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Lipids: What are They? Q

Definition — Lipids are components that are
soluble in organic solvents, but insoluble in
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» Together with proteins and carbohydrates, they form adipose tissue and are among the
main structural components of all living cells.

*Glycerol esters of fatty acids constitute 99% of the fat content of vegetable and animal
tissues. These are called fats (solid at room temperature) and oils (liquid at room
temperature)

* The most important feature that separates lipids from proteins and carbohydrates is
that they are not soluble in water.

*Some lipids are surface active compounds and have both a hydrophilic and
hydrophobic end.

«Some lipids are constituents of biological membranes. It surrounds cells or
intracellular organelles. These types of lipids are found in almost all foods, but their
level is generally less than 2%.

* Triglycerides can be deposited in some animal tissues and some plant organelles.




Lipids: Triacylglycerols (TAG)

Usually more than 95% of the lipids in foods are triacylglycerols (also known as triglycerides).
In summary, fats are esters of different chain length fatty acids (R-COOH) and glycerine [C3Hs
(OH)s3].
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TAG

In a triglyceride, [CsHs (OH)s; glycerol (929) forms a very
small fraction of its molecular weight, while fatty acid
related radicals (R-COOQO) — weigh between 650-970qg.
Therefore, the character of the lipid is mainly determined
by the fatty acid in the structure (approximately 94-96% of
the molecule).

Example

tripalmitin: Glycerol (92g) + 3 x Palmitic a. (768g)= 860g - 3 H,0O
(54g)=806 ¢

Tripalmitin molecular weight=806 g (768/806) x 100= %95
(I:Hz-OH ?HZ—O-CO-(CHZ),rCH;
C|:H—OH + 3 CH,—(CH,) .~COOH CH—0—-CO—(CH,),.-CH; +3H,0

il |
CH,—OH CH,—0—-CO-(CH,),.—CH,

Glycerol Palmitic acid Tripalmitin



Importance of Studying Lipids in Foods

— Important source of energy
— Important source of nutraceuticals
— Some lipids can be harmful to health

— Appearance, Texture, Flavor
— Processing, Stability

FAT CONTENTS OF SOME FOODS

Product

Asparagus
Oats
Barley
Rice
Walnut
Coconut
Peanut
Soybean
Sunflower
Milk
Butter
Cheese

Hamburger |

Beef cuts
Chicken
Ham

Cod
Haddock
Herring

Fat
(%)

0.25
4.4
1.9
1.4

58

34

49

17

28
3.5

80

34

30

10-30
7

31
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v'Nutritional / physiological importance of lipids: ENERGY source (9 kcal / g) , source
of ESSENTIAL FATTY ACID and OIL SOLUBLE VITAMINS.

v'Also, fats in foods creates the creamy perception of the food that is desired in the
mouth,

v'It provides the solubility of many flavor and aroma compounds and thus contributes
to the desired texture, taste and aroma of the food,

v'It creates an environment in frying processes,

v'Some lipid compounds can be used as emulsifiers in foods,

VIt functions as a solvent for oil-soluble pigments — and food coloring.




Sources of Edible Fats & Oills

Plants

=Seeds
= Soybean, corn, sunflower, rapeseed, cottonseed

*Fruit
= Avocado, olive, palm, coconut

Animals ﬂ

P e

"

Mackerel

=Body fat Sl
= Lard, tallow (beef fat) Salmon
=Products ‘
= Milk, butter
Marine Conversion to Food Ingredients

] = [dentification
"Fish = Extraction .

= Purification



OIil Extraction and Purification

Lipids are extracted from many biological sources to create food
Ingredients

= |dentification: Characterization of oil source

= Extraction: Optimization of isolation method

= Purification: Optimization of methods to remove impurities from
oil (e.g., cell tissue, metals, pro-oxidants)

» Processing: Winterization, hydrogenation. ..




Lipids: Important Properties

Health & Nutrition
Energy (Calories)
Beneficial: Essential Nutrients & Nutraceuticals
Harmful: Saturated fat, trans-fat, cholesterol

Chemical Stability
Oxidation, hydrolysis

Physical Properties
Melting behavior
Texture
Appearance
Cooking medium

Flavor Profile
Desirable or undesirable flavor compounds
Solvent for non-polar flavors
Pleasant mouthfeel




The esterification of 1, 2 or 3 of the OH group in the glycerine structure with fatty
acid, is named mono-, di-, and tri-glyceride, respectively.

Monoglyceride
fatty acid
‘ }W

' J. glycerol f

Monoglyceride Diglyceride Triglyceride

0
1 Il
CH,-OH CH5-0-C(CH,);CH=CH(CH,);CH,4 CH,-0-C(CH;)1,CH;

CH-OH CH-OH CH-0-C(CH,)14CH;

; : o

I .
CH,-0-C(CHy)14CH; CHz’O’E(CHz)MCHa CH,-0-C(CH,)14CH, 3 Fatty Acids + Glycerol

In Di- and triglyceride; If the fatty acids in the structure are the same, these are
called simple glycerides (ex. Tripalmitin), if different it is called mixed glyceride (ex.
Stearodipalmitin).

PROF. DR. SEDAT VELIOGLU’S LECTURE NOTES



Glyceride formation
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= There are 3 different carbon positions on glycerol backbone of
triglycerides — designated sn-1, sn-2 and sn-3 (or a, 3 and a ).

= sn = stereospecific numbering

Fatty acid
H O /

| ] _ a
Fatty acid H-C-0-C-R; SM-1
\ O
T
R,~C—0-C-H sn-2 B
W
Glycerol H=C=0-C-R3 gpn-3 ¢

H
\ Fatty acid

= FAs are not randomly distributed over 3 sn-positions.

= Their distribution depends on biological or industrial source
of oils/fats.

13



Lipids: Nomenclature

s The abbreviated system is generally used for naming fatty acids.

For example; 18: 2 (9, 12):

The fatty acid has 18 carbons, it has 2 double bonds, these bonds are between the
carbons 9-10 and 12-13 (This compound is LINOLEIC ACID).

s Numbering is done from the COOH group and if there is no additional statement, that
oil is in the form of CIS. In trans form, the phrase «t» is added next to the abbreviation.

¢ The carbon skeleton structure is generally shown in a zigzag pattern.

Abbreviated Structure® Common name
designation

14:0 DIIIGNR PN Myristic acid
16:0 AN Palmitic acid
18:0 AV AVAVAVAVAVAVAV S LB P
18:1(9) /NN NN Neoon Oleic acid
18:2(9, 12) VIMNA NN ooy Linoleic acid
18:3(9, 12, 1) N==N=" "N Neoon  Linolenic acid
* Numbering of carbon atoms starts with carboxyl group-C as number 1.

® A percentage estimate based on world production of edible oils.




Lipids: Nomenclature — Saturated Fatty Acids

 Saturated fatty acids are described according to the number of carbon atoms they
have per molecule.

 Saturated fatty acids have a carboxyl head group (which may be ionized in the free
fatty acid) and a hydrocarbon chain

 Saturated fatty acids tend to be straight chained, which enables easy packing into
crystal structures. They therefore have a relatively high melting point when
compared to unsaturated fatty acids with similar chain lengths.

Carhiosxyl ik i

group H.:_'If
No
double
Nomenclature bonds!
}12:0 ~_
Number of Number of i o

carbon atoms double bonds



Lipids: Nomenclature — Saturated Fatty Acids

Saturated Fatty Acids: Structure, name and melting behavior

Formula Common Name Melting Point Nomenclature
CH4(CH,),,CO,H lauric acid 45 °C C12:0
CH4(CH,),,CO,H myristic acid 55°C C14:0
CH,4(CH,),,CO,H palmitic acid 63 °C C16:0
CH4(CH,),,CO,H stearic acid 69 °C C18:0
CH;(CH,),,CO,H arachidic acid 76 °C C20:0

pezoal RV

Nomenclature

C12:0

Number Of Number Of |:::'I,?E'|qu,'.'lr|:rell1
carbon atoms double bonds '



Lipid Structure: Nomenclature — Unsaturated Fatty
Acids

OLEIC A. LINOLEIC A. LINOLENIC A.

* Unsaturated fatty acids are described according to the number of carbon atoms and number

of double bonds they have per molecule.

* Unsaturated fatty acids have a carboxyl head group (which may be ionized in the free fatty
acid) and a hydrocarbon chain

* Unsaturated fatty acids tend to be bent chained, which makes their packing into crystal
structures more difficult. They therefore have a relatively low melting point when compared
to saturated fatty acids with similar chain lengths.



Lipid Structure: Unsaturated Fatty Acids

Unsaturated Fatty Acids: Structure, name and melting behavior

Formula

CH,(CH,)sCH=CH(CH,),CO,H

CH4(CH,),CH=CH(CH,),CO,H

CH,(CH,),CH=CHCH,CH=CH(CH

2)7CO,H

CH,CH,CH=CHCH,CH=CHCH,C
H=CH(CH,),CO,H

CH,4(CH,),(CH=CHCH,),(CH,),C

Common Name

palmitoleic acid
oleic acid

linoleic acid

linolenic acid

arachidonic acid

Melting Point
0°C
13 °C
-5°C
-11 °C

-49 °C

Nomenclature

Cl6:1

C18:1

C18:2

C18:3

C20:4 |




Lipid Structure: Nomenclature — Unsaturated Fatty
Acids

CO,H end CHsend
&)
12 9 6 3 1
HO 1 o 9 12 15 18
Need method of indicating Stearidonic acid: 1(n—3)
position of double bonds
along chain Number of Number of
carbon atoms double bonds

Nomenclature (@-method): The carbon next to the carboxylate is known as a, the next carbon [, and so
forth. Since biological fatty acids can be of different lengths, the last position is labeled as a "®", the last
letter in the Greek alphabet. Since the physiological properties of unsaturated fatty acids largely depend on
the position of the first unsaturation relative to the end position and not the carboxylate, the position is
signified by (o - n). For example, the term -3 signifies that the first double bond exists as the third
carbon-carbon bond from the terminal -CH; end (®) of the carbon chain. The number of carbons and the
number of double bonds is also listed. ®-3 18:4 (stearidonic acid) or 18:4 ®-3 or 18:4 n—3 indicates an 18-
carbon chain with 4 double bonds, and with the first double bond in the third position from the CH;end



Omega-6 fatty acids

Vegetable cils  Linoleic acid
Safflower oil (LA)

l

y-Linolenic acid
(GLA)

l

Dihomo-y-linclenic acid

(DGLA)
Meat l
Poultry Arachidonic acid
Eggs (Ad)

Omega-6 (n-6) and omega-3 (n-3) fatty acids comprise the two classes of

Omega-3 fatty acids

a-Linolenic acid
(ALA)

1

Stearidonic acid
(SDA)

l

Eicosatetraenoic acid
(DGLA)

1

Eicosapentaenoic acid
(EFA)

1

Docosapentaenoic acid
(DPA)

|

Docosahexaenoic acid
(DHA)

Essential fatty acids, are fatty acids that humans must ingest because the body
requires them for good health but cannot synthesize them.

Green leafy vegetables
Flax and chia seeds
Canola, walnut, and soybean oils

Oily fish
Krill oil
Algae oil

Oily fish
Krill oil
Algae oil

essential fatty acids (EFA). The parent compounds of each class, linoleic acid (LA)
and a-linclenic acid (ALA) (bold font), give rise to longer chain derivatives inside
the body. Due to low efficiency of conversion of ALA to the long-chain omega-3

PUFA, eicosapentaenoic acid (EPA) and docosahexaencic acid (DHA), it is

recommended to obtain EPA and DHA from additicnal sources. Dietary sources



Alpha linolenic (ALA) has preventive effects on heart diseases, and
cancer.

ALA; is found in vegetable oils, especially soy, flax and walnut oil, and
many green leafy vegetables, especially broccoli, spinach, lettuce, and
cabbage.

The source of EPA (eicosapentanoic a.) and DHA (docosahexanoic a.) is
fatty fish. The body can partially convert ALA to EPA and DHA.

Omega 6 affects the cholesterol level in blood. The main sources are
vegetable oils, oil seeds and nuts. (Linoleic and arachidonic acids)

It is recommended that the linoleic acid (w6): ALA (w3) ratio in the diet
should be in the range of 5: 1 to 10: 1.

Omega 3 and 6 have positive effects especially on Type 2 diabetes.

A sample table is given for the omega 3 and omega 6 content of some
foods.

PROF. DR. SEDAT VELIOGLU




Omega-6 and Omega-3 in Common Foods

Tuna ¢anned in water, light, 1 can (165 g) |

Spinach, 2 cups, raw (60 g) |

Broccoli rabe, cooked, 1 NLEA serv. (85 g) 1

Shrimp, cooked, 16 large, 3 ounce (85 g)
Romaine, 1 NLEA serving (2 cups) (85 g)

Broccoli, cooked, 1/2 cup (78 g) |

Kale, cooked, 1/2 cup (65 g) |

Peas, green, frozen, boiled, 1/2 ¢cup (80 g) |

Salmeon, sockeye, cooked dry heat, 3 ounce (85 g)

':I

P
P
’:I
r
I
i
b

.:I

Kidney beans, cooked, 1 cup, (177 4)

Beef patty, pan-browned, 4 ounce {112 g)

Beef, grass-fed, ground, raw, 4 ounce {112 gj

Brown rice, medium grain, cooked, 1 cup (195 g)
Salmon, Atlantic, farmed, cooked dry heat, 3 ounce (85 g)
Oatmeal, Old-fashioned, regular, 1/3 cup, dry (27 g)
Flaxseeds, 1 tablespoon, whole seeds, (10 g)

Beef, conventional, ground, raw, 4 ounce (112 g)

Corn, 1 large ear, 8 in. boiled, {118 g)

Chicken hreast meat only roasted, 1 cup diced {140 g)
Peanut butter sandwich cookies (a la Girl Scout), 3 (42 g)
Chicken leg meat only roasted, 1 cup diced (140 g)

Olive oil, 2 thsp, 1 ounce (28 g)

Almonds, blanched, 1 ounce (28 g)

McDenald's Chicken McNuggets, 4 pieces (64 g)

Peanut Butter, 2 thsp (32 g)

Pistachios, dry-roasted, 1 aunce (28 g)

Sesame seeds, raw, 2 thsp, (18g)

Peanuts, Yalencia, raw, 1 ounce (28 g)
Tofu, raw, firm, 1/2 cup (126 g)

Pumpkin seeds, 1 sunce, 142 seeds, (28 g)
Sunflower seeds, uncooked, 1 ounce (28 g)
Soybeans, cooked, 1 cup, (172 g)

Walnuts, 1 sunce (14 halves) (28 g)

Soy oil, 2 thsp, 1 ounce (28 g)

Corn oil, 2 thsp, 1 ounce (28 g)

E Omega-3
H Omega-b

0

2000

4000

6000 8000
Milligrams

10000

12000

14000

16000



Lipid Structure: Polyunsaturated Fats

-----

1 2 4 5
CH2

-
......

Pentadiene sytem of linoleic acid

Pentadiene system: In nature, polyunsaturated fatty acids have a
pentadiene system consisting of non-conjugated double bonds, i.e., they
have a “methylene interrupted” carbon between the double bonds.




Conjugated Fatty Acid: Conjugated fatty acids are polyunsaturated fatty acids
in which at least one pair of double bonds is separated by only one single
bond.

M/\N Linoleic acid
HO — —

(9C12C-18:2)

6 9 12

9 . . .
— Conjugated Linoleic

HO 11 acid (9C11T-18:2)

0O
MW Cﬂﬂj l.lgﬂtﬂd Linoleic
H — ' -18:
O 10 12 acid (10T12C-18:2)
non-conjugated conjugated

H H H H

H
| o
C— —(C== C—C—




Lipid Structure: Hydrogenation

\ Oleic acid (C18:1)

N
[H] - Hydrogenation

M"\,!W\,—JL\ Stearic acid (C18:0)
OH AARAAARAR

Higher melting point : more solid, less prone to oxidation

And, as side products...
M/\AfV\AA/‘i R
OH &R

A trans-fatty acid
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Lipid Structure: Hydrogenation Mechanism

General Hydrogenation Process

Hydrogen gas is

added under Nickel

: catalyst is
J;f:ressufr:_m the added in an
orm of tiny oil slurry.

bubbles at the
base of the
agitator.



Lipid Structure: Hydrogenation Mechanism

General Hydrogenation Process

Hydrogen Gas )4

-

Nickel
| Catalyst |
Slurry

(1) An unsaturated lipid approaches the
surface of a catalyst in the presence of

Hydrogen gas is .
added unfler E:::IG;ISt is ( + ; hydrogen
?ressufr(:_m the added in an Ni_ H Ni
orm of 1in R
bubbles atythe oil slurry.
base of the
agitator. l Step 1
Ry R,COOH
(2) A hydrogen atom binds to one of
the carbon atoms originally involved
Ni H N in the double bond.
(3) In the presence of Step 2 (4) In the presence of insufficient
sufficient hydrogen, . l R COOH hydrogen, the first hydrogen atom
another hydrogen atom Ry R,COCH A 2 Ry R,COOH s lost, and a mixture of cis- and
binds to the original fatty . trans- unsaturated fatty acids are
id and f turated H 3 formed ( partial hydrogenati
acid and forms a saturate “N Step 3 | Step 4 o H ormed ( partial hydrogenation)
fatty acid (fully Ni H N . Ni Ni Ni Ni
. Sufficient Insufficient
hydrogenation) Hydrogen @ S;;rolé:;n
Ry l R,COOH \
Hydrogenated Ry R,COOH Ry
thty gcid \H—H/ \ / or \/\
R,COOH
+
Ni Ni cis trans



Lipid Structure: Hydrogenation

Soybean Oil Hydrogenated
(Liquid) Soybean/Cottonseed
Oil Shortening
(Solid)
Saturated Fatty Acids a2 2 . 15.7% + 276% ‘ :
Monounsaturated Fatty & 22.8% A 394% h
Acids 2=
Polyunsaturated Fatty 57.7% v 25.8%
Acids
Trans fatty acids 4 14.0%,
Used to be up to 40%
Cholesterol 0 O Butis now limited to 2%

Example of increase in Trans fatty acids in a commercial
soybean oil after hydrogenation



Lipid Structure: Trans versus Cis Forms

COOH

Cis-form

Most common in nature
cis-9-octadecenoic acid (oleic acid)
g -

G

COOH
/
Trans-form
trans-9-octadecenoic acid (elaidic ac@ccurs during processing
Practical Importance: Trans- N
. . c
fatty acids have a higher [
melting point than cis-fatty AN
. . . R
acids, have greater solidity,

and are less prone to lipid
oxidation



Health Problems: Trans-Fats

Increased Health Risks
* Coronary Heart Disease

e Cancer ol

. Right [N
* Obesity e A
* Diabetes ‘

increases LDL and
decreases HDL

Left coronary
N artery

Anterior Saturated fatty acids:

interventricular

kel increases LDL and HDL

2019 April: European Comission limited the
amount of industrial trans fatty acids in food products to 2

grams per 100 grams of fat.

Trans-fats ban is full effective starting April 1st

2021

Many food companies removing trans-fats from

their products — problems associated with

reformulation
- Increased tendency for oxidation

- Not solid enough

Diseased Artery

Normal Artery Diseased Artery

Blood Clot

Plagque
(Fatty Deposits)

In Turkey, TFAs in foods have also been banned as in EU.
It will be effective on 1st of January 2021.



TYPES OF FATTY ACIDS
(according to the number of double bonds)

/\/\/\/\ Saturated (No bond)
/\=/\/\ Monounsaturated (1 bond)

/L—/\=/\ Polyunsaturated (>1 bond)

arachldlc

stearic

oleic

arachldomc linoleic linolenic

5] Lnleric sad (poyunscturd o




Health Benefits: Polyunsaturated fats
(PUFAS)

Decreased Health Risks increases HDL
 Coronary Heart Disease Lowers LDL
» Cancer
* Obesity
iebetes Saturated Fatty acids:
« Straight chains T e
' 5 y . E1_‘f|C|ent molecular packlng
&ﬁ} « High m.p.; More solid
*“/ff*:(if’ ’ o » Potential health problems

"-’

Unsaturated Fatty acids:

« Bent chains

 Inefficient molecular packing
* Low m.p.; More liquid
 Potential health benefits

-3 fatty acids LAl




Other Acylglycerols

Other acylglycerols are also used in foods as
functional ingredients

o= _/
¢o© ? o OH _
O O T

I

Triacylglycerol Diacylglycerol Monoacylglycerol Free Fatty acid
(TAG) (DAG) (MAG) (FFA)

« DAG and MAG are often used as emulsifiers
 DAG, MAG and FFA are digestion products of TAG



Other Lipid Structures: Phospholipids

(0]
0 H,C——O c! R
Fatty acid— R_(l;_o_clH o T~ Fatty acid
Hzclz o] Il3 X
— u Functional group
Phosphate group

Phospholipids are important natural constituents of the

cell walls of plants and animals.

» They consist of a phosphate head group that is
esterified to a glycerol that also contains two fatty
acid chains

» There may be different functional groups (X)
attached to the phosphate group

» Phospholipids can be used as functional ingredients
in foods because of their surface-active properties.

-

2

~— Phospholipid Bilayer =

AT », /fiydrophilic
RN




O >

Other Lipid Structures: Phospholipids

0 H,C——O © R
Fatty acid— R—ICI:—O—C:H (l)' T~ Fatty acid " 7 <
H2C o) P X
\ -
— |c! Functional group
Phosphate group

X = OH = Phosphatidic acid
~— Phospholipid Bilayer ——
X = 0-CH,-CH,-NH, = Phosphatidylethanolamine Q d

L

X = 0-CH,-CH,-N*(CH,); = Phosphatidylcholine

X = 0-CH,-CH(NH,)-COOH = Phosphatidylserine
OH OH

OH
X= = Phosphatidylinositol
¢
OH OH

— ‘Hydrophobic

Phospholipids - or phosphoglycerides - are triglycerides containing phosphate group
and sometimes nitrogen in their structure (typically at the 3rd carbon). Phospholipids
differ according to the group attached.



PHOSPHOLIPIDS (PL)

A fatty acid and a nitrogenous base (choline, ethanolamine, serine) are formed
by their hydrolysis. The simplest PL is phosphatidic acid, which does not contain
nitrogen in structure.

The most common PL in foods are phosphatidyl ethanolamine (Cephalin),
phosphatidylcholine (Lecithin) and phosphatidylserine.

Rac,ﬂox

[

CH,

PHOSPHATIDYL CHOLIN (Lecithin)

o i O cHs

N
H,C \ c '~
; ““*xo/ \“ o e N\

+ —CHj

H2 I-\_p'HE

PHOSPHATIDILSERINE




~— Phospholipid Bilayer ——

g})m é Hydrophilic
A

PLs 5% 0

Al
s
They are surface active compounds because they contain
phosphate with high polarity in their structure. Therefore, they
ensure that biological membranes have multiple layers and are
the main components of the membrane. The tail part of the
molecule is hydrophobic and the head part is hydrophilic.

Due to their surface activity, they are used as emulsifiers in the
food industry (especially soy lecithin) and they disperse the
water-oil phase together. The foods they are most abundant in
are soy, eggs, mustard, sunflower, milk and caviar.



Phospholipids: Applications

* Phospholipids can be used as functional ingredients in foods because of their surface-active
properties.

Emulsifiers — To form
& stabilize emulsions

Head group (hydrophilic, polar)
Fatty acid chains (hydrophobic, nonpolar)

Lipeed-sotibie

D i S pe rsants - TO Micracrystal in . agan in bilayer

e . agueous inferice  Lipid Blager NW\/\/\/\
stabilize sugar particles Q/\/\/vv\/\/

in chocolate Encapsulants — To , A
encapsulate, stabilize Head Tail

and release functional
food ingredients

Phospholipids are used as functional ingredients in foods (e.g., as emulsifiers,
dispersants, wetting agents, viscosity modifiers, encapsulants).



Other Lipid Structures: Waxes

Edible waxes are esters formed by long chain alcohols and acids that have solid-like
(“plastic”) characteristics near ambient temperatures, but melt at higher temperatures. Like
other lipids, waxes are insoluble in water but soluble in organic nonpolar solvents.

Waxes can be grouped as animal (lanolin), herbal (carnauba) or mineral (petroleum wax).
They act as protectors on the outer surface of animals and plants. They have been used in the
food industry for hundreds of years as a coating agent to slow respiration in stored fruits and

eggs.

Applications:
 Coatings
* Encapsulants

T e U
e U A e

Waxes are found in a variety of plant and animal sou}c':yes e.g., bees
wax (honeycombs), shellac wax (insects), Candelilla and Carnauba
(plants), paraffin wax (hydrocarbon)




Carnauba wax is a natural wax.
It comes from the leaves of the
Copernicia prunifera palm grown
only in Brazil.

Candelilla wax is a wax derived from the
leaves of the small Candelilla shrub native
to northern Mexico and the southwestern
United States,




STEROLS
Basic structure of sterols

mDerjvatives of steroids.

=A carbon skeleton with four rings including three 6-carbon rings and
one hydroxyl group (OH) in the carbon 3-position of the A-ring.

=\/arious side chains are attached to the ring.

“CH(CH,)sCH(CHs),
CH,

(a) Steroid skeleton (b) Cholesterol




STEROLS

They are lipids found in plants (phytosterols) and animals (zoosterols).
The most common sterol in animal tissues is cholesterol. In plants, beta
sitosterol and stigmasterol are the most common.

Beta sitosterol

Phytosterols are molecules that can be extracted from plant sources
that have a similar structure to cholesterol. They have been shown to
be effective at reducing coronary heart disease, and are therefore be
incorporated into functional foods. Its main sources are fatty nuts and
unrefined oils.




Phytosterols

Cholesterol Plant sterol
Absorption rate ~50% Main component:
sitosterol

Absorption rate ~0.5%

HO

Plant sterol ester

Cholesterol is present in the cell membranes
of human beings and plays a vital function in
maintaining human health. However, too

much cholesterol in the diet can lead to o
heart disease, which has been linked to
cholesterol build up in the arteries.

Phytosterols have similar structures to cholesterol — they can reduce
cholesterol levels and improve human health



Cholesterol

Cholesterol concentrates in the cell membrane and stabilizes the structure.
Cholesterol is also a precursor in the production of bile acids and in the synthesis of
vitamin D with the help of sunlight. Since there is a link between high cholesterol
levels and cardiovascular diseases, it is recommended to reduce its dietary intake.

The foods with the highest cholesterol (mg / 100g) are as follows: tHy
Brain 3100, egg yolk 1085, caviar 588, egg 372, butter 250.

HO

Cholesterol Build-Up

Too much cholesterol can cause
health problems: such as clogged
arteries and heart disease

Some cholesterol is essential for
normal cell functions



Fat Soluble Vitamins and Pigments

* These are non-polar water-insoluble substances that tend to be present in the
lipid phase of foods.
e They vary in the biological functions, and in the physical and chemical properties
=Vitamin A
= Found in animal fats and not in plants

= Plants contain certain carotenoids (provitamin A), which
may be converted within the body to vitamin A

=\/itamin D

= Derived from sterols
= |n milk fat, but not vegetable oils

. IleJ]f[nanS can synthesize from a sterol by action of UV
Ig

CH;
H.C ' CH;

=Vitamin E .

= A group of compounds known as tocopherols
= Found mainly in vegetable oils, but some in animal fats

(o]

=Vitamin K CH,
= Rich in broccoli, cabbage, lettuce L 1 e

0 CH, CH, CH,



Pigments

= Carotenoids
— Minor component, typically 5 — 100 ppm
 Palm oil has 600 — 1000 ppm
— Glve to red color to fats/oils
— Highly unsaturated hydrocarbon
A series of conjugated double bonds absorb light.
— Mainly B-carotene

[/4/ = Chlorophylls
— Greenish color of soy bean or olive oil




