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Section 4.4: Anaerobic Pathways: Life without Oxygen 
Research This: Putting Microbes to Work, page 193 
A. Answers may vary. The key organisms that drive several fermentation processes are the 
following: 

Food Raw food Bacteria 
pickles cucumber Leuconostoc mesenteroides, Lactobacillus 
chocolate cacao bean Sacchromyces cerevesiae 
  Candida rugosa 
  Kluyveromyces cervisiae 
bread flour Sacchromyces cerevesiae 
coffee coffee bean Erminia dissolvens 
sauerkraut cabbage Leuconostoc plantarum 
soy sauce soy bean Aspergillus oryzae 
cheeses milk  Lactobacillus bugaricus, Lactobacillus lactis, Lactobacillus 

helveticus, Propionibacterium shermanii, Lactobacillus 
acidophilus, Streptococcus thermophiles, Streptococcus 
diacetilactis, Streptococcus lactis 
Streptococcus cremoris, Streptococcus durans, 
Streptococcus faecalis, Leuconostoc citrovorum, 
Leuconostoc dextranicum 

beer/wine  Lactobaccilus brevis 
B. Answers may vary. In general the fermentation process takes place in a warm, moist 
environment that has very little oxygen or air movement. Each industry establishes its own series 
of steps to set up various processes but in general the environments are extremely clean, they are 
monitored constantly, and the bacteria are cultured in a way that prevents the strain that is being 
used from crossbreeding with other strains or becoming contaminated with other strains.   
C. Answers may vary. Sample answer: The water used in any fermentation process is generally 
distilled and filtered to eliminate all traces of chemical and biological contamination. If this is 
not done, other species of bacteria and food sources could be introduced into the process, 
resulting in spoilage or toxic chemical build up. Fluctuations in pH change the environment by 
modifying the H+ concentrations which can alter the final products of the bacteria, so pH is 
carefully controlled. In many cases oxygen is required early in the reaction to establish the 
colony of bacteria in sufficient numbers. After that, the concentration of oxygen is carefully 
monitored as too much oxygen can cause toxic chemicals to build up in the reaction, which could 
result in the complete loss of the bacterial colony or of the product.  
D. Answers may vary based on the food researched. In general the fermentation product is used: 
to break down or remove components of the food that are indigestible, for example, starches, 
cellullose, and lignans; to preserve the food by reducing the concentration of water (in pickles, 
olives, kimchee, and yogurt); or for leavening bread . 
E. Answers may vary. Products should include all required information outlined in the project. 
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Section 4.4 Questions, page 194 
1. Aerobic respiration and fermentation can generate quite different numbers of molecules of 
ATP from a single glucose molecule. Cells that rely on fermentation to generate ATP using only 
glycolysis generate 2 ATP per molecule of glucose. Conversely aerobic respiration uses an 
electron transport chain and produces approximately 36–38 ATP per molecule of glucose.  
2. (a) The major difference between fermentation and glycolysis is that the fermentation pathway 
includes additional reactions needed to regenerate the NAD+ that was reduced during glycolysis. 
(b) If cells relied on glycolysis alone, they would quickly run out of NAD+, a necessary reactant 
in glycolysis. They rely on fermentation to regenerate the NAD+. 
3. Answers may vary. Sample answer: Disadvantage: Fermentation is not as efficient as aerobic 
respiration and does not produce as much energy. Advantage: Species that can perform 
fermentation can survive in both aerobic and anaerobic environments so their habitat 
requirements are more flexible.  
4. (a) The alcoholic fermentation pathway is used by bakers to create a loaf of leavened bread. 
Yeast is mixed with a small amount of sugar and is blended into dough, where oxygen levels  
are low. As the yeast cells convert the sugar into ethanol and CO2, the gaseous CO2 expands  
and creates gas bubbles that cause the dough to rise. In the oven, thermal energy evaporates  
the alcohol and causes further expansion of the bubbles, producing leavened bread.  
(b) Answers may vary. Sample answers: Other products that are made from alcoholic 
fermentation are cheese, wine, beer, spirits, sauerkraut, yogurt, and soy sauce. 
(c) Answers may vary.  Sample answer: When yeast consume sugar they break it down into two 
products: carbon dioxide and alcohol. In bread, the carbon dioxide forms bubbles that cause the 
bread to rise and the alcohol evaporates. In beer and wine, the carbon dioxide is released into  
the air and the alcohol remains in the beer or wine.  
5. No, our muscle cells do not produce alcohol; instead they undergo lactate fermentation under 
anaerobic conditions. Even though they produce the same number of ATP per molecule of 
glucose, alcohol is toxic. Producing it in large amounts during strenuous exercise would cause  
a variety of problems for the cell and for the organism as a whole. 
6. Student responses may vary. Sample answer: Some environments in which anaerobic 
respiration takes place are wet environments such as swamps, wetlands, sediments, and water 
logged soils; our intestines; deep underground; and in landfills. 
7. Muscle tissue has a lactate threshold, which is the point of lactic acid buildup at which the  
acid cannot be carried away from muscle tissue as quickly as it is produced.  After reaching this 
threshold, muscle damage would result and a person would eventually be unable to continue 
exercising. 
8. You can increase the amount of time that you can exercise comfortably by increasing your 
lactic acid threshold. This threshold can be increased with training, thus prolonging the time an 
individual can comfortably exercise. 
9. Yes the muscle cell would benefit from lactic acid fermentation because even though it had 
excess oxygen it might not have enough electron transport chains to fully use all of the oxygen. 
Therefore if the cell needed more ATP than the mitochondria could provide, it would be able  
to synthesize it with lactic acid fermentation. 
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10. Answers will vary. Sample answer: A sperm whale can dive as deep as 1550 m with the 
deepest dives in excess of 2388 m and can stay submerged for 20 to 60 min. In order to 
accomplish this, both sperm whales and elephant seals have very large blood volumes. These 
large blood volumes allow both the sperm whale and elephant seal to hold a large amount of 
oxygen that they can use when diving. Elephant seals have also developed blood reservoirs to 
hold this extra blood when they are on the surface. In addition, both animals have high levels of 
myoglobin in their muscles and large numbers of oxygen-carrying red blood cells. Both 
organisms use these adaptations to dive to extreme depths and remain underwater for up to 2 h. 


