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Chapter 1 INTRODUCTION TO
BIOCHEMISTRY

1.1 BIOCHEMISTRY

» Biochemistry is the application of chemistry to
the study of biological processes at the cellular
and molecular level,

» It emerged as a distinct discipline around the
beginning of the 20th century when scientists
combined chemistry, physiology and biology
to investigate the chemistry of living systems

by:
» Studying the structure and behavior of the
complex molecules found in biological

material and
» The ways these molecules interact to form
cells, tissues and whole organism

PRINCIPLES OF BIOCHEMISTRY

» Cells (basic structural units of living organisms)
are highly organized and constant source of
energy is required to maintain the ordered
state.

» Living processes
chemical pathways. Precise regulation and
integration of these pathways are required to
maintain life

» Certain important pathways e.g. Glycolysis is
found in almost all organisms.

» All organisms use the same type of molecules:
carbohydrates, proteins, lipids & nucleic acids.

» Instructions for growth, reproduction and
developments for each organism is encoded
in their DNA

contain thousands of

1.3 PRINCIPLE AREAS OF BIOCHEMISTRY

e Structure and function of

macromolecules

biological

e Metabolism - anabolic and catabolic
processes
e Molecular Genetics — How life is replicated.

Regulation of protein synthesis

1.4 HISTORY OF BIOCHEMISTRY

1.4.1 VITALISM

Idea that substances and processes associated with
living organisms did not behave according to the
known laws of physics and chemistry

1.4.2 EVIDENCE:

e Only living things have a high degree of
complexity

Introduction to Biochemistry

¢ Only living things extract, transform and utilize
energy from their environment

e Only living things are capable of self-assembly
and self-replication

1.4.3 FALLACY #1: BIOCHEMICALS CAN ONLY BE
PRODUCED BY LIVING ORGANISMS

1.4.3.1 1828 FRIEDRICH WOHLER

Produces ammonia a biochemical from ammonium
cyanate and disprove the theory of vitalism.

0
4 - heat ‘ I
NH, CNO - 5
Vo
ammonium g e
Cyanate urea

1.4.4 FALLACY #2: COMPLEX BIOCONVERSION OF

CHEMICAL SUBSTANCES REQUIRE LIVING
MATTER

1.4.4.1 1897 EDUARD BUCHNER
Produces Alcohol from glucose and dead yeast
Glucose + Dead Yeast = Alcohol

1.4.4.2 EMIL FISCHER
Presented lock and key model

1.4.5 1944 Avery, MAcLeoD AND McCARTY
|dentified DNA as information molecules

1.4.6 1953 WATSON AND CRICK

Proposed the structure of DNA

1.4.7 1958 CRICK

Proposed the central dogma of biology

1.5 ORGANIZATION OF LIFE

1.5.1 ELEMENTS

simple organic compounds (monomers)
macromolecules (polymers)
supramolecular structures

organelles

cells

tissues

organisms

Range of the sizes of objects studies by
Biochemist and Biologist
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1.5.2 IMPORTANT ELEMENT
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Most abundant,
N,O,P,S, H

Less abundant, essential for all organisms : Na,
Mg, K, Ca, Cl

essential for all organisms: C,

Introduction to Biochemistry

» Trace levels, essential for all organism: Mn, Fe,
Co, Cu, Zn

» Trace levels, essential for some organisms: V,

Cr, Mo, B, Al, Ga, Sn, Si, As, Se, |,

IMPORTANT COMPOUNDS & FUNCTIONAL

GROUPS

1.5.3

(a) Chrgenic compomdy

h) h) 0
I I I
R—UH R—=C-—H R—=C—R, R—C—0OH
Adcohol Aldchyde Ketoms Carboxylic acid’
E o
R—SH R—NH, R—NH R—N—R,;
Thinl Primsary Secondary Tetiary
{Sullhydryl) % 4
Amiings®
(b) Funcriona groups
() f"l [}
I il
—OH —C—R —C— —C—0P
Hydroxyl Acyl Carbonyl CarboxylLate
l|J L
@ | i
—8H  —NH, or —NH; —u—||=-—n‘5} —||'—n’3
Sulfhydryl Amino
(Thial) 0@ 0@
Phosphate Phosphoryl

{c} Linkages in biochemical compvmds

0 0
| I | I
— ) — e [ — —ri-:—{‘—
I | |
Fsier Ether Amade
i i) i
I | | |
—I:‘—I}—Il‘—nEI — )P — ) —
I I
02 0@ ¢°
Phosphate ester Phosphoanhydnde

T Under musst bisbogical conditionms, caoxylic acids cuist as carboxylate andons:
)

|
R—C—0°
4 R, K;
“Under most biokogical conditions, ® @l E'I
amanes exisl as ammomium ions; B—NH,;, R—NH,, ind BE—KH—R..

MANY IMPORTANT BIOMOLECULES ARE
POLYMERS

lipids ~proteins  carbo nucleic acids

TIz:

1.5.5 ComMMON THEME

» Monomers form
condensations

» Polymers are broken down through hydrolysis.

1.5.6 BONDS BETWEEN THE MONOMERS

154

monomer

polymer

supramolecular
structure

polymers through

Peptide Bond o wlulnlulwlulnls
S TR e e e e on g
H® B L H H H H H H H H
e L
e Ho H—C—OH
I
H
I\" HO GuvceRoL
(a) Dehydration synthesis
(condensation reaction)
Polypeptide chain
H @ H 'ﬂ' wﬂmm
e K N e + %
[T )
H O H O
2@ a0
N e
O Oy Gt oo
= Q-
ﬁ% — 'y @
“E"‘ 0 @ Ny

1.5.7 DIFFERENCE BETWEEN PROKARYOTES AND
EUKARYOTES
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Size of Cell

Nucleus

Membrane-Enclosed
Organelles

Flagella
Glycocalyx
Cell Wall

Plasma Membrane

Cytoplasm

Chromosome (DNA)

Cell Division
Sexual Recombination

Typically 0.2-2.0 pm in diameter

No nuclear membrane or nucleoli

Absent

Consist of two protein building blocks
Present as a capsule or slime layer

Usually present; chemically complex (typical
bacterial cell wall includes peptidoglycan)

No carbohydrates and generally lacks sterols

No cytoskeleton or cytoplasmic streaming
Smaller size (708)

Usually single circular chromosome;
typically lacks histones

Binary fission

None; transfer of DNA only

1.5.8

Typically 10-100 pwm in diameter

True nucleus, consisting of nuclear membrane
and nucleoli

Present; examples include lysosomes, Golgi
complex, endoplasmic reticulum, mitochondria,
and chloroplasts

Complex; consist of multiple microtubules
Present in some cells that lack a cell wall

When present, chemically simple (includes
cellulose and chitin)

Sterols and carbohydrates that serve as
receplors

Cytoskeleton; cytoplasmic streaming

Larger size (80S), smaller size (70S) in
organelles

Multiple linear chromosomes with histones

Involves mitosis

Involves meiosis
Copynght © 2010 Paarson Education, Inc.

FUNCTION OF CELL ORGANELLE
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The eukaryotic cell's genetic
instructions are housed in
the nucleus and carried out

by the ribosomes

The endomembrane system
regulates protein c and

performs metabolic functions
in the cell

Mitochondria and chloro-
plasts change energy from
one form to another

Cell Component

Hunltuil l
(ER)

Ribosome a

Endoplasmic reticulum

Golgi apparatus

Lysosome

Vacuole

Mitochondrion

envelope)

i il i{Huclnr

Introduction to Biochemistry

Structure

Surrounded by nuclear
envelope {douiilu membrane)

perforated by nuclear pores.
The nuclear envelope Is
continuous with the
endoplasmic reticulum (ER).

Two subunits made of ribo-
somal RNA and proteins; can be

free in cytosol or bound to ER

Extensive network of

membrane-bound tubules and
sacs; membrane separates
lumen from cytosol,;
continuous with

the nuclear envelope.

Stacks of flattened
membranous

sacs; has polarity

(cis and trans
faces)

Membranous sac of hydrolytic
enzymes (in animal cells)

L“F.l brane-bounded
vesicle in plants

Bounded by double
membrane;

inner membrane has
infoldings (cristae)

Typically two membranes
around fluid stroma, which

contains membranous thylakoids
stacked into grana (in plants)

Specialized metabolic
compartment bounded by a
single membrane

Function

Houses chromosomes, made of
chromatin (DNA, the genetic
material, and proteins); contains

nucleoli, where ribosomal
subunits are made. Pores

regulate entry and exit of
materials.

Protein synthesis

Smooth ER:b:)'mlhilll of
lipids, metabolism of carbohy-

draes, Ca™ storage, detn:dica-
tion of drugs and poisons

Rough ER: Aids in synthesis of
secretory and other proteins from
bound ribosomes; adds

carbohydrates to glycoproteins;
produces new membrane

Modification of proteins, carbo-
hydrates on proteins, and phos-

pholipids; synthesis of many

polysaccharides; sorting of Golgi
products, which are then

released in vesicles.

Breakdown of ingested substances,
cell macromolecules, and damaged
organelles for recycling

Digestion, s , waste
disposal, water balance, cell

growth, and protection

Cellular respiration

Photosynthesis

Contains enzymes that transfer
hydrogen to water, producing
hydrogen peroxide Jasa
by-product, which is converted
to water by other enzymes

in the peroxisome
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Chapter 2 CARBOHYDRATES

2.1 CARBOHYDRATES

>

Carbohydrates provide fuel, or energy, for the
human body. These organic (carbon-
containing) compounds are an integral part of
both plant and animal life, and, as stated
above, life as we know it could not exist
without them.

Carbohydrates are made wup of three
elements: carbon, hydrogen and oxygen—
carbohydrates. As you will learn in a later
lesson, fats are also comprised of carbon,
hydrogen and oxygen, but they have less
oxygen and more carbon and hydrogen than
carbohydrates.

Carbohydrates, along with proteins and fats,
comprise the major components of living
matter and are used for maintenance of
cellular functional activities and as reserve and
structural materials for cells

Carbohydrate simply means hydrates of
carboni.e., (C+ H,0)

They are also called saccharide, which means
“sugars.”

They are the most abundant organic
compound found in nature

Carbohydrates have the general formula

C.t{H ED}v

THE IMPORTANCE OF CARBOHYDRATES

Even the process of digestion could not occur
without the energy provided by
carbohydrates.

Without carbohydrates we would not be able
to think or move and our heart couldn't beat.
Whether it be digestion or circulation, thinking
or walking, all life activities are dependent
upon carbohydrates.

When insufficient carbohydrates are available
from the diet, the body converts fat reserves
to carbohydrates for its use, and amino acids
are utilized as carbohydrates instead of being
used to make body protein.

Carbohydrates _

Simple carbohydrates are rt!*
found in foods such as fruits, |
milk, and vegetables

Cake, candy, and ,
other refined sugar B

products are simple
sugars which also P 4
Emvide energy ) ai-

ut lack vitamins, A s ¥
minerals, and fiber “r.h'm“ :

Complex carbohydrates
provide vitamins, a T
minerals, _ oods such as
e e G e s
e a®s ’ !
S P TL  starchy vegetables
“a;.;',i'irﬁ*eg;"?f-:, i contain complex

carbohydrates

2.3 CARBOHYDRATES ORIGIN

» Plants and photosynthesis

» Chlorophyll captures light energy which is
transformed into chemical energy - ATP

» Chemical energy is used to combine CO, and
H,O to form glucose. The by-product is
oxygen

» Extra glucose is stored in plants as starch

2.4 DEFINITION
Carbohydrates are defined as polyhydroxy aldehydes

or ketones or substances that hydrolyze to vyield
polyhydroxy aldehydes and ketones
2.5 TYPE OF CARBOHYDRATES

2.5.1 REDUCING SUGAR
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Reducing sugar is that sugar who have a free
functional group (free aldose or keto group) e.g.
sucrose

2.5.2 NON REDUCING SUGAR

Reducing sugar is that sugar who does not possess
free functional group (free aldose or keto group) e.g.
Starch.

2.6 CLASSIFICATION OF CARBOHYDRATES

» Monosaccharaides - carbohydrates that
cannot be  hydrolyzed to  simpler
carbohydrates; e.g., Glucose or fructose.

» Disaccharides — carbohydrates that can be
hydrolyzed into two monosaccharide units;
e.g., Sucrose, which is hydrolyzed into glucose
and fructose.

» Oligosaccharides — carbohydrates that can be
hydrolyzed into a few monosaccharide
units.(normally 2 to 10)

» Polysaccharides - carbohydrates that are

polymeric sugars; e.g., Starch or cellulose.
Hf

Monosaccharide + H,0 —— no hydrolysis
Disaccharide + H,0 . two monosaccharide units

- @@

Polysaccharide + many H,0 "L many monosaccharide units

Timbariake, Gomn’ Opgans and Belogicsl Chamily, Copynighl [ Passsen Educaton 15e . pubitating s Banjamin Cummings

2.6.1 MONOSACCHARAIDES
» Consist of 3-6 carbon atoms typically
» A carbonyl group (aldehyde or ketone)
» Several hydroxyl groups
» 2 types of monosaccharide structures: Aldoses
and ketoses

2.6.2 ALDOSES
Aldoses are monosaccharaides with an aldehyde
group with many hydroxyl (-OH) groups.

e triose (3Catoms)

e tetrose (4C atoms)

e pentose (5 C atoms)

e hexose (6C atoms)

H\ / P H\ Vi £
C 4 Chiral carbon c:f
HO % \H<={~ OH
CH,OH CH,OH
L-glyceraldehyde p-glyceraldehyde

FIGURE 1: ERYTHOSE, AN ALDOTETROSE

Carbohydrates

(0]
C-H aldose
|
H— C—OH
|
H— C-0OH
|
CH,OH

2.6.3 KETOSES

Ketoses are monosaccharaides with a ketone group
with many hydroxyl (-OH) groups.

CH,OH
|

C=0

|

H- C-OH

|
H— C—OH

|
H-C—OH

|
CH,OH

FIGURE 2: FRUCTOSE, A KETOHEXOSE

0 0 0 0 2.6.4 SOME IMPORTANT MONOSACCHARAIDES

N

9

Triose

Tetrose

Hexose

Heplose

Nonose

Glyceraidehyde, Dihydroxyacetone

Erythrose

Ribose, Ribulose, Xylulose

Glucose, Galactose, Mannose, Fructose

Sedoheplulose

Heuraminic acid, also called sialic acid

2.6.5 STRUCTURES OF MONOSACCHARAIDES

2.6.5.1 D AND L NOTATIONS
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-form.

Right is assigned the letter D for the D-form.
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2.6.6 CHIRAL CARBON

An asymmetric carbon atom is a carbon atom that is
attached to four different...that cannot be
superimposed on their own mirror image are said to
be chiral.

2.6.7 ExaAmPLES OF D AND L ISOMERS OF
MONOSACCHARAIDES

O

e )
H——OH é—i

HO——H H—r—OH

H OH H—r4
H——OH H——0

CH,OH CH,OH

D-glucose D-ribose

v

vV VYV

2.68

VVVYV

2.6.1
Cyclic

monosaccharaides with 5

Carbohydrates _

D-glucose is found in fruits, corn syrup,
and honey.

An aldohexose with the formula CgH4,0¢.
Known as blood sugar in the body.

The monosaccharide Iin  polymers of
starch, cellulose,
and glycogen.

D-FRUCTOSE

D-fructose is a ketohexose C¢H1,0¢ {?HEG H

It is the sweetest carbohydrate (}:Z O

It is found in fruit juices and honey HO —C—H
Converts to glucose in the body H {Iz OH

|

H IIE OH
O CycLiC STRUCTURES CHLOH

structures are the prevalent form of

or 6 carbon D-Fructose

atoms.

Cyclic

0 o)

—

Furan
Pyran

structures form when the hydroxyl group on C-5

reacts with the aldehyde group or ketone group.
2.6.8 D-GLUCOSE yde group group
H O
o
H— C—OH o -
HO—'C —H T _—

H—"C —OH

el

'CH,OH

Glucose
(plane projection formula)
When a model of this is made
it will coil as follows:

l

H—
ﬂ J =5
C CH.OH
H I ”
sl TOH— 1
fll oy - CH=—=0
HO N kP
T —
2 0
H OH

If the group attached to C4 is

pivoted as the arrows indicate,
we have the structure below.

5 .,

l

This —OH group adds
accross the _=C=0
to close a ring of
siXx atoms and make
a cyclic hemiacetal.

EI‘IL_,-_,GII J:{iIlJDlI H LIl_;l’JIl
A ﬂ\ 1 H A - \ / \ OH
i c” sl = LEH-0 = & ol
- {;;1.1 Ili NS H.,:I} r_I:uIl ;—[II Hé. UI 1 1 l/ Ny
{i 3 —{f 5 (’i": T {I“ _{
H OH H OH H

w-D-{+)-Glucopyranose
(Starred —OH is the
hemiacetal —“OH,which in x-glucose is on
the opposite side of the ring
from the -CH,OH group at C5.)

Open-chain form of p-Glucose
(The proton transfer step occurs

between separate molecules.
It is not intramolecular

or concerted.)

2.7

B-D-{+)- Elut:l:lpyranusﬂ
(Starred —OH is the
hemiacetal —OH,
which in B-glucose is on
the same side of the ring
as the —-CH;OH group at C5.)

DISACCHARIDES
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Disaccharide

Description

Carbohydrates _

Component monosaccharides

sucrose common table sugar glucose 1oa—2fructose
maltose product of starch hydrolysis  glucose 1o—4 glucose
trehalose found in fungi glucose loa—1 glucose
lactose main sugar in milk galactose 1p—4 glucose
melibiose found in legumes galactose la—6 glucose

2.7.1 |IMPORTANT DISACCHARIDES
A disaccharide consists of two monosaccharaides.

Monosaccharaides Disaccharide

glucose + glucose —» maltose + H,0

glucose + galactose = —— lactose +H,0

glucose + fructose = —— sucrose + H,0

2.7.2 MALTOSE

¢ Maltose is a disaccharide also known as malt
sugar.

e Composed of two D-glucose molecules

e Obtained from the hydrolysis of starch

e used in cereals, candies, and brewing

e found in both the a- and 8 - form

2.7.2.1 FORMATION OF MALTOSE

CH;OH CH;OH
0] 0]
OH T K oH
HO OH HO OH
OH OH
a-D -Glucose l -0 -Glucose
CH,OH CH,OH
0 0
OH 0 OH L o
HO ‘ oH™
&« Anomer
OH j OH
a-1,4-Glycosidic bond

a -Maltose, a disaccharide

2.7.3 LACTOSE
» It is of interest because it is associated with
lactose intolerance which is the intestinal
distress caused by a deficiency of lactase, an

intestinal enzyme needed to absorb and
digest lactose in milk.

» Undigested lactose ferments in the colon and
causes abdominal pain, bloating, gas, and
diarrhea.

» Yogurt does not cause these problems
because lactose is consumed by the bacteria
that transform milk into yogurt,

» |t is a disaccharide of 8-D-galactose and a- or
8-D-glucose.

» Contains a 6 -1,4-glycosidic bond.

» |tis found in milk and milk products.

CHOH - p—0H CHOH

0
HO H
¥ N oH ‘
HO OH
OH | OH
B-b-Galactose a-D-Glucose
o CH,OH
CH,OH 8 —OH .
(0] |
HO 5 4 OH 1 + H,O
OH
c-Anomer
OH

£3-1,4-Glycosidic bond

n-Lactose, a disaccharide

2.7.4 SUCROSE

» Sucrose or table sugar

» Sucrose, also called saccharose, is ordinary
table sugar refined from sugar cane or sugar
beets. It is the main ingredient in turbinado
sugar, evaporated or dried cane juice, brown
sugar, and confectioner's sugar

It is obtained from sugar cane and sugar beets.
Consists of a-D-glucose and 6-D-fructose..

>
» |t hasan a,8-1,2-glycosidic bond.
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2.7.5 TREHALOSE & CELLOBIOSE

Trehalose has two a-D-glucose molecules connected
through carbon number one in a la—>1 linkage.
Cellobiose is a disaccharide consisting of two B-D-
glucose

ity 3= 1, 2-glveosidic
‘_// bond
0
“ﬂﬂllz,r”{} NI POSE
OH7"
CH,OH
OH

=Fructose

molecules that have a 1—>4 linkage as in cellulose.
Cellobiose has no taste, whereas maltose and
trehalose are about one-third as sweet as sucrose.

2.8 TRISACCHARIDES

Raffinose, also called melitose, is a trisaccharide that
is widely found in legumes and cruciferous vegetables,
including beans, peas, cabbage, brussels sprouts, and
broccoli. It consists of galactose connected to sucrose
via a 1a—>6 glycosidic linkage.

0H
OH H
HO
H OH

2.8.1 RAFFINOSE

Humans cannot digest saccharides with this linkage
and the saccharides are fermented in the large
intestine by gas-producing bacteria. Tablets
containing the enzyme alpha-galactosidase, such as
Beano, are frequently used as digestive aids to
prevent gas and bloating. The enzyme is derived from
selected strains of the food grade fungus Aspergillus
niger.

2.9 POLYSACCHARIDES

Carbohydrates

» Polysaccharides are polymers of D-glucose.

» Include amylose and amylopectin, starches
made of a-D-glucose.

» Include glycogen (animal starch in muscle),
which is made of a-D-glucose.

» Include cellulose (plants and wood), which is
made of 8-D-glucose.

CH,OH

O

OH

O OH

OH

a-D-Glucose

2.9.1 POLYSACCHARIDES ARE POLYMERS OF

SIMPLE SUGARS

Many polysaccharides, unlike sugars, are insoluble in
water. Dietary fiber includes polysaccharides and
oligosaccharides that are resistant to digestion and
absorption in the human small intestine but which are
completely or partially fermented by microorganisms
in the large intestine. The polysaccharides described
below play important roles in nutrition, biology, or
food preparation.

2.10 STRUCTURES OF AMYLOSE AND
AMYLOPECTIN

Amylose
(20%)

£ que 0

Amylopectin
(B0%)

CH,OM cH
i ,J—’:gl =
OH

o V\—./\‘DAH—/.\ M a-1, 6-Glycosidic

OH|  bond to branch
nI H-Grycusldlc bond ©

-1, 4-Glycosidic bond

iy iy sy iy oy jilry ﬁe':.," f‘j
wa,/\_X ﬁf\_/“ fﬂ_%v uf\_/"w/\.f w"'ﬂf n")\k—/\a”
(a) I.Fnhrand'red mnin of m'nylnse (b) Brand'ud-chun uf Im'fhpec'hn
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2.10.1.1 AMYLOSE

» Amylose molecules consist typically of 200 to
20,000 glucose units which form a helix as a
result of the bond angles between the glucose
units.

» Amylose is a
molecules.

» ltis linked by a-1,4 glycosidic bonds.

» A continuous (unbranched) chain.
o= 1 A=glycosidic bomd

polymer of a-D-glucose

CH,OH CH,OH CH,0OH CH,OH

VDV DD

(a) Unbranched chain of amylose

2.10.1.2 AMYLOPECTIN

» Amylopectin differs from amylose in being
highly branched. Short side chains of about 30
glucose units are attached with 1a—>6 linkages
approximately every twenty to thirty glucose
units along the chain. Amylopectin molecules
may contain up to two million glucose units.

» Amylopectinis a polymer of a-D-glucose
molecules.

» Itis a branched-chain polysaccharide.

» Has a-1,4-glycosidic bonds between the
glucose units.

» |t has a-1,6 bonds to branches.

{H{}H {HHH {H[]H

U'H 1 ||11 |t |h
=l A-glveosidic hond

CH,OH CH,OH CH,OH

) Q Q /Q\
OH OH S0H )/

OH

Branched chain of amvlopectin

2.10.2 DEXTRINS

» Starches amylose and
hydrolyze to dextrins
polysaccharides)

» Contain 3-8 glucose units

» Dextrins are a group of low-molecular-weight
carbohydrates produced by the hydrolysis of
starch. Dextrins are mixtures of polymers of D-
glucose units linked by la—>4 or la—>6
glycosidic bonds

2.10.3 MALTODEXTRIN

Maltodextrin is partially hydrolyzed starch that is not
sweet and has a DE value less than 20. Syrups, such as
corn syrup made from corn starch, have DE values

from 20 to 91. Commercial dextrose has DE values
from 92 to 99

2.10.4 CORN SYRUP SOLIDS

like amylopectin

(smaller

Carbohydrates

Corn syrup solids, which may be labeled as soluble
corn fiber or resistant maltodextrin, are mildly sweet
semi-crystalline or powdery amorphous products with
DEs from 20 to 36 made by drying corn syrup in a
vacuum or in spray driers. Resistant maltodextrin or
soluble corn fiber are not broken down in the
digestive system, but they are partially fermented by
colonic bacteria thus providing only 2 Calories per
gram instead of the 4 Calories per gram in corn syrup

2.10.5 HigH FRucTOSE CORN SYRUP (HFCS),

High Fructose Corn Syrup (HFCS), commonly used to
sweeten soft drinks, is made by treating corn syrup
with enzymes to convert a portion of the glucose into
fructose. Commercial HFCS contains from 42% to 55%
fructose, with the remaining percentage being mainly
glucose. There is an effort underway to rename High
Fructose Corn Syrup as Corn Sugar because of the
negative public perception that HFCS contributes to
obesity.

2.10.6 STARCH

Starch is the major form of stored carbohydrate in
plants. Starch is composed of a mixture of two
substances: amylose, an  essentially linear
polysaccharide, and amylopectin, a highly branched
polysaccharide. Both forms of starch are polymers of
a-D-Glucose. Natural starches contain 10-20%
amylose and 80-90% amylopectin. Amylose forms a
colloidal dispersion in hot water (which helps to
thicken gravies) whereas amylopectin is completely
insoluble.

Starches are transformed into many commercial
products by hydrolysis using acids or enzymes as
catalysts.

Hydrolysis is a chemical reaction in which water is
used to break long polysaccharide chains into smaller
chains or into simple carbohydrates.

The resulting products are assigned a Dextrose
Equivalent (DE) value which is related to the degree of
hydrolysis. A DE value of 100 corresponds to
completely hydrolyzed starch, which is pure glucose
(dextrose).

2.10.7 MODIFIED STARCH

Modified starch is starch that has been changed by
mechanical processes or chemical treatments to
stabilize starch gels made with hot water. Without
modification, gelled starch-water mixtures lose
viscosity or become rubbery after a few hours

2.10.8 HYDROGENATED GLUCOSE SYRUP (HGS)

Hydrogenated glucose syrup (HGS) is produced by
hydrolyzing starch, and then hydrogenating the
resulting syrup to produce sugar alcohols like maltitol
and sorbitol, along with hydrogenated oligo- and

polysaccharides.
2.10.9 POLYDEXTROSE (POLY-D-GLUCOSE)
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Polydextrose (poly-D-glucose) is a synthetic, highly-
branched polymer with many types of glycosidic
linkages created by heating dextrose with an acid
catalyst and purifying the resulting water-soluble
polymer. Polydextrose is used as a bulking agent
because it is tasteless and is similar to fiber in terms of
its resistance to digestion

2.10.10 RESISTANT STARCH

The name resistant starch is applied to dietary starch
that is not degraded in the stomach and small
intestine, but is fermented by microflora in the large
intestine.

2.10.11 INVERT SUGAR

Invert sugar is a mixture of glucose and fructose, it is
obtained by splitting sucrose into two components.

2.10.11.1 GLYCOGEN

Glucose is stored as glycogen in animal tissues by the
process of glycogenesis. Wfhen glucose cannot be
stored as glycogen or used immediately for energy, it
is converted to fat. Glycogen is a polymer of a-D-
Glucose

identical to amylopectin, but the branches in glycogen
tend to be shorter (about 13 glucose units) and more
frequent.

The glucose chains are organized globularly like
branches of a tree originating from a pair of molecules
of glycogenin, a protein with a molecular weight of
38,000 that acts as a primer at the core of the

Carbohydrates

structure. Glycogen is easily converted back to glucose
to provide energy.

2.10.12 DEXTRAN

invert sugar™ 120
HFCS (42% fructose) 120
sucrose 100
xylitol 100
tagatose 92
glucose 74
high-DE corn syrup 70
sorbitol 55
mannitol 50
trehalose 45
regular corn syrup 40
galactose 32
maltose 32
lactose 15

FIGURE 3: RELATIVE SWEETNESS OF VARIOUS

CARBOHYDRATES

Dextran is a polysaccharide similar to amylopectin,
but the main chains are formed by la—>6 glycosidic
linkages and the side branches are attached by 1a—>3
or 1a—>4 linkages. Dextran is an oral bacterial product
that adheres to the teeth, creating a film called
plague. It is also used commercially in confections, in
lacquers, as food additives, and as plasma volume
expanders

2.10.12.1 INULIN

Some plants store carbohydrates in the form of inulin
as an alternative, or in addition, to starch

Inulins are present in many vegetables and fruits,
including onions, leeks, garlic, bananas, asparagus,
chicory, and Jerusalem artichokes.

Inulins, also called fructans, are polymers consisting
of fructose units that typically have a terminal glucose
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Inulin

OLIGOFRUCTOSE & INULIN

Oligofructose has the same structure as inulin, but the
chains consist of 10 or fewer fructose units.
Oligofructose has approximately 30 to 50 percent of
the sweetness of table sugar. Inulin is less soluble
than oligofructose and has a smooth creamy texture

n = approx. 35
2.10.13

that provides a fat-like mouthfeel. |nulin and
oligofructose are nondigestible by human intestinal
enzymes, but they are totally fermented by colonic
microflora. The short-chain fatty acids and lactate
produced by fermentation contribute 1.5 kcal per
gram of inulin or oligofructose. Inulin and
oligofructose are used to replace fat or sugar and
reduce the calories of foods like ice cream, dairy
products, confections and baked goods.

2.10.14 CELLULOSE

Cellulose is a polymer of B-D-Glucose, which in
contrast to starch, is oriented with -CH,OHgroups
alternating above and below the plane of the cellulose
molecule thus producing long, unbranched chains.
The absence of side chains allows cellulose molecules
to lie close together and form rigid structures.
Cellulose is the major structural material of plants.
Wood is largely cellulose, and cotton is almost pure
cellulose.

Cellulose can be hydrolyzed to its constituent glucose
units by microorganisms that inhabit the digestive
tract of termites and ruminants.

Cellulose may be modified in the laboratory by
treating it with nitric acid (HNO;) to replace all the
hydroxyl groups with nitrate groups (-ONO,) to
produce cellulose nitrate (nitrocellulose or guncotton)
which is an explosive component of smokeless
powder. Partially nitrated cellulose, known as
pyroxylin, is used in the manufacture of collodion,
plastics, lacquers, and nail polish.

Carbohydrates

OH CH,OH H OH
2.10.15 CELLULOSE GUM OR

CARBOXYMETHYL CELLULOSE (CMC)
Cellulose Gum or Carboxymethyl Cellulose (CMC) is a
chemical derivative of cellulose where some of the
hydroxyl groups (-OH) are substituted with
carboxymethyl groups (-CH,COOH). The properties of
cellulose gum depend on the degree of substitution
and the length of the cellulose chains. The degree of
substitution (DS) is the number of carboxymethyl
groups per glucose unit and may vary in commercial
products from 0.4 to 1.5. Cellulose gum is non-toxic
and becomes very viscous when combined with
water. It is used as a thickener for foods and as an
emulsion stabilizer in products like ice cream.
Cellulose gum is also used in personal lubricants, diet

pills, water-based paints, detergents and paper
coatings.

2.10.16 HEMICELLULOSE

The term “"hemicellulose" is applied to the

polysaccharide components of plant cell walls other
than cellulose, or to polysaccharides in plant cell walls
which are extractable by dilute alkaline solutions.
Hemicelluloses comprise almost one-third of the
carbohydrates in woody plant tissue. The chemical
structure of hemicelluloses consists of long chains of a
variety of pentoses, hexoses, and their corresponding
uronic acids

Hemicelluloses may be found in fruit, plant stems, and
grain hulls. Although hemicelluloses are not digestible,
they can be fermented by yeasts and bacteria. The
polysaccharides yielding pentoses on hydrolysis are
called pentosans. Xylan is an example of a pentosan
consisting of D-xylose units with 18—->4 linkages.

I Ao i o
“Hﬂ on H\H HHIJ 0— /o0 H\!
o b/ S o\ A S —
H O ! H O h

Xylan
2.10.17 ARABINOXYLAN

Arabinoxylans are polysaccharides found in the bran
of grasses and grains such as wheat, rye, and barley
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Arabinoxylans consist of a xylan backbone with L-
arabinofuranose (L-arabinose in its 5-atom ring form)
attached randomly by 1a->2 and/or 1la->3 linkages to
the xylose units throughout the chain. Since xylose
and arabinose are both pentoses, arabinoxylans are
usually classified as pentosans. Arabinoxylans are
important in the baking industry. The arabinose units
bind water and produce viscous compounds that
affect the consistency of dough, the retention of gas
bubbles from fermentation in gluten-starch films, and
the final texture of baked products.

2.10.18 CHITIN

Chitin is an unbranched polymer of N-Acetyl-D-
glucosamine. It is found in fungi and is the principal
component of arthropod and lower animal
exoskeletons, e.g., insect, crab, and shrimp shells. It
may be regarded as a derivative of cellulose, in which
the hydroxyl groups of the second carbon of each
glucose unit have been replaced with acetamido (-
NH(C=0)CHs) groups.

ChyH - NHCOCK,  CH,Oh - MHCOCH,

hoch,  CoH

MoK, ol

2.10.18.1 BETA-GLUCAN

Beta-glucans consist of linear unbranched
polysaccharides of B-D-Glucose like cellulose, but with
one 1B—>3 linkage for every three or four 1B—>4
linkages. Beta-glucans form long cylindrical molecules
containing up to about 250,000 glucose units. Beta-
glucans occur in the bran of grains such as barley and
oats, and they are recognized as being beneficial for
reducing heart disease by lowering cholesterol and
reducing the glycemic response. They are used
comercially to modify food texture and as fat
substitutes.

Carbohydrates

2.10.19

CH, O
GLYCOSAMINOGLYCANS
Glycosaminoglycans are found in the lubricating fluid

of the joints and as components of cartilage, synovial
fluid, vitreous humor, bone, and heart valves.

long unbranched
repeating disaccharide

Glycosaminoglycans are
polysaccharides containing

units that contain either of two amino sugar
compounds -- N-acetylgalactosamine or N-
acetylglucosamine, and a wuronic acid such as

glucuronate (glucose where carbon six forms a
carboxyl group).
Glycosaminoglycans are negatively charged, highly

viscous molecules sometimes called
mucopolysaccharides.
The physiologically most important

glycosaminoglycans are hyaluronic acid, dermatan
sulfate, chondroitin sulfate, heparin, heparan sulfate,
and keratan sulfate.

2.10.20 CHONDROITIN SULFATE
Chondroitin sulfate is composed of B-D-glucuronate

linked to the third carbon of N-acetylgalactosamine-4-
sulfate as illustrated here. It is used for solving joints

problems.

2.10.20.1

HEPARIN
Heparin is a complex mixture of linear polysaccharides

that have anticoagulant properties and vary in the
degree of sulfation of the saccharide units. Heparin is

used as anti-coagulant.
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Carbohydrates

Alginates are used in the manufacture of textiles,

coo. CHZOSOQ: paper, and cosmetics.

The sodium salt of alginic acid, sodium alginate, is
used in the food industry to increase viscosity and as

0 0 an emulsifier.

H H H H H H Alginates are found in food products such as ice cream
and in slimming aids where they serve as appetite
suppresants.
In dentistry, alginates are used to make dental
— OH H --0 0“ H 0— impressions
~ COOH 1 H H ]
: : H/H ) o+{—— /on no\MH
Ho050;  H HNSO; | coon I
H H o
2.10.20.2 AGAR
s JnlL H Jn

Agar (agar agar) is extracted from seaweed and is
used in many foods as a gelling agent. Agar is a
polymer of agarobiose, a disaccharide composed of D- 2.11 PHYSICAL PROPERTIES OF SOME
galactose and 3,6-anhydro-L-galactose. Highly refined CARBOHYDRATES

agar is used as a medium for culturing bacteria,

cellular tissues, and for DNA fingerprinting. Agar is 2.11.1 GLUCOSE

used as an ingredient in desserts in Japan and other| Formula CgH1506

Asian countries. The gels produced with agar have a| Formula Mass 180.16 g/mol

crispier texture than the desserts made with animal Physical Appearance White crystalline powder

gelatin. o - ' Melting Point 150-152 ° C

Agarobiose is the repeating disaccharide unit in agar Density 1.54 gfcm; (300)
CHZOH O H Solubility in Water Soluble

I Uses Preparation of products

such as High Fructose
Ho H Syrups, Gibberellic acid
D-Ribose, Mannitol,
Vitamin C.
Use as energy source by
0 body
2.11.2 FRUCTOSE
H Formula CeH 1206
Formula Mass 180.16 g/mol
2.10.21 CARRAGEENAN Physical Appearance White Crystalline Solid
Carrageenan is a generic term for several Melting Point 119-122 °C
polysaccharides also extracted from seaweed. Densit'; 1.59 BfEITI;
Carrageenan compounds differ from agar in that they Suluhil-ity in Water Sc:lul;le
have sulfate groups (-0OS0; ) in place of some hydroxyl T Preparation offoney,

groups. Carrageenan is also used for thickening,
suspending, and gelling food products.

2.10.22 ALGINIC ACID/ ALGINATES

Alginate is extracted from seaweeds, such as giant
kelp (Macrocystis pyrifera).

The chemical constituents of alginate are random
sequences of chains of B-D-mannuronic and a-L-

High Fructose Syrups,
Aroma, Sucrose etc.
Gives fruit a sweet taste
To increase Shelf Life

as a sweetener

2.11.3 GALACTOSE

guluronic acids attached with 14 linkages. Formula CsH1206
Alginates are insoluble in water, but absorb water Formula Mass 180.16 g/mol
readily. They are useful as gelling and thickening| Physical Appearance White powder
agents. Melting Point 168-170 °C
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Carbohydrates

Solubility in Water Soluble less than glucose

2.11.8 STARCH

Physical Appearance white fine crystalline

2.11.4 MALTOSE

360.31 g/mol Density

119-121 °C

powder

1.5g/cm

Melting Point Uses Preparation of Cationic
starch, D-Sorbitol,
Glucose syrup, dried
Spiramycin,  Gibberellic
acid & L-Lactic acid etc.
Used as thickeners and
stabilizers in foods such
as puddings

Used in Ironing Dress
Shirts

Store energy in plants

Solubility in Water Soluble less than glucose

2.11.5 LACTOSE

formuaMass | 3e23gmol | ZLLS GLicosen

222.8°C Physical Appearance

- T

White to off-white

Melting Point
powder

Solubility in Water

Preparation of
ribonucleic acid for
injection

Store energy in animals

2.11.6 SUCROSE

342.3 g/mol

Melting Point 185-187 °C

Solubility in Water Soluble

2.11.7 RAFFINOSE

504.44 g/mol
Melting Point
Solubilityin Water | Soluble
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Chapter 3 LIPIDS

3.1 LIPID

The lipids are a large and heterogeneous group of
substances of biological origin that are easily dissolved
in organic solvents such as methanol, acetone,
chloroform, and benzene. By contrast, they are either
insoluble or only poorly soluble in water. Their low
water solubility is due to a lack of polarizing atoms
suchas O, N, S, and P.

3.2 CLASSIFICATION OF LIPIDS

Lipids can be classified into substances that are either
Hydrolysable - able to undergo hydrolytic cleavage
e.g. ester and phospholipid

Non-hydrolysable - able to undergo hydrolytic
cleavage e.g. alkanes and carotenoids

3.3 |IMPORTANCE OF LIPIDS
3.3.1 FuUEeL

Lipids are an important source of energy in the diet. In
guantitative terms, they represent the principal
energy reserve in animals. Neutral fats in particular
are stored in specialized cells, known as adipocytes.
Fatty acids are released from these again as needed,
and these are then oxidized in the mitochondria to
form water and carbon dioxide, with oxygen being

Lipids

consumed. This process also gives rise to reduced
coenzymes, which are used for ATP production in the
respiratory chain.

3.3.2 NUTRIENTS

Amphipathic lipids are used by cells to build
membranes. Typical membrane lipids include
phospholipids, glycolipids, and cholesterol. Fats are
only weakly amphiphilic and are therefore not
suitable as membrane components.

3.3.3 INSULATION

Lipids are excellent insula-tors. In the higher animals,
neutral fats are found in the subcutaneous tissue and
around various organs, where they serve as
mechanical and thermal insulators. As the principal
constituent of cell membranes, lipids also insulate
cells from their environment mechanically and
electrically. The impermeability of lipid membranes to
ions allows the formation of the membrane potential

3.3.4 SPECIAL TASKS

Some lipids have adopted special roles in the body.
Steroids, eicosanoids, and some metabolites of
phospholipids have signaling functions. They serve as
hormones, mediators, and second messengers. Other
lipids form anchors to attach proteins to membranes.
The lipids also produce cofactors for enzymatic
reactions—e. g., vitamin K and ubiquinone. The
carotenoid retinal, a light-sensitive lipid, is of central
importance in the process of vision.
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