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CARBOHYDRATES

The word ‘carbohydrate’ is derived from the Greek word ‘sakcharon’ meaning ‘sugar’. The literal meaning of carbohydrates is ‘carbon hydrates’ which originates from their chemical composition. The chemical composition of carbohydrates or saccharides is (CH2O)n where n>3 or n=3. It is a group of organic compounds occurring in living tissues and foods in the form of starch, cellulose, and sugars. The ratio of oxygen and hydrogen in carbohydrates is the same as in water i.e. 2:1. It typically breaks down in the animal body to release energy.

General Formula of Carbohydrates:
The general formula for carbohydrates is Cx(H2O)y.
Types of Carbohydrates:
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Classification of Carbohydrates:
Carbohydrates can be classified into 2 categories-
1. mono-, oligo- and polysaccharides and

2. reducing and non- reducing sugars

Depending upon whether they undergo hydrolysis or not, the carbohydrates are classified into the following:

1. Monosaccharides:Monosaccharides are the simplest form. They cannot be hydrolyzed further into hydroxyl aldehyde and ketone unit.Monosaccharides:

i. These are simplest of carbohydrates and are known as sugars.

ii. These are the building units of complex carbohydrates.

iii. These cannot be hydrolysed.

iv. These are sweet-tasting, crystalline and soluble in water.

They have a potential aldehyde or ketone group and hence, are reducing in nature.

vi. Aldehyde group or the reducing centre always lies at C No. 1 of the monosaccharide molecule. Such sugars are known as aldoses or aldose sugars.

vii. Monosaccharide’s having ketone group and are known as ketoses or ketose sugars. In such sugars the ketone group or the reducing centre always lies at C No. 2.

Depending upon the number of the C atoms, the monosaccharide’s are further classified as follows:

(i) Triose Sugars, C3H6O3 (e.g., glyceraldehyde, dihydroxyaeetone)

(ii) Tetrose Sugars, C4H8O4 (e.g., erythrose)

(iii) Pentose Sugars, C5H10O5 (e.g., ribose, ribulose, xylose, xylulose, arabinose).

(iv) Hexose Sugars, C6H12O6 (e.g., glucose, fructose, galactose mannose).

(v) Heptose Sugars, C7H14O7 (e.g., sedoheptulose).
2. Oligosaccharides:
i. They are often present in association with proteins (glycoprotein) and lipids (glycolipids). 
ii. These two conjugates of carbohydrates with proteins and lipids are collectively called glycoconjugates. 
iii. These consist of more than one but fewer number of monosaccharide molecules joined together by glycosidic bonds.

iv. On hydrolysis, they yield the monosaccharide units which may be similar or dissimilar.

v. These are sweet tasting, crystalline, soluble sugar.
vi. These may or may not have a free -OH group at the reducing centre and accordingly may or may not be reducing.

Depending upon the number of the monosaccharide molecules which constitute them, the oligosaccharides are grouped in following categories:

Disaccharides- with two monosaccharide units.. C12H22O11 (e.g., sucrose, maltose, lactose etc.)
· Trisaccharides- with three monosaccharide units.C18H32O16 (e.g., raffinose, gentianose etc.)
· Tetrasaccharides- with four monosaccharide units.

· Pentasaccharides- with five monosaccharide units.

3. Polysaccharides:
i. These consist of a large number of (often thousands) monosaccharide units to form branched or un-branched chains.

ii. These can be hydrolysed to yield monosaccharide units which are usually similar.

iii. These are usually amorphous, tasteless, non-sugars and insoluble in water.

iv. The molecular mass of these polymers ranges into millions of Dalton.

v. They have a critical role in maintaining the structural integrity of the living organisms. Cellulose is a major structural polysaccharide in plants. Starch in plants and glycogen in case of animals are principal nutritional reserves

Polysaccharides can be grouped into two categories:

· Structural Polysaccharides (e.g., cellulose, hemi-cellulose, pectic substances, chitin, gum, mucilage etc.)

· Storage Polysaccharides (e.g., starch, inulin, glycogen etc.)

.Structural Features:
Open Chain and Ring Forms of Monosaccharides:

Many monosaccharide’se.g ribose, glucose, fructose etc. exist both in open straight chain and ring form. If the ring is 5-membered it is called as furanose sugar. Sugar with a 6-membered ring is called as pyranose sugar e.g.,
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(The names pyranose and furanose are derived from six and five membered cyclic ethers called pyran and furan respectively with which these sugars bear a formal resemblance).

D-Sugar & L-Sugar: 

· If the highest numbered asymmetric carbon atom of the sugar molecules contains—OH group on right-hand side in open chain structure, the sugar is known as D-Sugar
· and if on left side it is known as L-Sugar. 
For example, in open chain structure of glucose carbon num­ber 2, 3, 4 and 5 are asymmetric. The highest numbered asymmetric C-atom is therefore, 5. As shown below, it bears -OH group on right-hand side and hence, glucose is called a D-sugar and written as D-Glucose or D-Glucopyranose (in case of 6-membered ring structure).
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n arabinose (a pentose sugar), the highest numbered asymmetric carbon atom is 4 which bears—OH group on left-hand side, therefore, this is a L-Sugar and called as L-Arabinose.
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Reducing Sugars

· Reducing sugar is any carbohydrate which is capable of being oxidized and causes the reduction of other substances without having to be hydrolyzed first. Reducing sugars are carbohydrates that can act as reducing agents due to the presence of free aldehyde groups or free ketone groups.
Non-reducing Sugars

· Non-reducing sugars are any type of carbohydrate which are unable to be oxidized and do not reduce other substances. Non-reducing sugars are carbohydrates that cannot act as reducing agents due to the absence of free aldehyde groups or free ketone groups.
Biological significance

· The importance of carbohydrates to living things can hardly be overemphasized. 

· The energy stores of most animals and plants are both carbohydrate and lipid in nature; carbohydrates are generally available as an immediate energy source, whereas lipids act as a long-term energy resource and tend to be utilized at a slower rate. 

· Glucose, the prevalent uncombined, or free, sugar circulating in the blood of higher animals, is essential to cell function. The proper regulation of glucose metabolism is of paramount importance to survival.
· The ability of ruminants, such as cattle, sheep, and goats, to convert the polysaccharides present in grass and similar feeds into protein provides a major source of protein for humans. 

· A number of medically important antibiotics, such as streptomycin, are carbohydrate derivatives.

· The cellulose in plants is used to manufacture paper, wood for construction, and fabrics
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