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Many people think that respiration and breathing are the same although the two terms have different biological meanings.
What is Respiration?
It is the process of breaking down chemical bonds in food molecules such as glucose to release energy in a form that can be used in cells.
We usually refer to glucose as the food molecule, this is because it is the molecule that is most commonly used in this reaction. If glucose is in short supply our body may breakdown fats or proteins instead. Every cell in a living organism requires energy, and this energy comes from respiration.
Aerobic respiration needs oxygen, and to obtain oxygen we need to take in it into our lungs by breathing.
 What is breathing?
 It is the action of inhaling (getting oxygen into the lungs) and exhaling (getting air particles, mainly, CO2 out of the lungs).
Why do we need energy?
· Muscle contraction
· Protein synthesis
· For Cell division and growth of cells 
· For the transmission of nerve impulses along nerve cells (neurons) 
· Maintenance of a constant body temperature.


Aerobic respiration:
It is defined as the chemical reactions in cells that use oxygen to break down nutrient molecules to release energy.
Aerobic respiration takes place in the mitochondria.

Word equation : 
Glucose + oxygen carbon dioxide + water +energy
The carbon dioxide is released into air, and the water is either used in the body or excreted through the kidneys 
Balanced symbolic equation 
C6H12O6 +6O2 6CO2+6H2O+38ATP
[image: http://www.nkyhappyfeet.com/uploads/clubs/HFLegendsNKYCincinnati/graphics/important-note.png]* It is important to realize that this equation is just a summary of the process (Starting reactants and the end products). It is in fact a series of almost 50 reactions each catalyzed by a different enzyme. 
Because the chemical reactions of respiration are catalyzed by enzymes any change in temperature and/or pH will affect the rate of respiration 

Anaerobic respiration: 
Aerobic respiration supplies most of the energy that plant and animal cells need most of the time, but sometimes not enough oxygen will be available for aerobic respiration to be carried out fast enough to release the energy that is needed.  


So what is anaerobic respiration?

It is defined as the chemical reactions in cells that break down nutrient molecules to release energy without using oxygen.

Note: anaerobic respiration is sometimes called fermentation 

Fermentation in yeast:
Glucose  Ethanol + Carbon dioxide + energy
C6H12O6  2C2H5OH + 2CO2 + 2ATP
How can we make use of this reaction?
· Brewing (making beer and wine); the ethanol is produced when sugars in barley or grapes is broken down 
· Bread-making
· Biofuel
In Muscles  during vigorous exercise 
Glucose  Lactic acid + energy
C6H12O62C3H6O3 + 2ATP
Note: Energy produced during respiration is stored in the bonds of a compound called ATP (Adenosine triphosphate).

	Aerobic respiration
	Anaerobic respiration

	Uses oxygen
	Doesn’t use oxygen 

	Doesn’t produce ethanol or lactic acid 
	Produces ethanol or lactic acid 

	Takes place in mitochondria 
	Takes place in the cytoplasm 

	Carbon dioxide is always produced
	Carbon dioxide is sometimes produced 

	Releases more energy than anaerobic respiration 
	releases much less energy per glucose molecule than aerobic respiration



The amount of energy produced by anaerobic respiration is very small compared to aerobic respiration, this is because the glucose molecule is only partly broken down so less energy is released (part of the energy is still stored in ethanol or lactic acid). Anaerobic respiration provides smaller amount of energy than aerobic respiration but in a shorter time (faster than aerobic respiration) 
Energy from respiration is stored in phosphate bonds of Adenosine Triphosphate (ATP)
ATP is formed during respiration from a substance called Adenosine diphosphate (ADP) consists of adenosine plus two phosphate groups. The energy released during respiration is used to add a phosphate group (make a bond) to ADP forming ATP (adenosine triphosphate).
When energy is required the bond between the phosphates is broken and the same amount of energy that was stored from respiration is released changing ATP back into ADP.                  
* Some of the energy released during respiration is not used to make ATP, but instead is lost as heat. Mammals use this to keep their bodies warm and maintain a constant temperature.[image: http://www.tomcorsonknowles.com/blog/wp-content/uploads/2012/06/Exercise-Habit.jpg]
Respiration and Exercise 
During exercise, the demand for energy increases because the body is doing extra activities (movement). Therefore, the body needs more energy, which can be obtained by increasing the breathing rate and by increasing the heart beat rate to deliver oxygen faster. 
 If the exercise that you’re doing is vigorous, like running a sprint, lifting a very heavy weight or running a race, the volume of oxygen delivered to the muscles is still very small compared to the volume required to completely break down glucose to carbon dioxide and water (aerobic respiration). Your heart beats faster to get oxygen to the muscles as fast as possible but eventually the muscle demand for oxygen becomes greater than the oxygen supply  that’s when the muscles start respiring anaerobically (in the absence of oxygen) producing lactic acid, which causes muscular fatigue and stiffness.  
Recovery period (after exercise) 
Breathing and heart rates remain high after exercise but what is the reason for that?
After exercise has stopped, your body would still have a lot of lactic acid in your muscles and blood. The fast heart rate is maintained for a while to help transport lactic acid from muscles to the liver. 
The fast and deep breathing rate after exercise supplies additional oxygen for breaking down lactic acid by aerobic respiration in the liver into carbon dioxide and water. 
[image: C:\Users\NOS\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\10968960_10155112828565401_1038488399_o.jpg]The additional oxygen that is needed after exercise to completely oxidize the lactic acid, is called oxygen debt.
In other words during strenuous\vigorous exercise the body produces energy first, and obtains oxygen to pay for it later.
Basal metabolism: is the amount of energy expended daily by humans and other animals at rest, this energy is required only for the functioning of 
vital organs such as  heart, lungs, nervous system, kidneys, liver, intestine, sex organs, muscles, and skin.

 Vital activities must keep on going all the time to stay alive. We need a minimum amount of energy to maintain such activities e.g.:
- Heart beats.
- breathing
[image: http://brainmadesimple.com/uploads/7/8/8/5/7885523/_1801071.jpg]How does your breathing rate and breathing depth increase during exercise?
During exercise, CO2 levels increase in blood causing the pH of the blood to be lowered. The decrease in the pH of blood will be detected by a sensor in the brain called medulla oblongata which will send impulses to the lungs and breathing muscles to increase the breathing rate and depth to replace CO2 with O2 and lower CO2 levels and return the pH of blood back to normal. 






Respiration Experiments

Experiment 1:
[image: C:\Users\NOS\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\10960627_10155125258345401_457792110_o.jpg]Using oxygen in respiration
· This experiment is performed using an apparatus called respirometer which is used to measure the rate of respiration by monitoring how quickly oxygen is used up  The level of the liquid in the delivery tubing will go up.
There are two drawbacks (problems) to this experiment: 
First drawback: Organisms usually give out as much carbon dioxide as they take in oxygen so there will be no change in the total amount of air in the test tube and the liquid level will not move.  To overcome this problem we add soda lime which is used to absorb carbon dioxide as fast as it is produced.
The seeds will consume oxygen and release carbon dioxide. The soda lime in the apparatus will absorb the CO2 that is produced and the amount of air in the test tube will decrease. As a result the pressure inside the tube will decrease and the level of the colored liquid in the capillary tube will increase (suction). 
To better explain this, it is the exact same thing that happens when you're drinking a juice using a straw. When you suck in air you reduce the pressure inside the straw and the level of the juice rises.
The second drawback is that quite small changes in temperature will make the air in test tube expand or contract and so the liquid will rise or fall whether or not respiration is taking place. To overcome this, the test tube is kept in a beaker of water (water bath)  to keep the temperature constant.
Control: A second experiment is done to make sure that the results of the first experiment are due to the conditions being studied and not to some other cause which has been overlooked. In this example, a similar respirometer is prepared containing an equal quantity of germinating seeds which have been killed by boiling to show that it is respiration (which is a process carried out ONLY by living things) that uses up oxygen. This proves that without respiration no oxygen will be consumed and no carbon dioxide will be produced and absorbed and as a result no change in pressure will occur. 
· [image: C:\Users\NOS\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\10965069_10155125263650401_242132536_o.jpg]One might argue that a gas other than oxygen is used up during respiration 
Your answer should be:
There is only 0.03% CO2 in the air and the other gas is nitrogen which is known to be less active than oxygen so oxygen seems to be the most likely gas to be consumed.
The Effect of temperature on the rate of respiration: 
The effect of temperature on the rate of respiration can be investigated by placing identical sets of the apparatus in water baths of different temperatures. Note : living organisms are killed at temperatures above 40 0C 



Experiment 2:
Carbon dioxide from germinating seeds 
It should be clear now that respiration consumes oxygen and releases carbon dioxide.
[image: C:\Users\Dana\Desktop\New folder (3)\scan0038.jpg]In this experiment we want to prove that carbon dioxide is produced.
Before we start the experiment, you should be familiar with the test that is used to prove the presence of carbon dioxide.
How do we test for carbon dioxide:
This is done by pumping the gas produced through lime water if it is carbon dioxide, lime water will turn milky.
· [image: ]The experiment is done by placing living seeds in a test tube which is closed using an aluminum foil as shown in the figure, these seeds are living seeds so they will respire, consume the oxygen found in the test tube and release carbon dioxide. By using the gas syringe we can collect the gas in the test tube and then release into another test tube containing lime water. Lime water will turn milky indicating the presence of carbon dioxide which proves that carbon dioxide is produced during respiration.
Control Experiment:
Boil some seeds of the same type/amount and place them in the same apparatus described above. Carry out the exact same experiment. The final result will be different; lime water will not become milky which proves that ONLY living seeds are able to respire.

Experiment 3 :
[image: C:\Users\NOS\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\10964712_10155125261250401_598090107_o.jpg]Releasing energy in respiration:
As learned before respiration is a process that produces heat energy.
How can we test for heat energy?
Easy! Thermometer! 
Steps:
1) Wash the seeds with formalin. This is done to kill any bacteria or fungi on the surface of the seeds because these can interfere with the results. 
2) Place the seeds in the flask and insert a thermometer.
3) Check the results 
Control: As done in the previous experiments, a second experiment is done using dead seeds to prove that respiration is the reason for this temperature rise since ONLY living seeds can respire.
Result: Temperature of the living seeds will be 5-10 oC higher.








Experiment 4:
· Anaerobic respiration in yeast:
Anaerobic occurs without oxygen.
As we learned before anaerobic respiration occurs in muscles and in yeast:
In Muscles:
C6H12O6C3H6O3 (lactic Acid) +2ATP
 No Carbon dioxide is produced 
In Yeast 
C6H12O6 CO2 + C2H5OH (Ethanol) + 2ATP 
[image: C:\Users\Dana\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\scan0039.jpg]Carbon dioxide is produced 
Steps:
1) Boil a measured amount of water to expel all the dissolved oxygen (Because we are testing anaerobic respiration). 
2) Place 5 cm3 of the glucose solution and 1 cm3of the yeast suspension in a test tube 
3) Cover the mixture with a thin layer of liquid paraffin (this is used to exclude all atmospheric oxygen and to prevent it from entering into the mixture).  As you’ve learned previously anaerobic respiration in yeast produces carbon dioxide, so this CO2 will exit through the delivery tube into the test tube containing lime water and will turn it milky indicating that the process took place.



Control:
It might be suggested that carbon dioxide came from a chemical reaction that took place between yeast and glucose which has nothing to do with respiration. The only way to disprove this is to use killed yeast. When the yeast is killed it will no longer be able to carry out anaerobic respiration and will no longer produce CO2, as a result, the color of lime water will not change. This proves that it is NOT a chemical process that took place, it is a living one.
We can use other indicators to test for the presence of carbon dioxide such as hydrogencarbonate indicator.
[image: C:\Users\NOS\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\10968598_10155125270900401_1361719016_o.jpg]



Types of Respiration 


Aerobic Respiration 


Anaerobic Respiration 
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Figure 3.2 To see if oxygen is taken up in respiration




image6.jpeg
screw clip  rubber tubing 1 cm? pipette

soda lime

germinating
seeds

conical flask rubber tubing — |





image7.jpeg
If the experiment is allowed to run for a long time, Interpretation Lime water turning
the uptake of oxygen could be checked at the end by  of carbon dioxide but it could be

placing a ]igmmmi carbon dioxide e_from the air or
some of the oxygen has been removed by the living  Gff carbon dioxide whether or not
seedlings, the flame s'}[\(;lf\_’xw—&\_ go out more quickly than it The only way to disprove these arg
does in the tube with dead seedlings. control experiment (see p.23).

2 Carbon dioxide from germinating Control Boil some of the germinas
. < before starting the experiment. Whes.
seeds g P

S o _ experiment, put an equal amount ¢
Put some germinating wheat grains in a largg Fest—tub.e. grains in a large test-cube and cover
Cover fhe 1nquth of the tube with alum?mum foil. tube with aluminium foil exactly as
After 15-20 minutes, take.a sample of the air from the living seeds. When you test the air
! test-tu}be. D(.) this .by pushing a glass tupe attac.hed 002 ceeds, also test the air from the dead
9 10 cm’ pI:ISFIC syringe thr(.Jugh the foil a.nd into the Higt ture ToE Lk Water Tiitky—The
test-tube (Figure 3.33)4 Wlth.dra\)f/ the syringe plunger carbon dioxide did not come from e
cenough to fill the syringe vx.rlth air from the test~tgbe. given off by the dead seeds Tt st be
Now flowly bubble this air sample thropgh a litde mﬂm‘d’hccs cabol
clear lime water in a small test-tube (Figure 3.3b). - o be Temmn o Hos
Cover the mouth of the small test-tube and shake the stopped all living processes By boiling
lime water . CONtro; expernnn[ v T t k

, you have no
that it was respiration rather than some.
change which produced the carbon dic:

An experiment to show carbon dic
by plants, using hydrogencarbonate
described on p. 40.

SOME PRINCIPLES OF BIOLOGY

Result The lime water will go milky.

3 Releasing energy in respirats
Fill a small vacuum flask with wheat o=
bwmmu-s and rinsed
malin (or domestic bleach diluted 1+
These solutions will kill any bacteria =
surface of the grains. Kill an equal q
grains by boiling them for 5 minutes. .
seeds in co tap water, rinse them in bl
lin for 5 minutes as before and then
vacuum flask of the same size as the first
is the control.

Place a thermometer in each flask so
in the middle of the seeds (Figure 3.4).

of each flask with cotton wool and leave

possible.

Result The temperature in the flask

seeds will be 5-10°C_high an_rhs

seeds.

Interpretation Provided that there are
— lime water

aluminium foil

2 days, noting the thermometer rea

living seeds going mouldy, the heat 7=
have come from living processes in the
the dead seeds in the control did not giv:
There is no evidence that this process
rather than any other chemica change &
what you would expect if respiration

germinating seeds

(a) taking the air sample (b) testing the air sample

energy.
Figure 3.3 Production of carbon dioxide by germinating For an experiment comparing the e=
1 22 seeds different food substances, see p. 96.

e e R R ——————————.—.....




image8.png
cut crop 7 |[NVOOO&A outine - | = || ()
A
com Ok |20 NS OOD QA -| frin — EER EEN .j
. Arotate- | #/ 2 Q| B |15 3 8 OOO = o &
Cipbosra nage Toots Shapes Cotors

In the presence of CO2





image9.jpeg
— thermometer

s -
+— cotton wool —

gead seeds
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2 ‘ Measurement of carbon dIOXIde release

To detect carbon dioxide released by
respiring organisms, we can use an
indicator solution. For example
hydrogencarbonate indicator is
purple at high pH (alkaline), red
around neutral pH and orange-
yellow at low pH (acidic).

The diagram shows the apparatus.
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