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Isomerism in carbohydrates: (Summaryof what we haveseen)
Isomers: are compounds that have the same chemical formula (number and type of atoms) but differ in  
structure (three dimensional orientation of atoms). Several types of isomers exist for carbohydrates:
1. Aldo-keto-isomers: sugars that have either an aldehyde or a ketone group, e.g., D-glucose and D-fructose  

are aldo-keto hexose isomers; while D-ribose and D- ribulose are aldo-keto pentose isomers, D-

glyceraldehyde and di-hydroxyl-acetone are aldo-keto triose isomers.
2. Epimers: sugars that differ in the configuration around a single carbon atom other than thealdehyde or  

ketone group are called epimers, e.g., D-galactose is an epimer of D-glucose (differ in configuration  
around carbon 4), D-mannose is an epimer of D-glucose (differ in configuration around carbon 2).  
However, D-galactose and D-mannose are not epimers to each other as they differ in the configuration  
around 2 carbon atoms.

3. Enantiomers: are mirror-image isomers and are designated as either D- or L-sugar. The vast majority of  
sugars in humans are D-sugars. Racemases are enzymes that can interconvert D- and L- isomers. Most  
enzymes are specific for either D- or L-forms. We need to have at least one asymmetric carbon atom  
(i.e., a carbon atom attached to 4 different groups or atoms) to have enatiomeric forms. Glucose has 4  
asymmetric carbon atoms and D-glucose and L-glucose are enantiomers.

4. Anomers: are isomers which have different distribution of atoms or groups around the anomeric carbon  
atom in ring structure of sugars. The anomeric carbon atom is the one that carries an aldehyde or a  
ketone group in the open chain structures, and only becomes asymmetric in ring structures, e.g.,D

glucose and ¿- glucose are anomers.

ϝΎΑ�ϡϬϧϳΑ�ΩϳΣϭϟ΍�ϕέϔϟ΍active group

�ϱΎϫ�Ϫϧ΍�ΎϬϧϳΑ�ΩϳΣϭϟ΍�ϕέϔϟ΍�ϲϠϟ΍�ΕΎΑϛέϣϟ΍D�ϱΎϫϭL�έΑΗόΗEnantiomers



D- Glucose and L-Glucose are mirror images of each other: They are Enantiomers. Both have 4 asymmetric  

carbon atoms. D- and L-fructose enantiomers have only 3 asymmetric carbon atoms each. Fructose: is a keto-

hexose, a sugar with 6 carbon atoms that contains a ketone group. It is the fruit sugar and can be converted to  

glucose in the liver. It is also produced from glucose in the body during the early stages of glucose oxidation  

in the cytoplasm of all cells in glycolysis. It is present in the seminal fluid and is important for nourishing the  

sperms. Fructose is the monomer from which inulin, a homo-polysaccharide is composed. Inulin is used in  

renal function testing to estimate the glomerular filtration rate.

Each of D- and L-Glucose and D- and L-Fructose Are Enantiomers or mirror images to each other
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ϲϧΎΛϠϟ�ΏΎΗϛϭ�ϥΎϛϣ�ϥϣ�ϑϠΗΧΗΑ�ΕΎϳϣγΗϟ΍��ϝ΍�ϑϧλϣ�έΩΎλϣϟ΍�ΩΣ΃�ϑϭηϧ�ϱΩΎϋ�ϲϧόϳDi-saccharideϡϬϟΎΣϟ



Reducing vs non-reducing sugars
� Benedict's reagent: Chemical reagent of sodium carbonate,sodium

citrate, and copper(II) sulfatepentahydrate

� Detects the presence of aldehydes or ketones (active & freecarbonyl  group)

� If oxygen group on the carbonyl group is not attached to any other  
structure, the sugar isreducing

� Oxidation of the reducing sugar by the cupric (Cu2+) complex of the  reagent 
produces a cuprous (Cu+), which precipitates as insoluble red  copper(I) oxide
(Cu2O)

StanleyRossiter  
Benedict

ϝ΍�ϥϳΑ�ϖϳέϔΗϠϟ�ϡϬϣΩΧΗγΑReducingϝ΍ϭnon-reducing��ϡϫ΃ΩΑϣ��ϝ΍�΍Ϋ΍OϝΎϋ�ΓΩϭΟϭϣϟ΍carbonyl�εϣ
�ϭϬϓ�ϲϧΎΛ�Ώϛέϣ�ϱ΄Α�ΔϠλΗϣreducing�ϥϳΧγΗϟ΍�Ωϧϋ�έϣΣ΃�Ϫϧϭϟ�ϝϭϠΣϣ�ϲρόΑϭ��ϑ�ΔϠλΗϣ�ΕϧΎϛ�΍Ϋ΍�αΑ

non-reducing��ϝ΍�Γέ˷Ϋ�ϊϣ�ΎϬϟΎλΗ΍�ϭH�ΎϬϧ΍�ϲϧόϳfreeϝϬγ�ϡϬϧϳΑ�ΔρΑ΍έϟ΍�έγϛ�Ϫϧϻ�ϪοέΑ
�έΑΗόΗ�ϑreducing�



Disaccharides
� Two monosaccharides can be joined by a glycosidic

bond with the loss of a water molecule to make
disaccharides

� The glycosidic bond always involves the anomeric
2ndcarbon of one participating sugar. The sugar  

participates in this bond by usingeither:
Its anomeric carbon: in this case, the disaccharide (as sucrose) has no free
reactivegroup.
A carbon other than the anomeric one. In this case the disaccharide will
haveafree reactive group and showsreducing character

� They can be present either in aí or þ-form. This occurs if the second
monosaccharide residue of the disaccharide contains a free anomeric
carbon atom which has the ability to be present in a or þ-form

�Ϫϧϋ�ΞΗϧΑ�ϝϋΎϔΗϟ΍H2O

ϝ΍�ΎγϫO�Ώϛέϣϟ΍�΍Ϋ΍�ϲϟΩΩΣΗΑ�ϲϠϟ΍reducing�ϻϭnon-reducingϝ΍�ϲϫO�ΔρΑΗέϣϟ΍
ϝΎΑanomeric Cϝ΍�ϖϳέρ�ϥϋ�ΕΎρΑΗέϣ�ϥϳΑϛέϣϟ΍�ϭϟ�ϑanomeric CϥϳΑϛέϣϟ΍�Ϫϧ΍�ϩΎϧόϣ�νΎϫ�ϑ

�ϡϫΩϧϋ�ϲϓ�ϝρ˷Αfree O�Ώϛέϣ�ϱΩϧϋ�ΞΗϧ�ϲϟΎΗϟΎΑϭnon-reducing���Γέ˷Ϋ�ϱ΃�ω�ρΎΑΗέϹ΍�ϭϟ�Ύϣ΍CΔϳϧΎΛ
ϝ΍�Ύγϟ�ϑOϝΎϋ�ϲϠϟ΍anomeric C�ΔΣΎΗϣ��έΑΗόϳ�ϑreducing�ϥϭϛϳ�ϥϛϣϣ�ΞΗΎϧϟ΍ϭΤߙ ߚ



� Glycosidic bond: covalent between the 
hydroxyl group of anomeric carbon

�ϲϓ�ϥϭϛϳ�ϡίϻanomeric Cϝ΍�ϲϓ�ΔϛέΎηϣbond



� The glycosidic linkage is named according to:
± anomeric carbon to which it is attached (a or þ)
± according to the parent sugar e.g. glucosidic,  

galactosidic or fructosidic bond

ϑϠΗΧΑ΢Ϡρλϣϟ΍ϡΩΧΗγϣϟ΍ϲϓΏΗϛϟ΍ΎϣϥϳΑglyϭ΃glu�
ΎϳϠόϓ�αΑεϓϕέϓέϳΑϛϡϬϧϳΑ�ϥϛϟglycosidicϝϣηϷ΍�ϭ�ϡ˷ϋϷ΍�ϲϫ



� The most important  
distributed in natureare:

disaccharides widely

Reducing disaccharides:
1.Lactose.
2.Maltose.
3.Isomaltose.
4.Cellobiose (formed of two þ glucose)

Non-reducing disaccharides:
1. Sucrose.



� 1. Sucrose:
� It is called cane or beet sugar
� It is the common sugar of the table & the kitchen so, it is called table sugar
� It is formed of a-glucose & þ-fructose linked together by a-1, þ-2

glucosidic linkage

� Sucrose is digested by the enzyme sucrase which is present on the brush
border membrane of small intestinal mucosa into glucose and fructose

a-D-Glucopyranose

þ-D-Fructofuranose

�ϡΎόρϟ΍�έϛγ�

�αΎγϻΎΑ�Ώϛέϣϟ΍
alpha

αΎγϷΎΑ�Ώϛέϣϟ΍
�ϥΎϛbeta

ϝ΍�Ωϧϋ�ϥϣ�ϭρΑέ΍�ϥϳΑϛέϣϟ΍�ϑ�υΣϼΗΑ�΍Ϋ΍�ϭanomeric C��
�ΞΗΎϧϟ΍�ϲϟΎΗϟΎΑnon-reducing

�έϛγϟ΍�Ώλϗ�έΟϧΑϟ΍�



Fructofurnose

Glucopyranose

�΢ϠρλϣglycoϡΩΧΗγϳ
ϡΎϋ�ϝϛηΑ�ΕΎϳέϛγϟ΍�ϝϛϟ

ϝ΍�ϱΎϫOΔρΑ΍έϟ΍�ΕϠϛηϭ�ΎϬϧΎϛϣ�ΕϠο��ϝ΍�ϱΩϧϋ�ϝο�αΑH�ΎϬόϣ�ΕϧΎϛ�ϲϠϟ΍
ϝ΍ϭOHϝΎϋ�ΕϧΎϛ�ϲϠϟ΍C2ϲϧΎΛϟ΍�ΏϛέϣϟΎΑ��˯ϱίΟ�΍ϭϠϣϋϭ�΍ϭΩΣΗ΍H2O



� Sucrose is a Non-reducing sugar: because the reducing groups of
both glucose & fructose are involved in the linkage between the
two sugars. So, They cancel the action of eachother.

� Invert sugar:
� Sucrose before hydrolysis is dextrorotatory

* After hydrolysis by sucrase or invertase, It gives a mixture of D-
glucose (a =+52.5Į) and D-fructose (a =- 92Į)which is levorotatory.

*This change from dextro (before hydrolysis) to levo- (after hydrolysis)
called inversion and the sugar is called invert sugar (equimolecular
mixture of glucose and fructose is called invertsugar)

�ϰϠϋ�ϱϭΗΣΑ�ϥϭϣϳϠϟ΍citric acidϝΎϋ�Ϫϔϳο΃�Ύϣϟsucrose�ϪϠϣόΑhydrolysisϪΗΎϧϭϛϣϟ�έϛγϟ΍�ϊΟέΑ�ϭ��
�Ϫϣγ΍�εϳϟ�αΑinvert�ϥϣ�ϪϟϭΣΑ�ϪϧϷ�ˮd�ϰϟ·l��αϳϭϛ�ΎϬγέΩ΍�ΔϳοΎϣϟ΍�ΓέοΎΣϣϠϟ�ϊΟέ΍�ϡϬϳγΎϧ�ϭϟ-�

ϝ΍�ΞΗ΍ϭϧhydrolysisϝ΍�ϥϣ�ρϳϠΧ�ϥϭϛΗΑglucoseϝ΍ϭfructose


ϝ΍�εϳϟfructoseϝ΍�ϥϣ�ΓϭϼΣ�έΛϛ΍glucose�ˮ
ϝ΍�ϪϧϹH bondsϝ΍�ϲϓfructoseϝ΍�ϲϓ�ΎϬϧϣ�έλϗ΃glucose



2.Lactose:
� It is also called milk sugar

� It is formed of one glucose unit & another one galactose unit

� Lactose is areducing sugar

� Usually appear in urine of pregnantfemale

� Less sweaty ( not block the appetite Lactose (appropriate for
infants as it is less sweet and babies tolerate large volumes of milk)

� It can be digested by lactaseenzyme

� Deficiency of this enzyme leads to lactose intolerance whichcause  
distension & diarrhea.

�ΔϠϳϠϗ�ϪΗϭϼΣ�

�ϝ΍�ϲϓ�ιϘϧϟ΍lactase enzyme�ϰϟ·�ϱΩ΅ϳlactose intolerance

�ΔϳϬη�

�ΥΎϔΗϧ΍�



B-1,4 galactosidic linkage

þ- D-Galactopyranose a-D-Glucopyranose

ϝ΍anomeric CΎϬϟΎΣϟ�ΏϧΟϋ�ΓΩϋΎϗ��ϝ΍ϭO�ΎϬϳϠϋ�ϲϠϟ΍
έΧ΁�ΏϛέϣΑ�ΔρΑΗέϣ�εϣ���έΑΗόϳ�ϙϳϫ�ϥΎηϋreducing



Lactose intolerance

� Lactase deficiency:
� Congenital: due to defect in gene producingenzyme
� Acquired: after surgery in GI tract or infections

� Lactose accumulates in small bowel

� Osmotic effect of unabsorbed lactose leads toinflux of fluid

� Symptoms: Nausea, colic, distention and diarrhoea after milk intake

�ϲϘϠΧ�
�ΏγΗϛϣ�

ί΍έϓϹ΍�ϲϓ�ϲϧϳΟ�ϝϠΧ

�˯΍έΟ·�ΩόΑ�ϲϣοϬϟ΍ίΎϬΟϟ΍�ϲϓ�ΏΎϬΗϟ΍�ΙϭΩΣΔϳϠϣϋ���ΏΎϬΗϟϻ΍�ΏΑγϭ
ϝ΍�˯ΎϘΑ�ϭϫmilk productsέϣΧΗ�ΎϬϟ·�έϳλΑ�ϑ�˯ΎόϣϷ΍�ϲϓ�ΔϠϳϭρ�ΓέΗϔϟ

�Ρέ�Ϫϧϣ�ιϠΧΗϟ΍ϭ�ϪΟ΍έΧ·�ϡΗϳ�ϥΎηϋ�˯Ύόϣϸϟ�ϪΟΗϳϭ�ϡοϬϧϳ�Ύϣ�Ύϣϟ
�ϝϣόϳosmotic effectϡγΟϟ΍�ϥϣ�ϝ΋΍ϭγϟ΍�ϥϣ�Δϳϣϛ�Ϫόϣ�ΏΣγϳ

�ΏϳϠΣϟ΍�Ώέη�ΩόΑ�ν΍έϋϷ΍�ϱΎϫ�έϬυΗΑϭ�ϩέΩλϣ�ϭϫ�ϪϧϷ�



3.Maltose:
-It is called malt sugar
-The main product of digestion ofstarch by amylase.
-It is present in 2 forms:
(a- maltose form) = a-glucose + a-glucose  
(B-maltose form) = a-glucose +B-glucose

-It is a reducing sugar

Maltose gives the sweet taste that you feel if you masticate
(chew) bread for a long time

Ύηϧϟ΍�ϡοϫ�ϩέΩλϣ

έϳόηϟ΍�έϛγ

ϝ΍�ΓέΗϔϟ�ϲϣΛ�Ώ�ίΑΧ�Δόρϗ�ϙέΗ΃�Ύϣϟsalivary amylase�ϡοϬϳ�εϠΑϳ�Ρέ
ϝ΍starchϝ�ϪϟϭΣϳ�ϭ�ίΑΧϟΎΑ�ΩϭΟϭϣϟ΍maltoseϪϣόρ�ΓϭϼΣΑ�έόη΃�Ρέ�ϭ



ϡϬϧϳΑ�Δ΋ηΎϧϟ΍�ΔρΑ΍έϟ΍�ΔϳϣγΗ�ϱΎϫ��ΔρΑΗέϣϟ΍�Ε΍έΫϟ΍�ϡϗέ�ϰϠϋ�ΩϣΗόΗΑϭ��
�ΎϬϋϭϧϟ�ΔϓΎοϹΎΑalpha/beta�ϥΎϛ�΍Ϋ΍anomeric C

ϝΎϋ�ΩϣΗόϣ�ωϭοϭϣϟΎϓ�Ώϛέϣϟ΍�ΔϳϣγΗ�ΩϳΩΣΗϟ�Ύϣ΃free OϝΎϋ�ϲϠϟ΍anomeric C�
�ΕϧΎϛ�ϭϟalpha�ΏϛέϣϟΎϓalpha�ϭϟϭbeta�ΏϛέϣϟΎϓbeta



�Isomaltose is similar to maltose but the linkage is a-
1,6-glucosidic. It is one of the hydrolysis products of
starch and glycogen by amylase.

1

6



Lactulose

It is a disaccharide composed of galactose and fructose linked through ¿ 1-4 ²

glycosidic bond,  linking ¿ -1 galctosyl carbon to carbon number 4 of fructose.

is a laxative used in treating constipation and improving ammonia and bacterial product 
toxic load in liver failure patients

It works by drawing ammonia from the blood into the colon where it is removed from

the body.  It is a non-digestible, and therefore non-absorbable

It produces an osmotic effect that retains water in the gut which softens stools

ϪΗϋΎϧλ�ϡΗϳ���ΔϣΩΧΗγϣϟ΍�ΔϳϭΩϷ΍�νόΑ�ϲϓ�ΩΟϭϳ
ϝ΍�ϲϓGI dis-orders�ϲϣοϬϟ΍�ίΎϬΟϟ΍�ν΍έϣ΃�

�ϙ�ϝϣόΗγΗϭtool softener�Ω΍ϭϣ�ϥ˷ϳ˴Ϡϣ˵��

�ϡγΟϟ΍�ϥϣ�ΎϳϧϭϣϷ΍�ΏΣγΑ�

ϼΛϣ�ϙΎγϣϹ΍�Ωϧϋ�ϡΩΧΗγϳ



Galactose 1 O 4 Glucose
Lactose

(milk sugar)  

Reducing sugar

Molecular Structures of Some Important Sugars: Disaccharides

O
Sucrose

(table or cane sugar)  

Non-reducing sugar

GlucoseFructos 2 1

Maltose
(malt sugar)  

Reducing sugar

Glucose 1 O 4

1-D, 2¿-glycosidic bond

D-1,4-glucosidic bond

Glucose 1

¿-1,4-glycosidic bond

Free aldehyde group

4

1

Bond between aldehyde group of glucose on CA No 1 and ketone group of fructose  
on CA No 2, blocks the two groups and hence sucrose is a non-reducing sugar.



Digestion of Starch:

Starch Starch, Dextrins, some Maltose Maltose

(Mouth) (Duodenum)

(Small Intestine)

Glucose

SalivaryAmylase

Chloride, pH6.8, Time ?!

Pancreatic Amylase

Chloride, pH 8, Time ++

Maltase

Sucrose Glucose + Fructose
(Small Intestine)

Sucrase

Lactose Glucose + Galactose
(Small Intestine)

N.B: There is no digestion of cellulose in Man as humans lack ¿-1,4-glucosidase the enzyme needed to digest cellulose

Lactase



Oligosaccharides
� 3-10 monosaccharide units

� Most are indigestible

� Present in glycolipids/ glycoproteins

� Raffinose: non-reducing trisaccharide (galactose,  
glucose, fructose), fermented by bacteria, used  
for their identification

�ϡοϬϠϟ�ΔϠΑΎϗ�έϳϏ�



Polysaccharides
� Polysaccharides are carbohydrates of high molecular  

weight

� 10 or more monosaccharide units linked by glyosidic bond

� They are widely distributed in nature

� As condensation involves carbonyl group, they are non-
reducing

� Upon hydrolysis by acid or specific enzyme, 
monosaccharides or its derivatives are produced.

�εϳϟnon-reducing�ϲϗϼϧ�ϥϛϣϣ�ϑέρϟΎϋ�Ϫϧ΍�ϊϣfree O�ϥϛϣϣ�΍ΩΟ�ΔϠϳϭρ�ΔϠγϠγ�ϑϭηΗ�Ύϣϟ�ϪϧϷ�ˮ
ϝ�ϝλϭΗ���monosaccharideω�ϱϭΗΣΗΑ�αΑ�ϭfree O έϛΫϳ�έϳΛ΄Η�ϱ΃�ΎϬϟ΍�Ύϣ�ΎϳϠόϓ�ϑ�ΓΩΣϭ

ϝ�ϡϫέϳγϛΗ�ϡΗΑ�ϡοϬϟ΍�Ωϧϋϭpolysaccharides�ΎϣΟΣ�έϐλ΃��ϝ�ϭ΃monosaccharides



� Polysaccharides are  
functionally as follows:

classified chemically &

� 1- Homogeneous polysaccharides: These are
polysaccharides which give single type of sugar
on hydrolysis as D-glucose units or D- fructose
units.

� 2-Heterogeneous polysaccharides: These are
polysaccharides which give on hydrolysis
different type of sugars associated with other
substances. e.g. D-Glucosamine, D-glucuronic
acid, N-acetyl neuraminic acid.etc.

ρϘϓ�ΩΣ΍ϭ�Ώϛέϣ�ϱΩϧϋ�ΞΗϧϳ�Ρέ�ϡϫέγϛ΃�Ύϣϟ��ϝ΍�έγϛ΃�Ύϣϟ�ϱίstarch�Ϫϧϋ�ΞΗϧΑglucoseρϘϓ�
ϝ΍�ϝϛ�Ϫϧ·�ΎϬϳϓ�ΩλϘΑ�ΩΣ΍ϭ�Ώϛέϣ�ϭmonosaccharidesΩΣ΍ϭ�ωϭϧ�ϥϣ�έϳγϛΗϟ΍�ϥϋ�ΔΟΗΎϧϟ΍

ϝ΍�ϥϣ�ΔϔϠΗΧϣ�ω΍ϭϧ΃�ϲρόΑ�έϳγϛΗϟ΍monosaccharides



Different homopolysaccharides of biological importance:

� 1- Starch:
- It is the storage form ofcarbohydrates in  

plants (never present in animals)

- On hydrolysis, it gives only glucose and so it is  
called glucosans.

- It consists of two types of molecules, amylose
and amylopectin

ϱΩΎϋ�ϪϣοϬϧ�ϥϛϣϣ��ϡγΟϟ΍�ϲϓ�ϪϧϳίΧΗ�ϡΗϳ�ϥϛϣϳ�ϻ�αΑ



�ϝ΍�ϥϋ�ϑϠΗΧΑamylase�ϡϳίϧ΍�ϙΎοϫ

�

�ϊρϘϣϟΎΑ�ϲϬΗϧΑ�ϲη΍�ϱ΃aseϡϳίϧ΍�ϭϬϓ�



Long, non-branched chain of 300-400 (up to
1000) a glucose units linked together by a-1,4
glucosidic bond.

Forms 15-20% of the starchgranules.

It is found in the inner part of the molecule

Structure of amylose:

�ϪΗϳΎϬϧΑ�ϲϓ�Ϫϧ·�΢λfree O���Δϧϭϛϣ�ΔϠγϠγ�ΩόΑ�ΔϳΎΟ�αΑ
�ϥϣ300 unit��έϳΛ΄Η�ϱ΃�ΎϬϟ·�Ύϣ�ΎϘΑΎγ�ΎϧϠϗ�Ύϣ�ϱί�ϭ



Branched chain of a glucose units linked together by a-
1,4 glucosidic bond while at the branching point, it
forms a- 1, 6 glucosidicbond

Forms 80-85%of the starch granules.

It is found in the outer part of the starch molecule

Structure ofamylopectin



� Hydrolysis of starch occurs eitherby:
± Dilute mineral acids and called acid hydrolysis

which results in complete hydrolysis to a glucose
units .

± Enzymes as a-amylase (salivary & pancreatic)
which results in partial hydrolysis producing
smaller molecules called dextrins and maltose.

Salivary amylase Pancreatic amylase

Incomplete digestion ofstarch  
(Dextrinmainly)

Completedigestion  
(Maltose)

ϝ΍incomplete�ϲρόϳ�ϥϛϣϣmaltose�ϭdextrin�ϭglucose

�ϲ΋ίΟϟ΍�ϝϣΎϛϟ΍�έϳϏ�



� The products of starch hydrolysis occur according to the following
sequence:

� Starch ( Amylodextrin (the earliest dextrin produced; blue with
iodine) ( Erythrodextrin (red) ( Achrodextrin (no colour) (
Isomaltose & Maltose ( Glucose.

� Dextrins are a group of low-molecular-weight polysaccharides
produced by the hydrolysis of starch orglycogen

� Question: which is produced more, isomaltose ormaltose?

� (N.B.): The difference between maltose and isomaltose in the bond
position as it is a-1, 4 in maltose but a-1, 6 in isomaltose (i.e. at the
point of branching ofstarch).

� It is to be noted that hydrolysis of starch by boiling with dilute acids
ends in the formation ofglucose.

ϝ΍maltose�έγϛΗ�ϥϋ�ΞΗΎϧ�ϼλ΃�ϪϧϷ�έΑϛ΃�ΔΑγϧΑ�ΩΟ΍ϭΗΑ
�ΔρΑ΍έa-1,4ΔϠγϠγϟ΍�ϝϭρ�ϰϠϋ�΍ΩΟ�ΓέΛϛΑ�ΓΩϭΟϭϣϟ΍

�ϥϣ�έΛϛ΃enzymeϝ΍�έϳγϛΗ�ϲϓ�έϭΩ�΍ϭΑόϠΑstarch��ϝ΍salivary amylase�ϲρόΑdextrins�
ϝ΍�ϭduodenumϝΎΑintestinesϝ΍�ϖϳέρ�ϥϋpancreatic amylase
�ϥϳΩόΑultimate(complete) hydrolysisϝ΍�ϖϳέρ�ϥϋmaltase�ϝglucose



2- Glycogen (animalstarch):

� It is the reserve carbohydrate of animals, and hence thename
animal starch

� It is similar in its structure to amylopectin

� It is highly branched formed of a 1, 4 link and 1, 6 at the site of  
branching.

� Each branch is made of 12-14 glucoseunits.
(It has shorter and more numerouschains)

� Inner chains are branched, outer chains arenot

� It is stored in liver &muscle.



It looks more branchy
than amylopectin
�έλϗ΃�ϪϧϷ�ˮ�εϳϟ

ϝ΍ϭunitsέϐλ΃�ΎϬϣΟΣ

ϝ΍�ϥϣ�ϲϟΎΧ�Ϫϧ·�ΎϘΑΎγ�ΩϘΗό˵ϳ�ϥΎϛbranchesΎϣΎϣΗ��
�ΩϭΟϭ�΍ϭϔηΗϛ΍�ΎΛϳΩΣ�ϥϛϟbranches΍ΩΟ�΍ΩΟ�΍ΩΟ�ΔρϳγΑ



Glycogen in animals is a more branched version of amylopectin.

Amylose was traditionally thought to be completely unbranched, but it is now known that some of its 
molecules contain a few branch points.

Although only about one quarter of the starch granules in plants consists of amylose, there are about 150 

times more amylose  molecules than amylopectin molecules because they have smallermasses.

Starch is digested briefly by salivary amylase in the mouth but is mainly digested in the duodenum and 
jejunum by pancreatic

amylase in alkaline medium in the presence of chloride ions to gradually break into dextrins and finally 
producesmaltose.

Starch (amylopectin form) Starch (amylose form)

D-1,6-glucosidic bond

D-1,4-glucosidic bond D-1,4-glucosidic bond

ϝ΍�ΔΑγϧ�Ϫϧ·�ϡϏέϟΎΑamyloseϝ΍�ϲϓstarch΍ΩΟ�έϳϐλϟ΍�ΎϬϣΟΣ�ΏΑγΑ�έΑϛ΃�ϪΗΎ΋ϳίΟ�ΩΩϋ�ϥϛϟ�ϝϗ΃



Glycogen
(storage carbohydrate in  

muscles and liver)

Glucose units linked  
together



Separate D-D-glucose  
monomers

The Homo-polysaccharides glycogen (in animals) and starch (in plants) are  
made of repeated D-D glucose residues linked by D-1,4-glucosidic bonds except  
at branch points where D-1,6-glucosidic bonds are found.

Branched glycogen

A helical straight amylose  
molecule in starch

Salivary and pancreatic amylase  
followed by intestinal maltase  

Digestion

Glycogenesis in  
liver and muscles

Glycogenolysis in  
liver (muscles  

produce lactate)

ϝ΍�ϰϠϋ�ϝϭλΣϟ΍�ϡϬϣοϫ�ϥϣ�ϑΩϬϟ΍glucose
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Functions of glycogen:

� Liver glycogen maintains normal blood glucose
concentration especially during the early stage
of fasting (betweenmeals)

� After 12 -18 hours fasting, liver glycogen is
depleted

� Muscle glycogen acts as a source of energy
within the muscle itself especially during
muscle contraction.

ϝ΍glycogenϡΎϳλϟ΍�ΕΎϋΎγ�ϝϭ΃�ϲϓ�ϡΩϟ΍�ϲϓ�έϛγϟ΍�ϯϭΗγϣ�ϰϠϋ�υϓΎΣΑ���ϝ΍�ϲϬΗϧϳ�Ύϣ�ΩόΑϭglycogen
ϝ΍�ϰϠϋ�ΔυϓΎΣϣϟ΍�ΔϳϠϣϋ�ϑΎϧ΋Ηγ΍�ϡΗΑglucoseϝ΍�ϝΛϣ�ϯέΧ΃�ϕέρΑgluconeogenesis



ϝ΍�ΔΑγϧ�εϠΑΗΑ�ϡΎϳλϟ΍�εϠΑϳ�Ύϣ�ΩόΑglucoseνΎϔΧϧϹΎΑ�˯΍Ϋϐϟ΍�ϥϣ�ΎϬϳϠϋ�ϝϭλΣϟ΍�ϡΗ�ϲϠϟ΍��
ϝ΍�εϠΑΑ�ϑglycogenϝ΍�ϲϓ�ΩϭΟϭϣϟ΍liverιϠΧϳ�Ρέ�νΎϫ�ϥϭίΧϣϟ΍�ϥϳΩόΑ�αΑ�νϳϭόΗϟΎΑ�ϪϠϐη�

ϑϝ΍�΃ΩΑΗΑgluconeogenesisνϳϭόΗϟΎΑ�
ϝ΍�ΔΑγϧ�ΕΎΑΛ�ϰϠϋ�ΔυϓΎΣϣϠϟglucose
ΔϠΣέϣ�ϝΛϣϳ�ϥϭϟ�ϝϛ



3- Cellulose:
� It is long unbranched polysaccharide of þ-

glucose units linked together by þ
1,4glucosidic bond

� It is the main structural molecules in cell walls
of plants. Cotton is almost purecellulose

� Many mammals including humans cannot
digest cellulose of diet because of the absence
of digestive enzymethat attacksþ-linkage.

( þ 1,4 linkages are not hydrolized by aamylase)



� The presence of cellulose in diet is important
because it increases the bulk ofstool

� This stimulate intestinal peristalses & prevent
constipation (laxative)

� Cellulose is a constituent of dietary fibers. These
fibers help in decreasing absorption of toxic
compounds and reduce the incidence of cancer
colon

� Cellulose can be utilized & serve as a source of
energy in herbivores because their gut contains
bacterial enzyme that can attackþ-linkage.

�ϪϣοϬϧ�έΩϘϧΑ�Ύϣ�Ϫϧ·�΢λ��΍ΩΟ�ΓέϳΑϛ�ϪΗΩ΋Ύϓ�αΑ���ϊϧϣϳ�ϥ˷ϳ˴Ϡϣ˵�έΑΗόϳ�ΙϳΣ
�ϙΎγϣϹ΍�ΙϭΩΣ���ΔϣΎγϟ΍�ΕΎΑϛέϣϟ΍�ιΗϣΑ�ϪϧϹ�ΔϓΎοϹΎΑ�ΕΎΑΑγϣϭϥΎρέγϟ΍

�ΕΎϧ΍ϭϳΣϠϟ�ΔΑγϧϟΎΑ�Ύϣ΃�ΏΎηϋϷ΍�ϪϠϛ΁���ΎϬϟ·�΍ΩΟ�ϡϬϣ�ϭϬϓ��ΕΎΗΎΑϧϟ΍ϭ�ε΋ΎηΣϟ΍�ϥϣ�ΎϬ΋΍ΫϏ�ϡυόϣ�ϙϳϫ�ϥΎηϋ�
Ϫϣοϫ�ϰϠϋ�ΓέΩϘϟ΍�ΎϫΩϧϋϭ

(Increase stool thickness)

ϝ΍�ϲϟΎΗϟΎΑϭ�˯ΎόϣϷ΍�ΔϛέΣ�ίϔΣΑstoolΎϬϳϓ�ϝϗ΃�ΓέΗϓ�ΩόϘϳ�Ρέ��
ωέγ΃�ΎϬϧϣ�ιϠΧΗϟ΍�ϡΗϳ�Ρέ�ΎϬλΎλΗϣ΍�ΓΩΎϋ·�ϡΗϳ�ϥϛϣϣ�ϥΎϛ�ϲϠϟ΍�ν΍έϣϷ΍�ΕΎΑΑγϣϭ�ΔϣΎγϟ΍�Ω΍ϭϣϟ΍�Δϳϣϛ�ϲϟΎΗϟΎΑϭ

�ί΍έΑϟ΍�



ϝ΍�ΩΩϋ�ϭϫ�ϡϬϧϳΑ�ΩϳΣϭϟ΍�ϱέϫϭΟϟ΍�ϑϼΗΧϹ΍units



Cellulose Structural Units: the units for cellulose are made of¿-D-Glucopyranose molecules  
linked by ¿-1,4-glucosidic bonds.

Cellulose is ascaffolding polysaccharide found in plants asmicrofibrils (2-20 nm diameterand100 - 40 000  

nm long)

Theseform the structurally strong framework in the cell walls

Dueto extensive inter-chain and intra-chainhydrogen bonding cellulose is not water soluble

It is astraight chainpolymer: unlikestarch, no coilingor branchingoccurs,andthe molecule adopts an

extendedstiff rod-like conformation. with high tensile strength.

¿-1,4-glucosidic bond

�Ϫϧ΍�ϥϣ�ϡϏέϟΎΑunbranched
΍Ϋϫϭ�΍ΩΟ�ϱϭϗϭ�ϙγΎϣΗϣ�Ϫϧ΍�ϻ΍

ϡϬΑϳΗέΗϭ�ΕΎ΋ϳίΟϟ΍�ϥϳΑ�ρΑ΍ϭέϟ΍�ΔόϳΑρ�ΏΑγΑ





ϡϛ�ϝϭοϫ�ΔϳΎϬϧϟΎΑϭ
Ρέη�ϡϬϳϓ�Ωϳϼγ
νόΑϟ�Ωϳϟ΍�ρΧΑ
�ϲϓ�ϊϳο΍ϭϣϟ΍
ΓέοΎΣϣϟ΍












