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Respiration & Fermentation Summary & Study Guide 
Mitochondria & Respiration 
Mitochondria are the powerhouses of the cell because they “burn” or break the chemical bonds of glucose to release energy to 
do work in a cell. Remember that this energy originally came from the sun and was stored in chemical bonds by plants during 
photosynthesis. Glucose and other carbohydrates made by plants during photosynthesis are broken down and produce ATP 
by the process of aerobic cellular respiration (requires oxygen) in the mitochondria of a cell. This process releases energy 
(ATP) for the cell. The more active a cell (such as a muscle cell), the more mitochondria it will have. The mitochondria are 
about the size of a small bacterial cell and are often peanut-shaped. Like the chloroplast, mitochondria have a double 
membrane; they contain their own DNA and ribosomes as well. The outer membrane is smooth, while the inner membrane 
is folded, which is called the cristae, in order to increase the surface area for reactions of aerobic respiration to take place. 
Color and label the outer membrane red and the cristae pink on figure 3. The electron transport chain (ETC) 
takes place across the membranes of the cristae (crista, singular). Inside the folds, or cristae, is a space called the 
matrix that contains enzymes needed for the Kreb's Cycle.  Color and label the matrix yellow on figure 3. 
 

1. Why are mitochondria called the powerhouse of the cell? They release energy for the cell  

2. What cell process occurs in the mitochondria? Cellular Respiration 

3. Why do some cells have MORE mitochondria? Give an example. The more active a cell, the more mitochondria it 

will have. Muscle cells probably have more mitochondria than a skin cell. 

4. What simple sugar is broken down in the mitochondria?Glucose. 

5. Where does the energy found in glucose come from ORIGINALLY? The sun 

6. Where is this energy stored in glucose? In its bonds 

7. Why is cellular respiration an aerobic process? It requires oxygen 

8. What energy is released when the chemical bonds of glucose are broken? ATP 

9. Name another organelle, besides the mitochondria, that contain DNA and have a double membrane. Chloroplasts 

10. Why is the inner mitochondrial membrane folded?  To increase the surface area for chemical reactions to occur. 

11. What are the folds called? Cristae 

FIGURE 3- MITOCHONDRIA  
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Before the aerobic reactions can take place in the mitochondria, an anaerobic process called glycolysis must first occur within 
the cytoplasm of the cell. This process splits glucose, a 6-carbon molecule, into 2 pyruvate, a 3-carbon molecule. As this 
happens, a small amount of ATP is made. It is pyruvate that then enters the mitochondrial matrix for the Kreb’s cycle to take 
place. Lastly, the electron transport chain occurs, producing the majority of ATP for the cell. Label where each set of 
reactions take place in Figure 3.  

 

12. What happens during glycolysis? Glucose is split 

13. Is energy made in glycolysis?  Yes   /   No   (circle one)  If so, a lot or a little? A little 

14. What does it mean to say that glycolysis is an anaerobic process?It doesn’t require oxygen 

15. The prefix glycol- comes from a Greek word that means “sweet”.  The suffix –lysis comes from a Greek word that 

means “to loosen”.  How are the meanings of these words parts related to the meaning of glycolysis? Glucose is a sugar 

(sweet) that gets split up (loosen). 

16. In which part of a cell does the anaerobic process of respiration take place? The cytoplasm of the cell 

17. In which two parts of a mitochondrion does aerobic cellular respiration take place? 

a. The matrix 

b. The inner membrane or cristae 

18. Write the chemical equation for the overall process of cellular respiration.  

C6H12O6 + 6O2   6H2O + 6CO 2 

19. What is the reactant in the Kreb’s cycle? pyruvate      The product? CO2  

20. What is the reactant in the ETC? O2     The product? H2O 

21. What is produced in the Krebs cycle, but needed in the ETC? energy  

22. In which set of reaction is a majority of ATP made?  The ETC 

23. In what way(s) does cellular respiration seem to be the opposite of photosynthesis? The reactants and products are just 

opposite of each other. 

24. List the 4 steps of cellular respiration that take place in the mitochondria. 

a.Pyruvate enter the Krebs cycle, ATP molecules are formed, carbon dioxide is released as a waste.  

b. Energy formed from the Krebs cycle is transferred to the electron transport chain.  

c. Mitochondrion takes in oxygen.  Oxygen, energy, and enzymes bond ADP to P.  

d. Water is released as a waste and ATP is formed.  

 

 

 

 

 

 

 



Fermentation  
Sometimes when your body does not have sufficient oxygen for the aerobic reactions of cellular respiration to take place, the 
body uses lactic acid fermentation. This occurs in the cytoplasm of the cell. Fermentation it-self does not produce ATP, but 
allows glycolysis to continue. As you learned before, glycolysis  produces a small amount of energy. Essentially, lactic acid 
fermentation allows a small amount of energy to be made with you don’t have enough oxygen to allow the power house to 
maximize ATP production.  

Glycolysis:
-- In the cytoplasm
-- Glucose is split into 
fragments
-- 2 ATP created

Fermentation
Where? In the cytoplasm

What happens?
Glucose fragments are 

broken into either lactic acid 
or alcohol

Molecules to restart 
glycolysis created (No ATP)

Aerobic Respiration
Where? In the mitochondria

Steps? Kreb’s cycle and 
electron transport chain

What happens? Glucose 
fragments converted into 34 
ATPs

Glycolysis restarts

 
Think about doing heavy exercise…what happens? Do you deeper, more frequent breaths? Are you sweaty & hot? Do your 
muscles burn or feel sore? This is all evidence that you are going through cellular respiration and lactic acid fermentation. 
During heavy exercise, your body needs lots of energy to function. You breathe deeper and more often to compensate. The 
heat and sweat is evidence of respiration as well. Now, when you just don’t have enough oxygen, your cells stop doing 
respiration and fermentation kicks in. Lactic acid fermentation allows glycolysis to continue by producing an energy 
molecule and cycling it back to glycolysis which allows your body to continue breaking down glucose. In order to make the 
energy molecule that allows glycolysis to continue, pyruvate is broken down and then turned into lactic acid. Lactic acid is 
what makes your muscles burn during heavy exercise.  Once your breathing returns to normal, the lactic acid breaks down and 
goes away. This is why it’s important to stay hydrated and healthy! 
*There is another type of fermentation called alcoholic fermentation that is used in food production (bread, cheese, yogurt, wine, etc), but we’ll 
learn more about this later. 
 

1. Does fermentation alone make energy? No 
2. Explain when/why your body would need fermentation Your body goes through fermentation when it is lacking 

oxygen, for example- during heavy exercise. 
Multiple choice questions 
 
____ 1. Which phrase best describes the main role of fermentation? 

A. Uses electron transport chain. 
B. Takes place without oxygen. 

C. Is an aerobic process. 
D. Only occurs in bacteria. 

 
____ 2. Which end product of fermentation causes the burning feeling in muscles that are working hard? 

A. Pyruvate. 
B. Carbon dioxide. 
C. Lactic acid. 
D. Alcohol

B 
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