5 Ca2+ + 3 PO43– + OH– à Ca5(PO4)3(OH)
If too much bacterial acid is produced,
demineralization can outstrip mineralization,
leading to a cavity. How does this happen?
When acids are present in a solution, they
dissolve to produce hydrogen ions (H+). In the
mouth, as bacteria produce acids, the amount
of hydrogen ions builds up. These ions combine with the hydroxide ions produced during
demineralization to form water:

PHOTOS.COM

H+  +  OH–  à  H2O
But hydroxide ions are essential to remineralization, so their neutralization by hydrogen
ions causes remineralization to slow down. The
hydroxyapatite on the surface of the teeth keeps
dissolving, ultimately leading to tooth decay.
Fluoride ions present in mouthwashes help
the enamel to remineralize. They accumulate
on the surface of the enamel, thus creating
a barrier that prevents bacterial acids from
reaching the enamel. Also, the fluoride
ions attracts calcium ions, ultimately
changing hydroxyapatite into fluoroapatite
[Ca5(PO4)3F], which is stronger than the
original hydroxyapatite.
Bad breath can be caused by many different
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Passing gas
Eating a lot of fiber can have an undesirable
side effect: the production of large amounts
of intestinal gas. When this gas is released
by the body, it is known as flatulence. The
gas itself is known as flatus. “Passing gas” is
actually a good way to describe this process.
People pass gas 14 times per day, on average.
This gas is produced by bacteria in the colon.
Fiber is made of
a substance called
cellulose (Fig. 7).
Cellulose belongs to
a group of materials
called carbohydrates
that are composed of
carbon, hydrogen,
and oxygen and are
made of a series
of repeating small
molecules. In the
People pass
case of cellulose,
gas
14 times
the repeating
per day on
small molecule is
glucose (C6H12O6)
average.
(Fig. 8).
In the colon,
bacteria break down cellulose, so if undigested food enters the colon, there is more for
the bacteria to feed on. And when you have
a lot of bacteria, you have a lot of their waste
products in the form of gas. Foods high in
fiber—such as fruits, vegetables,
and beans—tend to produce a
lot of flatulence.
Some indigestible sugars
can have the same effect.
For instance, lactose
in milk, which is
a carbohydrate
molecule (Fig.
9) formed from
glucose and galac-

H

Figure 8. Chemical structure of glucose

How Do They Work?
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Figure 9. Chemical structure of lactose

tose molecules, is sometimes not broken
down completely. So, dairy products can
produce a lot of flatulence, especially if a
person is lactose intolerant.
Once the basic chemical reactions of
the body are understood, the “gross”
things of your body won’t seem all that
gross. On a molecular level, no one compound is grosser than any other. It’s all
just chemistry!

Check out the video podcast on Demystifying
Gross Stuff at: www.acs.org/chemmatters
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ccording to the U.S. Department of Agriculture, Americans consume an average of
156 pounds of sugar each year. That’s a little more than 31 of the five-pound bags
you might see in the baking goods aisle in the grocery store! We all know that eating
too much sugar can cause tooth decay, weight gain, and type-2 diabetes, but is there
a way to indulge your sweet tooth and still avoid sugar? Yes. Food and beverages
labeled “diet” taste sweet yet don’t contain sugar—thanks to artificial sweeteners.
Why do artificial sweeteners have no calories? Could they be bad for your health? Let’s compare the chemistry of sugar and artificial sweeteners to find out.

Better than sugar?
First, let’s look at table sugar. It belongs
to a family of molecules called carbohydrates that are found in fruits,
vegetables, dairy products, breads,
and sweets. Carbohydrates are made of
many repeating units that are composed
of carbon, hydrogen, and oxygen.
Table sugar, or sucrose, is made of two
units. These two units, called glucose and
fructose, are combined to produce sucrose
as follows:
CH2OH
H
HO

O
H
OH

H

H

OH

HOCH2

H

H

HO

CH2OH
OH

Glucose

H

HO

HO

OH

H

Fructose

CH2OH

Brian Rohrig teaches chemistry at Jonathan Alder
High School in Plain City (near Columbus), Ohio.
His most recent ChemMatters article, “Myths:
Chemistry Tells the Truth,” appeared in the
December 2010 issue.
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Carbohydrates are an
excellent fuel for the body
because they are packed
full of energy. They are
broken apart first in
your mouth and then
in your small intestine.
The resulting molecules enter
the bloodstream and travel to cells,
where they are used to release energy.
But sucrose can have two negative health
effects. First, when we eat food or drink beverages that contain sucrose, bacteria that live
in our mouths also use sucrose as an energy
source and produce acid that contribute to
tooth decay.
Second, when we eat or drink too much
sucrose, the amount of insulin in our blood
spikes. Insulin is a hormone that regulates the
amount of sugar in our blood. Over time, too
much insulin in the blood can lead to diabetes,
a medical condition characterized by unusually
high blood sugar levels.
Chemists have been trying to find alternatives to sugar since 1878—that’s the year
that an American chemist named Constantin

Fahlberg discovered saccharin, the first artificial sweetener currently known by the brand
names Sweet’N Low and SugarTwin.
Saccharin is actually sodium 3-oxobenzisosulfonazole (C6H4SO2CONNa), a molecule that
has little in common with sucrose but is much
sweeter than sucrose. Also, the digestive system does not break it apart to derive energy
the same way it does with sugar. Instead,
saccharin dissolves into the bloodstream and
is flushed out of the body in urine. Saccharin
is now used to sweeten countless products,
including drinks, candies, biscuits, and medicines

O
S

N— Na+

Figure 1. Chemical
structure of saccharin,
an artificial sweetener.

O O
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A certain amount of demineralization is
normal. But it is also normal for the reverse
process, remineralization, to occur:

CH2OH

PHOTOS

Marie dauhenheimer

Ca5(PO4)3(OH)  à  5 Ca2+ + 3 PO43–  +  OH–

CH2OH
CH2OH
gases, but two of
the most common
C
O
C
H
H
ones are hydrogen
H
H
sulfide (H2S) and
O C
C
C
H
OH
OH
methyl mercaptan
C
C
C
H
(CH3SH)—both
sulfur-containing
H
H
OH
compounds. Other
Figure 7. Chemical structure of cellulose
gases that lead to
bad breath are indole
(C8H7N) and skatole (C9H9N), the two gases
primarily responsible for the smell of feces.

SHUTTERSTOCK

dissolved in water,
the fluoride ions
are free to move.
Fluoride ions
Dentin
prevent tooth
decay by strengthening the enamel.
The primary comNerve
pound found in
tooth enamel is a
strong, insoluble
Figure 6. Enamel is the
mineral called
hard white sustance that
covers a tooth.
hydroxyapatite
[Ca5(PO4)3(OH)].
Hydroxyapatite contains positive ions (Ca2+)
and negative ions (PO43– and OH–), which are
attracted to each other to form the crystalline
structure of hydroxyapatite.
The bacteria present on our teeth produce
acids that cause hydroxyapatite to break
apart—a process called demineralization:
Enamel
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Sweet aminos
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Sucralose

Sweet Substance

Brand name

Relative Sweetness

Sucrose

none

1

of people with
brain tumors
Glucose
none
0.7
had increased
Fructose
none
1.3–1.8
over the years
Saccharin
Sweet’N Low, SugarTwin
300
after aspartame
Aspartame
NutraSweet; Equal
200
was introduced
Sucralose
Splenda
600
on the market.
Further studTable 1. Relative sweetness of artificial sweeteners compared to sucrose
ies, however,
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Any risks to human
8 years before aspartame was made publicly
health?
available. No other studies have since shown
a correlation between aspartame use and
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cancer.
that several artificial sweeteners may cause
Many other artificial sweeteners have been
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ficial sweeteners should be safe
O
OH
evidence of an association with cancer in
because they pass easily through
C
humans. So, avoiding too much sugar or artithe digestive system without being
CH2
CH2
ficial sweeteners might be beneficial to health
processed.
But
scientific
tests
OH
OH
H
H
and be just what the doctor ordered!
were needed to confirm that artifiN
N
C
C
C
C
H
H
cial sweeteners were indeed safe.
O
O
H
H
In 1977, rats that were fed saccharin developed bladder cancer.
Figure 2. Examples of two amino acids: (a) aspartic acid
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By Margaret Orford

Centers for Disease Control and Prevention’s Public Health Image Library

...studies could not
find evidence that
saccharin causes
cancer in humans. It is
now used in food and
drinks all over
the world.

but like saccharin, sucralose has no calories.
It is washed out of the body without being
digested. Sucralose is 600 times as sweet as
sucrose, about three times as sweet as aspartame, and twice as sweet as saccharin.
Table 1 summarizes the relative sweetness
of common artificial sweeteners compared to
sucrose.

Mike ciesielski

Figure 4. The chemical structure of sucralose is
similar to the structure of sucrose.

ric, 15, recently developed a
high fever and a bad cough.
His mother took him to the hospital, where he
was diagnosed with pneumonia, which is an
inflammation of the lungs. In Eric’s case, the
pneumonia was the result of a bacterial infection. He was sent home with a prescription of
an antibiotic called amoxicillin. Antibiotics are
drugs that kill bacteria or prevent them from
growing in the body.
Three days later, Eric’s fever went away,
but he was still coughing and had difficulty
breathing. Another visit to the doctor showed
that he was actually infected with a strain of
bacteria that was resistant to amoxicillin. This
time, the doctor prescribed a more powerful
antibiotic called Augmentin and asked Eric to
take it for a week.
Luckily, by the end of the week, Eric recovered. The second antibiotic was powerful
enough to stop the infection. But for many

The bacterium Streptococcus pneumoniae, a
common cause of pneumonia, imaged by an
electron microscope

people who are infected with antibiotic-resistant bacteria, finding the right antibiotic is not
easy. Antibiotics are proving less effective in
curing diseases such as malaria, tuberculosis,
and “staph” infections that occur in hospitals
and health care facilities.
How do bacteria become resistant to antibiotics, and how can we develop better drugs?
Let’s look at what happened to the bacteria
that infected Eric and how the two antibiotics
worked in his lungs.

Powerful antibiotics

istock

anthony fernandez

Not all artificial sweeteners look like saccharin. Aspartame, known by the brand names
NutraSweet and Equal, is the primary sweetener in most diet sodas. It is a combination of
amino acids, the building blocks of proteins—
organic compounds found in meat, eggs, milk,
and legumes. A protein is a molecule made of
a chain of repeating units of amino acids.
The structures of two amino acids, aspartic
acid and phenylalanine, are shown in Fig. 2.
Aspartame (Fig. 3) consists of a combination
of these two amino acids.
While saccharin tastes sweet, it also has a
lingering bitter and metallic taste that some
people can detect. That makes it a good
choice for sweetening tea and coffee, which
have their own bitter taste, but not necessarily
a good one for candies and soft drinks, which
are known to be sweet. Aspartame does not
have a bitter taste, which makes it a better
choice for a wide variety of sweet foods and
drinks.
Unlike other artificial sweeteners, aspartame
is metabolized in the body, so aspartame is
higher in calories. But aspartame is 180 times
sweeter than sugar, so it can be used in small
quantities and, as a result, does not generate
as many calories as sucrose.
Another popular artificial sweetener is
sucralose (brand name: Splenda). Its chemical
structure is similar to that of sucrose (Fig. 4),

CH2OH
Cl

Pneumonia is mostly caused by bacteria,
viruses, or parasites. Eric was infected by bacteria, which he inhaled from the air, and the
bacteria then entered his lungs. The bacterial
infection triggered an immune response that
caused tiny air sacs in the lungs called alveoli
to fill with fluid, which caused difficulties in
breathing and coughing. If Eric hadn’t taken

his medication, the fluid buildup could have
impaired breathing enough to cause death.
The use of antibiotics, which started in the
early 1940s, has saved millions of lives from
infectious diseases. Penicillin is the most
prescribed type of antibiotic. It has often been
described as a miracle drug because it cured
not only minor wounds that became infected
but also diseases such as strep throat, some
sexually transmitted diseases, and an eye
inflammation contracted by babies at birth.
Penicillin is now used to cure a large number
of bacterial diseases.
Penicillin is not as successful now because,
over the years, many strains of bacteria have
become resistant to antibiotics. These bacteria, sometimes called “superbugs,” now
contribute to the reemergence of diseases that
were well controlled in the second part of the
20th century.
There are different types of penicillin medications, but they all do the same thing: They
stop bacteria from multiplying by preventing
them from forming the cell walls that surround daughter cells. When a bacterium
divides, it forms two daughter cells, each
surrounded with a cell wall. But penicillin
prevents the bacterium from making these cell
walls, so the daughter cells do not form, and
the bacterium cannot spread.
The bacterium that most commonly causes
pneumonia, Streptococcus pneumoniae, is
actually surrounded by two types of layers: a
flexible cell membrane and a tough, rigid cell
wall. Penicillin interferes with a molecule that
helps build the bacterial cell wall.
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