combination must
have a visible chemical change.

/ %\.

Vinegar



Research and Brainstorm

What are acids and bases, and how do their ions
interact with one another? What is a pH scale?
What is a chemical change, and how can you
create one?

Design and Build

Work with a partner to predict the acidity and
alkalinity of the available materials and write
your predictions. Together, determine which
materials you plamto combine t¢*monitor for
chemical changes. Write these materials, and
then collect them 16 prepare for a test.

Test and Tmprove

Using litmus paper, test your materials. Are they
basic, acidic, or neutral? Combine your selected
materials,check for a chemical change, and
récordyour results. Did it result in a chemical
change? What is the pH of the solution? What
changes can you make? Adjust the materials,
and retest as needed.

Reflect and Share

Which items resulted in a chemical change?
Why do you think that happened? What part
of this challenge did you find most interesting?
What was challenging? How did you and your
partner's ideas complement each other?

*

3
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Glossary

alkaline—of, relating to, or
having the characteristics of
a basic substance with a pH
of more than 7

aromatic—having a pleasant
and distinctive smell

calories—units of energy,
often used to express the
nutritional value of food

casings—materials that cover
the fillings of sausages or
cured meats

churned—rapidly mixed or
turned

coagulates—changes into a
solid or partly solid state

endothermic reaction—a

reactants abserb heat and

enzymes==substances, such
as pfoteins, that help speed
up chemical reactions

homogen_iz_e_-_—"-(o break up
the fat of milk into particles

lactose—a type of sugar that
is present in milk

leavening agents—
substances that cause
doughs and batters to
expand by releasing gas

logistics—the coordination of
something involving many
people, facilities, or supplies

macronutrients—the fats,
proteins, and carbohydrates
human bodies need for
energy in large amounts

micronutrients—chemical
elements, such as vitamins
and minerals, found in food
that are essential for human
bodies in small'amounts

opaque—lGt transparent;
not letting light through

PH secale—a systemfof
_meastirement that

f p determines how acidic or

basic a substance is

ﬂ)_reserve—to prepare

something in such a way

B N Q Jthat it can be kept for future
chemical reaction in‘whichy, "\

use

savory—opleasing to the taste
or smell; tasting salty or
spicy rather than sweet

skimmed—removed
something from the surface
of a liquid

whey—the watery part of
milk that separates after
the milk has formed curds,
especially in the process of
making cheese
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Bi

CAREER ADVICE

from Smithsonian

Do you want fo conduct experiments
and be a scientist?

Here are some ips fo keep in mind
for the future.

“Experiments can be messy! But that makes them fun'and
helps us learn about nature. Sometimes, the ideasthat aré
the most exciting take a lot of work. Pdsh yourself inielasses
and keep trying."
= Benjamin Andfews, Geologist,
Natiomaduseum of Natural History

"Pay attention to how your actions,affect or change the world
around you."
— Cari Corrigan, Geologist,
National Museum of Natural History

32)

- ———



Read and Respond

. What experiences do you have with physical or
chemical reactions in food?

. What is the difference between a physical and a
chemical reaction?

. What are some reasons why fruits a
turn brown?



Energy
Reactions

If there’s one thing humans
around the world all share, it’s
that we eat food. But what is
food, exactly? What happens
when simple ingredients
transform into cooked or baked
products? Meats, baked goeds,
dairy products, and niote
go through complex
changes before thew,

reach our plates. Find

out more aboutythese
physical and chemical
reagtions—and never look
at foodqhesame way again!
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