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Lipids
 Lipid are found in nature together with carbohydrates
and proteins. It is a group of organic substances that
carry the greatest importance in quantitative terms.
 They are generally water-insoluble and dissolved in
organic solvents such as ether and chloroform.
 They can be used by the living beings.
 The most important features are their energy source
and their presence in membranes.
 They may be esters of fatty acids or esterified.

Lipids
 Lipids have a unique place among organic molecules.
 The identities of lipids are based on their physical
properties, not on the presence of specific functional
groups they contain.
• For this reason, they are very wide and different, or are found,
and each has various functions.

 Lipids contain very high numbers of non-polar C─C
and C─H bonds.

Lipids
 In addition, most lipid molecules have several polar
bonds.
• These polar bonds were made with various functional groups.

 As a result, lipids are;
• Nonpolar or weak polar,
• Soluble in organic solvents such as C6H14 and CCl4,
• Biomolecules that are insoluble in polar solvents such as
water.

 Lipids have common properties with hydrocarbons in
many ways.

General Function of Lipids
1. Lipids are cell membrane components.
• The cell membrane surrounds the cell to protect it from
external influences and allows metabolic activity in the cell to
take place.
• Membranes are not a simple structure surrounding the cell, but
contain many important enzymes and transport systems in
their structure.
• Membranes contain many specific receptors on their outer
surface, helping hormones and other substances to effect.
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General Function of Lipids
2. They are good source of energy (predominantly
triglycerides).
• Fat molecules, a good energy store, give more energy than
carbohydrates of the same weight.
Adipose tissue

• 9 kcal/g of energy is gained with the oxidation of fatty acids.
◦ Carbohydrates and proteins give 4 kcal/g of energy.

General Function of Lipids
3. Lipids are the source of some important items in
organism.
•
•
•
•

Lipoproteins
Bile acids
Vitamins in fat (A, D, E, K)
Steroid hormones

4. They are effective in protecting against infections.
• Eicosanoids

◦ Prostaglandins, Thromboxans, Prostacyclins, Leukotrienes,
Lipoxins, Resolvins, Eoxins

General Function of Lipids
5. They are involved in cellular signaling.
• There are lipid messengers.
• They bind to protein structured target receptor or enzyme
(such as kinase, phosphatase) and allows the formation of a
specific response in the cell.
• These messengers are;
◦ Sfingolipid secunder messengers (Seramid, sphingosine ...),
◦ Phosphatidylinositol secunder Messenger,
◦ G-protein coupled receptor activators (Prostaglandins,
lysophosphatidic acid ...),
◦ Nuclear receptor activators (Steroid hormones ...).

Classification of Lipids
1. HYDROLYZABLE LIPIDS
• They are lipids that can be
separated into smaller
molecules when hydrolyzed
with water.
1. Triglycerides
2. Phospholipids
3. Waxes
4. Sphingolipids

2. NON-HYDROLYZABLE LIPIDS
•

They are lipids that can not be
broken down into smaller
molecules when hydrolyzed with
water. The structure of such lipids
is more varied.
1. Steroids
2. Fat-soluble vitamins
3. Eicosanoids

Classification of Lipids
 STORAGE LIPIDS (NEUTRAL)  MEMBRANE LIPIDS (POLAR)
• Phospholipids
• Triglycerides
◦ Glycerol + 3 fatty acids

◦ Glycerophospholipids
– Glycerol + 2 fatty acids + P +
Alcohol
◦ Sphingophospholipids
– Sphingosine + fatty acid + P +
Choline

• Glycolipids

◦ Sphingoglycolipids
– Sphingosine + fatty acid + mono or
oligosaccharide

Classification of Lipids
 SAPONIFIED LIPIDS
• Glycerides
• Phosphoglycerides
• Sphingolipids
• Ester type waxes

 UNSAPONIFIED LIPIDS
• Terpenes
• Steroids
• Prostaglandins
• Alcohol and Ketone type
waxes

Classification of Lipids
 Simple Lipids
• Fatty acids
• Neutral fats (Triglycerides)
• Waxes

 Derived Lipids
•
•
•
•

Eicosanoids
Steroids
Ketone bodies
Fat-soluble vitamins

 Complex Lipids
•
•
•
•
•
•

Phospholipids
Sphingolipids
Glycolipids
Lipoproteins
Sulfolipids
Aminolipids

Classification of Lipids
1. FATTY ACIDS
2. GLYCERIN CARRIED LIPIDS

3. GLYCERIN-FREE LIPIDS
A. Sphingolipids

i. Ceramides
ii. Sphingomyelins
iii. Glycosphingolipids

A. Neutral Oils

i. Mono-, di- and triglycerides
ii. Glycerin ethers
iii. Glycosylglycerols

B. Phosphoglycerides
i. Phosphatides
ii. Diphosphatidylglycerin and
Phosphatidylinositol.

B. Aliphatic alcohols and waxes
C. Terpenes
D. Steroids

4. Lipids linked to other class
compounds
A.
B.
C.
D.

Lipoproteins
Eicosonoids
Lisophosphoglycerides
Lipopolysaccharides

Fatty Acids
Definition, Nomenclature, Numbering, Classification,
Essential Fatty Acids, Physical and Chemical Properties

Fatty Acids
 They form the most important class of lipids and are
long-chain organic acids with 4-28 carbon atoms.
 It has a hydrocarbon tail and a carboxyl group in its
structure.
 In other words «Fatty acids are monocarboxylic
organic acids with hydrocarbon chains»
• They are obtained predominantly from the hydrolysis of
triglycerides.

 They are insoluble in water and show grease character.

Fatty Acids
 Fatty acids are not found freely in cells and tissues.
 Most of the fatty acids form complexes with other
lipid molecules.
• E.g. Triglycerides, phospholipids.

 They are enzymatically or chemically hydrolyzed from
the tissues or from where they are.
 Free fatty acids are found in the cells at very low levels.

Fatty Acids
 Unesterified forms are called free fatty acid (FFA / nonesterified fatty acid, NEFA), and this form is
transported in the plasma with the link to the albumin.
 About 100 different fatty acids have been identified
from various plants, animals and microorganisms.
 The majority of the fatty acids present in the animal are
unbranched, straight-chain derivatives and have a
number of double carbon atoms.

Fatty Acids
 Fatty acids are separated from each other by the
number of carbon atoms in the structure or the double
bond structure and chain lengths they contain.
 Almost all of the fatty acids found in nature have
double carbon atoms. 16 and 18 C atoms are mostly
found.
• Palmitic acid is a common 16 C fatty acid.
• There are both polar and non-polar parts in the structure.
• The hydrophobic part of a lipid is always bigger.

Palmitic Acid
(C16H32O2)

Skeletal structure

Polar C─O and O─H bonds

Hydrophilic
head

Nonpolar C─C and C─H bonds

Hydrophobic
hydrocarbon chain

Fatty Acids
 There are two different types of fatty acids.
• Saturated Fatty Acids: Fatty acids which have a long
hydrocarbon tail and contain only single C─C bonds. For
example; Palmitic acid and Stearic acid.
◦ This group includes short chain volatile acids (short-chain fatty acids)
obtained as a result of microbial carbohydrate fermentation.
◦ Especially in rumen this event is very important for ruminants.
◦ Acetic acid (C2) is the simplest short-chain or volatil fatty acid
(VFA).
◦ In animals, palmitic acid (C16) is obtained by lipogenesis, from which
other saturated and unsaturated fatty acids are synthesized.

Fatty Acids
• Unsaturated Fatty Acids: There are one or more double
bonds (C=C) in the structure.

◦ If there is only one double bond in the structure, it is called
monounsatured fatty acid.
◦ If there is more than one double bond, it is called polyunsaturated
fatty acid.
◦ Unsaturated fatty acids are dominant over saturated fatty acids,
especially in animals living in cold environments and in highly
organized plants.
◦ Because of the diversity of the double bonds, they have isomers.
◦ The geometric isomerism (cis- or trans-) is observed according to
the orientations of the groups connected to the double bonds.
◦ If the groups are on the same side, it is called cis-configuration. If
the groups are on the opposite side, it is called trans-configuration.

Fatty Acids
◦ The double bond of oleic acid is in cis-configuration and twisted at
the double bond location, so appearing L-shaped.
◦ Elaidic acid is in trans-configuration and protects the flat form
(straight chain) where double bonds are present.
◦ Most natural long chain unsaturated fatty acids have cisconfiguration. For example Arachidonic acid 4 has double bonds in the
cis-configuration and it is U-shaped.
◦ Some trans-unsaturated fatty acids (e.g. Elaidic acid) are found in
ruminants (due to rumen flora). Moreover, their presence in vegetable
oils, such as margarine, led to their health questioning.
– They cause problems like hypercholesterolemia, atherosclerosis, coronary
atherosclerosis and essential fatty acids in metabolism.

Fatty Acids
 The most abundant fatty acids in mammalian living
beings are oleic acid (18:1), palmitic acid (16:0) and
stearic acid. (18:0).
• Fatty acids between 14-24 C can be synthesized and stored,
with the most 16-18 C in the mammals.
Cis- double bond

Stearic Acid
A saturated fatty acid
No double bonds in long chain structure

Oleic Acid
An unsaturated fatty acid
There is one cis-double bond in the long chain
structure.

Fatty Acids
 Mammalians can synthesize saturated and
monounsaturated fatty acids.
 The most common unsaturated fatty acids in animal
lipids are palmitoleic, oleic, linoleic and arachidonic
acids.
 Oleic acid is the most common fatty acid in nature. It
was detected that all known natural oils and
phospholipids have oleic acid.

Fatty Acids
 However, nutrients must contain polyunsaturated fatty
acids (PUFAs).
• These fatty acids must be taken from nutrients by mammals,
because they can not synthesize and/or synthesize enough to
meet their needs.

 Linoleic acid (18:2), which can not be synthesized by
mammals, is found in vegetable oils. Linolenic acid
(18:3) is abundant in fish oils and both are essential
fatty acids.

Fatty Acids
 Saturated fatty acids with a 10 or less C atom are rarely
found among animal lipids.
 Bacteria contain simpler saturated fatty acids. However,
mono-saturated fatty acids are also found.
 Polyunsaturated fatty acids usually contain a double
number of C atoms.
• Those containing a single number of C atoms are rare in living
creatures on land (trace level). But it is found in high amounts
in sea creatures.

Nomenclature of Fatty Acids
 Each fatty acid has a generic name according to trivial
naming (common names). For example Oleic acid,
stearic acid etc…
 According to IUPAC systematic naming, fatty acids are
named according to hydrocarbons having the same
number of carbon atoms.
 In this system, "-e" suffix of the hydrocarbon are
replaced with the suffix "-oic asit".

Nomenclature of Fatty Acids
 For this reason;
• Saturated fatty acids terminate with the suffix "-anoic".
◦ A saturated fatty acid of 10 carbons; Decanoic acid = capric acid or
◦ A saturated fatty acid of 18 carbons; Octadecanoic acid = stearic acid.

• Doubly bonded unsaturated fatty acids terminate with
the suffix "-enoic acid".
◦ 18 carbons, an unsaturated single double bonded, and a double bond in the
chain between the 9th and 10th carbons; 9, octadecaenoic = oleic acid or
◦ 18 carbons with 3 double bonds and double bonds in positions 9-10, 12-13
and 15-16; 9,12,15 octadecatrienoic = alpha-linolenic acid.
–

9,12,15 octadecatrienoic acid or α-linoleic acid refers to the number of carbon atoms
that double bonds start to show the position of the unsaturated bond, and to the
number of double bonds to indicate the number of double bonds.

Nomenclature of Fatty Acids
 The naming of fatty acids follows the Greek
alphabetical order.
 The names α (2nd C), followed by β (3hr C) and γ (4th
C) are given to the carbon atoms after the carboxyl
group (COOH - 1st C).
 The farthest C atom (Terminal group, CH3 group) from
the carboxyl group is named ω.
• If there are more than one double bond, these double bonds
are not conjugated (-CH=CH-CH=CH-), separated by a
methylene group. For example: -CH=CH-CH2-CH=CH-
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Nomenclature of Fatty Acids
 Numbering and display of unsaturated fatty acids can be
done in two ways.

1. Starting from the COOH head: There is a double bond
between the 9th and 10th carbon atoms in the majority of
the unsaturated fatty acids.
◦
◦
◦
◦

Starting at C 'in COOH, C atoms are numbered.
The carbon atom in which the unsaturated bond is located is
designated Δ sign and the atomic number of the C atom to which
the bond begins is written as Δ9.
If it contains more than one double bond, the double atom at which
the double bonds begin is written by adding a comma (Δ9,12,15).
If it is to be written without specifying Δ, write C atom number
followed by «:», double bond number followed by «;» and C atom
numbers at which double bonds start (e.g. 18:2;9,12).

Nomenclature of Fatty Acids
2. Starting from the Omega-C atom (CH3 terminal end)
◦
◦
◦
◦
◦

Unsaturated fatty acids are sometimes classified as omega-n
acids.
C atoms are numbered starting from ω-C or n-C atom.
The C atom number of the first double bond indicates the ω
group in which the fatty acid is present. (E.g. In Omega-3, first
double bond is located at C atom number 3, or written as n-3).
Then with the order; The total number of C's, «:» followed by the
number of double bonds, followed by «;» and the number of C atoms
at which double bonds start.
As a result, if an unsaturated fatty acid is to be written according
to omega classification, first the omega group is specified.
Subsequently, the total number of C atoms, the number of double
bonds, and the positions where double bonds are present is
written (for example: ω6, C18: 2, 6,9 or n-6,18: 2;6,9).

Nomenclature of Fatty Acids
 IUPAC Numerical Multiplier
Number

Multiplier

Number Multiplier

Number

Multiplier

1

mono-

11

undeca-

21

heneicosa-/henicosa-

2

di-

12

dodeca-

22

docosa-

3

tri-

13

trideca-

23

tricosa-

4

tetra-

14

tetradeca-

24

tetracosa-

5

penta-

15

pentadeca-

25

pentacosa-

6

hexa-

16

hexadeca-

26

hexacosa-

7

hepta-

17

heptadeca-

27

heptacosa-

8

octa-

18

octadeca-

28

octacosa-

9

nona-

19

nonadeca-

29

nonacosa-

10

deca-

20

eicosa-/icosa-

30

triaconta-

Name the fatty acid starting from the COOH head.
CH 3 CH 2 CH 2 CH 2 CH 2 CH

18
ω

CHCH 2 CH
12

CHCH
9

2 CH 2 CH 2 CH 2 CH 2 CH 2 CH 2 COOH
4
3
2
1
β
γ
α

• 18 Carbon atoms.
• Two double bonds on 9th and 12th carbon atoms.

• Δ9,1218:2 or,
• 18:2;9,12.

• Fatty Acid is,
• Linoleic Acid (9,12-octadecadienoic acid)

Name the fatty acid starting from the CH3 terminal end.
CH 3 CH 2 CH 2 CH 2 CH 2 CH
6

1
ω

•
•
•

CHCH 2 CH
9

CHCH

2 CH 2 CH 2 CH 2 CH 2 CH 2 CH 2 COOH
17
18
15
16

18 Carbon Atoms.
Two double bonds on 6th and 9th carbon atoms.
The first double bond is at 6th C so it is an ω6 or n-6.

• ω6,C18:2;6,9
• n-6,18:2;6,9.

or,

• Fatty acid is,
• Linoleic Acid (9,12-octadecadienoic acid), an ω6 fatty acid.

Linoleic Acid (Unsaturated)

Naming according to COOH head

• Δ6,9,12,1518:4
• 18:4;6,9,12,15

Naming according to CH3 terminal end

• ω3,C18:4;3,6,9,12
• n-3,18:4;3,6,9,12

6,9,12,15-octadecatetraenoic acidt

Stearidonic acid

Naming according to COOH head

• Δ5,8,11,14,1720:5
• 20:5;5,8,11,14,17

Naming according to CH3 terminal end

• ω3,C20:5;3,6,9,12,15
• n-3,20:5;3,6,9,12,15

5,8,11,14,17-eicosapentaenoic acid

Timnodonic Acid

Naming according to COOH head
5

β

α

• Δ5,8,11,14 20:4
• 20:4;5,8,11,14

1

15

Naming according to CH3 terminal end

• ω6,C20:4;6,9,12,15
• n-6,20:4;6,9,12,15

8
20

12
6
11

1

ω

9
14

5,8,11,14-eicosatetraenoic acid

Arachidonic Acid

all-cis-7,10,13,16,19-docosapentaenoic acid
Clupanodonic Acid
Draw the fatty acid mentioned above.

Classification of Fatty Acids
SATURATED FATTY ACIDS
 Acetic Acid (2:0)
 Propionic Acid (3:0)
 Butyric Acid (4:0)
 Valeric Acid (5:0)
 Caproic Acid (6:0)
 Caprilic Acid (8:0)
 Capric Acid (10:0)
 Lauric Acid (12:0)

 Myristic Acid (14:0)
 Palmitic Acid (16:0)
 Stearic Acid (18:0)
 Arachidic Acid (20:0)
 Behenic Acid (22:0)
 Lignoceric Acid (24:0)
 Serotic Acid (26:0)
 Montanic Acid (28:0)

Classification of Fatty Acids
UNSATURATED FATTY ACIDS
 Palmitoleic Acid (16:1;9-ω7)
 Oleic Acid (18:1;9 (cis)–ω9)
 Elaidic Acid (18:1;9 (trans)–ω9)
 Vacsenic Acid (18:1;11-ω7)
 Linoleic Acid (18:2;9,12–ω6)
 γ-Linolenic Acid (18:3;6,9,12–ω6)
 α-Linolenic Acid (18:3;9,12,15–ω3)
 Arachidonic Acid (20:4;5,8,11,14–ω6)

 Timnodonic Acid

(20:5;5,8,11,14,17 – ω3)
 Eruadic Acid (22:1;13 – ω9)

 Klupanodonic Acid

(22:5;7,10,13,16,19 – ω3)

 Cervonic Acid

(22:6;4,7,10,13,16,19 – ω3)
 Nervonic Acid (24:1;15 –
ω9)

Classification of Fatty Acids
OMEGA CLASSIFICATION of Unsaturated Fatty Acids
 ω3
• α-Linolenic Acid (18:3;9,12,15-ω3)
• Timnodonic Acid (20:5;5,8,11,14,17–ω3)
• Klupanodonic Acid (22:5;7,10,13,16,19–
ω3)
• Servonic Acid (22:6;4,7,10,13,16,19–ω3)

 ω6

• Linoleic Acid (18:2;9,12–ω6)
• γ-Linolenic Acid (18:3;6,9,12–ω6)
• Arachidonic Acid (20:4;5,8,11,14–ω6)

 ω7

• Palmitoleic Acid (16:1;9-ω7)
• Vacsenic Acid (18:1;11-ω7)

 ω9
•
•
•
•

Eruadic Acid (22:1;13–ω9)
Nervonic Acid (24:1;15-ω9)
Oleic Acid (18:1;9 (cis)–ω9)
Elaidic Acid (18:1;9 (trans)–
ω9)

Classification of Fatty Acids
 Short-Chain FAs
•
•
•
•

Asetic acid (2:O)
Propiyonic acid (3:0)
Butyric acid (4:0)
Valeric acid (5:0)

 Medium-Chain FAs
•
•
•
•

Caproic acid (6:0)
Caprilic acid (8:0)
Capric acid (10:0
Laurl acid (12:0)

 Long-Chain FAs
•
•
•
•
•
•
•
•
•
•
•

Miristoleic acid (14:1)
Miristic acid (14:0)
Palmitoleic acid (16:1;9)
Palmitic acid (16:0)
Stearic acid (18:0)
Oleic acid (18:1;9 (cis))
Linoleic acid (18:2;9,12)
Linolenic acid (18:3;6,9,12)
Arachidonic acid (20:4;5,8,11,14)
Arachidic acid (20:0)
Lignoceric Acid (24:0)

Short-Chain Fatty Acids
 Acetic Acid (2:0)

• It is major final product of symbiotic microbes.

 Propiyonic Acid (3:0)

• It is the end product of carbohydrate fermentation by
symbiotic microbes. It’s a gluconeogenic fatty acid.

 Butyric Acid (4:0)

• It is the main end product of carbohydrate fermentation
carried out by simbiotic microbes.

 Valeric Acid (5:0)

• It is the minor end product of carbohydrate fermentation
carried out by symbiotic microbes.

Medium-Chain Fatty Acids
 Caproic Acid (6:0)
• It is the minor end product of carbohydrate fermentation
carried out by symbiotic microbes.

 Caprilic Acid (8:0)
• Also known as octanoic acid.
• It is found in vegetable oils.

 Lauric Acid (12:0)
• It's found in sperm.

Long-Chaind Fatty Acids
 Miristic Acid (14:0)
• It is found in vegetable oils.

 Palmitic Acid (16:0)
• It is found in vegetable and animal oils.

 Stearic Acid (18:0)
• It is found in vegetable and animal oils.

 Arachidic Acid (20:0)
• It is found in high amounts in peanut oil.

 Behenic Acid (22:0)
• It is found in high amounts in the seeds.

Unsaturated Fatty Acids
 Palmitoleic Acid (16:1;9-ω7)
• It is found in most lipids.

 Oleic Acid (18:1;9 (cis)–ω9)
• It is widely found in neutral lipids.

 Elaidic Acid (18:1;9 (trans)–ω9)
• Ruminant lipids.

 Vacsenic Acid (18:1;11-ω7)
• It is created by the bacteria.

 Linoleic Acid (18:2;9,12–ω6)
• It is found in plants and animals.

Unsaturated Fatty Acids
 γ-Linolenic Acid (18:3;6,9,12–ω6)
• It is found in plants and animals.
• Linoleic acid derivative.

 α-Linolenic Acid (18:3;9,12,15–ω3)
• It is commonly found in fish fats.

 Arachidonic Acid (20:4;5,8,11,14–ω6)
• It is also called Eicosatetraenoic acid.
• It is found in animal phospholipids.

 Timnodonic Acid (20:5;5,8,11,14,17–ω3)
• Also known as Eicosapentaenoic acid.
• It is commonly found in fish fats.

Unsaturated Fatty Acids
 Eruadic Acid (22:1;13 – ω9)
• It is found in mustard seed oil.

 Clupanodonic Acid (22:5;7,10,13,16,19 – ω3)
• It is named as Docosapentaenoic acid.
• It is found in fish fat and in the brain phospholipids.

 Cervonic Acid (22:6;4,7,10,13,16,19 – ω3)

• It is named as Docosahexaenoic acid.
• It is found in fish fat and in the brain phospholipids.

 Nervonic Acid (24:1;15 – ω9)

• It is named as Tetracosenoic acid.
• It is found in the cerebrocytes.

Essential Fatty Acids
 They were first detected ~60 years ago.
 Because they can not be synthesized by the organism,
they are fatty acids which must be taken with nutrients.
 Linoleic acid, which is one of the unsaturated fatty acids,
is considered to be a true essential fatty acid. It can not
be synthesized by mammals.
 Linoleic acid is found in the structure of triglycerides and
glycerophospholipids by 10-20%.

Essential Fatty Acids
 Linoleic acid, arachidonic acid and timnodonic acid
can be synthesized by mammals over linoleic acid.
 However, since this synthesis is not at a level that meets
the needs, these fatty acids must also be taken with
foods.
 Thus, linoleic acid, linolenic acid, arachidonic acid and
timnodonic acid are essential fatty acids.

Essential Fatty Acids
 Some disorders arise as a result of inadequate intake
with food or no intake.
• Deficiencies are characterized by skin problems such as
lesions, dryness and a decline in growth.

 Essential fatty acids are required for the synthesis of
eicosanoids (prostaglandins, prostacyclins,
thromboxanes, leukotrienes, lipoxins).

• These compounds have hormone-like effects and are present in
trace amounts, but their physiological effects are very
important.

Physical Properties of Fatty Acids
 Both physical and physiological properties of fatty acids
depend on the length of the carbon chain and on the
number of double bonds in the molecule (the degree of
unsaturation of the fatty acid).
 Fatty acids are amphipatic and have both hydrophobic and
hydrophilic domains. This binary structure generally plays a
key role in the function of biological lipids against water.

• Hydrocarbon groups try to combine to form a minimum surface with
the carboxyl groups forming a contact surface around the mass of
water.
• The chain length of the hydrocarbon group is determined by
superior behavior. Hydrophobic structures are very strong in
palmitic acid.

Physical Properties of Fatty Acids
 Fatty acids are not water-soluble, but their Na+ and K+ salts
are soluble in water.
 The Na+ and K+ salts of fatty acids emulsify oils and waterinsoluble fatty substances.

• Na and K soaps dissolve in water and they are cleaners. Others are
not soluble in water and are not cleaners. Commercial soaps are Na
salt of palmitic, stearic and oleic acid.

 Ca+2 or Mg+2 soaps of fatty acids are very difficult to dissolve
in water and thus can not emulsify fatty layers. When K
soaps are used in hard water (calcareous water) containing
Ca and Mg, they do not dissolve in the water and precipitate
to the bottom.

Physical Properties of Fatty Acids
 The polar head of soap forms a hydrophilic cover around
fatty part and the fat droplets are reduced into smaller
pieces, so the lipid layer is removed.
 Bath soaps are a general mixture of fatty acids with
potassium soaps. Sodium or potassium soaps are
amphipathic. Ionized carboxyl head is polar and tail part
is nonpolar.

Physical Properties of Fatty Acids

 All saturated fatty acids with a carbon number up to 10
are liquid and volatile at ordinary temperature. Fatty
acids with a carbon number greater than 10 are solid at
body temperature.
 As the carbon chains of the fatty acids increase, the fatty
acid hardens and the melting point begins to rise.
 Unsaturated fatty acids are liquid at room temperature due
to double bonds in the structure. Also, as the number of
double bonds increases, the melting point begins to fall.
• For example: The 18:2 unsaturated fatty acids are liquid at 0° C.
Unsaturated fatty acids have high reactivity due to the double
bonds they carry.

Physical Properties of Fatty Acids
 In practice, natural acyl glycerols contain fatty acid
mixtures which are shaped to fit their functional roles.
 For example, membrane lipids that must be liquid in
all environmental temperatures contain more
unsaturated fatty acids than storage lipids.
 In tissues encountering cold, eg. Lipids found in pigs or
hibernating animals or on the extremities of animals are
more unsaturated.

• In other words, living beings living in cold regions have more
unsaturated fatty acids in membrane lipids than living in warm
regions. The glycerides, which are rich in saturated fatty
acids, are solid.

Physical Properties of Fatty Acids
 Almost all of the naturally occurring long chain
unsaturated fatty acids are in the cis- configuration
 However, in the case of unsaturated fatty acids, the
isomeric forms of the double bonds are the cis- and
trans- isomers which appear as isomeric forms,
depending on the sequence around the double bond.
• For example, oleic acid has a melting point of +13°C and cis.
When oleic acid is treated with nitric acid, the trans-form of
elaidic acid occurs. The melting point of elaidic acid is +45°C.

Chemical Properties of Fatty Acids
 Doubly bonded fatty acids are oxidized by strong
oxidizing agents such as hydrogen peroxide (H2O2) and
superoxide anion radicals (˙OH, O2˙).
 These substances are toxic to the cell.
 Accordingly, peroxidation of lipids in the cell membrane
leads to deterioration of membrane protein structure.

Chemical Properties of Fatty Acids
 Salts of Fatty Acids
• The salts of fatty acids whose carbon number is higher than
6 are called soap.
• The ionic head of soaps form a polar group to bind with water
by hydrogen bonding.
• Non-polar tail are assembled together. So soap molecules that
are dispersed in water form mycelia.
• Na and K soaps dissolve in water and are cleaners. Others are
not soluble in water and are not cleaners.

Chemical Properties of Fatty Acids
• Potassium soaps are softer than sodium soaps and melt faster.
The soaps of unsaturated fatty acids are more soluble in water
and alcohol than in saturated ones.
• The soaps sold in the market are the sodium salts of the same
fatty acids. There are sodium carbonate and sodium silicate to
make the water softer.
• Potassium salts of palmitic, stearic or oleic acid are known
as arabic soap (soft soap).

Chemical Properties of Fatty Acids
• Calcium soaps of long chain fatty acids are found in the
addition of engine oils.
• Aluminum soaps have been used in the industry since they
have formed a durable gel.
• Cleaners called detergents have been developed. These
substances are usually alkylbenzenesulfonates, a family of
compounds that are similar to soap but are more soluble in
hard water.

Chemical Properties of Fatty Acids
 Detergent Formation

• Detergents are metal (such as Na, K, Ca, Mg) salts of sulfuric
acid esters of higher alcohols which are reduction products of
fatty acids.
• Fatty acid first turns into alcohol, which is done with high
pressure and heat.
• Detergents can be used more easily in hard water as they form
Ca+2 and Mg+2 salts. Cleaning ability is more.
• Since they are sulfuric acid esters, their salts are superior
cleaning agents due to their not breaking up in acid solutions.
• Even with acid, they do not break down and cause
environmental pollution.

Chemical Properties of Fatty Acids
• Since some of the detergents contain K+ , such detergents are
more environmental pollutant.
• Because K+ is a good growth factor for the growth of green
algae living in sweet water (fresh water).
• Along with the mixing of detergents into the surrounding
waters, algae growth in water is increased and therefore the
amount of oxygen in the water decreases.
• Decreasing oxygen in the water will cause aquatic organisms to
die especially fish.

Chemical Properties of Fatty Acids
 Ester formation.
• The carboxyl groups of fatty acids are reversibly associated
with alcohols.
• The esterification is self-slow, but is rapid in the presence of
heat or hydrogen ions.

 Features of Double Bond
• Hydrogenation: It is the saturation of the ethylene bond (CH=CH-) in the structure of unsaturated fatty acids with
hydrogen. For example: When oleic acid is hydrogenated,
stearic acid is formed, meaning the unsaturated fatty acid is
converted to saturated fatty acid.

Chemical Properties of Fatty Acids
• Addition a halogen to double bond: They are saturated by
adding halogen to the double bonds. This process takes place
in the presence of catalysts such as Br, Pt, Ni, F, Cl, I and Cu at
high pressure.
• Oxidation: Oxidation of ethylene bonds.
◦ KMNO4 is used as the oxidant in the oxidation of fatty acids. Since the
oxidation process is very complex, many intermediate metabolites
may form during oxidation.
◦ Ozonoide is an any of a class of unstable cyclic compounds formed by
the addition of ozone to a carbon–carbon double bond.

• These reactions are used to determine which carbon atoms are
joind to double bongin in an any unsaturated fatty acids.

Chemical Properties of Fatty Acids
• Peroxidation: Peroxidation of polyunsaturated fatty acids,
which is formed in vivo and is called lipid peroxidation, is a
chain reaction.
◦ During the reaction, very reactive free radicals are formed
which contain unpaired electrons.
◦ Free radicals enter into wide-ranging reactions in living
organisms.
◦ However, the defense system (antioxidative system) in the
organism prevents or controls the harmful effects of these
compounds.
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Question 1
1. ................ are monocarboxylic organic acids with
hydrocarbon chains.
a. Fatty acids
b. Terpenes
c. Bile acids
d. Hydrocloric Acid
e. Phosphoric Acid
Answer: a

Question 2
2. Which of the following is an essential fatty acid?
a. Palmitic Acid
b. Stearic Acid
c. Linoleic Acid
d. Lignoceric Acid
e. Myristic Acid
Answer: c
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