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Lipids
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Problem-Set Solutions
19.1
All lipids are insoluble or only sparingly soluble in water. 

19.2
Lipids have no common structural feature; their common feature is solubility in nonpolar 
solvents.

19.3
Lipids are insoluble in water but soluble in nonpolar solvents.




a.
Lipids are insoluble in water because it is a polar solvent.




b.
Lipids are soluble in diethyl ether because it is a nonpolar solvent.



c.
Lipids are insoluble in methanol because it is a polar solvent.




d.
Lipids are soluble in pentane because it is a nonpolar solvent.

19.4
a.
soluble
b.
insoluble
c.
soluble
d.
insoluble

19.5
In terms of biochemical function, the five major categories of lipids are: energy-storage lipids, membrane lipids, emulsification lipids, messenger lipids, and protective-coating lipids. 

19.6
a.
energy-storage lipid
b.
emulsification lipid



c.
membrane lipid
d.
messenger lipid

19.7
In terms of carbon chain length, fatty acids are characterized as long-chain fatty acids (C12 to 
C26), medium-chain fatty acids (C8 and C10), or short-chain fatty acids (C4 and C6).


a.
Myristic acid (14:0) is a long-chain fatty acid.






b.
Caproic acid (6:0) is a short-chain fatty acid.






c.
Arachidic acid (20:0) is a long-chain fatty acid.





d.
Capric acid (10:0) is a medium-chain fatty acid.

19.8
a.
long-chain
b.
long-chain
c.
short-chain
d.
long-chain

19.9
A saturated fatty acid has a carbon chain in which all carbon-carbon bonds are single bonds. In 
a monounsaturated fatty acid, one carbon-carbon double bond is present in the carbon chain; in 
a polyunsaturated fatty acid, two or more carbon-carbon double bonds are 
present in the 
carbon chain. The notation in parentheses after the fatty acid name gives the number of carbon 
atoms in the carbon chain followed by the number of carbon-carbon double bonds in the 
carbon chain. 






a.
Stearic acid (18:0) has no double bonds in its carbon chain, and so is a saturated fatty acid.
b.
Linolenic acid (18:3) has three double bonds; it is a polyunsaturated fatty acid.


c.
Docosahexaenoic acid (22:6) has six double bonds; it is a polyunsaturated fatty acid.

d.
Oleic acid (18:1) has one double bond; it is a monounsaturated fatty acid.

19.10
a.
saturated 
b.
polyunsaturated
c.
polyunsaturated
d.
monounsaturated

19.11
In a SFA (saturated fatty acid), there are no double bonds in the carbon chain; in a MUFA 
(monounsaturated fatty acid), there is one carbon-carbon double bond in the carbon chain.

19.12
In a MUFA there is one carbon-carbon double bond in the carbon chain; in a PUFA there are 
at least two carbon-carbon double bonds in the carbon chain.

19.13
In an omega-3 fatty acid, the endmost double bond in the carbon chain is three carbons atoms 
away from the methyl end. In an omega-6 fatty acid, the endmost double bond is six carbon 
atoms away from the methyl end. Table 19.1 shows the structure and double-bond positioning
for selected fatty acids.






a.
Stearic acid (18:0) is neither an omega-3 nor an omega-6 acid; its carbon chain is saturated.
b.
Linolenic acid (18:3) is an omega-3 acid.






c.
Docosahexaenoic acid (22:6) is an omega-3 acid.





d.
Oleic acid (18:1) is neither an omega-3 nor an omega-6 acid; its endmost carbon-carbon

double bond is nine carbons away from its methyl end.

19.14
a.
neither
b.
omega-6
c.
omega-6
d.
neither

19.15
The numerical shorthand designation 18:2 ((9,12) tells that the fatty acid has 18 carbons, two 
carbon-carbon double bonds in the carbon chain, and that the locations of the double bonds are 
between carbon 9 and carbon 10 and between carbon 12 and carbon 13 (numbering from the 
carboxyl group).
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19.17
In unsaturated fatty acids, there is less efficient packing between fatty-acid carbon chains due 
to the bends in the chains caused by the presence of double bonds. The result is that 
unsaturated fatty acids have fewer attractions between molecules, and thus lower melting 
points, than the corresponding saturated fatty acids.

19.18
A double bond puts a 30o angle in an otherwise “straight” carbon chain.

19.19
Melting points for fatty acids are influenced by both carbon chain length and degree of 
unsaturation (number of double bonds present). Melting point increases with increasing chain 
length. Melting point decreases as the degree of unsaturation increases.



a.
The 18:1 acid has the lower melting point because it has one double bond, a higher degree 

of unsaturation than the 18:0 acid has.






b.
The 18:3 acid has a lower melting point because it has a higher degree of unsaturation than

the 18:2 acid does.






c.
The 14:0 acid has a lower melting point because it has a shorter carbon chain than the 


16:0 acid does.





 
d.
The 18:1 acid has lower a melting point because it has both a higher degree of unsaturation 

and a shorter carbon chain than the 20:0 acid does.

19.20
a.
18:0 acid
b.
20:4 acid
c.
20:3 acid
d.
16:0 acid

19.21
The IUPAC name of a fatty acid gives the length of the carbon chain and the degree of 
unsaturation of the fatty acid. IUPAC names can be determined from the structural formulas in 
Table 19.1.






a.
Myristic acid is a C14 saturated fatty acid; its IUPAC system name is tetradecanoic acid.

b.
Palmitoleic acid is a C16 acid with one cis double bond between carbon 9 and carbon 10; 

its IUPAC system name is cis-9-hexadecenoic acid.

19.22
a.
octadecanoic acid
b.
cis, cis, cis-9,12,15-octadecatrienoic acid

19.23
The four structural subunits that contribute to the structure of a triacylglycerol are a glycerol
molecule and three fatty acid molecules.

	19.24
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19.25
A triacylglycerol is formed by esterification of the fatty acids to a glycerol molecule. If the 
fatty acids are saturated, the only functional group present in the triacylglycerol molecule is 
the ester functional group.

19.26
two: ester and carbon-carbon double bond

19.27
Palmitic acid is a saturated fatty acid containing 16 carbon atoms. Three molecules of palmitic
acid are esterified with glycerol in the structure below.
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19.29
A block diagram of a triacylglycerol molecule shows the four subunits present in the 
structure: glycerol and three fatty acids. In the diagrams below, the fatty acids are stearic acid 
(S) and linolenic acid (L); they are shown in all possible combinations.
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19.31
Table 19.1 gives the names and structures for selected fatty acids.




a.
This triacylglycerol molecule contains palmitic acid, myristic acid, and oleic acid.

b.
This triacylglycerol molecule contains oleic acid, palmitic acid, and palmitoleic acid.

19.32
a.
stearic acid, oleic acid, myristic acid







b.
linolenic acid, linoleic acid, arachidic acid

19.33
An acyl group includes the ester carbonyl group and the carbon chain attached to it. The acyl 
groups in the triacylglycerol molecule in Problem 19.31a. contain: (top) 16 carbon atoms and 
1 oxygen atom; (middle) 14 carbon atoms and 1 oxygen atom; (bottom) 18 carbon atoms and 
1 oxygen atom.

19.34
(top) 18 carbon atoms and 1 oxygen atom; (middle) 18 carbon atoms and 1 oxygen atom; 
(bottom) 14 carbon atoms and 1 oxygen atom

19.35
a.
There is no difference between a triacylglycerol and a triglyceride.



b.
A triacylglycerol may be a solid or a liquid; a fat is a triacylglycerol that is a solid.

c.
A triacylglycerol can have fatty acid residues that are all the same, or two or more different 

kinds may be present; in a mixed triacylglycerol, two or more different fatty acid residues 

must be present.






d.
A fat is a triacylglycerol that is a solid; an oil is a triacylglycerol that is a liquid.

19.36
a.
A triacylglycerol may be a solid or a liquid; an oil is a triacylglycerol that is a liquid.

b.
A triacylglycerol can have fatty acid residues that are all the same or two or more different 

kinds may be present; in a simple triacylglycerol all fatty acid residues are the same.

c.
All fatty acid residues are the same in a simple triacylglycerol; two or more kinds of fatty 

acid residues are present in a mixed triacylglycerol.





d.
A triglyceride is another name for a triacylglycerol; a fat is a triacylglycerol that is a solid.

19.37
a.
Pairing “Saturated fat” and “good fat” is not correct; saturated fat in the diet can increase 

heart disease risk, so it is a “bad fat.”






b.
Pairing “Polyunsaturated fat” and “bad fat” is not correct; polyunsaturated fat in the diet 

can reduce the risk of heart disease but increase the risk of certain kinds of cancer, so it is a 

“good and bad fat.”

19.38
a.
correct
b.
not correct

19.39
a.
Pairing “Cold-water fish” and “high in omega-3 fatty acids” is correct.



b.
Pairing “Fatty fish” and “low in omega-3 fatty acids” is not correct; cold-water fish, also 

called fatty fish, contain more omega-3 acids than leaner, warm-water fish.

19.40
a.
correct
b.
not correct

19.41
An essential fatty acid is a fatty acid necessary to the human body that cannot be synthesized 
by the human body; it must be obtained in the diet. There are two essential fatty acids: linoleic 
acid and linolenic acid.






a.
Lauric acid (12:0) is a nonessential fatty acid.






b.
Linoleic acid (18:2) is an essential fatty acid.






c.
Myristic acid (14:0) a nonessential fatty acid.






d.
Palmitoleic acid (16:1) is a nonessential fatty acid. 

19.42
a.
nonessential fatty acid
b.
essential fatty acid



c.
nonessential fatty acid
d.
nonessential fatty acid

19.43
a.
Complete hydrolysis of a triacylglycerol molecule gives one glycerol molecule and three 

fatty acid molecules as products.






b.
Saponification of a triacylglycerol molecule produces one glycerol molecule and three fatty 

acid salts.

19.44
a.
glycerol and three fatty acid salts
b.
glycerol and three fatty acids

19.45
Complete hydrolysis of a triacylglycerol molecule gives one glycerol molecule and three 

fatty acid molecules as products.
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19.47
The products of the hydrolysis given in Problem 19.45 are glycerol and three fatty acids. 
Table 19.1 gives names and structures of some selected fatty acids. The C16 saturated fatty acid 
is palmitic acid, the C14 saturated fatty acid is myristic acid, and the C18 fatty acid with one 
carbon-carbon double bond between carbons 9 and 10 is oleic acid.

19.48
glycerol, stearic acid, myristic acid, linolenic acid

19.49
Saponification of a triacylglycerol molecule with NaOH gives one glycerol molecule and the 
sodium salts of three fatty acids molecules.
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19.51
The products of the saponification of the triacylglycerol molecule in Problem 19.49 are 
glycerol and the sodium salts of the three fatty acids in Problem 19.47. The names of the 
products are glycerol, sodium palmitate, sodium myristate, and sodium oleate.

19.52
glycerol, potassium stearate, potassium myristate, potassium linolenate

19.53
Hydrogenation involves hydrogen addition across carbon-carbon multiple bonds, which increases the degree of saturation. Carbon chains that have no double bonds are already saturated.

19.54
Not all of the double bonds have been hydrogenated.

19.55
One molecule of H2 will react with each double bond in the triacylglycerol molecule. Since 
there are six double bonds in the molecule, six molecules of H2 will react with one 
triacylglycerol molecule.

19.56
four

19.57
Partial hydrogenation of a triacylglycerol molecule with two molecules of H2 will result in the 
addition of hydrogen to two of the double bonds. If there are three double bonds in the 
molecule, one will remain after the partial hydrogenation. The three possible products are 
shown below.
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	There are two possibilities for converting the 18:2 acid to 18:1 acid, depending on which double bond is hydrogenated (denoted as18:1A and18.1B).


	19.58
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	18:1A and 18:1B denote, respectively, the hydrogenation of the first and second double bond in the 18:2 acid.


19.59
Rancidity results from the hydrolysis of ester linkages and the oxidation of carbon-carbon 
double bonds, which produce aldehyde and carboxylic acid products that often have 
objectionable odors.

19.60
BHA and BHT are more readily oxidized than the fats and oils and so protect them from 
oxidation.

19.61
The platform molecule on which a phospholipid is built may be the 3-carbon alcohol glycerol
or a more complex C18 aminodialcohol called sphingosine. 

19.62
at least one

19.63
A glycerophospholipid contains two fatty acids and a phosphate group esterified to a glycerol 
molecule and an alcohol esterified to the phosphate group.
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	19.64
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19.65
The alcohol attached to the phosphate group in a glycerophospholipid is usually one of three
amino alcohols: choline, ethanolamine, or serine. Their structures are shown below.
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19.66
The fatty acid, glycerol, and phosphate portions of a glycerophospholipid constitute a 
phosphatidyl group.

19.67
Sphingophospholipids, like glycerophospholipids, have a “head and two tails” structure. The 
two tails are the carbon chain of sphingosine and the fatty acid carbon chain; the polar head is 
the phosphate-alcohol portion of the molecule.

19.68
The two tails are the two fatty acid carbon chains; the head is the phosphate-alcohol portion of 
the molecule.

19.69
Both of the two tails contain carbon chains, which are nonpolar and therefore hydrophobic.

19.70
the head portion

19.71
a.
A glycerophospholipid contains four ester linkages: two between the two fatty acids and 

the glycerol, one between the phosphate group and glycerol, and one between the 


phosphate group and the aminoalcohol.






b.
A sphingophospholipid contains two ester linkages: one between the phosphate group and 

the terminal –OH group of sphingosine and the other between phosphate and the additional 

alcohol. The fatty acid is attached to the sphingosine with an amide linkage.

19.72
a.
none
b.
one

19.73
A lecithin and a phosphatidylserine are both glycerophospholipids. They differ in the identity of 
the amino alcohol group attached to the phosphate group: for lecithin the amino alcohol is 
choline, and for phosphatidylserine it is serine.

19.74
the identity of the platform molecule; glycerol in a lecithin and sphingosine in a sphingomyelin

19.75 
A sphingoglycolipid contains both a fatty acid and a carbohydrate component attached to a 
sphingosine molecule, as shown in the block diagram.
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19.76
a.
none
b.
one
c.
one

19.77
A sphingoglycolipid contains a carbohydrate group and a fatty acid attached to sphingosine; a sphingophospholipid contains a phosphate-alcohol group and a fatty acid attached to sphingosine.

19.78
monosaccharide group versus an oligosaccharide group

19.79
A steroid is a lipid whose structure is based on a fused-ring system that involves three 

6-membered rings and one 5-membered ring. The steroid fused-ring system is called the 
steroid nucleus.
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19.80
carbons 3, 10, 13, 17

19.81
The substituents attached to the steroid nucleus of cholesterol are: the –OH group on carbon 3, 
–CH3 groups on carbons 10 and 13, and a hydrocarbon chain on carbon 17.

19.82
the –OH group on carbon 3

19.83
The cholesterol associated with LDLs contributes to increased blood cholesterol levels, and so 
is often called “bad cholesterol.” The cholesterol associated with HDLs contributes to reduced 
blood cholesterol levels, and is often called “good cholesterol.”

19.84
LDLs carry cholesterol from the liver to cells, and HDLs return excess cholesterol from cells 
back to the liver.

19.85
The three major types of lipids present in cell membranes are phospholipids, 
sphingoglycolipids, and cholesterol.

19.86
head and two tails structure

19.87
A lipid bilayer is a two-layer-thick structure of phospholipid and glycolipid molecules in 
which the nonpolar tails of the lipids are in the middle of the structure and the polar heads are 
on the outside surfaces of the structure.

19.88
that of a lipid bilayer with cholesterol and protein molecules embedded in it

19.89
In the lipid bilayer, the presence of unsaturated acids, with the kinks in their carbon chains, 
prevents tight packing of fatty acids chains. The open packing creates “open” areas in the lipid 
bilayer through which biochemicals can pass into and out of the cell. 

19.90
regulation of membrane fluidity

19.91
Passive transport means that a substance moves across a cell membrane by diffusion from an 
area of high concentration to one of lower concentration without the expenditure of any 
cellular energy. In active transport, a substance moves across a cell membrane with the aid of 
membrane proteins, against a concentration gradient and with the expenditure of cellular 
energy.

19.92
Cellular energy expenditure is required in active transport but not in facilitated transport; 
movement is against the concentration gradient in active transport but not in facilitated 
transport.

19.93
a.
Active transport is the movement across a membrane against a concentration gradient.

b.
Facilitated transport is a process in which proteins serve as “gates.”



c.
Active transport is a process in which expenditure of cellular energy is required.

d.
Passive transport and facilitated transport are both processes in which movement across the 

membrane is from a high to a low concentration.

19.94
a.
passive transport and facilitated transport
b.
active transport


c.
passive transport and facilitated transport
d.
active transport

19.95
Bile acids differ structurally from cholesterol in three respects. 1) they are tri- or dihydroxy 
(rather than monohydroxy) derivatives of cholesterol, 2) the carbon 17 side chain of 
cholesterol has been oxidized to a carboxylic acid, and 3) the oxidized acid side chain is 
bonded to an amino acid (either glycine or taurine) through an amide linkage. 

19.96
trihydroxy cholesterol derivative versus dihydroxy cholesterol derivative

19.97
Bile acids carry an amino acid attached to the side-chain carboxyl group via an amide 
linkage. In glycocholic acid, the amino acid is glycine; in taurocholic acid the amino acid is 
taurine.

19.98
OH group at carbon 7 versus a H atom at carbon 7

19.99
The medium through which bile acids are supplied to the small intestine is bile, an emulsifying 
agent secreted by the liver.

19.100
bile acids, bile pigments, cholesterol, and electrolytes

19.101
Bile acids are stored in the gall bladder and released into the small intestine during digestion.

19.102
pure cholesterol

19.103
The two major classes of steroid hormones are sex hormones (control of reproduction and 
secondary sex characteristics) and adrenocorticoid hormones (regulation of numerous 
biochemical processes in the body).

19.104
a.
female sex hormones
b.
male sex hormones



c.
pregnancy hormones
d.
Na+/K+ balance in cells

19.105
Estradiol has an –OH group on carbon 3, while testosterone has a ketone group at this location; testosterone has an extra –CH3 group at carbon 10.

19.106
a.
–OH, aromatic ring
b.
–OH, C=O, C=C



c.
C=O, C=C
d.
C=O, C=C, –OH 

19.107
The prostaglandin structure is based on a straight-chain 20-carbon fatty acid that is converted 
into a prostaglandin structure when the eighth and twelfth carbon acids of the fatty acid 
become connected to form a five-membered ring, a cyclopentane ring.

19.108
Leukotrienes have three conjugated double bonds, while the fatty acid does not.

19.109
The six physiological processes regulated by eicosanoids are the inflammatory process, pain and fever production, blood pressure regulation, induction of blood clotting, control of some reproductive functions, and regulation of the sleep/wake cycle.

19.110
Aspirin inactivates an enzyme needed for prostaglandin synthesis.

19.111
A biological wax is a lipid that is a monoester of a long-chain fatty acid and a long-chain 
alcohol.
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	19.112
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19.113
A biological wax is a lipid that is a monoester of a long-chain fatty acid and a long-chain 
alcohol; a mineral wax is a mixture of long-chain alkanes obtained from the processing of 
petroleum.

19.114
The tails are the carbon-chains of the fatty acid and alcohol; the head is the ester linkage.

19.115
a.
Bile acids are neither glycerol-based nor sphingosine-based; they are cholesterol 


derivatives.






b.
Fats are glycerol-based.






c.
Thromboxanes are neither glycerol-based nor sphingosine-based; they are C20 fatty-acid 

derivatives.






d.
Gangliosides are sphingosine-based.






e.
Waxes are neither glycerol-based nor sphingosine-based; a wax is either a monoester of a 

long-chain fatty acid and a long-chain alcohol or a mixture of long-chain alkanes obtained 

from the processing of petroleum.






f.
Leukotrienes are neither glycerol-based nor sphingosine-based; they are C20 fatty-acid
 

derivatives.

19.116
a.
no
b.
no
c.
no
d.
yes
e.
yes
f.
no

19.117
a.
A sphingomyelin structure contains sphingosine + fatty acid + phosphoric acid + choline.
b.
A triacylglycerol structure consists of glycerol + three fatty acids.



c.
A steroid structure consists of a fused-ring system with three 6-membered rings and one 

5-membered ring.






d.
A leukotriene structure consists of a 20-carbon fatty acid + three conjugated double bonds.
e.
A prostaglandin structure consists of a 20-carbon fatty acid + a cyclopentane ring.

f.
A cerebroside structure consists of a sphingosine + a fatty acid + a monosaccharide.

19.118
a.
energy-storage lipids
b.
emulsification lipid
c.
membrane lipid


d.
messenger lipids
e.
membrane lipids
f.
messenger lipids

19.119
The names of these lipid groups give some hints as to their further lipid classification.

a.
A triacylglycerol is a glycerolipid.






b.
A sphingoglycolipid is a sphingolipid.






c.
A glycerophospholipid is a glycerolipid and a phospholipid.




d.
A sphingophospholipid is a sphingolipid and a phospholipid.

19.120
a.
3, 0, 0
b.
4, 0, 0
c.
2, 1, 0
d.
1, 0, 0
e.
0, 1, 1
f.
4, 0, 0

19.121
a.
No, prostaglandins do not contain a steroid nucleus; the structure of a prostaglandin is 


based on a C20 fatty acid.






b.
Yes, cortisone contains a steroid nucleus as part of its structure.



c.
Yes, cholesterol contains a steroid nucleus as part of its structure.



d.
Yes, bile acids contain a steroid nucleus as part of their structures.



e.
Yes, estrogens contain a steroid nucleus as part of their structures.



f.
No, leukotrienes do not contain a steroid nucleus; the structure of a leukotriene is based on 

a C20 fatty acid.

19.122
b

19.123
The correct answer is a. A distinguishing characteristic between fat and oil is their physical 
state at room temperature; fats are solids, and oils are liquids.

19.124
c

19.125
The correct answer is a. In the oxidation of fats and oils, the carbon-carbon double bonds are 
attacked by the oxidizing agent.

19.126
c

19.127
The correct answer is d. Triacylglycerols do not have a “head and two tails” structure.

19.128
c

19.129
The correct answer is a. In a lipid bilayer, both the outer and the inner surfaces contain polar 
heads.

19.130
c

19.131
The correct answer is a. Two structural subunits are present in the block diagram for a 
biological wax (a long-chain alcohol and a long-chain fatty acid).
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