


General Information:

» Carbohydrates are the most abundant class of
organic compounds found in living organisms.

* They originate as products of photosynthesis,
an endothermic reductive condensation of

carbon dioxide requiring light energy and the
pigment chlorophyll.




General Information:

n H20 1 + ¥ Energy_ii CnH2nOn 1+ ¥ n 02

The formulas of many carbohydrates can be written as carbon
hydrates, Cn(H2O)n, hence their name.

The carbohydrates are a major source of metabolic energy,
both for plants and for animals that depend on plants for food.

Aside from the sugars and starches that meet this wvital
nutritional role, carbohydrates also serve as a structural
material (cellulose), a component of the energy transport
compound ATP, recognition sites on cell surfaces, and one of
three essential components of DNA and RNA.

Carbohydrates are called saccharides or, if they are relatively
small, sugars.




Classification of Carbohydrates

e Carbohydrates are classified according to the
number of subunits that make them up

3 Types of Carbohydrates
. Monosaccharides
O Oligosaccharides Disaccharides
Trisaccharides

Tetrasaccharides
J Polysaccharides
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A - Methods of Classification:
Several methods are used to classity carbohydrates.

I1-One method of classification is based on whether the
carbohydrate can be broken down into smaller units.

» Monosaccharides
cannot be broken down into smaller units by hydrolysis.
Sometimes called simple sugars.

 Disaccharides
can be broken down (hydrolyzed) into two monosaccharide
units.

» Oligosaccharides

can be broken into three to six monosaccharide units.
« Polysaccharides

composed of 7 or more mono-saccharide units.




A - Methods of Classification:
Several methods are used to classity carbohydrates.

I1-One method of classification is based on whether the
carbohydrate can be broken down into smaller units.

» Monosaccharides
cannot be broken down into smaller units by hydrolysis.
Sometimes called simple sugars.

 Disaccharides
can be broken down (hydrolyzed) into two monosaccharide
units.

» Oligosaccharides

can be broken into three to six monosaccharide units.
« Polysaccharides

composed of 7 or more mono-saccharide units.




A - Methods of Classification:
Several methods are used to classity carbohydrates.

2-Another method is based on the number of carbons

found in a simple sugar.
It 1t has * carbons 1t 1s called
It 1t has 4 carbons 1t 1s called
It 1t has 5 carbons 1t 1s called

If 1t has 6 carbons 1t 1s called




A - Methods of Classification:
Several methods are used to classity carbohydrates.

3-Another method uses the kind of carbonyl group.

A monosaccharide with an aldehyde
group.

erythrose




A - Methods of Classification:
Several methods are used to classity carbohydrates.

3-Another method uses the kind of carbonyl group.

I;JH;DH
t'l.I=D
HD—Ll':—H
H—t'l.I—DH
H—C—OH
t'l.IH;DH
fructose

A monosaccharide with a ketone group..
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Monosaccharides

Classification by Carbon Atoms

Sugar Structure formula Aldoses Ketoses

Triose C,HO, Glyceraldehydes Dehydroxy

acetone

Tetroses C,HgO, Erythrose, Erthrulose
Threose

Pentoses CH,0. Kylose Ribulose
Ribose
Arabinose

Hexoses CH. O, Glucose Fructose
Galactose

Mannose




are classified on* is of number of carbon atums they
possess, and as alduses or ketoses depending upon their
groups.



Properties of monosaccharides

1.  Mutarotation : when a monosaccharide is dissolved in water, the optical rotatory power
of the solution gradually changes until it reaches a constant valuve. For ex : when D-
glucose is dissolved in water, a specific rotation of +112.2° js obtained, but this slowly
changes , so that at 24h the value has become +52.7°. This gradual change in specific
rotation is known as mutarotation. This phenomenon is shown by number of pentoses,

hexoses and reducing disaccharides.

2. Glucoside formation : when D-glucose solution is treated with methanol and HCI, two
compounds are formed, these are a — and 8-D- glucosides. Thus, formed glucosides are
not reducing sugar and also doesnot show phenomenon of mutarotation

3. Reducing power : Sugars having free or potentially free aldehyde or ketone group have an
ability to reduce the cupric copper to cuprous

Reducing sugar + 2 Cu** 2  oxidized + 2Cu"*
(cupric) sugar (cuprous)

4. Oxidation/Reduction: The alcoholic OH, aldehyde (COH) or keto (C=0) group are oxidized to
carboxyl group with certain oxidizing agents. The oxidation may be brought under mild or
with vigorous oxidizing condition

i.  With mild oxidant like BrH O : In this group only aldehyde is oxidized to produce
gluconic acid (monocarbonic). Ketoses do not respond to this reaction.
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ii. With strong Oxidizing agent like Conc HNO  : Both aldehyde or ketone groups are oxidized
to yield dicarboxylic acids

iii. Oxidation with metal hydroxides: Metal hydroxides like Cu(OH)z2,

Ag OH oxidize free aldehyde or ketone group of mutarotating sugar and reduce themselves
to lower oxides of free metals

Reduction: The aldehyde or ketone group present can be reduced to its respective alcohol
with sodium amalgum.

For ex: Fructose and glucose give the hexahydric alcohol i.e. Sorbitol and Mannitol

Dehydration : The monosaccharides when treated with Conc H 50 , it get dehydrated to from
5 — hydroxyl— methyl furfural derivative

Methylation or Esterification :The glucosidic and alcoholic OH group of mono saccharides and
reducing disaccharides react with acetylating agent like acetic anhydride in pyridine to
from acetate derivatives called esters.

1z



Carhr:nhydrates with free carbonyl groups or in hemiacetal form give positive
tests to Benedict's and Fehling's reagents

without having been hydrolyzed are referred as ‘reducing’ sugars;
others (i.e., the acetal types) are then ‘non-reducing’ sugars

Reducing sugar Nonreducing sugar
. Carbohydrates with a free aldehyde (at C-1) . Aldehyde or ketone group 1s not free but
or a free ketone (at C-2) group. instead utilized in bond formation.
2. They are in hemiacetal or hemiketal form. 2. They are in acetal or ketal form.
3. Do exhibit mutarotation. 3. Do not exhiblit mutarotation.
4. Do form osazones with phenyl hydrazine. 4. Do not form osazones.
3. Do form oximes with hydroxylamine. 3. Do not form oximes.
Examples - Glucose, Fructose, Lactose, Examples - Sucrose, Glycogen, Inulin
Maltose, Cellobiose




* Monosaccharides
composed of three to seven carbon atoms.

The most abundant hexose in our diet.

The building block of complex carbohydrates.

Component of the disaccharides: sucrose, maltose and lactose.
Found in the polysaccharides: starch, cellulose and glycogen.




* Monosaccharides
composed of three to seven carbon atoms.

Found in the disaccharide, lactose.

Found in the cellular membranes of the brain and
nervous system.

Galactose is the C-4 epimer of glucose.




* Monosaccharides
composed of three to seven carbon atoms.

* Sweetest of the carbohydrates.
« Component of the disaccharide sucrose.
* Fructose 1s a keto sugar.




Disaccharides

— Composed of 2 monosaccharides
— cells can make disaccharides by joining two monosaccharides by

biosynthesis.
Glucose + fructose = sucrose
= Table sugar

=  Found naturally in plants: sugar cane, sugar beets, honey, maple syrup
=  Sucrose may be purified from plant sources into Brown, White and Powdered Sugars.

Glucose + galactose = lactose W
*  The primary sugarin milk and milk preducts. WA 2w - H
*  Many people have problems digesting large amounts _; ™ ' Lo
of lactose (lactose intolerance) ! o . |
Glucose + glucose = Maltose [Lacios o . o
*  Produced when starch breaks down. A1 . - b ™
+  Used naturally in fermentation reactions of alcohel and 3 ?" I - "
beer manufacturing. A o Coi0me
‘Maltose
(=¥ ErgOm
H o » H 9 om
K. on L (_ow A
m-.\ll i _u_ * ¥ H
H
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Disaccharides
composed of 2 monosaccharide units.

Used 1n cereals, candies and the brewing of
beverages.

Composed of two D-glucose sugars joined by an
a-1,4 linkage.
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Disaccharides
composed of 2 monosaccharide units.

* Found in milk and milk products.

« Composed of one galactose and one glucose unit
joined by a -1,4 linkage.
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Disaccharides
composed of 2 monosaccharide units.

* Product of sugar cane and sugar beets.
« Composed of one glucose and one fructose unit.
* Linkage 1s at both anomeric carbons.
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Polysaccharides

composed of many (more than 10) monosaccharide units.

* Major structural material of plant cells.

* Consists of many glucose units joined by -1,4
linkages.




* Polysaccharides

composed of many (more than 10) monosaccharide units.

Storage form of glucose found in rice wheat, potatoes, grains
and cereals.

Consists of many glucose units joined by a-1,4 linkages.

Maltose 1s the disaccharide starting material.




Types of Polysaccharides
1. Starch

— The major digestible polysaccharide in our diet.
— The storage form of carbohydrate in plants.
— Sources: Wheat, rice, corn, rye, barley, potatoes, tubers, yams, etc.

— Twotypes of plant starch: 1. Amylose
2. Amylopectin

e
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* Polysaccharides

composed of many (more than 10) monosaccharide units.

Animal starch. Storage form of glucose found in the liver
and muscle of animals.

Contains many highly branched glucose units.
Joined by a-1,4 linkages and branched by a-1,6 linkages.

_________:;:;;::?’fi
Ianu 1,6'-glycosidic Eu:;ndl .
44 ¢




* Polysaccharides

composed of many (more than 10) monosaccharide units.

« Mixture of branched and un-branched soluble
polysaccharides produced by partial hydrolysis of
starch by acids or amylases.




* Any sugar that contains either:
|- A free aldehyde group.

2- An a-hydroxy ketone group.
3- A hemiacetal linkage

* The presence of any of these groups allows the
carbohydrate to undergo easy oxidation.

 If the sugar gets oxidized it causes reduction.
* Thus the name




B- Stereoconfigurations of simple sugars.

Carbohydrates contain many stereocenters.

|- If the OH group 1s found on the right side of the
carbon chain, the sugar 1s designated as a
).

2- If the OH group 1s found on the left side of the chain
of carbons, the sugar 1s designated as an

H. .20 H .20

| |
H—C—OH HO—C—H
CH,OH CH,OH

D-glyceraldehyde L-glyceraldehyde

aldotriose aldotriose




Cvclic Structures:

* Six membered sugar rings are known as

HL .20

I
H—(II—UH

HO—C~H
H—C—OH

I HO H

R=—C=u H OH

CH,0H
D-glucose o-D-glucopyranose B-D-glucopyranose




Carbohydrate Anomers:

* Formation of either of the cyclic form has created a new
stereocenter.

These stereoisomeric ring forms of carbohydrates are called

Anomers:

are carbohydrates that differ by the stereo-configuration of the
carbon involved in ring formation.

The greek letters o and 3 are used to describe the configuration
about the ring forming carbon.

The o anomer always has the OH group oriented in a
downward fashion on the anomeric carbon of a D-sugar.

The  anomer always has the OH group oriented in an upward
fashion on the anomeric carbon of a D-sugar.




Summary of Carbn_hydrates

Carbohydrate Food Sources

Monosaccharides

Glucose Fruit juices, hongy, corn synp

(alactose Lactose hydrolysis

Fructose Fruit juices, honey, sucrose hydrolysis

Disaccharides Monosaccharides

Maltosz Germinating grains, starch hydrolysis ~ Glucose + glucose

Lactose Milk, yogurt, ice cream Glucose + palactose

Sucrose Supar cane, supar beets Glucose + fructose

Polysaccharides

Amylose Rice, wheat, erains, cereals Unbranched polymer of glucose joined by a-1.4-2lycosadic bonds

Amylopectin Rice, wheat, erains, cereals Branched polymer of glucose joined by a-1.4- and -1 6-glycosidic bonds

Glyoozen Liver, muscles Highly branched polymer of glucose joined by o-1.4- and o-1.6-
ghyoosidic bonds

Cellulose Plant fiber, bean, beans, celery Unbranched polvmer of elucose jomed by B-1.4-glycosidic bonds




