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Chapter 13

Nutrients of Life
THE MAIN IDEA

There are four main classes  
of biomolecules.

13.1 Biomolecules
13.2 Carbohydrates
13.3 Lipids
13.4 Proteins
13.5 Nucleic Acids
13.6 Vitamins and Minerals
13.7 Metabolism
13.8 A Healthy Diet

13.6 Vitamins and Minerals

In addition to carbohydrates, lipids, proteins, and nucleic 
acids, our bodies require vitamins and minerals in order to 
survive and function properly. Vitamins are organic chemi-
cals that, by assisting in various biochemical reactions, help 
us maintain good health. Minerals are inorganic chemicals 
that play a variety of roles in the body. Both vitamins and 
minerals are obtained from our diet (Figure 13.33).

Some, such as the iron in hemoglobin, are vital com-
ponents of biomolecules. Others, such as the calcium in bone, 
are integral parts of structures. Deficiencies in vitamins or 
minerals are the causes of certain diseases. Lack of vitamin C, 
for example, leads to scurvy, a disease marked by a deteriora-
tion of the gums. Lack of iron leads to anemia, which results 
in general fatigue and an irregular heartbeat.

Vitamins are classified as either lipid soluble or water 
soluble, as shown in Table 13.2. The lipid-soluble vitamins 
tend to accumulate in fatty tissue, where they may be stored 
for years. Adults can remain free of a deficiency disease for 
quite some time because of these vitamin reserves. Children, 
on the other hand, because they have yet to build up such 
reserves, are particularly vulnerable to these diseases. In 
developing nations, for example, many children suffer per-
manent blindness because of a lack of vitamin A.

What are the two classifications 
of vitamins?

READING CHECK

^  Figure 13.22
Each year people spend billions of dollars 
on vitamin and mineral supplements. But 
are these supplements always beneficial to 
one’s health? Not necessarily. Read on for 
more detail.
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A lack of lipid-soluble vitamins can be detrimental, but so 
can excessive amounts, particularly of vitamins A and D, which can 
accumulate to dangerous levels. Too much vitamin A causes dry 
skin, irritability, and headaches. Excessive amounts of vitamin D 
lead to diarrhea, nausea, and calcification of joints and other body 
parts. Vitamins E and K are less harmful in large quantities because 
they are readily metabolized.

The water-soluble vitamins are not retained by the body for 
long periods of time. Instead, because they are soluble in water, 
they are readily excreted in urine and must therefore be ingested 
frequently. It is difficult to harm yourself by taking in too much of 
the water-soluble vitamins. Your body simply absorbs what it imme-
diately needs and excretes the rest. Foods boiled in water tend to 
lose their water-soluble vitamins, which after dissolving in the water 
are poured down the drain along with the water. This includes the B 
vitamins, which is a class of chemically related compounds, as well 
as vitamin C, which is a common name for the chemical ascorbic 
acid. For this reason, many people prefer steaming or microwaving 
their vegetables. Also, foods should not be overcooked, as both 
lipid-soluble and water-soluble vitamins are destroyed by heat.

All minerals are ionic compounds of various elements. They 
are classified according to the quantities we need. Macrominerals, 
the ones we need in greatest quantity, make up about 4 percent of 
our body weight. For the macrominerals listed in Table 13.3, the 
amounts we need each day are measured in grams. The amounts 
of trace minerals we should ingest daily are measured in milligrams. 
Finally, there are the ultratrace minerals, for which we measure the 
recommended daily intake in micrograms or even picograms.

Our bodies require balanced amounts of minerals, mean-
ing that ingesting too much is as harmful as ingesting too little. 
Ultratrace minerals are particularly toxic when taken in large 

TABLE 13.2  Some Vitamins Needed by the Human Body
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quantities. Cadmium, chromium, and nickel, for example, are potent 
carcinogens, and arsenic is a well-known poison. Yet our bodies 
need microquantities of these minerals if we are to stay healthy. 
Eating a well-balanced diet is often the best way to obtain a good 
balance of minerals. Many people take mineral supplements, but 
they should monitor the doses they take.

Two of the minerals most prevalent in our diet are potassium 
and sodium ions. Both are involved in nerve-signal transmission and 
in the transport of molecules into and out of cells. For good health, 
we need more potassium than sodium, a situation we share with all 
other living organisms, both plants and animals. When we eat plants 
or animals without additives and without excessive processing, 
the potassium/sodium balance is optimal. When food is boiled or 
deep-fried, however, both potassium and sodium ions are stripped 
away along with the liquids in which they are dissolved. Salting the 
food with sodium chloride then raises the sodium ion content to a 
level higher than the potassium ion content, which is not healthy.

Phosphorus is another important dietary mineral, which we 
consume in the form of phosphate ions, such as H2PO4

-. Look back 
at Figure 13.26 to see that phosphate ions form the backbone of 
nucleic acids. In addition, phosphate ions are components of the 
energy-producing compound adenosine triphosphate (ATP), shown 
in Figure 13.34.

ATP is one of several direct sources of energy for most of 
the energy-requiring processes in the body, such as tissue building, 
muscle contraction, transmission of nerve impulses, heat produc-
tion, and movement of molecules into and out of cells. The human 
body goes through a great deal of ATP—about 8 grams per minute 
during strenuous exercise. It is a short-lived molecule and so must 
be produced continuously. The many chemical pathways by which 
foods are oxidized to yield ATP have been mapped extensively by 
biochemists.

TABLE 13.3 Some Macrominerals Needed by the Human Body
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Various poisons act by blocking the synthesis of ATP. Carbon 
monoxide, for example, binds to the iron of hemoglobin, thereby 
preventing hemoglobin from carrying oxygen. The reason the body 
needs oxygen, however, is so that it can be used to oxidize car-
bohydrates, lipids, and proteins to form ATP. So, without oxygen, 
the body becomes starved of energy-yielding ATP and quickly 
dies. Cyanide also blocks the synthesis of ATP, but does so by inca-
pacitating enzymes that play an important role in ATP synthesis. 
Interestingly, ATP is also used by the body to allow muscles to relax 
after contraction. When a body dies, no matter what the cause, ATP 
synthesis comes to a halt and all the body muscles become stiff—a 
condition known as rigor mortis.

Within each of our cells are small organelles called mitochondria that produce most of our ATP. 
Interestingly, mitochondria have their own DNA and their own genetic code, which suggests that 
mitochondria were once separate living entities with which we now live symbiotically. mitochon-
dria reproduce themselves by cloning and are then passed down from one generation to the 
next only through the mother. The fact that nearly all modern humans have mitochondrial DNA 
of almost the same genetic makeup suggests that we all probably arose from the same single 
ancestral mother. After studying slight variations in mitochondrial DNA among people of different 
cultures, scientists estimate that our common mother may have lived somewhere in Africa about 
200,000 years ago.
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Figure 13.34 > 
Phosphate ions are 
an important part of 
the ATP molecule.


