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Components In foods and their relationship
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LIPIDS

One of the basic organic compounds of living things on
Earth is lipids. Lipids are among the essential nutrients of
humans and animals. Fats are also lipids.

They are insoluble in water and soluble in organic solvents
such as chloroform, benzene, petroleum ether and ether,
including oil and similar substances.

Lipids are important sources of nutrients and energy
because they are broken down in metabolism and
converted into new products.

Apart from C, O and H atoms, they also contain N, P and
S, although they are rare.

As a result of burning one gram of them, they give 9.1
kcal of energy. Therefore, they are the most economical
energy sources.

They make salt with alkalis. This is called saponification.
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CLASSIFICATION OF LIPIDS

» Simple lipids:

QOils, waxes, color waxes, sterol esters, esters of
triterpenic alcohols

» Compound lipids:

-Phospholipids: Lecithin, cephalin, sphingomyelin-
Glycolipids (cerebrosides)

-Lipoproteins

> Lipid-like substances:Sterols (cholesterol analogs),
ipovitamins, hydrocarbons, pro- and antioxidants,
ipochromes
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The Functions of Fats in Body Work

*They provide energy. They provide the body with more
than twice as much energy as carbohydrates and
proteins. In other words, fats provide approximately 9
kcal per gram, while carbohydrates provide 4 kcal per
gram.

*They are carriers of fat-soluble vitamins A, D, E and
K.

*They ensure the intake of essential fatty acids
necessary for growth and normal metabolic events.
*They leave the stomach late. Therefore, they help
create the feeling of satiety.

*They surround and support the organs and protect
them against external factors.

*They prevent heat loss from the body. They are one
of the building materials of the cell.

‘Essential fatty acids that cannot be synthesized in
the body are taken with the fats found in the food.
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Vegetable oil sources: Qil obtained from plants is referred to as
vegetable oil or by the name of the plant from which it is
obtained such as olive oil, sunflower oil, and corn oil.

Vegetable oils are unsaturated fats. Foods such as walnuts,
hazelnuts and peanuts are also rich in fat and contain
unsaturated fat.

Vegetable oils consist of mono and polyunsaturated fatty
acids. Olive oil and hazelnut oil contain monounsaturated
fatty acids, while other vegetable oils (sunflower, corn
germ, soy) contain polyunsaturated fatty acids.
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e Sources of animal fat: Besides visible fats such as butter, suet, and tail fat, there
are also fats in animal-derived foods such as all kinds of meat, chicken, fish, milk,
and eggs.
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FATS AND CONSTITUENTS

Almost all fats and oils are triglycerides, which are formed by the esterification of fatty
acids (R-COOH) and glycerol [C5H5(OH)s], a trivalent alcohol.

Triglyceride (fat) formation

Fats are esters (glycerides) made of fatty acids with glycerol, a trivalent alcohol.

| T
H T H—C—O—C—FR
H—C—OH HO—=5—R Q
H—C—O0OH Il —_—— H—C—0O0—C—R"
] + HO— C—R"
H—C—OH O 7}
Il —_— —_ —_ —_— rap
b HO— C —R™ H—=¢—O—C—R
H
: triglyceride
glycerol 3 fatty acids

(triester of glycerol)
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Chemical reactione e e

TRIGLYCERIDES

‘ glycerol ' ' 3 fatty acids ' ‘ triglycerides '
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If the 3 OH groups (alcohol group) of the glycerol molecule are esterified with 3 molecules of

fatty acids, it is called triglyceride.
If all 3 of these 3 molecules of fatty acids are the same fatty acid, it is called simple

triglyceride; if at least one of them is different, it is called mixed triglyceride.
Additionally, if 2 of the OH groups of glycerol are esterified with fatty acids, it is called
diglyceride, and if one is esterified, it is called monoglyceride.

CH,OH CH,Q0C-R CH.00C-R CH,O0C-R
| | | |
C Il-IDI-[ CHOH CH:O0C-E CH:QOC-R
| | |
CH,OH CH,OH CH.OH CH,O0C-R

Gliserol Monogliseril Digliserii Trigliserit
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1.Glycerol (Glycerin) GlycerO‘ (Glycerin)

Glycerol is a tri alcohol containing three OH
groups found in fats and various lipids.

Its closed formula is C3HgO3= CsH5(OH); ‘ | I
It constitutes approximately 10% of the oil. H_C_ C I C_H
It is a moisture attractive, colourless, viscous | ‘ ‘

OH OH OH
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2.Fatty Acids

Fatty acids are long-chain organic
acids with 4-24 carbon atoms.

Fatty acids are named according to
the number of carbons (C) in the
molecule and the number of double
bonds between the Cs.

They are divided into Two main groups:
a.Saturated fatty acids
b.Unsaturated fatty acids

Those without double bonds are called
saturated fatty acids, and those with
double bonds are called unsaturated
fatty acids.

Saturated fat
(No double
bonds)

Unsaturated
fat (There s
double bond)

11
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Display of fatty acids

) 4 ) 4
C number Double Bond Number

10:0 (10 ¢, no double bonds,0)
18:1 (18 C, there is a single double bond)
20:4 (20 ¢, There are 4 double bonds)
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They are classified according to their various characteristics

According to
According to the state of
According to the the double synthesis in the
number of C bonds between human body
C atoms
1.Saturated )
1.Short chain 2 .Unsaturated 1. Essential
2.Medium chain - Monounsaturated 2. Non-essential
3.Long chain -Polyunsaturated

n-6, n-3 or
w-6, w-3
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Classification of fatty acids according to the number C

1. Short Chain Fatty Acids <6 C

(2,4 C)

2. Medium Chain Fatty Acids at 6-10 C
(6,8,10C)

3. Long Chain Fatty Acids >10 C

(12 C and above)
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" 2a. Saturated Fatty Acids:

They are fatty acids that do not contain
double bonds in their structure.

Since each carbon atom is bonded with
hydrogen, they cannot absorb any other
hydrogen into their structure.

Their general formula is CnH2nO2.
Oils containing high amounts of saturated
fatty acids are generally solid.

PR R R
AR
H HHHHHHHH

Saturated fatty acid

16

H



\:\ GIDA MUHENDISLIGI BOLUMU
Department of Food Engineering

28.09.2020

e Saturated fatty acids can be
synthesized in the human bodly.

* Even if no fat is eaten, these types
of fatty acids can be synthesized
from molecules  formed by
carbohydrate and protein
metabolism.

* When taken in excess, they increase
cholesterol levels and pose risk
factors for heart diseases, cancer
and obesity.

KiD 620 —Gorsel Kimlik Kilavuzu
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Saturated fatty acids

Name of fatty acid Carbon skeleton ~ Formula
‘Acetlc acid 2:( CHsCOOH
Propionic acid 3.0 CH,CH,COOH
Butyric acid 4.0 CH;(CH,),COOH
Caproic acid 6: 0 CH;(CH,),CO0H
Caprylic acid 8:0 CH3(CH2)6COOH
Capric acid 10: 0 CH3(CH,)sCOOH
Lauric acid 12:0 CH3(CH,)10COOH
Myristic acid 14: 0 CH3(CH2)12COOH
Palmitic acid 16: 0 CHj3(CH,)14CO0H
Stearic acid 18: 0 CH3(CH2)16COOH
Arachidic acid 20: 0 3(CH2)18COOH
Bahenic acid 22:0 CH3(CH2)20COOH
Lignoceric acid 24 ( CH3(CH,),COOH
Serotic acid 26: 0 CH3(CH,),4COOH




) 2b.Unsaturated Fatty Acids

They are found in natural oils

They contain one, two or more double bonds between C
atoms in the molecule.

They are the best sources of essential fatty acids that

H HHHHH
L Saturated fat
the body needs. COOH —T—T—(‘:—(‘?—T—T—H
H HHHHH

(No double
bonds)

Qils containing large amounts of unsaturated fatty
acids are generally liquid at room temperature.
Unsaturated fatty acids are common in vegetable oils,
olives and oily fish.

Unsaturated fatty acids are easily oxidized because H HH H H

they contain double bonds. For this reason, it is easy . |

for the oil to spoil. COOH —C—C—C=C—C—C—H Unsaturated
If they are hydrogenated, the double bonds are IL ll Ji IL }L fat (There is

opened and hydrogen is added to them, turning them
into saturated fatty acids. double bond)

19
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Unsaturated fatty acids

Name of fatty acid | Carbom Formula
skeleton

Myristoleic acid 14: 1A° CH3(CH,)3;CH=CH(CH,);COOH

Palmitoleic acidt 16: 1A° CHs(CH,)sCH=CH(CH,);COOH

Oleic acid 18: 1A° CHs(CH,);CH=CH(CH,);COOH

Vacsenic acid: 18: 1A CH3(CH,)sCH=CH(CH;)sCOOH

Nervotic acid 24: 1A CH3(CH,);CH=CH(CH,)13COOH

Linoleic acid 18: 2A% 12 CHs(CH,)4CH=CHCH,CH=CH(CH,);COOH

Linolenic acid. 18:3A% 215 | CH;CH,CH=CHCH,CH=CHCH,CH-=
CH(CH,);COOH

Arachidonic acid acid | 20: 4A> & 1* | CH,(CH,)sCH=CHCH,CH=CHCH,CH=CHCH,CH=
CH(CH,);COOH
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Unsaturated Fatty Acids

. Unsaturated fatty acids (Unsaturated Fatty
Acids).

a. Mono Unsaturated Fatty Acids
- MUFA. Contains a single double bond.

b. Polyunsaturated (Poly Unsaturated Fatty Acids
- PUFA. Contains more than one double bond.
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Monounsaturated Fatty Acids
(MUFA) C.H . 0;

Oleic acid
* Myristoleic Acid (14:1) 0
1 1 1 3 \/\/\/\/z\/\/\/\)J\
- Palmitoleic Acid (16:1) oH

+ Oleic acid (18:1)

CsHs0,
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Polyunsaturated Fatty
(PUFA)

There is more than 1 double bond in the C chain.

sLinoleic acid [C18:2 (w-6 ); 2 double bonds with 18 C atoms],

Linolenic acid [C18:3 (w-3); 18 C atoms and 3 double bonds],

*Arachidonic acid (€20:4 (w-6) with 20 C atoms and 4 double bonds),
*Eicosapentaenoic acid (EPA; €20:5 (w-3); 20 C atoms and 5 double bonds),

*Docosahexaenoic acid (DHA; €22:6 (w-3); 22 C atoms and 6 double bonds).

Acids
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H,C\ N (00

OLEIC ACID
3 12 10 9
TR e . T T T T
LINOLEIC ACID

16 15 13 12 10 9
HSC\/=\/_\/_\/\/\/\/COO

LINOLENIC ACID

15 14 12 19 8 6 5
H;C/V\/;/:\/:\/:\/\/COO

‘ARACHIDONIC ACID
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Double-Bond
H H H H H H H H H H H H H H H
I I I || | I . I | I i I W_9
H-CL-C—CC-C-C-C-C—C-C=C-C—C—-—C-—-C-—-—C—-—C-C+4COOH
|| | I I I | I || | I I 1 | I | I
HH H HH H H H H H H H H HH H H

Methyl OLEIC ACID
Oil-Soluble 18 carbons

OMEGA (D) END

Carboxyl
Water-Soluble

DELTA (A) END

Hl H H H [ ;—I f—l

L d_éd-d —C 4 COOH W-6
H—E-—E—-E—E—-C—C=C—C—C E—Il:—;:—ll'.:—'li:—'l;:—ilj !

I | I | . I
[I—I II-l II—I H H H H H HH H H H H H H H
Carboxwvl

Methwvl LINOLEILIC ACID 1t
Oil-Soluble 18 carbons Water-Soluble

OMEGA (D) END DELTA (A) END

25
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Dyouble-Bonds

H I:I H H H H H H H H H
H_Cl¢-CmCc_C_CrC-C-CmCc_C-C-C-C-C¢-C—_cC| coon
o L T I T N R Gt gt
Methywl ALPHA-LINOLENIC ACID Caﬂ:ln}r.:;'l
Oil-Soluble 18 carbons W ater-Soluble

OMEGA (D) END DELTA (A) END
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Dyouble-Bonds

H I:I H H H H H H H H H
H_Cl¢-CmCc_C_CrC-C-CmCc_C-C-C-C-C¢-C—_cC| coon
o L T I T N R Gt gt
Methywl ALPHA-LINOLENIC ACID Caﬂ:ln}r.:;'l
Oil-Soluble 18 carbons W ater-Soluble

OMEGA (D) END DELTA (A) END



