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to help us understanding the Metabolism a8 »& s carbohydratesd) s lipidsd! (e (i

Why study lipids (importance)

* High energy value (9 kcal /gm),
(( Y s glucosed! ,maY) e V1)) Al juas Jdof agil 8 (eSS agiiaal

* The fat-soluble vitamins and the essential fatty
acids in foods (The main source is food)

* Lipids are found primarily in three

compartments in the body:co‘mp?r”;ena\@%f ol ‘imiy
dra | ghaling Vg elall 8 ) 5093 Lo g

* Plasma plasma proteins e o sane agldi oty i

* Adipose tissue
OsAA) Jaly pund ) JS5 anally 2a g8

* Biological membranes (adipose tissued) Jala)



* Definition: Lipids are organic substances
— Which are related to fatty acids
(non charged/ neutral) 48b S isd () 52 agalaa

* They are water insoluble (non—polar, hydrophobic) but
soluble in fat solvents as alcohols, chloroform,

benzene, acetone, ethers...etc

e Lipids are formed mainly of alcohol and fatty acids

OH (s> IS5 ..acid &= alcohol Jelés

|
HZO N . . .
R1 + C-Rz Valln Ri-0-0C-R, Nia 5y gusall & ..H20 ¢ > pee cﬂ:u
— l P delal 5 W OH @l ja 3 s2ic glycerold!

e Jesis O stie Jumys 3(H20) 4= i
ester linkaged!

simple lipid s TAGJ!
ks e simple &2
Al Jiah TAG! ¢S

dayubll fatsd) (e (sadanl)

acids 3 g Jeliyy
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Classification of lipids

1 Simple lipids: S 4yl oy G monoacylglycerol s diacylglycerol (2
_ TAGandwax  S¥ W LTAGe s S s Al el el Lelags cliy (lie

LsTri L TAGJ) o (S~ (584 simple acid s 5l st ol

2 Compound, complex or structural lipids = simple lipids + other compound
— Phospholipids —> Phosphate + simple lipid
— Glycolipids —> Carbohydrates + simple lipid
— Lipoproteins

3 Derived Lipids 41 simple lipid Ui fatty acidJ™™
— For example: fatty acid€/ simple lipidsd) sSS (je il

4 Substances associated with lipids
— Steroid hormones, lipid soluble vitamins




Classification of lipids

1- Simple lipids:
* These are esters of alcohols with fatty acids

* According to alcohol they are sub classified into:

— Triacylglycerols: these are esters of glycerol with 3
fatty acids
* When fatty acid are esterified to glycerol they loose their
negative charge , and hence the name neutral fats

43 glycerold) ge Jelily Wl v negatively charged («wY\ fatty acidsd!
solubility in waterd) a&y aalay M b 5 neutral fat ey s ddlud) atiall
— Waxes: these are esters of monohydric alcohols
higher than glycerol with one fatty acid Hydric = hydroxyl group
55 asms e 4 ..glycerold\jgwixd\ G sl L.s)sl.\. (S ..fo\é\ 2 Mono s
, 14 glycerold) Lin 33a 5 OH 4 sans 428 waxd)
Sl @ CJ Vegetable oil: triacylglycerols (92—98%), polar lipids (phospholipids
and galactolipids), monoacylglycerols, diacylglycerols,




2-Compound, complex or structural lipids:

* They are formed of simple lipids in addition to
other substances or groups:

— Phosphate = phospholipids

ApoB

— Carbohydrates = Glycolipids oaf o s

ApoA

— Proteins —2 lipoprotein

ApoC ApoB
lipoprotein



3-Derived Lipids:

* These types of lipids are derived from simple &
compound lipids

— Obtained by the hydrolysis of the above groups = fatty
acids.

4. derived carbohydrates s_lie! (Sa 5 derived lipid = glycerold)

4-Substances associated with lipids:

 These are substances present associated with lipids in
nature and related to them in properties and
metabolism, as:

e fat soluble vitamins (A, D, E & K)
 sterols as cholesterol and provitamins as carotenes
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Simple lipids L * (CH,0H

U Baa s Co 4dasi 4e C 3,0 = Primary carbons 2 OH Secondary carbon

3

OH i3s3 2OH
Glycerol : 4)
It is the simplest form of trihydric alcohol

It is commercially known as glycerin: CH,OH.CHOH.CH,OH

glycerin (@ <a)a) il 4au)
Glycerol is the main component of neutral fats

Since the glycerol contains three hydroxyl groups, it has the ability to combine with
three FA through an ester bond.

These FA may be the same to give simple triacylglycerols (TAG) or different to give
mixed triacylglycerols.

The most common FAs which may enter in the structure of neutral fats are
palmitic, stearic and/or oleic acids.



* Glycerol can be esterified with:
— One FAs = monoacylglycerol
— Two FAs = diacylglycerol
— Three FAs = triacylglycerol FAJ) a8 50 s agiyiai ol

A. Triacylglycerol (TAG) B. Diacylalycerol (DAG)

a) 1,2-DAG )
|

HO-('I,‘-H Rcoo._(l;..H HO = —=H CHOCO-R, Cll-IOCO-Rz
| CH2OH
CH,OH CH,OH CH,O00R CH,OCO-R; T 2
sn-1 sn-2 sn-3 CH20CO-R;
Stereoisomers of monoacyl-sn-glycerols CIHOH
|
acidd) basi s L 3l Y primary ol €3 5 C1 4l (e a2 il CH,OCO-R;

1,2-DAG:1,3-DAG =3:7

Aay ylay Jaiity Gl PV 43 Adliae daii ey agia Bas 5 JS
@w Lﬁ‘)s OA .S... .~. Lo ...



H H H HHH

" F 'd H(IICéO HCII(EC,)O H(IZ(II(IBC//()
. Fatty acias " T TT 1
Yy ! oH Ll oL LD o
Acetic acid Propionic acid Butyric acid

Compare with carbohydrates

Most fatty acids are monocarboxylic ... ., e Cil LG FAY

acids o . a1 polarityd) sl s polar
4 carbons, dicarboxylic = succinic aci fatd) o5 L a (w Wl soluble

They have the general structural FAJ (o 0l oo Ll

formula; R-COOH Ao 43) Jaa3ly carbohydratesd) s
O3S dndane Sy i JB FAJL OJ)

General properties of FA: Jidis Al o4 5 hydrocarbon chain

Jiay COOHJ)) 44 fatty partd!
Sl CJ) IS Euss (part acidd)!
OH W H ge o580 Ledasl 5

— The chain length may vary from 2 to 24
carbon atoms

— Natural occurring FA had an even number

with few exceptions
Even not odd (28 Uie (o) Gl Sl axe)

— They may be saturated or unsaturated



Classification of Fatty acids:

There are different methods for classification of FA
depending on:

1 The total number of carbon atoms

— Even chain: Most of the naturally occurring lipids contain
even chain FA. They have carbon atoms 2, 4, 6 and similar
series

— Odd chain: They are present in milk and microbial cell wall.
They have carbon atoms 3, 5, 7. etc.

2 Length of hydrocarbon chain: verylong slong sl I alaes
— Short chain FA: with 2 to 6 carbon atoms
— Medium chain FA: with 8 to 14 carbon atomes.
— Long chain FA: with 16 to 22 carbon atoms.
— Very long chain FA: with more than 24 carbon atoms.



3- Nature of hydrocarbon chain: e Al Lt ki
— Saturated FA (SFA): without any double bond (suffix: anoic)
> Saturated by Hydrogen Example : stearic acid

— Unsaturated FA (USFA): which may be subclassified into:
- mono-unsaturated (monoenoic or monoethenoid) containing one double

bond or
- poly-unsaturated (polyenoic or polyethenoid) containing 2 or more double
bonds. Carboxylic acid
Example : linoleic acid N
(0] H H H H H H H H H H H H H H H H
I I I | | I I | | [ I R |
HO-C~-C~-C—~-C—~-C—-C—~C—C—C—C—C—C—C—C—C—C—C—
| | | | | | | | | | | | | | | |
H H H H H H H H H H H H H H H H
. Stearic acid, an example of a saturated fatty acid
C &5 3 J8Yle 2 double bonds JS ¢ & —
OTTTTTEH:STTTTTT
HO—g—C-C—C—C—C C=C—C—C—C—C—
| | | | | | | | | | |
H H H H H H H H H H H H H H H H
Linoleic acid, an example of an unsaturated fatty acid
* Branched FA: e.g. isovaleric acid OH
 Hydroxy FA: e.g. cerebronic acid (brain lipid) Hozc\)\/\/\CH
3

* The most common fatty acids in nature are long chain and
straight chain (alipathic) with an even number of carbon atoms.

I=—N=—1T

I=—N=1T
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Chemistry of fatty acids

* Generally are hydrophobic = water insoluble

Q‘g\ a e ‘ L“ﬁ:

e Carboxyl group (COOH) at one end and methyl (CH3) group at
a5 S e 4d) dpals
ssoluble (s e s 5

another

e Carboxyl group acquires negative charge:

* Negative charge = polar so affinity for water Amphipathic

* Hydrocarbon chain = waterinsoluble

 The longer the chain, the more hydrophobic it is

¢ 2l & hydrocarbon chaind) 43} W
OS L S lalias jnsoluble 4lay A
hydrophilic 058 7 el S

J81 4ty 22l 5l fatty partd) Y | S

S soluble ¢S spad IS 1N | jla
acetic acidd ) UK (e Lo aa
uﬁu\_ajgﬂmh\sl\ AP (d;l\ 2 2> 5a)
Sl e i leal | ume an ¢l
hydrocarbon chaindu saal s 435 S

Carboxylic acid
group

N 0

[
HO—=C=—

T—N—T
IT—N-—IT
|
—_—C) =T

|
- —T

|
IT—N—I
Te=N=T

|
-

|
T—N—T
Te=N=T
T—N—T

H H H
[N
—Cc—Cc—C—
[N

H

H H H H

HO=C=—

I—Nn—xI
I—Nn-—xI
|

-N
Il
—-N
|
—-N
|
—-N
|
I—Nn—x
I—N-—I

C C=C=C—
| [ .
H H H H
Linoleic acid, an example of an unsaturated fatty aci

Q.

I =—N=1T

Xe=—N=—1T

I =—N=—T

I =—N=—T

§ a ade Glhinsoluble



Saturated fatty acids (s it petas )

They have the general formula CH,. (CH,) n. COOH.

G, n = total num of C atoms - 2
These contain no double bonds

All fatty acids containing an even number of carbon atoms from C4 to
C24 occur in natural fats and oils, the most common being palmitic and
stearic acids

Short and medium chain fatty acids are uncommon except in milk fat
and butter.

CHjs- (CHz)n- COOH (n = Total number of carbons — 2), for example:

Chain length | Name Cno Chemical formula
Short - Acetic acid Vinegar |C, | CH;-COOH
- Butyric acid Butter | C4 CH;-(CH,),-COOH
- Caproic acid Cs CH;-(CH,),-COOH
Medium - Capric acid Coconut| Cy, CH3-(CH,)s-COOH
Long - Palmitic acid Body fat Cis CH;-(CH,),4-COOH
- Stearic acid | Cig CH;<CH,);-COOH ‘
_ Arachidic acidpampyt<Car | CH-(CHy)1s-COOH (
Very long - Lignoceric acid I C24 CH3-(CH2)22-COOH
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Unsaturated fatty acids

* Naturally occurring unsaturated FA contain Cis
double bonds )

& 5 B sall (A g) dgall udi e HA) 00 £ 55 Cusa cis (e sd 525 HAL padie 8
Jinss pamy oo (ytien O g 58 Cumy trans 5,120° ey sl 48 jpay 5 (Axgalall
(Laas oo Ll 568 saturatedd) g 4185 il | ki) aiiee (Sl
* This makes them bend 120 "at the double bond

and lowers their melting temperature.

e o' Cisdouble bond
- o ===
o R
> -~
HsC = oleic acid S Cc—OH
o
S, s ams. s e c T~ ——c—0on
g o = - L T

elaidic acid  Trans double bond

hydrogenation of liquid vegetable
oils (during the manufacture of margarine)

Cis double bond of PUFA Trans double bond
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trans-Oleic acid

05855 81 S50 e ae al s 5 aeaty Al ey ) aitiess JS5 compoundd) 25 s
Jexy (ala s cis OsS Wl Laiw | A0all Al Ciliia dplary (ala 5 agin Jan AL1 Gl
J(more liquid) & sl Al () 5<5 Ca Lpany e (5 93 2l Lealiny 5 il ) (e il 8 saie
aldly el 5ah 7 ) (ala G trans CulS o) LY | Sl ellanl saa) sl (55

O

HO |
e oS1axe e g gial (Sl I
(3 4) cis double bondsdJ!

cis-Oleic acid 2% U shaped ey (Sas



Note the
double bond...

HHHHH

AR RIS

/\C/\C/\ \(\c/\
"\ VN

I
u
u
u
u

“missing” hydrogens.

Unsaturated &Q

~cis ‘x\x‘?‘ o

HHHHHHH Z~é \x‘\\\

AN
HHHH H
AAAAAAY

Space batween =" 2"(‘\\(/ N

molecules caused

. (e Double bond
by bending ;-_(

Saturated

H»H H}H H_H H;H H}H H_H
AR

HHHHHHHHHHHH

/c\ /c\ /C\C/C\(C\ /c\c/
SRR

A
SRR

/C\C/C\(C\(C\(C\(C\(

The "bent” structure
prevents tight grouping;
the resulting spaces keep
these molecules fluid

Linear structure
allows for tightly
packed fatty acids.



* Two systems are used for numbering of carbon atoms and
denoting the position of double bonds in fatty acids:

» (1) Delta (A) numbering, or C-numbering, and Greek
lettering system (Numerical)

» carbon atoms are numbered from the carboxyl group, which is
given the number 1

» The carbon atom adjacent to the carboxyl group is €-2, and is also
known as the a-carbon

» The next carbon is C-3 and is also known as the B-carbon

» The position of the double bonds is shown by the Greek letter A
(delta), e.g. A® indicates a double bond between carbons 9 and 10
such as in palmitoleic acid.



e lam o il
carboxylJ
group

# of Location

15 (5 mgll o didn e Double
16 (C2 e i) Tl e Bonds
(8 oS Jsl Cayai dale i )
17
18

olizs (ala 20:6 LSay o Ui

6 Ly 20 Led sha Aludial) )
43| i Y s double bonds

2 double JS G A8l
Gl S 3 2 e S bonds

) L delta a8 1
Sl dde
BN TR EN PREN |
double bondsd!
alidg AUy aal g JS




C10 5 C9 O &« /_>C135C120-u
Linoleic (C4g) A9, 12 (two double bonds) (w6 family)

CH;(CH2)4. .(CH2 ~COOH

18 06 12

~> C16 5 C15 O
Linolenic (Cyg) A9, 12, 15 (three double bonds) (o3 family)

CH3-CH2‘CH2 CHz‘(CHzW-COOH
1

03 15 9

Arachidonic (G 45,8, 11, 14 four double bonds) o famiy)

CH,'(CH2)4‘CH2'CH2’CH2'CH O - COOH
of 1



> (2) Omega (w) numbering system

»the methyl carbon at the end of the hydrocarbon
chain is known as the w1 carbon (omega 1 carbon)

» From the nutritional point of view, it is better to
indicate the position of the double bond as related to
the w-carbon rather than the carboxyl carbon

» In this way palmitoleic acid is w 7, oleic acid is w9,
linoleic and arachidonic acids are w 6, and a-linoenic
and timnodonic acids are w3.



43¥ Juail omegad) <l jo 5 Jid A 45 Hlall ey i il iy dpaniilly (5 AT A8k
Jsl delta systemdb oba¥) abara 8 43Y el double bonds 2! 5 4ulSal
g SIS FAJ)N OIS 523 0 Joall <l 3 e JS5) aamy 51 C9 Ao 5<% double bond

(more liquid O
1 2 3 4 85 % [
CH3CH2CH2CH2CH2CH2 \ 7 / CH2CH2CH2CH2CH2CH2CH2C - OH
s /C =T <
w-carbon H H

palmitoleic acid (an omega-7 fatty acid)

43 Jm (ala s double bondsd) il (s e a3l Gliie @ el aadieg 43 Lay
(C3 (e il 3Y) Jel double bonds Jseds ddlaial 43 | 6d) (0 Jimdl 93!

Linolenic (Cyg) A9, 12, 15 (three double bonds) (o3 family) o) (S pall J puiad Dlia Jiay

3 sl s CJ 22 s
CHy=CH,=CH = CH=CH,~CH = CH=CH,=CH= CH=(CH)7=COoH '~ 77 == =5
18 03 15 12 9 1 -

3 double Js= w3 Js  Linoleic (C4g) A9, 12 (two double bonds) (w6 family)

2 Jee w6 J) Win bonds ~
FEPRATREIN QL&::) g CHj (CH,)4—CH = CH CH,—CH =CH (CH,)7 —COOH

(CM °J§¢j u\ﬂj. Sh 18 (1)6 12 9 1



*Palmitoleic (unsaturated palmtic acid): 16:1:w7
C-H3 = (CH3)3 —CH =CH- (CH:I)” — COOH
10 9
*Oleic (unsaturated stearic): 18:1:w9
CH; - (CH,);,— CH=CH - (CH,);,— COOH
10 9
*Nervonic (unsaturated lienhoceric): 24:1:w9
CH3 — (CHZ)‘ —CH=CH- (CH2)13 — COOH
16 15




2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18

C-numbering system: 1

~H Methyl end

==uU=-2I
==wu=2I
T=-U=-2I
==-yu=2I
T=-U=-I
==u=-2I
==-U=-I
T=U=I
==-U=-I
===
==yU=X
==U=2I
==y==

==X

"
|
-c-
|
H

"
g
H
181716 15 14 1312 11 10 9 8 7 6 5§ 4 3 2 1

=

Carboxyl end H=0=C

w-numbering system

0 (Saturated FA)

Steric Acld-—18
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

C.-numbering system: 1

—H Methyl end

T=U=-T
==
T
Te=T
T
Te=T
T==X
===

U=

(S
==
===
ST
T=U=3T
===
==X
T==-T

o=

Carboxyl end H—0—

w-numbering system

1

1817 16 1514 13121110 9 8 7 6 5 4 3 2

Oleic Acid—18:1 (MUFA)

A & w9
2 3 4 5 6 7 B8 9 10 11 12 13 14 15 16 17 18

C-numbering system: 1

Carboxylend HO -

w-numbering system

1

18 17 16 15 14 13 12 "1 10 9 8 7 6 5 4 3 2

Linoleic Acid—18:2 (PUFA)
AN R w6




al Names System:

| . to the structures; The names

(from the Greek
temperature. K

Anoic: saturated
Enoic: unsaturated
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Classification of fatty acids

aaall JAIY agaaiial (Say
* Non-essential fatty acids: can be synthesized in our bodies

only 1 double bond 4 <05 W9 58 5 FAJ) (e 2al 5 ¢ 53 aia e 5 508l lavie avall il 3
* Essential fatty acids: 1 o132l (e agle Jsmnll (Sa

— Not synthesised in our body (must be taken in diet)

— Linoleic, (w6), linolenic (w3) are essential fatty acids (EFA), they
cannot be synthesized by the body and

These two fatty acids cannot be synthesized by
humans because humans lack the desaturase
enzymes required for their production

— Arachidonic acid is not one of the essential fatty acids
* However it does become essential if there is a deficiency in linoleic acid or
if there is an inability to convert linoleic acid to arachidonic acid



Importance

4y solid et A8LaYh Liaaa
e Saturated fatty acids: (straight lines a&Y)
e Palmitic acid is the commonest fatty acid in human tissues
* Source in diet: animal fats (e.g. milk), palm & coconut oil
1 intake = 1 blood cholesterol + Tcoronary heart disease.

: Lelopas LY Aasall ) jun led 4
* Trans un-saturated fatty acids: tightly packed i s da 3%
* Very small amounts found in butter but the main source in diet
IS
from hydrogenated vegetable oils ( eg, margarine).

* Trans fatty acids compete with essential fatty acids 2 may
exacerbate essential fatty acid deficiency

e Structurally similar to saturated fatty = hypercholesterolemia
& atherosclerosis



Importance

* Cis unsaturated fatty acids :  bs— o2
e Either mono or polyunsaturated
Monoenoic acids Polyenoic acids e Al J L dS*
@6PUFAs 3 PUFAs OsS double bondsd!
Sources are present in all | are present in nuts, are present in plant oils as rel . . £
animal and ofives, various oils as | flaxseed and canola and , S| e--nﬂ L8 g, (psa]
le oils. sunflower, cottonseed | in figh oil. PN - wl fe .
:me& mimu. Sy Dlie saaaial) glaliall S
icular rich X .
A ppic yuay Ll
Linoleicacid (182) is | a-Linolenic acid (18:3) is alallh SLi
the precursor of 06 mepremrsorofm coronary) ) . ’ dS
Biomedical | Intake has xﬂkﬁofmamm mof TPUFAs il 5 (disease
® may | ; .
importance | beneficial health | may lead to: reduce the incidence of GHEVINE) PWO L PV Pk
effects as: -decreased plasma cardiovascular disease as . .
-Decreased cholesterol they: Jaa pumn L;MJ °J:‘1‘S
lasm Jower the blood ..
e i PSR omega 3 FAJL laa e
triacylglycerol levels
-decrease the tendency to

thrombosis
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