
Bacterial growth 

Primary and secondary products 

Thermal inactivation 

 



Growth curve of microorganisms 

Microbial growth is an autocatalytic process:  

no growth will occur without the presence of at least 

one viable cell and the rate of growth will increase with 

the amount  of viable biomass present. 



Binary fission  



How organisms divide  



Study of growth 

• Growth  - increase in cellular constituents 

that may result in: 

                             increase in cell number 

  e.g., when microorganisms reproduce by budding or 

binary fission 

                              increase in cell size 
e.g., coenocytic microorganisms have nuclear divisions that 

are not accompanied by cell divisions 

Microbiologist usually study population growth rather than 

growth of individual cells. 

 

 
   



Scheme of division  





Log representation of growth 



Lag phase 

• Short period immediatelly after inoculation. 

• Organisms are synthesising the enzymes 
needed to exploit the new medium. 

• Cell may grow in  size but not usually in 
number. 

• If organisms have been transferred from 
an identical medium, at the same 
temperature, the lag phase may be very 
short. 



Log growth phase  

• The log phase (the logarithmic phase or the 
exponential phase) is a period characterized by cell 
doubling. 

•  The number of new bacteria appearing per unit time is 
proportional to the present population.  

• If growth is not limited, doubling will continue at a 
constant rate so both the number of cells and the rate of 
population increase doubles with each consecutive time 
period. 

•  For this type of exponential growth, plotting the natural 
logarithm of cell number against time produces a straight 
line.  

 



Stationary growth phase 

• The stationary phase is often due to a growth-

limiting factor such as the depletion of an 

essential nutrient, and/or the formation of an 

inhibitory product such as an organic acid. 

•  Stationary phase results from a situation in 

which growth rate and death rate are equal.  

• The number of new cells created is limited by 

the growth factor and as a result the rate of cell 

growth matches the rate of cell death 



Death phase 

• At death phase (decline phase), bacteria 

die. This could be caused by lack of 

nutrients, environmental temperature 

above or below the tolerance band for the 

species, or other injurious conditions. 



Calculation of the growth rate  



Calculation of the growth rate  



Čas
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ln x0

x    počet buněk v 1 ml
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         rychlost



b
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Number of cells in 1 ml 

Specific growth rate 



Growth rate calculation 

• The following equations were applied to the 

optical density data to calculate the  

  specific growth rate µ (h-1), the generation 

time T (h) and the time of lag phase: 

•  = (lnXn+1 - lnXn)/(tn+1 - tn)  (1),  

• T = 0.69/    (2),  

• where lnX is the natural logarithm OD, 

    and t is the time of OD (h)measurement.  







Growth Kinetics 

 Autocatalytic reaction: The rate of growth is directly related to cell   

concentration. 

• substrates + cells → extracellular products + more cells 

 

• ∑S + X → ∑P + nX 

• S: substrate concentration (g/L); X: cell mass concentration (g/L); 

 

• P: product concentration (g/L); n: increased number of biomass. 

 

• Net specific growth rate (1/time):  μnet = 1/X. dX/dt 

•  t = the time 
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• t: the time 



Content of nutrients   
• Concentration of key nutrients may effect the  growth rate of 

microorganisms. 

• Relation between the growth rate and nutrients concentration was 

designed as Monod equation. Reflects dependence of microbial 

growth on the  growth limiting  enzyme reaction. 

• The Monod equation is a mathematical model for the growth of 

microorganisms. It is named for Jacques Monod who proposed 

using an equation of this form to relate microbial growth rates in an 

aqueous environment to the concentration of a limiting nutrient. 

• The Monod equation has the same form as the Michaelis–Menten 

equation, but differs in that it is empirical while the latter is based on 

theoretical considerations. 

https://en.wikipedia.org/wiki/Mathematical_model
https://en.wikipedia.org/wiki/Jacques_Monod
https://en.wikipedia.org/wiki/Michaelis%E2%80%93Menten_kinetics
https://en.wikipedia.org/wiki/Michaelis%E2%80%93Menten_kinetics
https://en.wikipedia.org/wiki/Michaelis%E2%80%93Menten_kinetics
https://en.wikipedia.org/wiki/Michaelis%E2%80%93Menten_kinetics
https://en.wikipedia.org/wiki/Empirical_relationship


Monods equation   

• μ = μmS / S +Ks 

• μ specific growth rate of microorganism  

• μm  maximal specific growth rate  

• S is the concentration of the limiting  

        substrate for growth 

• Ks is the "half-velocity constant"—the value   

of S when μ/μmax = 0.5 



The Ideal Batch Reactor 

 
• Many biochemical processes involve batch growth of cell 

populations. A limited supply of nutrients for growth is 

provided; when these are used up, or some other factor 

becomes limiting, the culture declines. Cells, or products 

that the organisms have made, can then be harvested from 

the culture. 

•  After seeding a liquid medium with an inoculums of 

living  cell, nothing is added to the culture or remove 

from it as growth proceeds. 

 

• In such a reactor, concentrations of the nutrients, cells 

and products vary with time as the growth proceeds. 



Cultivation vessels 

Scale-up 



Fermentor 



Common products of batch culture 

Baker's yeast 

Food and fodder yeast 

Foods from waste 

Amino acid   production 



Fed-batch culture 

Fed-batch culture is, in the broadest sense, 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 (in many cases, at low levels). 

Fed-batch culture is superior to conventional batch culture when 

controlling concentrations of a nutrient (or nutrients) affect the yield or 

productivity of the desired metabolite. 

Note: the volume of culture liquid is increasing.  



Chemostat – continous culture 

 • Control flow rate and concentration of growth-

limiting nutrient of liquid medium entering and 

exiting a growth chamber (bioreactor). 

• – Control 

• pH 

• Temperature 

• Concentration of terminal electron acceptor 

• Concentration of toxic by-products of metabolism 

• A completely mixed continuous stirred-tank  

• reactor for the cultivation of cells are called  

   chemostats. 



 

 

Primary and secondary metabolites are often used in 

industrial microbiology for the production of food, amino 

acids, and antibiotics 
 

 • Primary metabolites are considered essential 

to microorganisms for proper growth. 

• Secondary metabolites do not play a role in 

growth, development, and reproduction, and are 

formed during the end or near the stationary 

phase of growth. 

• These metabolites can be used in industrial 

microbiology to obtain amino acids, develop 

vaccines and antibiotics, and isolate chemicals 

necessary for organic  synthesis. 

 

 

 

 

 





Primary metabolites 

• Small molecules of living cells 

• Intermediates or end products of the 

pathway 

• Related to synthesis of microbial cells in 

the growth phase 

• Include alcohols, amino acids, nucleotides, 

organic acids,polyols, vitamins, and 

enzymes 



Primary metabolic pathways 
• Primary metabolic pathways (PMPs) produce too few 

end products while secondary metabolic pathways 

(SMPs) produce too many products. 

• PMPs require the cell to use nutrients in its surroundings 

such as low molecular weight compounds for cellular 

activity. 

•  There are three potential pathways for primary 

metabolism: the Embden Meyerhof-Parnas Pathway 

(EMP), the Entner-Doudoroff pathway and the hexose 

monophosphate (HMP) pathway. The EMP pathway 

produces two molecules of pyruvate via triose phosphate 

intermediates.  

 





EMP 
• EMP pathway occurs most widely in animal, plant, 

fungal, yeast and bacterial cells. Many microorganisms 

however use this pathway solely for glucose utilization. 

During primary metabolism hexoses such as glucose are 

converted to single cell protein (SCP) by yeasts and 

fungi.  

• Yeasts from the Saccharomyces species produce 

alcohol as cells grow during the log phase using an 

anaerobic primary metabolic pathway. This account for 

most of the alcohol found in nature and is widely used in 

the fermentation industry to produce beer, wine and 

spirits. 





EMP – primary products 
• Citric acid fermentation process involving Aspergillus 

niger, hexoses are converted via the EMP pathway, to 

pyruvate and acetyl Co-A which condenses with 

oxaloacetate to form citrate in the first step of the TCA 

cycle.  

• Ethanol, lactic acid and acetic acid were the first 

commercial products of the fermentation industry. 

Several of these products have applications as 

alternative energy sources, for example alcohol has 

been used to produce a cheaper alternative to petrol in 

developing countries such as Brazil and in Europe 

between World Wars I and II. 



Secondary metabolites 

• Accumulate following active growth 

 

• Have no direct relationship to synthesis of 

cell material and natural growth 

 

• Include antibiotics and toxins 





Secondary metabolism 
• Secondary metabolism synthesises new compounds. 

Sec. mets. are not vital to the cells survival itself but are 

more so for that of the entire organism. 

•  Relatively few microbial types produce the majority of 

secondary metabolites. Secondary metabolites are 

produced when the cell is not operating under 

optimum conditions e.g. when primary nutrient source 

is depleted. Secondary metabolites are synthesized for a 

finite period by cells that are no longer undergoing 

balanced growth. A single microbial type can produce 

very different metabolites. Streptomyces griseus and 

Bacillus subtillus each produce more than fifty different 

antibiotics. 



Secondary metabolites  
• The chemical structure and their activities cover a wide 

range of possibilities, including antibiotics, ergot 

alkaloids, naphtalenes, nucleosides, peptides, 

phenazines, quinolines, terpenoids and some 

complex growth factors. The production of economically 

important metabolites such as antibiotics by microbial 

fermentation is one of the major activities of the 

bioprocess industry. 

• Secondary metabolites such as penicillin are produced 

during the stationary phase (idiophase) of cell growth. 

Most of the knowledge concerning secondary 

metabolism comes from the study of commercially 

important microorganisms. 



Enzymes 
• Lipase - enhances flavor in cheese making 

• Lactase - breaks down lactose to glucose and 

galactose: lactose free milk products 

• Proteinase – degrades proteins 

• γ-amylase - production of high fructose corn 

syrup 

• Pectinase -  degrades pectin to soluble 

components reduces cloudiness in fruit juice 

• Tissue plasminogen activators (TPA) - 

dissolves blood clots 



 



Temperature  

Is one of the most important environmental factors , 

controlling the rate of cell division (multiplication) of 

microorganisms  

 

• We recognize  3 basic temperatures  

  minimal temperature  

  optimal temperature  

  maximal temperature 



Cardinal temperatures for 

microbial growth  

Microorganisms belong to groups according  to optimal 

temperature for division and metabolism  

 

 Psychrophilic  bacteria (12-15 °C) 

 Psychrotrophic  bacteria (25-30 °C) 

 Mesophilic  bacteria (30-40 °C) 

 Thermophilic bacteria (50-70 °C) 

 

 

 



Effect of high temperatures 

Killing effect of high temperatures  (lethal  temperature) is 

the lowest temperature, at which under certain time are all 

microorganisms  killed  (70 °C/10 min) denaturation of 

proteins,  enzynme inactivation, DNA and  cytoplasmatic  

membrane disruption is dependent on: 

  species of microorganisms  

  its  physiologic status 

  cell concentration  

  environment character  



Thermoresistance 

Degree of microorganisms resistance depends on: 

 

• physiologic status of  bacteria 

• their genetic properties 

• amount of bacteria 

• water content in substrate 

• quantity of protective compounds (lipids, proteins,  

   saccharides) 

  
 



Pasteurisation 
 

Properly done pasteurisation assure: 

 

•  devitalisation of pathogen microorganisms  

   (M. tuberculosis) 

•  devitalisation of substantial portion of saprophytic 

   microflora   (vegetative cells) 

•  conservation of original fysical, chemical,   

   nutritive  and  sensoric qualities  

 

PASTERISED FOOD CONTAIN   

MICROORGANISMS! 



Sterilisation  

 

  
 

• One-time application of temperature higher than 100 
°C 
 

• Sterilisation is defined as combination of temperature 
and time 
 

• Sterilisation of food survive certain spores (genus 
Bacillus and Clostridium) 
 

• Practical (commertial) sterility x absolute sterility 

 

STERILISED  FOOD MAY CONTAIN  SPORES! 



Quantifying the thermal death of 

microorganisms 

• When the temperature is increased above the 
maximum for growth, cells are injured and killed 
as key cellular components are destroyed. 

• The generally accepted view is that thermal 
death is a first order process, it means, the rate 
of death depends upon the number of viable 
cells present. 

      dN/dt =  -cN 

dN/dt - is the rate of death, N – the number of present viable cells 

C – proportionality constant 



D - value 
• The time required at a certain temperature to kill 90% of the 

organisms being studied. Thus after an organism is reduced by 1 D, 

only 10% of the original organisms remain. The population 

number has been reduced by one decimal place in the counting 

scheme. 

•  Generally, each lot of a sterilization-resistant organism is given a 

unique D-value.  

• When referring to D values it is proper to give the temperature as a 

subscript to the D. For example, a hypothetical organism is reduced 

by 90% after exposure to temperatures of 60 degrees Celsius for 2 

minutes, thus the D-value would be written as D60C = 2 minutes.  

• D-value determination is often carried out to measure a 

disinfectant's efficiency to reduce the number of microbes, present 

in a given environment.  



D value 

• Thus after an organism is reduced by 1 D, only 10% of the original 
organisms remain. The population number has been reduced by 
one decimal place in the counting scheme. Generally, each lot of a 
sterilization-resistant organism is given a unique D-value.  

 

• When referring to D values it is proper to give the temperature as a 
subscript to the D.  

 

• For example, a hypothetical organism is reduced by 90% after 
exposure to temperatures of 60 degrees Celsius  for 2 minutes, 
Thus the D-value would be written as  

                  D60F = 2 minutes.  

 

• D-value determination is often carried out to measure a 
disinfectant's efficiency to reduce the number of microbes, present 
in a given environment. 



Thermal Resistance  

• D-Value: 

– Time at a given temperature needed to 

reduce a microbial population by 90% 

• Z-Value: 

– Change in temperature needed to change D-

value by 90% 



Z - value 
• Z-value of an organism is the temperature, in degrees 

Celsius or Fahrenheit, that is required for the  to 
move(decrease) one log cycle. 

 

• It is the reciprocal of the slope resulting from the plot of 
the logarithm of the D-value versus the temperature at 
which the D-value was obtained. 

 

• It may be simplified as the temperature required for one 
log reduction in the D-value. 

 

• While the D-value gives us the time needed at a certain 
temperature to kill an organism, the z-value relates the 
resistance of an organism to differing temperatures.  

 

http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Celsius
http://en.wikipedia.org/wiki/Fahrenheit
http://en.wikipedia.org/wiki/D-value
http://en.wikipedia.org/wiki/D-value
http://en.wikipedia.org/wiki/D-value


Z - value 
• So, the z-value allows us to calculate a thermal process 

of equivalency, if we have one D-value and the z-value. 

• So, if it takes an increase of 10°C to move the curve one 
log, then our z-value is 10.  

• So then, if we have a D-value of 4.5 minutes at 65°C, we 
can calculate D-values for 65°C by reducing the time by 
1 log.  

• So, our new D-value for 65°C is 0.45 minutes. This 
means that each 10°C increase in temperature will 
reduce our D-value by 1 log. Conversely, a 10°C 
decrease in temperature will increase our D-value by 1 
log.  

• So, the D-value for a temperature of 55°C would be 45 
minutes. 

 

 



D value 

• As the temperature is increased so the D 
value decreases. This is an exponential 
process over the range of temperatures  used 
in the heat processing of food so that 
plotting log D against temperature gives a 
straight line.   

• From this is possible to derive another 
important parameter in heat processing, z: 
the temperature change which results in a 
tenfolf (1 log) change in D. 

 



Microbial heat resistance 

•                                    D (mins) 
• Salmonella sp.                       D65  0.02 – 0.25 

• Staphylococcus aureus         D65  0.2 – 2.0 

• Escherichia coli                     D65  0.1 

• Listeria monocytogenes        D60  5.0 – 8.3 

• Campylobacter jejuni             D55  1.1  

• Yeasts and molds                  D65  0.5 – 3.0 
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Comparison of D58°C-Values for Different 

Enterobacteriaceae 
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