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Carbohydrates



Concept Covered



Monosaccharid
es

 Carbohydrates are polyhydroxy aldehydes or ketones, or substances that yield 

such compounds on hydrolysis.

 carbohydrates have the empirical formula (CH2O)n; some also contain nitrogen,

 phosphorus, or sulfur. 

 There are three major size classes of carbohydrates: monosaccharides, 

oligosaccharides, and polysaccharides

 Monosaccharides, or simple sugars, consist of a single polyhydroxy aldehyde or 

ketone unit with two or more hydroxyl groups

 Glucose and fructose have five hydroxyl groups. 

 Many of the carbon atoms to which hydroxyl groups are attached are 

chiral centers, which give rise to the many sugar stereoisomers found in 

nature

 Monosaccharides are colorless, crystalline solids that are freely soluble in 

water but insoluble in nonpolar solvents and generally sweet in taste



 The backbones of common monosaccharides are unbranched carbon 

chains in which all the carbon atoms are linked by single bonds. 

 one of the carbon atoms is double-bonded to an oxygen atom to form a 

carbonyl group; each of the other carbon atoms has a hydroxyl group. 

 If the carbonyl group is an aldehyde the monosaccharide is an aldose; 

 if the carbonyl group is a ketone group the monosaccharide is a ketose. 

 The simplest monosaccharides are the two three-carbon trioses: 

glyceraldehyde, an aldotriose, and dihydroxyacetone, a Ketotriose

 Monosaccharides with four, five, six, and seven carbon atoms in their 

backbones are called, respectively, tetroses, pentoses, hexoses, and 

heptoses. There are aldoses and ketoses of each of these chain lengths: 

aldotetroses and ketotetroses, aldopentoses and ketopentoses, and so on. 

 Example: aldohexose D-glucose and the ketohexose D- fructose

Monosaccharid
es



Enantiomers

 All the monosaccharides except dihydroxyacetone contain one or more asymmetric (chiral) 

carbon atoms and thus occur in optically active isomeric forms

 In general, a molecule with n chiral centers can have 2n stereoisomers.

 Enantiomers or optical isomers are chiral molecules which are non-superimposable mirror 

images of each other.

 Enantiomers have identical chemical and physical properties and are indistinguishable from 

each other except for the direction of rotation of the plane of polarized light. 

 One enantiomer in solution rotates the plane of polarized light to the right, whereas the 

other rotates it to the left. 

 A chiral molecule that rotates light to the right is known as ‘dextrorotatory,’ and its chemical 

name is preceded by the plus sign, e.g., (+)-lactic acid. 

 Its enantiomer, which rotates the plane of polarized light to the left, is described as 

‘levorotatory’ and the minus sign is used, e.g., (−)-lactic acid. 

 This property is known as optical isomerism.
Substances Jaap van Brakel, in Philosophy of Chemistry, 2012

https://www.sciencedirect.com/science/article/pii/B9780444516756500189
https://www.sciencedirect.com/book/9780444516756/philosophy-of-chemistry


Diastereoisomers
 Diastereoisomers are those stereoisomers that have different configurations at one or more 

(but not all) stereoisomers without being mirror-images of each other.

 Anomers and epimers are both diastereomers, but an epimer is a stereoisomer that differs in 

configuration at any single stereogenic center, while an anomer is actually an epimer that 

differs in configuration at the acetal/hemiacetal carbon



Disaccharides



Disaccharides







Sucrose 



Oligoaccharides

 Carbohydrates having more than two or up to ten monosaccharide units 

are termed as oligosaccharides. Raffinose and stachyose are two major 

examples of oligosaccharides which consist of repetitive chains of fructose, 

galactose and glucose.

 Raffinose is a trisaccharide widely found in legumes
and vegetables like beans, peas, soy, cabbage,
brussels sprouts, and broccoli.

 Here, galactose is bonded to sucrose via a α(1 --> 6)
glycosidic linkage.

 Humans are unable to digest such saccharides Thus undigested saccharides are thus

fermented by colonic bacteria resulting into flatulence formation.



 Polysaccharides are polymeric carbohydrate structures, formed of repeating units (either

mono- or di-saccharides) joined together by glycosidic bonds.

 Polysaccharides have a general formula of Cx(H2O)y where x is usually a large number between

200 and 2500.

 These structures are often linear, but may contain various degrees of branching.

 They may be amorphous or even insoluble in water.

 Based on the monosccharide units, polysaccharides are broadly put into two categories

 Homopolysaccharides : If the polysaccharides consists of only one type of monosaccharide

units, these are called homopolysaccharides.Common example of homopolysaccharide is

starch which comprises of only D - glucose units.

 Heteropolysaccharides : When more than one type of monosaccharides are present in a

polysaccharide, they are called heteropolysaccharides e.g. pectin (polymer of galactouranic

acid and its methylated ester).

Polysaccharides 



 Starch :

Starch constitutes the most predominant storage polysaccharide in nature and is a 

characteristic storage sugar of all plant cells.

This is abundant in tubers, like potatoes and corn seeds.

Starch is a polymer of glucose and contains two types of glucose polymers namely

 Amylose : Amylose consists of linear, unbranched chains of several hundred D-

glucose residues. The glucose residues are linked by a α(1 --> 4) glycosidic bond 

between their C1 and C4 carbon atoms. Molecular weight of such chains may 

extend upto 50000.

Storage polysaccharides



 Amylopectin : Amylopectin differs from amylose in being highly branched. The 

total number of glucose residues in a molecule of amylopectin may run into 

several thousands. Branching takes place with α(1 --> 6) bonds occurring every 24 

to 30 glucose units.

Starch



 Dextrins are mixtures of polymers of D-glucose units linked by α(1 --> 4) or α(1 --> 6) 
glycosidic bonds. These are low in molecular weight. When produced by heat, these are 
termed as pyrodextrins.

 Partial hydrolysis of starch results in a less sweet or almost flavourless Maltodextrin. 
These are easily digestable and hence act as a source of readily available energy. These 
can be easily derived from any starch.

 Syrups, such as corn syrup made are made from hydrolysis of corn starch. Corn syrup 
solids, are mildly sweet semi - crystalline or powdery amorphous products. The latter are 
not readily digested but partially fermented by intestinal bacteria.

 High Fructose Corn Syrup(HFCS) is another derivative of corn syrup which is as sweet as 
sugar and is often used in soft drinks.

 When starch is modified by any mechanical or chemical treatments, the resulting product 
is Modified starch.

 Hydrogenated glucose syrup(HGS) is produced by hydrolyzing starch, followed by its 
hydrogenation. The resulting syrup is used to produce sugar alcohols as well as 
hydrogenated oligo- and polysaccharides.

 Polydextrose (poly-D-glucose) is a highly-branched and synthetic polymer. It is known to 
possess many types of glycosidic linkages which are generated upon heating dextrose.

Hydrolysed starch



Glycogen

 Glycogen is the main storage polysaccharide in animal cells, a counterpart of

starch in plant cells.

 Glycogen, is also a branched polysaccharide of D glucose monomer units

bonded via α(1 --> 4) glycosidic linkage. The α(1 --> 6) branches in glycogen are

shorter and more frequent and extensive than those in amylopectin. The overall

structure is more compact here.



The glucose chains are organized globularly originating from a pair of molecules of glycogenin, a 
protein with a molecular weight of 38,000 at the core of the structure.

• Glycogen is easily converted back to glucose to provide energy.

• Both glycogen and starch are hydrolysed in the digestive tract by α - amylases present in the 
saliva and pancreatic juice which are secreted into the digestive tract.

• α - amylases hydrolyse the α(1 --> 4) glycosidic linkage of the outer branches of glycogen and 
amylopectin resulting in D-glucose, maltose and a resistant core named as “limit dextrin”.

• α - amylases cannot further hydrolyse limit dextrins because of their inability to cleave α(1 --> 6 
) linkages. This, however, is achieved by a “debranching” enzyme, α(1 --> 6) glucosidase acting on 
the branch linkages.

• Together α - amylase and α(1 --> 6) glucosidase completely degrade glycogen and starch 
(amylopectin).

• β - amylase hydrolyses alternate α(1 --> 4) glycosidic linkages yielding mostly maltose with very 
little glucose.

Glycogen



 Cellulose is the major structural polysaccharide, predominant in the cell wall of the plants.
Cellulose is found in cell walls of stalks, stems, trunks, woody portions of plant tissues.

 Like starch, cellulose also comprises of glucose as monomer units which are linked by β(1 -->
4) glycosidic bonds in a linear fashion. The absence of side chains allows cellulose molecules
to lie close together and form a rigid structures.

Cellulose

 The basic structural difference between cellulose and starch or glycogen is that in
cellulose, the glucose monomer units are linked by β(1 --> 4) glycosidic linkage
while in amylose, amylopectin or glycogen the glycosidic linkages are α(1 --> 4).



 On account of this structural difference, the main chains in glycogen or starch assume a coiled 

and helical conformation leading to formation of dense granules. The main chains of cellulose, 

on the other hand take up an extended conformation and allow lateral aggregation to form 

insoluble fibrils. 

 Cellulose are hydrolyzed to its constituent glucose units by microorganisms that inhabit the 

digestive tract of termites and ruminants. The intestinal tract of termites harbors 

Triconympha, a parasitic microorganism, that secretes enzyme cellulase which is a cellulose 

hydrolysing enzyme.

 Cellulose is mostly unavailable as food for vertebrates since they cannot be

digested/hydrolysed by any enzyme in them(except cattle and ruminant animals). The

digestive system of cattle and ruminant animals like sheep, goats, camels etc is thus abundant

with microorganisms that secrete cellulase to degrade cellulose to glucose units.

Cellulose Structural Polysaccharides



 Carbohydrates are the source of energy (~4 Kcal/g) in most diets.

 Cellulose is the major constituent of cell wall. Wood, cotton and paper are

forms of cellulose.

 Carbohydrate also forms the part of some glycoproteins.

 Hemicellulose

 The polysaccharide components of plant cell walls other than cellulose are

termed "hemicellulose" , which is extractable by dilute alkaline solutions.

 Hemicelluloses comprise almost one-third of the carbohydrates in woody

plant tissue.

 The chemical structure of hemicelluloses consist of long chains of a variety

of pentoses, hexoses, and their corresponding uronic acids

 Xylan is major example of a pentosan consisting of D-xylose units with β(1

--> 4) linkages

Functions



Structural Polysaccharides
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Heteropolysaccharides


