
CHEMISTRY OF LIPIDS 

 The lipids constitute a very important heterogenous group of organic substances in 
plant and animal tissues, and related either actually or potentially to the fatty 
acids. 

lipids are compounds having the following characteristics: 

They are insoluble in water.  

Solubility in one or more organic solvents, such as ether, chlor-oform, 
benzene, acetone, etc, so called fat solvents. 

Some relationship to the fatty acids as esters either actual or potential. 

Possibility of utilisation by living organisms. 

 Thus, lipids include fats, oils, waxes and related compounds. An oil is a lipid 
which is liquid at ordinary temperature. Distinction between fats and oils is a 
purely physical one. Chemically they are all esters of glycerol with higher fatty 
acids. 

Classification of lipids  
 Lipids are broadly classified into simple, complex, derived and miscellaneous 
lipids, which are further subdivided into different groups. 

1. Simple lipids :  

Esters of fatty acids with alcohols. These are mainly of two types 

a) Fats and oils (triacylglycerols) : These are esters of fatty acids with glycerol. 
The difference between fat and oil is only physical. Thus, oil is a  
liquid while fat is a solid at room temperature. 

b) Waxes : Esters of fatty acids (usually long chain) with alcohols other than  
glycerol. These alcohols may be aliphatic or alicyclic. Waxes are used in the 
preparation of candles, lubricants, cosmotics, ointments, polishes etc. 

2. Complex (or compound) lipids :  
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 These are esters of fatty acids with alcohols containing additional groups such as 
phosphate, nitrogenous base, carbohydrate, protein etc. They are further divided as 
follows: 

(a) Phospholipids : They contain phosphoric acid and frequently a nitrogenous 
base. This is in addition to alcohol and fatty acids. 

i. Glycerophospholipids : These phospholipids contain glycerol as the 
alcohol e.g., lecithin, cephalin. 

ii.  Sphingophospholipids : Sphingosine is the alcohol in this group of 
phospholipids e.g., sphingomyelin. 

(b)Glycolipids : These lipids contain a fatty acid, carbohydrate and nitrogenous 
base. The alcohol is sphingosine, hence they are also called as 
glycosphingolipids. 

(c) Glycerol and phosphate are absent e.g.,cerebrosides, gangliosides.  
Lipoproteins : Macromolecular complexes of lipids with proteins. 

(d)Other complex lipids : Sulfolipids, aminolipids and lipopolysaccharides are 
among the other complex lipids.  

3. Derived lipids :  

  These are the derivatives obtained on the hydrolysis of group 1 and group2 lipids 
which possess the characteristics of lipids. These include glycerol and other 
alcohols , fatty acids, mono- and diacylglycerols, lipid (fat) soluble vitamins, 
steroid hormones, hydrocarbons and ketone bodies. 

4. Miscellaneous lipids :  

  These include a large number of compounds possessing the characteristics of 
lipids e.g., carotenoids, squalene, hydrocarbons such as pentacosane (in bees wax), 
terpenes etc.  
5. Neutral Lipid  

  The lipids which are uncharged are referred to as neutral lipids. These are mono-, 
di-, and triacylglycerols, cholesterol and cholesteryl esters. 
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Functions of lipids  
   Lipids perform several important functions 

1. They are the concentrated fuel reserve of the body (triacylglycerols). 

2. Lipids are the constituents of membrane structure and regulate the membrane 
permeability (phospholipids and cholesterol). 

3. They serve as a source of fat soluble vitamins (A, D, E and K). 

4. Lipids are important as cellular metabolic regulators (steroid hormones and 
prostaglandins) 

5. Lipids protect the internal organs, serve as insulating materials and give shape 
and smooth appearance to the body 

FATTY ACIDS  
  Fatty acids are carboxylic acids with hydrocarbon side chain. They are the 
simplest form of lipids. Fatty acids of animal origin are much simpler in structure 
in contrast to those of plant origin which often contain groups such as epoxy, keto, 
hydroxy and cyclopentane rings. 

Even and odd carbon fatty acids 

  Most of the fatty acids that occur in natural lipids are of even carbons (usually 
14C – 20C).This is due to the fact that biosynthesis of fatty acids mainly occurs 
with the sequential addition of 2 carbon units. Palmitic acid (16C) and stearic acid 
(18C) are the most common.  

  Among the odd chain fatty acids, propionic acid (3C)and valeric acid (5C) are 
well known. 

Saturated and unsaturated fatty acids 

• Saturated fatty acids do not contain double bonds, while unsaturated fatty 
acids contain oneor more double bonds. Both saturated and unsaturated fatty 
acids almost equally occur in the natural lipids.  
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• Fatty acids with one double bond are monounsaturated, and those with 2 or  
more double bonds are collectively known as polyunsaturated fatty acids 
(PUFA). 

Length of hydrocarbon chain of fatty acids  

Depending on the length of carbon chains, fatty acids are categorized into 3 
groups—short chain with less than 6 carbons; medium chain with 8 to 14 carbons 
and long chain with 16 to24 carbons. 

ESSENTIAL FATTY ACIDS 

  The fatty acids that cannot be synthesized by the body and, therefore, should be 
supplied in the diet are known as essential fatty acids (EFA). 

Chemically, they are polyunsaturated fatty acids, namely linoleic acid (18 : 2; 9, 
12) and linolenic acid (18 : 3; 9, 12, 15). Arachidonic acid (20 : 4; 5, 8, 11, 14) 
becomes essential, if its precursor linoleic acid is not provided in the diet in 
sufficient amounts.  

Biochemical basis for essentiality : Linoleic acid and linolenic acid are essential 
since humans lack the enzymes that can introduce double bonds beyond carbons 9 
to 10. 

Functions of EFA : Essential fatty acids are required for the membrane structure 
and function, transport of cholesterol, formation of lipoproteins, prevention of fatty 
liver etc.  

❖ Hydroxy fatty acids : Some of the fatty acids are hydroxylated. β-
Hydroxybutyric acid, one of the ketone bodies produced in metabolism, is a 
simple example of hydroxy fatty acids.  

Triacylglycerols 
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  Triacylglycerols (formerly triglycerides) are the esters of glycerol with fatty 
acids. The fats and oils that are widely distributed in both plants and animals are 
chemically triacylglycerols. They are insoluble in water and non-polar in 
character .  

Fats as stored fuel : Triacylglycerols are the most abundant group of lipids that 
primarily function as fuel reserves of animals. 

Fats primarily occur in adipose tissue :  
Adipocytes of adipose tissue—predominantly found in the subcutaneous layer and 
in the abdominal cavity—are specialized for storage of triacylglycerols. The fat is 
stored in the form of globules dispersed in the entire cytoplasm. 

Structures of acylglycerols :  

  Monoacylglycerols, diacylglycerols and triacylglycerols, respectively consisting 
of one, two and three molecules of fatty acids esterified to a molecule of glycerol, 

• Simple triacylglycerols contain the same type of fatty acid residue at all the 
three carbons e.g.,tristearoyl glycerol or tristearin. 

• Mixed triacylglycerols are more common. They contain 2 or 3 different 
types of fatty acid residues. 

Triacylglycerols of plants, in general, have higher content of unsaturated fatty acids 
compared to that of animals. 
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"  

PROPERTIES OF TRIACYLGLYCEROLS 

1. Hydrolysis :  

Triacylglycerols undergo stepwise enzymatic hydrolysis to finally liberate  
free fatty acids and glycerol. The process of hydrolysis, catalysed by lipases is 
important for  
digestion of fat in the gastrointestinal tract and  fat mobilization from the adipose 
tissues. 

2. Saponification :  

The hydrolysis of triacylglycerols by alkali to produce glycerol and soaps  
is known as saponification. 

3. Rancidity : 

  Rancidity is the term used to represent the deterioration of fats and oils  
resulting in an unpleasant taste. Fats containing unsaturated fatty acids are more 

  6
 http://cden.tu.edu.iq

Tikrit University College of Dentistry

http://cden.tu.edu.iq


susceptible torancidity. Rancidity occurs when fats and oils are exposed to air, 
moisture, light, bacteria etc. 

Hydrolytic rancidity occurs due to partial hydrolysis of triacylglycerols by 
bacterial enzymes. 

Oxidative rancidity is due to oxidation of unsaturated fatty acids. This 
results in theformation of unpleasant products such as dicarboxylic acids, 
aldehydes, ketones etc. Rancid fats and oils are unsuitable for human 
consumption. 

4. Lipid peroxidation in vivo : 

  In the living cells, lipids undergo oxidation to produce peroxides and free radicals 
which can damage the tissue. The free radicals are believed to cause inflammatory 
diseases, ageing, cancer, atherosclerosis etc. 

Cholesterol  

  Cholesterol, exclusively found in animals, is the most abundant animal sterol. It 
is widely distributed in all cells and is a major component of cell membranes and 
lipoproteins. 

Structure and occurrence 
It has an –OH group at C3.  
• It has an unsaturated double bond between C5 and C6.  
• It has two –CH3 groups at C10 and C13.  
• It has an eight carbon side chain attached to C17. 

  Cholesterol is found in association with fatty acids to form cholesteryl esters 
(esterification occurs at the OH group of C3). Cholesterol is an yellowish 
crystalline solid. Cholesterol is insoluble in water and soluble in organic solvents 
such as chloroform, benzene, ether etc. 

Functions of cholesterol : 

• It is widely present in body tissues. Cholesterol is found in largest amounts 
in normal human adults brain and nervous tissue , liver , skin and intestinal 
mucosa and certain endocrine glands. 
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• Its role in membrane structure and function, in the synthesis of bile acids, 
hormones (sex and cortical) and vitamin D 

  Lipids are insoluble (hydrophobic) in water. This is primarily due to the 
predominant presence of hydrocarbon groups. However, some of the lipids possess 
polar or hydrophilic groups which tend to be soluble in water. Molecules which 
contain both hydrophobic and hydrophilic groups are known as amphipathic 

Examples of amphipathic lipids : Among the lipids, fatty acids, phospholipids, 
sphingolipids, bile salts and cholesterol (to some extent) are amphipathic in 
nature.
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