LIPIDS
Fats and oils in nutrition

Source of:

· Energy

· Essential fatty acids

· Lipophilic vitamins (A, D, E, K)

· Sterols

Effect for increasing of sensory quality of dish

· Influence on the texture (consistence)

· Influence on the taste and aroma

But,

Fats give very energy intake in the small volume of meals

Groups of lipids
Homolipids

Esters of fatty acid with alcohols

Alcohols

· Monobasic aliphatic (> C 30)  -  mainly waxes

· Dibasic (e.g. ethylen glycol)  -  glycol ethers

· Tribasic  (glycerol)  -  glycerol esters – mainly triacyl glycerols (triglycerides) -  main group of fat and oils

Heterolipids

Similar as triacylglycerols ;   in place of one fatty acid molecule is bounded non-lipidic functional group

Most significant

Phospholipids  -   phosphoric acid  (+)  other substance (e.g. choline)

Complex lipids

Homo- or heterolipids with other non-lipidic compound   -   bounded by covalent  and / or physical bounds

Most significant

Lipoproteins

ATTENDANT SUBSTANCES IN FATS (LIPOIDS)

Substances soluble in fats  (practically insoluble in water)

· Phospholipids (e.g. lecithin)

· Vitamin E  (tocopherols)

· Vitamin A  (retinol)

· Carotenoids

· Sterols


Animal origin: 

cholesterol


Plant origin: 


phytosterols


Microbiological origin: 
mainly ergosterol

TRIACYLGLYCEROLS
about 95 % of mass of fat; esters of glycerol with fatty acids
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R1, R2, R3 – fatty acids

3 possibility: all 3 FA the same; 2 FA same, 1 FA different; 
all 3 FA different

PARTIAL GLYCEROL ESTERS
 Monoacylglycerols

Only one group of glycerol is esterified by fatty acid

Diacylglycerols

Two groups of glycerol are esterified by fatty acids

Importance

Emulsifiers in fats and fat products – similar structure and action as phospholipids – see below

PHOSPHOLIPIDS
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X = OH = phosphatidic acid; 
X = choline = phosphatidylcholine; 
X = serine = phosphatidylserine; 
X = inositol = phosphatidylinositol
Ester part of molecule is non-polar; Phosphorous part of molecule is polar

polar part – phosphate
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non-polar part – fatty acid
Compounds of this or similar types enable the connection 
of water and oil phases and act as emulsifiers (e.g. in 
butter, mayonnaise ...)
In organism it enables lipoprotein formation

FATTY ACIDS
Saturated

H3C  -  (CH2)n  -  COOH 

n = (2-) 10 - 20

Palmitoic  (C 16),  Stearic  (C 18)

Butyric (C4), Lauroic (C12), Myristic (C14), Arachoic (C20), other in the small amounts

Monoenoic

1 double bond; usually in the carbon No. 9

Main: Oleic acid (C 18 =)

H3C - (CH2)7 – CH = CH - (CH2)7  - COOH

Other in the small amounts

Interesting: Erucic acid (C 22 =); in the carbon No. 13;   problem of traditional rapeseed oil

Polyenoic acids

2 and more double bounds

Essential fatty acids   -  see below

Geometry of bounds in fatty acids


[image: image4]
Fatty acid composition

(% from total FA; example; approximate values)

	Fat
	Sat.
	M
	P

	Butter
	62
	35
	3

	Lard
	40
	55
	5

	Soya oil
	15
	25
	60

	Sunflower oil
	12
	20
	68

	Rapeseed oil
	6
	64
	30

	Margarine
	20
	55
	25

	Shortenings
	25
	55
	20


Note: Sat. = saturated acid; M = monoenoic; P = polyenoic

Optimal composition: S : M : P   1 : 2 : 1

Acceptable composition:  1 : 1 : 1

Fatty acid composition

3 base guidelines:

1. The more of double bounds, the melting point decrease (solid fats – more saturated; oils – more unsaturated)

2. The more of double bounds, the solubility in blood plasma (water) increase  -  positive health effect – lower possibility of the formation of atherosclerotic coagulations

But,

3. The more of double bounds, the stability against oxidative changes (rancidity) decrease – negative health effect  -  produts of oxidation formed very hard atherosclerotic coagulations

Fatty acid composition

Therefore:

· Oxidation changes increase with temperature and light intensity.

· More saturated fats are more stable against oxidation (positive health effect), but it are lower soluble in blood plasma (negative)

· More unsaturated fats are lower stable against oxidation (negative), but it are more  soluble in blood plasma (positive)

Fatty acid composition

Using of fats and oils

1. For the kitchen operations with high temperature (> 160 °C; fritting, frying), the solid stable fat (hard shortening) is suitable for using

2. For the baking (100 – 120 °C), the using of frying oil, olive oil, palm oil or mixture of shortening with more stable plant oil (e.g. palm oil) is suitable.

3. For the boiling (to 100 °C), the using of more stable plant oil, e.g. olive oil, palm oil etc. is suitable

4. For the product of cold kitchen (salads etc.), the using of high unsaturated plant oil, e.g. sunflower, rapeseed, peanut, sezame oils etc. is suitable. Using of olive and palm oils and margarines is low suitable, but acceptable.

CHOISE OF OILS IN THE MARKET

1. Control of expiry date: Half year before expiry date, the oil is often unsuitable for the kitchen using.

2. Control of package type: Brown or green glass and aluminium package are suitable packages. Transparent plast package is absolute unsuitable (high oxidation changes during storing. 

3. Storing in the direct sun light is absolute unsuitable (UV light is very oxidative).

4. Control of tocopherol (vitamin E) content: The producer must indicate the content in package. The content would have been minimal 300 mg tocopherol per 1 kg of oil.

FATS IN NUTRITION
Fats – solid

Animal: butter, lard, tallow

Plant: Palm kernel fat, coconut fat, cocoa butter, hardened plant fats

Oils -  liquid

Animal: fish oil

Plant oils: sunflower, rapeseed, olive, palm, cotton plant, sezame etc.

Oils from sea or freshwater algae

SOLID FATS – CONTENT OF FAT

· Lard: 100 %

· Butter: 80 %  (natural emulsifiers)

· Butter speads: 40 – 80 %  (synthetic emulsifiers)

· Hard shortening: 100 %

· Margarine: 80 %  (natural and / or synthetic emulsifiers)

· Emulsified fats and spreads: 40 – 75 % (synthetic emulsifiers)

· Flicked fat: 80 % (nitrogen is the rest of content)

ANIMAL FATS

· Butter: cow, buffalo

· Lard: pork, goose, duck, chicken

· Tallow: beef, sheep

Advantages

· Taste properties  -  for many people

Disadvantages

· High content of saturated fatty acids

· Low content of essential FA

· Higher content of cholesterol – approx. the same as in meat

Note 1: The fish oil – opposite composition of FA; approx. the same content of cholesterol

Note 2: Visible fats – butter on the bread etc.



    Hidden fats – in meat, eggs, milk, cheeses, pastry

PLANT FATS AND OILS

Oilseeds – 6 types according to FA composition

· Germ oil – wheat, maize (corn)

· Soya, sunflower, rapeseed

· Peanut, palm, cotton oil

· Sezame oil, safflower oil

· Olive oil

· Palm kernel, coconut

Plant butters

· Cocoa butter

PLANT FATS AND OILS

Types of products:

· Edible oils

· Margarines

· Shortenings

Plant oil production

· Virgin oils: Pressed in cold, without refining  -  coloured oil with typical aroma (non-pleasant ??) and taste

· Refined oils: Pressed in heat, refining – weak colour, mild aroma and taste or without taste; vitamin E content is practically same

FATS INTAKE

(in the % of received energy)

Situation

· Child at a breast feeding:
50 %

· Neolithic primaeval man:
20 %

· Mediaeval vassal (13 – 17 century):  25 %

· The present state:


35 – 40 %

Nutrition recommendation: max. 30 %

Ideal state:



25 %

Minimal intake (for the assuring of sufficient intake of essential fatty acid, lipophilic vitamins and sterols)

20 %

FATS INTAKE

(in the grams per day; values for Czech Republic)

Situation

· Before 2nd world war :
90 g

· In the 1960 year:

90 g

· In the 1990 year:

120 g

· The present state:

120 g

Nutrition recommendation: max. 100 g

Ideal state:



80 g

Minimal intake (for the assuring of sufficient intake of essential fatty acid, lipophilic vitamins and sterols)



50 g

NUTRITION  RECOMMENDATIONS FOR  FATS  INTAKE

Fats intake in the % of received energy

· Total fat intake: 
max. 30 %

· Saturated fats:
max. 10 %

· Monoenoic fats:
higher than 10 %

· Polyenoic fats:
max. 10 %

Cholesterol: max. 150 – 300 mg per day

FOODS WITH HIGH CONTENT OF FAT  (ABOVE TO 40 % ENERGY INTAKE)

Meat and meat products

· Fatty meat, pasties, salamis

· Meat: pork, beef, duck, goose; some fish – 

carp, eel 

Milk and products

· Full-cream milk, cream, whipping cream

· Most of cheeses

· Cream yoghurt

Other

· Nuts, poppy seed

· Mild and long-life pastry

· Most of ice-creams

· Mayonnaise, dressings etc.

FOODS WITH LOW CONTENT OF FAT  (BELOW TO 20 % ENERGY INTAKE)

· Cereals (flour, bread, rolls)

· Legumes (except peanuts; soya been after detetting)

· Vegetables (except avocado)

· Fruits

· Potatoes

· Non-chocolate candies (high content of sugar)

DIGESTION OF LIPIDS
Stomach:


Repose phase: pH ( 2; digestion of small amount of lipids (1 – 5 %) by saline 


lipases


Working phase: pH ~ 1,5; emulgation of fats (by means of stomach movements) 

– spheres – 
diameter about 1 – 2 micro-meters

Small intestine: pH ~ 7

1. Emulgation of fats by bile acids (from liver and gall-bladder) 

2. Digestion by pancreatic lipase – position 1 and 3 of TAG molecule
3. Digestion by intestine lipase - position 2 of TAG molecule

4. Digestion by intestine cholesterolesterase – hydrolysis of esters of cholesterol with fatty acid

Result: In small intestine:


Free fatty acids


Glycerol


Monoacylglycerols


Free cholesterol

RESORPTION OF LIPIDS

Intestine mucous membrane – endoplasmatic reticulum :

· Synthesis (reesterification) of triacylglycerols from glycerol and fatty acids – formation of lipid base

· Esterification of part of cholesterol with fatty acids

· Bounding of cholesterol, lipophilic vitamins, hydrocarbons etc. to lipid base by covalent or physical bonds

· Bounding of phospholipids on the surface of lipid base

· Bounding of protein part on the surface of lipid base by way of phospholipid bridge

These processes result to synthesis of lipoprotein

Owing to, lipoprotein is transported to lipid circulation.

LIPOPROTEINS

Transporting form of lipids in organism - blood

Partially polar compounds

Solubility in blood depends on composition

Structure of lipoproteins
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Phospholipid function
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polar part – phosphate

non-polar part – fatty acid

Phospholipid molecule can rotate according to type of medium:

· polar part to polar medium (e.g. water, protein....)

· non-polar part to non-polar medium (e.g. fat or other organic compound)

Main types of lipoproteins

· Chylomicrons: are formed in intestine mucous; in blood are very quickly changed to other lipoproteins

· VLDL – very low density lipoproteins: are formed in liver (VLDL drains off excessive fat from liver to blood); in blood are very quickly (during 20 – 30 min.) changed to other lipoproteins

· LDL -  low density lipoproteins: 
· are weak polar, therefore, it are worse soluble in 
water – solubility depends on the composition;
· drains off triacylglycerols, cholesterol, lipophilic vitamins etc. to peripheral tissues (subcutaneous fat, muscle fat etc.); 
· higher cholesterol level in LDL is important risk factor of cardiovascular diseases
· HDL – high density lipoproteins:
· in water medium (blood) are stable and very good soluble

· HDL drains off excessive cholesterol from peripheral tissues to liver
· in the liver, cholesterol are metabolised to bile acids
· higher cholesterol level in HDL shows to decreasing of cardiovascular diseases risk 
Lipids and protein contents in plasma lipoproteins
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Approximate size of lipoprotein molecules

Chylomicrons

80 – 500 nm

VLDL



50 nm

LDL



20 nm

HDL



10 nm

Disorders of lipid metabolism
 Dislipaemia – name for all lipid disorders
Hypercholesterolaemia

Very big difference between CH in HDL and LDL

Total cholesterol in blood plasma 

· Normal values (limit) : 5,2 mmol / litre

· Enhanced values: 5,3 to about 7,5 – moderately 
higher risk for atherosclerosis

· High values: > 9  -  very high risk

Cholesterol bounded in LDL and HDL

· Required value: approx. 3  :  1

· Population in Central Europe: mostly higher values 
– up to values 5 : 1 to 7 :1

· very high risk
Hyperlipaemia 

· High content of triacylglycerols in blood plasma

· High risk for atherosclerosis

Liver steatosis 

· High amount of fat in liver

· Cause: lower synthesis of VLDL in liver

· Occasion: deficiency of protein in diet; deficiency 
of lipotropic factors – choline, inositol, 
pangamoic acid – all fall into vitamins B 
group

· Possible consequence: Second step is hepatic 
cirrhosis

· Strong form:

· In human population uncommon (viral infection)

· Often is created at domestic carnivores – dog, cat, but also at carnivores in ZOO – lions, tiger etc.

Influence of fatty acid composition on LDL solubility in blood plasma
Saturated FA

C6 – C10

no influence

C12 – C16

high decreasing

C18 


low decreasing

Unsaturated FA

Oleic acid (C18:1 cis)

neutral

Elaidic acid (C18:1 trans)
very high decreasing

Polyenoic acids  - cis forms (natural) 
       high increasing

ROLE OF CHOLESTEROL IN ORGANISM

Very important compound in organism

Cholesterol is component of some cell membranes – mainly 
in brain and nervous tissues  and embryo tissues

About 2 grams of cholesterol per day are used in organism 
for the cell membranes formation

Liver synthesize most amount of cholesterol; the rest is 
received from diet

Recommended maximal intake is 300 mg per day

Excessive amount is metabolised in liver to bile acids

Cholesterol is weak stable against oxidation

Oxidation products easy react in blood vessels with protein – products are practically insoluble in blood plasma and quickly precipitate

In this case, development of atherosclerosis is very strong

Food with high amount of cholesterol (mg in 100 g of food)

Brain            about 
1000 mg

Egg – total


250 mg


   yellow

1000 mg

Meat, meat products    60 – 150 mg

Milk



12 mg

Cheeses


30 – 100 mg

Butter



250 mg

Lard



100 mg

ESSENTIAL FATTY ACIDS

Importance in organism and in nutrition and health

· Precursors of eicosanoids – tissue hormones

· Eicosanoids are formed from arachidonic acid (n – 6) and from docosahexaenoic acid (n-3)
· About 1 % of fatty acid is used for eicosanoid synthesis
Polyenoic acid generally

· Increasing of LDL solubility in blood plasma

· Creating of cell membranes
Essential fatty acid  (PUFA - polyunsaturated)

Series of linoleic acid
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Linoleic acid

C18   2=    9,12 cis,cis

γ-Linolenic acid
 
C18   3=    6,9,12 cis,cis,cis

Arachidonic acid

C20   4=    5,8,11,14   cis

Sources in food

L:  Plant oils (mainly sunflower, rapeseed, soya, peanut etc., lower in olive, palm …)

γ-Ln: dietetic oils: evening primrose (yellow flower), borage ….

Arn:  muscle fat (content in plant is very low); eicosanoid synthesis take place in muscles
Series of linolenic acid  (n-3; ω-3)
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chain of FA

hydroperoxide group


All in configuration cis

Linolenic acid


C18  
3=
9,12,15

Icosapentaenoic acid (EPA)   
C20   5=
5,8,11,14,17

Docosahexaenoic acid (DHA)   
C22   6=   4,7,10,13,16,19
Sources in food

Ln: Some plant oils – rapeseed, soya, linseed

Other: Fish oil, egg yellow (according to feeding), some oils from algae
Formation of precursors

n-6: Linoleic acid  (C18:2)  ( (-linolenic acid (C18:3) ( dihomo-(-linolenic acid (C20:3)  (  arachidonic acid (C20:4)

n-3: Linolenic acid (C18:3)  (  eicosapentaenoic acid (C20:5) (  docosapentaenoic acid  (C22:5)  (  docosahexaenoic acid (C22:6)

Enzymes: dehydrogenases (desaturases) – change of single 
to double bond



  elongases – extend the fatty acid chain by 2 carbons – acetyl coenzyme A

Formation of eicosanoides

Oxidation reactions – oxidoreductases

Lipoxygenase: 

Intermediate: hydroperoxides

Products: leucotrienes, lipoxines

Cyclooxygenase:

Intermediate: endoperoxides

Products: prostaglandins, thromboxans

Function of eicosanoides

Leucotrienes: Increasing of immunity system activity

Thromboxans: regulation of blood coagulation – formation of thrombs

Prostaglandins: Increasing of immunity system activity;

      protection of stomach mucous membrane against HCl;

      influence of fertilization ability

EICOSANOIDS
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TRANS – UNSATURATED FATTY ACIDS
Biological effect

· Markedly decrease solubility of LDL in blood plasma   
-   atherosclerosis

· Structure is similar as saturated acid – it can 
replace SA in body fat tissues – but, it have 1 or 
more double bonds – oxidation in tissues – 
cancerogenesis

Maximal daily intake: 8 – 10 grams

Sources:

Milk fat: 


8 – 20 %    
to 2 g per day

Margarines etc.:

to 5 %

to 0,5 g

Meat etc.:


to 5 %

to 1 g

Fats after frying:

5 – 70 %
1 – 10 g per day
OXIDATION OF LIPIDS

Reactive oxygen species  (ROS)
Non-radical compounds

Hydrogen peroxide H2O2  

· low oxidation activity;

· in organism it is de-activated by catalase
Singlet oxygen; ozone

· are formed during lightening of air oxygen

· very strong oxidants

Free radicals

superoxide radical  O2–( 

hydroxyl radical   HO(
nitroxyl radical   NO(
peroxyl radical   R-O-O (
Oxidation by ROS

ROS act as chain oxidants – during oxidation of some compound are formed other radicals

Hydrophilic compounds

proteins

nucleic acids

Oxidation products can affect changes in molecules and formation of cancer

Lipophilic compounds

fatty acids

lipoproteins

cholesterol and other sterols (inclusive of cholesterol in 
blood vessels)

Development of cardiovascular diseases – oxidation products and its complexes with protein have strong atherogenic activity

Arising of cancer

Antioxidation enzymes in organism

catalase – hydrogen peroxide

glutathion peroxidase (contain Se) – hydroxyl radical

superoxide dismutase (contain Zn) – superoxide radical

Antioxidants

Tocopherols (vitamin E)

Carotenoids

Ascorbic acid (vitamin C)

Flavonoids

Ubichinons (coenzyme Q 10)

Cystein and its peptides

Products of lipid oxidation

Primary product

Hydroperoxides
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Sensory inactive; other products create by cleavage

Secondary products

Carbonyl derivatives
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· Rancid, unpleasant aroma (kiosk with frying products)

· Reactive compounds – easy react with amino- group of amino acids or proteins

· Reaction products with blood plasma proteins – absolutely unsoluble – strong atherosclerotic crusts

Polymers

· Compounds without aroma and taste

· Without health effect – organism cannot 
resorbed its

· Colour compounds – dark brown colour of frying 
oils

· Foaming agents in oils

Products at long-term used frying oils

· Hydroperoxides

· Carbonyls – volatiles (aroma), atherogenic

· Trans fatty acids – atherogenic, oncogenic

· Polymers – colour etc.
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