
Microbial growth and control 



Cell Growth and Binary Fission 

 Growth: inrease in the number of cells 

 

 Binary fission: cell division following enlargement of a cell to twice its 

minimum size  

 

 Generation time: time required for microbial cells to double in number  

 

 During cell division, each daughter cell receives a chromosome and sufficient 

copies of all other cell constituents to exist as an independent cell 
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The Concept of Exponential Growth  
 Most bacteria have shorter generation times than eukaryotic microbes 

 Generation time: time required for microbial cells to double in number 

 Generation time is dependent on growth medium and incubation conditions 

 Minimum generation times of 0.5–6 h under the best of growth conditions, 

 Exponential growth: growth of a microbial population in which cell numbers double within a specific 

time interval 

 During exponential growth, the increase in cell number is initially slow but increases at a faster rate  

 



The Microbial Growth Cycle  

 Batch culture: a closed-system microbial culture of fixed volume 

 (tube, flask bottle, petri dish) 

 

 Typical growth curve for population of cells grown in a closed system is 

characterized by four phases 

 Lag phase 

 Exponential phase 

 Stationary phase 

 Death phase 

 



The Microbial Growth Cycle  

1) Lag phase 

 Interval between when a culture is inoculated and when growth begins 

 This interval may be brief or extended, depending on the history of the 

inoculum and the growth conditions. 

For example 

 If explonentially growing medium is transfered- NO LAG PHASE! 

 Or old medium is transferded-  LAG PHASE! 

 From rich culture medium to poor one- (from complex medium to defined 

medium) LAG PHASE!  

 

 



 To grow in any culture medium the cells must have a complete 

complement of enzymes for synthesis of the essential metabolites 

not present in that medium.  

 Hence, upon transfer to a medium where essential metabolites 

must be biosynthesized, time is needed for production of the new 

enzymes that will carry out these reactions. 

 Lag phase 



 2) Exponential phase 

 Cells in this phase are typically in the healthiest state 

 Influenced by environmental conditions and genetic characteristics 

 Prokaryotes grow faster than eukaryotic 

 

 

 

The Microbial Growth Cycle  



 3) Stationary phase 

 Growth rate of population is zero 

 no net increase or decrease in cell number and 

 LIMITATIONS OF POPULATION GROWTH 

 Either an essential nutrient is used up or waste product of the organism 

accumulates in the medium 

 May grow very very slow 

 



The Microbial Growth Cycle  

 4)Death Phase 

 If incubation continues after cells reach stationary phase, the cells will 

eventually die. 

 Exponential but slower than exponential growth 

 

 Thus the terms lag phase, exponential phase, stationary phase, and 

death phase have no meaning with respect to individual cells but 

only to cell populations. 



Measuring Microbial Growth 

 

 Microscopic Counts 

 Viable Counts 

 Turbidimetric Methods 



Microscopic Counts 

 Microbial cells are enumerated by microscopic observations 

 Results can be unreliable 

 Can be done either samples dried on slides or samples in 

liquid. 

 dried samples can be stained to increase contrast between cells 

and their background 

 liquid samples, specially designed counting chambers are used 



Microscopic Counts 

 Limitations of microscopic counts 

 Cannot distinguish between live and dead cells without 

special stains 

 Small cells can be overlooked 

 Precision is difficult to achieve 

 Phase-contrast microscope required if a stain is not used 

 Cell suspensions of low density (<106 cells/ml) hard to count 

 Motile cells need to be immobilized 



Flow cytometer 

 A second method for enumerating cells in liquid samples is with a flow 

cytometer 

 employs a laser beam and complex electronics to count individual cells. 

  biophysical technology employed in cell counting 

 rarely used for the routine counting of microbial cells 

 

 applications in the medical field for counting and differentiating blood cells 

 



Viable Counts 

 Viable cell counts (plate counts): Measurement of living, reproducing 

population 

 Assumption: viable cell can grow and divide to yield one colony. 

 Colony numbers reflection of cell numbers! 

 Two main ways to perform plate counts: 

 Spread-plate method 

 Pour-plate method 



Sample is pipetted onto 

surface of agar plate 

(0.1 ml or less) 

Sample is spread evenly 

over surface of agar 

using sterile glass 

spreader 

Typical spread-plate 

results 

Surface 
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Sample is pipetted into 

sterile plate 

Sterile medium is 

added and mixed 

well with inoculum 

Spread-plate method 

Pour-plate method 

Incubation 

Solidification 

and incubation 



 Volumes greater than about 0.1 ml are avoided in Spread-plate method 

because the excess liquid does not soak in and may cause the colonies to 

coalesce as they form, making them difficult to count. 

 If the pour-plate method is used to enumerate cells from a natural sample, 

another problem may arise; any debris in the sample must be 

distinguishable from actual bacterial colonies or the count will be 

erroneous. 

 



Diluting Cell Suspensions before 

Plating 

 Not too many or too few colonies. 

 Crowded plates may not form colonies or fuse 

 Small colonies may not be statistically signficant 

 30-300 colony per plate 

 To obtain the appropriate colony number, the sample to be 

counted should always be diluted.  

 



Sample to 

be counted 1 ml 

1 ml 1 ml 1 ml 1 ml 1 ml 

9-ml 

broth 

Total  
dilution 

Plate 1-ml samples 

1/10 

(101) 

1/100 

(102) 

1/103 

(103) 

1/104 

(104) 

1/105 

(105) 
1/106 

(106) 

159      103 1.59      105  
Plate  

count 
Dilution 
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Cells (colony-forming units) 

per milliliter of original sample 

159  

colonies 

17  

colonies 

2  

colonies 
0  

colonies Too many colonies 

to count 



Sources of Error in Plate Counting 

 The number of colonies obtained in a viable count 

experiment depends not only on the inoculum size and 

the viability of the culture, but also on the culture 

medium and the incubation conditions. 



Sources of Error in Plate Counting 

 

 Plating inconsistencies 

 such as inaccurate pipetting of a liquid sample,  

 a nonuniform sample for example, a sample containing cell 

clumps) 

 insufficient mixing 

 Great care and consistency must be taken in sample 

preparation and plating, and replicate plates of key 

dilutions must be prepared. 



Turbidimetric Methods 

 Turbidity (being cloudy) measurements are an indirect, rapid, and useful 

method of measuring microbial growth 

 Most often measured with a spectrophotometer and measurement referred to 

as optical density (O.D.) 
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Spectrophotometer: 

used to determine 

turbidity ("cloudiness") by 

measuring the amount of 

light that passed through a 

suspension of cells 

More cells = more turbidity; more turbidity = less light passing through the 

suspension 



Turbidimetric Methods 

 Turbidity measurements 

 Quick and easy to perform 

 Typically do not require destruction or significant disturbance of 

sample 

 Sometimes problematic (e.g., microbes that form clumps or 

biofilms in liquid medium) 

 These should be minimized by shaking and mixing to prevent 

cell agregates 



Four key factors control the growth of 

all microorganisms 

 Temperature 

 pH  

 water availability 

 oxygen 



Effect of Temperature on Growth 

 Temperature is a major environmental factor controlling 

microbial growth 

 

 Cardinal temperatures: the minimum, optimum, and maximum 

temperatures at which an organism grows 



Effect of Temperature on Growth  

 Microorganisms can be classified into 

groups by their growth temperature: 

   

•Psychrophile: low temperature 

•  Mesophile: midrange temperature 

•  Thermophile: high temperature 

•  Hyperthermophile: very high 

temperature 



 





Effect of Temperature on Growth  

 Mesophiles: organisms that have midrange temperature optima; found 

in 

 Warm-blooded animals 

 Terrestrial and aquatic environments 

 Temperate and tropical latitudes 

 

The habitats of these organisms include especially cheese, yogurt, and 

mesophile organisms are often included in the process 

of beer and wine making. 



Microbial Life in the Cold   
 Extremophiles (consider the Earth) 

 Organisms that grow under very hot or very cold conditions 

 Psychrophiles 

 Organisms with cold temperature optima (15 or lover) 

 Inhabit permanently cold environments  not seasonally cold 

 their laboratory study requires that great care 

 Psychrotolerant 

 Organisms that can grow at 0ºC but have optima of 20ºC to 40ºC 

 More widely distributed in nature than psychrophiles 

 Meat, milk, dairy products 

 



 Much of Earth’s surface is cold. The oceans, which make up over half of 

Earth’s surface, have an average temperature of 5 °C, and the depths of the 

open oceans have constant temperatures of 1–3 °C.  

 

 lakes in the Antarctic McMurdo Dry Valleys contain a permanent ice cover 
several meters thick  

 

 constantly cold and only seasonally cold. 

 

 

 Such highly variable environments are less favorable habitats for cold-active 
microorganisms  



Microbial Life in the Cold  
 Molecular Adaptations to Psychrophily  

 Transport processes function optimally at low temperatures 

 Modified cytoplasmic membranes 

 High unsaturated fatty acid content 

 the double bonds are unstable when heated and they tend to 

react with oxygen. 

 

 

 



Molecular Adaptations to Psychrophily  

 Enzymes function in the cold 

 More -helices than -sheets (provide flexibility) 

 Beta  sheet secondary structure tend to be more rigid. 

 More polar and less hydrophobic amino acids 

 Fewer weak bonds 

 Decreased interactions between protein domains 

 Cold –shock proteins 

 



 Antarctic microbial habitats and microorganisms.  



Microbial Life at High Temperatures  

 Studies of thermal habitats have revealed 

 Prokaryotes are able to grow at higher temperatures than 

eukaryotes (exceed 45 and 80 degree) 

 Hot springs,sun-heated soils 

 Organisms with the highest temperature optima are Archaea 

 Nonphototrophic organisms can grow at higher temperatures 

than phototrophic organisms 

 



Microbial Life at High Temperatures 

 Molecular Adaptations to Thermophily 

 Enzyme and proteins function optimally at high temperatures; features that provide 

thermal stability 

 Critical amino acid substitutions in a few locations provide more heat-tolerant folds 

 An increased number of ionic bonds between basic and acidic amino acids resist unfolding 

in the aqueous cytoplasm 

 Production of solutes (e.g., di-inositol phophate, diglycerol phosphate) help stabilize 

proteins 

 



 Modifications in cytoplasmic membranes to ensure heat stability 

 Bacteria have lipids rich in saturated fatty acids 

 Archaea have lipid monolayer rather than bilayer 



 Growth of hyperthermophiles in boiling water. 

 (a) Boulder Spring, a small boiling spring in 

Yellowstone National Park. This spring is  

superheated, having a temperature 1–2°C above 

the boiling point. The mineral deposits around 

the spring consist mainly of silica and sulfur.  

 (b) Photomicrograph of a microcolony of prokaryotes 

that developed on a microscope slide immersed in 

such a boiling spring. 



 Growth of thermophilic 

cyanobacteria in a hot 

spring in Yellowstone 

National Park. 

Characteristic V-shaped pattern formed by cyanobacteria at the upper temperature for phototrophic life, 

70–74°C, in the thermal gradient formed from a boiling hot spring. The pattern develops because the 

water cools more rapidly at the edges than in the center of the channel. The spring flows from the back 

of the picture toward the foreground. The light-green color is from a high-temperature strain of the 

cyanobacterium Synechococcus. As water flows down the gradient, the density of cells increases, less 

thermophilic strains enter, and the color becomes more intensely green. 



Microbial Life at High Temperatures  

 Hyperthermophiles produce enzymes widely used in industrial 

microbiology 

 Example: Taq polymerase, used to automate the repetitive steps in 

the polymerase chain reaction (PCR) technique 

 



Other Environmental Factors 

Affecting Growth  

 Acidity and Alkalinity 

 Osmotic Effects on Microbial Growth 

 Oxygen and Microorganisms 



Acidity and Alkalinity 

 The pH of an environment greatly 

affects microbial growth 

 

 Some organisms have evolved to 

grow best at low or high pH, but 

most organisms grow best between 

pH 6 and 8 (neutrophiles) 

 



 Neutrophiles 

  Grow best under neutral conditions 

 Acidophiles: organisms that grow best at low   

pH (<6) 

 Some are obligate acidophiles; membranes destroyed at neutral pH 

 Stability of cytoplasmic membrane critical 

 Alkaliphiles: organisms that grow best at high   

pH (>9) 

 Some have sodium motive force rather than proton motive force 

 



 The internal pH of a cell must stay relatively close to neutral even though the external pH is 

highly acidic or basic (pH 6-8) 

 Internal pH has been found to be as low as 4.6 and as high as 9.5 in extreme acido- and alkaliphiles, 

respectively 

 There are  lower and upper limits of cytoplasmic pH, 

 DNA is acid-labile and RNA is alkaline-labile; if a cell cannot maintain these key macromolecules in a 

stable state, it obviously cannot survive. 



  Bacteria exhibit various tolerances to pH 

  pH effects are largely based on changes in the nature of 

proteins 

  Effects charge interactions within and between polypeptides 

 Effect secondary and tertiary structure of proteins 

 Most grow in a range between 6.0 and 9.0 



Osmotic Effects on Microbial Growth   

 Water is the solvent of life,  

 water availability is an important factor affecting the growth of microorganisms.  

 Water diffuses from regions of high water concentration (low solute concentration) to regions of 

lower water concentration (higher solute concentration) in the process of osmosis. 

 

 The cytoplasm has a higher solute concentration than the surrounding environment, thus the tendency is for 

water to move into the cell (positive water balance) 

 

 When a cell is in an environment with a higher external solute concentration, water will flow out unless the 

cell has a mechanism to prevent this 

 



Osmotic Effects on Microbial Growth  

 Halophiles: organisms that grow best at reduced water 

potential; have a specific requirement for NaCl 

 

 Extreme halophiles: organisms that require high levels 

(15–30%) of NaCl for growth 

 

 Halotolerant: organisms that can tolerate some reduction 

in water activity of environment but generally grow best in 

the absence of the added solute 

 



Osmotic Effects on Microbial Growth   

 Osmophiles: organisms that live in environments high in sugar as solute 

 Xerophiles: organisms able to grow in very dry environments 

 When an organism grows in a medium with a low water activity, it can obtain water 

from its environment only by increasing its internal solute concentration and driving 

water in by osmosis. 

 

 Pumping inorganic ions from environment into cell 

 Synthesis of organic solutes 

 

 



Oxygen and Microorganisms  

 Aerobes: require oxygen to live 

 Anaerobes: do not require oxygen and may even be killed by exposure 

 Facultative organisms: can live with or without oxygen 

 Microaerophiles: can use oxygen only when it is present at levels 

reduced from that in air 

 Aerotolerant anaerobes: can tolerate oxygen and grow in its presence 

even though they cannot use it 

 

 



SUMMARY 

 Growth 

 Microbial growth curve 

 Effects on microbial growth 


