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10.6: Lipids—Part 2

Fatty acids are merely carboxylic acids with long hydrocarbon chains. The hydrocarbon chain length may vary from 10-30 carbons
(most usual is 12-18). The non-polar hydrocarbon alkane chain is an important counter balance to the polar acid functional group.
In acids with only a few carbons, the acid functional group dominates and gives the whole molecule a polar character. However, in
fatty acids, the non-polar hydrocarbon chain gives the molecule a non-polar character.

Introduction

The most common fatty acids are listed. Note that there are two groups of fatty acids--saturated and unsaturated. Recall that the
term unsaturated refers to the presence of one or more double bonds between carbons as in alkenes. A saturated fatty acid has all
bonding positions between carbons occupied by hydrogens.

The melting points for the saturated fatty acids follow the beiling point principle observed previously. Melting point principle: as
the molecular weight increases, the melting point increases. This observed in the series lauric (C12), palmitic (C16), stearic
(C18). Room temperature is 25°C, Lauric acid which melts at 44° is still a solid, while arachidonic acid has long since melted at
-50°, so it is a liquid at room temperature.

Table 1: Common Fatty Acids

Saturated Fatty Acids
Formula C Name | Melting Point

CH3(CH;),,CO;H lauric acid 45°C

CH;(CH,);,CO;H myristic acid S T

CH;(CH,),4CO;H palmitic acid 63 °C

CH;(CH,),,CO;H stearic acid 69 °C

CH;(CH,),sCO;H | arachidic acid TS E

Unsaturated Fatty Acids
Formula C Name Melting Point
CHj3(CH;)sCH=CH(CH,);CO,H palmitoleic acid (EF85

CHj;(CH,);CH=CH(CH,);CO,H oleic acid 1896
CH;(CH,),CH=CHCH,CH=CH(CH;);CO,;H linoleic acid S5°C
CH;CH,CH=CHCH,CH=CHCH,CH=CH(CH,);CO,H Iinolenic acid =112C
CH;(CH,;)4(CH=CHCH,)4(CH;),CO,H arachidonic acid -4a°C

Melting Points of Saturated vs. Unsaturated Fatty Acids

Note that as a group, the unsaturated fatty acids have lower melting points than the saturated fatty acids. The reason for this
phenomenon can be found by a careful consideration of molecular geometries. The tetrahedral bond angles on carbon results in a
molecular geometry for saturated fatty acids that is relatively linear although with zigzags.

Stearic acid Oleic aci

This molecular structure allows many fatty acid molecules to be rather closely "stacked" together. As a result, close intermolecular
interactions result in relatively high melting points.
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On the other hand, the introduction of one or more double bonds in the hydrocarbon chain in unsaturated fatty acids results in one
or more "bends" in the molecule. The geometry of the double bond is almost always a cis configuration in natural fatty acids. and
these molecules do not "stack" very well. The intermolecular interactions are much weaker than saturated molecules. As a result,
the melting points are much lower for unsaturated fatty acids.

Percent Fatty Acid Present in Triglycerides
Fat or Oil Saturated Unsaturated
Palmitic Stearic Oleic Linoleic Other

Animal Origin

Butter 29 9 27 4 31
Lard 30 18 41 6 5
Beef 32 25 38 3 2
Vegatable Origin

Corn oil 10 4 34 48 4
Soybean 7 3 25 56 9
Peanut 7 5 60 21 7
Olive 6 4 83 7 -

Saturated vs. Unsaturated Fatty Acids in Fats and Oils

The triesters of fatty acids with glycerol (1,2,3-trihydroxypropane) compose the class of lipids known as fats and oils. These
triglycerides (or triacylglycerols) are found in both plants and animals, and compose one of the major food groups of our diet.
Triglycerides that are solid or semisolid at room temperature are classified as fats, and occur predominantly in animals. Those
triglycerides that are liquid are called oils and originate chiefly in plants, although triglycerides from fish are also largely oils.
Some examples of the composition of triglycerides from various sources are given in the following table.

Saturated Acids (%) Unsaturated Acids (%)
SR Cio Cp Ciq Ci6 Cis Cis Cis Cis
& less lauric myristic palmitic stearic oleic linoleic unsaturated
Animal Fats
butter 15 2 11 30 9 27 4 1
lard - - 1 27 15 48 6 2
human
fat - 1 3 25 8 46 10 3
:;"i“g - - 7 12 1 2 20 52
Plant Oils
coconut - 50 18 8 2 6 1 -
corn - - 1 10 3 50 34 -
olive - - - 7 2 85 5 -
palm - - 2 41 5 43 7 -
peanut - - - 8 3 56 26 7
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| safflower - - - 3 3 19 76 -

As might be expected from the properties of the fatty acids, fats have a predominance of saturated fatty acids, and oils are
composed largely of unsaturated acids. Thus, the melting points of triglycerides reflect their composition, as shown by the
following examples. Natural mixed triglycerides have somewhat lower melting points, the melting point of lard being near 30 ° C,
whereas olive oil melts near -6 ° C. Since fats are valued over oils by some Northern European and North American populations,
vegetable oils are extensively converted to solid triglycerides (e.g. Crisco) by partial hydrogenation of their unsaturated
components. Some of the remaining double bonds are isomerized (to trans) in this operation. These saturated and trans-fatty acid
glycerides in the diet have been linked to long-term health issues such as atherosclerosis.

H2C—OCO(CHZ)10CHs  HpC—0CO(CH2)16CH3 H2CI—OCO(CthCHC:CH(CHg)?CHg

HE=0CO(CH2)10CHs HC—0CO(CHz): 6CHa Hg—oco(CH2)7CH°%5(:H(CH2)7CH3
HzC—0CO{CH2)10CHs HaC—0OCO(CH2) 16CHs  HzC—0CO(CH2)7CHEZCH(CH 2 7CHS
trilaurin tristearin triolein
mp 45° C mp 71° C rmp -4° C

Triglycerides having three identical acyl chains, such as tristearin and triolein (above), are called "simple", while those composed
of different acyl chains are called "mixed". If the acyl chains at the end hydroxyl groups (1 & 3) of glycerol are different, the center
carbon becomes a chiral center and enantiomeric configurations must be recognized.

The hydrogenation of vegetable oils to produce semisolid products has had unintended consequences. Although the hydrogenation
imparts desirable features such as spreadability, texture, "mouth feel," and increased shelf life to naturally liquid vegetable oils, it
introduces some serious health problems. These occur when the cis-double bonds in the fatty acid chains are not completely saturated in
the hydrogenation process. The catalysts used to effect the addition of hydrogen isomerize the remaining double bonds to their trans
configuration. These unnatural trans-fats appear to to be associated with increased heart disease, cancer, diabetes and obesity, as well as
immune response and reproductive problems.
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