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Chapter 1 - CARBOHYDRATES 

1.1) INTRODUCTION    

 Carbohydrates are polyhydroxy aldehydes or polyhydroxy ketones, or compound that can 
  

 In the majority of carbohydrates, H and O are present in the same ratio as in water, hence also called 
  

 Carbohydrates are the most abundant biomolecules on Earth.   

 Carbohydrates are classified into following classes depending upon whether these undergo hydrolysis 
  

 

1.2) CLASSIFICATION OF CARBOHYDRATES 

 

 

1.2.1)  Monosaccharides:  
 into simpler forms. 

 

General formula: CnH2nOn 

They can be subdivided further: 

(a) Depending upon the number of carbon atoms they possess, as trioses, tetroses, pentoses, hexoses, etc. 

(b) Depending upon whether aldehyde (  CHO) or ketone (  CO) groups are present as aldoses or ketoses. 

 Aldoses are monosaccharaides with an aldehyde group. The monosaccharide glucose is an aldohexose; 
 that is, a six-carbon monosaccharide (-hexose) containing an aldehyde group (aldo-).  

 Ketoses are monosaccharides containing a ketone group. Similarly, fructose is a ketohexose; that is, it is a six-
 carbon monosaccharide (-hexose) and containing a ketone group (keto-).  

             Trioses are the simplest monosaccharides. Three are two trioses-dihydroxyacetone and glyceraldehyde. 
Dihydroxyacetone is called a ketose because it contains a keto group whereas glyceraldehyde is called an aldose 
because it contains an aldehyde group.  
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 General formula Aldosugars Ketosugars 

  Glyceraldehyde Dihydroxyacetone 

 (C3H6O3) 

  Erythrose Erythrulose 

 (C4H8O4) 

  Ribose  Ribulose 

 (C5H10O5) 

  Glucose  Fructose 

 (C6H12O6) 

1.2.2    Disaccharides): Those sugars which yield two molecules of the same or different molecules of 
 monosaccharide on hydrolysis. 

             General formula: Cn(H2O)n-1 

Examples 

 Maltose yields 2 molecules of glucose on hydrolysis. 

 Lactose yields one molecule of glucose and one 

 molecule of galactose on hydrolysis. 

 Sucrose yields one molecule of glucose and one 

 molecule of fructose on hydrolysis. 

 Lactulose a keto disaccharide 

 

1.2.3) Oligosaccharides: Those sugars which yield 3 to 10 monosaccharide units on hydrolysis, e.g. 
 Maltotriose. 

1.2.4)  Polysaccharides (Glycans): Those sugars which yield more than ten molecules of monosaccharides on 
 hydrolysis. 

 General formula: (C6H10O5) n 

 Polysaccharides are further divided into two groups:-  
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Polysaccharides: 

a. Homopolysaccharides (homoglycans): Polymer of same monosaccharide units. 

 Examples - Starch, glycogen, inulin, cellulose, dextrins, dextrans. 

b. Heteropolysaccharides (heteroglycans): Polymer of different monosaccharide units or their derivatives. 

 Example - Mucopolysaccharides (glycosamino- glycans). 

GATE TIP:  Biomedical Importance of Carbohydrates 

  

 compound lipids and conjugated proteins. 

  

  

 in the lactating mammary gland. 

 
 amino acid, etc. 

  pathways of different carbohydrates can cause 
 diseases, e.g. galactosemia, glycogen storage diseases (GSDs), lactose intolerance, etc. 

  mellitus. 

 
1.3) GENERAL PROPERTIES IN REFERENCE TO GLUCOSE 
 
1.3.1) Asymmetric carbon: A carbon atom to which four different atoms or groups of atoms are attached is said to be 
asymmetric (Fig. 1). 
 

: The number of possible isomers of any given compound depends upon the number of 
asymmetric carbon atoms the molecule possesses. 
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Fig.1 : Asymmetric carbon 

n equals the possible isomers of that compound, where, n = represents the 
number of asymmetric carbon atoms in a compound. 

1.3.3) Stereoisomerism: The presence of asymmetric carbon atoms in a compound gives rise to the formation of 
isomers of that compound. Such compounds which are identical in composition and differs only in spatial 
configuration are called stereoisomers. 

 Two such isomers of glucose  D - Glucose and L-Glucose are mirror image of each other (Fig. 2). 

 

Fig. 2: Stereoisomers of glucose 

1.3.4) D-Series and L-Series: The orientation of the H and OH groups around the carbon atom just adjacent to the 
terminal primary alcohol carbon, e.g. C-atom 5 in glucose determines the series. When  the  OH group on this 
carbon is on the right, it belongs to D-series, when the  OH group is on the  left, it is a member of L-series (Fig. 
3). 

 

Fig 3: D- and L-series 
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1.3.5) Optical activity: The presence of asymmetric carbon atoms also confers optical activity on the compound. 
When a beam of plane-polarized light is passed through a solution exhibiting optical activity, it will be rotated to the 
right or left in accordance with the type of compound, i.e. the optical isomers or enantiomorphs;  

  when it is rotated to right, the compound is called: Dextrorotatory (D or + sign) 

  when rotated to left, the compound is called: Laevorotatory (I or  sign). 

1.3.6) Racemic: When equal amounts of dextrorotatory and laevorotatory isomers are present, the  resulting mixture 
has no optical activity since the activities of each isomer cancel each other. Such a mixture is said to be Racemic. 

1.  3.7) Resolution: The separation of optically active isomers from a racemic mixture is called resolution. 

 1.3.8) Mutarotation: 
 
Definition:  When an aldohexose is first dissolved in water and the solution is put in the optical path so that plane-
polarized light is passed, the initial optical rotation shown by the sugar gradually changes until a constantly fixed 
rotation characteristic of the sugar is reached. This phenomenon of change of rotation is called mutarotation. 
 

1.3.9) Epimers  

 Many common sugars are closely related, differing only by the stereochemistry at single carbon atom. 
 For example,D-glucose and D-mannose differ only at carbon 2. Sugars that differ only by the 
 stereochemistry at a single active (other than anomeric carbon) are called epimers.  
 Similarly D-glucose and D-galactose are epimers. D-mannose and D-galactose are not epimers because 
 their configuration differs at more than one carbon.  

Examples 

 4 (Fig. 4). 
 Similarly, mannose and glucose are epimers with respect to C2. 

Epimerisation:  

  The process by which one epimer is converted to other is called epimerisation  

  It requires the enzyme epimerase, e.g. the conversion of galactose to glucose in the liver. 

 

Fig 4 Epimers 
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1.3.10) Cyclic Forms  

Monosaccharides having 5 or 6 carbons in the chain gives cyclic structure in aqueous solution via internal hemiacetal 
or hemiketal formation.  

  Hemiacetal: In general, an aldehyde can react with an alcohol to form a hemiacetal.  

   

   Hemiketal: A ketone can react with an alcohol to form a hemiketal.  

   

 

For aldohexose such as glucose, the C-1 aldehyde in the open-chain form of glucose reacts with the C-5 hydroxyl group 
to form an intramolecular hemiacetal. The resulting cyclic hemiacetal, a six-hemiacetal, ring, is called pyranose because 
of its similarity to pyran. (FIG 5) 

Similarly, the C-2 keto group in the open-chain form of a ketohexose, such as fructose, can form an intramolecular 
hemiketal by reacting with the C-6 hydroxyl group to form a six-membered cyclic hemiketal of the C-5 hydroxyl group 
to form a five-membered cyclic hemiketal. The five-membered ring is called a furanose because of its similarity to furan. 
(FIG 6) 
 
(a) Pyranoses: Haworth in 1929 suggested that the six-membered ring forms of the sugars be called Pyranoses 
because Pyran possesses the same ring of 5 carbons and oxygen. 
(b) Furanoses: Similarly Haworth designated sugar-containing 5-membered rings as the furanoses because furan 
contains the same ring. 

 

 Sugars exists in equilibrium between their open  chain and various closed chain forms (this is called 
  

 Particularly important for hexoses ( e.g glucose ) and pentose( e.g ribose)  
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 Closure of the ring creates a chiral center at C- 1 resulting in two diastereomers (sometimes anomers)   
 the alpha and beta forms. 

 Cyclic structure exists in two different configurational forms 

1.3.11) Anomers and anomeric carbon: Carbon-1, after cyclization has four different groups attached to it and thus it 

same because the compounds as a whole are not mirror-images of each other. Compounds related in this way are called 
anomers and carbon-1 after cyclisation becomes asymmetric is called now anomeric carbon atom (Fig. 7). 

 

Fig. 7: C1 after cyclisation becomes asymmetric -D-gluco -D-glucose are 
 

1.4) MONOSACCHARIDES  
(a) Trioses: Both D-glyceraldehyde and dihydroxyacetone occur in the form of phosphate esters, as 

intermediates in glycolysis. They are also the precursors of glycerol, which the organism synthesizes and 
incorporates into various types of lipids. 
 

(b) Tetroses: Erythrose-4-P occurs as an intermediate in hexose monophosphate shunt which is an alternative 
pathway for glucose oxidation 
 

(c) Pentoses 
 

 D-ribose is a constituent of nucleic acid RNA; also as a constituent of certain coenzymes, e.g. FAD,  NAD, 
coenzyme A. 

 D-2-deoxyribose is a constituent of DNA. 
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 Phosphate esters of ketopentoses - D-ribulose and D-xylulose occur as intermediates in HMP shunt. 
 

 L-xylulose is a metabolite of D-glucuronic acid and is excreted in the urine of humans afflicted with a hereditary 
abnormality in metabolism called pentosuria. 

 
 L-fucose (methyl pentose): occurs in glycoproteins. 

 

d) Hexoses 
1.   D-Glucose: (Synonyms: Dextrose, Grape Sugar) 

 It is the chief physiological sugar present in normal blood continually and at a fairly constant level, i.e. about 
     0.1 percent. 

 All tissues utilise glucose for energy. Erythrocytes and Brain cells utilise glucose solely for energy purposes. 
 Stored as glycogen in the liver and muscles mainly. 

 
2.   D-galactose: Seldom found free in nature. In combination it occurs both in plants and animals. 

 
   It occurs as a constituent of milk sugar lactose and also in tissues as a constituent of galactolipid and 

glycoproteins. 
  It is an epimer of glucose and differs in orientation of H and OH on carbon-4. 
  It is less sweet than glucose and less soluble in water. 
 

3.   D-fructose: It is a ketohexose and commonly called fruit sugar, as it occurs free in fruits. 
  It is very sweet sugar, much sweeter than sucrose and more reactive than glucose. It occurs as a 
 constituent of sucrose and also of the polysaccharide inulin 
 
GATE TIP: 
Seminal fluid is rich in fructose and sperms utilize fructose for energy. Fructose is formed in the seminiferous 
tubular epithelial cells from glucose. 

 
4.   D-mannose: It does not occur free in nature but is widely distributed in combination as the polysaccharide 
mannan, e.g. in the ivory nut. In the body, it is found as a constituent of glycoproteins. 
 
PROBLEM: 
Match the items under Group I with items under Group II     (GATE XL 2014)  
Group I       Group II 
P. Threonine    1. Fatty acid 
Q. Pyridoxine phosphate   2. Sugar 
R. Xylose     3. Amino acid 
S. Oleic acid    4. Co-enzyme 
 (A) P-4, Q-3, R-1, S-2   (B) P-3, Q-4, R-2, S-1 
 (C) P-1, Q-2, R-3, S-4   (D) P-2, Q-1, R-4, S-3 
Ans. 2 
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1.4.1) IMPORTANT PROPERTIES OF MONOSACCHARIDES 
1. Iodocompounds: An aldose when heated with conc. HI loses all of its oxygen and is converted into an ido- 

compound. 
2. Acetylation or ester formation: The ability to form sugar esters, e.g. acetylation with acetyl chloride (CH3

 

COCl) indicates the presence of alcohol groups. Due to an alcoholic OH groups, it can react with anhydrides and 
chlorides of many organic and inorganic acids, like acetic acid, phosphoric acid, sulphuric and benzoic acids to form 
esters of corresponding acids 

3. Interconversion of sugars: Glucose, fructose, and mannose are interconvertible in solutions of weak 
alkalinity such as Ba(OH)2 or Ca(OH)2 (Fig. 8). These interconversions are due to the fact that all give the same 
Enediol form, which tautomerizes to all three sugars. This interconversion of related sugars by the action of dilute 
alkali is referred to as Lobry de Bruyn-Van Ekenstein reaction. 
 

 
 

Fig 8 Interconversions of sugars in weak alkalinity- Lobry de Bruyn-Van Ekenstein reaction 
 

4)    Oxidation to produce sugar acids: When oxidised under different conditions, the aldoses may form: 
 Monobasic Aldonic acids or 
 Dibasic Saccharic acids or 
 Monobasic uronic acids containing aldehyde groups thus possessing reducing properties. 

 
a) Aldonic acids: Oxidation of an aldose with Br2  water converts the aldehyde group to a  COOH 

group aldonic acid Br2 reacts with water to form hypobromous acid, HOBr, which acts as the oxidizing 
agent. 

Example:-      
 

b) Saccharic or aldaric acid: Oxidation of aldoses with conc. HNO3  under proper conditions converts 
both aldehyde and primary alcohol groups to COOH groups, forming dibasic sugar acids, the saccharic 
or aldaric acids. 

 
 

Example:-          
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c) Uronic acids: When an aldose is oxidized in such a way that the primary alcohol group is 
converted to  COOH group, without oxidation of the aldehyde group, a uronic acid is formed. They 
exert reducing action due to the presence of a free CHO group. 

 

Example:-    

GATE TIP: Biomedical Importance  of D-Glucuronic acid 
 In the body, D-Glucuronic acid is formed from Glucose in the liver by uronic acid pathway, an alternative 

pathway for glucose oxidation. It occurs as a constituent of certain mucopolysaccharides. In addition, it is of importance 
in that it conjugates toxic substances, drugs, hormones and even bilirubin (a breakdown  product of Hb) and converts 
them to a soluble nontoxic substance, a glucuronide, which is excreted in the urine. 

 
5. Reduction of sugars to form sugar alcohols: The monosaccharides may be reduced to their 
 corresponding alcohols by reducing agents such as Na-Amalgam. Similarly, ketoses may also be 
 reduced to form keto- alcohol. 
 
Examples: 

-Glucose yields D-Sorbitol. 
-Galactose yields D-Dulcitol. 
-Mannose yields D-Mannitol. 

-Fructose yields D-Mannitol and 
D-Sorbitol. 

 
GATE TIP: PRACTICAL APPLICATION 
In microbiology, sugar alcohols have been used to identify the type of bacteria. Different bacteria give a different pattern 
 
6)  The action of acids on carbohydrates: Polysaccharides and the compound carbohydrates, in general, are 
 hydrolyzed into their constituent monosaccharides by boiling with dilute mineral acids (0.5 to 1.0  N) 
 such as HCl or H2SO4. 
  
1) With conc. mineral acids the monosaccharides are decomposed. 
2) en found most 
 satisfactory for decomposition. 

 
Fig: 9 Formation of furfural derivative 

 
GATE TIP: 

1)   -naphthol (in alcoholic solution) gives a red-violet ring. A sensitive  
  reaction but non-specific, given by all sugars. 
2) ry-red colour is produced. It is characteristic of D- 
  fructose. Other tests are the Anthrone test, Bial-orcinol test, etc. 
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7)  Reducing action of sugars in alkaline solution: All the sugars that contain free sugar group undergo 
 enolization and various other changes when placed in alkaline solution. The enediol forms of the sugars 
 are highly reactive and are easily oxidised by O2 and other oxidising agents and form sugar acids. As a 

 consequence, they readily reduce oxidising ions such as Ag+. Hg+, Bi+++, Cu++ (cupric) and Fe (CN)6. 
 

GATE TIP: PRACTICAL APPLICATION 
This reducing action of sugars in alkaline solution is utilized for both qualitative and quantitative determinations of 

sugars. Reagents containing Cu++ (ic) ions are most commonly used. These are generally the alkaline solution of cupric 
sulfate-containing: 

  
Sodium potassium tartrate (Rochelle salt) and strong alkali NaOH/KOH as in Fehling s solution (not used now). 
 Sodium citrate and weak alkali sodium carbonate as in Benedict s Qualitative reagent 

 
Reaction: When a solution of reducing sugar is heated with one of the alkaline copper reagents, The Cu++ (ic) ions 
take electrons from the enediols and oxidize them to sugar acids, and are, in turn, reduced to Cu+ (ous) ions. The 
Cu+ (ous) ions combine with OH  ions to form the yellow cuprous hydroxide, which upon heating is converted to red 
cuprous oxide. The appearance of a yellow to red precipitate indicates reduction and the quantity of sugar present can be 
roughly estimated from colour and amount of precipitate 

 
 

disaccharides formed from head to tail condensation are also reducing sugar i.e., disaccharides 
sucrose trehalose is red  

  
non-reducing sugar

cupric or ferric ion. In describing disaccharides or polysaccharides, the end of a chain that has a free anomeric carbon 
  

 
PROBLEM:  
Which one of the following is an example of non-reducing sugar? 
a. Sucrose 
b. Lactose 
c. Maltose 
d. Cellobiose 

together. Therefore it cannot open up the ring structure and react with the reagent. 
 
1.4.2) OTHER SUGAR DERIVATIVES OF BIOMEDICAL IMPORTANCE 
 
1.  Deoxy sugars: Deoxy sugars represent sugars in which the oxygen of a OH gr. has been removed, 
 leaving the hydrogen. Thus, CHOH or CH2OH becomes CH2 or CH3. Several of the deoxy 
 sugars have been synthesized and others are natural products. 

Deoxy sugars of biological importance are: 
 2-deoxy-D-Ribose is found in a nucleic acid (DNA). 
 6-deoxy-L-Galactose is found as a constituent of glycoproteins, blood group substances, and 

bacterial polysaccharides. 
 
2. Amino sugars (hexosamines): Sugars containing NH2 group in their structure are called amino  
 sugars. 
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 . Types: Two types of amino sugars of physiological importance are: 
  i)   Glycosylamine: The anomeric OH group is replaced by an NH2 group. 
 

Example: A compound belonging to this group is Ribosylamine, a derivative of which is involved in the synthesis 
of purines. 
 

ii)Glucosamine (Glycamine): In this type, the alcoholic  OH group of the sugar molecule is replaced by -NH2 
group. Two naturally occurring members of this type are derived from glucose and galactose, in which  OH group on 
carbon 2 is replaced by  NH2 group, and forms respectively Glucosamine and Galactosamine. 

 

  
Fig: 10 

 
GATE TIP: Biomedical Importance 

 N-acetyl derivative of D-Glucosamine occurs as a constituent of certain mucopolysaccharides (MPS). 
 Glucosamine is the chief organic constituent of the cell wall of fungi, and a constituent of shells of crustaceans 

(crabs, Lobsters, etc), where it occurs as Chitin, which is made of repeating units of N-acetylated 
glucosamine. Hence Glucosamine is often called as Chitosamine. 

 Galactosamine occurs as N-acetyl-Galactosamine in chondroitin sulphates which are present in 
cartilages, bones, tendons and heart valves. Hence Galactosamine is also known as Chondrosamine.  

 Antibiotics: Certain antibiotics, such as Erythromycin, carbomycin, contain amino sugars. Erythromycin 
contains dimethyl amino sugar and carbomycin 3-amino-D-Ribose. It is believed that amino sugars are related 
to the antibiotic activity of these drugs. 

 
GATE TIP: 
GLYCOSIDES: When hemiacatals react with alcohols, it forms acetals and if hemiacetal of the sugar reacts with an 
alcohol to form an acetal, it is known as a glycoside. Glycosides are formed by condensation between the hydroxyl 
group of the anomeric carbon of a monosaccharide, and a second compound that may or may not be another 
monosaccharide. If the hemiacetal portion is glucose, the resulting compound is glucoside; if galactose, a galactoside; 
and so on.   

 
SUGAR ACIDS: The aldehyde group in aldoses can be oxidized to produce a class of monosaccharaides called 
aldonic acids (if glucose, it is gluconic acid). One important aldonic acid is L-ascorbic acid or vitamin C.   

 
DISACCHARIDES AND GLYCOSIDIC BOND A disaccharide consists of two sugars joined by an o glycosidic  
bond. In a disaccharide, the two monosaccharaides are joined together by acetal or glycoside formation. The hemiacetal 
OH of one monosaccharide and an OH of the second monosaccharide, dehydrate to establish the bond called  
glycosidic bond. A glycosidic bond forms between anomeric carbon and the alkoxy oxygen.  
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1.5) DISACCHARIDES 
 The three most common disaccharides of biological importance are Maltose, Lactose and Sucrose. Their 

general molecular formula is C12H22O11 and they are hydrolysed by hot acids or corresponding enzymes as 

follows: C12H22O11  + H2O 6H12O6 + C6H12O6 
 

 A disaccharide consists of two sugars joined by an o-glycosidic bond. 
   

 

 
 

1. Maltose: Maltose or malt sugar is an intermediary in acid hydrolysis of starch and can also be obtained by enzyme 
hydrolysis of starch. In the body, dietary starch digestion by Amylase in gut yields maltose, which requires a 
specific enzyme maltase to form glucose. It is a rather sweet sugar and is very soluble in water. Since it has one 
aldehyde  or potentially free (Fig. 11) it has reducing properties and forms characteristic osazones, 
which has characteristic appearance . As anomeric carbon of one glucose is free, it can 

 and  forms and exhibit mutarotation. On hydrolysis, Maltose yields two molecules of glucose. 
 

 
Fig 11 Maltose  form) 

 
2. Lactose: Lactose is milk sugar and found in appreciable quantities in milk to the extent of about 5 percent and 

occurs at body temperature as an equilibrium mixture of the  and  in a 2:3 ratio. It is not very soluble and 
is not so sweet. It is dextrorotatory. The specific enzyme which hydrolyses is lactase present in intestinal juice. 
On hydrolysis it yields one molecule of D-Glucose and one molecule of D-Galactose. Because it contains 
galactose as one of its constituents, it yields mucic acid on being treated with Conc HNO3 after hydrolysis. 
 
As one of the aldehyde group is free or potentially free (Fig. 12 ), it has reducing properties and can 
formosazones. Lactosazone crystals have typical hedgehog shape or powder puff appearance. As anomeric 
carbon of glucose is free, it can form  and  forms and exhibit mutarotation. 
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Fig 12 Lactose  form) 

3.Sucrose: Ordinary table sugar is sucrose. It is also called  from sugarcane. Also 
obtained from sugar beet, and sugar maple. It also occurs free in most fruits and vegetables, e.g. pineapples, and carrots. 
It is very soluble and very sweet and on hydrolysis yields one molecule of D-Glucose and one molecule of D-
Fructose. The specific enzyme which hydrolyzes sucrose is sucrase present in intestinal juice. As both aldehyde 
and ketone groups are linked together (  1  2), it does not have reducing properties, and cannot form osazones. As 
both anomeric carbons are involved in Mutarotation. Fig 13 

 

 
Fig 13 Sucrose 

 
GATE TIP: Important Test  

s Test: Serves to distinguish lactose simultaneously from sucrose and monosaccharides like glucose, 
galactose, and fructose. A mixture of lactose and methylamine hydrochloride solution + NaOH solution, when 
heated in a water bath at 56°C for ½ hour and then cooled by standing at room temperature, an intense red colour 
develops 

 

Invert sugars and Inversion  

Sucrose is dextrorotatory (+62.5°) but its hydrolytic products are laevorotatory because fructose has a greater specific 
laevorotation than the dextrorotation of glucose. As the hydrolytic products invert the rotation, the resulting mixtures 
of glucose and fructose (hydrolytic products) are called Invert Sugar and the process is called Inversion. Honey is 

the presence of fructose accounts for the greater sweetness of honey. 
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1) Lactulose: A ketodisaccharide. 
Structure: It is O- -D-galctopyranosyl-(1 4)- -D- fructofuranose 
Source: Heated milk (small amounts). Mainly obtained synthetically. 
Clinical significance: Not hydrolysed by intestinal enzymes, but fermented by intestinal bacteria. It is used 
clinically in medicine as an osmotic laxative. 

 
GATE TIP: Biomedical Importance of Disaccharides 

 In the lactating mammary gland, the lactose is synthesized from glucose by the duct epithelium and lactose 
present in breast milk is a good source of energy for the newborn baby. 

 Lactose is fermented by f  bacilli (E. coli) which is usually non-pathogenic (lactose fermenter) and 
not by Typhoid bacillus which is pathogenic (lactose non- fermenter). This test is used to distinguish 
these two microorganisms. 

  of milk: Many organisms that are found in milk, e.g. E. coli, A. aerogenes, and Str. lactis convert 
lactose of milk to lactic acid (LA) thus causing souring of milk. 

 
 
1.6) OLIGOSACCHARIDES 
Those sugars yield 3 to 10 monosaccharide units on hydrolysis, e.g. Maltotriose. examples are given below:- 

Oligosaccharides (contain same or different monosaccharides or their derivatives) 

fructose) 

Tetrasaccharides: stachyose (2 galactoses, glucose and fructose) 

Pentasaccharides: verbascose (3 galactoses, glucose and fructose) 

Hexasccharides: ajugose (4 galactoses, glucose and fructose) 

 

 Integral membrane proteins contain covalently attached carbohydrate units, oligosaccharides, on their 
extracellular face. 
 

 Many secreted proteins, such as antibodies and coagulation factors also contain oligosaccharide units. These 
carbohydrates are attached to either the side-chain O2  atom of serine or threonine residues by O-glycosidic 
linkages or to the side chain nitrogen of  Asparagine residues by N-glycosidic linkages. N-linked 
oligosaccharides contain a common pentasaccharide core consisting of three mannose and two N-acetyl 
glycosamine residues.  

 
 Carbohydrates participate in molecular targeting and cell-cell recognition. The removal of glycoproteins from 

the blood is accomplished by Surface Protein Receptors on Liver cells, e.g. Asialo-glycoprotein receptor. 
 

1.7)    POLYSACCHARIDES 
 

 Polysaccharides are more complex substances. Some are polymers of a single monosaccharide and are termed 
as Homopolysaccharides (Homoglycans), e.g. starch, glycogen, etc. 
 

 Some contain other groups other than carbohydrates such as hexuronic acid and are called Heteropoly- 
saccharides (heteroglycans), e.g. Mucopolysaccharides. 
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1.7.1) HOMOPOLYSACCHARIDES 

1.7.1.1) Starch 
 

 Starch is a polymer of glucose and occurs in many plants as storage foods. It may be found in the leaves and 
stem, as well as in roots, fruits and seeds where it is usually present in greater concentration. 
 

 Hydrolysis of starch: It yields a succession of polysaccharides of gradually diminishing molecular size.                                                    
    Starch (Blue)  
      
    Soluble starch (Blue)  
     
    A m ylodextrin  (Purp le)  

     
    Erythrodextrin (Red)  
     
    A chroodextrin  (Colourless)  
     
    Maltose  
 
Enzyme (amylase) hydrolysis ends at maltose. It is not quantitative conversion, traces of dextrins are also formed. 
For formation of glucose, it requires the enzyme maltose. But if the hydrolysis is accomplished by acids much of the 
starch will be converted into glucose. 
 

 Types of amylases: Two broad classes of amylases exist as: 
 -amylase is present in saliva and pancreatic juice 
 -amylase is present in sprouted grains and malts. 

 

a) STARCH GELATINIZATION 

 Starch gelatinization is the process where starch and water are subjected to heat causing the starch granules to 
swell.   

 As a result, the water is gradually absorbed in an irreversible manner. 
 This gives the system a viscous and transparent texture. The result of the reaction is a gel, which is used in 

sauces, puddings, creams and other food products, providing a pleasing texture. 
 The most common example to explain this phenomenon is pasta preparation: pasta is made mostly of 

semolina wheat (wheat flour) that contains high amounts of starch. When it is cooked in boiling water, the 
size increases because it absorbs water and it gets a soft texture. 

 It is a process of breaking down the intermolecular bond of starch molecules in the presence of water and 
heat, allowing the hydrogen bonding sites (the hydroxyl hydrogen and oxygen) to engage more water.  

Three main processes happen to the starch granule: 

 granule swelling, crystallite or double helical melting, and amylose leaching. 

 During heating, water is first absorbed in the amorphous space of starch, which leads to a swelling phenomenon.  
 Water then enters via amorphous regions the tightly bound areas of double helical structures of amylopectin. At 

ambient temperatures these crystalline regions do not allow water to enter. Heat causes such regions to become 
diffuse, the amylose chains begin to dissolve, to separate into an amorphous form and the number and size 
of crystalline regions decreases.   
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 Penetration of water thus increases the randomness in the starch granule structure, and causes swelling; eventually 
amylose molecules leach into the surrounding water and the granule structure disintegrates. 

The gelatinization temperature of starch depends upon plant type and the amount of water present, pH, types and 
concentration of salt, sugar, fat and protein in the recipe, as well as starch derivatisation technology are used. Some 
types of unmodified native starches start swelling at 55 °C, other types at 85 °C. 

The gelatinization temperature of modified starch depends on, for example, the degree of cross-linking, acid treatment, 
or acetylation.  

Gelatinization temperature also depends on the amount of damaged starch granules; these will swell faster. Damaged 
starch can be produced, for example, during the wheat milling process, or when drying the starch cake in a starch 
plant. High amylose starches require more energy to break up bonds to gelatinize into starch molecules. 

Gelatinization improves the availability of starch for amylase hydrolysis. So gelatinization of starch is used constantly 
in cooking to make the starch digestible or to thicken/bind water in roux, sauce, or soup. 

b) RETROGRADATION OF STARCH 

Gelatinized starch, when cooled for a long enough period (hours or days), will thicken (or gel) and rearrange itself 
again to a more crystalline structure; this process is called retrogradation. 

 During cooling, starch molecules gradually aggregate to form a gel.  

The following molecular associations can occur: 
 amylose-amylose 
 amylose-amylopectin 
 and amylopectin-amylopectin. 

A mild association amongst chains come together with water still embedded in the molecule network. 

Due to strong associations of hydrogen bonding, longer amylose molecules (and starch which has a higher amylose 
content) will form a stiff gel.  

Amylopectin molecules with longer branched structure (which makes them more similar to amylose), increases the 
tendency to form strong gels. High amylopectin starches will have a stable gel, but will be softer than high amylose 
gels. 

Retrogradation restricts the availability for amylase hydrolysis to occur which reduces the digestibility of the starch 
 
GATE TIP:   

The iodine test is used to test for the presence of starch. Amylose in starch is responsible for the formation of deep 
poly iodine chains from the 

reaction of starch and iodine. The amylose, or straight-chain portion of the starch, form helices where iodine 
  

 
PROBLEM:  
The enzyme that hydrolyzes starch to maltose is:     (GATE XL 2015). 
A. - amylase   B. -amylase 
C. Glucoamylase  D. Cyclodextrin glucanotransferase 
Solution: Ans. A 
 
1.7.1.2.   Glycogen 

 Glycogen is the reserve carbohydrate of the animal, hence it is called animal starch. 
 It has been shown to be present in plants that have no chlorophyll systems, e.g. in fungi and yeasts. 
 It is also found in large amounts in oysters and other shell fish. In higher animals, it is deposited in the 

liver and muscle as storage material which is readily available as an immediate source of energy. It is 
dextrorotatory  D 20° = +196° to +197°. The formation of glycogen from glucose is called 


