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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

13.3 Lipids

Figure 13.11
A typical fat molecule, also known as a 

triglyceride, is the combination of one glyc-
erol unit and three fatty acid molecules. Note 
that this reaction involves the formation of 
three ester functional groups.

Lipids are a broad class of biomolecules. Although struc-
turally diverse, all lipids are insoluble in water because their 
molecular structures are largely made of hydrocarbons. In 
this section, we discuss two important types of lipids: fats 
and steroids.

Fats are Used for energy and Insulation
A fat is any biomolecule formed from the reaction between 
glycerol, C3H8O3, and three fatty acid molecules, as shown in 
Figure 13.11. A fatty acid is a long- chain hydrocarbon termi-
nating in a carboxylic acid group. Typically, the chains include 
an even number of carbon atoms (between 12 and 18) and 
may be either saturated or unsaturated. Recall from Chapter 
12 that a saturated chain contains no carbon–carbon double 
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bonds and that an unsaturated chain con- tains one or more carbon–
carbon double bonds. Note that, like carbohydrates, fats contain 
only carbon, hydrogen, and oxygen. Fats and carbohydrates have 
similar elemental compositions because both plants and animals 
synthesize fats from carbohydrates. There is a significant difference 
in the structures of these two types of biomolecules, however, as 
you can readily see by comparing Figures 13.8 and 13.11. Because 
fats are synthesized from three fatty acids and glycerol, they are 
commonly referred to as triglycerides.

Fats are stored in the body in localized regions known as fat 
deposits. These deposits serve as important reservoirs of energy. 
Fat deposits directly under the skin help to insulate us from the 
cold, good news for the walrus shown in Figure 13.12. In addition, 
vital organs, such as the heart and kidneys, are cushioned against 
injury by fat deposits.

The digestion of fat is accompanied by the release of con-
siderably more energy than is produced by the digestion of an 
equivalent amount of either carbohydrate or protein. There are 
about 38 kilojoules (9 Calories) of energy in 1 gram of fat but only 
about 17 kilojoules (4 Calories) of energy in 1 gram of carbohydrate 
or protein. (Recall that the energy content of food is often reported 
in Calories, with an uppercase C, where 1 Calorie = 1 kilocalorie = 
1000 calories.)

C O N C E P T   C H E C K
Give two reasons animals living in cold climates tend to form a thick layer of fat just prior to the onset 
of winter.

CHECK  YOUR  ANSWER   Fat provides a source of energy during the winter, when food is 
generally scarce, and it provides insulation from cold winter temperatures.

Figure 13.12 > 
The walrus and other 
polar species are 
insulated from the 
cold by a thick layer 
of fat beneath their 
skin.
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As shown in Figure 13.13a, saturated fatty acid molecules 
are able to pack tightly together because the linear chains of 
saturated fatty acids align easily with one another. Induced dipole–
induced dipole attractions hold the aligned chains together. This 
gives saturated fats, such as those found within beef, relatively 
high melting points, and as a result, they tend to be solid at room 
temperature. Unsaturated fats—those made from unsaturated fatty 
acids— have fatty acid chains that are “kinked” wherever double 
bonds occur, as shown in Figure 13.13b. The kinks inhibit align-
ment, and as a result, unsaturated fats tend to have relatively low 
melting points. These fats are liquid at room temperature and are 
commonly referred to as oils. Most vegetable oils are liquid at room 
temperature because they contain a high proportion of unsaturated 
fats.

The fat from an animal or a plant is a mixture of different 
fat molecules having various degrees of unsaturation. Fat mole-
cules containing only one carbon–carbon double bond per fatty 
acid chain are monounsaturated. Those containing more than one 
double bond per fatty acid chain are polyunsaturated. Table 13.1 
shows the percentage of saturated, monounsaturated, and poly-
unsaturated fats in a number of widely used dietary fats.

What sort of molecular 
attractions hold the aligned 
chains of fat molecules 
together?

READING CHECK

<  Figure  13.13
(a) Saturated fats 
are typically solid at 
room temperature, 
because of molec-
ular attractions 
between fatty acid 
chains. 

(b) Unsaturated fats 
are typically liquid at 
room temperature, 
because molecu-
lar attractions are 
inhibited by the 
kinked nature of the 
fatty acid chains.
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Steroids Contain Four Carbon Rings
Steroids are a class of lipids that have in common a system of four 
fused carbon rings. Cholesterol, shown in Figure 13.14, is the most 
abundant steroid by far, and it serves as the starting material for the 
biosynthesis of almost all other steroids, including the sex hormones 
estradiol and testosterone, also shown in Figure 13.14. Hormones 
are chemicals produced by one part of the body to influence other 
parts of the body. For example, estradiol, produced by the ovaries, 
and testosterone, produced by the testes, are responsible for the 
development of secondary sex characteristics in other parts of the 
body.

Cholesterol is found throughout the body. In fact, the human 
brain is about 10 percent cholesterol by weight. Our bodies syn-
thesize cholesterol in the liver. In addition, we obtain cholesterol 
through a diet of animal products.

Many synthetic steroids having a wide variety of biologi-
cal effects have been prepared. Prednisone, for instance, is often 
prescribed as an anti- inflammatory agent for the treatment of 
arthritis. Synthetic steroids that mimic the muscle-building prop-
erties of testosterone are also available. These are the anabolic 
steroids, which physicians prescribe to assist patients suffering from 
hormone imbalances and those recovering from severe starvation. 
Athletes have found that these steroids improve performance, but 
they have many negative side effects, including impotence, changes 
in sexual characteristics, and liver toxicity.

How is vegetable oil connected 
to motor oil?

CONNECTIONS
CHEMICAL

TABLE 13.1 Degree of Unsaturation in Some Common Fats
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^  Figure 13.14
The sex hormones estradiol and testosterone are steroids that the body produces from the most abundant 
steroid of all—cholesterol.

C O N C E P T   C H E C K
How are fats and steroids similar to each other?

CHECK  YOUR  ANSWER   They are both lipids and, hence, insoluble in water.


