


Structure of Carbohydrates

e Carbohydrates consist of carbon, hydrogen, and oxygen.
* The general empirical structure for carbohydrates is (CH,0),..

* They are organic compounds organized in the form of aldehydes or ketones with multiple hydroxyl groups
coming off the carbon chain.

* The building blocks of all carbohydrates are simple sugars called monosaccharides.

* A monosaccharide can be a polyhydroxy aldehyde (aldose) or a polyhydroxy ketone (ketose).
* The carbohydrates can be structurally represented in any of the three forms:

* Open chain structure.

* Hemi-acetal structure.

e Haworth structure.

* Open chain structure — It is the long straight-chain form of carbohydrates.

* Hemi-acetal structure — Here the 1st carbon of the glucose condenses with the -OH group of the 5th carbon
to form a ring structure.

 Haworth structure — It is the presence of the pyranose ring structure.



Many simple sugars contain cyclic hemiacetals
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Monosaccharides

* The general formula is C_(H,0) or C H, O.,.

* The simplest group of carbohydrates and often called simple sugars since
they cannot be further hydrolyzed.

e Colorless, crystalline solids that are soluble in water and insoluble in a non-
polar solvent.

* These are compound that possesses a free aldehyde or ketone group.

* The monosaccharides thus with 3, 4, 5, 6, 7 ... carbons are called trioses,
tetroses, pentoses, hexoses, heptoses, etc., and also as aldoses or ketoses
depending upon whether they contain aldehyde or ketone group.

* Examples: Glucose, Fructose, Erythrulose, Ribulose.



Dihydroxy acetone

Trioses

Tetroses
Pentoses
Hexoses

Heptoses

* Monosaccharides
— Single sugar = C4H,,04
— Three common isomeres
» Glucose

- blood sugar

* Fructose
- fruit, honey, twice as sweet as glucose
» Galactose
- milk sugar, rarely found alone.
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Classification of Monosaccharides

= Aldoses are monosaccharides with an aldehyde
group and many hydroxyl (-OH) groups.

= Ketoses are monosaccharides with a ketone group

and many hydroxyl (-OH) groups.
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Aldehydes and Ketones

Both of these groups contain a C=0 (carbonyl
group). The location of this group
determines whether a compound is an

C

aldehyde or a ketone.
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+ A ketone, like an alcohol, has a carbon
attached to an oxygen. This time, however, the
C and the O are connected by a double-bond.

» The C=0 group is called a “carbony!" group
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ALDOSE Vs KETOSE

An aldose contains A ketose contains
one aldehyde group one ketone group
per molecule. per molecule

Aldoses and Ketoses

@ aldo- and keto- prefixes identify the nature o% tﬁe

Ketoses can carbon
_ : . yl group
A}Idoses' ter.‘d to Isomerise into w -ose suffix designates a carbohydrate
Isomerise Into aldoses inly if the = Number of C’s in the monosaccharide indicated by
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slowly and produce resorcinol to give a (an aldohexose]  (a ketohexose) (an aldopentose]  (a ketoheptose)

a light pink colour. deep cherry-red
colour.
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Reducing and Non-Reducing

Sugars

Reduction is the chemist’'s term for electron gain

A molecule that gains an electron is thus

— “reduced”

A molecule that donates electrons is called a......

— “reducing agent”

A sugar that donates electrons is called a......

— “reducing sugar”

The electron is donated by the carbonyl group
Benedict’s reagent changes colour when

exposed to a reducing agent
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.‘, C
:h = In any cyclic sugar
(monosaccharide, or single unit of
an oligosaccharide, or
polysaccharide) there is one

carbon that has covalent bonds to
two different oxygen atoms

m We describe this carbon as the
anomeric carbon
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REDUCING SUGAR
VERSUS

NONREDUCING SUGAR

Reducing sugars are
carbohydrates that can act
as reducing agents due to

the presence of free

aldehyde groups or free
ketone groups

Nonreducing sugars are
carbohydrates that cannot
act as reducing agents due

to the absence of free
aldehyde groups or free
ketone groups

Good reducing agents Not reducing agents

Have free aldehyde or
ketone groups

Do not have free aldehyde
or ketone groups

Give a positive
reaction towards the
Fehling’s test

Give a negative
reaction towards the
Fehling’s test

Include some
disaccharides and all
polysaccharide

Include all
monosaccharides and
some disaccharides

Visit www.pediaa.com

Reducing and Non-reducing sugars

No Reducing Sugars Non-reducing Sugars

1 These sugars do not have such groups
Such sugar bear a free aldehyde
(-CHO) or ketonic (-CO) group.

2 | Reducing sugars have the capacity | Non reducing sugar fail to reduce the
to reduce cupric ions of Benedict's | cupric ions of Benedict's solution to
or Fehling solution to cuprous ions. | cuprous ions.

3. | Examples: Maltose, Lactose, Examples: Sucrose, Trehalose

Melibiose, Cellobiose, Gentiobiose

Lactose (£ form)
fo-galactopyranosyl(1-+4)-4-0-glucopyranose
Gal( 11»4)Gle

Lactose

6CH,0H ,

Sucrose
a-o-glucopyranosyl -o-fructofuranoside
Gle(a1++2)Fru

Sucrose




Diasaccharides

» Disaccharides consists of two monosaccharide
units (similar or dissimilar) held together by a
glycosidic bond

» They are crystalline, water-soluble and sweet to
taste

» The diasaccharides are of two types

» Reducing diasacchrides with free aldehyde or
keto group e.g. Maltose, lactose

» Non reducing disaccharides with no free
aldehyde or keto group e.g. sucrose, trehalose

Digestible Disaccharides in Food
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Oligosaccharides

* Oligosaccharides are compound sugars that yield 2 to 10 molecules of the
same or different monosaccharides on hydrolysis.

 The monosaccharide units are joined by glycosidic linkage.

 Based on the number of monosaccharide units, it is further classified as a
disaccharide, trisaccharide, tetrasaccharide, etc.

* Oligosaccharides yielding 2 molecules of monosaccharides on hydrolysis is
known as a disaccharide, and the ones yielding 3 or 4 monosaccharides are
known as trisaccharides and tetrasaccharides respectively, and so on.

* The general formula of disaccharides is C_(H20),_,and that of trisaccharides
is C, (H20),_, and so on.

e Examples: Disaccharides include sucrose, lactose, maltose, etc.
* Trisaccharides are Raffinose, Rabinose.



Oligosaccharides

4 Oligo means “few”
U Saccharides means “sugar”
U Contains 2-10 monosaccharide molecules which are liberated on
hydrolysis.
U Properties:
U Less sweet in taste.

O Less soluble in water

Foods containing raffinose and other
galacto-oligosaccharides

Baked beans Lentils Chickpeas
Kidney beans Black eye beans Borlotti beans
4 bean mix Cabbage Brussel sprouts
Green beans Yellow beans Butter beans

Oligosaccharides

- The most common oligosaccarides are
the disaccharides

Sucrose, lactose, and maltose
Maltose hydrolyzes to 2 molecules of D-

glucose

Lactose hydrolyzes to a molecule of glucose
and a molecule of galactose

Sucrose hydrolyzes to a molecule of glucose
and a molecule of fructose

Oligosaccharides
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Polysaccharides

* They are also called “glycans”.

. Pollysac%harides contain more than 10 monosaccharide units and can be hundreds of sugar units
In length.

* They yield more than 10 molecules of monosaccharides on hydrolysis.

* Polysaccharides differ from each other in the identity of their recurring monosaccharide units, in
the length of their chains, in the types of bond linking units and in the degree of branching.

* They are primarily concerned with two important functions ie. Structural functions and the
storage of energy.

* They are further classified depending on the type of molecules produced as a result of hydrolysis.

* They may be homopolysaccharidese, containing monosaccharides of the same type
or heteropolysaccharides i.e., monosaccharides of different types.

 Examples of Homopolysaccharides are starch, glycogen, cellulose, pectin.
 Example of heteropolysaccharides are: agarose, peptidoglycans, glycosaminoglycans.



Name of the | Composition Occurrence Function

polysacchari
de

Polymer of glucose containing a  In several plant
straight chain of glucose species as main
molecules and a branched chain ~ storage

of glucose molecules carbohydrate:

Glycogen Polymer of glucose Animals (eq.of Storage of
starch reserve food

Callose Polymer of glucose Different regions ~ Formed often
of plant, in sieve  as a response
tubes of phloem to wounds

Insulin Polymer of fructose In roots and tubers  Storage of

reserve food

Cellulose Polymer of glucose Plant cell wall Cell wall

Hemi Polymer of pentoses and sugar ~ Plant cell wall Cell wall

cellulose acids malrix
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(Starch)  (Glycogen) (Cellulose) (chitin)




Function of Carbohydrates

» Living organisms use carbohydrates as accessible energy to fuel cellular reactions. They are the most abundant dietary source of
energy (4kcal/gram) for all living beings.

» Carbohydrates along with being the chief energy source, in many animals, are instant sources of energy. Glucose is broken down
by alycolysis/ Kreb’s cycle to yield ATP.

» Serve as energy stores, fuels, and metabolic intermediates. It is stored as glycogen in animals and starch in plants.
» Stored carbohydrates act as an energy source instead of proteins.

» They form structural and protective components, like in the cell wall of plants and microorganisms. Structural elements in the cell
walls of bacteria (peptidoglycan or murein), plants (cellulose), and animals (chitin).

« Carbohydrates are intermediates in the biosynthesis of fats and proteins.

» Carbohydrates aid in the regulation of nerve tissue and is the energy source for the brain.

» Carbohydrates get associated with lipids and proteins to form surface antigens, receptor molecules, vitamins, and antibiotics.
» Formation of the structural framework of RNA and DNA (ribonucleic acid and deoxyribonucleic acid).

* They are linked to many proteins and lipids. Such linked carbohydrates are important in cell-cell communication and in interactions
between cells and other elements in the cellular environment.

* In animals, they are an important constituent of connective tissues.

» Carbohydrates that are rich in fiber content help to prevent constipation.
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