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6.3: Glycerolipids

Learning Objectives

o Define glycerolipids and triglycerides and understand their structures.

e Understand the difference in composition and properties of fats and oils and their primary role as energy storage molecules.

e Understand the chemical properties of fats and oils, including hydrolysis, saponification, and partial or complete
hydrogenation.

What is a glycerolipid?

Glycerolipids have two components: propane-1,2,3-triol, also called glycerol, and one, two, or three fatty acids. Recall that a
condensation reaction between an alcohol and a carboxylic acid forms an ester by eliminating a water molecule. The following
example shows the reaction of glycerol with three molecules of stearic acid, creating a triester.
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l A mono-, di-, or tri-ester of glycerol is called glycerolipid.

The name of a glycerolipid begins with glyceryl and is followed by carboxylate. For example, the triester of glycerol shown above
is glyceryl tristearate, which is commonly known as tristearin.

Glycerolipids that are triesters of glycerol with three fatty acids are called triacylglycerol or triglycerides. For example,
glyceryl tristearate shown above is a triglyceride.

Triglycerides may be esters of three molecules of the same fatty acids, e.g., tristearin. Still, often the triglycerides found in nature
are esters of two or three different fatty acids. Fatty acids usually found in fats and vegetable oils include lauric, myristic, palmitic,
stearic, oleic, linoleic, and linolenic acids. An example of a mixed triglyceride of stearic, oleic, and palmitic acid is shown below.
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A mixed triacylglycerol
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Fats and oils
| Fats and oils are triglycerides used as energy storage molecules in animals and plants.

Energy storage is essential for hibernating animals that live in icy BT
environments. They have plenty of food available during summer but no food
and below-freezing temperatures in winter. They eat plants, seeds, and nuts
and accumulate fat that becomes their energy source when hibernating in
winter. For example, the polar bear shown on the right can accumulate up to 2
14 kg of fat per week in summer when the food is plenty and uses it as an
energy source when the animal hibernates for 4 to 7 months in winter.

Although glycogen is a quick energy source, fats and oils are more energy &
dense for two reasons:

o first, fats and oils are in a more reduced form than glycogen and release
more energy per mass upon oxidation, and
o second, glycogen is hydrophilic and absorbs water, increasing its mass.

Physical properties of fats and oils

Pure fats and oils are colorless, odorless, and tasteless. The color, taste, and odor associated with butter -an animal fat, and olive oil
-a vegetable oil, is due to a small number of other substances mixed with the triglycerides.

Fats come from animal sources, such as meat, whole milk, lard, butter, and cheese. Vegetable oils come from plant sources, e.g.,
soybeans, peanuts, sunflowers, etc.

Fats are usually solid at room temperature because they have a higher proportion of long-chain unsaturated fatty acids with
higher melting points, e.g., lard and butter shown in Figure 6.3.1. Vegetable oils are usually liquid at room temperature
because they contain more unsaturated or short-chain saturated fatty acids.

Figure 6.3.1: Butter -a fat that is semisolid, and olive oil -a vegetable oil liquid at room temperature. (Copyright:Butter:
Renee Comet (National Cancer Institute), Public domain, via Wikimedia
Commons, Olive oil: Roberta sorge robertina, cco, via Wikimedia Commons)

For example, canola oil, safflower oil, flaxseed oil, sunflower oil, corn oil, olive oil, soyabean oil, peanut oil, and cottonseed oil are
vegetable oils that are liquid at room temperature and have a higher proportion of unsaturated fatty acids as shown in Figure 6.3.2.
Palm and coconut oils are vegetable oils with a higher balance of saturated fatty acids. Still, they are liquid at room temperature
because they have short-chain saturated fatty acids. For example, coconut mainly comprises lauric acid (12:0), a short-chain fatty
acid.
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DIETARY FAT

Canola oil 7 21 11 61 B
Safflower oil 8 14 !. 77
Flaxseed oil 9 16 57 18
sunflower oil 12 71 1 16

Corn oil 13 57 1 29
olive oil 15 9 1 75
Soybean oil 15 54 8 23
Peanut oil 19 33 * 48
Cottonseed oil 27 54 * 19
Lard 43 9 1 47

Palm oil 51 10 * 39
Butter (32 32 28
Coconut oil o1 2 i

Saturated fat Monounsaturated fat Polyunsaturated c
anega-6 amega-3 amega-9
linoleic alpha-linolenic oleic
scrce: * trace

Marianchk, M., Folsdsiejcoyk, ., Riley, KW (1955).
"Fatty acid profile of canola oil w=. other oils and fats £rom the Morth Irerican market”.
Sth Interrational Fapasesd Congress, Cobridge, UR 1995 Vol 3 & 4.

Figure 6.3.2: Right: Proportion of saturated, monounsaturated, and polyunsaturated fatty acids in fats (lard and butter) and
vegetable oils. (Copyright; Diamboroid, CC BY-SA 4.0, via Wikimedia Commons). Left: Saturated triglyceride (top left) and
unsaturated (top right). The drawing below shows how packing is easier in saturated triglycerides, so they tend to be solid at room
temperature. (Copyright; AGeremia, CC BY 3.0, via Wikimedia Commons)

Chemical properties of fats and oils

Three important reactions of triglycerides are hydrolysis by water in the presence of acid or lipase enzyme, saponification, i.e.,
base-promoted hydrolysis, and hydrogenation of double bonds in the fatty acids.

Hydrolysis

Easters are hydrolyzed (split) by water in the presence of an acid catalyst into alcohol and carboxylic acid. The same reaction
happens with triglycerides, i.e., fats and vegetable oils—for example, tripalmitin hydrolyzes into glycerol and three palmitic acid
molecules, as shown below.
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Lipase enzymes do the same reaction during the digestion of triglycerides, e.g., trilaurin is hydrolyzed by lipase to glycerol and
three molecules of lauric acid, as shown in the reaction below.
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The digestion of lipids starts in the mouth with lingual lipases secreted by glands in the tongue and continues in the stomach with
lingual and gastric lipases. Glycerol in the hydrolysis product is soluble in water, but fatty acids are not. Fatty acids are emulsified
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in the stomach and later mixed with bile and pancreatic juice to continue the process of digestion.

Saponification

Saponification is base-promoted hydrolysis of triglycerides that produces glycerol and salts of the fatty acids, a soap, as shown
below for the case of saponification of tripalmitin.
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Different varieties of soaps are shown in the figure on the right. Sodium salts of fatty acids make hard soaps, while potassium salts
make soft soaps. Three of the most common soaps are sodium stearate, oleate, and linoleate. Salts of saturated fatty acids make
rigid, and those of polyunsaturated fatty acids make soft soap. Perfumes are added for scent and dyes for color, sand is added in
scouring soap, and the air is blown into the soap to make it float on water.

Hydrogenation

Alkenes add H, and covert to alkane in the presence of Ni, Pt, or Pd catalyst. The same reaction happens with the C=C in
unsaturated fatty acids found in triglycerides. The conversion of unsaturated fatty acids to saturated fatty acids increases the
melting point of triglycerides. Therefore, vegetable oils with more unsaturated fatty acids become semisolid or solid after partial or
complete hydrogenation, as illustrated by the reaction in Figure 6.3.3. Hydrogenation of vegetable oils is a commercial process to
convert vegetable oils to semisolid products like margarine and shortening.

Linaleic acid 1) Complete hydrogenation

Stearic acid

Stwaric acid

Figure 6.3.3: Hydrogenation of unsaturated fatty acids in vegetable oils: 1) complete hydrogenation, 2) partial hydrogenation, 3)

partial hydrogenation that results in conversion of some cis-C=C bonds to trans-C=C bonds that are undesirable. (Copyright;

Public domain)
The driving force for the industrial process of hydrogenation of vegetable oils is that margarine or shortenings are used as cheaper
alternatives to butter with a longer shelf-life. Complete hydrogenation of vegetable oils converts them into hard margarine. Often
partial hydrogenation is performed as the partially hydrogenated product is semisolid and mimics butter better than hard shortening.
Dyes and flavors are mixed with it to mimic butter's color, taste, and odor.

d Unwanted trans-fatty acids are by-products of the hydrogenation of vegetable oils.

Like all other processed food products, hydrogenated vegetable oil products are associated with health problems. Partial
hydrogenation converts some of the cis-C=C bonds to trans-C=C bonds, as illustrated in Figure 6.3.3. Trans-C=C bonds are
rare in some fatty acids. Research reports indicate that trans-fatty acids affect blood cholesterol like unsaturated fatty acids.
Research reports also indicated that trans-fatty acids increase the level of low-density lipids (LDL), considered bad cholesterol,
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and decrease the level of high-density lipids (HDL), regarded as good cholesterol. Health organizations force the
manufacturers to show the trans-fatty acid contents on the product labels. They are trying to educate the consumers about trans-
fatty acids, as shown in Figure 6.3.4 from U.S. Food and Drug Administration.

Figure 6.3.4: A variety of processed foods—including the frozen, canned, and baked goods shown—contain trans fat. The
amount per serving is listed on the Nutrition Facts label. Including partially hydrogenated oil in the list of ingredients is
another indication that trans fat is present. (Copyright; The U.S. Food and Drug Administration, Public domain, via Wikimedia
Commons)

This page titled 6.3: Glycerolipids is shared under a Public Domain license and was authored, remixed, and/or curated by Muhammad Arif Malik.
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