Chemistry - Food Chemistry
Week 04/13/20
Reading:
● Annotate the article: Cheesy Science
○ Underline important ideas
○ Circle important words
○ Put a “?” next to something you want to know more about
Activity:
● Using the Chemistry Cookie article create your own cookie recipe based on scientific principles
Writing:
● Read the article: College to Career Agricultural and Food Chemistry
○ Answer the writing prompt at the end of the article.
Química -Química de Alimentos
Semana de 04/13/20
Lectura:
● Anote el artículo: Cheesy Science
○ Subráye ideas importantes
○ Circúle palabras importantes
○ Ponga un "?" junto a algo sobre lo que quiere saber más
Actividad:
● Usando el artículo de Chemistry Cookie, cree su propia receta de galletas basada en principios
científicos
Escritura:
● Lea el artículo: College to Career Agricultural and Food Chemistry
○ Responda preguntas al final del artículo.

Scan the man on the
bench with the LinkReader mobile app
to see a video that
explains how to
make the perfect grilled
cheese.

By Sarah Mullen Gilbert

Did you hear about the explosion at the cheese factory?

There was de brie everywhere!

THOM GLICK; RS GRAPHX, INC.; VIDEO LINK: HTTPS://WWW.YOUTUBE.COM/WATCH?V=RTTKPPFNKMY
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a dum bump. Thank you, thank you—
we’ll be here all article. Now, get
ready for some cheesy science and
maybe a few more cheesy jokes.
We love cheese. Love it, love it, love it. And
we are eating more of it—in the past 30 years,
the average cheese consumed per person in
the United States has increased 41%, up to 36
pounds of cheese per person. Mozzarella consumption was up 178% in the same period.
But cheese is kind of weird. It is storable
milk. It can last weeks or years longer than
milk and there is such a variety of cheese.
But when did we start eating cheese? We
don’t know the exact origin but at some point,
someone must have thought, “You know that
stuff at the bottom of the milk? That stuff that

Whole milk

dried out and sat for weeks? I’m going to eat
that!” And when they survived, proto-cheese
was born.
Humans have used practical knowledge of
chemistry and biology to preserve food for
millennia, long before refrigeration and other
modern technology. To make cheese, bacteria
digest sugars in milk and produce lactic acid.
The additional lactic acid lowers the pH and
hinders the growth of harmful organisms.
By turning milk into cheese, its shelf life is
extended from about three weeks to two
decades, or even longer.
All cheese starts as milk. The
primary sources are milk from cows, goats,
and sheep, though other mammals such as
water buffalo are also used around the world
for milk production.

Basically, Basic Cheese is
Acidic. What?!
The basic steps in cheesemaking are: adding beneficial bacteria to milk, coagulating
the milk into a soft white substance called
curd, and pressing and cutting curd into the
finished cheese shape. But to get a delicious
final product, the milk must be at the right
temperature and the right pH at the right time.
“You cannot fully understand cheese and
cheesemaking unless you understand acidity
and pH,” says Paul Kindstedt, professor at
the Vermont Institute for Artisan Cheese, in
Burlington, Vt.
The pH measures the concentration of
hydrogen ions (H+) in a solution, with most
solutions between the range of 0 and 14.
The more acidic the solution, the lower the
pH, with 7 considered “neutral” and above 7,
“basic.” Milk has a pH between 6.6 and 6.7.
pH is a logarithmic scale, so one unit differs
by a factor of 10. A pH of 6 has ten times the
H+ concentration than a solution with a pH

Water 87.4%

Water 37%

Fat 3.7%

Fat 33%

Protein 3.4%

Protein 23%

Carbohydrate 4.8%

Carbohydrate 3.5%

Minerals and other
components 0.7%

Cheese

Minerals and other
components 3.5%

Figure 1. Cow’s milk compared to hard cheddar. Cow’s milk is mostly water; cheesemaking removes much of the water and concentrates the remaining fat,
protein, and other components.
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C12H22O11 + H2O ➞ 4 CH3CHOHCOOH
As more lactic acid is produced, the milk’s
pH lowers. “pH is our indicator of activity,”
says Jeremy Stephenson, cheesemaker at
Spring Brook Farm in Reading, Vt. “When the
pH changes, we know the bacteria are alive
and well. By measuring the pH, we are measuring the activity of these bacteria and assuring that the fresh curd is on the right path to
becoming cheese.”
After the bacteria replicate and culture the
milk at the optimal temperature, the milk
coagulates and changes from a liquid into a
firm, rubbery material. This change takes an
hour or two and is possible because of the
casein proteins in milk. Casein molecules
aggregate into spheres called micelles. The
outer layer is negatively charged, which allows
the micelles to remain dispersed in liquid milk.
To form cheese, the proteins must coagulate,
or stick together (Fig. 2).
Soft cheeses, such as cream cheese, coagulate slowly. As bacteria produce lactic acid, the
other layer of the casein micelle becomes less
and less polar. The micelles begin sticking
together at around pH 5.3, with full coagulation after 24 hours, at pH 4.6.
Hard cheeses, such as Colby and Swiss,
require a faster coagulating phase and a
firmer resulting curd, so cheesemakers
add a substance called rennet. The chymosin enzyme in rennet cuts the negatively
charged ends on the micelles’ surfaces. No
longer polar, the micelles are repelled by
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water and begin sticking together.
The micelles form chains, which
extend in all directions and interlock
any lactose-intolerant people can eat aged
into a three-dimensional matrix to
cheese without discomfort. In the cheesemaking
trap the milk-fat molecules. The
process, the bacterial cultures ferment milk’s
more acidic the milk (the lower
lactose to produce lactic acid. The longer
the pH), the faster this coagulation
a cheese ages, the less lactose is left
occurs and the firmer the curd.
over because it’s been
Rennet is found in a calf’s
used by the bacteria.
stomach—its
fourth stomach.
By the time an aged
How
were
rennet’s
properties discheddar or Parmecovered?
Enzymes
weren’t known
san is ready to eat,
about
then.
It
is
thought
that an
hardly any lactose
earlier
forbear
noticed
that
milk
remains in the
would
prematurely
curdle
in
concheese.
tainers made from calf stomach.
Added pieces of dried stomach or
an extract had the same effect and a cheese
innovation was made.
Bacteria have an optimum pH range that
allows them to grow; a solution outside that
range will prevent bacterial growth. Similarly,
enzymes work best for a specific range of pH
values. To create the ideal environment for
rennet enzymes, Gouda and cheddar should
be coagulated at pH 6.55, while optimal
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Figure 2. Casein comprises 80% of the protein in milk. The
casein molecules are normally wrapped into compact spheres
that are packed together with calcium and phosphate ions to form
microscopic micelles. Acid causes the casein molecules to partially
unfold and link with each other. The interconnected micelles form a
mesh-like structure that causes the milk to gel into a semisolid.
Curds result from a change
in the pH levelof the milk
solution.

Little Miss Muffet
was probably eating her
curds and drinking
her whey...
but whatever.
www.acs.org/chemmatters

O

OH
H3C

C

C
OH

H
Lactic acid

THOM GLICK ; PHOTO BY TAMI PARR; SHUTTERSTOCK

of 7. This logarithmic scale is why even
apparently subtle pH differences can be
quite significant.
To make cheese, milk is pumped into a
large tank and warmed to the right temperature. Two different bacteria are used in
this process: mesophilic and thermophilic
bacteria. Mesophilic bacteria grow best in
moderate temperatures, typically between
20 and 45°C (68 and 113 °F). They are
used to make mellow cheeses such as
cheddar, gouda, and Colby. Thermophilic
bacteria thrive between 45 and 122 °C (113
and 252 °F) and are used to make sharper
cheeses such as Gruyère, Parmesan, and
romano.
In the tank, the bacteria ferment
the sugar present in milk, called lactose
(C12H22O11), into lactic acid (CH3CHOHCOOH),
as follows:

coagulation for mozzarella and Brie cheeses
are at pH 6.45.
Once the milk has coagulated, the resulting
curd is cut into smaller cubes, changing from
a rubbery solid into cubes floating in liquid
whey. Whey does not precipitate as the pH
drops because of the proteins present. Whey
proteins do not contain phosphorus, so they
remain dissolved in the watery part of milk.
As a result, liquid whey is expelled, removing
water and further concentrating the remaining
milk components. Whey is the liquid by-product of cheese making, contains soluble proteins, and is sometimes used as a substitute
for skim milk or as a fertilizer.

A kid threw a hunk of cheddar at me.
“Not very mature,” I said.
finish at a similar pH, the rate of acidification,
or how fast the pH drops, is vital for creating
different types of cheese. This is a natural process that results from the fermentation. For
example, when pressing Gouda cheese curds
into molds, they should be at a pH of about
6.5; in contrast, mozzarella curds should be at
pH 5.25. But when finished, the pH of Gouda
is more acidic than that of mozzarella. The
different taste and texture are accomplished
through different rates of acidification, along
with adding different culture organisms.

Rennet is an enzyme and is added to speed up
the curdling process to make hard cheeses.

The relationship between H+, OH , and pH
-

–
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As curds expel more whey, the result is
a drier final cheese. For some varieties of
cheese, such as Swiss cheese, curds are
heated to further remove moisture.
Cheese curds are transferred into molds
to drain completely and to give the cheese
its final shape. Depending on the type of
cheese, the curds are treated differently,
giving it the shape and consistency of the
cheese you buy at the store or at a farmer’s
market. Soft, spreadable curds with low pH
are ladled into bags to hang overnight and
drain. Curds for harder cheeses
are shaped into wheels or
large blocks and are pressed
or weighed down. The added
pressure drains additional whey
and forces the curds together
into the final cheese shape.

Different
acidification rates
While all milk starts at about
the same pH, and most cheeses

“We take lots of pH measurements while
making mozzarella, but we only write down
three: 1) start, 2) when rennet is added, and
3) the end,” Dittman says. “For a typical soft,
spreadable cheese, such as quark, I spot-check
the whey now and again.”
Some cheeses go right to store shelves, such
as cream cheese and cottage cheese. Softer
cheeses, such as Brie and Camembert, are aged
for about two months. Harder cheeses can age
for decades. Cheeses age in a temperature- and
humidity-controlled environment for varying
lengths of time depending on the type. As
cheese ripens, bacteria break down the proteins,
which alters the flavor and texture. The proteins
first break into medium-sized pieces (peptides)
and then into smaller pieces (amino acids).
In turn, these can be broken down into highly
flavored molecules called amines. At each stage,
more complex flavors are produced.
Each of these cheeses starts with milk, but
different bacterial cultures and different rates of
acidification make each variety unique. Using
lactic acid production to preserve food is a
millennia-old process that still results in delicious food today.
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To get the right pH at the right time, cheesemakers rely on measurements. “It’s a mix of
art and science,” says Krista Dittman, owner
and cheesemaker at Branched Oak Farm in
Raymond, Neb. “You need to understand the
science and have measurement tools, but you
also need to develop an intuition about when
and what to do.” Dittman uses paper test
strips to gauge the pH of cheeses at critical
points in their development. This information
guides the timing of steps in the process.

We’d tell more cheesy
chemistry jokes but all the
Gouda ones argon.
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Cookie-Baking Chemistry: How To Engineer Your
Perfect Sweet Treat
December 3, 2013 · 3:03 PM ET
MICHAELEEN DOUCLEFF

In a time-lapse video, a baking cookie almost looks like a creature coming alive as it spreads out and then rises up. Credit:
B.W.F/Vimeo.com

Baking cookies is almost magical. You put little balls of wet, white dough into the oven
and out pop brown, crispy, tasty biscuits.
"In a time-lapse video, it looks like a monster coming alive," says the team from
TEDEd in a new animation that — just in time for the holidays — explains the science
behind great cookie baking. "For a moment, it [the raw dough] sits there innocuous ...

then it bulges outward ... it triples in volume. Its color darkens ominously. And its
surface hardens into an alien topography of peaks and craters. ... The kitchen timer
dings: Your cookies are ready."

The chemistry of cookies - Stephanie Warren

Chemistry has never been so yummy. The team at TEDEd explains how the oven transforms raw, wet
dough into a crunchy, flavorful cookie.
TED-Ed YouTube

So what's going on in that oven? How does the heat make our snickerdoodles and
chocolate chippers so delicious?
It's all about the chemistry.
"Don't let that apron deceive you. Bakers are mad scientists," the narrator of the
animation says. "When you put the raw cookie dough into the oven, you're setting off a
series of chemical reactions."

Why Does The
Cookie Stop
Spreading?

By playing around with the ingredients in your
favorite recipe, you can tweak these reactions and
engineer your ideal cookie. For instance, you can
make it chewier, fluffy or thinner.

Of course, a cookie can't expand

We'll get to that part in a moment, but first, let's

forever. So what makes it stop?

take a look at the three major steps of the cookie-

That's the job of the egg.

baking process:

Proteins inside the egg are
sensitive to temperature. As they

1. The spread: As the cookie dough starts to heat up,

heat up, they get all tangled up

the butter inside it melts. The ball of dough loses its

with each other and form a firm,

structural integrity and spreads out. The diameter

solid structure. These protein
networks are like the backbone or
skeleton of the cookie. They give
it strength and keep it from
deflating in the oven.

of the cookie is set by how long the cookie expands.
2. The rise: At about 212 degrees Fahrenheit, the
water in the dough turns into steam. The cookie
starts to rise as the vapors push through the dough.
Eventually, the baking soda or powder starts to

break down into carbon dioxide gas, which raise up the cookie farther. All these
gases leave little holes in the maturing cookie, which makes it light and flaky.
3. Color and flavor injection: Now the magic really starts to happen. Just as
the cookie is almost finished baking, two chemical reactions fill it with hundreds
of flavors and infuse it with its characteristic brown hue. First off, there's
caramelization: As sugars in the dough break down, they transform from clear,
odorless crystals into a brown, fragrant liquid that's overflowing with aromas
and tastes — think butterscotch, sweet rum and popcorn. The second yummy
process, called the Maillard reaction, packs the cookie with even richer tastes.
The reaction involves not only the sugars in the dough but the proteins from the
egg and flour as well. So it churns out toasty, nutty and even savory flavors. The
Maillard reaction also helps to darken the cookie's surface.

Engineering the perfect cookie: You can control the diameter and thickness of your favorite chocolate chip cookies by
changing the temperature of the butter and the amount of flour in the dough.
Morgan Walker/NPR

All this baking chemistry provides the building blocks for refining the cookie's
architecture, says molecular biologist Liz Roth-Johnson, who runs the Science and
Food blog at the University of California, Los Angeles.
"Say I have a cookie recipe, and it's not quite what I want," she says. "You can take
these basic concepts and use them to engineer the perfect cookie."
THE SALT
Making 'The
Science Of
Good Cooking'
Look Easy

Take, for instance, the cookie's diameter. Its size
depends on how quickly the dough spreads out as
the butter melts in the oven.
"If you start off with melted butter in the raw dough

THE SALT
100 Years Ago,
Maillard Taught
Us Why Our
Food Tastes
Better Cooked

— instead of cold butter chunks — the dough is
immediately wetter and will spread out faster,"
Roth-Johnson tells The Salt. The result is a flatter,
wider cookie.

But the butter's temperature will also affect the cookie's texture. It changes the air
pockets left behind as the water in the butter converts into gas, Roth-Johnson
explains.
Melted butter creates smaller and more holes. That makes for a chewier cookie.
"On the other hand, if you incorporate chunks of cold butter into the dough, you get
larger pockets of air and a fluffier, cakier cookie," she explains.
You can also switch out the baking soda for baking powder for a fluffier treat. "The
powder gives the cookie an extra kick of leavening," she says, "because it produces
carbon dioxide gas both when it's mixed in the dough and when it heats up."
To make a thicker cookie, Roth-Johnson says, try using more flour.
Finally, you can pump up the cookie's flavor and aromas by spiking the dough with
dark sugars. White granulated sugar doesn't participate very well in the Maillard
reaction because it contains mostly sucrose. Darker sugars — like molasses, honey and
brown sugar — are packed with glucose and fructose, which are happy to churn out
rich, complex tastes from the Maillard reaction.

Designer Cookies
Directions: Based on the cookie recipe article, create two absolutely delicious designer cookies. Write the
recipes below. Explain the reason for each of the ingredients you use. Then, if your parent/guardian allows it,
try making these cookies and see how they turn out!
Recipe 1

Ingredient

Purpose of the this Ingredient

Further Directions (cooking/cooling time, temp of oven, how to combine ingredients, etc.) Remember to
include the science behind these directions

Designer Cookies
Recipe 2

Ingredient

Purpose of the this Ingredient

Further Directions (cooking/cooling time, temp of oven, how to combine ingredients, etc.) Remember to
include the science behind these directions.

Agricultural and Food Chemistry
Chemists in the Field

LaTonya Mitchell
District Director, U.S. FDA

Benjamin Chambers
Technical Maltster, MillerCoors

Tim Garrett
Instrumentation Specialist,
Cargill Cocoa and Chocolate

Overview
Most of us are unaware of the science behind the production and processing of the food we consume.
However, nothing is more important to humans than having enough nutritious food to eat. While
agricultural and food science is multidisciplinary by its very nature, chemistry is nearly always at the
core of the work involved.

Agricultural and food chemists delve into all aspects of
crop and animal production, food safety, quality, nutrition,
processing, packaging, and utilization of materials
including bioenergy. Their common goal is to produce
sufficient nutritious food and feed to support the
population in a sustainable way while being responsible
stewards of our environment and ecosystem. The actual
work can entail the grand or the mundane, but the
importance of their shared mission provides a sense of
responsibility and satisfaction in the role of their work in
society.
In basic research, agricultural and food chemists study
the properties of proteins, fats, starches, and
carbohydrates, as well as microcomponents such as
additives and flavorants, to determine how each works in
a food system. In applications research, they often
develop new ways to use ingredients or new ingredients
altogether, such as fat or sugar replacements.
https://www.acs.org/content/acs/en/careers/college-to-career/chemistry-careers/agricultural-and-food-chemistry.html

• Who makes premium ice cream taste so smooth and creamy?
• Who gets rid of pests without poisoning our water?
• Who makes healthy cereal appealing to eat?
Chemists in the food sciences do these things and more!
Here are some specific areas for careers in food science:
Agricultural Chemists
What they do: Help develop new chemicals to increase crop production and yield, defend against pests,
and protect the environment.
Animal Scientists
What they do: Conduct research concerning animal nutrition, work for more efficient means of food
production by studying animal genetics, nutrition, reproduction, diseases, and growth.
Flavor Chemists (“Flavorists”)
What they do: Use knowledge of the chemistry of food ingredients, instrumental analysis, and creativity to
create new and improved flavors.
Food Chemists
What they do: Help with processing, packaging, preserving, storing, and distributing foods and drinks to
make them safe, economical, and appealing for consumers. Flavor chemists use natural or artificial
ingredients, sometimes in combination, to develop flavors.
Nutritional Chemists
What they do: Perform research on the physical and chemical properties of nutrients and how Mother
Nature packages them in the foods that we enjoy every day.
Molecular Gastronomist
What they do: A relatively new subdiscipline of food science, concerned with applying scientific principles
to the practice of cooking
Soil and Plant Chemists
What they do: Examine the scientific composition of soil and its effects on plant growth and develop
methods to conserve and manage it. Closely aligned with environmental science.

Education
A four-year undergraduate degree in chemistry, biology, or food science is a typical starting point and is
sufficient for most jobs in product development. Many people go on to earn a master’s degree in food
science. A Ph.D. in food science is required for those who want to teach or conduct basic research.
The Institute of Food Technologists has approved 50 schools with food science programs (usually in the
agriculture department), including well-known programs at the Universities of Georgia, Wisconsin,
Michigan, Iowa, and Minnesota, as well as at Cornell University (NY), Rutgers (NJ), and the University of
California, Davis.
https://www.acs.org/content/acs/en/careers/college-to-career/chemistry-careers/agricultural-and-food-chemistry.html

Certification
Certification can be a long process. For example, to become a member of the Society of Flavor
Chemists, you must pass a five-year apprenticeship with a flavor house, as well as a written and
oral test. Becoming a certified member with voting rights requires a seven-year apprenticeship
with oral and written tests.
The Institute of Food Technologists developed a Certified Food Scientist credential in 2012. In
order to take the exam, you must have a bachelor’s degree in a related science and six years of
full-time work experience
(advanced degrees reduce the number of years of experience required).
The American Registry of Professional Animal Scientists (ARPAS) and the Soil Science Society
of American (SSSA) offer certifications for agricultural and food scientists. Certification requires
education, experience, and passing an examination. Certification is only required in some states
but is recognized by professionals throughout the profession.

Workspace
Agricultural chemists may work entirely in
the laboratory or frequently in the field.
Many chemists love the chance to work
outside to collect food or environmental
samples, or check on the progress of
their field trials. There is satisfaction to
work with nature and the process and
materials it provides. Food chemists are
employed mainly by industry, both in
food-processing and ingredient supply
companies. Many chemists also work for
government agencies at the local and
federal level, including the Food and Drug
Administration (FDA) or U.S. Department
of Agriculture (USDA). Chemists who
work for the government do basic
research as well as study nutritional value
and safety. In general, food chemists in
academia conduct most of the basic
research, and government research tends to be more applied and service oriented, whereas
industry seeks to develop and sell products and services.

https://www.acs.org/content/acs/en/careers/college-to-career/chemistry-careers/agricultural-and-food-chemistry.html

Technical Skills
• A strong foundational understanding of all branches of chemistry is needed in all
positions involving agricultural and food chemistry, and in many positions,
interdisciplinary knowledge of agronomy, ecology, entomology, soil science, biology,
microbiology, environmental sciences, engineering, or other fields of science will be
useful.
• Careful observation of samples, data, and changes over time is often required.
• Decision-making skills are also important, as well as the ability to look at the bigger
picture. The results of their work could impact the food supply, farms, international
trade, business, regulatory agencies, and human and environmental health.
• Food chemists use critical thinking to determine the best way to get the data they need,
and data analysis skills are used to interpret the results.
• Interpersonal skills are required to work with others, and communication skills are
needed to share their findings with colleagues and the public at various knowledge
levels.

Career Path
Since agricultural and food science touches so many aspects of our lives, there are many areas into
which chemists in the field can effectively transition. Career paths are guided by the area they
choose to work in, such as food production, environmental stewardship, regulatory, processing,
quality assurance, bioenergy or research and development. They might choose to work in one area
for a while and then later specialize in a different area or maybe even start their own business.
Chemists who work for the government or industry may move from laboratory positions to
management level positions.

Future Employment Trends
Steady growth is projected as food testing by contract labs has increased by 15% per year for the
past 5 years and the Food Safety Modernization Act is starting to take effect which will lead to even
more testing.
Food scientists are optimistic about future job prospects despite significant downsizing in industry.
Trends in processed foods, such as developments in nutraceuticals and functional foods (e.g.,
orange juice that's been fortified with calcium for bone health), should keep the demand for trained
food chemists steady. Food ingredient supply companies are likely to have more jobs available than
those that process food since the processors have been shifting research responsibilities to their
suppliers. In addition, FDA and USDA are shifting (or seeking to shift) more of the inspection task
to the private sector, including importer/exporters as industry bears responsibility for the safety and
quality of their product.

https://www.acs.org/content/acs/en/careers/college-to-career/chemistry-careers/agricultural-and-food-chemistry.html

Is This Career a Good Fit for You?
Agricultural and food chemists can be described as curious, outgoing people who are attracted
by the creative aspect of the field. Motivation and tenacity are important qualities, along with a
sense of purpose to serve society. Food and flavor chemists need better-than-average senses
of smell and taste and a good odor memory.
For agricultural chemists, creativity and innovation are also essential to help meet increasing
food production demands, but also a strong awareness of current practices is required because
the risk of implementing an unsuccessful new approach can be catastrophic.
Even in tough economic times, people need to eat, so the agricultural and food fields are more
stable than many other areas. Nearly everyone in this area of work loves the challenge,
creativity, and importance of their work.
Median annual wage: $63,660 (2017)
Writing Prompt: Which of these careers do you find interesting? Why? What would you need
to do to prepare for this career?

https://www.acs.org/content/acs/en/careers/college-to-career/chemistry-careers/agricultural-and-food-chemistry.html

