HBOC-UNIT-4

OIL FAT WAX

Fats and oils are the most concentrated source of energy. They provide approximately 9 Kcal of energy per gram, compared to 4 Kcal/g for proteins and carbohydrates. „ They are carriers of fat–soluble vitamins and essential fatty acids. They also contribute to food flavor and mouth feel as well as to the sensation of product richness.They are used as frying fats or cooking oils where their role is to provide a controlled heat-exchange medium as well as to contribute to color and flavor.
Fatty acids: carboxylic acids obtained from the hydrolysis of a fat or oil. They are the building blocks of the triglycerides. „ The fats and oils are often named as derivatives of these fatty acids. „ Normal saturated fatty acids have a long, linear hydrocarbon chain having a general formula CH3(CH2)nCOOH (where n is even= 2 to 24). „ The unsaturated fatty acids may have one double bond (monosaturated) or have more than one cismethylene double bond (polyunsaturated).

A fatty acid is simply a carboxylic acid in which the R group is very long.  It consists of many carbons chained together with hydrogens completing their octet.


Glycerol can be esterified commercially with one, two or three fatty acids to produce mono-, di-, or triglycerides. „ Fats and oils are naturally occurring triglycerides. „ The properties of triglycerides depend on the fatty acid composition and on the relative location of fatty acids on the glycerol.

  [image: C:\Documents and Settings\MBA\My Documents\Downloads\20160922-112106_p0.jpg]
Again, the main purpose of fats and oil is to store energy.  Hence if you eat more calories than your body needs, you turn these extra calories into fat for storage.  This is a very basic need;  the more fat an organism can generate the more likely that organism will survive in times of low food supply.  
Fatty acids come in two main classes, saturated and unsaturated.  
These classes are having the same meaning as used in naming hydrocarbons.  Saturated, like alkanes, indicates that the carbon has as many hydrogens as possible bonded to said carbons, all single bonds, no double or triple.  Unsaturated, like alkenes and alkynes, indicates that hydrogens could be added to the carbon chain, for instance in an addition reaction across a double or triple bond.  The palmitic acid shown above is a saturated fatty acid.  Below is a picture of an unsaturated fatty acid:




Common names have been also developed; certain fatty acid names have been popularized by the media.  The acids can be named for how far the double bond lays away from the final tail carbon.  
  [image: Fatty%20Acids%20Table]

Fat, oil and wax are made from two kinds of molecules: glycerol (a type of alcohol with a hydroxyl group on each of its three carbons) and three fatty acids joined by esterification, a dehydration reaction.







CHEMICAL PROPERTIES OF TRIGLYCERIDES
The most important chemical reactions for triglycerides (fats and edible oils) are hydrolysis, methanolysis and interesterification. „ The other reactions: hydrogenation, isomerization, polymerization and autoxidation.
Hydrolysis
The fat or oil can be hydrolyzed into fatty acids and glycerol by treatment with steam under elevated pressure and temperature. „ The reaction is reversible and is catalyzed by inorganic catalysts (ZnO, MgO or CaO) and an acid catalyst (aromatic sulfonic acid).

 
[image: ]

Hydrogenation
The unsaturated double bonds in fatty acid chain are converted to saturated bonds by addition of hydrogen. „ Suitable solid catalyst: nickel, platinum, copper, or palladium. Hydrogenation is exothermic, and leads to an increase in melting point and drop in iodine value. Partial hydrogenation can lead to isomerization of cis double bonds (geometrical isomerization).
[image: C:\Documents and Settings\MBA\My Documents\Downloads\20160922-112106_p3.jpg]
Autoxidation
Fats and oils often contain double bonds .Autoxidation of a fat or oil yields a mixture of products that include low molecular weight carboxylic acids, aldehydes and methyl ketones. The autoxidation reactions involve three steps: initiation, propagation, and termination. „ The initiation step leads to the formation of a hydroperoxide on a methylene group adjacent to a double bond; this step proceeds via a free-radical mechanism.
The second step, which is also a reaction in the propagation cycle, is the addition of another molecule to the hydroperoxide radical to generate new free radicals.
The second step, which is also a reaction in the propagation cycle, is the addition of another molecule to the hydroperoxide radical to generate new free radicals. The chain length of these two radical-reaction steps is about 100. When the radical concentration has reached a certain limit, the chain reaction is gradually stopped by mutual combination of radicals, the termination step.
.
[image: ]
+  NaOH  
[image: ]

									+   H2O
           fatty acid  +  strong base    soap  +  water


These membrane lipids normally are phospholipids, which is a triglyceride with a phosphate substituting for one of the fatty acids.  Depicted below:
WAX
Plant waxes are usually found on leaves or seeds (cabbage leaf wax consists of the primary alcohols C12 and C18-C28 esterified with palmitic acid and other acids). „ The dominant components are stearyl and ceryl alcohol (C26H53OH). In addition to primary alcohols, esters of secondary alcohols.
Waxes can be classified according to their origins as naturally occurring or synthetic. „ The naturally occurring waxes can be classified into animal, vegetable and mineral waxes. The vegetable waxes include carnauba, ouricouri and candelilla. „ Petroleum waxes are the most prominent mineral waxes. Paraffin wax is petroleum wax consisting mainly of normal alkanes with molecular weights usually less than 450.
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higher fatty acids. The fatty acids in the hydrolysis l.’"""f" bl
by chmmz{tographic methods applied to acids or their denvy -
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The bad smell of stale fats/oils is often d}u' o vulull(r h,:;! ;i‘nguf
fatty acids formed by slow hydrolysis of fats/oils in contact wi n /. “‘.
over long periods. Such stale samples of oils/fats are often referred 0 a
rancid oils/fars.

Hydrolysis of fats/oils with alkalies (NaOH or K()I'l) gives a mixture
of sodium or potassium salts of long chain fatty apxds whlch are referred w
as soaps and this process is better known as saponification (soap formation)
2. Hydrogenation (Formation of fat from oils ; Vanaspati ghee) - (nls

containing unsaturated glycerides add on hydrogen, in the presence of finely
divided nickel catalyst, giving solid fats.

For example,

o) 0]

| I
C|H20——C—(CH2)7 CH = CH (CHy,CH, (lin—&— S(CH:)stHs

¢} .

| +3H, | |
CHO— C—(CH,),CH =CH (CH,),CH; ——» CH—O— C(CH,),sCH;
| O Ni, 200°C | (o)

Il 30 psi | Il
CH,0—C—(CH,),CH = CH(CH,),CH, CH,—O—C(CH,),,CH,

Triolein (m.p. —-60°C) Tnsteann (m.p. 70°C)

This reaction forms the basis of the industrial production of hydrogenated
oils (‘Vanaspati ghee’, sold
under different trade names as,
DALDA, RATH, MADHURAM
etc.). The process is also known
as hardening of oils, as it
converts a liquid (oil) into a solid
fat (Vanaspati ghee) by raising
its melting point (see above).

For the industrial production
of ‘Vanaspati ghee’ (DALDA),
cheap vegetable oils such as
cottonseed oil, groundnut oil,
etc. are hydrogenated, in the
presence of a nickel catalyst at
about 200°C and 20-40 psi
pressure. Hydrogenation is not
carried to completion but is
stopped as soon as the fat of
consistency comparable to that of ghee is obtained. The completely
hydrogenated fats are 100 hard 10 be useful as kirchen shortenings.
Hy oils, in contrast to unsaturated oils, become rancid much Im‘
readily.

l

OIL+NICKEL CATALYST

A Hydrogenerator
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INTRODUCTION. Fats and oils* (oils are just fats which are liquids
at ordinary temperatures), also referred to as lipids, constitute one of ‘(he
three major classes of foods, the other two being carbohydrates and proteins.
These are important raw materials in industries like soap industry, vanaspati
ghee industry, paint and varnish industries, etc. These are widely distributed
in the plant and animal kingdoms. Important vegetable oils include groundnut
oil, coconut oil, soyabean oil, sunflower oil, sesame oil, linseed oil. &lc;
whereas butter fat (ghee), beef tallow, lard, etc. are the familiar animal fats.

1. CHEMICAL NATURE. Oils/fats are mostly triacyl glycerol/
triglycerides. These triglycerides are triesters composed of three long chain
fatty acids (C;; — C,) joined to glycerol, a trihydroxy alcohol.

Acid + Alcohol —_— Ester + Water
(0]
Il

RCOOH HO—CH, R--—— C—0O—CH,

Catalyst (0] ]'
: — I

R!COOH + HO—CH -3H,0 RI— C—0O H
O
I

R2COOH HO—CH, R?— C—0—CH,

Fa_lty acids Glycerol Triglyceride (a triester)

(R, R!, R? may be same or different).
It all the three hydroxyl groups (—OH) are esterified with the san.e

fatty acid, the resulting ester is called a simple_triglyceride. However,
naturally occurring fats and oils contain two or three different fatty acid

components are called mixed triglycerides.
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Number

of carbons Common name

Saturated
12 lauric acid
14 myristic acid
16 palmitic acid
18 stearic acid
20 arachidic acid
Unsaturated
16 palmitoleic acid
18 oleic acid
18 linoleic acid
18 linolenic acid
20 arachidonic acid
20 EPA

Systematic name

dodecanoic acid

tetradecanoic acid

hexadecanoic acid

octadecanoic acid

eicosanoic acid

(9Z)-hexadecenoic acid

(9Z)-octadecenoic acid

Structure

(9Z,12Z )-octadecadienoic acid _ COOH
W
(9Z,12Z,15Z)-octadecatrienoic acid COOH
7 7
. S S
(5Z,8Z,11Z,14Z)-eicosatetraenoic acid COOH

(5Z,8Z,11Z,14Z,17Z )-eicosapentaenoic acid COOH

point
°C

44

58

63

69

71

13

=11

=50

=30




