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Microorganisms can be grouped into nutritional classes based on 

how they satisfy all these (carbon energy and electrons) 

requirements.  

 

Microorganisms can be classified as either autotrophs or 

heterotrophs with respect to their preferred sources of carbon. 

 

However by definition only autotroph can use carbon dioxide as 

the sole or principal source of carbon.  



https://www.careerpower.in/school/biology/nutrition-in-plants 



The reduction of carbon dioxide is a very energy explain Process.  

 

 Thus many microorganisms cannot use carbon dioxide has their 

sole carbon sources must relay on the presence of more reduced 

complex molecules such as glucose for a supply of carbon 

 

Organisms that use reduce, preformed organic molecules such as 

carbon sources are heterotrophs these performed molecule normally 

come from other organisms. 

 



Most heterotrophs use atoms to organic compounds as source of 

both carbon and energy. 

 

 For example the glycolytic pathway produces carbon skeletons 

for use in bio synthesis and also released energy as ATP and 

NADH. 

 

 There are only 2 sources of energy available to organisms.  

1. Light energy 

 2. Energy derived from oxidizing organic or in  

  organic molecules 



Many microbes are autotrophs and most of the carry out 

photo synthesis and light as the energy source. 

Phototrophs use light as their sole energy source 

Chemotrophs obtains energy from the oxidation of chemical 

compounds either organic or in organic. Microorganisms also 

have only 2 source of electrons 

Lithotrophs extract electrons from organic compounds 

 

Nutritional classification based on carbon, energy and 

electron 

Based on their primary source of carbon, energy, and 

electrons microorganisms are classified into 3 groups. 

 

 

 



•Carbon sources 

 Autotrophs : Carbon dioxide soul or principle biosynthesis 

carbon source 

 Heterotrophs : Reduced, performed, organic molecules from 

other organisms  

•Energy sources 

 Phototrophs :  Use Light 

 Chemotrophs : Oxidation of organic or in organic compounds 

•Electron sources 

 Organotrophs : organic molecules  

 Lithotrophs : reduce inorganic molecules. 

 

.  
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1. Lag phase : 

•When a microorganism is introduced into the fresh 

medium, it takes some time to adjust with the new 

environment.  

 

•This phase is termed as Lag phase, in which cellular 

metabolism is accelerated, cells are increasing in size, 

but the bacteria are not able to replicate and therefore 

no increase in cell mass.  

 

•The length of the lag phase depends directly on the 

previous growth condition of the organism. When the 

microorganism growing in a rich medium is inoculated 

into nutritionally poor medium, the organism will take 

more time to adapt with the new environment.  



•The organism will start synthesizing the necessary 

proteins, co-enzymes and vitamins needed for their 

growth and hence there will be a subsequent 

increase in the lag phase.  

 

•Similarly when an organism from a nutritionally 

poor medium is added to a nutritionally rich 

medium, the organism can easily adapt to the 

environment, it can start the cell division without 

any delay, and therefore will have less lag phase it 

may be absent.  



2. Exponential or Logarithmic (log) phase : 

•During this phase, the microorganisms are in a rapidly 

growing and dividing state. 

 

• Their metabolic activity increases and the organism 

begin the DNA replication by binary fission at a 

constant rate.  

 

•The growth medium is exploited at the maximal rate, 

the culture reaches the maximum growth rate and the 

number of bacteria increases logarithmically 

(exponentially) and finally the single cell divide into 

two, which replicate into four, eight, sixteen, thirty two 

and so on (That is 20, 21, 22, 23.........2n, n is the number of 

generations)  



•This will result in a balanced growth. 

 

• The time taken by the bacteria to double in 

number during a specified time period is known as 

the generation time.  

•The generation time tends to vary with different 

organisms.  

 

•E.coli divides in every 20 minutes, hence its 

generation time is 20 minutes, and for 

Staphylococcus aureus it is 30 minutes.  



3. Stationary phase  

•As the bacterial population continues to grow, all the 

nutrients in the growth medium are used up by the 

microorganism for their rapid multiplication.  

 

•This result in the accumulation of waste materials, toxic 

metabolites and inhibitory compounds such as 

antibiotics in the medium. 

 

• This shifts the conditions of the medium such as pH 

and temperature, thereby creating an unfavourable 

environment for the bacterial growth. 



•The reproduction rate will slow down, the cells 

undergoing division is equal to the number of cell 

death, and finally bacterium stops its division 

completely.  

 

•The cell number is not increased and thus the growth 

rate is stabilized.  

 

•If a cell taken from the stationary phase is introduced 

into a fresh medium, the cell can easily move on the 

exponential phase and is able to perform its metabolic 

activities as usual.  



4. Decline or Death phase  

 The depletion of nutrients and the subsequent 

accumulation of metabolic waste products and other 

toxic materials in the media will facilitates the bacterium 

to move on to the Death phase.  

 

 During this, the bacterium completely loses its 

ability to reproduce. Individual bacteria begin to die due 

to the unfavourable conditions and the death is rapid 

and at uniform rate.  

 

 The number of dead cells exceeds the number of 

live cells. Some organisms which can resist this 

condition can survive in the environment by producing 

endospores.  













Batch  culture  

Continuous culture  



a.Chemostat : A chemostat (from chemical 

environment is static) is a bioreactor to which fresh 
medium is continuously added, while culture liquid 
containing left over nutrients, metabolic end 
products and microorganisms are continuously 
removed at the same rate to keep the culture volume 
constant.  



b. Turbidostat  
 
A turbidostat is a continuous microbiological 
 culture device, similar to a chemostat or an 
 auxostat, which has feedback between the  
turbidity of the culture vessel and dilution rate. 
 
 A chemostat has a fixed volume and flow rate, 
 and thus a fixed dilution rate.  
 
A turbidostat dynamically adjusts the flow rate 
 (and therefore the dilution rate) to make the turbidity 
constant.  
 
 While most turbidostats use a 
spectrophotometer/turbidometer to measure the optical 
density for control purposes, there exist other methods, 
such as dielectric permittivity.  



3. Fed-batch culture:  Defined as an operational 

technique in biotechnological processes where one or 

more nutrients (substrates) are fed (supplied) to the 

bioreactor during cultivation and in which the product(s) 

remain in the bioreactor until the end of the run. 

  An alternative description of the method is that of 

a culture in which "a base medium supports initial cell 

culture and a feed medium is added to prevent nutrient 

depletion“. 

  It is also a type of semi-batch culture. In some 

cases, all the nutrients are fed into the bioreactor. The 

advantage of the fed-batch culture is that one can 

control concentration of fed-substrate in the culture 

liquid at arbitrarily desired levels. 



Synchronous Culture 

Definition: 
 Synchronous culture refers to the growth process of 
the microbial population, where individual cells 
how synchrony with the other cells in the same culture 
medium by growing at the same growth phase for the 
given generation time. 

The efficiency of synchronous 
growth by comparing the 
following two parameters: 

The large cells are collected from 
the filter to obtain a synchronous 
growth by a standard technique 

known as the “Helmstetter 
Cumming technique”. 
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