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Acidophiles

Neutrophiles

Alkaliphiles



pH range of some microorganisms

Microorganisms Minimum Maximum Acid-fastness 
 

Micrococcus sp 5.6 8.1 
Pseudomonas aeruginosa 5.6 8.0 
Bacillus stearothermophilus 5.2 9.2 

Low  acid-fastness 
minimum >5.0 

    
Clostridium sporogenes 5.0 9.0 
Bacillus cereus 4.9 9.3 
Vibrio parahaemolyticus 4.8 11.0 
Clostridium botulinum 4.5 8.5 
Staphylococcus aureus 4.0 9.8 
Salmonella sp 4,0-4.5 8-9.6 
Escherichia coli 4,4 9.0 

Intermediate  
acid-fastness 

minimum 5.0-4.0 

    
Lactic Acid Bacteria 3,8 Ğ 4.4 7.2 
Acetic Acid Bacteria 2.6 4.3 
Yeasts 2.3 8.6 
Molds 1.6-1.9 9.3 

High acid-fastness 
minimum 4.0 

 



Microbial growth:
osmotic effects on growth





Water activity 

(aw)

Material Example

1.000 Pure water Spirillum

0.995 Human blood Streptococcus

0.980 Seawater Vibrio

0.950 Bread Gram + rods

0.900 Ham Staphylococcus

0.850 Salami Saccharomyces 
rouxii (yeast)

0.800 Fruit cakes, jams Saccharomyces 
bailii (fungus)

0.750 Salt lakes, salted fish Halobacterium

0.700 Cereals, candy, dried 
fruit

Xerophilic fungi

Water activity of several substances



Water activity (aw) and microbial growth

aw Bacteria Yeasts Molds 
0.98-0.97 Pseudomonas, Clostridium   
0.96-0.95 Salmonella, Enterobacteriaceae, 

Bacillus, Vibrio,   Shigella  
  

0.94-0.93 Streptococcus,  Lactobacillus Rhodotorula Rhizopus, Mucor 
0.91-0.90 Micrococcus,  Lactobacillus Candida and other 

pathogens  
Cladosporium 

0.86 Staphylococcus   
0.80  Saccaromyces Aspergillus pennicillium  
0.75 Halophiles  Aspergillus flavus 

Aspergillus ochraceus  
    
 



Water activity and food preservation

Microbial growth can be controlled by lowering the available water content (aw 
reduction) of foods by:

• Freezing

• Drying

• Lyophilization (freeze-drying)

• Addition of high concentrations of solutes such as sugars or salts





Structures of 
some common 

compatible 
solutes



Structures of some 
common 

compatible solutes



Microbial growth:
oxygen and growth



Group Relationship to O2 Type of 
metabolism

Example

Oxygen classes of microorganisms

ANAEROBES

Aerotolerant Not required, growth 
no better with O2  

Fermentation Streptococcus 
pyogenes

Obligate Harmful or lethal Fermentation 
or Anaerobic 
respiration

Clostridium 
tetani

AEROBES

Obligate Required Aerobic 
respiration

Micrococcus 
luteus

Facultative Not required, growth 
better with O2

Aerobic or  
Anaerobic 
respiration, 

Fermentation

Escherichia coli

Microaerophilic Required at low levels Aerobic 
respiration

Spirillum 
volutans

AEROBES

Obligate Required Aerobic 
respiration

Micrococcus 
luteus

Facultative Not required, growth 
better with O2

Aerobic or 
Anaerobic 
respiration, 

Fermentation

Escherichia coli

Microaerophilic Required at low levels Aerobic 
respiration

Spirillum 
volutans
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Resazurin, a
redox dye



Incubation under anoxic conditions



Anoxic jar- A chemical reaction in the envelope in the jar generates H2

+ CO2. The H2 reacts with O2 in the jar on the surface of a palladium 
catalyst to yield H2O; the final atmosphere contains N2, H2, and CO2.



Four-electron reduction of O2 to water by stepwise addition

of electrons. All the intermediates formed are reactive and 

toxic to cells except for water



Microbial growth:
the effect of environmental 

factors on growth 



Microbial growth:
the effect of temperature on growth 



Cardinal temperatures





Temperature classes of organisms



Antartic microbial habitats



Snow algae



Boulder Spring, a small boiling spring in Yellowstone National Park

Growth of 
hyperthermophiles in 

boiling water: 
microcolony of 

prokaryotes 

that developed on a 
microscope slide 

immersed in a boiling 
spring



Growth of thermophilic cyanobacteria in hot spring in Yellowstone National Park



Microbial growth:
the growth at low or high pH



Enzymes that destroy 

toxic oxygen species



Testing a microbial culture for the presence of catalase

30% hydrogen peroxide 30% hydrogen peroxide +
loopful of cells from a culture




