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Disaccharides - Structure of

maltose, lactose, and sucrose

’ ' J
N
Polysaccharides - Chemical |} (592

nature of starch and glycogen |

Qualitative tests and biological __é
role of carbohydrates :
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 INTRODUCTION TO CARBOHYDRATES | FEleEeHaR=a |

@ Carbohydrates are organic ' EXAMELE: GOLUCOSE | @ Eﬁ'lé’fglg?z? Sifas aife 8
compounds with general ;12 - ISEEIR:ILIE] g C,,(H,0),
formula C,,(H,0),. " . ‘;, HGIRL

------------------------------------------------------------- [ S R
They are composed of { ey | @ A I, glssior 3R 3ffarfior
tr:‘art}on, r?:ydro.gen,f and oxygen e . \.l.’ ‘if ' 9 99 8id & o sfiado 8k

aving the ratio of oxygen & Y ‘s g@gﬁ tITHT'{[Gﬁ CARCEUIG]
and hydrogen atom 2:1. . 2:1 gIdT g
Eg :- Glucose (C;H,,04) 3<T - (C¢H1,04)
Carbohydrates are the @ Holl BT E |
primary source of energy as & Hifeh BB 3T i
cells utilize carbohydrate SufRifa § g Gl
directly for cellular respiration IYANT HIRNBIT G99 & foru
in the presence of oxygen. &l Bl

--------------- h.-- - / _— — P R R L L L T T T T T T T T T

4) Atthe end of reaction, CeH1,06 + 60, => 6CO, + 6H,0 + ENERGY @ A Afopa & 3id #, Hre STSIATHITSS,
carbon dioxide, water, and Glucose Oxygen g?’b_‘;" Water E’I‘\‘;'Pg)y STt 3R Fuif (ATP & &9 H)
energy is obtained (in the s : U Bt 2 S 9 <artar T 2
form of ATP), as shown below: @ 683 =0 a + ’ '

v

.‘@'. KEY POINT: Carbohydrates provide energy, support I .‘Q'D’. & aey; bieEge Sul UaH HRA §, JUIHd § Gerdsh § IR Sfa
L metabolism, and are essential for life. » & forg smaeas g
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U)EFINITION To CARBOHYDRATES]

P
L 4

2,2,
Carbohydrates may be defined 4 > - FIETETESe B IS ®Y Y
che.mlc.ally as aldehyde or ketone L ..: ,;’ e T T T
derivatives of polyhydroxy 4 “w_ e - T
(more than one hydroxy group) "\‘é "\ el S ol :
alcohols or as compounds that é “ ':-O (Teh & 3ifereh BTgGIRIT WHE) Yoblee Bl &
yield these derivatives on g1 d A SN STetsmge (Fesiferi)

. GLUCOSE . .
hydrolysis. L (CeH1,04) J \qq S YA Pl SU B B | 4

( CARBOHYDRATES CONTAIN THE FOLLOWING FUNCTIONAL GROUPS:\

Alcoholic hydroxyl groups

L]

Falegge A MA=foRaa fohareis a9g uw 9d 8:

Aldehyde group

Ketone group

i (CHO) (C=0)
Tehlglferes grsgifaaa g (-OH) ufesgrgs 998 (CHO) Bl g (C=0)
/ — S ————— —
H Also called I b (
| Hydroxyl group ﬁ ﬁ
ol - O RO PR S Y S
H o ’ “ J i
@' NOTE: The presence of these functional groups gives carbohydrates @ feuof): 3 fharie Tqg FriEgsge @ 390 I[RFAES o7 \
i ™ their chemical properties and reactivity. 3R siffrarefierar weM #=a 2|

e s e e e r e s e s resn oo enn s oo o s o . - - ——-— - . - - - - - - - - - - - P D e P B D D 5 . B D D D D P . S P B P L e . 0
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CH,OH

@ Functlons of Carbohydrates / Fdigsgcy & & 000C

Source of energy for o Sitfad urfor & ferg Hai & Q!@Q
living beings (e.g., glucose) i (S 7e[ap i) J
-4
Storage form of energy: glycogen [  FeIf T WSRUT ®Y: STg3ii # ::::Q
in animals and starch in plants TATS IS aUT Qe ﬁ € J
[°4| % Structural component: glycosaminoglycans AT S Heh: gl A 1
\ [l ¢ in humans, cellulose in plants, . TATS R AT TATS -, el &
> chitin in insects A, il A dhrsfed y
S
Non-digestible carbohydrates like | milaggi Iigelnﬁfam {:..5.5‘.0;
cellulose act as dietary fiber Y g A7 )
H E
Constituent of nucleic acids RNA L, RNA 3R DNA 3 fres 3l K’ o ( b
and DNA (ribose and deoxyribose) & " (ST Ud fEanaiREels) LI
4
Help in lubrication, cellular ° EEgd, BIfdrhig TR adT
mtercommumcatlon and immunity Qﬁ?m t: | qJglddh 3
e
@ Q? Involved in detoxification o [Scifauaftheher # HFT oid &
k = %) (e.g. glucuronic acid) (SR TRRAE 30T) )
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«— CLASSIFICATION AND TYPES OF CARBOHYDRATES ~——

«— BIAIGISSC Pl TP Ud YhR ——

CLASS TYPES EXAMPLES G (Class) UbIR (Types) 3qIgXUl (Examples)
i Glyceraldehyde, foRdfiesrss,
Triose (C;H405) Dihydroxyacetone SRITST (C3H40,) SIEREERISSICE]
o0 Tetrose (C,H;0,) | Erythrose, Erythrulose cuon | T (CHO0) | TRel, oReeiw
HO Ribose, Ribulose, - . NECISH Tlgﬂt_*ﬂﬁ
1 OH Pentose (CsH,,0s) | Deoxyribose, Xylose, - gerst (CsH,,0s) fSaifiRTgaIe, Sgal,
Xylul alsgaila
Monosaccharides GT o = .
ucose, Galactose, ThITh T TSI, Telacio,
(QepeTehT) Hexose (CoHi,06) | o o ctose BRI (CeHL0d) | a3 wracier
Heptose (C;H,,0;,) | D - Sedoheptulose 8@ (C,H,,0,) Sl - AN

O

(feerehm)

Disaccharides

Sucrose, Lactose,

Maltose

Trisaccharides

o Raffinose, Gentianose IEEERY Wﬁ, SIS
Homopolysaccharide | Starch, Dextrin, Inulin, A T, s, 3_:[%—“7,
03{) (ST TgDH) Glycogen, Cellulose oggf g TATS DI, Aelals
: : Hyaluronic acid, Chondroitin BISRRIMD 3%, PisigicH
Polysaccharides | Heteropolysaccharides | Y ' ’ W , PI ;
y(w) (ﬁﬂﬁzﬁ% ageTd) Heparin, Keratan sulphate, fauaedt ggerdhy | 8R4, BRIed obe,
Dermatan sulphate. | gHicd o |

\'/

-Q- NOTE: Monosaccharides are simple sugars and serve as the building
blocks of di- and polysaccharides.

‘ (- Rl wa e b Bt ¥ o fa- e wgwhRe
& ff @s & w7 F Bt B B
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- REDUCING SUGAR vs NON-REDUCING SUGAR +—— 39Tk ITHRT I FUATID IThT

2 ( \ 1
REDUCING SUGAR | NON-REDUCING SUGAR 3YATIB I YIRS IHIT
@ O Carbohydrate with Free functional @ O qad Ufeserss Al TR PRI TS
| free aldehyde or groups are not " I - HId Dhici drefl Sy By
R—C—H free ketone available R=e=n HIEESSC
@ O\ They are hemiacetal | They are in acetal @ Y/ ON bl E_\quil zg J gEieTe ar
s OH | or hemiketal form or ketal form \ QH i g dHictad $U H Bl &
Exhibit mutarotation Not exhibit @ J icl : ; s : ;
mutarotation N BT B UfRd T8l HRdl B
zg’t;“ r':;":sfm“es Do not form 73— ® B ETEgrotA & | sirei &1 o
pheny osazones ’ |1 TSI g9 8| A8l bRl
hydrazine
Reducing sugar reduce 3TATIH BRI BIAR
cupric ion of copper Do not reduce @ Jobe & WD AT IRAfeae 9O >
sulphate to cuprous ion cupric ion of Cu®* E2l E@ﬁ'\q I H Eﬁgfa?ﬁ 3T Bl
yellow precipitate of benedict ﬂ — g aﬂ?ﬁ g = B
Benedict, Fehling & solution. éﬁ%ﬂf BfeliT 9 IRHis
Barfoed’s test qeTor F el 3geT ST §
Example: Glucose, Example: Sucrose, @ RSHIGNIE SREaWL; JSTER0T: GbIol,
Fructose, Maltose, Trehalose, Starch. pr | P FEIST, ATeeTS, Sedlol, T |
Lactose AT
AL B> S Y B,
i ‘@ KEY POINT: Reducing sugars have a free carbonyl group (aldehyde \ @ =g fdg: =g b1 d Jaa wEifaa 998 (Yfessss ar i
= or ketone) that can act as a reducing agent. FHISH) BIdT & Sl JUATIS b ©9 H B HRal o |

N i
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CH,OH
(o)

OH
HO OH

Monosaccharides:

OH
D-Glucose @

simplest, non-hydrolyzable sugars
C¢H.,0, + H,O — No reaction

(- z . — R
@ Oxidation (weak oxidizing agent)

| Br, water: D-glucose = D-gluconic acid b y

@ Oxidation (mild oxidizing agent) ﬁ] 1

Fehling's solution: D-glucose — D-gluconic acid )

Strong oxidation ) ]

Strong oxidants: D-glucose > D-glucaric acid ~ &=2) |

Reduction
NaBHz, / HZ_

~

Pd: D-glucose — D-glucitol (sorbitol) ’,B(' g

Addition / derivatization reactions
* HCN addition: Glucose — glucose cyanohydrin
* Hydroxylamine: Glucose — glucose oxime + H,0

@J

* Phenylhydrazine (excess): Glucose = glucosazone

Fermentation
A Glucose + yeast —> ethanol + CO,

@i

o
@ Quick note / summary
.

Key reactions: oxidation, reduction, addition, fermentation

\
f
Ne

.

CHEMICAL PROPERTIES OF MONOSACCHARIDES
a’la’tﬁarﬂgga as AT IOT

aﬁaraherém"
C¢H1,06 + H,0 — I3 3if¥fesar g

i Y

Vi

fpva=st , 7 \
IS + de — TEErd + CO, @ @
wafd sile / arien @
e ifufepany: sifexfiaeor, sgaeq, anr, fvasr 2=
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CH,OH CH,OH

. DISACCHARIDES
Q@ GELI G L)

Greek: Di = Two

e No osazone with phenylhydrazine

e Does not reduce Tollens’ reagent /
i Fehling’s solution

e Does not show mutarotation

N

J
: ) . 1
: @ Reduces Fehling’s solution
e Forms osazone with
phenylhydrazine )
~

: e Shows mutarotation in
i aqueous solution

e Reduces Tollens’ reagent /
i Fehling’s solution

e Forms maltosazone with excess
phenylhydrazine

J

%7 \O/O
Ifiep: Di =<
‘ 'ﬂ?ﬁﬁ o fhrscTeTggTiiv & WY TSI Tl &Il
o cicr sifimics / HiF e B
QOO o T e
OH OH ° BRI T8 fe@mar
@ A | o % e B 3ragpd vl &
0} 0]
QOQ o TFATSETRISSISHA & |1 TSI &41dl &
- OH OH OH )
r‘ Hlcelel | Sl faerm & =perieer fewm
| o ZTaw ifemnis / Bich e &t
| 31apd Bl &
OHQ(QOO | o 31fEre fhTgcTeTsgIoit & Wiy
L i HIeeldTSl a1 8

ﬁ Reduces reagents I Q TGN

@ Osazone formation | ﬁ{ Maltosazone formation
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v Monosaccharides / HiHIS®zEd Q

—e Definition & Classification / afymeT 3R Tafferor »

e : s ¥ )
@ What are Monosaccharides? Open-Clidi Monosaccharide @ RIS R 82
® Unit carbohydrates 0 ' Ring (Cyclic) Form * Uhd PIEIEIESC
Q o - N ' Q 1] i1
Polyhydroxy aldehydes or ketones Aldehyde i | ; e UTciigrssiadt Ufcsgrss a1 dhie
b! e Simplest sugars | E CH,OH i‘ o JIH T BV
e Non-hydrolysable R (i:— OH ! 0 o EISSISIAd gl gict
S 4 HO—C—H | ¢
I M : .
(2) Based on Carbonyl Group i—g—on | N @ Pl Tg 3 SR W
: | '
(0) ¢ Aldoses — contain —— i (9] (0) e Uesil — Ufeess
)|\ /ll\ aldehyde group N> ? o f )l\ )|\ e g
e Ketoses — contain Hi=— (I:_ OH | OH  OH R H | R "R e &as— Hleq
Aldehyde Ketone ket i
L y etone group ) CH,OH ! Qf%msg $e e gad J
( . ; .
@ Based on Number of Carbon Atoms il @ BT TRATUL3 ﬁ & & YR W
* Triose O——(——0—©
! ! o Tetrose ! °
e Pentose Number of carbon atoms determines ! o
® ! ! * Hexose the class of monosaccharide. B ! ! o
L 9.0.0.0.¢) * Heptose ;& P 9”66“ o y

i ‘ Simple Sugars, Fundamental to Life. | @ ~ ®
T AR, S bl 3MerRIrer S 0
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F R
Glucose is a simple

sugar and carbohydrate.

Contains 6 carbon atoms
and an aldehyde group

@ /}' Therefore, glucose is an
@ aldohexose

@ Exists in two forms:
» Open-chain (acyclic) form
» Ring (cyclic) form

[ CeH1,04

[

Open-chain form

3NY=-I9 ¥Y

Structure of Glucose / Te[@st &I WEAT

1

Ring form

Tehig ®Y

J

e
"o,

OH
N

(5) e & wit # ara o &:
> 3NY=-I (3rEshid) ¥
> {3 (Thla) ®U



https://play.google.com/store/apps/details?id=co.april2019.pindia

A Open Chain Structure of Glucose / T Bl Y- W1 S

[~ . . : k'
@ \ R — 1 _Ball-and-stick model f _Open-chain formula @ A\ ot 1 3 fFr
) of glucose was . E H @ R dR g
Oc D '
AC'vh proposed by Baeyer. | | o 73 s o= L A @ ot

J , y,
@ | e T @ w
= N Glucose was Q. 4 ; =N P H
L e S St Bl L Ox | siea-ae v i
—— | open-chain form. ) en—r @’. H C— OH — | zofar mmi
@ Limitation: this structure ) .—-7"3—(')\. | K== @ ;98 Ivaar T8 1
could not explain: 1 CH,OH HHET Gl
Failure to react with 5 (%) Schiff base & |
Schiff base | [ dic1-Us-fR® Aisd ] [ ANy G J 3rfuforan 1 g
() Failure to react with Ne J (%) Sodium bisulphate &
sodium bisulphate ) _ 1Yy 3fffepar 7 g
&) Mutarotation ) Could not explain key observations ! ® RERReA )
& 3TAIBH] i ATEAT gl B Tl

.4
-
(LX)

8
v Q*@
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p
Haworth introduced
the cyclic structure
of glucose.
\ J
e
It explains the ring
(cyclic) form of
glucose.
\ J
-
It confirms the
@ existence of a (alpha) O / B
and B (beta) forms.
.
'
It explains /\
mutarotation. &/
Y

» !
Y
N

J
N

9

)

( Cyclic form ]

6
CH,OH @

oL

H QA %o
o1|-| .’;\j\‘.

@ Carbon

e @ Oxygen
@ Hydrogen !
[ a-form J [Mutarotation] [ B-form }
CH,OH CH,OH
H O  H /_\ A O_ OH
0], —_— OH
H H s ¢ H H
HO H \/ HO H
H (0] H OH

[ O Carbon | O Oxygen | ‘ Hydrogen j

L &
¥ 3

Ring Structure of Glucose / 7eJebist &t {1 TR -

' &

giadf 4 7eglst i
Td i
J
o -
TE Tefolst o
(T<hIT) T B
gorfdt 81
.
)
TE o (317%1) 3R
B (dfe) = & a/B
A& &t gfe vt 21
.
g RIERIY B
J

o
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@@,o Structure of Fructose / gewi Hl a1 ‘

L) English_

g
GO

Fructose mainly
exists in cyclic or
chair-like form.

Its structure is
similar to glucose,
but with key
differences.

o)
Fructose is a ketose: ||
it has a ketone p -
group at C2.
@ OH at C5 combines \
with C2, forming a 3

5-membered ring
(intramolecular hemiketal).

©

\

o7

CHZOH
) \ /CHZOH
HO
Ketone at
‘~-C’ """ "C \
|
OH
(OH at C5 + C2 — ring closure]
 — . <R
H | Similar chair/cyclic |
: form as glucose '
[ 5-membered ring} | 0. _Ox :
intramolecular hemiketal | ! '
™
|\ Fructose Glucose

L fe<d

@ gﬁﬂagmﬁaﬁu
T IR-o1Y ¥9 4
U1 1T 2

TP TR TefhIol
St gt 8, aifes
P8 HgayUl 3R
gid g
tperelet U HICId &:
38 C2 WX PicH
g giaT gl

@ C5 &I OH, czas
Y Jgoh
ﬂ"TEﬂTaT%

@

©,

(3IRT3Ueh BHIBICH) |

-0

O

I
C

N

@J

[ C==Carbon | O=0xygen | OH =Hydroxyl | CH,0H = Hydroxymethyl j
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Structure of Galact\o{se /

%\ English b

Helcrelol &l U

—x U’

@ J:{ Molecular formul AN (CGH1205> ________________ @ L\
olecular rormuia: O ‘ mﬁ-a; C H 0
£ C6H1206 1 C¢ N Eﬁ 6'"12Y6
___________________________________________ \_ H T ———
@ % Galactose is a 9 NaRs U ARRaNES
monosaccharide and H—— Téfﬁa ofiR
an epimer of glucose. 3 & 3R e d
"""""""""""""""""""""""""""" O =———H O S
(3) 9~ H-bond donor = 5, . @) 99 eEgeA A IR = 5,
&--© H-bond acceptor = 6 HO——H @0 gZZIoF di- TR = 6
_________________________________________ 5 I R e B ST
@ /Y It exists in two forms: H——+—OH @ /Y T8 3 HUH T ST 8
R_/ open-chain and cyclic. - R 3igH-39 3R ghm
____________________________________________ 3 RS
@ 0 Open-chain form has @ 0  3yd-dq ®Y & 3id H
g a terminal carbonyl [Opefn chg:r form /j ( Cyclic form / L e < R
H” ™ (aldehyde) group. pi N g g1 &1
(6) © Show both cyclic and i {? ‘Galactose = Aldohexose i (®) © TepIg 3R 3Ny=-T9
open-chain structure. | N = TR | 2l G=HAET fea@m)
N I‘\________________________' ______ I \_ ¥
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' .
O‘O

-, DISACCHARID

—QHED—

ES/srediRigsd UL
—

CH,OH (iHZOH 4 s
Double sugar formed by .
@ joining two monosaccharides. ) 0 0 @ g1 arett fgordse|
"""""""""""""""""""""""" HO V0] i S e
@ Linked by a glycosidic bond. 0 ' @ Gj‘s‘]“lg m‘" i %"g' P QiGN
"""""""""""""""""""""""" OH OH | OH OH
Soluble in water. » STt H geraefte I
@ ______________________________________ [Glycosidic Iinkage/] @3 ___________ g’l?ﬁ% _______
@ Crystalline and ind @ ThfehIT Bidl g 3R
sweet in taste. , @ é e § Hidt gidt 2|
@ Examples: sucrose, iﬁj @ 3QTEROT: HebIsl, cAaelel,
ater . t
L lactose, maltose. ) solubility Crystalline il L qleelst |
l ( N’ % Common Disaccharides / |THIRT fgerd=1g h
7_\ \"‘ji(iﬂ; Sucrose | )\ Lactose ' ,&,‘.gg Maltose
\o’ /&,
Y g ARt Z o
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Types of Disaccharides / STEaTEEH & YBR

- N
(® Reducing disaccharides / @ Non-reducing disaccharides /
AT SIS IFIUAIP STSHIRIZSY
CHOH ¢ . CHOH ° -
® Free aldehyde or keto group 0 * No free aldehyde or keto group
o Hth UfcsgIgs a1 hicl G 8 X o b Ufcg1se 1 hict THE Tl
e Examples: maltose, lactose OH O o Examples: sucrose, trehalose | @
. OH (®) .
o JGTEIT: HIeeIS, daeisl F 2N JGTEX0T: GobIST, SETelle] 4
, &
Ch Carbohydrate / ®Taigsse @ Sugar unit / T SHTS & Linkage / st
CH,OH CH,OH
O\OQH Sucrose / geblIol a-D-Glucose + B-D-Fructose Qa, ﬁ (1-2)
CH,OH CH,OH
" Lactose / eidelst B-D-Glucose + B-D-Galactose ﬁ (1—-4)
OH OH
CH,OH CH,OH
n Maltose / ATl a-D-Glucose + a-D-Glucose a (1-4)
- OH OH J
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r—[ English ]\

Maltose is a disaccharide
made of two a-D-glucose
units.

The first carbon (C1) of
one glucose is linked to
the fourth carbon (C4) of
another glucose

@ Linkage: a-(1—4)
glycosidic bond.

In solution, the second
glucose has a free aldehyde-
forming end, so maltose is
a reducing sugar.

W ¥ (]

[Two a-D-Glucose UmtsJ

NS
~
6 CH,0H
i
Ll
3 OH 3 OH
o-D-Glucose o-D-Glucose I
i , e
a'(1_>4) linkage i Free aldehyde- 4
C1 of the first glucose is forming end
linked to C4 of the | | 77"
second glucose. b \ﬂﬁ Yfesgres BR

[@ Reducing sugar / 3qarI® Qb J

Y Molecular formula: Ci2H2,04; | Molar mass: 342.30 g/mol *

£\ Structure of Maltose / ATeEIST ! TR *

— Rl 0

@ ATeeiet U fgorder 8 Sit
& o-D-Te[@Ie SHIEAT |
g4t gt 21

@w’qﬁamumw
(C1) G il & g
P1e (C4) A e B 21

@ﬁmﬁ@@ﬁﬁa
C1 W 7 Ufcgrss e
APl &, SAIY ATeerst
YR T &

‘< Fl foo
O

J
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‘ English

Commonly called
milk sugar.

Made up of
B-D-galactose and
B-D-glucose.

Bond between C1
of galactose and
C4 of glucose.

Lactose is a
reducing sugar.
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Structure of Sucrose / GePIST b | kL A)

-
@ Sucrose is
+
dextrorotatory.
A
[

=,
N
@ 0 On hydrolysis,
' O it gives
@—)O glucose and
fructose.
\ Z
# 2
@ Glucose is
C‘l‘) dextrorotatory
L (+52.5). y
r "
@ Fructose is
(—D laevorotatory
(-92.4).
- 3

a-D-Glucopyranose

B-D-Fructofuranose

.

@ Overall mixture: Laevorotat

Because fructose (-92.4) > glucose (+52.5)

in optical effect
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Fructose dominates,
so the final mixture becomes laevorotatory.
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1. Define carbohydrates. Explain their chemical definition
with suitable examples.
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2. Describe the introduction and biological importance of
carbohydrates.
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3. Explain the classification of carbohydrates with suitable
examples.
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4. Write a short note on monosaccharides and classify them
based on the number of carbon atoms.
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5. Differentiate between reducing sugars and non-reducing

sugars with suitable examples.
TS (Reducing) TF HT99rd% (Non-reducing) UHIT H
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