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LIPIDS (FATS & OILS) | feifds (a<m 3R dat ,

> SYLLABUS ¢ > ureggshH

DEFINITION, CLASSIFICATION gf¥arer, aeffesor
@ @ WITH EXAMPLES. @ || Ud 3818307 |
Study of lipids, their types and faiftg &t ufvme, 376 UaR
examples. 3R IGTER0T &1 e |
¢ STRUCTURE AND PROPERTIES % ersiferRTesd (e 3k a=)
@ CH,~0-R;  OF TRIGLYCERIDES @ CH,~0-R, Y =T O T |
{CH -0-R, (OILS AND FATS). {CH -0-R, A 3R Hr
PO~ Structure, physical & chemical CH.~0=R ER:" AR
. ’ propertles of ouls and fats 2 s ifde vg IAE o1

FATTY ACID CLASSIFICATION - & ufde &1 affesor -

NA-CO0H  BASED ON CHEMICAL AND MNCOR - rarafaes ud diyor daeft

AA-CO0H  NUTRITIONAL REQUIREMENTS AACO - TaTehdr3il & MR IR

AN COOH WITH EXAMPLES. AN COOH 3STE0T .\q.%‘__”
Types of fatty acids with examples. fafv= uaR & % vfde 3k m |
STRUCTURE AND FUNCTIONS Cholesterol IR & Preregier $Y T
OF CHOLESTEROL IN THE BODY. ud B |
Structure and important - ® Phospholipid PBreRgTet B T
functlons of cholesterol. ;__ @® Cholesterol 3k 3‘8%5 Q’ﬂ@ Eb‘lel
LIPOPROTEINS - TYPES, COMPOSlTION L © Protein (Y i - TR, e
AND FUNCTIONS IN THE BODY. ‘ Y sl o A e

Study of lipoproteins, their structure,
composntlon and functlons

QUALITATIVE TESTS AND

foaIET & UebR, Ik TTT,
Waﬁ?mmm|

= g forfs & TOTTeHE ufeor
FUNCTIONS OF LIPIDS. Key to Energy, Structure & Life | ud & |
Tests to identify lipids and their | fafue & gga= & gdreror
major functions in the body. * @ :,('i 3R 396 qHE B |
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H INTRODUCTION TO LIPIDS

Lipids (from the Greek word lipos,
meaning fat) are very important
for the body.

They are the main form in which
energy is stored: and also help in
building cell structures. and
performing many other functions
in the body.

Lipids are a mixed group of
compounds, so they are hard
to define clearly.

In general, lipids are organic
substances that do not dissolve
in water

but dissolve in organic solvents
like alcohol and ether.

They are related to fatty acids

&

and are used by living cells.

 foftgs (awm) s aR=ea o0

feifugd (e 3rea lipos &, fSaet
WHAT ARE LIPIDS? 31 & @) IR & ferg g
Organic substances that are _ HEgcaqui 8 |

water-insoluble but soluble in
organic solvents and related
to fatty acids.

g Fell & HSRUT &1 &I ¥ §

3R pif9repT T & fAmfor qen
R & 3 3T HEf B B A
off ggrIdr &4 g

fefagw il &1 o fAfsa g
&, gfeiv 3¢ Ww ®9 ¥ gRvifed
BT BiST & |

Fatty Acid Triglyceride Cholesterol T feiftgg U8 @refe e
AAAAAA-COOH CHz_O_g_R1 %Gﬁq'l_'ﬁﬁwi’ﬂﬂqiﬁaﬁ,
CH — o—g —R, ( -
CH,—0—C—R, OH AT srepleet 3R R S
| Frafes fadras! d§ e id & | )
Essential for Energy, Structure - .
and Life Functions q &1 ufds § Hdfad gid § 3R
—— stifda Sifeienrar grT IudnT fby
STd g

[* Lipids — Energy Storage « Cell Structure « Protection « Signaling « Essential for Life ﬁ]ﬁgﬁ — oll HSRUT » PIfTehT T » i Tad « Sfiq o foru 3masas® ik \
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Y\I“” CLASSIFICATION OF LIPIDS |

m&m%l
) C. Simple / 331

N \ " \r
- Lipids ]
2 . % ;
QC Simple Compound Derived
|
Triglycerides Waxes Phosphol|p| Glycollpld
[ grsfiorRIgsd ] da
l Ex. In Honey comb _ Ex. Lecithins KEY ROLES OF LIPiDS
v 331, HYyHTRll & Bed A Cephalins Energy Source
Glycerol Fatty Acids ::D'fw;?: m.i- : "ﬁi =~ Cerebrosudes Gangliosides Fait BT Hid
frererTel et e cecsZasass RATEEH IfernaTsss Cell Structure
» COOE®E :
S ) i
Saturated Unsaturated OO O e l, ::;rg:;nneasling
_Fatty Acids Fatty Acids @ - e - il v aia
Tqa et vfiiga 3RiqW el efrgw Steroids ] ] \ Carotenoids J
Rissd STt
Ex. Palmitic Acid -
Stearic Acid § g Ex. Bile Acids Ex. Cholesterol, Ex. Carotene Protection &
V., 3. Wffes ufers v v Sex Hormones Ergosterol Xanthophils I"SU|at'?'_’
= @ 4 ®ARS WS | Monounsaturated Polyunsaturated 3er. fog 3 331, P, e BT &1 O YRIA
~— fatty Acids fatty Acids A gnffa ot Fafeag
< Fat-Soluble
W W % % Vitamins
: ~: RS s ‘ ‘ gaT-geaeita
- 3/~ Lipids are essential Ex. Oleic Acid Ex. Linoleic Acid faerfe
for iife! | 321, 3fares vfae Linolinic Acid
ﬁrrasasﬁaaasﬁv o i

@® Compound / §gad

@ Derived / &Faa~

@ Structure & Function Based / T39HT Ug &R U? 3menfRka ]
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1. SIMPLE LIPIDS

‘8

They are mainly of two types:

Simple lipids are esters of fatty acids with alcohols.

J

1.Wﬁrﬁ's:11

e foifis et uffis 3R srephied & TeR 8 &
J g&=Iq: & UHR & B &

(\|/
\T’

Simple lipids are mostly non-polar, water-insoluble compounds and serve as energy storage,
protection, and structural components in living organisms.

TR foifis qrega: AfF-uierR, Sial ¥ 3refersite difiie ga & 3R Haf Jugor,
| &I 3R FRAATHS UeH S BYH B B €

TN e B
a) FATS AND OILS (TRIACYLGLYCEROLS) (b) WAXES
These are esters formed from fatty acids and glycerol. Waxes are esters of long-chain fatty acids R— ICll — O—R’
The only difference between fats and oils is their physical state: with alcohols other than glycerol. ! |
(l? / o . OILS These alcohols can be aliphatic or alicyclic. Fatty acid Long chain
HiC—0—C—R, . ’ i (&t Tfirg) alcohol
2 Solid Liquid (e ojze
(I? at room at room i )
~ HC—O0—C—R, temperature . temperature Getyialoohsliis \
Glycerol 0 commonly found | OH
(fereRien) HE—0— g —R, INWaxes: ) Cetyl Alcohol (Afee 3rcpiga)
( \
Fatty acids Examples: g l’ ( USES OF WAXES
ufiga , xamp es:
(=& ) But;'er, Gise; . Olive oil, Coconut oil, + + /9
allow '
E Mustard oil )
= &
@ Both fats and oils are important sources of energy e Gk 5 o -
and essential components of our diet. andles ubricants .osmetncs intments olishes
~ y (e (FE) (e wrrer) (FIREW) (uiferer)
. R .
-~
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(e 2- COMPLEX (OR COMPOUND) LIPIDS : 2. (a1 9gwh) feiug
L :
} W %‘@9 Complex lipids are esters of fatty acids and alcohols Sifeet feifuga et ufirs 3R srepiger & T 8ld &
@ : that also contain other groups like phosphate, St 3T G o Bivhe, d4,
nitrogenous base, carbohydrate, or protein. HIElggee a1 uieH it A & g1
They are further divided into: g2 3 fawnfSia fopam S &
(P) PHOSPHOLIPIDS f (p) iz
\ These lipids contain phosphoric acid and often g faifisa & & ufe 3k siediea & sifalR<s
a nitrogenous base, in addition to fatty acids and alcohol. BIGIRE TRE 3R SR A1scioigT a9 Uil ST 8|
(i) GLYCEROPHOSPHOLIPIDS (ii) SPHINGOPHOSPHOLIPIDS (i) FrereRrwrapifefisa (i) TrmMwrepfefafizst
These phospholipids contain In this type, sphingosine is g BIpIfeiusy | 39 UHR B, fiofRid & WH ®
glycerol as the alcohol. g the alcohol instead of glycerol. fRreRTe FePTed BT 21 ; (I Soreet AT &
Examples: lecithin, cephalin. ] Example: sphingomyelin. N | : . < |
(”) : RIARELN ﬁlﬁla-'-l, lﬂﬁ?l?ﬁ RIARSLUR @’ilqlslaﬂ
i Fatty acid OH NH—C-R CH,— 0 g R 5
atty aci —C-— U=l & e -
IOI Fatty acid | 0 0 Farpr f OH NH—C-R
CH—0—C—R, 5 I I 2 | 0
Glycerol i CH;—(CH,),,—CH=CH—CH—CH,—0 — P-0-X CH—0—C—R, frorYal 5 I
‘ 0 sL 3 o \ CHy—(CH,);,—CH=CH — CH—CH—CH,— 0 — P-0-X
g _ Phosphate [ 0" - B T P ] J 6 )
CH,—0— | Hoad groue @ i CH,—O—!I)-O—X = @ é
0 ———— =1 | SPHINGOSINE BACKBONE | 0- g [ iR A |
[ LECITHIN (A Glycerophospholipidq . SPHINGOMYELIN (A Sphingophospholpid) [gfaﬁaq (v ﬁ%ﬂmﬁmﬁ@g)] [ e (o ma
~ AN — | 2
3 @ "~ Complex lipids are key components of cell membranes ccﬁcciﬁ{eﬁm‘;{g E/ﬁs,,, sifee feiftga Sifiar fEiee & TH@ ¥ed aid 8 3R 3 9
3 and play important roles in cell structure and signaling. .Q..,ﬁ ceenes J‘H"? PIRIBT T AT Hebd FIWOT H Fgeaqut yfFpr et &1 =
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A COMPLEX LIPIDS -

PART 2

Sifedt feifusd - 'qmz

(O
(b) GLYCOLIPIDS

0
| Fatty acid ('E_ R
Glycolipids contain fatty acids, carbohydrates, | 1 Sphingosine
(Alcohol)

(b) TATSHIfeilIsd

&

TagdIcdey 7 %l ufds, | Ry
HO@ ?::yaunsl;rzg:?n(;fs;a::; the alcohol = mam NePIe - Al CH o (Sroesite)
3 ’ - = Y 0 s
OH so they are also called glycosphingolipids. CH—NH— E— R, a T e %aﬁ FEIH 0 CH T C R
| They do not contain glycerol or phosphate. - gufc 1-’[’[! 5% 5 y
itrogenous TeTsdIfapicusy Ht &ad 8| ST EnC
CHs—(cH2)12—0H=CH—(cmn—-i base ] & fiereriel a1 wretbe T 8 &1 (rdeeie (cuz)u—cri CHJ o
(CH),
" Examples: cerebrosides, gangliosides DAL AETEeY, Hfeaagsy
4 o
(C) LIPOPROTEINS Apolipoprotein (Protein) (c) IGLICIEG]
These are large complexes » Phospholipid Y fofisg iR uda &
made of lipids and proteins, - Cholesterol 93 BT 8id &,
ysed for lipid transport Triglycerides ST IRR ﬁ.ﬁﬁg 3
in the body. (Core) gRRagd (giward) & fag
- Function: 7—//— Cholesteryl esters 39T g Sd &1
Q@g Transport of lipids (Core) . p—
(TG, Cholesterol) e D :56 | fﬁﬁ's_q)
in blood. J;___D TG, BIARgTct
\ In bloo K 1 9f? :

(" (d) OTHER COMPLEX LIPIDS

_— g

These include: Aminolipids Lipopolysaccharides g9 onfAe &: : e ferdsrssy
Sulfolipids : AN M Tepiferfugsd §
R—i0—S0; ' (I:I'_ Wl O O D D ? R—O—S0; (D_ NH2 ' O—O_D_D_Q—O
Contain sulfonic acid : T Lipid + Pol):saccharide T m. a3 ECh Q—m—,ﬁ T8 5 ﬁﬁ:g + mﬁlﬂaﬂ'rgg
L group. complexes. )L wEda grar €1 BT B & | y
7~_  Complex lipids are essential for structure, signaling, recognition, Sifea faftga Sifaa Sfial § dvgHT, dadd, JgdH,
transport and protection in living organisms. Uflae qur g & ey 3maeasd gid B |
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DERIVED LIPIDS A\

(77D Derived lipids are substances formed when simple and (7 G feifigd 3 ey € S Wt 3R Sifeer feifiea &
/J complex lipids are broken down (hydrolyzed). / geq (ersgleefiy) W §d g
O They still show lipid properties. O g9 3t oft foifts 7qo7 a1y S 2
. ’ ([ EXAMPLES INCLUDE ) ‘ . - ' . (s anfiver & T ' ' \
Glycerol Fatty Acids : Mono-and i Fat-Soluble :  Steroid  : Hydrocarbons frommie %‘&qﬁg‘q P AA-Fu the- § WIge | gEgee : Bled
cHy—0H i 0 | Diacylglycerols ; Vitamins Hormones : (':HZ—OH : : SwofAwficRRicd | Hiegae | 'mT—'ﬂOH | A
—(CH, CH, 0—CO-R, : —(CH),—C | CH—0—COR, : : :
(I:H—OH ; 0 CH 0—CO—R @ @ J:I?‘j w ?H—OH OH éH - @@ M R_E_CH
CH,—OH : C : CH,—OH : 2 : 3
Q ; CH —OH ; (e.g. Squalene) @ : CH2 —OH (37, Tiei) | (3. gfacAiee)
. ' ' L ' P
@ [ g 9 @ C%
This group includes many lipid-like compounds 29 O § & faftes-oR zﬁfr‘ras MfAd gid 8 o
@ such as carotenoids, squalene, terpenes, and HUEAI38H, TR, U 3R U (S 79
¢ hydrocarbons like pentacosane (found in beeswax). ﬁ, S nga@ & AF H g7 ST ) |
( [ I
( EXAMPLES } _ ] TR "
Carotenoids Squalene : Terpenes Pentacosane g GG
CH;—(CH,);s—CH, ﬁb/\*w Yé M “\ : CHy—(CH,);—CH,
(e.g. B-Carotene) (A triterpene) (e.g. Limonene) (Found in beeswax) (31, dter-aRidE) fem) ¢ (meweRd & W H g o 2) p
(
__ Derived and miscellaneous lipids play important roles in energy metabolism, - AR fafay feiftgy st Tam=y, Hifeie dw@=, dad, TRag ( -
™ cell structure, signaling, transport and protection in living organisms. 3R g # Agcaqof JHesIY f91d 81 \/

Y
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iﬁ STRUCTURE AND PROPERTIES OF TRIGI.YCERIDES ;lgf%mﬁs'a bl |G Ud TorerH &

(‘ Triglycerides and its Structure]

« Triacylglycerols (earlier called triglycerides) are
formed when glycerol combines with fatty acids.
The fats and oils found in plants and animals are
mainly made of these triacylglycerols.

They do not dissolve in water and are
non-polar in nature, so they are also
known as neutral fats.

» Triacylglycerols are the most common
type of lipids in the body and mainly
act as energy storage (fuel reserve)
in animals.

[ Structure of Triacylglycerol j
—=u 1 :
ho—ot —C—R, |
| 8]
HC=—Q5—C—R,
| 0
HC—0F——C—Rs
Glycerol Fatty acids

!

fo Key Pomts

(Ry, Ry, R3 may be
same or different)

=

Tnacylglycerols = Glycerol + 3 Fatty Acids ;

(A s ot g e

* SIRTHICIFCRICNT (T8t S TSRS SH el SiidT &)
9 §9d & 919 TerRiel thel vfigd & a1y Yo axar g |
ieff 3R STHERT A UG ST aret 391 3R ddT 9= F9 F
g e eRRIcT A Bd 2 |
J ot F gaehe T8l 81a 3k
R-gdt ypfa & 81d ¢,
gHfeIq 3% gel thed Bed & |

o greUHIaierRicd eRR # fafdga &t
Had HHRI UPR ¢ AR 9= $U 9
ao—uﬁusnw (E4 WSR) BT BRI A &

[gﬁmﬁmj

%

H,C —O0-+—C — R,

| 0
HC—O0-——C —R,
| 0
HzC_O__ C . R3
e
L v 7 G v » |
frereRTe %3t iy
(Ry, Ry, Ry GHIA AT
fa=1 & Tpd 8)

rCT*I@%s

@ eeudaieaRied = fogiia + 3 et ufisy

~N

) Insoluble in water l @ urt # srygeefia
) Non-polar (hydrophobic) in nature @ ﬁ?-g—qﬁu (BTSSIhIfaeh) i &
) Also called neutral fats | @ 38 oo thed I Fgd ©
(% Main function: Energy storage (fuel reserve) | @ & F: Foll WSRO (399 HeR)
& Provide energy for 2-3 months without food ) ' ) HeE & famr 2-3 589 g& Folt ugH HRd 8
In normal humans, body fat N @ 3 G A1 |, IRR Bl Tl
(about 20% in men and 25% in women 20% “"ENERGY ", (el § o1 20% 3R Afgarsii 4
by body weight) is enough to provide (Men) \ M20 NT:ES J ;’T;’Tngﬁ :g; "2’;’:‘ 3;13'\‘"'\’) ﬁ;’;
energy for 2-3 months without food. (Women) 5 g gat gt e



https://play.google.com/store/apps/details?id=co.april2019.pindia

STRUCTURE AND PROPERTIES
OF TRIGLYCERIDES - PART 2

~
Cl STORAGE OF FATS IN THE BODY

\

[ ADIPOSE TISSUE (FAT STORAGE) |

STSIAERTSSH Sl WG 3R T[OTEH - 41T 2

”(1) IR A a1 BT HERUT [
« I & U § U0 FHas

b,

« Fats are mainly stored in adipose tissue. (@™ Faep) H Tufed gt 8 1
The cells of this tissue, called adipocytes, Nucleus 3G S P DI, fore
are found mostly under the skin and in g i ufeuiaTEey el T
. oj Fatdroplet ’
the abdominal area. B Mracylyesrol 9@ 9 A @l & .—.ﬁ;} IR
« These cells are specially designed to o890 BgntN. 7 globule) Jeh ST A U ot & |
store triacylglycerols. The fat is stored A = AN « A P fG9s w7 F
as droplets (globules) that fill the <ol R e erefeRTssy & Yufgd &
Under the skin / Adipocyte : oy
cytoplasm of the cell. Abdominal area & ferg a¥ft &Kcft & 1 e, e Yedaa H
(ilegew) & w9 A Gafed At e
Adipocytes store triacylglycerols as large fat droplets. J SiY BIRIBT & HIFEIATH BT W ell & |
\ - # L é}q@ﬁmmﬁa@mmﬁmﬁmﬁam%] 4
F Q i
2 ) SIMPLE TRIACYLGLYCEROLS ; oF e k
. . | EXAMPLE: TRISTEAROYL GLYCEROL (TRISTEARIN) | <2> TR SRR [ seww Rfeadas fedta (RfeaRa) )
« Simple triacylglycerols are made 0 ) = 0
of the same fatty acid attached ~ H,C — 0 — C—~~ o~~~ ~~CH, * WA ;ﬁﬁmwsq | ﬁﬁ. il R | RS
to all three carbon atoms of O & T pref gAY § . 0 €
glycerol. HC — 0 — C—~~c~ o~~~ CH, wﬁﬁ?&vﬁgwm%l HC — 0 — CoA~u o~~~ CH,
(0] 3IETEIT:
o SR HIC—O—E CH .m' il ch 0—¢ CH
' AN NN o S A e LS
Tristearoyl glycerol £ . - -
(Tristearin) . ¥ oot Y g (gfeeaf) \ il e Y 1
Glycerol Stearic acid (C,;H35COOH) freeRtet feafe ufds (C,,H,sCOO0H)
% (Same fatty acid on all three positions) @@/% (Y Team=Y R U & et ufas)
8 # A 1 -
Triglycerides are the major energy reserve of the body O\ SIEfTeIRIgEY SRR &l T FHoll SR ld &
and are stored efficiently in adipose tissue. i JU : 3R i3l Sds # Heredr § TUfed 8id ¢ |
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«fo‘ -PROPERTIES OF TRIGLYCERIDES

SISPAARISSH & TuTerd

&

Some important biochemical properties of triacylglycerols are: SRTCRISSH & $B Ayl Sig-Iarafids ore §:
4 e
(T) HYDROLYSIS 0 | (1) ersSifeee (srqee) i
Triacylglycerols are broken down (|3H2_ s g— B SHar=H 0 TS RIgSy &l fordy He TH"’_ L 8_ & THZ_ - 0
I ; I Pl e I I
step by step by enzymes called & p o lbase oy oy 4 3 p—C—oH| | | PTERMEN WG TSE oy g C—R, ™ CH—OH + 3 R—C—OH
lipases to form free fatty acids 0 Stapwise C | AEar e F ufie aik |
and glycerol. I ; - :
o CHy=0—C=—R; CH,— OH | | Freraier g S € CHy—0—C=R;
Triacylglycerol Glycerol  Free Fatty Acids : T FA L £ R 1
~ w4 |
IMPORTANCE Hgd
This process is important for: 1 Ig uftsar f41 & fog Agcagef 2:
» Digestion of fats in the intestine. | o BIE 37d § g91 & graH & fag|
* Release of stored fat from adipose tissue. : o UfEUIS Fde @ Gufed aar &t
Digestion in Release from Reftar & feig |
Intestine Adipose Tissue :
L 2 e
> R, R e ————————————— .
SAPONIFICATION | (2) dwifAftseber (SdifAftsaser) :
When triacylglycerols are hydrolyzed 5 erefieraRTssy &l &R (NaOH) grRT
by alkali (NaOH), they form glycerol l fepar SiTaT &, aY fia=ia
and soap. This reaction is called i 3R 91g+ a9a &1 39 sifufshar &1
saponification. § dwifaftsdhem wed &1
5 0 Y14t 0
(|3H 0 8 R, + 3NaOH —» (|ZH—OH + 3 R—COONa | <I:H 0—C—R, + 3NaOH —» (IZH—OH + 3 R—COONa
Q i Q
CH;— 0 —— C — Ry CH,— OH a B T — - CH,— OH (®rg)
L Triacylglycerol Glycerol | [T o Y S freraRTe
X, FoP g .
a2 i )
Hydrolysis releases fatty acids for energy, while saponification BISSIfeifg ¥ Feil & feig et ufde fied €,
is the basis of soap formation. Sigfes IRt T1g- AT &7 3R B |
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L& 3

@ What is Rancidity?

* Rancidity means spoilage of fats and oils,
which causes a bad smell and taste.

* Fats containing unsaturated fatty acids
become rancid more easily.

. RANCIDITY

Spoulage of Fats & Oils

\
/@ Causes of Rancidity

Rancidity occurs when fats are exposed to

;_OD é) é) Moisture

== Air

UL

e
—},\:— Light

&‘/[/;/)? Bacteria

R 5
e —
Types of Rancidit
@ Typ y ( "
1 Hydrolytic Rancidity o | 2 Oxidative Rancidity - 2
* caused by bacterial ! o_g o~~~ Bacterial | cau5ed by oxidation of 0,
enzymes breaking | \ | Enzymes | unsaturated fatty acids, E
: L ®=CANAA v l A Y
fats into v orming unpleasant substances s H?—fi'r'd mH
fatty acids. ©—=CANNA like aldehydes, ketones,
Fats and acids. R~ CHO R(_.FOR RCIdS
e ) J
i ——— N
@ Antioxidants & Food [ Examples of Antioxidants |- <
Preservatives s
’ .; oM COOH -
Antioxidants prevent ! ® i HO OH i
oxidative rancidity. Vitamin E : oM -
(Tocopherol) i Hydroquinone : Gallic Acid i a-Naphthol i
-

[ Food Preservatlves )‘

OH COOCH,;CH;CH; @ OCH; OH, C(CHa)s
Ll ! BHA C(CHy; : BHT CH;
o ! (Butylated Hydroxyanisole) ; (Butylated Hydroxytoluene)

©

These help increase
shelf life of fats
& oils.

3. IAfet (i)

amqaaﬁaﬂmg'\m

/

) RS wE?
o IS @1 31¢f & 99T Ud AeF BT
@ g1, ford 3 aqq 3R
R T 3T AT g |
* g %l ufEs aret g
3O @ IR B &) ¥
) ﬁ%ﬁ%m aaamﬁ:rasmﬁmeaﬁmaam 3
= O
% y.
() R & R . i
1 m@ﬁ%w 0 2 3:I‘.I,a'-"lﬁg‘f-\e'-aiﬁﬁ?ﬁ\l——(lg-/\/\/\/\/\'\/\/\/\/\
AR B TARH GRI : @b TR | i et ofis 0,
a1 & thel ufs A \0 (I;/v\/\ GetrgH mg' v l v
RABTRIARE | g—gnnn R ofiteRs P o
— 3 3T vered & R-CHO R-CO-R' R-COOH
S _' b % J
(@) hsiterft¥ey qd @ GRem — feiadca % saew) X
” o fOOH -
St e D .
@ da f OH i
L (SYpToher) ggafdaa @ Moo ! o-Awuid )
[ e wrerm
OH  COOCH,CHCH; ; OCH; OHy cicHy), | ¥ g1 ud At @
s 3 2 .
;:Cl':) h BHT C[‘\ ‘ WW(‘_@RW
oH Y “oH C(CHy)3 CHs ' : srafe) agM #
OH g@;’mﬂm asgﬁaﬁz’raqa) é HEadr a2 |
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ﬁ 4. LIPID PEROXIDATION IN THE BODY (IN VIV0) @ 4. R ¥ foifts Ricdieor (37 faan) *@1@

@ In living cells, lipids can be oxidized

Lipid (Unsaturated Fatty Acid) \
NN NN COOH

Attack by Free Radicals l I’ I

(*OH, 0,°°-, *R)
OOH
ANANAAIANAACOH Free
Lipid Peroxides Radical

to form peroxides and free radicals.

These can damage tissues and
are linked to ageing, inflammation,
cancer, and atherosclerosis.

@aﬂﬁmﬂmﬁﬁmwm fefds (areiqe %t i) N
SifeRiieRUT B TRTaITEEH = COOH
3R b Beeven P fmfor gl &1 T el GR1 AT l
2 Fae 3 et Tg § 3R sl g
e, o, IR 3R e /\/\/\/\/\Olcﬁ\/\COOH qeh
# arae (TRGeRIOY) | ¥
IS &d 31 fofirs Risarezy HERD

03

Inflammation Cancer ;
# A
=t . - R 2
Our body protects itself using antioxidants y ‘/ﬁ. @ EHART ?rﬁ? @ Bl ersmﬂﬂéza
like vitamin E, urate, and superoxide dismutase, 5 ' N faerfiE €, gRe ufde 3k
which help prevent this damage. g\\& GURaTaTgs fSHrIesT H Tgm
: ¥ QRfera waar &, ot 39 afd
NATURAL ANTIOXIDANT DEFENSE &I A # HEg B
- (e _ J . N » —_ nga gdaitadi¥e wan |
Vitamin E Urate J/\ Superoxide RAefgE | Hira1gs
@ (Tocopherol) @ (Uric Acid) Dismutase (SOD) G A (;{{?:53{11{—5’) Q %% SOD)
Protects cell membranes Scavenges free radicals Neutralizes superoxide Hfep1 et & b deedl B [AfSpg ngmrgg b BB
from lipid oxidation and protects cells free radicals (0,") ; Wadieor A aarar & | b SIS Y 8T Har 2 °-) 3\ fAfSra ovar &
> — IR — e ——— —_—
/ N\ ! 7/
_@_ Lipid peroxidation is a natural process in the body, but excess free radicals O/‘ faifts WRigdieor RR & ue wnnfds ufthar €, dfea s .\’_
“&f"  can cause damage. Antioxidants are our body’s defense system. qIAT H Hth Hecid gNAdRS &l Tbd & | Teliiadisey gak RWenera g1 "
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agi,, FATTY ACID CLASSIFICATION

( CLASSIFICATION BASED ON CHEMICAL NATURE |
;
(1) SATURATED FATTY ACIDS

Saturated fatty acids have the
general formula:

[ CH,— (CH,),— COOH ]

They are named by adding the
suffix “anoic” to the hydrocarbon name.

@ Acetic acid (2 carbons) and CHy—COOH i CHy—CH,—CH,—COOH
butyric acid (4 carbons) are ' et acid ‘ Biityrie aid
important metabolic intermediates. | (5 carhons) (4 carbons)

@ Palmitic acid (C,4) and stearic acid (C3)
are the most common saturated
fatty acids in body fat.

Stearic Acid (Cq¢:0) 0

. /\/\/\/\/\/\/\/\/\/IL
OH OH

CH
3 Octadecanoic acid J

Hexadecanoic acid |

(16 carbons, Saturated) (16 carbons, Saturated)

Saturated fatty acids contain no double bonds in the carbon chain.
'4‘7 They are usually solid at room temperature.

(@) g ai s (s 5t ufdie)

aﬁum(ﬂﬁ't@g)ﬂmﬁwmogf

(Yt gk & STHR W afieor

i B )

@ 1P T BESIHE & 99 H
“anoic” YeaY SIS 3@ STd |

i’fﬁﬁa‘iQO@? | CHy—COOH | CH;—CH,—CH,—COOH
el 3t (4 TgegUl :
e Heaadl (Rediferd Seaifewe) | | ffee aner | feRa s
3  edw) (4 BIe)
UIfifees 30 (Cy¢) 3R WHARS 37T (Cyg)
SRR &I Tl (@<t The) # urg 9= are
a9 I G a8 3 € |
[ ufRE I (Ce0) o | EraTRe 375 (C10)

_____________________________________________________________________________________

mﬁumﬁ%mﬁaﬁéwmﬁ@m
QYT A R SR & AN W S a8 8

_____________________________________________________________________________________
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«2, 7 UNSATURATED FATTY ACIDS 4\ [qu el

e [_ImpoLtanii Features | Lﬂgﬁﬂlﬂf fagreand )
Unsaturated fatty acids contain one or more double bonds @ g B uflis & e ar
and are named by adding the suffix “encic” CH.— (CH,) —CH=CH—COOH ' U ¥ 31U Sad aivs B & CH3—(CH2)n—CH=CH—COOH
to the hydrocarbon name. 3 2/n i 3R 3= BISSIBRAA & ATH (T v
(General structure) F “enoic” UTT AR
’ e fasar simar €1

They react like saturated fatty acids —

at the carboxyl group, but the CH;—(CH,),—CH=CH —beOH ' :
double bond gives them . - —7 |

3 rdfadel T T Hq 0 e

special properties. Reacts like saturated fatty acids difdsT gat avs g faviy 101 gl dqa et ufls tﬁ:?g sfafear

3R Bl uflis gaet aivg . F Ry P
geometrical isomerism (cis—trans) C=C C=C R AT gHaaadn /J'/C=C\7\_\ 5 fJJC=C\~L\
L he double bond. SR N IS N _- - : W,
at the double bond Cis form g Trans form v (@H ) wefdfa @ %I g wq : g &9
:li:urall.):joccur.ring Natural fats & oils I qTgfded w9 F 919 S arel Wipfad adr Ud a )
tzeiich'o:r: o bl & ufdrs ffw wu & g € (Rrer &)

Trans fatty acids are formed in ,L % m Metabolism ;
: + —_— i in the body i

the body during metabolism and . ’ ;
also come from processed foods. ﬁg‘ &\/Eg %) | Processed

foods

i %t ufds R A
AT & IR I § 3R
weiga @rer et | off ured g |

=

wTer geref

aichoriqa At ufis (PUFA) | PUFA & Sarewor (e wm)

€
o,b
@
} @
|
@ Unsaturated fatty acids show H R é R, M
@
®
®

©@ @@ © ©

Polyunsaturated fatty acids (PUFA) Examples of PUFA (Cis form)

occur naturally in the cis form ™ o L(i;‘;l;iiag)d § | Ui 9 Q4 B FUA Y Sd & | =N/ N/ ~CAS 'E('wi”; o 36' )“
. e . . iy 4 H = . . W=
and have important clinical significance. R s | I 3R g1 Aol fawfaee 7 €1 PP,
% RN\ X H SNSNANEAT =T RN
(18:3, w-3) ,\ | (18:3, w-3)

| Double bond makes unsaturated fatty acids more fluid, 5 39 91U 3 et URE i 3ifees ga,
*ﬁ less stable, and more reactive than saturated fatty acids. é *ﬁ #H R 3R s It AT 8|

\
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EXAMPLES OF BIOCHEMICALLY IMPORTANT FATTY ACIDS

difeiept 4.1 S WS 9 A

'8’2@ | TABLE 4.1 | W&ﬁqﬁgﬁ;m
| —{ anferr 4.1 |—
1 ( |. SATURATED FATTY ACIDS ] ) [ |. g Y Ui
COMMON NAME ¥ | STRUCTURE Im= A T /’
(1) Aceticacid o CH,COOH | | (1) wefRes smcT o CH,COOH
(2) Propionic acid e CH,CH,COOH (2) e s o i CH,CH,COOH
@) Butyricacid ® CH, (CH,),COOH Q) =R st o . CH,(CH,),COOH
______ @) Valeric acid o CH, (CH,),COOH @) ¥R 3T o . CH4(CH),CO0H |
(5) Caproic acid o CH, (CH,) ,COOH () e vt o . CH,(CH,),COOH
(6) Caprylic acid o CH,(CH,),COOH (6) »Mfors st o . CH,(CH,),COOH
(7) Capricacid e CH,(CH,)4COOH (7) 0w avet e CH,(CH,)4COOH
“““ Lauric acid CH, (CH,),,COOH A 3 e CH,(CH,),,COOH |
(9 Myristic acid e CH,(CH,),,COOH (9 "mRfE® 3t o CH;(CH,),,COOH
Palmitic acid e CH,(CH,),,COOH uiffes T © CH,(CH,),,COOH
______ (11) Stearic acid e CH,(CH,),,COOH 1) Wrake ara e CH,(CH,),,COOH | _____
(12) Arachidic acid e CH,(CH,),,COOH 12 Wibfed 3rct o CH3(CH,);gCOOH | /8
(13) Behenic acid e CH,(CH,),,COOH 13 dRfFE ard o CH,(CH,),,COOH
i Lignoceric acid e CH,(CH,),,CO0H | forRiRe 3t o CH,(CH,),,COOH
( ﬁSaturated fatty acids contain no double bonds in the carbon chain. ﬁ Hqd Bt U 6l PleH 31 H PIs 9t divg gl aidl |
<J They are usually solid at room temperature. Y GHETIA: HHY P dTIHE R ST ST H Ed ¢ | J
o

T
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EXAMPLES OF BIOCHEMICALLY IMPORTANT FATTY ACIDS mmwﬁm‘l"f@fgm ‘

%<l gfbE & 3IqTen
| TABLE 4.1 (Part Il) | T (it 41 (1))
jes— Il. UNSATURATED FATTY ACIDS | 1 1. 3T B gfis
COMMON NAME R STRUCTURE ¢/ HH AH AT / ]
Palmitoleic acid | |
O (a'“'it? eg'cj; y | CHs—(CHols—CH=CH—(CH;);—COOH @ ifietges 3t ; CH;—(CH,)s—CH=CH—(CH,);—COOH
ol ?
) ( o ac"im) : CHy—(CH,);—CH=CH—(CH,),—COOH @ 3ferses e | CH;—(CH,),—CH=CH—(CH,),—COOH

Linoleic acid | g
© ey |7 Croli-CHmCH=EH,~CR=CR-IER),~C00 (3) fortifers arr 'CH3—(CH2)4—CH=CH—CHz—CH=CH—(CH2)7—COOH\

1 Reralichi ‘CH3—CH2—CH=CH—CHZ—CH=CH—CHz—CH=CH—(CH2)7—COOHi (4) FoFAR ST | CHy—Chy~CH=CH-CH;—CH=CH—CH;—CH=CH-{Chy~CO0H

(ferioifes 3reT)
@ Arachidonic acid CH3 (CH,)—~CH=CH~CH,~CH=CH~CH,~CH=CH~CH,~CH=CH~—(CH,),~COOH | @ WRIfBSIAD T | CHy—(CH,),~CH=CHCHy~CH=CH—CH,~CH=CHCH,~CH=CH~(CH ) ~C00K
(qRifdseifes 3r+) :
i > o — E— - — //
[ s Unsaturated fatty acids contain one or more double bonds (C=C) ‘ 3Riqe %t offis & v a1 U | 31f8 s9dt dfs (C=C) B &1\~
y ~  They are usually liquid (oils) at room temperature - A AR S b d9HE W & (del) Bld 8 _,:
= and are important for health. | 3R ey & il Agcagol g1d 8 =
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A (3) LENGTH OF HYDROCARBON | (3) %<t ufis a?r -s-lgsmzh S el
"‘fi CHAIN OF FATTY ACIDS ’g‘% é

Based on the number of carbon atoms, J GACE| EITHTUlaﬁ Eaksres)) % YR R,

fatty acids are divided into three groups: E %l U @f o9 9Hgl | dier 7T B
( : 8113 : : N
Short-chain O g-J@ell 0
fatty acids g hofags | é'; aBeo
: ~ | : /\/\/ o = 3 A\~
é%' lessthan 6 HaC ">\~ "™OH 6 I BH e R -;:5:
= carbon atoms (< 6 CARBON ATOMS | il e (< 6 1 T | y
, ¥ 7 ) : "
Medium-chain 0 : HEYH-HEel 0]
fatty acids | L ? Aol | .
4 € : : c
: NSNS 5 : O
carbon atoms ('8 — 14 CARBON ATOMS | i 0" B AT (8 - 14 e T | )
Long-chain q @ qrd-gEerr 0
fatty acids é ufds |
d L HCANANAAANAAA o | el L HaC AAAANAA N0
16 to 24 ; 16 ¥ 24 i
carbon atoms ! (16 - 24 CARBON ATOMS | | | T TRATY] (16 — 24 BT TR | )
"\~ Chain length affects physical properties, SRIAT i AaTs et Ufas & ifdew 1oi, wls )
"\' metabolism, absorption, and biological functions L AT, JTMYUT IR SAfdes BRI ',:
. B of fatty acids. = &I gyTfad Bt B > )
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&

= #o0, CLASSIFICATION BASED
'X'X\o ON CHEMICAL NATURE
[

1. ESSENTIAL FATTY ACIDS (EFA) |

mmﬁwwﬁ%snmwmﬂww%gz

Essential fatty acids are those fatty acids that
cannot be synthesized by the human body due to
the absence of specific desaturase enzymes
(A12 and A15 desaturase). Therefore, they must
be obtained through the diet.

A12 & A15

DESATURASE )

- 1. 3mavTe A ol (EFA) )—Qg

39T et ufE a el ufdE B § o
HHa RR A12 3R A15 SRS UoTgH &Y

®

9

— &/  EXAMPLES §J —
p
@ Linoleic acid | ¥ - ,
(w-6 fatty acid) | CHs N COOH G 2%
L :
” i cd | 0
a-Linolenic acid | g 12 15
s . ®» &g
@ (w-3 fatty acid) | CH, = — COOH @V;j}“g}
r—— T -
Arachidonic acid |
@ - conditionally ' 5 8 1 14 '
essential { CHg = Y e=f TAOT
(can be synthesized from a
linoleic acid, but required ;@ = QQ
L from diet in certain conditions) b
EFAs are vital for growth, cell membrane structure, FuN
hormone synthesis, and overall health. b

Hg IUfRIfA & BROT Hclerd T&f Y T |
[%3 SHICT, §% 3R & HIEIH H UTS Al A12 & A15
! U armerars g & R
— ¥ W W —
( fomferes st | 9 12
(-6 B TfIE) | CHa ™=\ COOH
i a-feteifes 3T 9 1 18 @ »
L (w-3 BT TfE) | CHy =/ \=""\-CO0H @
i TfbsIfAd 3 |
_mmqqgﬁi 5 8 11 14

(frtfers arT & weaft | O3
o 3TER Y UTW BT 3a5)

3Maeasds et ufie gfe, Piferen fEieet &t v,

g oo 3R THY WRed & forg Agagef € |
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A

2. NON-ESSENTIAL
FATTY ACIDS

o2

fatty acid)

A
Non-essential fatty acids are those fatty acids ( R-31999% el Ui 9 el Ufe gid & foig Rk
that can be synthesized by the body from ‘ Fralgrzec, W a1 31 e ufiie @ geaftd
carbohydrates proteins, or other fatty acids, ; :
Hbdl Hddh HI
mainly in the liver and adipose tissue. L e s H - L ﬁ
- J i L
—— W EXAMPLES & —— ——— ¥ U

: Vi
Oleicacid ¢ (H,—(CH,),—CH=CH—(CH,),—COOH ? SMCAED I | o4 (CH,). —CH=CH— (CH,)—
(w-9 fatty acid) : (w-9 %l gfEe)

: w-9 : w-9
Palmitic acid uifaifesd 3rra
(saturated CH;—(CH,),,—COOH (Hqw &l CHy—{(CH,),,~—CO0H

ufe)

Stearic acid
(saturated
fatty acid)

‘ N
CH, — (CH,),—COOH ‘%

.

@ ® ) &

Non-essential fatty acids are important for energy storage,
membrane structure, hormone synthesis, and overall metabolism.

Y

i

(@ @uﬂzﬁm [} 1
s mqggt?)rﬁ»-a CH, — (CH,),,—COOH %

% J

& A

S

V

R-3M999% thel TS Joll Tadd, fereelt T,
ETHIA FoeTyuT 3R THYT TII9=d & fely Hgeaqul gid &
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0/%@ 3. CONDITIONALLY ESSENTIAL
FATTY ACIDS

&3 3. gRfRIfae amaeas hel ufds ?«i‘

LA
These fatty acids are normally synthesized by the body, ’ J et Ufe IMId: ORR gRT U9afSd 81 8,
but during certain physiological or pathological conditions |~ aifds $B AR a1 Imerss fAfdar
(infancy, pregnancy, lactation, illness, malnutrition, DA 5 (teraraer, myfawer, TWa9H, SR,
or metabolic disorders), endogenous synthesis becomes F@? L SUIYT T FIIIY fdBR) H Sdstid Hawor
insufficient and dietary intake becomes necessary. \ \ g YT BY ST & 3R 3MER T A 8l Srdl &
e =2 b N J/
— Y EXAMPLES Y —— : — Y W Y —
r Nif .
@ 5 8 11 14 ﬁ@ 5 8 11 14
Arachidonic acid | CHy~"\=""\=/"\=/"\-(CH,),—COOH \&/@3 ; Wifdsid 3w g CH;~\=""\=""\=/"\~(CH,),~COOH
. P
'3 : %, i A
@ DHA B 4 7 10 13 16 19 @ @ DHA 4 7 10 B 16 19 %
(Dg(;:)osahexaenmc | e 2 W (CH,),—COOH = (m@mﬁm. CHyv/™ o (CH,),~COOH (s
aci - | : L
" 2 J
- , N | ) N
@ EPA 5 8 M MU é EPA | 5 8 N U 7
(Ei%(;sapentaenoic CHy,—~ \=/"\=/"\=/"\—/"\(CH,),~COOH (7 (Qmﬂé?ﬁé?ﬁ CHy;~ \=/"\=/"\=/"\/7\(CH,),~COOH (¢
| acl 3 ' i il
" o \
Important during periods of increased demand SFel HiTT 9 STl & AT IR T 1 Pl Gt S QI SAE, o7
or when the body’s own production is inadequate. 5 7a 3 & o Teagei 2 £ | Ny Z}QZ
Dietary intake is necessary for optimal health. TreeT W % folg 3R a7 AawH 2 | \Lg!a
Z ¥ N —
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