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Overview
 Carbohydrates (KH) are most commonly found in nature,
with three major groups of organic substances together
with proteins and lipids found in living materials.
 The CHs, which are generally called as sugars, are not
sweet when they are as large molecules.
• For example, starch, a polysaccharide, is not sweet, while
glucose, a monosaccharide, is sweet.

Overview
 It is found entirely in plants and animals.

• The most common carbohydrates found in the plants are firstly
cellulose and secondly starch. While cellulose has function as
supportive and preservative, the starch has the foodstuff. The
same task is undertaken in humans and animals by glycogen.

 The sugars are broken to their simplest units that build up
themselves in the digestive system. After that, they are
absorbed.
 The energy required for metabolism is mainly derived from
Glucose breakdown.

Definition of Carbohydrates
 Carbohydrates are generally composed of C, H and O
elements.
 H and O atoms are generally found like in water. That's
why it means carbonated water.
• Over time, however, studies have shown that not all
carbohydrates comply with this formula, or the presence of noncarbohydrate substances has been found to fit the formula.
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Definition of Carbohydrates
 The C, H and O atoms are actually in the structure of
some functional groups. These are aldehyde, ketone,
primary alcohol and secondary alcohol groups.
 Only one of the aldehyde and ketone groups is
present in the building. Neither can exist.
 Primary and secondary alcohol groups are
complementary to other carbons of CHs. They are many
alcoholic aldehydes or very alcoholic ketones.
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Definition of Carbohydrates
 CHs is defined as;
• Aldehyde or ketone derivatives of polyhydroxylic
alcohols (Monosaccharides),
• Their polymers (Di, oligos and polysaccharides),
• Oxidation products (Sugar acids),
• Reduction products (Sugar alcohols),
• Substitution products (Amino sugars) and the sulfate
and phosphate esters.

Classification of Carbohydrates
 Monosaccharides or simple sugars
 Di-oligosaccharides
• Consist of 2-10 monosaccharide unit. If 2, it is called Di. If 3-10, it is
called oligosaccharides.

 Polysaccharides
• They are formed by the polymerization of a large number of
monosaccharides. It can be a simple chain, but also shows
branched complex structures and different structures.
◦ Homopolysaccharides
◦ Heteropolysaccharides

Monosaccharides
 They are aldehyde or ketone derivatives of
polyhydroxy alcohols and it is not possible to separate
them into simpler molecules when they are
hydrolyzed.
• There are one aldehyde or ketone group per molecule in the
structure. These groups are also belonged to carbonyl
group.
• Aldose and Ketose?

◦ Monosaccharides which are containing aldehyde group are called Aldose.
◦ Monosaccharides which are containing ketone group are called Ketose.

Monosaccharides
 -ose ?
• When the monosaccharides are named in Latin, they are
brought to the end of the name «-ose» suffix.

 Monosaccharides are also named according to the
number of carbon atoms they contain. For example, if
it contains 3 C atoms, it takes the name trio.
 A monosaccharide containing a 3-carbon and an
aldehyde group is called Aldotriose.

Monosaccharides
 The most common
monosaccharides in
nature and organisms
are 3, 5 and 6 carbons.
 Those with 4 and 7
carbons are synthesized
in the intermediate
metabolism, which are
rare.
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Formation of Monosaccharides
 Closed Formulas:
C6H12O6

CH2OH-(CHOH)4-CHO

According to this formula
we can say that the
carbohydrate is only a
Hexose because it has 6
carbons.

According to this formula, we can
see that 4 of the 6 carbons are
the secondary alcohol group, 1 is
the primary alcohol group, 1 is
the aldehyde group (-CHO). So it's
an Aldohexose.

Formation of Monosaccharides
 Structure formula:
• It is a form that shows the space alignment of
the groups.
• The C atom containing the aldehyde group is
defined as the 1st C atom, the C atom carrying
the primary alcohol group is defined as the 6th
C atom.
• It is not clear which KH is defined in this formula.
We can only say that it is an Aldohexose.
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Formation of Monosaccharides
 Configuration Formulas:

H

• It is the shape which shows the
positions of the H and OH groups in
H
the space. Depending on the
lengthwise arrangement of the H and
OH groups, several CHs may form
HO
such as Glucose, mannose, galactose.
• Stereoisomers which are differing in
H
its configuration at only one chiral
carbon atom are called as Epimers.
◦ For example, glucose and galactose are
Epimers of each other, as they differ in
only in the position of hydroxyl group at
C4.
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Fischer Projection
 Herman Emil Louis Fischer
• 1902 Nobel Prize in Chemistry

 According to this projection;

• In the vertical plane, C1 is drawn at the top of C
9 Oct. 1852 - 15 July 1919
chain and C6 at the bottom (If it is hexose).
• In an aldose, the carbon of the aldehyde group is C1; in a
ketose the carbon of the ketone group has the lowest
possible number (usually C2).
• In this project, the L- and D- structures are also distinguished.
• Mainly monosaccharides and also amino acids and other
organic compounds, used showed by using this project.
◦ Especially in stereochemistry, the enantiomers of chiral molecules are
shown.

Formation of Monosaccharides
Fischer Projection
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Formation of Monosaccharides
 Ring Formulas (Howarth Projection)
• This form of formulation is only relevant for pentoses and
hexoses.
• Asymmetric Carbon Atom: When four atoms of the carbon
atom are bonded to four valences, they are called
asymmetric carbon atoms.
• It is seen that the first and sixth C atoms of the
monosaccharides are not asymmetric and the remaining 4 C
atoms of the second group of alcohols are asymmetric. The
substances with asymmetric carbon atoms show
Stereoisomerism.

Formation of Monosaccharides
• 2n= Number of stereoisomers
• Related to stereoisomerism; It is evident that they form
different molecules even though they have the same
structural formula.
◦ There is a relationship between the asymmetric C atom in
the stereoisomers.
◦ Accordingly, if there are 4 asymmetric carbon atoms, the number
of stereoisomers is 24 = 16.
◦ However, the investigations have shown that hexoses are not 16
but 32 isomers.
◦ That is, 25 = 32. In this case, it is supposed to be the fifth
asymmetric carbon atom. Where is it?

Formation of Monosaccharides
• The substances with asymmetric carbon atoms are polarized to
the right, to the left. This is called specific rotation.
• What is a Mutorotation?
◦ The specific rotation of the polarimeter is + 112° after dissolving the
glucose in the room temperature. If the same glucose is dissolved at
90ºC, it is determined that the specific rotation is + 19º. Both
solutions find a balance at + 52.5º after some time. This is called
mutarotation.
• If glucose gives two different rotations it has two different forms. This
happens because of a fifth asymmetric C atom. This is possible with
the formation of hemiacetals of aldehydes.

Howarth Projection
 Sir. Walter Norman Haworth
• 1937 Nobel Prize in Chemistry

 According to this projection;

• The cyclic structure of monosaccharides are presented (5
and 6 C numbered ones).
• Carbon is the implicit type of atom. Carbon 1 is known as
the anomeric carbon.
• Hydrogen atoms on carbon are implicit.
• A thicker line indicates atoms that are closer to the
observer.
• The groups below the plane of the ring in Haworth
projections correspond to those on the right-hand side of a
Fischer projection.

19 March 1883 19 March 1950

Formation of Monosaccharides
 When the ring forms, the fifth asymmetric carbon atom
is formed.
 This is possible when the aldehyde group is converted
into a semi-acetal (hemiacetal) structure.
 The asymmetric C atom is the 1st C atom.
• At the 4-valence of the 1st C atom, 4 different groups are
connected, one of them is the OH group.
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Formation of Monosaccharides
 The space position of OH group bound to the first C atom
determines the whether an hexose or pentose is alpha or
beta.
• One the right, it is called ALFA hexose or pentose,
• On the left, it is called BETA hexose or pentose.

 Carbohydrates;

• ALFA and BETA forms are defines as anomer,
• The C atom that makes up these forms is called the anomeric C
atom.
• The OH group linked to the first C atom is called the free
hydroxyl group. This group is also the group that has the ability
to reduce in carbohydrates.
• Carbohydrates with a free OH group have reducing properties.

6

6

5

5
1

4
3

4

1
3

2

β-Glucose

2

α- Glucose

Howarth Projection

Optical Isomerism
 Substances having asymmetric carbon atom or atoms
have often their mirror images due to the different
sequences of the groups they carry.
 These type of compound called geometric isomers or
more common stereoisomers. The association of such
compounds is also referred to as stereoisomerism.

Optical Isomerism
 Stereoisomeric materials are also optically active
substances. Optically active substances are substances that
can turn the polarized light to the right or left.
 Two stereoisomeric optics-enantiomers- rotate the
polarized light at the same level, but in opposite
directions (right and left)

• Ordinary light consists of electromagnetic waves that oscillate in all planes
perpendicular to the direction in which the light travels. Passing light through a
polarizer allows light in only one plane to come through. This is plane-polarized
light (or simply polarized light), and it has an electric vector that oscillates in a
single plane. A polarimeter is an instrument that allows plane-polarized light to
travel through a sample tube containing an organic compound. After the light
exits the sample tube, an analyzer slit is rotated to determine the direction of
the plane of the polarized light exiting the sample tube.

Optical Isomerism
 D-glyceraldehyde turns the
light to the right; Lglyceraldehyde turns the
light to the left. So these are
dextrorotatory and
levorotatory because of
these features.
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 The (+) and (-) signs after the letters D and L indicate
the ability to turn the light right and left.

Optical Isomerism
 Since glyceraldehyde contains one asymmetric C atom, the
right-to-left translational property of the light is easily
determined.
 However, when carrying more than one asymmetric carbon
atom, the D - L shapes are not related to turning to the right
and to the left.
 In sugars containing more than 3 C atoms, the D and L forms
are named according to the glyceraldehyde resemblance,
followed by the (+) and (-) positions by determining the
direction of breaking the light.
• For example, D (+) glucose means that groups linked to the 5th C
atom, which is the closest asymmetric carbon atom to the primary
alcohol group of glucose, resemble D-glyceraldehyde, and the light
breaks to the left.

DL(+)
(-)

Solubilities of Monosaccharides
 They are easily soluble in water and aqueous media. The
aqueous media they dissolve exhibit different properties
according to their neutrality, alkalinity and acidity and
give different reactions.
 They show a slow mutorotation in water and neutral
aqueous media.
 In very mildly alkaline environment, mutarotation is
accelerated.
 Certain monosaccharides in a slightly alkaline environment
(at 0.05 N) are converted to other monosaccharides via enol
forms. This is called enolization.

Solubilities of Monosaccharides
 Enolization is a general phenomenon of aldehydes and
ketones.
 The migration of a proton from a C atom to the oxygen
of a neighboring carbonyl group (aldehyde or ketone
group) is called enolization to form unsaturated alcohol,
an enol.
 The products that come after this event are called
enediol.

Solubilities of Monosaccharides
 In strongly alkaline environments, the reaction
capabilities of enodiol forms are very high.
 In highly alkaline environments, if the monosaccharide
solutions are boiled after being thoroughly mixed, color
changes in the form of
 red  brown.
 At the end of the color change, some resin-like
substances are formed. At this time, caramel is smelled.
Ası T. Tablolarla Biyokimya Cilt I

MOORE Experiment

Solubilities of Monosaccharides
 In acidic environments, the first reaction is the acceleration
of mutorotation. Monosaccharides become carbonized if the
temperature is raised to boiling temperature in severe acid
environments.
 Some of the aromatic compounds are characterized by color
reactions with monosaccharides and are thus used to
recognize those monosaccharides.
 In a concentrated acid medium, the monosaccharide
molecule boils to dehydrate by losing 3 M of water. As a
result, furfural from pentoses, 5-hydroxy-methyl furfural
from hexoses.

Solubilities of Monosaccharides
 The most important feature is that they give color
reactions to condense with some aromatic compounds
such as orcin, fluoroglucin, resorcin, alpha-naphthol.
 The pentoses turn to green with orcin, to red with
floroglucine, and they help to recognize the pentoses.
 Seliwanoff (resorcin, pink, ketohexose), Molisch assay
(alpha-naphthol, violet, general carbohydrate
recognition experiment).

Sweetness of Monosaccharides
 Monosaccharides are sweet
substances.They take the tastes
from alcohol groups they carry.
 The sucrose taste is regarded as
100 and the flavors of other
sugars are graded.
• Sugar comes in taste in the term.
Actually, sugar is the saccharide we
call it. Tea or tableware. It is a
disaccharide.

Sweetness of
Monosaccharides
Fructose

173,3

Sucrose

100,0

Glucose

74,3

Xylose

40,0

Maltose

32,5

Galactose

31,1

Lactose

16,0

Reduction Properties of Monosaccharides
 Monosaccharides and
certain disaccharides are
strongly reducing agents,
especially at high pH,
i.e. in alkaline
environments.
 These properties come
from the free aldehyde
and ketone groups they
carry.
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Reduction Properties of Monosaccharides
 They reduce Ag+, Hg+++, Bi+++ and Cu++ ions easily.
 In the meantime they are oxidized and bring acid
mixtures to the field.
 If these reactions are carried out with the addition of
the color-oxidizing agent, it will become reddened as
color change will occur when reduced by the
monosaccharides

Properties of Monosaccharides on -OH Groups
 Glycoside formation
• When the ring structures of the monosaccharides are combined
with the phenol groups or the alcohol by using HCl as the
catalyst, the glycosides are formed.
• A bond formed between a monosaccharide aldehyde group
and another monosaccharide alcohol group that will result
in the formation of a glycoside is called a glycoside bond.
◦ Most natural glycosides are found in plants.

Properties of Monosaccharides on -OH Groups
 Ether Formation
• H, found in -OH group, substitute with alkyl group.

 Ester Formation
• The esterification of the OH groups with acids forms the sugar
esters.
• The phosphate esters they form with phosphoric acid are of
biological importance. They are involved in the Metabolism of
carbohydrate and the nucleic acid composition.

Properties of Monosaccharides on -OH Groups
 Ester Formation
Monosaccharide

Ester Reaction

Phosphate Ester Derivatives

Glucose

Esterification of -OH group in the 1st C with
H3PO4

Glucose-1-Phosphate (G-1-P)
(Cori ester)

Glucose

Esterification of -OH group in the 6th C with
H3PO4

Glucose-6-Phosphate (G-6-P)
(Robinson ester)

fructose

Esterification of -OH group in the 6th C with
H3PO4

Fructose-6-Phosphate (F-6-P)
(Neuberg esteri)

fructose

Esterification of -OH group in the 6th and 1st C
with H3PO4

Fructose-1,6-diphosphate (F-1,6-P)
(Harden-Young ester)

Question 1
 Which of the following monosaccharides is a ketohexose?
a- Glucose
b- Fructose
c- Mannose
d- Ribose
e- Sedoheptulose
Answer : B
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