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Carbohydrates, classification, main carbohydrates in
human body

Carbohydrates:

Carbohydrates are molecules consisting of carbon,

hydrogen, and oxygen their formula is C,(H20), or They are
polyhydroxy aldehydes or ketons.

Functions of carbohydrates:
1. They are the most abundant dietary source of energy for all
organisms.. Aoal) LISl A8 (jaae) s ga S
2. They also serve as the storage form of energy (glycogen) to meet
the immediate energy demands of the body.
ile S5 AUl (e pueadl Cilaliad Al (Gas SOOS) aead) 3 48U () A5
3. They provide energy through oxidation. 32uSY) doleny A8l a g
4. They are precursors for many organic compounds (fats, amino
acids). i) (alea¥l s ¢ saallS 4 sl LS Hall (g 2all j1ma
5. Carbohydrates such as glycoproteins and glycolipids participate
in the structure of cell membrane and cellular functions such as cell
growth, and fertilization.
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6. They are structural components of many organisms. These
include the fiber (cellulose) of plants, exoskeleton of some insects.
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7. In plants, glucose is synthesized from carbon dioxide and water by
photosynthesis and stored as starch or used to synthesize cellulose

of the plant framework reaction.
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8. Animals can synthesize carbohydrate from lipid glycerol and
amino acids, (but most animal carbohydrate is derived from plants)
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< Classification of carbohydrates: according to the hydrolysis( Js3l
) products

Monosaccharide Contain 1 sugar unit
Oligosaccharides Contain 2 -10 sugar units
Polysaccharides Contain more than 10 sugar units

Monosaccharide

% Definition: They are the simplest units of carbohydrate containing one sugar
unit.

Naming of monosaccharides:

A. According to the Functional group:
1. Aldoses: monosaccharides containing aldehyde group (-CHO).
2. Ketoses: monosaccharides containing ketone group (-C=0).

Sugar No. of Carbons Includes
Trioses 3 Glyceraldehyde - Dihydroxyacetone
Tetroses 4 Erythrose - Erythrulose
Pentoses 5 Ribose, arabinose - Ribulose ,xylulose.
Hexoses 6 glucose, mannose, galactose -  fructose

Importance (functions) of pentoses:

Ribose:

- Enter in the structure of nucleic acids (RNA and DNA.)

- Enters in the structure of ATP, GTP .

- Enters in the structure of coenzymes NAD, NADP and FAD.

Importance (functions) of Hexoses:

Glucose:

“grape sugar” is the most important sugar of carbohydrate:
- Glucose is the main sugar in blood




- Glucose is one of major sources of energy in the body.
- In the liver and other tissues, glucose is converted to all carbohydrates in the
body e.g. glycogen, galactose,

Galactose:

It can be converted into glucose in the liver.

It is synthesized in mammary gland to make the lactose of milk (milk sugar)
Fructose: “fruit sugar”:

It can be converted into glucose in the liver.

It is the main sugar of semen.

Oligosaccharides

Oligosaccharides is a saccharide polymer containing a small
number (2-10) of monosaccharides (simple sugar).

Disaccharides made up of Source
Maltose glucose+glucose |- Malt sugar .
Disaccharides - Product of digestion of starch by
amylase enzyme.
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Lactose glucose+galactose | - Milk sugar.
Disaccharides - Found in milk and dairy products
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Sucrose glucose+fructose |-Table sugar
Disaccharides - sugar cane and sugar beets
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Raffinose galactose -beans, cabbage, broccoli and whole
Trisaccharides + grains.
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Thy are polymer of more than 10 unit of monosaccharides or their derivatives,
which may be linear or branched polymers.

= Polysaccharides containing only one kind of monosaccharide
molecule it is a (homopolysaccharide) such as glycogen, starch,
and cellulose. (duilaic cly Su)dlal¥) Sl e 2al s & 58 (g siad Sl saxiall iy Sl

= Polysaccharides  containing more than one kind of
monosaccharide are (Heteropolysaccharides) such as gum, agar
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Starch:

Starch

amylose

amylopectin

Inner layer 4dalyddl
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15-20% of the granule

and formed of straight chains
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80-85% of the granule
and formed of branched chain.
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structure of glucose units linked together

glucose units linked together by al — 4

byal—4
glycosidic bond

glycosidicbondandal —=6
glycosidic bond

f o _ ™
SCHLOH CH,OH
5 0 ]
H H H
Nonreducing A H \: . A I H Reducing
end ~\ OH H | - % OH H end
e )’ 00— _—
p—
OH H OH
Amylose
., A
4 SCH.OH N
{ O
H H H
1 OH H 1 .
S — (xl—sB)
: branch
Branch H OH | point
8]
.
SCH,
[0}
W A s
—o— S~—o—
Main H OH
chain
Amylopectin
. o




Cellulose:

-1t is composed of linear chains (unbranched) of glucose molecules.
-1t is the major constituents of plant cell walls.
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Glycogen:

-Highly branched chains of glucose molecules.

-Body's storage form of carbohydrate.

-Good food source such as (bread, dried peas and beans)

and some vegetables (corn and potatoes).
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Isomers

Isomers are compounds that contain exactly the same number
of atoms, i.e., they have exactly the same empirical formula, but
differfrom each other by the way in which the atoms are arranged.
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What are the 3 types of isomers?
Structural isomers come in three varieties: functional group isomers, chain
isomers, and positional isomers.

D- and L-isomers:
+ The D and L isomers are mirror images of each other

(Fischer projections). 31 all A Legiand l&al

4 The main different between D and L isomers is in the
position of -OH group in the penultimate carbon atom.
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If the -OH group is on the right side, the sugar is of D

Isomer.
Whereas -OH group is on the left side, the sugar is of L
isomer.
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Figure D and L Glucose isomers



Glucose and fructose
Aldose-Ketose isomerism (functional group isomerism): Have the same
molecular formula but differs in functional group. 4sids sl de sanall 4 Cadlial

Example : Fructose & glucose One contains Ketone group (C=0) and
the other contains aldehyde group (-CHO). Both are isomers.

4 ™
CHOH  NF .
=0 H—4—OH
HO——H  HO—+—H
H—4—OH  H—4—OH
H—4—OH  H——OH
s§CH,0OH sCH,0OH
D-fructose D-glucose
\ W

Epimers

Epimers are isomers having more than asymmetric carbon, all are same
except only one is different.

a. Glucose & Mannose are epimers at carbons 2.

b. Glucose & Galactose are epimers at carbons 4.
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Anomeric carbons & anomers: ring structure (Hawarth form)

a. Anomeric carbon: is the asymmetric carbon atom obtained from active
carbonsugar group: C1 in aldoses and C2 in ketoses.

b. Anomers: These are isomers obtained from the change of position of hydroxyl
group attached to the anomeric carbon e.g. e and_ glucose are 2 anomers.
Also g and § fructose are 2 anomers.
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