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INTRODUCTION

ﬁ
—

Carbohydrates are organic compounids with general formuky C(n0).

They are composed of Carbon, Hydrogen and Oxygen having the ratio of Dxygen
and Hydrogen atom 2:1 ¢ g - Lactose, Glucose (CH 0 ),

Carbohydrates are the primary source of energy as cells utilize carbohyilrate
directly for cellubir respiration in the presence of Oxygen

At the eodd of reaction, Carbon Dioxide, water and enerpy are obtained in the form of
ATE as shown belowe

C 120, + 00 —— 6C0; + 6H,0 + Energy

— & ... _—

T TTTETTET T T

TUNCTIONS OF CARBOHYDRATE

They serve as primary source of energy lor living beings, eg, Glucose

They serve as struchural component, g, Cellulose m plints and Chitin in insects.
Non-digestibk carbohydrates like cellulose, serve as dietary fibers,

It is constituent of nuckic acids RNA and DNA, e.g.. Ribose and Deoxyribose sugar.
They ply avital roke in lubrication, cellubir intercommunication and invmunity,
Carbohydrates are ako involved in detoxification, e.g., Glucuronic acid

They provide the carhon skeleton for the synthesis of some non-essential amino
aciks.

Carbohydrates are precursors for many organic compound (Fat, Amino acid),
Carbohysdrate serves as storage form of energy, e.4., glycogen in animal tissue and

starch in plint,

NOMENCLATURE OF CARBONYDRATES

»  Most carbohydrate nomenchawre is based on historical rivial names. However, a

few general rukes are commenly used
The word saccharide [Greek-sakcharon (sugar)] is also used to refer to

carhohydrates. It is primarily used to refer to the size of the makcuke.

» “"Manvsaccharide” refers to the individual carbohydrates. .
« “Oligosaccharide” and “Polysaccharide” refer to carbohydrate polymers of varying

sizes
¥ Monosaccharide:- Mokcuks having only one actual or potential sugar group.

[C.H,,0, Glucose]
; ..i....ii....li:i:....t.. :
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(¥ Scanned with OKEN Scanner



EI

AWHACTERVIS OO0 & CUIRE AL PATHTITOGY | |

CARBUITYTIRATES

“ hsaccharide:
[C,,H,,0,, Sucrose|
Further
echiaride

Trisa [C.,H,,0,, Raifinose],

Tetrasaccharide [C
Oligosaccharides,

¥ Polysaccharide:

LLASSIFICATION OF CARBOHYDRATES

When wo moanvsaccharides are combined Together
addition of sugar group will produce -
21,0, Stachyoese], and so on, Commonly known as

- C.(H.,0), more than 10 sugar unis are combined together,

CE- Scanned with OKEN Scanner

| CARBOHYDRATE |
_ J
E — e HI..| |
Monosaccharides Dligosaccharides | _ Polysaccharides |
e W —— [ _
| h.—ﬂh_.a.n.a H Ketoaes _ I.T.nu—“..wnnwvﬂﬂ.nﬁ_mn .. _..-ﬂ.ﬂuﬂﬂ.nuw: 1 _ _._ﬂ-n—-ﬂ.ﬂﬂﬂ:
Glycersldehyde  Dibydroayacerone | Based un reduring [secchaniies | (Pcsieiides
i , prépery Keratan sulphat
Erithreise Erythrvlozs Neducing sigmr- W_m._ﬂwnnu z%_iﬂ e
Rikibss Rilrtose __..Ezur Laztose e Dermatan
Nen-reducing Dextran sulphato
Hexoses Glucote Fruciose et e Chitin Hyaluronic acid
__IEII||| Sucrose, Trehalose Inulia
ejifoses Glpenheptoss Sndohentilors _—
= Trisaccharide |
Rallinoze, Kestos=
- Tetrasa ccharido

ﬁ MONOSACCHARIDES (GRE

Stachyoge, Maltotetraose
EXK: MOND - UNE)

*

2.5.1 Claszification and Nomenclatu

These are singke unit carbohydrates with polyhydroxy aklehydes or ketones.
General formula of carbohydrate is C,(H,0),

These sugars are simplest and nen-hydrolysable. e.g., Glucose and Fructose,
Glucose is the principal carbohydrate found in human virculation.

re of Monosaccharides

 Sugar having aldehyde group are called aldoses and sugars with keto group are

ketose.

* Depending on the number of carbon atoms, the monosaccharides are named
as triose (C,), tetrose (C,), pentose (C,), hexose (C,), heptose [C,) and so on.

Tabk 2.1 Based on

~ Aldose are monosaccharides containing

Sh aldehyde group.
Exdfilyeeraldihyde, Erythrose, Ribose,
o e Gluvnse, Glucolieptose

vpe of carbonyl group

Ketose are monosaccharide containing
ketone group.

Ex. Dihydroxyacetone, Erythrulose,
Ribulose, Fructose, Sedoheptuloge,
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hpertice of Monosaccharide

Physical properties _

e Monosaccharides are crystalline solids at room temperature,

s Monusaccharides are water solubke and SWEEL in taste
» They cannot be broken down into simpler sugars

|+ They are reducing in nature. They reduce mid oxidizing agents, such as Tollens

' or Benedict's reagents.
v Chemical properties
. Reducing properties
o Sugar are chssified as reducing sugar and non-reducing supar.
« Sugar contining free abdehyde or ketone group can reduce other reagents.
» They can reduce can reduce cupric ion of reagents into cuprous jons.

* Benedict, Fehling and Barfoed test are employed to identifv the reducing action
of sugar.

« Reduction is much more efficient in the alkaline medium than in acid medium.

Celly 0, —F 2H;C-CH,0H + 20,

» These tests are nonspecific, because these reagents reduce ako by other hexoses
or other reducing compounds as vitamin C.
2, Oxidation
s Under mild oxidation conditions (Hypobromous acid, Br /H,0), the aldehyde group
is oxidized to carboxyl group o produce Akbnic acid Thus, glucuse is oxidized
i Gluconic acid, mannose to Mannonic acid and galactose to Galactonic acid
+ Under strong oxidation conditions (Nitric acid + heat), the first and last carbon
atoms are simultaneously oxidized to form dicarboxylic acids, known as
saccharic acids.

Mild orxidation Further oxidation

= - e 1 CHO
CHO _ nccm | nmE._ n=C |
_i _ _._Imlﬁ___
H=C—0H ztnlc: H— nIE_ mlnlcz H
! Inl_ il _Eln 0 10—C—H
HO—C—H ye, =¢1m|= wno, HO ) E a .._Tu__
LTE_ 0 _Imlaz H=t —0H H—¢ g
H—C—Of H—C—0H H—C—0il H—C—0H .m
ity CH,0H ool COOH .ﬂmf
= h : Ghusurant; o6
tilacoxe Gluronle s satihueicacl  Saccharmlactom :
Fig 2.1 . Oxidiution of glucese
E4 Reduction ;
am, thie aliehyde o
¢ When treated with reducing agents such as sodium E._a_ﬂ....hﬂ.&“.“ .
ket group of monosaccharide e reduced 1o correspondig e
!...l S ) P e iirﬁ.lﬂﬂ
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o Surbitol and dukitol when actumubite in tissues in Lege amnunis cduse song
aumotie effects kading 1o swelling of eelk.
o Mannital is useful tn redutce intracranial ension by fureed digeeus
4, Dehydration
o When treatnd]l with concentrated sulfuric scid menosacchandey cndergn
dehydration with sin cfimination of T water molecules, thus hegnses give
hydeaxymathyl furfural and pentose ghves Turfursl oo deliydration

i=C=n W=
:i_,,_nl_:_ m_
HO—C=H e ns0, "=t g
:....H..!:: .n —e H Im
:imlE“ ;0 €
CHOH CH,OH
D-Glucose Hydroxymethyl furfural

5. Osazone furmation
o Phenylhydmzine in acetic acid when bolied with reducing sugars forms esazones.
o Al reducing sugars will lorm asazoenes
o Each sugar will have characieristic crystal Inrm of osaznnes,
o glucose, fructose and mannose give the needie shaped nsazanes,

fi-C=NNH-C iy Tm#:-:m-fz.

H=C=0 AR

Ml + M NI H=t—0H e =4 4 - G-
P 0 # .

Glucose  Phenviliydrazioe Glucohydratone Glurnsazone

2 5.3 Some Important Monosaccharide

» Glucose

Ghcese is a sugar with the mokculir formeka €, H, 0.

{ucose 1t pyerall the most abundant monosaccharide.

o Glucose [sugar) 5 vne of the maln eneniy sources for living onganisms.

e The primary source of energy for the brain

. =

-

Bawabeat
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Jris made up of BUCOSE Unit combingy With (8- 5 4 Jink mesidlp
graigheling struchire, with no branching poinn % Nnkages, It phag o
<l "

r:ncr:. _E,.....x_._n is in the order of 2th 5 million, (

a Mo . : . A : “?#__.._u__ﬂﬂﬁ h i
E.:u:...n_u_ applications- It is the STAPtIng materfa| s _.,H.. A varlety g :
H.-___..__._....__—”...__—t_r.u...._ﬁ_u__ and ﬂEm:.ﬂm. _n—:ﬂﬂ IE, ﬂl.—rrurr. _.”. o 1%

He arin
__.._a_r,_:n ie an anticoagulant that occury in bload lun

fleparin help in the releases of the enzyme Iipop
cparing the turbidity of lipemic phsma,

Heparin Is composed of allernating units of N-sulfo 1.
mEEE.EE 2-sulfate,

8 liver, kidney, spen et

rotein lipase which helps in 4 g5

L]

glucosamine b-sulfate and ¥

ﬂ U ALITATIVE TESTS FOR CARBOHYDRATES 0
.... ?mn.:mﬁ..__ lest = 4 ol
. Itis a general test for the detection of carbohydrates,
+ The strong H,50, hydrolyses carbohydrates (poly- and disaccharides)
1o liberate monosaccharides.
« The monosaccharides get dehydrated to form furfural (from pentoses) !

or hydroxy methyl furfural (from hexoses) which condense with |

w

u-naphthol to form a violet coloured complex. Ly P

.__....__u..h_u i e
Ilml aH ‘.

HO=¢"H  conciiso, H-C A B
H ..-n_..l...._z e

“IH, H= 4 .
H—C—O0H ._Wl_ |

CH,O0H CH,0H | i

D-Glucose Hydroxymethyllurfural :

@ | i
xcr\O@u ¥4 g A..rh.n__r.‘_.m_m..h_._. __.“.
H i

Hydroxymethylfurfural  «-Naphthol purple/ Violet colored complex i

H. _H-”:.__.- ¢ best

* Polysaccharides combine with iodine to mﬂh_m“ﬂ_n Jodine Solution

form a coloured complex. Thus, starch ]

Bives blue colour whik dextrin gives red o N
" colour with iodine. } ooy
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1 Benedict's test

This is 4 test for the identification of reducing sugars.
- H“__F__.n.”.:wmﬂ reduce cupric ions (Cu®*) of copper sulfate to cuprous jons (Co7)
1 form a yellow precipitate of cuprous hiydroxide or o red precipitate of
cuprous oxide,

. m....._.n_..:mm contains two sugars (fructose and glucose) joined by their glycosidic
bond in such a way as to prevent the glucose tsomerizing to aklehyde, or the
fructase to a-hydroxy-ketone form. Sucrnse is thus a non-reducing sugar, which
does not react with Benedict's reagent |

* Benedict's reagent (CuS0 _SH.0 (Copper sulfate penmhydrate) + Na CO, +

__..J..,.ﬁ.._.m..ﬂu_.
TR AT,
i o PN,
cu?t + ..__._..H_r —} \nﬂ 4 CusO .m.___....._m.u.-!.- .F :
i H R ﬁ—.—,._ : hw_. aon, M
Cupricion Aldose Carboxylate  Cuprous oxide ._f.u_ GMH..\___ 5
fon (Drickered ppt) o

4. Barloed'stest

« This test is used for distinguishing only strong reducing sugars give this test
pasttive.
Manosaccharide usually react in about 1-2 min whik the reducing disnecharides
take much Jonger time between 7-12 min to get hydrolysed and the react with the

reagent.
« Brick red colour is ohtained in this test which is due to the formation of cuprous
oxide,
k= COOH
:tml..na._ —._IA_“..I_.._.E
:n.l__”t: :ml...f: i
H—C—oH " 2000 —"  H=(-0H L
- Cuprous oxide
—{— H=C—0ll p
b0 o
CH,0H CHa0N
D-Glucose D-Glucenic acid

5. Seliwanolf’s tesl
» This is a specific test for ketohexoses.
« Concentrated hydrochloric acid de
derivatives which condense with reso
UH

hydrates ketohexoses to form furfural
reinol 1o give a cherry red compkx

_. b

fm Illl::lv Mierrysivd _._:t._:...__
HO-H,L™ g m_,m

N ﬂ.ﬂEﬂﬁ_
. o herer Ymiatn, ibanssl e FHER Viory UL L E
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