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There are three important terms used to describe the changes that occur
to a plant during the cell life cycle: growth, development, and

differentiation
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1. Growth
It is a quantitative term that refers to the increase in size and mass.
In fact, there is no specific definition of growth, as the growth process is
complex. Rather, there are several definitions, the most important of
which is
1. Growth is the increase in dry weight
2. Growth is the doubling of the number of cells
3. Growth is the doubling of the amount of protoplasm

4. Growth is the permanent increase in size
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Growth measurement
Growth is measured in several ways
1. Length
It is done by measuring the length of the plant, branches or roots at
certain intervals.
2. Weight
The dry weight is measured at certain intervals, and in rare cases
only the fresh weight is taken.
3. Measure the leaf area
4. Total protein
5. Total nitrogen
6. The number of leaves, roots or cells
It is advisable to measure growth in more than one way to give a

more accurate value of the amount and nature of growth because it is



difficult to measure the amount of growth in living organisms because of

their irregular shape.
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Growth and development at the cellular level



Three stages of growth and development at the cellular level can be
observed, namely cell division, cell enlargement, and cell differentiation.
Without cell division, growth cannot occur, especially the transformation
of the zygote into an organism. Cell division plays an important role in
morphological terms. Cell division alone leads to the formation of many
small cells, and for this the cell elongation process occurs in order to
increase the volume. The elongation of the cells requires making the cell
wall expandable, as it is known that the cell wall represents a border
between cells with different functions , surrounds and protects the
protoplast and determines the shape and the size of the cell. One of the
hypotheses put forward to explain the expansion of cells is that the cell
wall and the plasma membrane gradually expand by increasing the
cellular vital activities due to the presence of some plant hormones in
certain concentrations, such as auxins, and then the entry of water to fill
the space formed in the cell. Another hypothesis says that the increase
in turgor pressure of the cell causes the expansion of the cell wall and
membranes, as it was observed that the lack of turgor pressure inhibits
the growth in the cell wall area of the root hairs of some plants.
However, it was found that mature cells have higher turgor pressures

than young ones.
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Places of plant growth
1. Terminal meristematic tissues
These tissues are found at the ends of the stems and roots, and they
are what cause the longitudinal growth of the plant, and the growth
resulting from these tissues called the primary growth.
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2. Cambium
Like the vascular cambium that extends between xylem and phloem in
the stems and roots, the growth resulting from the cambium is called

secondary growth.
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Differentiation
It is a qualitative term that refers to the differentiation of cells into
tissues and organs, and when it begins, anatomical and therefore
functional changes begin to occur in the cell, as this results in the
formation of different organs in the plant that differ from each other
functionally, such as roots and stems.
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Development
It is the sum of the processes of growth and differentiation, as it refers
to all the changes that occur during the cycle of cellular growth,
beginning with seed germination, seedling formation and growth,
ripening, flowering, fruiting, and senescence. Development refers to
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A. Cell formation of highly specialized tissues and organs in the whole
plant
B. The transition of the plant from the stage of vegetative growth to the
stage of flowering.
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The process of development is associated with anatomical,
biochemical, physiological and morphological changes in the plant.
Development is also called another term, morphogenesis, which refers
to the morphological differences that occur in the plant cell, starting from
the stage of the zygote and ending with the formation of the complete

plant. There are many factors that determine the morphogenesis.
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1. Genetic factors: Genes are the ones that control the formation of
enzymes, which in turn control cell chemistry during the stages of
growth, differentiation and development.
2. The influence of plant hormones that control growth processes
3. Environmental factors: especially light, which has an important role in
the process of photosynthesis, and temperature .

One of the most important examples of morphogenesis in plants is the
transition from the vegetative stage to the reproductive stage. Growth
can be unlimited in relation to the vegetative and root system, as the
roots and stems have a cellular structure that is not limited in growth,
and it can be limited, which found in leaves, flowers, buds, and fruits

that have a cellular structure of limited growth.
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Ethylene (.Y .4
How will you prepare ethylene from acetylene?

Acetylene, is made of two hydrogen and two carbon atoms and is
chemically represented as C2H2. This hydrocarbon is produced by one
of two process, that are: chemical reaction or thermal cracking, using

different types of raw materials.
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Calcium carbide with chemical formula CaC2, is the most popular raw

material used for the commercial production of acetylene. Calcium



carbide is generally by mixing lime and coke in a blast furnace and then

the product formed is calcium carbide.
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When calcium carbide is reacted with water, it tends to produce
acetylene gas and this whole process can be shown by the below
balanced chemical equations.

Preparation of acetylene from calcium carbide includes these

steps:
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— Preparation of CaO from calcium carbonate (CaCO3).

CaC03—Ca0O+C02

- u2a3 Ca0 asalll cligy S (e (CaCO3): psansllSll cilisy £ CaCO3 > CaO +
CO2

— Preparation of calcium carbide by heating (Ca0) in presence of coke

(9):

CaO+3C—CaC2+CO
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CaC03—-Ca0+C02

Hence, acetylene can be prepared from calcium carbide by reacting

calcium carbide with water and the balanced chemical reaction of



this process is given by:
CaC2+2H20—-C2H2+Ca(OH)2.
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CaC2+2H20—C2H2+Ca(OH)2.

And finally, preparation of ethylene by hydrogenation of Acetylene.
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Biosynthesis of ethylene

The amino acid Methionine, which contains sulfur in its composition, is
the primary substrate for the formation of ethylene, and it was later
found that treating the fruits and green parts of the plant with methionine
greatly increases the formation of ethylene. The mechanism of

biosynthesis of ethylene,is shown in the following two figures .
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Ethylene is naturally created in higher plants or in horticultural fruits in
three basic ways depending on the physiological age of the plant or fruit
or the surrounding environmental conditions.

The first model: -

It is a form of production of ethylene by basal ethylene

It is the ethylene produced by plants or their fruits throughout their life,
naturally, and in very small concentrations, not exceeding several parts
per million, and this is the basic model for activating some of the
necessary biological processes.

The second model: -

Autocatalytic ethylene

it is the result of the action of ethylene to create itself when the fruits
reach a limited physiological age, and is evident in the climacteric fruits,
where the autocatalytic ethylene begins to appear accompanying the
process of development of fruits, which are produced in several parts
per million.

The third model: —

Stress ethylene

This model of ethylene is created when the plant or fruits are exposed to
one or more stress factors such as water stress conditions or chemical
damage such as treatment with pesticides or heavy metals or exposure

to mechanical deformation such as wounds or bruises that the



horticultural fruits are exposed to when harvesting or during handling

and packing.
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Ethylene, CH2 = CH2, is formed in fruits that are generally ripe or
in the process of ripening. It is believed that the amino acid methonine
is its main source in plants. In the presence of oxygen and some
enzymes, it turns into ethylene. It should be noted that there are other
compounds involved in its formation in plants, starting from such as
beta—alanine acid or from propionic acid mediated by enzymes, such as

transaminase.
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Ethylene is a gaseous hormone that accelerates the ripening of
fruits, and contributes to the separation of the outer skin of some fruits
such as pecans, walnuts, almonds, etc., and causes wilting of cut
flowers and falling leaves of plants such as grapes, and accelerates the
loss of chlorophyll and colors of flowers and the fall of their petals in fruit
trees, and inhibits the growth of onion and potato shoots, and
encourages Formation of roots, and limits vegetative growth in grapes
when used in high concentration. Among its most important commercial

compounds: phosphon D, ethephone, and others.
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The discovery of ethylene and its identification as a ripening hormone
came from studies conducted on fruit ripening. Ethylene is a growth—
inhibiting hormone, and it is the only one of the hormones that exists in
the form of a gas. These are useful in the ease of transport and
movement of ethylene through living cells to the site of action.
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In 1901, it was possible to determine the effect of ethylene in
reducing the elongation of vegetative growths, and in 1935 by Crocheret
and others, ethylene was classified as a single hormonal gas that could

accelerate the ripening and fall of fruits.
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The physiological effects of ethylene can be summarized as follows:
1. Fruit ripening and changes in color, taste and respiration rate.
2—- Encouraging leaf separation
3- Inhibiting the formation of lateral buds 4- Inhibiting root growth

5- Increase the permeability of the membranes.



6— Encourage the formation of adventitious roots
7— Encouraging the formation of flowers in the pineapple plant.
8- It causes epinasty, temporary wilting, dropping leaves, and irregular

growth
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6. Vitamin C (Ascorbic acid)

Vitamin C is a derivative of hexose sugars (glucose), which have been
subjected to oxidation to form glucocorticosteroids.

general characteristics

1. Vitamin C is a redox system which can be of three forms.
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a. The reduced form of L-Ascorbic acid is the active form of the vitamin
B. Dehydro L-Ascorbic acid, which is the oxidized form of the vitamin

c. Monodehydro ascorbic acid (the free radical intermediate during the
oxidation or reduction of the vitamin)

2. Vitamin C is abundant in fruits and vegetables, especially citrus fruits,
tomatoes and peppers

3. The process of catabolism of ascorbic acid in the body can produce
guantities of oxalic acid and thyronic acid, which in case of increment
vitamin C in the body can cause the formation of potassium oxalate
Kidney stones.

4. Dehydro-ascorbic acid is converted to ascorbic acid in the body as in
the following equation.

HO HO

L-ascorbic acid L-dehydroascorbic acid
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5. Vitamin C has several functions

a. It is a coenzyme that helps in the process of introducing the hydroxyl
group for a number of vital compounds, including proline and lysine, in
the process of building glycogen, which is one of the important proteins
for the formation of tissues such as skin, cartilage, bones and teeth and
therefore has a role in healing wounds
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B. It helps in introducing the hydroxyl group to the amino acid
phenylalanine and converting it to tyrosine and then participating in the
conversion of tyrosine to dihydroxyphenylalanine
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c. The role of vitamin C as an anti-oxidant, as it is a water-soluble
antioxidant and works to remove reactive oxygen species (ROS) for
example, it reacts with Super oxide anion Oz~ , hydroxyl radical( .OH)
and hydrogen peroxide H202, as well as converting the oxidized vitamin
E radical to It is an effective reducing agent and thus works to reduce
oxidative stress in the body, reduce oxidative stress and reduce tissue
damage.
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D. It activates the absorption of iron in the small intestine through its
reduction of insoluble and non-absorbable iron to absorbable ferrous as
well as its role in the process of storing iron in the body, especially the
liver, by converting the iron-carrying protein Transferrin to an iron-
storage protein Ferritin and thus has an indirect role in composition of
hemoglobin
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H. It has a role in reducing folic acid to tetrahydrofolic acid, which is
stored in the body in this form.

F. As a result of its antioxidant activity, it inhibits the process of
decomposition of cooked or stored food when added in limited quantities.
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J. Itis involved in many different metabolic processes such as cholesterol
metabolism, drug metabolism and carnitine metabolism
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G. It interferes during the formation of Nitrosamine by direct reaction
with nitrites and thus can reduce the risk of cancer, as Nitrosamine is one
of the compounds that work on the occurrence of various cancers.

It is known that plants absorb nitrates from the soil, and if they are not
represented in the formation of proteins, they are stored in the cells as
they are. The danger of nitrates comes from its conversion inside the
body to nitrites, which combine with protein derivatives (amines and
amides) that make up nitrosamines that cause cancerous diseases.
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R. Relieves cold symptoms, lowers the risk of osteoporosis
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6. All plants and most animals contain ascorbic acid from D-glucose and
D-galactose. In animals, it starts constructively from D-glucose. In plants,
the process of construction is complex, as it has two structural pathways
for converting D-glucose and D-lactose into ascorbic acid. The inability
of human to synthesize ascorbic acid is due to his lack of the enzyme
Oxidase, which converts the L-gulonic acid compound, which is the
product of a series of reactions that start with glucose into ascorbic acid.
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7. Deficiency causes scurvy, anemia, and slow wound healing
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Ovules < : Sperm
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Embryo sac
The pollen grain adheres to The pollen tube cell grows The pollen tube penetrates One of the sperm fertilizes
the stigma, which contains into the style. The generative an opening in the ovule the egg to form the diploid
two cells: a generative cell cell travels inside the pollen called a micropyle. zygote. The other sperm
and a tube cell. tube. It divides to form two fertilizes two polar nuclei to
sperm. form the triploid endosperm,
which will become a food
source for the growing
embryo.
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Growth stages for stone fruits

Jackson, 1975
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Water

Most fruits contain more than 75% of the fresh weight of water, in
bananas 76%, in grapes 81%, in apples 85%, in peaches 89%, and in
pears 83%. The water content of the fruits varies according to the date of
harvest, whether they are in the ripening stage or the maturity stage, in
general, the water content of the fruits decreases as they progress to the

ripening.
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The importance of water for plants can be summarized as follows

1. Water constitutes 90-95% of the weight of herbaceous plants, 60-70%
of the weight of woody plants, and about 15% of the weight of seeds.

2. Water is necessary for chemical reactions, as many substances do not
enter the reaction until they are dissolved in water

3. Water is necessary to transport materials from one cell to another or
inside the cell.

4. Water is very necessary for the germination of seeds after the
occurrence of imbibition and the activation of amylase, which breaks
down starch into sugar to feed the embryo so that germination occurs.



5. Water is important for hydrolysis processes

6. Water is important for the photosynthesis process. The electron that the
photophosphorylation starts comes from water

7. Water is important for the process of cell swelling, which gives the
plant an erect shape. When the cell loses its water, it loses its swelling,
which leads to shrinkage of the cells, which is what is observed when the
plant wilts.

8. Water is very important for absorbing nutrients from the soil, and the
plant cannot take the elements until they are dissolved in water

9. Water plays a role in cooling the plant through the process of
transpiration and water loss in the form of vapor from the leaf surfaces
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Physical properties of water:
Water has high levels of boiling and solubility, as well as temperature of
evaporation heat, compared to other normal liquids, as shown in the
following table:
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Heat of evaporation (calorie .g™)

water 540
methanol 263
ethanol 204
propanol 164
acetone 125
benzene 94

chloroform 59

Heat of evaporation: It is the amount of heat required to convert 1 g of a
substance from a liquid state to a gaseous state, and this heat is high in
water, compared to other liquids present in the previous table. These
properties indicate the presence of strong attractive forces that bind
adjacent water molecules, which give High degree of internal cohesion
Referring to the table, we note that the evaporation temperature of water
Is greater than twice the temperature of evaporation of the rest of the
liquids, and this gives us an indication of the amount of energy that must
be available to overcome the forces of cohesion between adjacent water
molecules before turning into a gaseous state. Why does water show such

a strong attraction to its molecules?

The answer to this question is in the structure of the water molecule itself,
as each of the two hydrogen atoms in the water molecule shares a pair of
electrons with the oxygen atom, and the geometry of this participation is
in the form of the letter V
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The strong tendency shown by the oxygen atom to withdraw electrons
leads to charging it with a negative local charge at the top of the letter V,
which leads to charging the hydrogen atoms with a positive local charge.
Although the water molecules are electrically neutral (the number of

positive charges equals the number of negative charges), but their



positive charges and the negative ones are far apart from each other,
which leads to the water molecule being an electrical dipole, and this is
the fact that is largely responsible for the forces of attraction between
water molecules. Between the positive local charge of a hydrogen atom
belonging to a neighboring water molecule This type of attraction is

called a hydrogen bond.

Because the electrons are arranged around the oxygen atom in a
tetrahedral way, in theory, each water molecule is linked by four
hydrogen bonds with neighboring water molecules. In snow, each water
molecule is linked by hydrogen bonds with four water molecules to give a

somewhat solid structure called the lattice structure

Contrary to what we find in the water molecule, there are no attractive
forces between the molecules of other liquids, so the energy necessary to

separate the benzene molecules from each other is little.
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properties of hydrogen bonds

The hydrogen bonds are very weak compared to covalent bonds, where
the energy of hydrogen bonds in one mole of water is estimated at 4.5
kilocalories mol ™' compared to 110 kilocalories mol ™ to the bond of the
pair of electrons ( H-O )present in the water molecule. The bond energy is
the strength that need to break the bond. Despite this, the hydrogen
bonds have sufficient strength to give water its internal cohesion,
knowing that the half-life of the hydrogen bond is estimated at less than
one millionth of a second, as the hydrogen bonds are formed and broken
in this short time. For this reason, we find that water is a non-viscous

liquid.
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Solvent properties of water

Water has solvent properties that exceed most other liquids. The reason
for this is mainly due to its dipolar nature. Most crystallized salts dissolve
easily in water, but they may be insoluble in nonpolar liquids such as
benzene and chloroform. It is known that the cohesion of the lattice
structure of sodium chloride is the result of the very strong electrostatic
attraction between the ions. When dissolving these crystals, a sufficient
amount of energy must be used to separate these ions from each other.
The process of dissolving sodium chloride crystals with water is the final
result of the attraction between the dipoles of water and sodium and
chlorine ions, resulting in sodium ions and chlorine ions mixed with
water and is very stable and this ,the stability is greater than the ability of
sodium ions and chlorine ions to attract each other again. Water dissolves
many simple organic compounds, which contain carboxyl and amino

groups, which ionize and react with water.

Water easily dissolves another class of organic matter that contains a
polar functional group, such as sugars, simple alcohols, aldehydes, and

ketones.



The reason for the solubility of these compounds in water is due to the
tendency of water molecules to form hydrogen bonds with the polar
functional groups present in these compounds such as hydroxyl groups
found in sugars and alcohols and the carbonyl group in aldehydes and

ketones.

There is a third class of substances dispersed by water, which are called
amphiapathic compounds, which contain hydrophilic groups and other
hydrophobic groups. An example of this is the sodium salt of oleic acid,

which is one of the types of soap.
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Classification of carbohydrates



Carbohydrates are classified as follows:

1. Monosaccharides

They are compounds that cannot be analyzed into a simpler form, as they
are also called simple sugars such as glucose and fructose

2. Oligosaccharides

They are compounds that contain a number of monosaccharides ranging
from 2-10 and can be classified into parts depending on what they contain
from monosaccharides molecules. Compounds that contain two
molecules of monosaccharides are called disaccharides such as sucrose
and are called trisaccharides if they contain three molecules of
monosaccharides.

3. Polysaccharides

They are compounds that contain more than 10 molecules of
monosaccharides such as starch and cellulose.

In vitro, sugars can be classified into two main classes depending on their
reductive capacity, as they are either reducing sugars such as glucose,
fructose and maltose, or non-reducing sugars such as sucrose, cellulose
and glycogen.
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Naming of monosaccharides



Monosaccharides are classified according to the number of carbon atoms
they contain, as follows

A. Triose, meaning a monosaccharide containing three carbon atoms

B. Tetrose, meaning a monosaccharide containing four carbon atoms

C. Pentose, meaning a monosaccharide containing five carbon atoms

D. Hexose, which means a monosaccharide containing six carbon atoms
E. Heptose, which means a monosaccharide containing seven carbon
atoms.

The suffix -ose means that this compound is a carbohydrate, however,
there is another way to classify the monosaccharides depending on the
carbonyl group that they contain. If it is aldehyde, the compound is called
aldose, and if it is a ketone, it is called ketose. Aldehyde or ketone, as
there is no sign in the second classification indicating the number of
carbon atoms in the compound, so the two classifications are combined in
another arrangement that includes the nature of the compound and the
number of carbon atoms in it. The aldopentose compound, for example,
means that it is an aldehyde and contains 5 carbon atoms, while the term
ketohexose means that the compound is a ketone that has 6 carbon atoms.
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Stereoisomers

Chemically the element carbon is known as tetravalent, which means that
each carbon atom is joined to neighbouring atoms by four bonds. If all of
are these are single bonds then they are arranged around the carbon atom
in a three-dimensional tetrahedral shape. But if one particular carbon
atom is joined to four atoms or groups which are themselves different: it
becomes possible to arrange the surrounding atoms or groups in either of
two different ways. On paper they look similar but in biological terms
they may be quite different. Take for example the simplest of the
aldehyde sugars, glyceraldehyde.

Many monosaccharides contain the same number of carbon, hydrogen
and oxygen atoms, and the same groups, whether hydroxylated or
carbonylate, but they differ in many characteristics. The general formula,
C6H1206, for example, represents 16 different types of simple sugars
despite containing the same general formula

CH20OH.CHOH. CHOH. CHOH. CHOH. CH20H

This could be explained based on the difference that occurred as a result
of the arrangement of these groups in a vacuum. The isomers unite
depending on the number of asymmetric( inconsistent ) carbon atoms in
the compound. And since the glucose sugar contains four inconsistent
(asymmetric) atoms, the total number of its isomers equals 16 according
to the formula S= 2" and thus = 16 .The presence of many isomers in
carbohydrates necessitates finding a standard compound that can be relied
upon in dividing compounds into two types of isomers. Therefore,
glyceraldehyde was considered the simplest carbohydrate compound to
classify compounds as (D) Dextro or (L) Levo. It was termed according
to that is to give the letter D for the compound in which the hydroxyl
group OH attached to the carbon atom adjacent to the primary alcohol
group CH20H is to the right, while the letter L is written for the
compounds that have the same hydroxyl group OH to the left.

H o H 0
\ Z \ 2
C ,/ \ C
| |
H—C—0OH OH—C—H
| |
C H,OH C H,OH

D-Glyceraldehyde L -Glyceraldehyde



In addition to the previous effect of asymmetric carbon atoms, the
compound that contains this type of atoms is photoactive, as the
phenomenon of optical rotation that is caused by asymmetric carbon
atoms can be observed when a beam of polarized light is directed on a
solution of carbohydrates by a special device to measure the degree of
optical rotation called a polarimeter, so the substance that deflects light
to the right is called dextrorotatory (right rotation) and gives a positive +
sign, while the substance that deflects light to the left is called
levorotatory (left rotation) and gives a negative sign - the property of
optical rotation does not depend on whether the compound is of the D or
L group. Rather, it is a property enjoyed by the compound itself.
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Haworth method (projection)
IS a common way of writing a structural formula to represent the cyclic
structure of monosaccharides with a simple three-dimensional
perspective.
It was renamed the method in the name of the English researcher
Haworth
Haworth method has the following characteristics:
1. The carbon atom is implicit. As in the example, the atoms numbered 1
to 6 are all carbon atoms.

2. Hydrogen atoms are implicit. In the example, atoms 1 to 6 have
hydrogen atoms on them.
3. The thick line represents the atoms close to the viewer. In the example
on the right, atoms 2, 3 and their OH groups are closest to the viewer,
while atoms 1 and 4 are farther from the viewer, and finally the remaining
atoms are farthest.

HO s

OH

Howarth proposed the name pyranose to sugars in which the oxygen atom
Is bound to 5 carbon atoms, based on the general structure of the pyran
molecule, while the name furanose is given to sugars in which the oxygen
atom binds to 4 carbon atoms depending on the furan molecule.


https://en.wikipedia.org/wiki/Structural_formula
https://en.wikipedia.org/wiki/Molecular_geometry
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GLUCOSE & FRUCTOSE

Glucose and fructose are monosaccharides and sucrose is a disaccharide
of the two combined. Glucose and fructose have the same molecular
formula (CsH1,06) but glucose has a six member ring and fructose has a
five member ring structure. Fructose is known as the fruit sugar as its
make source in the diet is fruits and vegetables. Honey is also a good
source. Glucose is known as grape sugar, blood sugar or corn sugar.
Listed in food ingredients as dextrose. Fructose is more soluble than other
sugars and hard to crystallize because it is more hygroscopic and holds
onto water stronger than the others. The formation of the ring in glucose
links together carbons 1 and 5 of glucose through the atom of oxygen and
in doing so makes carbon 1 asymmetric. The two different compounds
are denoted as a - and g-glucose. In the straight-chain form of glucose,
carbon 1 is not asymmetric because it has two of its bonds attached by a
double bond to an atom of oxygen. In ring-shaped glucose, this carbon is
effectively joined to four different groups. The important difference to
notice is that for a -glucose we draw the hydroxyl group on carbon 1 as
pointing downwards, whereas in the B form it points up. These two
versions of glucose are actually quite different compounds which do not
even have the same melting point.


https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D9%83%D8%B1%D8%A8%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D9%83%D8%B1%D8%A8%D9%88%D9%86
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Bio-derivatives of monosaccharides
1- (Deoxy Sugars)

Deoxy sugars represent a group of monosaccharides from which one or
more hydroxyl groups are replaced by hydrogen atoms, where the number
placed in front of the sugar name indicates the number of the carbon atom
whose hydroxyl group has replaced by the hydrogen atom. Among the
most prominent examples of this type of sugars is: (2- Deoxy-D-ribose),
which is included in the construction of the primary structure of the
deoxyribonucleic acid (DNA).
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These sugars are characterized by giving most of the reactions to the
monosaccharides, but they fail to give a positive detection with
phenylhydrazine and the formation of the Osazone complex, due to the
absence of a hydroxyl group on carbon atom No. (2), and these sugars
enter the composition of the cell wall in bacteria, in addition to the sugar
2-DOxy-D-ribose, there are many of these sugars naturally present.
Among them, for example, are the following sugars, as there is sugar 3-
deoxy glyceric aldehyde in the wood of the walnut plant, and 6- deoxy-
L-mannose in many glycosidic compounds.
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2 - (Amino Sugars)

When one of the hydroxyl groups in monosaccharides is replaced by an
amino group (-NH2), a new type of sugars appears called amino sugars.
Although many of these compounds can be manufactured experimentally,
there are only very limited numbers of them in nature, such as D-
glucosamine and D - galactosamine .

D -. glucosamine is found in a number of polysaccharides such as
(Chitin), which has a structural function, as it enters into the structure of
the solid outer layer in many insects as well as in marine crabs , as for the
amino sugar galactosamine, it is included in the formation of cartilage
(Chondroitin) as a basic component . There are many antibiotic
compounds that contain in their synthetic formula some amino sugars,



which is believed to be the vital activity of these antibiotics due to the
amino sugars. Below are some examples of amino sugars:

CH,.OH CH5 OM
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3- Sugary acids

Monosaccharides, such as D-glucose, produce three types of sugary acids
when oxidized, including one carboxyl group created due to oxidation of
the aldehyde group called the resulting acid (D-gluconic acid), which is
one of the intermediate compounds in glucose metabolism in some
organisms , including those that contain two carboxyl groups, due to the
oxidation of the aldehyde group and the hydroxyl group on the last



carbon atom (the primary alcohol group), so the resulting compound is
called D-glucaric acid, or sometimes called D-glucosaccharic acid.

In addition to the possibility of obtaining a third type of sugary acid that
results from oxidation of the primary alcohol group.

One of the most important sugary acids is ascorbic acid (vitamin C), the
deficiency of which in humans leads to scurvy. Below is the structural
formula of this acid:
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Disaccharides:

Disaccharides are formed from two similar or different units of
monosaccharides, one linked to the other by an oxygen bond through sites
(1 and 4). Reducing disaccharides arise as in lactose and maltose sugars,
or through sites (1 and 2) to form non-reducing sugars as in sucrose.



The general properties of reducing sugars are similar to the properties of
monosaccharides, as disaccharides reduce solutions of basic copper salts
(such as Fehling's solution) and can form glycosides, and enjoy the
phenomenon of changing the optical rotation, in addition to their reaction
with phenylhydrazine to form osazon compounds. These two types of
polysaccharides are represented by the fact that the reducing
disaccharides are unable to reduce copper acetate in neutral or slightly
acidic conditions (Barfoed's test) in a short time as is the case with
monosaccharides.

This reaction can be wused to distinguish between reduced
monosaccharides and disaccharides.

Disaccharides are broken down into monosaccharides with the help of
enzymes or by acids. This decomposition process can be followed up by
measuring the increase in the reductive strength of the resulting
compounds. The best example to study this case is the process of
decomposition of sucrose, which is a non-reducing sugar, which is
characterized by a positive rotation degree of (66.0+) to its main
components fructose and glucose, which are two sugars reduced in a
product characterized by a cyclic result with a negative value, as this
phenomenon is called the phenomenon of rotation inversion. Explained in
the following equations:
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We will review the most important of these sugars:
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1. Sucrose

It is the usual sugar used for household purposes. It can be obtained from
the sap of sugary plants such as beets and sugar cane. It is easily
crystallized from its aqueous solutions and has an important role in
human food. It is fermentable and non-reducing sugars and does not form
osazon.

Sucrose consists of one molecule of alpha D-glucose linked to a molecule
of beta-D fructose, wherein the glucosidic bond is formed between the
reducing groups of both glucose and fructose monosaccharides by an
oxygen bond, as shown in the figure by Haworth method.
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2. Lactose

Lactose is found in milk, and it is brought into the glands of lactic
animals from the glucose sugar present in the blood, it is difficult to
dissolve in water and is obtained from the process of milk coagulation.
Lactose is a white solid sugar that melts at 203 C.

The lactose sugar molecule consists of one alpha-D-glucose, one beta-D-
galactose. Lactose is considered a reducing sugar, because the sugar
retains the reducing end in the glucose, and unlike sucrose, the
composition of lactose can be written in the form of alpha or beta
depending on the location of the hydroxyl group in the reducing end, and
the following figure represents the composition of lactose sugar
according to Haworth's method.
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And it is possible to write the beta form for lactose after placing the
hydroxyl group on the carbon (1) atom in the glucose above .
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3. Maltose:
This sugar is found in grains, it dissolves well in water, and crystallizes in
aqueous solutions. It is produced as an intermediate compound during the
hydrolysis of starch by the amylase enzyme. The composition of the
maltose consists of two molecules of glucose, carbon atom No. (4) in one
of them is linked with the reducing group in carbon atom No. (1) of the
second molecule to form a reducing sugar, and as in lactose sugar,
maltose exists in two forms, alpha and beta, depending on the location
reducing hydroxyl group. Maltose is easily digested and subjected to
fermentation because it contains an alpha-glycosidic bond. The following

figure shows the chemical composition, drawn according to the Haworth
method:
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Trisaccharides

Trisaccharides consist of three molecules of monosaccharides linked
together by glycosidic bonds (oxygen bonds). The most important
trisaccharides are raffinose sugar, whose composition consists of alpha -
D - glucose, alpha - D - galactose, and beta - D - fructose. The following
figure shows the primary structure of raffinose.

Raffinose is the second sugar after sucrose in terms of its abundance in
the plant kingdom. However, it is only found in its free form (0.05%) in
the beet plant.

Raffinose is a non-reducing trisaccharides because all of its reducing
groups are occupied by glycosidic bonds (oxygen bonds).
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O- a- D — glactopyranosyl (1-6), O- a - D- glucopyranosyl (1-2)- B - D-
Fructofuranoside

In addition to raffinose as a non-reducing trisaccharides, there are other
non-reducing trisaccharides such as Gentianose, which when
hydrolysed give one molecule of fructose and two molecules of glucose,
and Melezitose sugar, which gives two molecules of glucose and one
molecule of fructose too. trisaccharides are not all non-reducing sugars,
there are sugars such as (Mannotriose) and (Robinose) which are both
reducing sugars.
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Polysaccharides: -

Polysaccharides are carbohydrates consisting of no less than ten units

of monosaccharides, and thus they are polymeric compounds of



monosaccharides with high molecular weights and are distinguished as
a good source of energy because of their ease of converting into
digested sugars when needed.
Polysaccharides include two distinct types, one of which contains
repeating units that are linked together by oxygen bridges of a specific
monosaccharide and are called homopolysaccharide, while the second
type contains two or more different types of monosaccharides, so they
are called heteropolysaccharide. In general, polysaccharides can be
found in the form of an unbranched chain, as in the case of cellulose, or
in the form of branched, as in the case of glycogen.
Polysaccharides are called depending on the monosaccharide that
composes them by replacing the suffix ose with the suffix an, for
example, the sugar derived from mannose is called mannan ,but if the
polysaccharide is of a heteropolysaccharide, it is called, depending on
the monosaccharides included in its composition, such as D-
mannoglycan means that polysaccharide consists of galactose and
mannose, however, special names such as starch and cellulose are
often used instead of the regular names.
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Starch
Plants by photosynthesis process glucose in the form of starch as a
storage of energy that plants may need or as a food source for people
who feed on these plants, and starch is found in particular in some plant
parts such as potato tubers.
Starch is divided into two types: amylose, which consists of units of
glucose sugar linked to alpha— glycosidic bonds (1-4) in unbranched
straight chains and may be an extension of the composition of maltose
and contains a free sugar group at one of its ends. The second is
amylopectine, which is in addition to containing glucose units, which are
arranged in straight chains, similar to amylose, these chains are linked
together by alpha (1-6) links to form a branched structure.
The molecular weight of amylose, which is isolated from starch, ranges
between 4000-400000, while amylopectin, which is separated on the
same basis, has a relatively higher molecular weight, ranging between
50,000 to one million. Amylose has the advantage of giving a blue color
when combined with iodine, while amylopectin gives a purple-red color

when combined with iodine.
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Cellulose
Like other polysaccharides, cellulose is characterized by its insolubility
in water and impermeability through cell membranes. In 1838 Anselme
Payen named cellulose the substance that makes up plant cell walls.
But cellulose is never found in nature pure condition. Cotton fibers are
the purest from a cellulose point of view, as they contain only about 5%
of foreign materials after taking into account the water content. It is the
basic raw material in many different industries, such as paper making,
plastics and plant textiles
Cellulose does not decompose by the enzyme amylase, so cellulose in
food passes through the gut without digestion, but it is of great
importance in preventing constipation and regulating intestinal

movement.
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The chemical composition of cellulose

Cellulose gives the general structure (C6H1005) n, where (n)
represents a large number called Degree—of Polymerization. The
decomposition of cellulose with the effect of acids leads to glucose.
Cellulose consists of glucose, where one molecule of water is lost for
every molecule of glucose, and it consists of a long, straight chain
unbranched resulting from the union of a large number of beta—glucose
molecules, and the connection between beta—-glucose molecules (B (1
— 4)) takes place between carbon atoms No. (1) and carbon atom No.
(4) In one of the two glucose units that are linked by an oxygen bond
with the adjacent unit, noting that in the case of cellulose the second

unit rotates 180 ° around itself and is called beta—glucopyranose.
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Glycogen

A multi-unit polymer, glucose is the basic building unites of this
molecule that acts as an energy store in animals and fungi. Each
glucose unit is associated with the next unit by an alpha bonds (1,4),
while the branches consist of bonds (1,6).

When blood glucose decreases, the process of breaking down
glycogen into its building unites begins. Whereas, the reverse process of
converting glucose molecules into glycogen occurs when the level of
glucose in the blood rises. Insulin is the hormone responsible for the
formation of glycogen in the human body, while the liver and muscles

are the two organs responsible for storing it.
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Glycogen formation
It is a synthesis process that occurs inside cells in which glycogen is
built from glucose. The main site for this process is the cytosol of the
liver and muscle cells. Liver cells make up 8-10% of the weight of
glycogen formed, while muscles make up 1-2% of its weight. As for the
rest of the other cells, they manufacture small amounts of glycogen. The
process of glycogen from uridine glucose diphosphate (UDPG) begins
with the presence of the two enzymes
1-Glycogen Synthase: This is the primary enzyme in the synthesis of
glycogen. Where it stimulates the transfer of glucose units from uridine
glucose diphosphate, to what is called a glycogen primer, and thus leads
to the linkage of the first carbon atom of the transferred glucose to the
fourth carbon atom of the last glucose in the glycogen primer chain by
"alpha-1,4 glycosidic bond" ". This process can be repeated more than
once, leading to elongation of the primary glycogen until it reaches a
minimum of 11 units of glucose, and the chain is called the immature
glycogen chain, and then comes the role of the branching enzyme.
2- Branching enzyme: This enzyme carries out the transfer of a part of
the immature glycogen chain (the transported part consists of a
minimum of 6 glucose units) to link it to the nearest chain with the
"alpha—-1,6 glycosidic bond" to form another branching point acts as a

starting point for replication of the glycogen synthase.
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The importance of glycogen

1- Liver glycogen: It acts as a reserve of glucose that helps maintain
blood sugar, especially between meals, and after 12-18 hours of food
abstinence, the liver glycogen is depleted.

2—- Muscle glycogen: It acts as a reserve for the manufacture of
adenosine triphosphate (ATP) within the same muscle, especially during
contraction, and this glycogen is depleted after prolonged muscle

exercise.
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Classification of phenols according to the number of carbon atoms in the
basic structure
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Class Carbon Skeleton Examples
. . Catechol, 2 6-dimethoxybenzoquinone,
Co Simple phenols and benzoquinones hydroquinone, phenol pirocatechl
CC, Bezoic acids Gallu:., P-hydroxyben‘zc.nc, s.ahcyhc,
siringic and vanillic acids
- 3-Acetyl-6-methoxybenzaldehyde,
GGy Phenylacetic acids and acetophenones iyrosol,phydroxyphenylacetic acid
CeCs Cinnammic acids and phenylpropanoids Catha, Femhc’ p-eoumarie ?mapw.ac.ld.s’
aesculetin, bergenon, eugenin, myristicin
CeCy Naphtochinones Juglone, plumbagin
GGGy Xanthones Mangiferin, mangostin
. . Astringin, resveratrol, viniferin,
Cy-Co-Cy Stilbenes and anthraquinones chrysophanol, emodin
Catechin, cyanidin,
Ce—Ca-Cy Flavonoids and isoflavonoids epigallocatechin-3-gallate, naringenin,
quercetin, myricetin, genistein
. : Lariciresinol, pinoresinol,
(6l Lignans and neolignans eusiderin, magnolianin
(Cen Catechol melanins
(Cs-Cy)s Hydrolysable tannins
(Ce=Cy) Lignin, cutin and suberin

(C4=C3-Cg)y  Condensed tannins (proanthocyanidins)
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Classification of amino acids

1. Classification of amino acids on the basis of R-group

1.Nonpolar, Aliphatic amino acids: The R groups in this class of amino
acids are nonpolar and hydrophobic. Glycine, Alanine, Valine, leucine,
Isoleucine, Methionine, Proline.

2.Aromatic amino acids: Phenylalanine, tyrosine, and tryptophan, with
their aromatic side chains, are relatively nonpolar (hydrophobic). All can
participate in hydrophobic interactions.

3.Polar, Uncharged amino acids: The R groups of these amino acids are
more soluble in water, or more hydrophilic, than those of the nonpolar
amino acids, because they contain functional groups that form hydrogen
bonds with water. This class of amino acids includes serine, threonine,
cysteine, asparagine, and glutamine.

4.Acidic amino acids: Amino acids in which R-group is acidic or
negatively charged. Glutamic acid and Aspartic acid

5.Basic amino acids: Amino acids in which R-group is basic or positively
charged. Lysine, Arginine, Histidine
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