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Photosynthesis
Sun’s energy becomes part of glucose molecule

\

energy

Carbon dioxide
Water — GLUCOSE

Chlorophyll

6 CO2 + 6 H20 + energy (sun) — CcH1206 + 6 O2
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9H"OH
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Rhamnose

6-deoxy sugar

?HO QHO
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QH-OH QH-OCHg
9H~OH QH'OH
QH—OH QH-OH
(7 - CHgy
Digitoxose Cymarose

2,6-deseoxy sugar

cardiac glycosides




Carbohydrates classification

O R ——
Simple Monosaccharides

Glucose, fructose, galactose
Disaccharides

Sucrose, lactose, maltose
Polysaccharides

Starches (amylose and

Y amylopectin), glycogen
Complex Most dietary fibers
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Functional Groups
daanls gl e gandll
Aldoses contain the aldehyde group -

Monosaccharides in this group are glucose,
galactose, ribose, and glyceraldehyde

Ketoses contain the ketone group - The major
sugar in this group is fructose.
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HO—

CHO
CH-OH
CH

CH-OH
CH-OH
CH,OH

D-Glucose

11

HO—

CH,0H
C=0
CH
CH-OH
CH-OH
CH,OH

D-Fructose
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Carbohydrates - Classification

3an g S L SIS Sl Clagae
Glucose Sucrose Starch
Galactose Maltose Glycogen
Fructose Lactose Cellulose
Ribose
12 Prof. Zaid Alassaf 20 ) 0 5 20




Common Carbohydrates

Name Derivation of name and Source
Monosaccharides
, blood sugar, dextroseFrom Greek word for sweet wine;
Glucose grape sugar
A_uaj\ )S.u ceﬂ\ )Sm 3 &._l-'\&” )Sm _)l;.“ M‘&;\.\h)ﬂi\u}ﬁ\ e
found as a component of lactose in milk.Greek word for
Galactose | milk--"galact",
alall 8 5 SO e e S am s SVIE" - Culall Al sal) A
Latin word for fruit--"fructus", also known as levulose,
Fructose found in fruits and honey; sweetest sugar.
s Ol anly Liayl Cag pmall ) 938 5 8" - dgSlll A5y ALK
salall S e al Juall g 481 5al)
. Ribose and Deoxyribose are found in the backbone
Ribose

13

structure of RNA.and DNA, respectively. 20 1 G5 20

Disaccharides - contain two monosaccharides

French word for sugar--"sucre", a disaccharide

Sucrose containing glucose and fructose; table sugar, cane

sugar, beet sugar.

Latin word for milk--"lact"; adisaccharide found in
Lactose . .

milk containing glucose and galactose.

French word for "malt"; a disaccharide containing
Maltose two units of glucose; found in germinating grains,

used to make beer.

14
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Common Polysaccharides

Name Source

Plants store glucose as the polysaccharide starch.
Starch The cereal grains (wheat, rice, corn, oats, barley) as
well as tubers such as potatoes arerich in starch.

The major component in therigid cell wallsin plants
Cellulose iscellulose and is alinear polysaccharide polymer
with many glucose monosaccharide units.

Thisis the storage form of glucosein animals and
humans which is analogousto the starch in plants.

Glycogen Glycogen is synthesized and stored mainly in the
liver and the muscles.
15 Prof. Zaid Alassaf 20 ) 03 5 20

Disaccharides
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Disaccharides

fructose glucose galactose®

Three types of O .,

monosaccharides ...

. . . join together to
make three types of
disaccharides.

o ee ‘-

sUcCrose maltose lactose
(fructose—glucose) (glucose— (glucose—
glucose) galactose)

[ A note on the glucose symbol:
The glucose molecule is really a ring of 5
carbons and one oxygen plus a carbon “flag.”

carbons =
oxygen

For conveniance, in this and other illustrations,

glucose is symbolized as{:} ar .

) 1333 Wiadsworth Publishing Companyd L8 Z.id Alassaf 20 ¢l 5,5 20

Maltose

e 2unitsof glucose
¢ Formsfrom the breakdown of starch during malting of grains (barley) and
commercialy by using enzymes (B-amylase)
— E.g. malt beverages; beer
e Used sparingly as mild sweetener in foods
« Very hygroscopic
« OH-group can be reactive and we term thisasa REDUCING SUGAR
— Isfreeto react with oxidants

CH,OH o-1-4 GHOH

™ Reducing end

OH

OH
Maltose
4-0-(a-D-glucopyranosyl)-D-glucopyranose
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L actose intolerance

CHyOH CHZOH

Food products
Milk OH
Unfermented dairy products
Fermented dairy products

Contain less lactose
Lact ted to lactic acid Lactos
actose converted to lactic ac 4-0-(B-D-galactopyranosyl

* Lactose » D-glucose + D-galactose
lactase ( B-galactosidase)

» Lactoseintoleranceisa clinical syndrome, which
happenswhen the ingested lactoseis only partially

hydrolyzed or not at all hydrolyzed
Cleaved by lactase (eNzyme)

19 Prof. Zaid Alassaf 20 ) 03 5 20

Sucrose

* Non-reducing sugar

* Sweetener

» Energy sourcefor human beings

Principal sources. sugar cane & sugar beets

GH,0H

o] HaOH
1 *
oH 7 HO, CHOH

OH OH
Sucrose
B-D-fructofuranosyl-a-o-glucopyranoside

The bond can be broken by hydrolysis
- Enzyme (fructosidase invertase)

- Acid/heat

Product called invert sugar

20 Prof. Zaid Alassaf 20 ) 0 5 20
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polysaccharides
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STARCH

» Amylose: D-glucopyranose with alpha-1,4
bonds between glucose units. Repetitive unit is
maltose.Generally 200-2500 units

o Amylopectin: Itisalso formed by glucose
units, but every 12-15 unitsit hasan alpha-1,6
bonds which creates branches.
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CH,OH CH,OH CH,OH CH,OH CHy;OH

@ @ O O O

Amylose

CH,OH CH,OH CH,OH

& & &

CH,OH CH,OH CH,OH CH,OH

é. & o & 6.

Amylopectin

Amylose and amylopectin arethe 2 forms of starch. Amylopectin
isa highly branched structure, with branches occurring every 12
te 30 residues Prof. Zaid Alassaf 20 ¢ 0545 20

Ggar SOUrCes
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Sugars in Fruits

¢ % Sugar of total fruit weight (Fennema, 1985; © Marcel Dekker)

20r B glucose
18r | fructose
O sucrose
@ all

wt% sugar

16
14
12
10
8
6
4
2
0

o 5
o
[oR
@© (o)) §.
m High in fructos€; other sugars present also
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cherry
straw-
berry

Relative Sweetnes of Sugars

Sucrose 100
Glucose 74
Fructose 174
Lactose 16
Invert Sugar 126
Maltose 32
Galactose 32
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CARBOHYDRATE
DETERMINATION
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CARBOHYDRATE DETERMINATION

1. Monosaccharides and Oligosaccharides
A- Reducing mthods
B - Polarimetry
C. Enzymatic Methods
1. Glucose oxidase
2. Hexokinase
D. Chromatography Method
1. Paper or thin layer chromatography
2. Gas chromatography
3. Liquid column chromatography

»2.  Polysaccharides 20418 055520

Prof. Zaid Alassaf
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Monosaccharides and Oligosaccharides Swd/ <fdua g9— 1
Reducing mthods ~ dels Y1 Aalal) ) sasiall 331kl -A

Polarimetry ety e -B
Enzymatic Methods da Y @ik -C
Glucose oxid 5SS all kol ]

Hexokinase LS pula 2
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CHEMICAL METHODS

O

ANTHRONE reacts primarily with hexoses
“‘ ¢ Read at 620 nm

* Anthrone + carbohydrate + H,SO, = blue-green color
¢ Also measuring furan derivatives

3 5-DINITROSALICYLIC ACID reacts with reducing
sugars in alkali to form brown-red color that can

. be measured on a spec
e RESORCINOL (a phenol) reaction is primarily with
ketoses to form a colored complex Seliwanoff's Test

/Q Prof. Zaid Alassaf 20 ) 03 5 20

Seliwanoff's Test

* Principle: Seliwanoff's Test uses 6M HCl as dehydrating
agent and resoncinol as condensation reagent. The test
reagent dehydrates ketohexoses to form 5-
hydroxymethylfurfural. 5-hydroxymethylfurfural further
condenses with resorcinol present in the test reagent to
produce a cherry red product within two minutes.
Aldohexoses react to form the same product, but do so
more slowly giving yellow to faint pink color.

CH,0H CHO

= C
or—dn i, k] O

I L I + —4 5 Condensation product
H—C—OH H—=C (red)

] Il
H—(IZ—OH |

CH,0H CH,0H

D-Fructose Hydroxymethyl Resorcinol

furfural




Bial's Test

e This test is used to distinguish pentoses from hexoses.

< Bial's reagent contains {orcinol (5-methylresorcinol) in concentrated
HCI with a small amount of FeCI3 catalyst}.

e The test reagent dehydrates pentoses to form furfural.

< Furfural further reacts with orcinol and the iron ion present in the test
reagent to produce a b/uish product. This test is used to distinguish

pentoses from hexoses. "
.j.'_":_ e |
- - 45 T kg
. L orcing

entose - '.1': -':l ~ Blus Graan Complest [

FelT,

furfural
Hexose —-H; OO LHG “.:E‘J‘“El“ | :'
= Brawn Complex
Fa -

5-hydroxymethy! furfural ‘

Axa pall gt 5 daa yall by Sl lany

Reducing sugars Non-reducing
* Monosaccharides e Monosaccharides
— Glucose — None
— Fructose . . .
* Diand oligosaccharides
— All others
. . . — Sucrose
¢ Diand oligosaccharides s _
— Raffinose
— Maltose
— Lactose — Stacchyose
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Red
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Reducing mthods Principle

led Jslae o1 A1 3Y 3000 4 plae o) jall Sl Jlae ana s 7 faudll
S b (5 S Jslaey 433 e

PCuo+C6H1206 — > Cu20 +HCOO-(CHOH)4-CH2OQOI

Glucoronic acid

20 (1 045 20

e Byl

34.64¢g
5ml
Q.S.P 1000 ml

psamalisll 5 o 503 puall 2l jha
NaoH
Q.S.P 1000 ml

Adslae o

CuS04, 5H20
H2504
i el

200g
150 g
s ele

% 15 psmlisdl Hsilsg b Jslan o
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Fehling's Stegps

burette graduee

_mmplie de solution

grai
ot

sucTée

0s ¢ pierre ponce

¢ (ou barreau magnétique
/ si agitateur magnétique
)

chauffant)

ligueur de Fehling

plaque chauffante

{ou agitateur
magnétique

39 PTOT. ZAKT ALASSAT ':hau-ffaﬂﬂ 20 ¢S gl 20
L uff -Schoorl
Cu S04 + 2 Kle=—— K2 SO4 + C7|2\
Cul |
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RSP
BERTRAND
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206 204 +E —=  Cu0 + HO xn
=+ — 4
1
Slucide cu,0 Glucide réducteur Produit doxyeltion + e x2
réder:I:Eteur précipité
cur 2 Glugide reducteur 4 2 0 C¥ + 2 n OH —— 2 PrOdut 0dydatian + h Cu0 +

—

EXCES -~
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Cu,0 Fe
précipité

Fe¥

Cu,0 +|2H+ — 2C + HO+ 2 e
T N - —

Fe¥ +‘e; —  Fet X2

Cu,0 + 2F+ 4 2 Fe¥ wemmmm I C0 4 HO +‘2|Fe?*|

Cu,0 Fet
precipite

Fe¥

WO +|2H —= 2jc@ + HO+ 2%
gl EAL - =

Fe* +‘e_' —_— Fe X2

Cud + 2k +IF —w 200 + R0 +2F
- D R R
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Mno; + sH + 5¢ —= M + 4HO

+ 3 Fe* —= F&* + & x5

MnO; + §H + 5Fe —= 5 Fe + Wi® + 410

Fe*  Mn0y

Bertrand 4& b e sl Jaas

R-CHO + Cu2+ + 50H- Cu20

il S ) e Gl paall il S e Al Jstaar ol I Geladl) ST Jay

Cu20 + Fe2(S04)3 + H2S04 —> 2CuS04 + 2FeS0O4 + H20
Cu20 + Fe2(S04)3 + H2S04 —>2CuS04 + 2FeS0O4 + H20
10FeSO4 + 2 KMnO4 + 8 H2S04 —3 K2S04 + 2MnS0O4 + 5Fe2(S04)3 + 8 H20

1g equivalent of copper = 1g equivalent of KMnO4
1g equivalence of copper = 63.54
1g equivalence of KMnO4 = 1000mL of 0.1N KMnO4
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POLARIMETRY «Uasiny) ulisa

Detection of Optical Activity

« Chiral molecules will rotate polarized light

* Degree of rotation detected using a polarimeter

random polarized length in

angle
light light dm Lo
| Fyir B T ; !
- (lglucosel) / -/ | |detect
v / light
concentration '
lari =c¢ g/ml tiited analyzer
polarizer polarized Y
light (2nd

polarizer)
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dalgd) SISuul) (planst 4 4y gail) 5 681
specific rotation of someimportant sugars

D - glucose (dextrose) + 52.2
D - fructose (levulose) -92.0
D - galactose + 80.5

D —mannose + 14.6

L - arabinose + 104.5
Sucrose + 66.5

Prof. Zaid Alassaf 20 ) 03 5 20
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Gas Liquid Chromatography
Requirement: compounds must be volatile.
Sugars form Trimethylsilyl Ether:

(I:H3 (I:Hs
—O— S —CH, Cl—Si— CH;
|
CH, CHj
Ether linkage Trimethyl chlorosilane
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Derivation of Glucose with Trimethylchlorosilane

6
CH,OH
H, ?Hs
1 + 5Cl—S —CHs; LR A O
|
OH CH3
Glucose Trimethylchlorosilane

6
CH,0-Si(CH,),

4 : +  5HCI
(CHiay S0 / O-si(CHy);
O-Si(CH,),
57 Prof. Zaid Alassaf 20 ‘@m\ e 20
Conditions of GC

OV 225 (cyanopropylmethyl-phenyl methyl)
XE 60 ethylmethylpolysiloxane
SE 30 MethylSilicon

Detector
—FI
—EC
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Liquid Chromatography

Carbohydrate Analysis (Waters Assocs. 840380 Stationary
Phase)

Solvent: H20O/CH3CN

Ll ors

Glucose Oxidase System

Glucose Oxidase
D-Glucose + O, ———  GluconicAcid + H,0,

Peroxidase
H,O,+ O - Dianisidine 2H,0 + Oxidized 0-Dianisidine

—

(Colorless) (Brown)

H,N— QNHZ — >  HN= @NH
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Hexokinase System

Hexokinase
Glucose + ATP G-6-P + ADP
G-6-PDH
G-6-P + NADP* Gluconate - 6 - phosphate + NADPH + H+

NADP* . (Nicotinamide Adenine Dinucleotide Phosphate)

The amount of NADPH formed in this reaction is stoichiometric
with the amount of glucose.

NADPH is measured by its absorption at 334 nm.

61 Prof. Zaid Alassaf 20 ) 03 5 20

|
DE Values

DE = % reducing ends

= reducing power of hydrolyzate x 100
reducing power of pure dextrose

Some example DE values
starch DE =~ 0
maltodextrin DE < 20
corn syrups DE ~ 20-97 (42 DE 1s most common)
glucose DE = 100
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POLYSACCHARIDES

Usually, quantitation depends on chemical or enzymatic
hydrolyses of them, followed by analysis of the monomers.

Starch
1.Amylose + |- =——> Blue complex

Use spectrometer for determining the amylose - iodine
blue color - according to spectrophotometric reading.

2.Amylopectin + |- = Reddish color.
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