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Reducing vs non-reducing sugars

* Sugars can be classified as reducing or non-reducing; this classification is dependent on
their ability to donate electrons

1. Reducing sugars can donate electrons (the carbonyl group becomes oxidized), the
sugars become the reducing agent

sl

* Reducing sugars can be detected using the Benedict’s test as they reduce the soluble
copper sulphate to insoluble brick-red copper oxide. Examples: glucose, fructose,
maltose

2. Non-reducing sugars cannot donate electrons, therefore they cannot be oxidized

To be detected, non-reducing sugars must first be hydrolyzed to break the disaccharide
into its two monosaccharides before a Benedict’s test can be carried out. Example: sucrose
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CONDENSATION
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©so
 The glycosidic linkage is named according to:

 Janemerieicarbon to which it is attached («
or {3)

* —according to the parentisugar e.g.
glucosidic, galactosidic or fructosidic bond
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Reducing vs non-reducing

Sugars
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"+ Areducing sugar is a. sucrose J/ I.-- OH
mono- or disaccharide that >< OH ><
contains a free hemiacetal

: 3 2
or a hemiketal group. R2 OR - OR
* All monosaccharides are k. J L d
reducing sugars, and all
polysacghar{i%des are non- Hemiketal o earb Hemiacetall |
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Disaccharides

Disaccharides are sugars which contain two molecules of monosaccharides bound together by a
glycosidic bond. ¢k ol syl ol

The glycosidic bond always involves the anomeric carbon of one participating sugar.
The 274 sugar participates in this bond by using either:

1.  Its anomeric carbon in this case, the disaccharide (as sucrose) has no free reactive group.

Glucose Fructose Sucrose
— e —————
CH,0H — | CH,OH CH.OH
0 ‘0 Condesation 0
OH + K H —p> HO 4+ H,0
OH OH HO, CH,0H CH,OH
OH l OH OH

H,O is released Glycosidic Bond
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Glycosidic bond

* It is the covalent bond between a
carbohydrate & another compound to form a

S ———

* This bond is'betweensthelaydroxyhgroup of
anomeric carbon of monosaccharide &

which may be another
monosaccharide to form disaccharide
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CONDENSATION

A4
s CH,OH s CH,OH

A —1,4—-GLYCOSIDIC BOND

MONOSACCHARIDE + MONOSACCHARIDE ——> DISACCHARIDE + WATER
(. —GLUCOSE) (A —-GLUCOSE) (MALTOSE) 6__
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* Anomeric carbon is an asymmetric carbon atom obtained from
active carbonyl sugar group carbon number 1 in aldoses &
carbon number 2 in ketoses.

6 Anomers
CH,OH

5

Anomeric

0 /carbon
Alcohol points

OH ‘ down in alpha 4
— =
anomer and points |
O+2+ OH up in beta anomer OH 3 2 Anomeric
carbon

QA-D-glucopyranose B-D-glucopyranose
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2. A carbon other than the anomeric one. In
this case the disaccharide will have a free
reactive group and shows reducing

character. reducing end JI o oI5 Lalia )

CH OH
2

* They can be present either in a or 3
form.

* This occurs if the second
monosaccharide residue of the

Lactose

Galactose Glucose . . . .
disaccharide contains a free anomeric
carbon atom which can be present in «
or [3 form:.
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Disaccharides

The most important disaccharides widely distributed in nature are:
1. Sucrose.
_2. Lactose.
3. Maltose.
4. Isomaltose.
5. Cellobiose (formed of two  glucose). -



1. Sucrose
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* It is called canerombeetisugar. Sl S 5050 JSs ssnse Seo sa
) s s

* It is the common sugar of the kitchen so; it is calleditable'sugar.

* It is formed of a-glucose & (-fructose linked together by a-1, -2
glucosidic linkage.
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1. Sucrose

LAl 5,08 d Lulias 6 Lan g eyl o Sull anomeric carbon J!
* 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 each other. 45—

* Invert sugar:

Sucrose before hydrolysis is dextrorotatory and-its spevificiotation<66:5°. =

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

This change from dextro (before hydrolysis) to levo (after hydrolysis) is called inversion and
the sugar is called invert sugar. inversion dew! | J d oo il

Invert sugar is sweeter than sucrose e.g., honey is a chiefly invert sugar




5V duan o Lealll oo adls (I OFdi
Lan 9d 5 o= Wl Gl ordinary J! (4n94) saly sla3ls Cays sss plan Ji

s e
ZiI\\

Plane polarized light

Ordinary light
(i.e. light vibrates in one

(i.e. light vibrates in all

directions) direction)
oy, et
» _.~~" Dextrorotatory
~ (d or +)
Plane polarized T '
light Solution of optically A Left
active substance
Levorotatory
(I or-)

sy Sadl ole cle Chuiaic ylad
SY il Sl o glal bl
255589 355618 e S g Sl
20~ 38 g B ATy S
slal deals 5oy

oSl ¢ ods¥ 1 5 penlall e

S0 U dextrortatory

154l 52 4oy dextro sSele

oSl aas 1 J d e dsas g8l ale Yty

levorotatory

— 2sSelall oo (olef daya 505 92

WNRRF



2. Lactose

* It is called milk sugar. D LS. D
* It is formed of one glicose unit & another one galactose unit.
e [.actose is a reducing sugar. non 5,5l laas reducing os<s disaccharide J! JS sue B Lali&a Lal jala

 Usually appears in utine of pregnant females. : ..-.- ..
* Less sweet; doesn’t block the appetite. vl s b o il (il e s sl
* It can be digested by lactase enzyme. ! < 5!

* Deficiency of this enzyme in adults leads to lactose intolerance, which
causes distension and diarrhea. cala Loyt o 8 a3 138 aanie Lo Gulill Gaa
gead o Jlguls TSI pasie juay L gdly Lo
e o e 8y 5l oo i Y Baally 353Ul
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B-1,4-galactoside linkage Cl atom

Unalll [5isSs S o Isaiy) (ol ials StruCture 1 Cisle (55 oAl i CH,OH
Y
| 0

(|3H20H \
OV‘ ~ OH
O
™S OH

OH

OH
B-D(+)-galactose o-D(+)-glucose

N J

3554l anomeric carbon J! Y

o-lactose




Maltose
CH>OH CH>OH
O O
OH H
OH O OH
OH OH

3. Maltose

* It is called malt'sugar.
 The main product of digestionofistarch
by amvlase

o oaboSally Ll sease anyYl

* [t is present in 2 forms:

(a-maltose form) = puglucosertonglucose
(B-maltose form) = puglucesestibiglucose

* It is a feducingisugar
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4. Isomaltose
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Polysaccharides

s e S o ST
* Polysaccharides are carbohydrates of high molecular weight.

* They are widely distributed in nature.

* Upon hydrolysis by acidiorspecificenzyme, monosaccharides

or its derivatives are produced.
.{///
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Polysaccharides
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Classified chemically & functionally as follows:

, sishl e ualy 3 ihann oS3 U
1. Homogeneous polysaccharides i ae Sl Luds Libs,| @l

Polysaccharides which give a single type of sugar on hydrolysis
as D-glucose units or D-fructose units. gveogen Ji Ll ssbbecdt i

2. Heterogeneous polysaccharides

Polysaccharides which give on hydrolysis different types of
sugars associated with other substances e.g. D-Glucosamine, D-

glucuronic acid, N-acetyl neuraminic acid. .. s e e e 581 gibn s
de (S T slall B alall Sus e 58T e
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Different homopolysaccharides of
biological importance

e 1- Starch: e Sl o3an o bl (I ISl oo
E Las Saiyas Bl cstarch JSi ole op3a0s oball Jals Sl
glycogen <ua ole i oauny

* It is the storage form of carbohydrates in plants (never present
in animals).

* On hydrolysis, it gives only glucose and so it is called
slucosans.

* It consists of two types of molecules, amylose and
amylopectin.




amylopectin amylose

a-1,4-glycosidic bonds O = single glucose unit
H.COH / H.COH \ H.COH HEOH  HEOH  HEOH

OH OH
a-1,6-glycosidic bond ——

H,COH H,COH H,C

- o o ¥ ¢ reducing sa Ja b
HO 0 O OH I el nON (15 poly JF LS

OH OH OH

0-1 4 egcosnduc bonds
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a-1,4 - GLUCOSIDIC BONDS

OH

* Long, non branched
chain of & glucose units
linked together by -
1,4 glucosidic bond.

* Forms 15-20% of the
starch granules

asis g starch JL s
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AMYLOPECTIN
{AO o Olepdill sie 5SS sla dlayll]
O /é 1,6 GLYCOSIDIC BONDS

‘I 4 GLYCOSIDIC BONDS

Amylopectin

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

e Forms 80-85% of the starch
granules.

Caady el 3l (68 + SHUL G
amylose J! ;e S|

maltose + IS0 ¢ allkiy
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: starch J/ .S 34 (e (S

HYdI'OlYSiS of starch complet e partial J 5,35 amylase J! a3l caas -
disaccharide J Jsaiu

. ise J Labaaty complet Jeats ddéne jaleal caay gl =Y
Occurs either by: s " - ’

- Dilute mineral acids and called acid hydrolysis which results
in complete hydrolysis to a-glucose units.

a5 | s S

N —
/ , : : :
* Enzymes as cc-amylase (salivary &%ancreatlc) which results in

partial hydrolysis producing smaller molecules called dextrins
and maltose. I
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Incomplete digestion of starch Complete digestion
(Dextrin mainly) (Maltose)
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Hydrolysis of starch

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

W;,%fﬁn/—ﬂ()d .

* 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 of
starch). “ "
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2. Glycogen

glycogen dua ole GIN|s Sl oA

* It is the reserve carbohydrate of animals, and hence the
name animal starch.

» It is similar in its structure to amylopectin.

- Highly branched formed of @1/ link and 1y6rat:thesite

of branching. ... .. < .. ok
Each branch is made of 12-14 glucose units. It has shorter and
more numerous chains. -l il &, 5,08 Josl

It is stored in liver & muscle.
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O Glucose residue linked 0-1,4  @ins Reducing end attached
to glycogenin

@ Glucose residue linked o-1,6 @ Nonreducing ends




Glycogen

: seme Saally o Le plite ¢ aalls [Suall 585 ol Lilay
Functions of glycogen Il sali cdglla aay slelos A-\Ye aloall (LS HREL]

JAaih eolaally oI e glycogen

* Liver glycogen maintains normal'blood glucose'concentration
especially during the early stage of fasting (between meals).
After 12-18 hours fasting, liver glycogen is depleted.

* Muscle glycogen acts as a source of energy within the muscle
itselt especially duringsmuscle.contraction.




3. Cellulose

It is unbranched polysaccharides; it is long straight chains of 3-
glucoseunits linked together by p-1;4-glucosidic.bond.

* It is the main structural molecules in cell walls of plants. Cotton
is almost pure cellulose. .o o oo oo o,

* Many mammals including humans cannot digest cellulose of
diet because of the absence-of-digestive.enzyme that attacks -

linkage. SOIST Lk jahlunall i i ¥
Lyl s oIl a3 Ge Lo ¥ QLY

sdlc

* (p 1,4 linkages are not hydrolized by o amylase)



Cellulose Structure
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Cellulose

>l a4 . . . ey o
* The presgnce of cellulose in diet is important because it increases the

bulk of stool. ”
slao¥ ] dSHa i Lo aiay

* This stimulates intestinal peristalsis & prevents constipation
(laxative). - Laod cls

* Cellulose is a constituent of dietary fibers. These fibers help in

decreasing absorption of toxic compounds and reduce the
incidence of colon cancer, & =t =t oabed ﬁﬁgﬁ':&;‘:

* Cellulose can be utilized & serve as a source of energy in herbivores
because their gut contains bacterial enzyme that can attack 3 linkage.
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Cellulose

* Cellulose is a polysaccharide found in plants as microfibrils.
Slall aie Hlaadl 848 Q.Ia.a.:g
* These form the structurally strong framework in the cell walls.

* Due to extensive _B_i%te_r-_:hgjn and intra-chain hydrogen bonding cellulose
is not water soluble. s buls) Jons T (5 SBLAL GUYT e Lol Jans €3 553l Bl e
Leda g Jeodhead | ps Sias
RIVSNT
* It is a straight chain'polymer: unlike starch, no:coiling-orbranching occurs,
and the molecule adopts an extended stiff rod-like conformation, with
high tensile strength. = == e
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CELL WALL CELLULOSE
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CELL SURFACE_
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(60—70 CELLULOSE -

HYDROGEN BOND
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