SACCHARIDES
STRUCTURE
[image: image1.emf]C


H


C


H


C


H


2


O


H


O


O


H


aldose


C


H


2


C


C


H


2


O


H


O


H


O


ketose




CH

CH

CH

2

OH

O

OH

aldose

CH

2

C

CH

2

OH

OH

O

ketose


BASE: 
Monosaccharides ( 1 sugar unit); oligosaccharides ( 2 - 10 sugar units); polysaccharides ( more than 10 sugar unit)
Monosaccharides

3 – 6 carbon atoms        threose – hexose

e.g. glucose
Oligosaccharides

In foods mainly di- and trisaccharides

e.g. maltose, sucrose, lactose

Polysaccharides

e.g. starch, cellulose, glycogen etc.
SACCHARIDES IN NUTRITION
Non-essential nutrients

For human mainly energy source; lower part is used also for structure of tissues

In organism:

· free saccharides – glucose, lactose, glycogen etc.

· bounded saccharides: 

· structure compounds – glycoproteins, glycolipids – mainly in cell membranes

· other – e.g. ribose in nucleic acids

UTILIZABLE SACCHARIDES
· starch – cereals, potatoes; amylose and amylopectin units; 
· dextrines (maltodextrines) – arising by enzyme (amylases) 
hydrolysis of starch

· glycogen – animal polysaccharide – similar structure as amylopectin – in animal localised in muscles and liver – energy reserve

· sucrose – sugar-beet, sugar-cane

· maltose - arising by enzyme (amylases) hydrolysis of starch – in malt

· lactose – milk sugar

· glucose, fructose – fruits, honey

· ribose – content in foods is very low – for organisms very 
important sugar (synthesis of nucleic acids) – ribose is synthesized from glucose

Poorly utilizable saccharides

Inuline

Polyfructosane; sweet taste; utilization in human body to 10 %; digestion mainly in large intestine; inulin can be caused  the flatulence

Sources: topinambours („sweet potatoes“), yacon (similar plant)

Flatulence factors

Unusual di- and trisaccharides (raffinose, galacto inositol, etc.)

Digestion by micro-flora of large intestine (about 10 %); formation of gases (carbon dioxide, methan, sulphan etc.) → flatulence

Sources: mainly legumes

Non-utilizable sacharides

Dietary fibre

Cellulose – cereals, vegetables, partially fruits

Pectin – fruits, partially vegetables

Resistant starch – storing bread and pastry, toastes

Chitin – mushrooms

Partial digestion by micro-flora of large intestine (about 5 %); formation of short organic acids (propionic, butyric; to the liver – energy source for liver) and partially gases

Digestion of saccharides
	Position
	Enzyme
	pH
	Digestion of:

	Mouth
	saliva (-amylase
	5,8-7,8
	starch, glycogen, dextrins

	Stomach
	xxx
	1,5
	xxx

	Small intestine
	pancreatic amylase; maltase; iso-maltase; lactase; saccharase
	7,5
	polysaccharides; oligosaccharides

	Large intestine
	xxx
	8
	xxx


Metabolism and utilization of saccharides

Products of digestion and resorption: mainly glucose, lower amount of other monosaccharides

Glucose metabolism: Mainly in muscle cells (partially also in liver cells); hormone insulin facilitates the admittance of glucose to cells; this way enables accurate regulation of glucose metabolism 


Metabolism: glycolysis, citric acid cycle, respiratory chain – product ATP
Metabolism of other monosaccharides: 
in liver - 2 possibilities:

· direct glycolysis without regulation – mainly fructose or galactose – owing to obesity can to intensifies 
· conversion to glucose – regulated glucose metabolism.

Intake of utilizable saccharides

Minimal intake: about 50 – 100 grams per day; with the lower intake, intensity of lipid 
metabolism increases and higher amount of oxo-carboxylic acids is formed 
(ketoacidosis)
High intake: Higher amounts of glucose eliminate to urine – glycosuria – glucose concentration higher than 1,8 grams per 
liter

High intake of saccharides  - limits of tolerance

· Total intake of saccharides: about 500 g per day

· Saccharose – 150 – 200 g

· Glucose – about 150 g

· Amount of other mono- and disacharides in food is smaller

Exceeding (in short term) → glycosuria

Longer exceeding – higher values of glucose concentration 

Glucose utilization

Glucose is most important energy source for working muscles, liver, brain etc.

Glucose is used for:

· oxidation reaction for the forming of ATP

· regulation of stabile glycaemia 
· glycogen synthesis

· conversion to fatty acids and glycerol – forming of fats

· conversion to other important saccharides (e.g. ribose, galactose)

CONTROL  OF  GLUCOSE UTILIZATION

Role of hormones insuline and glucagone

Formed in pancreas

Insuline: 

· Admit the glucose to muscle cells (open up the door for glucose); 

· Glucose metabolism take place in these cells  

· Supports of glycogen synthesis in the body

Glucagone: 

· Act against insuline

· Supports of glycogen decomposition in the body

Glucose in blood – glycaemia

Normal glycaemia: 4,0 – 5,5 mmol / l

Hyper glycaemia: more than 8,0 mmol / l

Hypo glycaemia: less than 4,0 mmol / l

Hypoglycaemic shock: less than 2,5 mmol / l

Increasing of glycaemia: Higher formation of hormone insulin in the pancreas 

Decline of glycaemia: Stop of insulin formation; glucose formation (gluco-neo-genesis) 
from glycogen, fatty acids or amino acids

Symptoms of hypoglycaemia: strong sense of hunger; muscle shakes; quick and strong 
function of heart 

Strong decline of glycaemia: Similarly as normal decline; besides, contra-regulative 
hormones are formed very quickly – glucocorticoid hormones, glucagon, growth 
hormone 
· these hormones act very strongly against insulin function 

DIABETES MELLITUS

It is due to 

Insulin absence or insulin smaller formation (about 90 and more % of cases)

or

Surplus of antagonists (glucagon, adrenalin etc.)

Results

· Wrong admitance of glucose to muscle cells

· Increasing of glucose concentration in blood (more than 8 mmol per liter; often substantially higher values – 15, 20 and more mmol per liter) – hyperglycaemia

To the hyperglycaemia genesis happen at glucose intake, just as during starvation (hunger)

Hyperglycaemia

Surplus of glucose is impossible to metabolize in blood by aerobic metabolism

Therefore, in the blood happen only to anaerobic metabolism and oxo-compounds are formed
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Oxo-compounds in blood  -  keton aemia


Results: damage of eyesight; damage of blood circulation (ulcers - diabetic foot); negative influences on the nervous system

Oxo-compounds in urine – ketonuria, polyuria (excessive urine formation), pollakis uria (frequent urination), glucoseuria

DIABETES MELLITUS  -  type I

Insulin – dependent diabetes

5 – 10 % of cases; formation mainly from 10 (8) to 20 (25) years old

Causes

Auto – immune destruction of pancreatic cells generating of insulin (macrophages in blood)

Absence or low formation of insulin

Results

· Hyperosmolarity (increasing osmotic and blood pressure) – development of atherosclerosis, damage of eyesight

· Ketoacidosis – excessive formation of keto acids – see above

DIABETES MELLITUS  -  type II

Non - insulin – dependent diabetes

About 80 - 90 % of cases; formation mainly from 50 (40; 60)  years old

Cause

Insulinoresistance – lowered sensitivity of tissues to insulin – absence of insulin of organism

Organism reaction

Increased of insuline formation in pancreatic Langerhans isles

But, for cases without doctor help beyond a certain date

come to destruction of Langerhans isles  and

diabetes come to insulin - dependent

Sweeteners and food product for diabetic patients

Sweeteners on the saccharide base 

sorbitol, fructose

Problem of high energy intake and non – controlling intake of sugars (see above – problems of high intake of fructose or saccharose 

Synthetic sweeteners

saccharin, aspartame, neotam, cyclamates etc.

Utilizable energy is practically zero

Worse taste – except in aspartame 

Food products „for diabetics“

Disabilities

· High content of proteins – problems of liver and kidney  (see chapter Proteins)

· High content of fats – obesity

· Practically all products have higher content of utilizable energy – obesity

Evaluation

These products are unsuitable for health population

and absolutely unsuitable for diabetics
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