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Properties of fatty acids
1. Solubility

± Fatty acids are soluble in fat solvents
± Short chain FA are soluble in water, while the longer chain  ones 

are insoluble in water

2. Melting temperature
� The melting temperature of FA decreases with:

± decreasing length of chain
± increasing number of cis-double bonds

� Acetic (CHЈCOOH) and oleic acids are liquids, while  
palmitic and stearic acids are solids at room temperature

ϝ�ϙϳϫ�ϥΎηϋunsaturated�ϭϧϭϛΑliquid at room temp���εϣ�ΔϠϳϠϗ�ϡϬϧΎΑϭΫ�ΓέέΣ�ΔΟέΩ�ϪϧϷ
ϡϬΑϭ˷Ϋ�ϥΎηϋ�ϥΧΎγ�ργϭΑ�ϡϬρΣ�ΝΎΗΣϣ

ϙϳϠΧϟ�νϣΣ �Εϳί�ϲϓ�ΩϭΟϭϣϥϭΗϳίϟ�has 1 double bond�

Saturated FA , they are the most common FA found in human body
��ϡϬϧϷϭsaturated�ϪϣϬϓinsoluble in water�



3. Color, Odor and Taste
� Fatty acids are colorless

� The short chain FA have an irritating odor and a sour taste,  
while the long chain ones are odorless and tasteless

4. Salt formation
� The alkaline salts of long chain fatty acids are called  

soaps
� Sodium and potassium soaps are soluble in water (used in soap)
� Calcium, magnesium and copper soaps are insoluble in water  

(grease)

R.COOH + NaOH R.COO- Na+ +H2O

ϙϳϠΧϟ�νϣΣ�ϱί

ϡϭϳΩϭλϟ�ϱί

ϼΛϣ�ΔϳγϠΑΎϧϟ�ΔϧϭΑΎλϟ�ϱί���ϥϋ�ΓέΎΑϋ�ϲϫ�ϲϠϟoleic acid

ΕέΎϳγϟ�ϲϓ�ΔϣΩΧΗγϣϟ�ΔϳϣΣηϟ�Ωϭϣϟ�ϱί

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϪϘϠΧ�ΩΩϋ��Ϫηέϋ�Δϧί˶�ϭ��ϪΗΎϣϠϛ�ΩΩϣϭ



5. Esterification
� Fatty acids can be esterified with:

± glycerol to form TAG
± with higher monohydric alcohols to form waxes

6. Reduction
� The carboxyl group of fatty acids can be reduced

forming fatty aldehyde then
to aldehyde then to primary alcohol

fatty
group,  

alcohol,
respectively

� Fatty alcohols are components of plasmalogens
R.COOH  

FA
R.CHO

Fatty aldehyde
R.CH2OH

Fatty alcohol

��ϖϳέρ�ϥϋester bonds�

�ΕϠϣϋ�ϭϟesterificationϝϟglycerol�ϲϧϳρόΑTAG

�ΕϠϣϋ�ϭϟesterificationϝϟalcoholsmono�ϲϧϳρόΑwax�ϰϠϋ�ϱϭΗΣΑ�ϲϠϟ�ϝϭΣϛϟ1 hydroxyl 
group��Ϫϣγ�ϥϣmono�

��ωίϧO�ΔϓΎο·�ϭH�

ϝϟ�ϝίΗΧ�ϝϣϋ�ΎϣϟFA�έϳλΑfatty aldehyde�ϥϳίϳϣϣ�ϡόρϭ�ΔΣέ�ϭΫ�Ώϛέϣ���ϪϳϠϋ�ϝλΣϧ�ϥϛϣϣ
ϝΎϘΗέΑϟ�έηϗ�ϝΛϣ�ΔϬϛΎϔϟ�ϥϣ����έϳλΑ�Γέϣ�ϥΎϣϛ�ϝίΗΧ�ϪϠϣϋ�Ύϣϟϭfatty alcohol



7. Addition of Hydrogen and Oxygen
� Unsaturated Fatty acids add 2 hydrogen atoms per double bond,

forming the corresponding saturated fatty acids, e.g. oleic acid forms
stearic acid.

� The unsaturated fatty acids add oxygen, forming  peroxide

-CH2-CH2-
Stearic acid

-CH=CH- + H2
Oleic acid

ϝ�έγϛΗ�Ρέ�ϡϬΗϓΎο·double bond���ϝ�Ώϛέϣϟ�ϝϭ˷ΣΗ�Ρέ�ϲϧόϳsaturated��ϝϛϭdouble 
bond�ΝΎΗΣΑ2H atoms�ϭO2Ύϫέγϛ�ϥΎηϋ�

�ϱΩϧϋ2 double bonds�ΕΟΗΣ�ϙΑϫ�ϥΎηϋ4Hϝ�Ϫϟϭ˷Σ�ϥΎηϋstearic acid

ϱΎϫ�ΔΟέΩϬϟ�ΔϳϠϣϋ�ϖϳέρ�ϥϋ�ΔϳϋΎϧλϟ�Δ˴ϧϣγ͉ϟϭ�ΓΩΑίϟ�ϊϳϧλΗ�ϡΗϳϭ

ϝ�ϥϭ˷ϛΗϟ�ϱΩ΄Η�Ρέperoxide�ϥϛϣϣ�ϲϠϟϭ
�ϥϭ˷ϛΗϟ�ϱΩ΄Ηfree radicals�atoms that 

contain an unpaired electron���ϲϫϭ
ϡγΟϟΎΑ�ϝϛΎηϣϟ�ϱΩ΄ΗΑϭ�Γέο˶ϣ˵



Triacylglycerols

� TAGs are esters of glycerol with 3 fatty acids

� In nature it is rare to find a TAG molecule with the same FA in all 3
positions

� Most of the natural fats are mixed TAGs, containing 3 different fatty
acids

� TAG is a good storage of energy (average 11kg of TAG is 70kg  
human Æ 99,000kcal), if hydrated glycogen would need 65kg

�ϝ3 fatty acidsΔϬΑΎηΗϣ�ΎϬϠϛ�ϥϭϛΗ�ΎϬϧ�ΩΟ�έΩΎϧ���ϥϭϛΗΑ�ϝΑmix�ϥϣ�έΛϛ�ϥϳΑFA
��ΓΩΎόϟΎΑϭ�ϑϠΗΧϣ�ΙϟΎΛϟϭ�νόΑ�ϱί�

ϥϭϫΩϟϲϠϟϡγΟΑϥΎγϧϹΓέΎΑϋϥϋTAG����ϪϧϷ�ˮεϳϟnot soluble in water���ΩϳϔΗγϧΑ�εϳ�Ώρ
�ϥΎϛ�ϭϟ�ˮϙϳϫsolubleέΑϛ�ϥϭϛϳ�Ρέ�ϪϣΟΣ�ϑ���ϝ�ϲϧόϳ11kg TAG�ΔϳϣϛΑ�ϡϬοϭϋ�ϱΩΑ�ϭϟ

hydrated glycogenϝ�ΝΎΗΣΑ�ΔϗΎρϟ�ϥϣ�έΩϘϣϟ�αϔϧ�ϥίΧΗ�ΓέΩϘϟ�ΎϫΩϧϋ65kgϝ�ϥϣglycogen



� The FA esterified to:
� C-1 of glycerol is usually saturated
� C-2 of glycerol is usually unsaturated
� C-3 of glycerol may be saturated or unsaturated

� Fats are solid triacyiglycerols, e.g. milk fat (ghee,
butter and cream) and margarine (artificial
butter)

� Their solid state is due to their high content of the saturated  
fatty acids (about 50%)

� Palmitic and stearic acids are the most common saturated
fatty acids

� Oleic acid is the most common unsaturated fatty acid

Usually 1, 3 are same FA

ϱίΎϣΎϧέϛΫΩϳϼγϟΎΑϲϠϟϝΑϗ��ϝΎϓFAϲϠϟΡέϝΎΑ�ϭρΑΗέϳglycerolνόΑ�ϱί�εϣ���ϝΎϓFA�ϲϠϟ
Ώ�ρΑΗέϳ�ΡέC1�ϥϭϛΑ�ΎΑϟΎϏsaturated��ϝϭFAϝ�ϰϠϋC2�ΎΑϟΎϏunsaturated�ΎϣϲϠϟϰϠϋ

ϝC3�ΩΩΣϣ�ϲη�εϓ�ϙϳϫ�ϭ�ϙϳϫ�ϲϬϓ�ϝ�αϔϧ�ϥϭϛΗΑ�ϥΎϳΣϷ�ϡυόϣ�ϲϓ�αΑFA�ϰϠϋ�ϲϠϟC1���
�Ϫϣγ�Ώϛέϣ�ϲϧϳΟϳΑ�ϼΛϣ�ϲϧόϳ1,3-dipalmital-2-oleic TAG���Ϫϧ·�ϩΎϧόϣ�νΎϫϭC1,3ΕΎρΑΗέϣ
Ώpalmitic acid�ϭC2ΔρΑΗέϣΏoleic acid

ΔΑϠλ�ΎϧϣγΟΑ�ϲϠϟ�ϥϭϫΩϟ�Ϫϧ·�ΎϣΑ��ϝ�Ϫϧ·�ϩΎϧόϣ�νΎϫFAϲϠϟϰϠϋ
C3�ϥϭϛΑsaturated��ϰϠϋ�ϱϭΗΣΑ�ϲϧόϳsaturated�ϥϣ�έΛϛ

unsaturatedΏϠλ�ϥϭϛΑ�ϲϟΎΗϟΎΑϭ�



� Oils are liquid triacyiglycerols, e.g. olive,  
cottonseed, linseed, and maize oils

± Their liquid state is due to their high content of the  
unsaturated fatty acids (about 85% in most oils)

± Linoleic acid is the most common unsaturated fatty  
acid in most oils

± In olive oil, oleic acid is the most common
�ϝ�έΛϛoils�ϥΎγϧϹ�ΔΣλ�ϰϠϋ�έέο��coconut oil�ϝ�ΔΑγϧsaturated FAΔϳϟΎϋ�Ϫϳϓ�
�ϝ�ϝοϓoils�ϥΎγϧϹ�ΔΣλϟ��safflower oilϝ�ϡΛolive oil��ϥϣ�ΩΟ�ΔϠϳϠϗ�ΔΑγϧ�ϰϠϋ�ϱϭΣΗΑ
ϝsaturatedϝϭέΗγϳϟϭϛϟ�ϑϳϔΧΗ�ϲϓ�έϭΩ�Ϫϟ·�ϭ����ϟ�Ωϧϋ�ϲϔΗΧΗΑ�ϪΑη�ϱΎϫ�Ωϭϔϟ�αΑϲϠϘ���ϪϧϷ

ϪϟέϳλΑhydration�Ύϣ�ϥϭ˷ϛΗϟ�ϱΩ΅ϳperoxides�ϭcyclic hydrocarbons�ΓΩΎϳίϟ�ΔϓΎοϹΎΑ
ϝviscosity�ΔΟϭίϠϟ��Ωϭγ�Ϫϧϭϟ�έϳλΑϭ����ΓΩΎϋ·�ΓέΛϛϟ�ϡϋΎρϣϟΎΑ�Ϫϓϭηϧ�ϥϛϣϣ�ϲηϹ�νΎϫϭ

Εϳίϟ�ϡΩΧΗγ��ΩΟ�έο˶ϣ˵�ϲη�ϭϫϭ



Properties of Triacylglycerols

1. Solubility
� TAGs are insoluble in water, but soluble in fat  

solvents

2. Melting temperature
± TAGs rich in saturated have a high melting  

temperature, and are solids (fats)

± TAGs rich in unsaturated fatty acids have a low melting  
temperature and are liquids (oils)

ϥΎΣΑγௌ��Ϳ�ΩϣΣϟϭ��ϻ·�Ϫϟ·�ϻϭௌ��έΑϛ�ௌϭ



3. Color, Odor & Taste
� Pure triacylglycerols are colorless, odorless, and tasteless

� Carotenoids are responsible for the yellow color of human  
adipose tissue and of cow s͛ milk and butter

� The flavor of the different types of fat is due to certain organic  
acids

4. Addition of Hydrogen
� The unsaturated fatty acids of oils can add hydrogen, in the  

presence of nickel as catalyst, forming saturated fatty acids

� This process is called hydrogenation or hardening, and is used
commercially in the preparation of solid fats and margarine

ϝ�Ϫϧ·�ϥϣ�ϡϏέϟΎΑfats�ϥϭϛΗΑcolorlessϝ�ΏΑγΑ�ϡγΟϟΎΑ�έϔλ�ϥϭϟ�ΕΫ�ΎϬϧ�ϻ·carotenoids��Ωϭϣ�ϲϫϭ
ΕΎΗΎΑϧϟ�ΔργϭΑ�ΎϬΗϋΎϧλ�ϡΗϳ�ΔόϳΑρϟ�ϲϓ�ΓΩϭΟϭϣ���ΎΑϳέϘΗ�Ϫϣϫϭ750 naturally occurring pigments 

����ΔϐΑλ��ϡϬϠϠϣόϳ�έΩϘΑ�Ύϣ�ϡγΟϟ�Ϫϧ·�ΎϣΑϭmetabolism�ϡϬϧϳίΧΗ�ϡΗϳ�ϑ�deposited�ϲϓϥϭϫΩϟ�

ϝ�ΔΟέΩϫ�Ωϧϋunsaturatedϝ�ϝϭΣΗΑsaturated���ϥϣ�ϝϭΣΗΑϓliquidϝsolid
��ϲϋΎϧλϟ�ϥϣγϟ�ϊϳϧλΗ�ΩΑϣ�ϭϫ�νΎϫϭ�ϝmargarine��ϡγΟϠϟ�έ˷Ύο�ϭϫ�ϙϳϫ�ϥΎηϋϭ�



5. Addition of Iodine
� The unsaturated fatty acids in fats add lodine.

The iodine value is the number of grams of
iodine absorbed by 100 grams of fat. It is an
index of the degree of unsaturation of fatty
acids in fats.

ϝϳΩόΗϟ�ϝΑϗ�ΕΩϳϼγϟΎΑ�ΓΩϭΟϭϣ�ΕϧΎϛ�ϱΎϫ�ΔρϘϧϟ��ϝϳΩόΗϟ�ΩόΑ�ΎϬϓΫΣ�έϭΗϛΩϟ�αΑ��η�Ύϣ�ΎϬϧϋ�Ρέ
�ρΎϳΗΣϺϟ�ΎϬϔϳο�ϊΟέ�ΕϠϗ�αΑ�ϲη�ϙϠόΟέΑ�ωϭοϭϣϟ�ΎϬϳϠϋ�ΏΣγΗ�ϙΩΑ�ϭϟ�ϲϧόϳ���ΎϣΕΣέηϧ�



6. Hydrolysis
± Hydrolysis of triacylglycerols into glycerol and  

fatty acids

ϝ�Ϫϧ·�ΎϘΑΎγ�ΎϧέϛΫFAϋΑϥϋ�ΓέΎderived lipidεϣsimple lipid����ϡΗϳ�ϪϧϹ�ϙϳϫ�ϩέΎΑΗϋ�ϡΗϭ
ϝ�ϥϣ�ϪϗΎϘΗηTAGϩέϳγϛΗ�ΩόΑ��ϝ�ΔϳϠϣϋϭhydrolysis�ϖϳέρ�ϥϋ�ϡΗΗ�ϥϛϣϣacid��enzyme���ϭ

potassium hydroxide (KOH)
ΞϳέΩΗϟΎΑ�έϳλΗΑ�έϳγϛΗϟ�ΔϳϠϣϋϭ���ϝ�ΔϳΩΑϟΎΑ�ϲϧόϳTAGϝ�ϝϭΣΗΑdiacylglycerol�ϥϳΩόΑΩέΑϝϋΎϔΗΑ

ϝϭΣΗΑϭϝmonoacylglycerol�ϥϳΩόΑ�ϱΩϧϋ�ΞΗϧΑglycerol�ϭ3 fatty acids



7. Lipid Peroxidation

� Lipid peroxidation, or auto-oxidation, results from the action of  
oxygen on polyunsaturated fatty acids

± In-vitro, it leads to rancidification of fat

± In-vivo, it leads to the formation of free radicals, which may be related 
to the  development of cancer, atherosclerosis, and inflammation

έγϛϝdouble bondϝ�ϖϳέρ�ϥϋoxygen��ϝ�Ϫϧ·�ΏΑγϟϭdouble bond�ϝϣόΗΑ�ΎϬγϔϧ
attractionϥϳΟγϛϸϟ���ϝ�ϱΩϧϋ�ΞΗϧϳϭperoxide�ΎϘΑΎγ�ΎϧϠϗ�Ύϣ�ϱί�ϭ��έΎο�

ϡγΟϟ�ΝέΎΧ

ϡγΟϟ�ϝΧΩ

Φ͊ϧί͉˴Ηϟ

ϑϳϛέΛ΄ΗΑϝfree radicals�ˮϡγΟϟΎϋ
�ϝ�ϰϠϋ�έϳΛ΄Ηϟ�ϰϠϋ�ΔϳϧΎϛϣϹϭ�ΓέΩϘϟ�ΎϬϟ·DNA��ϝ�ΕΎΑΑγϣ�ϥϣ�ΎϬϳϠΧΑ�ϲϠϟ�νΎϫϭcancer
��ϝϣόΗΑdamageϝϟendotheliumΏϠϘϟ�ϲϓ�νέϣ�ΙϭΩΣ�ϰϟ·�ϱΩ΅ϳ�Ύϣ�ϭϫϭ
��ϝϣόΗΑ�ϪοέΑϭinflammationϝ�ΙϭΩΣ�ϰϠϋ�ΩϋΎγΑ�ϩέϭΩΑ�ϲϠϟϭatherosclerosisϙϟΫ�ϰϟ·�Ύϣϭ

ΩϣΣϣ�ΎϧΩϳγ�ϰϠϋ�ϡϠγϭ� ˶ϝ˷λ�ϡϬϠϟ



8. Rancidity
� If fat is exposed to moisture, oxygen, heat, light, and certain metals

such as copper, it develops a bad flavor (odor and taste) and is said
to be rancid

� Rancidity may be hydrolytic or oxidative:
± Hydrolytic rancidity occurs in butter because of its water content

� Due to partial hydrolysis from action of enzymes
� Librates free fatty acids and, since butter is relatively rich in the short chain

fatty acids, a bad flavor results
� Bacterial enzymes also help hydrolysis in natural butter

± Oxidative rancidity results from the action of oxygen on  
polyunsaturated fatty acids

� Forming peroxides that break into short chain aldehydes and acids, giving fat a
bad flavor

� Peroxides are destructive to the fat-soluble vitamins, particularly vitamin A
� Oxidative rancidity is inhibited by antioxidants as vitamin E, phenols

Φ͊ϧί͉˴Ηϟ

�ΎϬϳϓ�ϲϠϟ�ΔϣόρϷ�νόΑ�ϝϛϭ�Ύϣϟ�ΔΧ˴˴ϧί˴Α�έόη�ϲϧϳϠΧΑ�ϲϠϟ�νΎϫϭfats

ϥϋϖϳέρ
enzymes

ϥϋϖϳέρ
oxygen



Waxes
� Waxes are esters of higher monohydric alcohols, e.g.,  

cholesterol with fatty acids

� Lanolin is the ester of cholesterol with palmitic, stearic or  
oleic acids

� It provides a waterproof coat on the wool fibers of the fur-bearing animals

� Vitamins A (retinol) and D (calciferol) are found in nature 
in the form of their esters with palmitic or stearic acids

� Beeswax: ester of palmitic acid and mericyl alcohol (C30)

νΎϫϡϼϛϟϝϭϘϧϣϥϋέϭΗϛΩϟϝϛηΑϲϓέΣ����ϝ�ϥϋ�ϲϛΣϧ�Ρέ�Ύϣwax�Ωϳϼγ�ϥϣ�έΛϛ΄Α
ϝ�ϪϧϹTAGϡϫ�έϳΛϛ���ϥϋ�ϙϟΎγ�Ώόλ�Ϫϧ·�ϲϣϼϛ�ϥϣ�ϡϬϓ·�ϲϧόϳϓwax���Ρέ�εϣ�ϪϧϷ

�ϥϋ�ϙϟΎγ�ϱΩΑ�Ϋ�ϥΎΣΗϣϹΎΑ�ϝ΅γ�ϊϳοlipids�ϥϋ�ϙϟΎγ�ϱΩΑ�ϭϟ�ϹTAG�ϭFA�

1 hydroxyl group

ϱίΩϠΟϑϭέΧϟϼΛϣ�ϲϠϟϭΎϣιΗϣΑ�˯Ύϣϟ��ϝ�ϪϧϷSebaceous glandsϝ�ίέϔΗΑ�ϩΩϠΟ�ϲϓlanolin

ϱϭΗΣΑϰϠϋϝ�ϥϣ�έϳΑϛ�ΩΩϋcarbon��αΑϩΩϧϋonly 1 hydroxyl group�OH group�

ϝΣϧϟ�ϲϓ

ϡϬϠϟϲϧ·ΕϣϬϓϭ�ΕυϔΣϭ�Εέϗϭ�ΕγέΩ�Ύϣ�ϙϋΩϭΗγ���Ϫϳϟ·�ϲΗΟΎΣ�Ωϧϋ�ϲϟ�ϩΩ͉έ˵ϓ

έυϧϭϪϧϷϝwaxesϝ�ϥϣ�ΩΟ�ΔϠϳϭρ�ϝγϼγ�ϥϣ�ϥϭϛΗΗΑcarbon�ΎϬϠϛ�ΎϬϳϠΧΑ�νΎϫ�ϑinsoluble


