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Amino Sugars
• An amino sugar (or a 2-amino-2-deoxysugar) is a sugar 

molecule in which a hydroxyl group (mostly in 2nd C) has 
been replaced with an amine group (NH2).

• It is named according to which monosaccharide is bound to the 
amine group. Example. Glucose  glucosamine and galactose 
 galactosamine..

Important Sugar Derivatives

Amino sugars Places of involvement Tissues

Glucosamine Hyaluronic Acid, Heparin, Mucoproteins, 
blood group substances Kitin, cell wall in fungi

Galactosamine Chondroitin sulphates Cartilage, bone, tendon, 
cornea
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Amino Sugar Acids
• Most of the amino acids present in the nature are acetylated. 

In other words, it is the N-acetyl derivatives of amino 
sugars. That is, they are bonded with acetic acid through the 
amine group. Example: N-acetyl-glucosamine.

• Amino sugars and amino sugar acids are generally involved in 
the incorporation of carbohydrate polymers. 

Important Sugar Derivatives
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• Amino sugar acids which are physiologically important are 
neuraminic acids, sialic acid and mumaric acid.
◦ Neuraminic acid is a 9 C sugar acid formed by the condensation of 3 C 

pyruvic acid with 6 C mannosamine.

Important Sugar Derivatives

Amino sugar acids Places of involvement Tissue

Neuraminic acid Pyruvic acid + Mannosamine, 
Mucopolysaccharides, glycoproteins Human milk

N-acetyl-Neuraminic acid Pyruvic acid + N-acetyl Mannosamine,
Bacterial enzymes

Bacteria, blood 
group, serous 

secretions

Sialic acid N-and O-acyl derivatives of neuraminic acid. 
Some lipids, polysaccharides and mucoproteins in textures

Mumaric acid Lactic acid + N-acetyl Glucosamine, 
Heteropolysaccharides

Bacterial
membranes
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Neurominic Acid N-acetyl-Neurominic Acid

Sialic Acid
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Deoxy Sugars
• Deoxy sugars are sugars that have had a hydroxyl group 

replaced with a hydrogen atom

Important Sugar Derivatives

Deoxy sugars Places of involvement Tissues

Deoxyribose Nucleic acids In cells

Rhamnose Some oligosaccharides, blood group substances, 
mucopolysaccharides

Milk, bacteria
stiffness

Fucose In various compounds Plants
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Ribonucleotide reductase
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 Sugar Alcohols
• It occurs when monosaccharides are reduced to alcohol groups

in aldehyde or ketone groups. Glucose  sorbitol, mannose 
mannitol, glyceraldehyde  glycerol .

◦ The aldehyde groups forming the 1st carbon of aldoses change to 
the primary alcohol group.

◦ The ketone groups forming the 2nd carbon of ketoses change to the 
secondary alcohol group.

Important Sugar Derivatives
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Important Sugar Derivatives
Sugar alcohols Monosaccharide Attended / used places

Sorbitol Glucose, Fructose Polyol Pass, Food additives, 
laxatives, cosmetics

Glycerol Glyceraldehyde, Dihydroxyacetone Lipids (Triglycerides)

Mannitol Mannose Therapeutic?

Dulsitol (Galaktitol) Galactose Cataract cause?

Ribitol Ribose Riboflavin(B2)

Eritrol Erythrose Food additive
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 Sugar Acids
• Oxidation products of monosaccharides. There are very 

important members in the biological direction. They are 
monosaccharides with a carboxyl group.
◦ Aldonic, Saccharic and Uronic Acids.

• Aldonic Acids
◦ The aldehyde group on the 1st carbon atom of the aldoses is 

oxidized and changes to the COOH group.
◦ The hexoses are Hexonic Acids. Glucose gluconic acid, galactose 

galactonic acid. 
◦ *Gluconic acid is an important intermediate metabolite in the 

synthesis of pentoses.

Important Sugar Derivatives
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• Saccharic Acids (Aldaric Acids)
◦ Aldehydes are oxidized to the COOH group by oxidizing the primary 

alcohol groups in the 6th carbon with the aldehyde groups in the 1st 
carbon.

◦ Glucaric acid is formed by this oxidation of glucose.
◦ Mannose  Mannaric acid.
◦ Galactose  Galactic (Musik) acid.
◦ Ribose  Ribosaccharic Acid

◦ They have no biological significance.

Important Sugar Derivatives
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• Uronic Acids
◦ They are sugars in which the terminal carbon's hydroxyl group

(primary alcohol group) has been oxidized to a carboxylic acid.

◦ The product of glucose is glucuronic acid.
– Hexoses are hexuronic acid and are the most common glucuronic acid.
– It is found in the structure of glycoproteins and mucopolysaccharides.
– Takes part in detoxification events. It serves to remove toxic substances.

◦ Mannose → Mannuronic acid.
◦ Galactose → Galacturonic acid

Important Sugar Derivatives
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 A disaccharide is the sugar formed when two 
monosaccharides are joined by glycosidic linkage. The 
joining of two monosaccharides happens by a 
condensation reaction, which involves the elimination of 
a water molecule.

 Its general formula is Cn(H2O)n-1.

When disaccharide occurs, binding of the monosaccharides 
occurs with the glycosidic linkage. The oxygen bridge 
formed by the association of two monosaccharides is called 
the glycosidic bond.

Disaccharides
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The monosaccharide molecule binds to each other in 
two forms to form glycosides..
• Maltose Type Bonding: It is formed by bonding a carbonyl 

group (aldehyde or ketone group) of a monosaccharide with an
alcohol group of an another monosaccharide.
◦ For example: Maltose and lactose.

• Trehalose Type Bonding: It is formed by bonding a carbonyl 
group (aldehyde or ketone group) of a monosaccharide with a 
carbonyl group of an another monosaccharide.
◦ For example: Sucrose.

Disaccharides
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Maltose type bonding;
• When at least one of the monosaccharides is free of an 

aldehyde or ketone group, the disaccharides with this type of 
linkage have a reducing property.

 In disaccharides with trehalose type bonding;
• Since both carbonyl groups of monosaccharides are used for 

linking, there is no reducing property.

Disaccharides
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 α-glycoside bond and β-glycoside bond
• Alpha and beta monosaccharides are formed according to the 

configuration of OH groups. 

• If the α-monosaccharide OH group is used in the glycoside 
bond, it is named α-glycoside bond. 

• If the OH group of β-monosaccharide is used, it is named β-
glycoside bond.

Disaccharides
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• When the glycosidic bond is shown, it is also shown which 
carbon atoms have taken place in the bond.

• If the linkage is between the OH group in the first carbon of 
the α-monosaccharide and the secondary alcohol in the fourth 
carbon of the other monosaccharide, then this linkage is α; 
14 glycoside.

• The connection is of great importance in the form of α- and β-. 
Because the same monosaccharides and disaccharides vary 
depending on whether the link between the same carbon 
atoms is alpha or beta. Examples include Maltose and 
Cellobiose.

Disaccharides
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Disaccharides Monosaccharides Glycosidic link

α – Maltose α –Glucose+ α – Glucose α ; 1  4

β – Maltose α –Glucose+ β – Glucose α ; 1  4

Cellobiose α –Glucose+ β – Glucose β ; 1  4

α – Lactose α –Glucose+ β – Galactose β ; 1  4

β – Lactose β –Glucose+ β – Galactose β ; 1  4

Sucrose α –Glucose+ β –Fructose α ; 1  2

Disaccharides
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 It is also called malt sugar.
Two glucose molecules are linked via α; 1 → 4 

glycosidic bond. Glucose molecules may be α-glucose in 
either case, such as α-glucose or β-glucose. The result is 
two forms, α- and β-maltose.
• α-Maltose:The two molecules merge into a mixture of α-

glucose.
• β-Maltose: A molecule is formed by the combination of α-

glucose and a molecule β-glucose.

Maltose
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 In the α-maltose and β-maltose, the glucose bond is 
between carbons 1 and 4. Link is α;1→4 glycosidic bond.

One of the aldehyde groups is free, so it has reducing 
properties.

Maltose is the disaccharide unit of starch and glycogen.
It is sweet and easy to dissolve in water.

Maltose

http://www.biyokimya.vet/en


α-Maltoseα-Glucose

C

C

C

C

C

C

OHH

HHO

OHH

O

H

OH

H2OH

1

6

2

3

4

5

H

α-Glucose

C

C

C

C

C

C

OHH

HHO

OHH

O

H

OH

H2OH

1

6

2

3

4

5

H

α; 14 
Glycosidic
bond

http://www.biyokimya.vet/en


α-Glucose α-Glucose

O

α-Maltose

α; 14 
Glycosidic bond

1

23

4

5

6

1

23

4

5

6

http://www.biyokimya.vet/en


β-Maltoseα-Glucose

C

C

C

C

C

C

OHH

HHO

OHH

O

H

OH

H2OH

1

6

2

3

4

5

H

β-Glucose

C

C

C

C

C

C

OHH

HHO

OHH

O

H

H

H2OH

1

6

2

3

4

5

HO

α; 14 
Glycosidic
bond

http://www.biyokimya.vet/en
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The two glucose molecules are linked via β;1→4 
glycosidic bond.
• It is composed of an α-Glucose and a β-Glucose.  

 It is plant origin and does not exist freely in nature. 

Cellobiose is the disaccharide unit of the cellulose 
polysaccharide.

One of the aldehyde groups is free (which is in α-
glucose), so it has reducing properties.

Cellobiose
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 It is also referred to as the milk sugar because it is only 
present in the milk in considerable quantities.

 Synthesized by mammary glands. 
• If too much lactose is produced or the milk is not as fast as its 

capacity, it will pass to the blood. The organism can not use 
unhydrolyzed disaccharides. Unused lactose is excreted in the 
urine. This is called lactosuria. 

 It is one of the two disaccharides found freely in nature 
along with sucrose.

Lactose
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 Lactose is a disaccharide formed by β;1→4 glycosidic
bonding between Glucose and galactose 
monosaccharides.

There are two forms; α-Lactose and β-Lactose.
• Galactose is β- in both lactoses. 
• Depending on whether the glucose is in the α- or β- position, 

α-lactose and β-lactose occurs.

Lactose
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One of the aldehyde groups is free (which is in glucose), 
so it has reducing properties.

 It is found 5% in the milk.

The various microorganisms found in the milk can 
convert lactose to lactic acid which causes the souring
of milk.

Lactose
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β-Glucoseβ-Galactose
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β-Lactose
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glycosidic bond
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 It is also called table sugar. Also known as sugar cane.

 It is a disaccharide formed by α;1→2 glycosidic bond 
between glucose and fructose monosaccharides.

 It is plant origin. It is found mostly in sugar beet and 
sugar cane. It is found in the majority of fruits and 
sugars. It's pretty sweet.

 It does not have a reducing property because it does not 
have a free aldehyde and ketone group.

Sucrose (Saccharose)
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The hydrolysis of sucrose with acids occurs more rapidly 
than all other disaccharides. 
• If lactose hydrolysis with an acid is 100, maltose becomes 127 

and sucrose becomes 1240.
• The sucrose normally turns the polarized light to + 66.5º right. 

But after being hydrolyzed by a special enzyme called 
saccharase, turns the polarized light to -39.5º left. This 
phenomenon occurs after the hydrolysis of sucrose, resulting in 
glucose and fructose units. Fructose turns to the left - 92.5 
degrees. Glucose turns right +52.8º. So fructose turning degree 
is higher than glucose.

Sucrose (Saccharose)
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 If heated to 200° C, water is lost and becomes a brown 
amorphous mass. It's called caramel.

 It can be used by the body when given by mouth.

 Saccharose and glucose are the most important sugars in our 
nutrients. The monosaccharides obtained after hydrolysis of
sucrose, is absorbed easily and used for various purposes.
• When disaccharides (including lactose, sucrose) are administered 

directly to the blood, the body can not benefit from them and they 
are excreted in urine like a foreign substance.

Sucrose (Saccharose)
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α-Glucose β-Fructose

Sucrose

α; 12 
Glycosidic bond

1 2
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Two α-D-glucose units are condensed by α;11 
glycosidic bond.
 It is founf hemolymph of many bugs.
Two anomeric C atoms consist of glycosidic bond, so it is 

not reducible.

Trehalose

α-Glucose α-Glucose
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Carbohydrates formed by polymerization of several monosaccharides 
(more than two, less than 10)

http://www.biyokimya.vet/en


 It is a trisaccharide composed of galactose, glucose 
and fructose.

 It is found in sugar beet, and in highly organized plants.

 It is formed by 1 molar galactose binding to saccharose.

 It is the most abundant oligosaccharide found in plants 
after sucrose.

Raffinose
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 It is a trisaccharide with no reducing properties and 
synthesized by many plant extract feeding insects.

 It plays a role in reducing stress caused by osmosis in 
insects. 

Melezitose is found in the content of leaf juice 
(honeydew) secreted by the leaf bit. This sap is pretty 
sweet and is a source of attraction for ants. It is also a 
food source for bees.

Melezitose
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 It is formed by the attachment of 1 molar galactose to 
the galactose unit of Raffinose with the α;1-6 glycosidic
bond.

 It is a tetrasaccharide found in plants.

 Stachyose occurs naturally in numerous vegetables (e.g. 
green beans, soybeans and other beans) and other 
plants. It is less sweet than sucrose. It is mainly used as 
a bulk sweetener or for its functional oligosaccharide 
properties.

Stachyose
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 Which of the following monosaccharide pairs will cause 

maltose disaccharides to occur?

a- Glucose + Fructose

b- Glucose + Galactose

c- Glucose + Glucose

d- Glucosamine + Glucosamine

e-Galactose + Fructose

Answer: C

Question
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