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Properties of fatty acids

1. Solubility

—  Fatty acids are soluble in fat solvents

— Short chain FA are soluble in water, while the longer chain ones
are insoluble in water

2. Melting temperature

* The melting temperature of FA decreases with:
— decreasing length of chain
— increasing number of cis-double bonds

Ui ALl 23l 533, a da 50 48Y | liquid at room temp 1558 unsaturatedd) ¢l (lic
SLIAY jaea (has 1 double bond) G5t Cu) (B2 sa .
e Acetic (CHsCOOH) and oleic acids are liquids, while

palmitic and stearic acids are solids at room temperature
G Saturated FA, they are the most common FA found in human body

(insoluble in water 4«gé saturated Y s)



3. Color, Odor and Taste

e Fatty acids are colorless

EINEN| pEVVENTS
 The short chain FA have an irritating odor and a sour taste,
while the long chain ones are odorless and tasteless

4. Salt formation

. e).i.lyaj\ .LEJ .
e The alkaline salts of long chain fatty acids are called
S0apsS oleic acid (= 3 ke L uﬂ\ Sl Aol 45 plall ng*

* Sodium and potassium soaps are soluble in water (used in soap)

e Calcium, magnesium and copper soaps are insoluble in water -—-)
(grease) | VA | I P PREON | WV ENA (R PN N

R.COOH + NaOH R.COO-Na*+H20
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5. Esterification (ester bonds G:sb o)

* Fatty acids can be_esterified with:
— glycerol to form TAG  TAG b= glycerol! esterification <lee

— with higher monohvydric alcohols to form waxes
1 hydroxyl e s sisy A J sl

wax k= mono alcohols esterification <iec !
(mono 4wl (<) group -

6. Reduction (H#lal 0¢ x)

 The carboxyl group of fatty acids can be reduced
to aldehyde then to primary alcohol group,

forming fatty aldehyde then fatty alcohol,
respectively

e Fatty alcohols are components of plasmalogens
R.COOH R.CHO R.CH20H
FA Fatty aldehyde Fatty alcohol
adde Jiasi (Sas | 0 jtas azka g dadl ;) 93 (S 1) fatty aldehyde sas FAJ J15ia) Jael W
fatty alcohol a3 e JlaS J)yial alee] by (5l 5d8 Jie 4gSLaN (pe




double JSs) saturatedd «S_ell J3a3 = ) J= ..double bondd) »sSi 7 ) agiélia)
(W uS) ylie 02 5 2H atoms zls: bond

7. Addition of Hydrogen and Oxygen )

* Unsaturated Fatty acids add 2 hydrogen atoms per double bond,
forming the corresponding saturated fatty acids, e.g. oleic acid forms

stearic acid. W da gl Alee (3l (e Leliall A80d) 5 80y )1 sl oty
-CH=CH- + H, -CH,-CH,-
Oleic acid Stearic acid

* The unsaturated fatty acids add oxygen, forming peroxide

Kaa Al 5 peroxided) ¢3<H sali &
atoms that ) free radicals ¢33 (52U
* s (contain an unpaired electron

anally JSLaal (5ol 9 3 juat




Triacylglycerols

CH4 CH HOSC H,) CH

CH O " H C
CH;—GH HO& C—(CTH,),,CH, CH;-O—C—(CH,),CH,
TAGs are esters of glycerol with 3 fatty acids R
A= 0—C— (GO + 31,0
CH;O—C—(CH,),,CH,

In nature it is rare to find a TAG molecule with the same FA in all 3
positions

Most of the natural fats are mixed TAGs, containing 3 different fatty

acids A o ST mix 0sSE Js Rebiie WIS () 65 il laa 3l 3 fatty acids JI
( .S... Li\jm\j . : L..Sj 2 BJ\.:JL)})

TAG is a good storage of energy (average 1lkg of TAG is 70kg
human = 99,000kcal), if hydrated glycogen would need 65kg
My Gl b | not soluble in water 43Y $Uk | TAG o 3ke Glail) avway I G sl
ey agunsef s ) 11kg TAGD ima .. ST 5Ss #) 4eaa G soluble S st Sl
glycogend! (= 65kgd zlise 48l (he Hlasall (s o 333 3 )adll laxie hydrated glycogen



. g | FAJ) 43 oline ala dulia Liaas (U o ganll 43) Las*
* The FA esterified to; <= " FAS 4l ebme oola Bla Lo S 0l ol e

(= S) saturated e s 5is S=) saturated oS C3

e C-1 of glycerol is usually saturated (o o5& Sl 5 unsaturated

* C-2 of glycerol is usually unsaturated Usually 1, 3 are same FA
e C-3 of glycerol may be saturated or unsaturated
S FAJY | Gy s 5 Ui glyceroldb ) sk 7 G FAJE | J8 AN a3l B S3 L 6 )
e A Wl unsaturated We €2J) e FAJ s, saturated s We Cle basi 7
(C1 e M FAD) s o sSiy Jhaa ) alana (8 () 23na 281 (38 a5l i 68 C3J)
Clasi ya C1,3 43 elina yala 5| 1,3-dipalmital-2-oleic TAG 4aul S e (mn e i,
oleic acidw 4dasi  C2 5 palmitic acid<

* Fats are solid triacyiglycerols, e.g. milk fat (ghee,
butter and cream) and margarine (artificial
butter)

* Their solid state is due to their high content of the saturated
fatty acids (about 50%)

e Palmitic and stearic acids are the most common! saturated
fatty acids

* Oleic acid is the most common unsaturated fatty acid



* QOils are liquid triacyiglycerols, e.g. olive,
cottonseed, linseed, and maize oils

— Their liguid state is due to their high content of the
unsaturated fatty acids (about 85% in most oils)

— Linoleic acid is the most common unsaturated fatty
acid in most oils

— In olive oil, oleic acid is the most common
(Adle 44 saturated FAJ) 4wsi) coconut oil : QY dana e | i oilsd) iS) -
O o AL A e s a) olive oild) & safflower oil @ Gl dasal ojlsd) Juadl -
Ay Al e i and sla Xl ) (i sSI) (2l 8 )04l 5 saturatedd)
33 3 48LaYL cyclic hydrocarbons s peroxides o33 25 W hydration 4 _yeas
sale) 5 i) acUaally 48 585 (San L8Y) a5 25l 435 juars (A5 5U)) viscosityd)
laa pan S e Sl alaatal)



Properties of Triacylglycerols

1. Solubility
e TAGs are insoluble in water but soluble in fat
solvents

2. Melting temperature

— TAGs rich in saturated have a high melting
temperature, and are solids (fats)

— TAGs rich in unsaturated fatty acids have a low melting
temperature and are liquids (oils)

STl g A0 Y Al Yy b deadly Al s




3. Color, Odor & Taste
* Pure triacylglycerols are colorless, odorless, and tasteless

e Carotenoids are responsible for the yellow color of human
adipose tissue and of cow’s milk and butter

Ml 50 4 5) carotenoidsd) caa awally ial ¢ s <l Ll Y) colorless ¢sSh fatsd) 430 (e a2 L
750 naturally occurring pigments a8 e 5 GULAl daud g lgiclia o4 daplall 883 6 g0
(0 & (deposited) aeti 33 a% s metabolism aellery 528 Lo avall 43) Lay 5 (0a 750)
* The flavor of the different types of fat is due to certain organic
acids

4. Addition of Hydrogen
* The unsaturated fatty acids of oils can add hydrogen, in the
presence of nickel as catalyst, forming saturated fatty acids

* This process is called hydrogenation or hardening, and is used
commercially in the preparation of solid fats and margarine

solidd liquid (» Jsaié | saturatedd Js>i unsaturatedd! 4a ya die
(e.méﬂ Ol el lie (margarined\) Gch.‘al\ Cyanad] pral KYPRY u'a\.&)j)



leie 758 Lo onel e Lgdia a1 G, el 8 CIaSLly 53 s g clS gl ALili**

5. Addition of lodine

* The unsaturated fatty acids in fats add lodine.
The iodine value is the number of grams of
iodine absorbed by 100 grams of fat. It is an
index of the degree of unsaturation of fatty
acids in fats.



6. Hydrolysis

— Hydrolysis of triacylglycerols into glycerol and
fatty acids

e-u Y <l o jlide) S35 | simple lipid Uis derived lipid o 3_)ke FAJ) 43) Wl U )83
, enzyme , acid Gk e &% (Sas hydrolysisd) dalee 5 o S 2y TAG) (10 48L&
potassium hydroxide (KOH)
Jel&iy 2y cpamy diacylglycerold Jdsai TAG Aol sy |z pxill jouaty 5ol Al
3 fatty acids s glycerol gxie ziu (pax: monoacylglycerold J s~ s



7. Lipid Peroxidation

Jaziy Leudi double bondd!) 43} caadl 5 oxygend! Gk o= double bondd) S
(Ul Wla Wi W 53 5) peroxided) sdie &g .. cpauS3U gttraction

* Lipid peroxidation, or auto-oxidation, results from the action of
oxygen on polyunsaturated fatty acids

pandl 5 <3l
— In-vitro, it leads to rancidification of fat

— In-vivo, it leads to the formation of free radicals, which may be related
to the development of cancer, atherosclerosis, and inflammation

aualle free radicalsd! _ili as

cancerd s (e gl A jala s DNAD) e Ll e 4y 5 5 a8l L) -

) & (yal el igan ) 53, L 58 5 endotheliumd! damage Jesis -

Ay J W atherosclerosisd) &g Ao ae b s 90 Al g inflammation Jesi 4a y s -

danse L e alu g Jaa gl




8. Rancidity
* |f fat is exposed to moisture, oxygen, heat, light, and certain metals
such as copper, it develops a bad flavor (odor and taste) and is said

toberancid  fapq Lo ) Gl mas IS5 LAl 255 el da W mla

* Rancidity may be hydrolytic or oxidative:

V¥ — Hydrolytic rancidity occurs in butter because of its water content

(3 sk e ¢ Due to partial hydrolysis from action of enzymes
e Librates free fatty acids and, since butter is relatively rich in the short chain
fatty acids, a bad flavor results

* Bacterial enzymes also help hydrolysis in natural butter

enzymes

v _ Oxidative _rancidity results from the action of oxygen on
G2k (= polyunsaturated fatty acids
* Forming peroxides that break into short chain aldehydes and acids, giving fat a
oxygen bad flavor

* Peroxides are destructive to the fat-soluble vitamins, particularly vitamin A
* Oxidative rancidity is inhibited by antioxidants as vitamin E, phenols



s e JJSL’ waxd! e S ) le) Lo S 5l e Jsiie W38N ala
Waxes 70 e Y wax oo il amn i) IS (e agd) i bl IS TAG) 43

(FA 51 TAG o il oy d Y fipids e bl g2 130 GlaiaYl J) s aual

1 hydroxyl group
* Waxes are esters of higher monohydric alcohols, e.g.,

cholesterol with fatty acids

insoluble W Lalas (b s carbond! cx 1aa Al sl Judle (e ¢ sS5 waxesd! 4 1 i

* Lanolin is the ester of cholesterol with palmitic, stearic or
oleic acids

* It provides a waterproof coat on the wool fibers of the fur-bearing animals

lanolind! il sala 8 Sebaceous glandsd! 43 | lall Gaies le Mg | Dlie g jall ala 55

* Vitamins A (retinol) and D (calciferol) are found in nature
in the form of their esters with palmitic or stearic acids
J=il L .
* Beeswax: ester of palmitic acid and mericyl alcohol (C3O)l
(OH group) only 1 hydroxyl group se (i ..carbond) (» S e Je (5 giny

ad) dals die o358 | Ciegd g culhia gl g Can pa Le e gind ) aglll




