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Chapter 6 Lipids

6.4
Waxes, Fats, and Oils

Waxes

Waxes are:
- esters of saturated fatty acids and long-chain alcohols.
+ coatings that prevent loss of water by leaves of plants.

‘Some Typical Waxes

Type Structural Formula Source Uses
|
Beeswax CHy(CHy)yy— C =0 —(CHy)yyCHy Honeycomb Candles, shoe polish, wax paper
i
Camaubawax  CHy(CHyy— C—O—(CHy)pCHy  Brazilian palmtree  Waxes for fumiture, cars, floors,
shoes

o
|

Jojoba wax CHy(CHy)jy— C—O0—(CHy)gCHy  Jojoba Candles, soaps, cosmetics

&= =~/
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Fats and Oils: Triacylglycerols

Fats and oils are
« also called triacylglycerols.
- esters of glycerol.

+ produced by esterification.

+ Formed when the hydroxyl
groups of glycerol react with the
carboxyl groups of fatty acids.

K Vegetable oils /

3

Triacylglycerols

In atriacylglycerol, glycerol forms ester bonds with
three fatty acids.

(H) Ester bonds
CH,—OH CHZ—O—(():\/\/\/\/\/\/\ G - Fatty acid
I | y
CH—OH cn—o—%\/\/\/\/\/\/\ g—Fany acid
| g :
CH,—OH CH;—0—C~~ o~ | — Fatty acid
Glycerol Triacyglycerol

Timbertako, Gonoral, Organic,

\_ )

Formation of a Triacylglycerol

glycerol + three fatty acids

triacylglycerol

o
I
CH;—GH HO-C—(CH,)14CH;

I
CH—OH + HOTC—(CH,),CH;
o I
T 00—
HOLC—(CHy)CH,  GHZ O~ C(CH1,CH,

| q
— » CH=0—C—(CHy)1,CH; + 3H,0

I
\ CHy O—C—(CHy)14CHs /

I

CH;—

Learning Check

What are the fatty acids in the following triacylglycerol?

Il
CHy;—0—C~—(CH,)16CH,

I
CH—0—C—(CH,),CH=CH(CH,),CH,

Il
CH;—0—C—(CH,);,CH;

- J
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Solution Melting Points of Fats and Oils

Afat

* is solid at room temperature.
I Stearic acid « is prevalent in meats, whole milk, butter, and cheese.
CHy;—0—C—(CH,);,CH; P
’ An oil
Oleic acid + is liquid at room temperature.
« is prevalent in plants such as olive and safflower.

I
(\:H—of—c—(CHZhCH:CH(C|-12)7CH3
U

I
CHy—07=C—(CH,)1,CH; | Myristic acid

Melting points are determined by the fatty acids in the
triglyceride.

. ) \_ )
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Properties of Saturated Fatty Acids Fuepetiss of WNSEiEise [y

Acids
Saturated fatty acids Unsaturated fatty acids
+ contain only single C—C bonds. * contain one or more cis double
are closely packed C=C bonds. HooS
yP : - have "kinks” in the fatty acid ‘ oo
+ have strong attractions between chains. chains. H~c©
+ have high melting points. + do not pack closely. “Kinks”
. i <—in chain
« are solids at room temperature. havg few attractions between H
chains. ¢
/\/\/\/\/\/\/\/COOH « have low melting points. H/C
A VAVAVAVAVAVA Y sedl « are liquids at room temperature.
k AVAVAVAVAVANVAN / k /
9 10

g:::;:xyw O\r ‘//0 0\C /O
l 55 Tchain length ——— melting point

51’:%:’“"'1 —

99999 ? 990990 9 Tunsaturation — melting point l

By 0 &
&, )
Saturated Mixture of saturated and n 12
fatty acids unsaturated fatty acids




10/17/2013

Melting Points of Some Fatty Acids COMMON STRAVGHT CmAIN SATURATED
—_— —————————
FATTY  ACDS
Carbon  Double Melting
Name Atoms  Bonds  Structure Point (*C) Noot 5
Fow— C olows TRucnoRe SISTEMATIC ML Common Mt NP C Gueptnan)
Lauric acid 12 0 CHy—(CHy)1p— COOH 43
Myrisicacid 14 0 CHy—(CHy);;—COOH 54 o .
Palmitic acid 16 0 CHy—(CHy)4—COOH 62 g (CH) coom n-deconsie. add opieadd  Bl6 Cuwio
Stearie acid 18 0 CH;—(CH,)js— COOH 9 L c.\‘(c.h\_,_m P P Ve | \aune -
Unsaturated +2 Cre
Palmitolcie acid 16 I CHy—(CHys—CH=CH—(CH,);,—COOH 0 Lo d Ay (Mdcom - hevmdacansic ongriche 14 Cais
Oleic acid 18 I CHy—(CH;—CH—CH—(CHy);—COOH 13 @ 2 s s : =
Linoleic acid 18 2 CHy—(CHa)y— CH=CH—CH,—CH=CH— (CHy);—COOH " S Gy W CaDRE: P ‘- Cuwio
- 15 Mg (CMdycoon N -odudiwancic  seadic &t s
10 Sy Cey Vo0 e iiaganals amdidie.  F6S Cuoo
24 . X
K / OO noremimaneic gearie 30 Cave
Pubiiting as Berjar Cummings
13 14

STRAIGHT CAIN  yN-SKTURATED and Back Again: Melting
Nook .
C oloms STRUCTURE  /SYSTEMATIC NAME CoumoN Name  MPOC SrtoetmAn)
Fats
16 Olylen)s M= CH(©d coom pelebeltie =06 Gy & e Fat, derived from animals, is a solid or semi-
031 Aexaclecurosi. acio! solid at room temperature,
s CHy (CRa)yCH=CH (Cn,) LOOR elaie By Cg B
hedamehpims el s e Intermolecular attractions explain why fats are
ST TR : - - -
' Cnylom), Chm -t cnmen () oon piseitts y Can B solid and oils are liquids at room temperature.
G s =12 ccmiscaniie aeld
1B Ony O (MmO = Oy = O O = Sy CH Il (O ) omt Bioleaie  —ip0 gy B°
ald cis=9,13, 1S ocSadbcarcic acid
(F
20 Cufrta) CHocrtatony= Ghomn = O = MmO~ =L Cnediy) 00H amibidonic =435 oy 8 Y \
© 2011 Pearson
15 Chapter 6 16 Education, Inc.

6.4 Fats, Oils, and Margarine—Solid to Liqui8 6.4 Fats, Olls, and Margarine—Solid to Liqui8
and Back Again: Melting, Continued and Back Again: Melting, Continued

e The increase in molecular interactions in a fat

. . slows the motion of the molecules down, thereby
e When the hydrocarbon chains of fatty acids are allowing the molecules of a fat to form a solid.
mostly saturated, the triglyceride is a fat.

. e Fats melt at body temperature because the
¢ Th_e satu_ratgd hydrocarbon chains allow the fatty intermolecular forces that must be disrupted are
acid chains in a fat to be closer together, weak London forces.

allowing for more London forces.

e Because the melting points are low, fats are

\ / Qﬂen referred to as semisolids.

© 2011 Pearson © 2011 Pearson
Chapter 6 17 Education, Inc. Chapter 6 18 Education, Inc.
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6.4 Fats, Oils, and Margarine—Solid to Liquid . . .
. . and Back Again: Melting, Continued

and Back Again: Melting, Continued

e Qilisa liquid at room temperature. Qils
o If the chains are mostly unsaturated, the triglyceride is e Oils are derived from plants and are liquids at
an oil. room temperature.
e The hydrocarbon chains of oils are unsaturated,
e The unsaturated hydrocarbon chains of an oil are containing double bonds with a cis configuration

farther apart, which results in a decrease in attractive

forces between the chains. e The cis configuration forms kinks in the

hydrocarbon chains, preventing chains from
stacking together as closely as those in a fat.

© 2011 Pearson

19 Chapter 6 20 Education, Inc.

Margarine—Solid

Diagram of Triacylglycerol with

Unsaturated Fatty Acids

and Back Again: Melting, Continued

e This decrease in interaction results in less
London forces, which means the chains in oils
are less attracted to one another and move
more freely.

e Greater molecular movement of the hydrocarbon
tails in an oil does not allow enough stacking of
the tails to form a solid, therefore oils are liquids [ - )
. \ Un;atura_ted _fatty acid
at room tempefathe- chains with kinks cannot

k / \ - pack closely. j

© 2011 Pearson
Chapter 6 21 Education, Inc.

CH—0—C
0

22

6.4 Fats, Oils, and Margarine—Solid to Liqui8
and Back Again: Melting, Continued

Percent Saturated and Unsaturated

Fatty Acids In Fats and Oils

p)

Beef tallow (42°C)

Butter (32°C)

Coconut (25°C)

Olive (6°C)

Canola (-10°C)

s 32 32 22 & ? 9 ) »y %
ea e e AL R TR . y oY »¥° .U,'L'U'i Soybean (16°C)
5 S ) ¢ > & 9
.: .: Sunflower (-18°C)
s Y SaMower (-18°C)
. .
) o r'e Corn (-20°C)

Cod liver (-45°C)

0 0w 3 4 s e 0 s % 100

Percent saturated and unsaturated fatty acids
Polyunsaturated B Monounsaturated 1 Saturated

© 2011 Pearson
Chapter 6 23 Education, Inc.
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and Back Again: Melting, Continued and Back Again: Melting, Continued

e Oils derived from plants are healthier

alternatives for human dietary fat requirements.
y q e Chemists have developed methods to convert

liquid plant oils into solids like margarine.

e Oils are not always the most convenient form of
triglycerides. They are unstable. So food
chemists have come up with a way to stabilize
them called hydrogenation.

. / \_

© 2011 Pearson © 2011 Pearson
Chapter 6 25 Education, Inc. Chapter 6 26 Education, Inc.

e Conversion of liquid oils to margarine requires a
process known as hydrogenation.

and Back Again: Melting, Continued Summary Hydrogenation of Oils

atoms to the carbon—carbon double bond of an The hydrogenation of oils
unsaturated compound.
. P _ + adds hydrogen (H,) to —
e Hydrogenation progresses more rapidly if a the carbon atoms of I -~
catalyst is included in the reaction. A catalyst double bonds.
speeds up a reaction but remains unchanged at * converts double bonds | e i
the completion of the reaction. to single bonds.
= * increases the melting
. point. Ty el ey

/7 \“\.” produces solids such as = s e

! | margarine and shortening.

1
CH3CHyCHy —C=C—CH;CH; ————>  CH3CH,CHy —C — C—CH,CH;
‘ ] Platinum | \
H H catalyst H H

Puns . _.s0n
Chapter 6 27 Education, Inc. 28

Hydrogenation Learning Check

1
CH;—0—C—(CHy)

I
CH—0—C—(CHy)s

What products are obtained from the complete
H,);CH3 Ni hydrogenation of glyceryl trioleate?

CH,) I 1. Glycerol and 3 oleic acids

7CHs CH;—0—C—(CH,);,CH3 ’
2. Glyceryltristearate

3. Glycerol and 3 stearic acids

‘ o
I ‘
CHy—0—C—(CH,)sCH=CH(CH,);CHy ]
CH—0—C—(CHy)14CH,
glyceryl tripalmitol ‘ o
(tripalmitolean) I
CH;—0~—C—(CHy)14CHs

glyceryl tripalmitate

\ Gy B A J

29 30
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Solution

What products are obtained from the complete
hydrogenation of glyceryl trioleate?

2. Glyceryltristearate

Learning Check

Write the product of the following reaction.

0

i
CHy—0—C——(CHp)sCH=CH(CH,),CH,
9
CH—0—C—(CH,)sCH=CH(CH,),CH; +3H,——

| i

CH;—0—C—(CH,)sCH=CH(CH,),CH,

\_ )

32

Solution

Il
CH2— OoO—C— (CH 2)14CH3

O

I

CH— O—C—(CH2)14CH3
(@]

Il
CH,— O—C—(CH2)14CH3

- -

s, Qils, and Margarine—Solid

and Back Again: Melting, Continued

Partial Hydrogenation

e This controlled process, known as partial
hydrogenation, allows production of margarines
that are solid yet easier to spread than more
solid butter.

e Partial hydrogenation produces margarines that
are less saturated than butter, making them
easier to spread.

© 2011 Pearson

Chapter 6 34 Education, Inc.

Hydrogenation and Trans Fatty

Acids

Most naturally occurring fatty acids have cis double
bonds.

+ During hydrogenation, some cis double bonds are
converted to trans double bonds.

+ In the body, trans fatty acids behave like saturated
fatty acids.

It is estimated that 2-4% of our total Calories is in the
form of trans fatty acid.

+ Several studies reported that trans fatty acids raise

\LDL-cholesterol and lower HDL-cholesterol. /

35

6.4 Fats, Olls, and Margarine—Solid to Liqui

and Back Again: Melting, Continued

e Partial hydrogenation of double bonds causes
the favorable cis configuration of the double
bonds to convert to the less favorable trans
configuration, resulting in the compounds known
as trans fats.

e Some studies have shown that trans fats have
deleterious health effects. This led to
consideration of alternatives. Food labels must
contain the amounts of trans fatty acids present
in food.

© 2011 Pearson
Chapter 6 36 Education, Inc.
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Cis and Trans Fatty Acids

Unsaturated fatty acids can be

« cis with bulky groups on same side of C=C.
CHy—(CH,)s . (CH,);,—COOH cis

AN .
H—C—0~ e >
0

\C
= H—C—07 S S ST NS
W « H

an

« trans have bulky groups on opposite sides of C=C.
CH,— (CH,)s H
i

N
c=C trans

H” (CH,),—COOH

© 2011 Pearson

37 Chapter 6 —— . Education, Inc.

Learning Check Solution
(1) True or (2) False (1) True or (2) False
A. There are more unsaturated fats in vegetable oils. A. T There are more unsaturated fats in vegetable oils.
B. Vegetable oils have higher melting points than fats. B. I Vegetable oils have higher melting points than fats.
C. Hydrogenation of oils converts some cis-double bonds C. T Hydrogenation of oils converts some cis-double

bonds to trans- double bonds.
D. T Animal fats have more saturated fats.

to trans- double bonds.
D. Animal fats have more saturated fats.

. ) \_ )

39 40

Chemical Properties of Hydrolysis

Triacylglycerols

The chemical reactions of triacylglycerols are similar In hydrolysis,
to those of alkenes and esters.

- triacylglycerols split into glycerol and three fatty acids.

) . + an acid or enzyme catalyst is required.
» In hydrogenation, double bonds in unsaturated Y Y 4

fatty acids react with H, in the presence of a Ni or Q
Pt catalyst. CH,—0—C—(CH,);,CH;
» In hydrolysis, ester bonds are split by water in ‘ 9

o

: CH—0—C—(CH,);4CH; + H,0 —

the presence of an acid, a base, or an enzyme. ‘ 5 (CH2)14CHs + Hy
T

CH;—0—C—(CH,)14,CHs (‘:HZ‘OH

Il
CH—OH 4+ HO—C—(CHy);4CHy

\_ ) \_ Ehy—om

41 42
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Saponification and Soap

Saponification
« is the reaction of a fat with a strong base.

- splits triacylglycerols into glycerol and the salts of fatty
acids.

« is the process of forming “soaps” (salts of fatty acids).
+ with KOH gives softer soaps.

. )

43

Saponification

I
CH,;0—C—(CHy)14CH,
?
CH—0—C—(CHy)1,CH;  +3NaOH

Q CH,OH
CHz O—C—(CHy)14CHs ’ |

CH—OH ?
‘ + 3Na* 'O~ C—(CH,),,CH,

\ CH,;OH “soap”

Learning Check

What products are obtained from the complete
hydrolysis of glyceryl trioleate?

1. Glycerol and 3 oleic acids
2. Glyceryl tristearate
3. Glycerol and 3 stearic acids

. )

a5

Solution

What products are obtained from the complete
hydrolysis of glyceryl trioleate?

1. Glycerol and 3 oleic acids

\_ )




