Carbohydrates
Carbohydrates are a major source of energy from our diet, Composed of
The two elements C, H, and O. called saccharides, which means “sugars”

Carbohydrates are produced by photosynthesis in plants. Such as glucose
are synthesized in plants from CO,, H,0, and energy from the sun .are
oxidized in living cells (respiration) to produce CO,, H,O, and energy.

Photosynthesis
Chlorophyll

6CO; + 6 HLO —» CeHi20s + 602
Sun light  (+)-glucose

(+)-glucose —— 4 starch or cellulose

Respiration
CeH120s + 602 ——» 6 CO2 + 6 HO + energy

Carbohydrates can be define as a Polyhydroxy aldehydes or polyhydroxy-
ketones of, or compounds that can be hydrolyzed to them.
There are two type of carbohydrate upon the functional group :-

= Aldose — polyhydroxy aldehyde, eg . glucose

» Ketose — polyhydroxy ketone, eg . fructose

Types of Carbohydrates

The types of carbohydrates are

Monosaccharides, the simplest carbohydrates.
Disaccharides, which consist of two monosaccharides.
Oligosaccharides which consist of 3 to 10 monosaccharides
Polysaccharides, which contain many monosaccharides.



i H*
Monosaccharide + H,O —

Disaccharide + H,O SN
Polysaccharide + many H,0

PP P AP

no hydrolysis

-

two monosaccharide units
@@
many monosaccharide units
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Monosaccharides

Carbohydrates that cannot be hydrolyzed to simpler carbohydrates; eg.

Glucose or fructose.

consist of
= 3to 6 carbon atoms, typically.
= A carbonyl group (aldehyde or keto
= Several hydroxyl groups.

Aldoses
Aldoses are monosaccharides
= With an aldehyde group.

=  With many hydroxyl (—OH) groups.

triose (3 C atoms)

tetrose (4 C atoms)
pentose (5 C atoms)
hexose (6 C atoms)

Ketoses are monosaccharides
= With a ketone group.

»  With many hydroxyl (—OH) groups.

triose (3 C atoms)

tetrose (4 C atoms)
pentose (5 C atoms)
hexose (6 C atoms)

ne). 0
I

C—H aldose

H— C—OH

H— C—OH

CH20H
Erythose, an aldotetrose

CH.OH
C=0 ketose

HO-C —H

H— C—OH

H—C—OH

CH20OH



Q/ Identify each as aldo- or keto- and as tetrose, pentose,or hexose:

O

c—H CH,OH
H—CIZ—OH C=0
H—C—OH L
H—C—OH HO (|3 H
H—C—OH A H—C—OH B
Solution

A. aldohexose
B. ketopentose

Structures of Monosaccharides
A Fischer projection
= |s used to represent carbohydrates.
= Places the most oxidized group at the top.
Show s chiral carbons as the intersection of vertical and horizontal lines.

Extend forward Fischer projections of glyceraldehyde Project back
H 0
\ // -

/Chlral carbﬂn\
HO + + OH
CH,OH CH,OH
L-glyceraldehyde D-glyceraldehyde



In a Fischer projection, the —OH group on the
= Chiral carbon farthest from the carbonyl group determines an L or D
isomer.
= Left is assigned the letter L for the L-isomer.
= Right is assigned the letter D for the D-isomer.

H\ /D H\ /O
C/ Chiral carbon c/

HO +‘H// \HA~’~ OH

CH,OH CH,OH
L-glyceraldehyde p-glyceraldehyde

Examples of D and L Isomers of Monosaccharides:-

7 L
i I HO——H
H——OH -
¢ H——OH
HO—1—H H——OH
H—1—OH H——OH A= On
H——OH H——OH HO——H
CH,OH CH,OH CHOH
D-glucose D-ribose L-galactose



Q/ Identify each as the D or L isomer.

A. B. C.
0 CH,OH
|| -
C—H 0 —O
HO——H C—H HO——H
HO——H H——OH H——OH
HO——H HO——H H——OH
CH,OH CH,OH CH,0H
__-ribose __-threose __-fructose
Solution
') CH,OH
I
C—H o — O
HO——H C—H HO——H
HO——H H——OH H—1—OH
HO——H HO——H H——OH
CH,OH CH,OH CH,OH
L-ribose L-threose D-fructose
CH,OH
H_ 0
D-Glucose <|3
= Found in fruits, corn syrup, and honey. H—C— OH
= An aldohexose with the Formula
CsH120e. Ho_?_H
= Known as blood sugar in the body. H—C—OH

» The monosaccharide in polymers of |

H—C—OH
starch, cellulose, and glycogen. |
In the body, Glucose has a normal blood level of CH,OH <=
70-90 mg/dL p-Glucose



CH,OH

C=0
D-Fructose HO—C—H
= Is a ketohexose CeH120s. H—C—OH
= |s the sweetest carbohydrate. |
. o H—C—OH
= |s found in fruit juices and honey. \
CH,OH

= Converts to glucose in the body.

D-Fructose

@)
D-Galactose &—H
» An aldohexose CgH120s. ch';fOH
= Not found free in nature. HO—C—H
= Obtained from lactose, a disaccharide. I
e HO—C—H
= A similar structure to glucose except for the |
~OH on C4. H—C—OH
CH,OH
D-Galactose

Q / Draw the structure and Fischer projection of D-fructose

Cyclic structures
= Are the prevalent form of monosaccharides with 5 or 6 carbon atoms.

(Pyranose and Furanose ).

—

» Form when the hydroxyl group on C-5 reacts with the aldehyde group
or ketone group.



Q/ Drawing the Cyclic Structure for Glucose ?
STEP 1 Number the carbon chain and turn clockwise to  form a linear
open chain.

H O
\C// f
\/

|
HO—G—H HOCH2(|:—CCC—C/<H
—C— |
H ? OH OHOHH OH
H—(ll—OH
CH,OH
STEP 2 Bend the chain to make a hexagon CH,OH
= Bond the C5 -O— to C1. 0
= Place the C6 group above the ring.
= Write the —OH groups on C2 and C4 below the ring. 0 OH OH
= Write the -OH group on C3 above the ring.
= Write a new -OH on C1. OH
STEP 3 The new —OH on C1 is drawn
= Down for the a. anomer.
= Up for the B anomer.
CH,O0H CH,OH
0 O om
OH OH
OR OH ok
OH OH
a-D-glucose B-D-glucose



Summary of the Formation of Cyclic Glucose

o)

| (|:5 o/
H—C—OH H

| | | H

HO—C—H = C BH H / —

! LN | /$=o
H C|: OH OH ?_?
H e o H  OH

CH,OH

Glucose Formation of cyclic hemiacetal
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Cyclic Structure of Fructose

Is a ketohexose.

Forms a cyclic structure.

Reacts the —OH on C-5 with the C=0 on C-2

i CH,0OH CH,OH
C=0 220 2
HO—C—H 0
H—C|)—OH OH
H—C::—OH OH
CH,OH
D-fructose a-D-fructose

Q / Write the cyclic form of a-D-galactose ?

OH
/

a-D-galactose

(99%)
New chiral carbon

Benjamin Cummings

CH,OH OH

CH,OH
OH

B-D-fructose

CH,OH

OH

OH

OH



Disaccharides
Carbohydrates that can be hydrolyzed into two monosaccharide units; eg.
Sucrose, which is hydrolyzed into glucose and fructose.

A disaccharide with the formula C12H2,011
=  Consists of two monosaccharides.

Glucose + glucose ——— maltose + H,0O
Glucose + galactose ——  lactose + H,O
Glucose + fructose ——— sucrose + H,O

Maltose is
= A disaccharide also known as malt sugar.
= Composed of two D-glucose molecules.
= QObtained from the hydrolysis of starch.
= Linked by an a-1,4-glycosidic bond formed from the oo —OH on C1 of
the first glucose and —-OH on C4 of the second glucose.
= Used in cereals, candies, and brewing.
= Found in both the a- and f — forms
Formation of Maltose

® @
¢-D -Glucose «-D “Glucose
2OH CHLOH
— O

OH + HLO
oH
. Anomer
OH

ce-1,4 - Gchosudlc bond ,,/

ce-Maltose, a disaccharide



Lactose
» |s adisaccharide of p-D-galactose and a- or p-D-glucose.

= Contains a f -1,4-glycosidic bond.
= |s found in milk and milk products.

OH
£-1,4-Glycosidic bond

«-Lactose, a disaccharide

Sucrose or table sugar
= |s obtained from sugar cane and sugar

beets.
= Consists of a-D-glucose and p-D-
fructose.. 0f | "
= Has an a,4-1,2-glycosidic bond. gt
Jlmnd
OH
(ielilucose 0
HOCH /0 Sucrose
O
CHOH
Ol

eFructose

Coytaght 0 Peuin Eaganion, I, bt s ey Cvmngs
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Q/ Write the structures and names of the two mono saccharides that
form when sucrose is hydrolyzed.

CH,OH CH,OH
HO (o) (@)
OH OH
HO OH
OH sucrase OH
o + H,0 p-Glucose
Hocnz/o\ HOCH, -9~ OH
OH OH
CH,OH CH,OH
OH OH
Sucrose p-Fructose

Q/ ldentify the monosaccharides in each of the following:
A. lactose
(1) a-D-glucose (2) p-D-fructose (3) p-D-galactose

B. maltose
(1) a-D-glucose  (2) p-D-fructose (3) p-D-galactose

C. sucrose
(1) a-D-glucose  (2) s-D-fructose (3) p-D-galactose

Solution
A. lactose
(1) a-D-glucose (3) p-D-galactose

B. maltose
(1) a-D-glucose

C. sucrose
(1) a-D-glucose (2) p-D-fructose
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Polysaccharides
= Are polymers of D-glucose.
= |nclude amylase and amylopectin, starches made of a-D-glucose.
= |nclude glycogen (animal starch in muscle), which is made of a-D-
glucose.
» Include cellulose (plants and wood), which is made of
S-D-glucose.

Structures of Amylose and Amylopectin

Q %6 ? {) %’egi‘ Amylose
&5 (20%)

Glucose monomers

%app

@ Amylopectin
@ (80%)
CH,OH CH,OH CH,OH
OH {OH OH
\@\M a-1, 6-Glycosidic
o OH OH OH bond to branch
a-1, 4-Glycosidic bond a-1, 4-Glycosidic bond °
CH,OH CH,OH CH,OH CH,OH C“z%"' C“:%“ CH,OH sCH,
—Q
\:’M@\M o N M
OH OH OH OH OH OH OH OH
(a) Unbranched chain of amylose (b) Branched-chain of amylopectin
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Amylose is
= A polymer of a-D-glucose molecules.
= Linked by a-1,4 glycosidic bonds.
= A continuous (unbranched) chain.

Amylopectin
= Is a polymer of a-D-glucose molecules.
= |s a branched-chain polysaccharide.
» Has a-1,4-glycosidic bonds between the glucose units.

12



= Has a-1,6 bonds to branches.

CH, OH CH OH CH OH

h()rul l() br: uuh

-1, 4-glycosidic bond

CH, OH CH, O[—l CH, ()l-[

Branched chain of amylopectin

Glycogen
» |Is the polysaccharide that stores a-D-glucose in muscle.
= Is similar to amylopectin, but is more highly branched.

Cellulose

= |s a polysaccharide of glucose units in unbranched chains.

= Has f-1,4-glycosidic bonds.
Cannot be digested by humans because humans cannot break down f-1,4-
glycosidic bonds

B3-1,4-glycosidic bond

a-1,4-glycosidic bond
CH, OH CH, OH CH OH CH,OH
0]
OH
\O O 0/

(a) Unbranched chain of amylose
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Oligosaccharides

e Contain 3to 10 mono saccharid unit .

e Found in peas and beans( legumes).

e Largely undigested until reaching intestinal .

e They are the breakdown products of polysaccharides in the gut, but
also occur naturally in foods such as (e.g., raffinose, stachyose,
verbacose), and are added as dietary ingredients (e.g., inulin).

e Rafinose ( B-D-Galactose + a-D- Glucose + B-Dfructose)

Digestion and Energy

mouth starch

} &P
&
D & maltose
duodenum R ®
® »
small intestine =
large intestine \r}

FOOD INFORMATION
COUNCIL FOUNDATION
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Chitin is a long-chain polymer of N-acetylglucosamine, a derivative of glucose.
This polysaccharide is a primary component of cell walls in fungi , the exoskeletons
of arthropods, such as (lobsters , and carbs ) and insects, the radulae of molluscs
, and the scales of fish and skin of lissamphibians.

CH,OH

+ Biomedical devices
+ Drug delivery
v Catalysts

Glucosamine

CH N—acetyl group
T
e
N—H CH,OH
H 0]
H O\\
H
(0] 2/ H
H ITI_H
O=?
CH, "

AcHN

Chitin

Chitosan

* Water purification
* Cosmetics
* Antimicrobials

=

_
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H_

C
|
C

HO

OH

CH,0H

D-Glyceraldehyde

/\

CHO CHO
H—1—OH HO—TH
H——OH* H——OH*
CH,0H CH,0H
D-Erythrose D-Threose
CHO CHO CHO CHO
H—1—OH HO——H H—r—OH HO—T—H
H—1—O0OH H—1—OH HO——H HO—rH
H——OH* H——OH~ H—r—OH* H—r—OH*
CH,0H CH,0H CH,0H CH,0H
D-Ribose D-Arabinose D-Xylose D-Lyxose
CHO CHO CHO CHO CHO CHO CHO CH,0
H—OH HO—H H—0H HO—H H—O0H HO—H H——0H Ho-X-H
H OH H OH HO—TH HO—TH H——O0H H OH HO——H H——OH
H OH H OH H—T0H H—TO0H HO—T"H HO H HO—T—H H——OH
H OH* H OH~ H—TOH~ H——OH~ H—TO0H* H OH~ H—T"0H* H—TO0OH
CH,0H CH,0H CH,OH CH,0H CH,0H CH,0H CH,0H CHO
D-Allose D-Altrose D-Glucose D-Mannose D-Gulose D-Idose D-Galactose D-Talose
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