RESPIRATION
Respiration is an essential bio-chemical process in which oxidation of food materials takes place to release
energy. During this process, the unavailable energy of the food molecules is transformed into a readily
available form of energy i.e. Adenosine Tri phosphate (ATP) which is a form of chemical energy.
 Why an organism requires energy?
Every organism utilizes this energy to perform various biological activities, which are necessary
for its survival. For example, an organism has to grow in size, defend against adverse climatic
conditions, infectious diseases, enemies and predators. An organism is said to be successful in
the struggle for existence when it survives and reproduces. Energy is very necessary for its
survival and its proliferation. Growth includes synthesis of several new molecules in the cells
which requires energy. Synthesis of new molecules also takes place when the organism adapts
new environment or changed environment or when it fights against infectious diseases. It also
needs energy, when the organisms, especially animals are approached by their enemy or
predator, they have to fight against it or escape from it. In both the cases, energy is necessary to
perform rapid movements of muscles. In the previous chapter, you have learnt that how plants
manufacture their own food materials by trapping solar energy and converting it into chemical
energy. The animals cannot do so. Therefore they have to depend on plants to obtain food by
consuming sugars, starch, cellulose and other substances synthesized by plants. And also you
have learnt in your previous classes, no energy is released in the process of digestion of food
stuffs such as starch, fats and proteins in the digestive tract of animals, but they are converted to
simple molecules such as glucose, fatty acids and amino acids respectively. These simple
molecules are transported through circulatory system and supplied to the various tissues where
they undergo oxidation and form carbon dioxide and water. All organisms predominantly use
glucose in the process of respiration to get energy.
 What is respiration?
The oxidation of food materials, and proteins) into carbon dioxide and water is called
RESPIRATION. Energy is released in this process. This released energy is used to synthesize new
molecules (growth), transport of ions, locomotion etc. Carbohydrates and fats are the major components
in the food which are oxidized to produce energy. Substances which are oxidized in the body during
respiration to produce energy are called RESPIRATORY SUBSTRATES.
 CELLULAR RESPIRATION
Basic pathways to release energy are same in all organisms. Complex food molecules are not oxidized
directly to produce energy. Food materials should be simple for oxidation. Macromolecules, such as
starch, fats and proteins do not undergo oxidation. They have to be converted into simple sugar like
glucose, fatty acid and amino acids prior to undergo oxidation. This process is done in digestive system.
These simple micro molecules are supplied to different tissues through blood circulation in animals. In
plants, food materials are synthesized during photosynthesis and are carried to all cells through phloem.
Energy is produced when the glucose and fatty acids undergo oxidation in the cells. As this process
occurs in the cells, this is called cellular respiration.
 Comparison of Respiration and Chemical Combustion
Combustion is a process of burning of organic substances in the presence of oxygen in which energy is
released in the form of heat. E. g. burning of wood, sugar or oil.

DO YOU KNOW?

Take small amount of sugar on a tin foil and heat it over a flame by holding it with

tongs. You will observe that sugar melts and turns to black colour. This is called charring. Then it
catches fire and burns. As a result carbon dioxide and water are produced. Energy is liberated in the
form of heat.
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Similarities of Respiration and chemical Combustion
1.
2.

Both respiration and combustion require oxygen hence both are oxidative processes.
Carbon dioxide and water are produced in both the processes.
Though the organic substance and products are same, there are certain differences between
respiration and combustion.

Differences between respiration and Combustion
Respiration
1. It occurs in the cells of organisms.
2. It occurs in several steps.
3. It requires several enzymes.
4. Several intermediate compounds are formed.
5. Energy is liberated in two forms i.e. chemical
energy (ATP) and heat energy
6. It occurs at the body temperature of organisms
7. Initial supply of heat is not required to oxidize
sugar molecules.
8. There is no charring or burning of sugar
molecules
9. Energy released in several stages

Combustion
1. It occurs in the atmosphere.
2. It occurs in a single step.
3. It does not require any enzymes.
4. No intermediate compounds are
formed
5. All the energy is liberated as heat.
6. It occurs at high temperature.
7. Heat is to be supplied for the sugar
molecules to burn
8. Sugar chars at first and then it
burns.
9. Energy released at once.

 Types of Respiration
Respiration is of mainly two types.
1. Aerobic respiration: Respiration which occurs by utilizing oxygen is called Aerobic Respiration.
2. Anaerobic respiration: Respiration which occurs without involvement of oxygen is known as anaerobic
respiration.
Differences between Aerobic and anaerobic respirations are given below.
Anaerobic Respiration
Aerobic Respiration
1. It does not require oxygen
1. It requires oxygen.
2. It occurs in the absence of oxygen.
2. It ceases in the absence of oxygen.
3. Carbon dioxide and Water are not produced. 3. Carbon dioxide and water are produced.
The end products may be alcohols or lactic acid.
4. Small amount of energy is produced (17,800
calories)
4. Large amount of energy is produced (6,74,000
5. It is performed by parasites, bacteria like
calories)
clostridium, yeast, muscle tissues etc.
5. All the tissues perform aerobic respiration
6. Glucose is partially oxidized.
6. Glucose is completely oxidized.
7. C6H12O62CH5OH+2CO2+56 K. cal
7. C6H12O6+6O2  6CO2+.6H2O+686.6K.cal
CPP
1.
What is respiration?
2.
What is cellular respiration?
3.
What are aerobic and anaerobic respirations?
5.
What are the differences between respiration and combustion?
6.
What is meant by respiratory substrate? Give examples
7.
What are the similarities between respiration and combustion?
8.
What is oxidative phosphorylation?
9
What are the various uses of ATP?
10. Which type of molecules is oxidized in respiration? Give examples.
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Respiration includes several biochemical reactions




The oxidation of glucose and fatty acids occurs mainly in three stages. They are
Glycolysis
Krebs cycle
Electron transport.

Each stage in turn consists of several reactions. In each reaction, a new product is formed. This new product
is the substrate in the successive chemical reaction. Likewise different products are formed in a series of
biochemical reactions. These products are called metabolic intermediates. For example glycolysis phase in
respiration consists of nearly ten chemical reactions. It starts with respiratory substrate like glucose and
ultimately forms two pyruvic acid molecules.
MI1, MI2 & MI3 are metabolic intermediates in the reactions of R1, R2 and R3.
The stages and different reactions in respiration are universally similar in all the organisms from bacteria to
man. Energy is produced in some of the chemical reactions and is not produced in remaining reactions.

 Fate of Pyruvic acid
Glycolysis is the common pathway for Aerobic and Anaerobic respiration
Glucose is the most commonly used sugar that undergoes respiration. Glycolysis
(Gluco = Glucose; Lysis = splitting) is the process of splitting glucose molecule (6 carbon atoms; hexose) into
two molecules of pyruvic acid (3 carbon atoms - triose). It does not require any amount of oxygen.
Glycolysis is the first phase for both aerobic and anaerobic types of respirations.

In aerobic respiration, the pyruvic acid molecules undergo oxidative decarboxylation reactions and
gives off carbon dioxide and hydrogen atoms. These hydrogen atoms are taken up by oxygen and
forms water.

In anaerobic respiration, the end products of glycolysis i.e. pyruvic acid undergo,in complete
oxidation to CO2 and compounds like ethanol or lactic acid. Thus fate of pyruvic acid is different
in different organisms.
For example : In muscles and in several tissues pyruvic acid is reduced to lactic acid. In absence of oxygen,
yeast cells convert pyruvic acid to ethanol (alcohol).This process is called FERMENTATION.


The following flow chart explains about fate of pyruvic acid

Glucose
AEROBIC RESPIRATION

Krebs cycle
O2
6CO2 + 6H2O + 38 ATP



ANAEROBIC RESPIRATION
2 Pyruvic acid
Fermentation

2C2H5OH + 2CO2 + 2 ATP (in plants)
Or
C3H6O3 + 2 ATP (in animals)

Fate of Pyruvic acid
Fermentation is a type of anaerobic respiration which is carried on by yeast cells (fungi) and some
bacteria (Lactobacillus). Although man has been familiar with alcoholic fermentation since prehistoric
times, BUCHNER, in 1987, accidentally discovered that the yeast extract contained an enzyme
complex known as zymase, which is responsible for enzymatic break down of glucose. Molasses,
grape juice, germinating barley and wheat grains are used to produce large amounts of alcohol and
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other beverages.


Bacteria such as lactobacillus convert pyruvic acid into lactic acid. This is what we observe in the
conversion of milk into curd.

Mitochondria - the sites of cellular respiration
In all Eukaryotic cells, different cell organelles are present. Mitochondria are the important cell organelles
which can use oxygen for respiration and energy production. Hence the mitochondria are referred as the
power houses of the cell. In prokaryotic cells, mitochondria are absent. So the respiration process is
performed by the cell membrane. Mitochondria are very minute cell organelles which cannot be seen even
with an ordinary microscope. The structure of mitochondria is revealed under electron microscope. The
number and shape of the mitochondria vary in different cells.
Discovery
Mitochondria were first observed by Kolliker (1880). They were named mitochondria by Benda (1897)
Shape and Size of mitochondria
Mitochondria are usually sausage shaped, but may be spherical, oval, pear shaped, cylindrical, filamentous
or even branched. The shape and size of mitochondria vary with the kind of cellular activity. Normally, they
have a length of 5 – 10 m and a diameter of 0.5 – 1.0m.
Structure of mitochondria
Mitochondria consist of two compartments. Both
compartments are covered by membranes.
Outer membrane
It is smooth membrane without any projections. It
envelops the outer compartment.
MITOCHONDRIA
Inner membrane
The inner membrane envelopes the inner compartment.
The substance in the inner compartment called matrix,
which is filled with fluid, containing respiratory enzymes.
These enzymes are important to carry out various
reactions of respiration (Krebs cycle).
The inner membrane is thrown into several folds into the
fluid filled matrix called cristae. The cristae on its inner
surface are embedded with tennis rocket shaped particles
called elementary particles or F1 particles or
oxysomes. Each oxysome consists of two parts.
1. Head
2. Stalk.
Head consists of cytochromes and ATPase enzymes
which are necessary for electron transport or oxidative
phosphorylation.

Cristae enlarged to show
elementary particles

 Mechanism of respiration
As mentioned earlier the process of respiration is completed in three phases.They are
1. Glycolysis or Glycolytic pathway.
2. Krebs cycle.
3. Electron transport or oxidative phosphorylation


Glycolysis: (Glyco Glucose; lysis = breaking down)
The process of converting six carbon compound i.e. glucose into two molecules of three carbon
compound, Pyruvic acid is known as Glycolysis (EMP path way—Glycolysis was discovered by three
German scientists—Embden, Meyerhoff and J.Pranas).
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It occurs in the cytoplasm of the cell. It consists of nearly six chemical reactions and does not require
oxygen.
It is common to aerobic and anaerobic respiration because it is independent of oxygen. ‘Glyco’ means
glucose, ‘lysis’ means breakdown.
Some energy is to be spent to energise the glucose molecule. In the very first reaction of glycolosis,
glucose is energized by adding a molecule of phosphate, which is taken from ATP molecule and added
to glucose.
The product of this reaction is Glucose  6  phosphate. (Phosphate is added to the sixth carbon atom
of glucose molecule).Later it is converted into Fructose 1  6  diphosphate (biphosphate) by utilizing
one more molecule of ATP. Therefore, two molecules are used in the beginning of glycolysis.
Fructose  1  6  diphosphate undergo some chemical changes and splits into two molecules of
Pyruvic acid. In Glycolysis, 4 molecules of ATP, 2 molecules of NADH are formed. As 2 molecules of
ATP are used in the process, the net gain is 2 ATP molecules.
We have already mentioned the fate of pyruvic acid. If oxygen is available, pyruvic acid enters the
mitochondria and gets oxidized to carbon dioxide and water.
Glucose
ATP  ADP
Glucose  6  phosphate
ATP  ADP
Fructose 1  6  diphosphate
4 ADP  4 ATP
2 NAD 2 NADH
2 Pyruvic acid
C6H12O6 + 2 ADP + 2 Pi + 2 NAD → 2 CH3COCOOH + 2 ATP + 2 NADH+H

Krebs cycle








It consists of series of ten chemical reactions in which carbons present in pyruvic acid are oxidised
and liberated as carbon dioxide molecules.
The hydrogen present in the pyruvic acid are added to NAD+ and to FAD+ (Flavin Adenine
Dinucleotide another electron acceptor present in mitochondri(A) to form NADH and FADH2.Entire
sequence of reactions were discovered by Sir Hans Krebs and he was given Nobel Prize for his
work. This sequence of reactions is therefore, called Krebs Cycle. It occurs in the matrix of
mitochondria.
In the first reaction, one of the carbons of Pyruvic acid is removed as carbon dioxide and Pyruvate is
formed.
Pyruvate is converted to a compound with 2 carbon atoms called Acetyl coenzyme- A.
As Acetyl coenzyme –A is smaller molecule it cannot perform further reactions, so it is attached to
bigger molecule (oxaloacetic aci(D).This bigger one will not involve in reactions, it helps in progress
of the reactions.
In the next reaction, this compound is attached to a compound with 4 carbon atoms called
OXALOACETIC ACID.As a result a compound with 6 carbon atoms ,called CITRIC ACID, is formed.
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After the formation of citric acid (6(C) two more carbons are removed As a result oxaloacetic acid
(4(C) is formed again. This combines with another molecule of acetyl coenzyme-A and the cycle
continues. This is also Known as CITRIC ACID CYCLE
In this process also a small amount of energy in the form of GTP (Guanosine Triphosphate) is
formed for every cycle (totally 2GTPs are formed from 2 pyruvic acid molecules).It is given in the
following flow chart.
SHOWING OUT LINE OF KREBS CYCLE



Starch

Glucose

(6C)

Pyruvic
Acid

Pyruvic
Acid

(3C)

(3C)

CO2

CO2

Acetyl Co–A
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(6C)
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CO2

CO2

CO2
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Electron Transport






In this process, the reduced agents formed in Glycolysis and Krebs cycle i.e. NADH+H and FADH2
are oxidised.
It occurs in oxysomes of cristae in Mitochondria. It also includes a set of reactions in which several
electron carriers participate to transport electrons from reducing agents to ultimate acceptor i. e
oxygen and forms water molecule.
Several electrons are arranged like links in a chain and this arrangement is called electron
transport chain.
Electrons present in NADH and FADH2are transported from one acceptor to another acceptor.During
this process energy is liberated and this energy is used for the production of ATP.These electrons
and protons are finally transferred to oxygen to form water.
. During this process, at particular steps, ATP molecules are formed. In this process, 3 molecules of
ATP are formed in the oxidation of each NADH + H molecule and 2 molecules of ATP are formed in
the oxidation of each FADH2 molecules.
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Energetics
The number of ATP molecules produced in electron transport is:
10 NADH + H →
10  3 →
30 ATP
(2 NADH + H in Glycolysis, 8 NADH + H + in Krebs cycle)
2 FADH2
→
22 →
4 ATP
34 ATP
Net ATPs formed in Glycolysis →
2 ATP
Net ATPs formed in Krebs cycle →
2 ATP
38 ATP
 Hydrolysis of one ATP molecules gives 7200 calories of energy.
 For 38 ATP = 38 x 7200 = 2, 73, 600 Calories or 273. 6 K. Cal
For each glucose molecule oxidation 273.6 k. cal energy is released. It is about 40% of the total energy
present in glucose. Some amount of energy generated from the oxidation of food material is released as
heat.

One molecule of ATP produce:
38 molecules of ATP produce: (38  7.2)
The amount of energy of released as heat

Result
=
7.2 K.cal of energy
= 273.6 K.cal of energy (40%
of total energy)
= 412.4 K.cal of energy (60%
of total energy)

The total amount of energy from one molecule of glucose = 686.0 K.cal / energy
2 Pyruvic acid + 8 NAD + 2 FAD + 2 ADP → 6 CO2 + 8 NADH + H + 2 FADH, + 2ATP
In both Glycolysis and Krebs cycle, very small amount of energy is released i.e. 2 ATP molecules in each.
By studying above 3 phases of respiration.
(1)
You might have observed that oxygen is used to form water molecule in the last step of respiration
when the hydrogen atoms are taken by oxygen, but not to oxidise carbon molecules of glucose to
carbon dioxide.
(2)
It is revealed that the exhaled CO2 does not contain the inhaled O2 molecules in respiration but it
contains oxygen molecules of glucose.
(3)
Oxygen is not required for any reaction in glycolysis and in citric acid cycle.
(4)
Only carbon dioxide is produced in citric acid cycle.
(5)
Water is not produced in glycolysis and citric acid cycle––in other words, only carbon atoms present
in glucose are removed as carbon dioxide and the hydrogen atoms present in glucose are not
oxidized to water.
Fatty acids contain more number of carbon and hydrogen atoms than glucose. For example: Palmitic acid
(CH3 (CH2)14 COOH) contains 16 carbon atoms. It gives 8 acetyl Co A (2 carbon compoun(D) molecules in
the degradation, where as glucose gives 2 acetyl Co A molecules. This is the reason why fatty acids give
more energy on oxidation than carbohydrates (glucose).

CPP
1.
2.
3.
4.
5.
6.
7.

What is meant by metabolic intermediates?
What is oxidative phosphorylation?
How oxygen is used in final stage of respiration?
How is the electron transport chain organized in mitochondria?
How is ATP formed during the oxidation of NADH+H and FADH2?
How citric acid is formed?
In which step and in what form, most of the energy in glucose is released?
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8. What is Glycolysis? Where does it occur?
9. What are sites of Krebs cycle and electron transport?

Factors Controlling Respiration
DO YOU KNOW? Many factors control the rate of respiration such as oxygen, temperature etc. Studies on
factors controlling respiration are important as they help us to preserve fruits, vegetables
and other food items. It also helps in designing proper drugs to control respiration, which
may be used for the treatment of several diseases and also to control pest and parasite
infections.
Oxygen is an important factor:
The reducing agents NADH+H and FADH2 are not oxidized, if the oxygen is absent. So, the formation of ATP
in electron transport will not occur. Organisms like yeast cells can derive energy by performing anaerobic
respiration. Bacteria like Lactobacillus also produce little amount of ATP and produce lactic acid. In higher
organisms, muscle tissues also perform anaerobic respiration during severe exercise and produce lactic
acid. We can notice that rate of respiration increases during severe exercise to meet the oxygen debt. The
availability of oxygen may not be a problem to terrestrial animals in normal conditions but it is critical to
aquatic animals because they depend on dissolved oxygen in water.
Respiration occurs both under Aerobic and Anaerobic conditions
Experiment:
Aim:

To prove that respiration occurs both in the presence and absence of
Oxygen.

Apparatus:

Three wide mouthed glass bottles, rubber stoppers, two small beakers, seeds, yeast, lime
water.

Procedure:

Take three wide mouthed bottles with tight fitting rubber stoppers. Keep two beakers with
lime water and keep them in first two bottles. Keep germinating seeds in the first bottle and
dry seeds in the second bottle. Close the bottles tightly and apply vaseline to the mouths of
the bottles to prevent leakage of gases. Take 100 to 200 ml. of glucose solution in the third
bottle and add bakers yeast and add oil to the glucose solution. As the oil forms layer on the
surface of glucose solution. It will not contact with air. Then close the third bottle with tight
rubber stopper and apply Vaseline. Keep this, undisturbed for one or two days.

Observation: You can observe the following points.
1.
The lime beaker present in first bottle with greater amount of precipitate.
2.
The lime beaker in the second bottle with slight change in colour or precipitate.
3.
You will notice the smell of alcohol from third bottle when you open the bottle.
Inference:
1.
In the first bottle, germinating seeds perform aerobic respiration with high rate. As a result of which
highest amount of carbon dioxide is released. It gets reacted with lime water and greater
precipitation is formed in the beaker with lime water.
2.

In the second bottle, dry seeds perform respiration with low rate. Therefore less amount of CO2 is
released; correspondingly the beaker with lime water contains slight precipitation.

3.

In the third bottle, yeast cells respire anaerobically because O2 supply is prevented by applying oil on
glucose solution and released alcohols. That is why you felt alcoholic smell
when you open the
third bottle.
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EXPERIMENT TO DEMONSTRATE THAT CO2 IS EVOLVED DURING RESPIRATION
Temperature affects the rate of respiration
The rate of respiration increases doubled for every 10°C increase
of temperature. This increase is seen up to 45°C and further
increase in temperature leads to decrease in the rate of
respiration. The temperature at which the rate of respiration is
maximum is called optimum temperature. The respiratory
enzymes show highest activity at this temperature, hence the rate
of respiration is high at optimum temperature. Below the optimum
temperature and above the optimum temperature, the enzymes
do not show their maximum activity; therefore the rate of
respiration decreases.This fact is taken advantage and is used to
preserve food materials in refrigerators and cold storage bins.
Eggs, fruits, flowers, vegetables, meat and fishes stored at low
temperatures will not spoil for a long time. Enzymes are denatured (killed) and become inactive
at high temperatures.
Heat is liberated during respiration:
Experiment:
Aim: To prove that heat is liberated during respiration
Apparatus: Two thermos flasks, germinating seeds, dry
seeds, two thermometers, cork lids.
Procedure: Take two thermos flasks and keep germinating
seeds in one and dry seeds in the other. Close the flasks with
tightly fitted cork lids. Make a hole to the cork lids exactly to fit
thermometer and see that the bulb of thermometer is in
contact with seeds. Record the temperature of both the flasks
every 2 or 3 hours intervals for about 24 hours.
Observation: You will notice that the temperature in the flask
with germinating seeds is higher than the temperature in the
flask with dry seeds.

THERMOS
FLASK
EXPERIMENT
DEMONSTRATE THE RELEASE OF
ENERGY DURING RESPIRATION

TO
HEAT

Inference: It indicates that the germinating seeds respire with highest rate and liberate highest heat while it
is negligible in the case of dry seeds.
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CPP
1.

Differences between aerobic and anaerobic type of respiration.

2.

Mention the energy currency of the cell and its uses.

3.

Write a short note on Glycolysis

4.

Describe the structure of Mitochondria with the help of diagram

5.

Give an account on Krebs’s cycle

6.

Write short note on electron transport?

7.

How can we show that heat is liberated during respiration?

8.

How can we use the studies on the factors controlling respiration? Give examples.

9.

Where do we see respiration in absence of oxygen?

10. What are the factors that control respiration?
Multiple choice questions
The energy used in biological activities.
(A) ADP
(B) ATP
(C) NADP

1.
2.

3.

4.

5.
6.

The reaction with the involvement of oxygen.
(A) Photosynthesis
(C) Anaerobic respiration

(B)Aerobic respiration
(D) Fermentation.

The process of fermentation can be seen in.
(A) Plant cells
(B) Yeast Cells

(C) Lacto bacillus

8.
9.

10.

11.

12.

(D) Muscle cells.

What is the bacterium used in our kitchens for making curds.
(A) Clostridium
(B) Pseudomonas
(C) Lactobacillus

(D) Nitrosomonas

The end product in fermentation is
(A) Lactic acid
(B) Pyruvic acid

(D) Glucose

(C) Ethyl alcohol

What is the form of sugar commonly undergoes oxidation
(A) Sucrose
(B) Starch
(C) Glucose

7.

(D) NADPH + H

Water is produced in _______process
(A) Aerobic respiration (B) Fermentation
(C) Anaerobic respiration

(D) All of the above

What is the formula of ethyl alcohol?
(A) C6H1206
(B) C2H5OH

(C) C3H403

(D) Galactose

(D) C3H7OH

Which tissue can perform anaerobic respiration?
(A) Nervous tissue
(B) Muscle tissue
(C) Bony tissue

(D) Connective tissue

What is common to both aerobic and anaerobic respiration?
(A) Glycolysis
(B) Krebs cycle
(C) Electron transport

(D) none of these

How many carbon atoms are present in a glucose molecule?
(A) Four
(B) Six
(C) Three

(D) Five

How many carbon atoms are present in pyruvic acid?
(A) Three
(B) Five
(C) Six

(D) Four
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13.
14.

Which one of these is not macro molecule?
(A) Starch
(B) Protein

(C) Fat

How many ATP molecules are formed in Glycolysis?
(A) 4
(B) 2
(C) 8

(D) Glucose
(D) 38

15.

Which of the following substance, cannot undergo directly in oxidation?
(A) Glucose
(B) Fructose
(C) Sucrose
(D) Fructose 6 – phosphate

16.

How much percentage of glucose can be converted into ATP?
(A) 10
(B) 40
(C) 80

17.

(D) 50

How many ATP molecules are produced if one NADH+H molecule undergoes oxidation?
(A) 3

(B) 2

(C) 4

(D) 1

18.

How many ATP molecules are produced if one FADH2 undergoes oxidation?
(A) 2
(B) 4
(C) 3
(D) 1

19.

How many NADH+H molecules are formed, if one glucose undergoes complete oxidation?
(A) 6

(B) 8

(C) 10

20.

What is the six carbon compound formed at first in the Krebs’s cycle.
(A) Oxalo acetic acid
(B) Citric acid
(C)  - ketoglutaric acid (D) Fumaric acid

21.

During the process of respiration
(A) Enzymes are synthesized
(C) Organic substances are utilized

(D) 12

(B) Large number of ATP molecules are utilized.
(D) fats never participate

22.

In anaerobic respiration
(A) glycolysis does not take place
(B) Water molecule is split
(C) Oxygen acts as a final electron acceptor
(D) Lactic acid is the end product

23.

Oxidative phosphorylation is the formation of
(A) ADP during aerobic respiration
(C) ATP during aerobic respiration

(B) NADP during anaerobic respiration
(D) ATP during presence of sun light

24.

Conversion of glucose of pyruvic acid yields a net gain of
(A) 2 molecules of ATP (B) 36 molecules of ATP
(C) 4 Molecules of ATP (D) 38 molecules of ATP

25.

Maximum rate of respiration takes place at:
(A) 0C
(B) 45 C

(C) 100 C

Respiration differs from combustion in:
(A) Release of energy all at once
(C) Initial burning of the substance

(B) Release of heat at several stages
(D) Initial supply of oxygen

26.

27.

In one of the following observes only aerobic respiration.
(A) Muscles
(B) Yeast
(C) Tetanus bacteria

(D) 60 C

(D) Germinating seeds
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28.

29.

Cellular respiration takes place in the
(A) Cytoplasm and mitochondria
(C) Chloroplast and mitochondria

(B) Nucleus and mitochondria
(D) Mitochondria and vacuole

Respiration takes place in presence of
(A) Light
(C) Optimum temperature

(B) chlorophyll
(D) moisture

Fill in the blanks
1.

___________ is necessary for the survival of the organisms.

2.

___________ is evolved during aerobic respiration.

3.

All the living cells cannot live without _________________

4.

The oxidation of sugars in a single step is called __________________

5.

_____________ energy is not produced in combustion.

6.

________________ is called charring.

7.

–––––––––– and ––––––––– energy is produced in respiration.

8.

The addition of phosphate group to the ADP is called___________

9.

The substances which undergo respiration are called ___________

10.

The cell respiration occurs in ____________ (cell organelle).

11.

Glycolysis occurs in ____________

12.

Krebs cycle occurs in __________ of the mitochondria.

13.

Electron transport occur in ____________

14.

Mitochondria can be seen with the help of ____________

15.

____________ has got Nobel Prize for his eminent work on respiration.

16.

__________ is the two carbon compound that enters into Krebs cycle

17.

__________ is the first formed compound in Krebs cycle.

18.

The fluid filled space present inside the inner mitochondrial membrane is called

19.

____________ is also known as F1 particles.

20.

Each ATP liberates __________ calories energy.

21.

In___________ stage, oxygen is used in respiration.

22.

______________ are rich energy compounds than carbohydrates.

23.

__________ is the common metabolic intermediate for both fats and carbohydrates.

24.

Fermentation produces ________________and ____________________

25.

Inner folds of mitochondria are called ___________________

26.

Inner compartment of mitochondria is known as ___________________

27.

Respiration in the absence of oxygen by microorganisms is known as _____________

28.

The first stage of respiration is called ________________

29.

Simple form of carbohydrates easy to undergo respiration is _________________

30.

Rate of ____________________decreases when fruits are kept in cold storage.
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31.

Fruits can be ripened early by keeping them in a room temperature between ________

32.

The scientist who studied the sequences of changes in citric acid cycle is__________

33.

In citric acid cycle, Acetyl CO A combines with ––––––––––, a four carbon compound

34.

The products formed in aerobic respiration are __________________

35.

In ATP, energy is stored in inorganic ___________________
Match the following
SET-I
1

Respiratory substrate

[

]

A

Mitochondria

2

End product of Glycolysis

[

]

B

Citric acid

3

Krebs cycle

[

]

C

Glucose

4

NADH

[

]

D

Pyruvic acid

5

Power house

[

]

E

Electron accepter

[

]

F

Proteins

1

Cytoplasm

[

]

A

SET-II
56.K.cal

2

Matrix

[

]

B

686K.cal

3

Elementary particles

[

]

C

Thylakoid membrane

4

Aerobic respiration

[

]

D

Electron acceptor

5

Anaerobic respiration

[

]

E

Glycolysis

[

]

F

Krebs cycle
SET-III

1

Fermentation

[

]

A

No intermediate products

2

Combustion

[

]

B

Respiration

3

Common path way

[

]

C

Yeast

4

Oxidative phosphorylation

[

]

D

50C

5

Optimum temperature

[

]

E

45C

[

]

F

Glycolysis

ANSWERS TO CHAPTER PRACTISE QUESTIONS
OBJECTIVE
1.

B

2.

B

3.

B

4.

C

5.

C

6.

C

7.

A

8.

B

9.

B

10.

A

11.

B

12.

A

13.

D

14.

A

15.

D

16.

B

17.

A

18.

A

19.

C

20.

B

21.

C

22.

D

23.

C

24.

A

25.

B

26.

A

27.

D

28.

C

29.

A

30.

C
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1. Energy

2. CO2

5. Chemical

Fill in the blanks
3. O2

4. Combustion

6. Turning of sugar into black colour during combustion

7. Chemical, heat

8. Phosphorylation

10. Mitochondria

11. Cytoplasm

9. Respiratory substrates

12. Matrix

13. Oxysomes or cristae in Mitochondria 14. Electron microscope

15.Sir Hans krebs

16. Acetyl – co A

17.Citric acid

18. Matrix

19. Elementary particles

20. 7200

21. electron transport

22. Fats

23. Acetyl co–A

24. Ethyl alcohol, CO2

25. Cristae

26. Matrix

28. Glycolysis

29. Glucose

30. Respiration

32. Krebs

Match the following
I
1.
C
2.
II
1.
E
2
III
1.
C
2

33. Oxaloacetic acid

27 Fermentation
31. 10C to 45 C

34. CO2, H2O

35. Phosphate

D

3.

B

4.

E

5.

A

F

3

D

4

B

5

A

A

3

F

4

B

5

E
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Respiratory Organs In Animals
All living organisms require a continuous supply of energy for carrying out various functions such as uptake
of materials, growth, development, movement and keep their body warm. The energy needed by the cells is
obtained through cellular respiration. Even the green plants that trap solar energy by photosynthesis and
store it as organic compound depend on respiration for their continuous energy supply. Since oxygen
stores are limited in any organism, the body requires a continuous supply of oxygen from the
environment. In single celled organisms such as protozoa, oxygen present in the surroundings enters the
body directly. Carbon dioxide, produced leaves the body and enters into surrounding water. This is not
possible in multicellular animals because all the cells are not in direct contact with the surroundings and are
covered by skin. In these animals, there are special organs which obtain oxygen from the
surroundings and supply it to all the other cells in the body. Carbon dioxide produced by all the cells is
also eliminated into the surroundings through these organs. This organ system is called RESPIRATORY
SYSTEM. In this chapter you will study different types of respiratory organs in animals.
Different respiratory organs were developed in different animals–reasons
(A) Habitat: Animals can be divided into mainly two types on the basis of their habitat. The animals which
live on land and take oxygen from air are called Terrestrial animals. The animals which live in water and
take dissolved oxygen in water are called Aquatic animals. The aquatic animals cannot use the oxygen
present in air. Animals have developed different respiratory organs to suit their surrounding environment. For
example, the aquatic animals like fishes have developed gills which can take dissolved oxygen in water.
(B) Other reasons: However habitat is not the only criteria for the development of different respiratory
organs. For example, all the terrestrial animals do not have same respiratory organs. Man, cockroach and
earthworm belong to same habitat, i.e. terrestrial but the respiratory organs are different in these animals.
Man respires with lungs, cockroach respires with specialized tubes called trachea, and earthworm performs
respiration with skin. Hence it is known that there are several other reasons than habitat to develop different
types of respiratory organs in animals. They are size of the body, type of terrestrial habitat, availability
of water in the habitat and the type of circulatory system.
(C) Method of O2 diffusion: Since the amount of dissolved oxygen in water is fairly low compared to the
amount of oxygen in the air, the rate of breathing in aquatic organisms is much faster than that seen in
terrestrial organisms. Fishes take in water through their mouths and force it pass the gills (respiratory
organs) where the dissolved oxygen is taken up by blood.
Terrestrial organisms use the oxygen in the atmosphere for respiration. This oxygen is absorbed by different
organs in different animals. All these organs have a structure that increases the surface area which is in
contact with the oxygen–rich atmosphere. Since the exchange of oxygen and carbon dioxide has to take
place across this surface, this surface is very fine and delicate. In order to protect this surface, it is usually
placed within the body, so there have to be passages that will take air to this area. In addition, there is a
mechanism for moving the air in and out of this area where the oxygen is absorbed. This mechanism is
under the control of respiratory system.

Different types of respiration by different respiratory organs in different animals are shown in table.
Respirato
Type of Respiration
Habitat
Animals
ry organ
Earthworm, leech, frog etc.
1. Cutaneous respiration
Skin
Aquatic or Terrestrial
Fishes, tadpole larva of frog, prawns,
2. Branchial respiration
Gills
Aquatic
some crabs etc.
3. Tracheal respiration

Trachea

Terrestrial

4. Pulmonary respiration

Lungs

Terrestrial

Insects
Some amphibians, reptiles, birds and
mammals
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Respiration occurs in two stages : 1. External respiration
External respiration or ventilation:
In this process, oxygen enters into blood and
carbon dioxide leaves the blood.

2.

Internal respiration

Internal respiration:
In this process, blood supplies oxygen to the
tissues and carries carbon dioxide from the
tissues to the respiratory organs.

External respiration has two phases.
1.
Inhalation or Inspiration: The process in which air or water is taken into the
In this process, oxygen present in air or water is taken up by
respiratory organs.

respiratory organs.

2.
Exhalation or Expiration: The process in which air or water is sent out of the
respiratory organs.
In this process, carbon dioxide is expelled out of the respiratory
organs.
Respiration in Unicellular Animals
Respiration in Amoeba
In unicellular animals like amoeba, the process of respiration occurs by the method of diffusion.
What is diffusion?
Diffusion is the process in which the molecules move from higher concentration to the lower
concentration.
 Amoeba does not have special respiratory organs.
 The intake of oxygen into the cytoplasm of amoeba and expulsion of carbon dioxide
from the cytoplasm are in the method of simple diffusion through the cell membrane or cell surface. It
is because, the complete cell surface is always in contact with the surrounding water.
 The cytoplasm of amoeba contains less
amount of oxygen than in the surrounding
water because oxygen is continuously
used in respiration.
 This concentration gradient in oxygen
facilitates the diffusion of oxygen into the
cytoplasm of amoeba continuously.
 In contrast to this, the concentration of
carbon dioxide is always high in the
cytoplasm than in the surrounding water
Respiration in amoeba by diffusion
because carbon dioxide is continuously
formed in the cytoplasm during respiration.
 As the respiration is continuous process, the carbon dioxide is continuously diffuses out of the
cytoplasm into the surrounding water.

Cutaneous Respiration
DO YOU KNOW?
Skin acts as a respiratory organ in both Invertebrates and Vertebrates.The respiration performed by the skin
is called cutaneous respiration. Earthworms, leeches and salamanders solely depend on cutaneous
respiration. In amphibians like frogs, skin acts as an accessory respiratory organ. In these animals, skin is
suitable to perform respiration.For the skin to carry out respiration ,the following conditions are important.
Like:
1. Skin should be kept moist.
2. It should be supplied with plenty of blood capillaries.
The above two conditions help to get oxygen and get rid off carbon dioxide.
Cutaneous Respiration in Earthworm: Skin is the only respiratory organ in earthworm. It is always kept
moist and supplied with blood capillaries. In earthworm, the respiratory pigment haemoglobin is dissolved in
the plasma of blood but not in blood corpuscles unlike other animals. Haemoglobin carries oxygen to the
tissues.
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Earthworm keeps its skin moist by three methods
1.
The epidermis of skin consists of mucous glands which secrete a sticky fluid mucous. Mucous absorbs
water and covers the thin water layer so that it retains for a long time. It enables the skin not to dry up
rapidly and keeps the skin moist for a longtime.
2.

The coelomic fluid present in the coelom of earthworm always oozes out through the dorsal pores. It
also contains mucous cells. This coelomic fluid also keeps the skin moist.

3.

Earthworm lives in burrows in the deeper layers of soil where the temperature is low so that the
evaporation of moisture on the skin is reduced and keeps the skin always moist. The burrowing habit
helps to escape from severe temperature.

Process of respiration
The oxygen present in the air diffuses into thin water layer which lies beneath the mucous layer and then it
diffuses into blood through the walls of blood capillaries. In the same manner carbon dioxide expels out
through the skin. Earthworms cannot live outside their burrows for a long time. Outside the burrow, they
loose moisture quickly and the skin becomes dry. Similarly, earthworms come out of their burrows in rainy
season when the burrows are filled with rain water.
Cutaneous Respiration in Frog
Frog is an amphibious animal which can live both on land and in water. It respires with skin, lungs and also
with buccopharyngeal cavity. Skin is the major respiratory organ in both water and land. 35% of the total
respiration is performed by skin. Frogs skin is also kept moist due to the presence of mucous glands and
richly supplied with blood vessels. Frog leaps into water very frequently to keep its skin wet and moist.
DO YOU KNOW?
Aestivation
Frogs undergo summer sleep or aestivation to avoid severe scorching sun. Frogs make burrows deep into the soil and
live inactively, when the surroundings are dry and hot. During this period, frog depends on cutaneous respiration
completely. Frog undergoes death if the skin is dried up. It comes out of the burrows during night for feeding when the
temperature is low.
Hibernation
Frog becomes inactive and live in burrows during severe winter when the atmosphere is chilled. It is called winter sleep
or hibernation. It respires with skin completely during this period.

Salamanders are also amphibians, which can perform cutaneous respiration.
CPP
1.

What is respiratory system?

2.

In which type of respiration lungs are used?

3.

What is cutaneous respiration?

4.

What is external respiration?

5.

What is internal respiration?

6.

What is the type of respiration in amoeba?

7.

Write a note on cutaneous respiration in earthworm.

8.

Explain about respiration in frog.

9.

Write short notes on respiration in amoeba.

10.

Write the differences between internal and external respiration.
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Tracheal respiration
Insects cannot breathe through their skin like an earthworm or a frog. The body of insects is covered by
thick, hard, chitinous layer called cuticle, which is impermeable to water. Cuticle serves as a skeleton in the
insects. This skeleton is outside the body, therefore it is called EXOSKELETON. This prevents the insect
from carrying out cutaneous respiration. They adopted a special type of respiratory system with tubes called
tracheal system. In insects, blood does not circulate rapidly and supply oxygen to other tissues. Moreover
the blood in several insects has no haemoglobin (oxygen carrying protein) and is colourless. For respiration,
the body of insects has adapted a different system called Tracheal system.
Tracheal Respiration in Cockroach
It possesses tube like structures called trachea. They open outside through apertures called spiracles or
stigmata on the lateral side of their body. The spiracles open into a chamber called atrium and are guarded
by valves. The spiracles open and close with the help of valves during respiration.
Tracheal system mainly consists of two
longitudinal tracheal trunks which are
connected with atria by transverse trachea.
Several tracheas arise from each longitudinal
trunk. Each trachium divides into small
branches called tracheoles which supply
oxygen directly to the tissues. As said earlier in
insects blood is not having role in transporting
of gases.
Cockroach - Tracheoles carrying air to tissues
Inspiration
It is performed by the expansion of abdomen which
causes to reduce the air pressure in the trachea
when compared to outside. This enables the entry
of air into the trachea from outside and is supplied
to tissues directly.
Pathway of gases during inspiration:
Spiracles  transverse trachea  longitudinal
tracheal trunk  tracheoles  tissues
Expiration:
The carbon dioxide released from the tissues
enters into tracheoles. Due to contraction of
abdominal cavity. Tracheolar air pressure
increases so as to expel out the carbon dioxide
from the body.

Cockroach - Tracheal system in a body segment

Pathway of gases during expiration:
Tissuestracheoleslongitudinal tracheal
trunktransversetracheaspiraclesenvironment
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Tracheal system in cockroach

Bronchial Respiration
Aquatic animals like fishes have developed special organs for respiration known as gills or branchiae. So
respiration through gills is called Bronchial respiration. Blood is supplied to gills to through capillaries which
have thin walls through which gases are exchanged.
Bronchial Respiration in Fishes
The respiratory system of fishes consists of three
parts.
1. Internal Bronchial Apertures: They connect
the gill pouches with the pharyngeal cavity (oral
cavity) through which water enters into bronchial
chamber or gill pouch.
2. Gill Pouches or Bronchial Chambers: They
are sac like structures covered with mucous
membrane internally. The mucous membrane is
thrown into several leaves like folds called gill
lamellae or bronchial lamellae. They are
arranged horizontally and richly supplied with
blood capillaries.

Mechanism of respiration in fishes
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External Branchial Apertures:
They communicate the gill pouch with that of the surrounding
environment, through which water flows from branchial chamber to the
outside. They are covered by a fold of skin called operculum.
In Teleost fishes (bony fishes), gills are not visible from outside.
Gills can be seen from outside as they are not covered by operculum
in Elasmobranch fishes (cartilaginous fishes).
Gills are also present in other aquatic animals belong to different
animal phyla, but they have few resemblances with gills of fishes.
Mechanism of Respiration:
Fish respires with gills. It takes up the oxygen dissolved in the
Gill lamellae in fish
surrounding water but not oxygen present in air.
For the respiration to occur continuously, a stream of water (incoming stream) should flow over the gills
continuously and used up water (from which oxygen is removed by the gills) should flow out.
In all the fishes incoming stream of water enters through its mouth and flows over the gills. This water
goes out through a single or multiple pairs of opening through external apertures. Respiration occurs in
two stages.
1st stage: Fish opens its mouth and lowers its floor of oral cavity.
As a result, the water enters into the oral cavity.
2nd Stage: In the second stage, it closes its mouth and raises the floor of oral cavity, as a result of which
the water present in oral cavity is pushed in to the pharynx and forced into the gill pouches through
internal branchial apertures and ultimately to outside through external branchial apertures.
The gill lamellae present in gill pouches are bathed with water when a stream of water current flows
through the branchial chamber, where gaseous exchange takes place.
The dissolved oxygen present in water diffuses into the blood and CO2 present in blood diffuses out.
Water comes out of the gill pouch through external aperture. This process repeats continuously by
closing and opening of mouth.

Course of water flow
Outside → Mouth → Oral cavity → Pharynx →Internal branchial apertures → Gill pouch → External
branchial apertures → outside.

1.

CPP
What do we call the respiration, if it is through gills?

2.

In which animals we find tracheal respiration?

3.

What is exoskeleton?

4.

What is the path fallowed by water in a fish for respiration?

5.

Write short notes on tracheal respiration in cockroach.

6.

Explain about bronchial respiration in fish.

Pulmonary Respiration
Pulmonary Respiration in Man
In terrestrial animals like, reptiles, aves and mammals perform respiration with lungs. Such type of
respiration is called pulmonary respiration. Lungs are elastic bag like structures richly supplied with blood
capillaries. The process of pulmonary respiration in all terrestrial vertebrates is more or less similar. A lung in
vertebrates consists of thousands of small chambers called alveoli. It is newly supplied with blood capillaries.
It is the structural and functional unit of the lung where exactly gaseous exchange takes place.
Important factors of pulmonary respiration
(A) Humidification:
Air when entering and leaving the respiratory system takes out the moisture from the respiratory surface. To
prevent this animals humidify (add water vapour) the air before the air enters the lungs in animals where the
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nostril opens into oral cavity, air passes through the oral cavity and gets humidified before it enters the lungs.
Example: Frog
(B) Changes in the respiratory volume:
In animals like frog, nostrils open into oral cavity, so in these animals, changes in the volume of the
respiratory system are brought by changes in the volume of oral cavity and this is responsible for filling the
lungs with air. In animals, like mammals the nostrils do not open into the oral cavity. Air passes over a layer
of mucous in the nasal cavities and gets humidified before it enters the lungs. In these animals, changes in
the lung volume are brought by diaphragm and ribs.
Mechanism of Respiration
It includes two stages.
Inspiration:
During inspiration, the volume of the lungs increases and air pressure inside the alveoli reduces. As a result,
the air rushes into alveoli through respiratory system. Now the oxygen present in inhaled air diffuses into
blood and carbon dioxide diffuses into alveoli from the blood.
Expiration
During expiration, the volume of the lungs decreases and air pressure inside the alveoli increases. As a
result, the carbon dioxide containing air rushes out from the alveoli through respiratory system. Air takes
humidity from the respiratory system before enter into lungs and
Pulmonary Respiration in Human beings:
Respiratory system of man consists of the following organs.
1. External nostrils
2. Nasal cavities
4. Pharynx
5. Larynx
7. Bronchi and bronchioles
8. Lungs

3. Internal nares
6. Trachea

1. Nostrils or external nostrils: A pair of nostrils is present
which open into nasal cavities. They are surrounded with
hair that helps in preventing the dust while air enters into
nasal cavities.








Nasal Cavities: A pair of nasal cavities lies behind
the nostrils.
They are separated by a septum from each other.
The nasal cavities are separated from oral cavity by
a bony plate called palate.
The nasal cavities are lined with mucous membrane
which secretes mucous and help in trapping the dust
particles due to its sticky nature.
Air that passes through the nasal cavities gets
humidified and adjusts its temperature to the body
temperature.

Larynx and trachea in man

Internal nares: The nasal cavities open into the pharynx by a pair of openings called internal nares.

4. Pharynx: Pharynx is a muscular chamber into which both oral cavity and nasal cavities open. It is
common passage for food and air. Air enters into larynx through glottis from the pharynx. Glottis is a slit like
opening guarded by a cartilaginous flap called epiglottis which prevents the entry of food into trachea while
swallowing.
5. Larynx: It is also known as voice box. It is the upper part of trachea which opens into trachea. It bears
vocal cords which vibrate during expiration and produce sounds.
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6. Trachea: It is commonly known as wind pipe. It is a straight tubular part that passes through the neck and
enters into thoracic cavity. The wall of the trachea is guarded by ‘C’ shaped cartilaginous rings which
prevent the trachea from collapsing and closing.
7. Bronchi of Bronchioles:
Trachea divides into two branches called bronchi which in turn divide into bronchioles. Each bronchus
enters the lung and bronchioles enter into alveoli.
8. Lungs:

A pair of lungs is present on the either side of
the heart.

They are spongy, elastic and distensible.

They are covered by two membranes called
pleura.

In between these two membranes, a space is
present.

This space is filled with fluid and acts as
shock absorber and protects the lung from
injury.

Right lung is larger than left lung and trilobed
while the left lung consists of only two lobes.







Lungs in man
Each lobe in both the lungs in turn consists of several thousands of small chambers called alveoli.
Each alveolus is richly supplied with blood capillaries.
Pulmonary artery carries impure blood (deoxygenate(D) to the lungs.
It divides into Arterioles and Capillaries and supplies impure blood to alveoli where it gets purified
(oxygenate(D).
The oxygenated blood is carried by the capillaries and venules of pulmonary vein so as to reach left
auricle of heart.

Mechanism of Respiration:
It includes two stages. The diaphragm and ribs play major
role in the inspiration and expiration of air.
1. Inspiration:
During inspiration, the diaphragm gets flattened (normally it
is dome shape(D) and ribs come forward. These two
activities enable to increase in volume of thoracic cavity
which allows increasing the volume of lungs. As the lung
volume is increased, the air enters into lungs through
nostrils, nasal cavities, internal nares, pharynx, glottis,
larynx, trachea, bronchi and bronchioles. Gaseous exchange
takes place in alveoli.
2. Expiration: During expiration, the diaphragm and ribs retain their normal position. This reduces the
volume of thoracic cavity and volume of lungs. The air with carbon dioxide rushed out from the lungs via
bronchioles, bronchi, trachea, glottis, pharynx, internal nares, and nasal cavities of external nares.

DO YOU KNOW?What is Intercostal muscle and diaphragm?
Intercostal Muscles: The intercostal muscles run obliquely from one side of the rib to the next and connect the ribs.
Diaphragm: The diaphragm is a muscular sheet of tissue extending across the body cavity between the thorax and
abdomen. At rest, it is dome–shaped extending upwards into the thoracic cavity. The stomach and liver lie immediately
below it. Role of inter costal muscles and diaphragm given in the following tabular form.
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Inspiration
1. Contraction of Intercostal Muscles
When the intercostals muscles contract, the lower
portion of the sternum is displaced forward, raising
the lower ribs upwards and outwards.
2. Contraction of Diaphragm
When muscles of the diaphragm contract, the
diaphragm flattens from its arched position. This also
contributes to the enlargement of the thoracic cavity.

Expiration
Relaxation of intercostals Muscles
When the intercostals muscles relax, the sternum is
pulled in and the ribs are depressed under their own
weight, thus reducing the volume of the thoracic
cavity.
Relaxation of Diaphragm
The diaphragm relaxes and under pressure from
muscular walls and organs of the abdomen returns
to its arched position. The chest returns to its
original position and also the lungs, by virtue of its
elasticity return to their original volume.

3. The alveoli offer a good respiratory surface for gaseous exchange:
The alveoli have thin walls of one layer epithelium which is readily permeable to gases.
a. Elastic structure and smooth muscle fibres make the alveoli easily distensible and capable of
accommodating large air volumes.
b. Each alveolus is covered with a thick net of capillaries derived from the pulmonary artery.
c. The lining of the alveoli is covered with a film of moisture. Oxygen dissolves in the moisture and
diffuses through the epithelium and capillary walls into the blood where it combines with the
haemoglobin.
d. Owning to the large number of alveoli, the lungs have an enormous respiratory surface (almost 100
2
m during inspiration in an average adult).
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Exchange of gases in alveolus in man
In man, diaphragm plays a major role in the respiration, while in woman, the ribs play a major role. The rate
of respiration changes during excitement, exercise and other activities. The rate of respiration also changes
with the age as follows.
Rates of respiration in different age groups of man.
Age of man
1. New born children
2. Children of 5 years
3. Man of 25 years
4. 50 years

Times per
minute
32
26
15
18

CPP
1. What are alveoli?
2. Mention in a sequence the parts involved in human respiration.
3. What is glottis?
4. What is epiglottis?
5. Which membranes enclose the lungs?
6. What are the organs of respiration in mammals?
7. What is palate?
8. How trachea is prevented from collapsing?
9. How is air humidified before it enters lungs?
10. Explain the mechanism of respiration in humans.
11. Write a short note on pulmonary respiration.
12. Describe the structure of lungs.
Comparison of Photosynthesis and Respiration
Photosynthesis is an anabolic process and respiration is a catabolic process.
In this unit, so far you have learnt that photosynthesis and respiration are two important processes.
1.

It should be remembered that photosynthesis occurs only in plants and a few other bacteria,
whereas respiration occurs in all living organisms.

2.

You must have noticed that photosynthesis is the process in which food is prepared while in
respiration the energy stored in the food material is released.

3.

We can say that photosynthesis is an anabolic process or a constructive process in which the simple
inorganic substances like CO2 and H2O are converted in to glucose (C6H12O6).

4.

The sites of photosynthesis and respiration are different. Photosynthesis occurs in chloroplasts and
respiration occurs in cytoplasm and mitochondria.

5.

Respiration is a catabolic process in which the complex molecules (C6H12O6) are broken down (CO2
+ H2O + Energy).

6.

In respiration the products of photosynthesis namely carbohydrates (Glucose) and oxygen are the
starting materials.
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7.

The starting materials of photosynthesis are the products of respiration i.e., CO 2 and H2O. In both
the processes energy is released. The released energy is stored in energy rich bonds of ATP

1.
2.
3.
4.

5.
6.
7.
8.
9.
10.

11.

12.
13.
14.
15.
16.

Differences between Photosynthesis and Respiration.
Photosynthesis
Respiration
Oxygen is liberated.
1. Oxygen is absorbed
CO2 is absorbed and fixed inside to form
2. CO2 is evolved.
carbohydrates.
Light is necessary for this process
3. This process occurs in day and night.
It occurs in the chloroplast. It is dependent of 4. Aerobic respiration takes place in cytoplasm and
light.
mitochondria. It is independent of light.
5. Glucose and O2 are raw materials.
CO2 and water are raw materials.
6. Chlorophyll is not needed.
Chlorophyll is needed.
7. Energy is released so it is an exothermic
Energy is fixed, so it is an endothermic
process.
process.
8. Plant weight is reduced due to this process.
Weight is increased.
9. It is a catabolic process and includes the
Breakdown of stored food.
It is an anabolic process and includes
10. During the break down of glucose and
synthesis of food.
38 ATP molecules are formed.
During the synthesis of one glucose
molecule, 18 ATP and 12 NADPH + H+ are
11. It occurs in all living cells.
consumed.
It occurs only in green cells (chlorophyll
containing cells) and some photosynthetic
12. Oxidative phosphorylation occurs.
bacteria.
13. NADH and ATP are made available for cellular
Photo phosphorylation occurs.
activities.
ATP and NADPH are mainly used for
14. Releases chemical or potential energy for
synthesis of organic compounds.
several other functions.
Converts radiant light energy into chemical
15. NADH2 is formed from hydrogen of
energy.
carbohydrates (food substances).
NADP is reduced to NADPH2 using
16.
hydrogen of chlorophyll
C H O  O  6CO  6H O  686 K.Cal.
6

12

6

2

2

2

light

6 CO2+12H2O

chlorophyll

C6H12O6+6H2O+O2

CPP
1.
2.
3.
4.
5.
6.

What is the difference between photosynthesis and respiration in terms of energy?
In which type of organisms photosynthesis and respiration occur?
In which part of the cell photosynthesis and respiration occur?
How is the NADPH2 formed in respiration is different from that is formed in
photosynthesis?
What is the difference between photo phosphorylation and oxidative phosphorylation?
Write a comparative account of photosynthesis and respiration.
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Respiration

Types of
Respiration

Mechanism of
Respiration

Factors controlling
Respiration
O2

Arobic
Respiration

Glycolysis
Anaerobic
Respiraiton

Krebs
cycle

Fermentation
in micro
organisms

Temperature

Electron
Transport
chain

Enzymes

Respiration in animals

Introduction

Respiration
in amoeba

Cutaneous
Respiration

Tracheal
Respiration

Branchial
Respiration

Pulmonary
Respiration

Difference between Internal and External Respiration
Different Respiratory organs – Reasons

CHAPTER PRACTICE QUESTIONS
SUBJECTIVE
1. What is meant by branchial respiration? Give any two suitable examples.
2. What is meant by cutaneous respiration? Give any two example one from vertebrates and other from
invertebrates.
3. What is meant by pulmonary respiration? Give examples.
4. What are reasons to develop different types respiratory organs in animals?
5. How does earthworm keep its skin moist?
6. What is tracheal respiration? In which animals it can be seen?
7. Mention different types of respiratory organs and types of respirations.
Draw neat labeled diagrams of the following.
1.
Respiration in Amoeba.
2.

Tracheal system of cockroach in a segment

3.

Respiratory passage in man.
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4.

Larynx and trachea in man.

5.

Lungs in man.

6.

Tracheoles carrying air to tissues in cockroach

7.

Mechanism of respiration in fishes.

8.

Exchange of gases in alveolus in man.
OBJECTIVE

I. Multiple choice questions
1.
Gills are for:
(A) Terestrial respiration (B) Aquatic respiration
(C) Pulmonary respiration
(D) All types of respiration
2.

Cutaneous respiration is found in:
(A) Birds
(B) Earthworm

3.

4.

5.

(C) Insects

The respiratory organs in tadpole larva of frog are:
(A) Lungs
(B) Skin
(C) Trachea

(D) Gills

Respiratory pigment is absent in:
(A) Insects
(B) Frogs

(D) Reptiles

(C) Birds

Simple diffusion is the method of respiration in:
(A) Frog
(B) Snake
(C) Amoeba

6.

7.

8.
9.

10.

11.

12.
13.

14.

(D) Mammals

(D) Insect

Haemoglobin of blood transports:
(A) Oxygen only
(C) Both oxygen and carbon dioxide

(B) Carbon dioxide only
(D) Nitrogen only

Single celled organisms take in oxygen from:
(A) air
(B) soil

(C) both air and water

(D) water

Terrestrial animals take in oxygen from:
(A) Water
(B) Air

(C) Sea

(D) River

Respiratory organs in cockroach are:
(A) blood vessels
(B) mucous glands

(C) trachea

(D) gills

Skin does not perform respiration in:
(A) Salamanders
(B) Frogs

(C) Bird

(D) Earthworm

Coelomic fluid comes out of the earthworm through:
(A) mouth
(B) dorsal pores
(C) anus

(D) ventral pores

Find out the amphibious animal from the following.
(A) Leech
(B) Earthworm
(C) Frog

(D) Cockroach

Trachea in cockroach is opened through:
(A) spiracles
(B) mouth

(C) head

(D) dorsal pores

Operculum is present in:
(A) cartilage fishes
(B) bony fishes

(C) insects

(D) amphibians
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15.

16.
17.

18.

19.

20.
21.

22.

23.
24.

25.

26.

27.
28.

Exoskeleton is present in:
(A) Cockroach
(B) Frog

(C) Salamander

(D) Earthworm

Number of stigmata in cockroach is:
(A) 20
(B) 10

(C) 30

(D) 15

The Shape of cartilaginous rings around the trachea is:
(A) J
(B) O
(C) V

(D) C

Alveoli are present in:
(A) skin

(C) lungs

(D) trachea

(C) tongue

(D) rachis

(B) gills

The lid like structure over the glottis is:
(A) epiglottis
(B) operculum

Which structure plays major role in pulmonary respiration?
(A) Epiglottis
(B) Liver
(C) Diaphragm

(D) Neck

The rate of respiration in 25 years old man is:
(A) 18
(B) 15

(C) 32

(D) 26

Lungs are enclosed by:
(A) pleura
(B) pericardium

(C) parietal layer

(D) meninges

Common name of wind pipe is:
(A) bronchi
(B) bronchioles

(C) trachea

(D) tracheoles

The upper part of trachea is known as:
(A) pharynx
(B) larynx

(C) syrinx

(D) bronchi

Blood does not have role in gaseous transport in:
(A) Cockroach
(B) Earthworm
(C) Frog

(D) Fish

Trachea is found in:
(A) megascolex

(D) Butterfly

(B) bonyfish

(C)salamander

The rate of respiration per minute in a new born child:
(A) 18 times
(B) 32 times
(C) 26 times

(D) 16 times

The energy released in respiration is obtained from:
(A) synthesis of carbohydrates
(B) cellular functions
(C) oxidation of glucose (D) synthesis of proteins

29. The energy stored in photosynthesis is obtained from:
(A) sunlight
(B) oxidation of glucose
(C) breakdown of proteins
(D) breakdown of glucose
30. Oxidative phosphorylation occurs in:
(A) chloropast
(B) mitochondria

(C) cytoplasm

(D) nucleus

31. Photo phosphorylation occurs in:
(A) mitochondria
(B) cytoplasm

(C) chloropast

(D) nucleus
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II. Fill in the blanks
1.

Animals like amoeba perform respiration by _______________.

2.

_______________is the respiratory organs in salamanders.

3.

Frogs respires with ______________ and ______________.

4.

______________ pores help in oozing of coelomic fluid in earthworm.

5.

Salamanders are also amphibians, which can perform _______________ respiration.

6.

Frog dies when the skin becomes _______________.

7.

The summer sleep of frog is called ______________.

8.

The winter dormancy shown by frog is ______________.

9.

________________ pairs of stigmata are present in cockroach.

10.

_______________ is present for opening and closing of stigmata in cockroach.

11.

_______________ system is present to perform respiration in insects.

12.

Tracheal respiration is seen--------------------

13.

Trachea in cockroach divides into _______________

14.

Expelling of carbon dioxide from the body is called ______________

15.

The body of insects is covered by thick, hard, chitinous layer called ______________ , which is
impermeable to water.

16.

______________ covers the external gill openings in bony fishes.

17.

Gills are present in a chamber called _______________

18.

Fish opens its mouth and lowers its floor of______________. As a result, the water enters into
the______________.

19.

Operculum is absent in _______________ fishes.

20.

_______________ is the functional and structural unit of lungs

21.

In _______________ internal nostrils open into oral cavity.

22.

In ______________ internal nares do not open into oral cavity.

23.

________________ is lid like structure that covers the glottis.

24.

_______________ separates oral cavity from nasal cavities in man.

25.

______________ shaped cartilaginous rings support the trachea in man.

26.

Trachea divides into ______________ in man.

27.

______________is commonly known as wind pipe in man.

28.

______________ has main role in the inspiration and expiration of man.

29.

Inspiration occurs when the volume of thoracic cavity is _______________

30.

Expiration occurs when the volume of thoracic cavity is ______________

31.

The rate of respiration is 18 times per minute in ______________

32.

The rate of respiration in newly born child is ______________times per minute.

33.

Pleura surrounds and protects______________

34.

Pulmonary respiration occurs through ______________

35.

Trachea is the _______________ organs in cockroach
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36.

During hibernation, Frog respires with ___________

37.

In man, during respiration air is humidified in______________

39.

In fishes ______________ apertures open into pharynx

40.

Photosynthesis is an anabolic process and respiration is a ___________process.

41.

Oxidative phosphorylation occurs in respiration and __________________occurs in photosynthesis

42.

Photosynthesis occurs in ___________________and aerobic respiration occurs in
__________________________________of the cell.

43.

The raw materials for photosynthesis are __________________of respiration.

44.

Oxygen is __________________ and __________________during respiration and photosynthesis,
respectively.

45.

Lungs are respiratory organs in –––––––––––– animals.

46.

In earthworm respiration occurs through––––––––––.

47.

Dorsal pores occur in –––––––––.

48.

In cockroach, stigmata are associated with ––––––––––––system.

49.

The common name for larynx is ––––––––––.

50.

In man, larynx opens into ––––––––––.

51.

In woman ––––––––– play a major role in respiratory movements

52.

Earthworm lives in ____________ soil.

53.

In earthworm, hemoglobin is present in ––––––––––.

III.

Match the following

SET - I.
Group A

Group B

1

Lungs

[

]

A

Amoeba

2

Diffusion

[

]

B

Carbon dioxide

3

Skin

[

]

C

Pulmonary respiration

4

Trachea

[

]

D

Branchial respiration

5

Gills

[

]

E

Leech

[

]

F

Insects

[

]

G

Respiratory organs

SET - II.
Group A

Group B

1

Membranes of lungs

[

]

A

Dorsal pores

2

Units of lungs

[

]

B

Gills

3

Earthworm

[

]

C

Pleura

4

Cockroach

[

]

D

Alveoli

5

fish

[

]

E

exoskeleton
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SET - III
Group A

Group B

1

Respiratory substrates

[

]

A

3 ATP molecules

2

Cristae

[

]

B

2 ATP molecules

3

Matrix

[

]

C

Citric acid cycle

4

Sir Hans Krebs

[

]

D

Mitochondria

5

FADH2

[

]

E

Elementary particles

[

]

F

Carbohydrates

[

]

G

Glycolysis
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ANSWERS TO CHAPTER PRACTISE QUESTIONS
I. Multiple Choice Questions.
D
4.
A

1.

B

2.

B

3.

5.

C

6.

C

7.

D

8.

B

9.

C

10.

C

11.

B

12.

C

13.

A

14.

B

15.

A

16

B

17

D

18

C

19

A

20

C

21

B

22

A

23

C

24

B

25

A

26

D

27

B

28

C

29

A

30

B

31

C

1. Diffusion

II. Fill in the blanks
2. Skin

3. Skin ,lungs

4. Dorsal pores

5. Cutaneous

6. Dry

7. Aestivation

8. Hibernation

9. 10

10. Valves

11. Tracheal

12. Insects

13. Tracheoles

14. Expiration

15.Exoskeleton

16. Operculum

17. Branchial pouches

18. Oral cavity, mouth

19. Cartilaginous

20. Alveolus

21. Frog

22. Mammals

23. Epiglottis

24. Palate

25. ‘c’ shaped

26. Bronchi

27. Trachea

28. Diaphragm

29. Expanded or increased

30. Reduced/contracted

31. Man of 50 years

32. 32

33. Lungs

34. Lungs

35. Respiratory

36. Skin

37. Nasal cavity

38. Internal Branchial

39. Catabolic

40. Photo phosphorylation

41. Chloroplast, mitochondria

42. End products

43.used, released

45. Skin

46. Earthworm

48. Voice box

49. Trachea

51. Internal layers of

52. Plasma

44. Terrestrial
47. Respiratory
50. Ribs

1.

C

2.

A

3.

III. Match the following
SET - I.
E
4.
F
5.

1.

C

2.

D

3.

A

D

SET - II
4.
E

B

5.

SET - III
1.

F

2.

D,E

3.

C,D

4.
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