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Carbohydrates
An Overview
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Carbohydrates are naturally occurring polymers (biopolymers) composed of

sugar residues (monosaccharides) linked through glycosidic bonds.
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Carbohydrates are the single most abundant class of organic molecules in

nature. We interact with carbohydrates regularly in our daily routines. They

include such carbohydrates as sugar at our breakfast table and cellulose in our

clothing. Common Carbohydrates

The name ‘sugar’ is often used synonymously with carbohydrates.

Note that sugars are named with the –ose suffix



Why are Carbohydrates so Abundant in Nature?
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Carbohydrates are involved in many essential biological processes:

They act as an energy source and as basic structural building blocks

controlling the architecture of nature.

Mainly in the form of cellulose, starch and sugars, they are the prime

biological substances produced through photosynthesis and

metabolized by plants and micro-organisms.

Carbohydrates, in the form of cellulose, are the structural components

of cell walls of plant cells and the wood of trees.

Sugars such as ribose and deoxyribose are also integral parts of the

genetic materials DNA and RNA.
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What are Carbohydrates
(Historical perspectives)
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In fact, the empirical formula of most simple sugars is C(H2O) or (CH2O)n.

Historically, It was on the basis of this formula that carbohydrates were named

‘hydrates of carbon’ or “carbon hydrates”.

The term carbohydrates arose because most (but not all) sugars have a

general formula that corresponds to Cn(H2O)m, suggesting that the carbon

atoms were combined with water in some form.
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A Chemists Perspective of Carbohydrates
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The chemistry of carbohydrates is mainly the combined chemistry of

two functional groups: the hydroxyl group and the carbonyl group.

The more realistic definition of a carbohydrate is a

polyhydroxycarbonyl (polyhydroxy aldehyde or polyhydroxy ketone)

compound or a substance that gives such compounds on hydrolysis: a

description that is closer to its structural reality and more suggestive of

its chemical reactivity.
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Carbohydrates
Classification  of Carbohydrates
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Carbohydrates can be broadly classified into simple sugars and complex

sugars.

Simple sugars are carbohydrates that can’t be hydrolyzed (broken

down) into smaller molecules.
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To break the simple sugars requires cleaving a carbon-carbon bond. Simple

hydrolysis will not lead to the cleavage of carbon-carbon bonds.



Carbohydrates
Classification  of Carbohydrates
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Complex sugars are carbohydrates that are made of two or more

simple sugars.

Sucrose (table sugar) is made from glucose and fructose linked

through a glycosidic bond. The glycosidic bond can be cleaved

through hydrolysis to reveal two simple sugars.
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Carbohydrates

Classification  of Carbohydrates
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Most carbohydrates are found naturally in bound form rather than as

simple sugars. Polysaccharides include starch, cellulose, gums etc.

Cellulose, made from many repeating glucose units, is also another

example of a complex sugar.

Cellulose is made by plants and provides structure to the cell walls of 

plants.
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Classification  of Carbohydrates
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The classification of carbohydrates can be further refined based on the

complexity of their structure as:

(1) Monosaccharides: simple sugars that can not be hydrolysed any further,

(2) Disaccharides: carbohydrates comprising of two monosaccharide units

linked by a glycosidic bond,

(3) Oligosaccharides: Carbohydrates comprising of three to about ten

monosaccharide units linked by glycosidic bonds and,

(4) Polysaccharides: polymers made of many (in the order of hundreds to

thousands) monosaccharide units linked through glycosidic bonds as

either linear or branched polymers.

The term saccharide comes from the Latin word (saccharum referring to

sugar) and reminds of the sweet taste of some simple carbohydrates.
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Monosaccharides

• Monosaccharides are the building blocks for all carbohydrates.

• Over 200 monosaccharides are known.

• They cannot be hydrolysed to simpler compounds

• Monosaccharides are grouped into Aldoses or Ketoses based on whether

they are polyhydroxy aldehydes or polyhydroxy ketones, respectively.
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Monosaccharides
Classification of  Monosaccharides
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Aldoses and Ketoses are further classified based on the number of

carbon atoms in the main chain.

Prefixes are used to indicate how many carbons there are in the

chain.



Monosaccharides
Classification of  Monosaccharides
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Classes of Monosaccharides based on Carbon Chain unit

Number of carbon atoms Aldose Ketose

Three (triose) Aldotriose Ketotriose

Four (tetrose) Aldotetrose Ketotetrose

Five (pentose) Aldopentose Ketopentose

Six (hexose) Aldohexose Ketohexose

Seven (heptose) Aldoheptose Ketoheptose

Prefixes can be combined with “aldose” and “ketose” to further

describe the sugar.
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Monosaccharides

Classification of  Monosaccharides
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Glucose has an aldehyde and contains six carbon atoms, so it is

called an aldohexose.

Fructose also contains six carbon atoms, but it is a ketose, so it is

called a ketohexose.

Aldohexose Ketohexose
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