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The Study of Microbial Growth

• Microbial growth occurs at two levels: 
growth at a cellular level with increase in 
size, and increase in population

• Division of bacterial cells occurs mainly 
through binary fission (transverse)

– parent cell enlarges, duplicates its chromosome, 
and forms a central transverse septum dividing 
the cell into two daughter cells



BINARY FISSION OF BACTERIA
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Rate of Population Growth

• Time required for a complete fission cycle is 
called the generation, or doubling time

• Each new fission cycle increases the 
population by a factor of 2 – exponential or 
logarithmic growth.

• Generation times vary from minutes to 
days.



Rate of Population Growth



Rate of Population Growth

• Equation for calculating population size over 
time:

Nƒ = (Ni)2
n

Nƒ is total number of cells in the population.

Ni is starting number of cells.

Exponent n denotes generation time.

2n number of cells in that generation



The Population Growth Curve



The Population Growth Curve

1. Lag phase – “flat” period of adjustment, 
enlargement; little growth

2. Exponential growth phase – a period of 
maximum growth will continue as long as cells 
have adequate nutrients and a favorable 
environment

3. Stationary phase – rate of cell growth equals 
rate of cell death caused by depleted nutrients 
and O2, excretion of organic acids and pollutants

4. Death phase – as limiting factors intensify, cells 
die exponentially in their own wastes



The Population Growth Curve



Bacterial Growth Curve
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Conditions that Impact Microbial 
Growth



Intrinsic Factors:

1. Nutrient

2. Moisture & Aw

3. pH

4. Antimicrobial substances

Extrinsic Factors:

1. Temperature

2. Oxygen

3. RH

4. Other microbes

Conditions that Impact Microbial 
Growth



Microbial Nutrition
Nutrition – process by which chemical substances 

(nutrients) are acquired from the environment and 
used for cellular activities

Essential nutrients - must be provided to an organism

Two categories of essential nutrients:
– macronutrients – required in large quantities; play principal 

roles in cell structure and metabolism 

• proteins, carbohydrates, lipids

– micronutrients or trace elements – required in small 
amounts; involved in enzyme function and maintenance of 
protein structure

• manganese, zinc, nickel, calcium, cuprum, natrium, vitamins, growth 
hormones and metabolic precursors



Nutrients

• Inorganic nutrients– atom or molecule that 

contains a combination of atoms other than carbon 

and hydrogen

– metals and their salts (magnesium sulfate, ferric nitrate, 

sodium phosphate), gases (oxygen, carbon dioxide) and 

water

• Organic nutrients- contain carbon and hydrogen 

atoms and are usually the products of living things

– methane (CH4), carbohydrates, lipids, proteins, and 

nucleic acids



Chemical Analysis of Microbial 
Cytoplasm

• 70% water

• Proteins

• 96% of cell is composed of 6 elements:

– carbon

– hydrogen

– oxygen

– phosphorous

– sulfur

– nitrogen



Sources of Essential Nutrients

Carbon sources

• Heterotroph – must obtain carbon in an 

organic form such as proteins, carbohydrates, 

lipids and nucleic acids, made by other living 

organisms 

• Autotroph - an organism that uses CO2, an 

inorganic gas as its carbon source

– not nutritionally dependent on other living things



Carbon as the Major Sources of Cellular 
Carbon and Energy.

• Aerobic fermentations

About 50% of substrate carbon is incorporated into cell 

mass and about 50% of it is used as energy sources.

• Anaerobic fermentation

A large fraction of substrate carbon is converted to 

products and a smaller fraction is converted to cell mass 

(less than 30%).



Sources of Essential Nutrients

Nitrogen Sources
• Main reservoir is nitrogen gas (N2); 79% of earth’s 

atmosphere is N2.

• Nitrogen is part of the structure of proteins, DNA, 
RNA & ATP – these are the primary source of N for 
heterotrophs.

• Some bacteria & algae use inorganic N nutrients 
(NO3

-
, NO2

-
, or NH3).

• Some bacteria can fix N2.

• Regardless of how N enters the cell, it must be 
converted to NH3, the only form that can be combined 
with carbon to synthesis amino acids, etc.



Sources of Essential Nutrients

Oxygen Sources

• Major component of carbohydrates, lipids, 
nucleic acids, and proteins

• Plays an important role in structural and 
enzymatic functions of cell

• Component of inorganic salts (sulfates, 
phosphates, nitrates) and water

• O2 makes up 20% of atmosphere

• Essential to metabolism of many organisms



Sources of Essential Nutrients

Hydrogen Sources

• Major element in all organic compounds and 
several inorganic ones (water, salts and gases)

• Gases are produced and used by microbes.

• Roles of hydrogen:
– maintaining pH

– forming H bonds between molecules

– serving as the source of free energy in oxidation-
reduction reactions of respiration



Sources of Essential Nutrients

Phosphorous (Phosphate Sources)

• Main inorganic source is phosphate (PO4
-3) 

derived from phosphoric acid (H3PO4) found 

in rocks and oceanic mineral deposits

• Key component of nucleic acids, essential to 

genetics

• Serves in energy transfers (ATP)



Sources of Essential Nutrients

Sulfur Sources

• Widely distributed in environment, rocks; 

sediments contain sulfate, sulfides, hydrogen 

sulfide gas and sulfur

• Essential component of some vitamins and 

the amino acids: methionine and cysteine

• Contributes to stability of proteins by 

forming disulfide bonds



Other Nutrients Important in 
Microbial Metabolism

• Potassium – essential to protein synthesis and 

membrane function

• Sodium – important to some types of cell transport

• Calcium – cell wall and endospore stabilizer

• Magnesium – component of chlorophyll; membrane 

and ribosome stabilizer

• Iron – component of proteins of cell respiration

• Zinc, copper, nickel, manganese, etc.



Micronutrients

Micronutrients could be classified into the

following categories (required less than 10-4 M) :

- Most widely needed elements

Fe, Zn and Mn. Such elements are cofactors

for some enzyme and regulate the metabolism.

- Trace elements needed under specific

growth conditions

Cu, Co, Mo, Ca, Na, Cl, Ni, and Se. For

example, copper is present in certain

respiratory-chain components and enzymes.



Micronutrients

- Trace elements rarely required

B, Al, Si, Cr, V, Sn, Be, F, Ti, Ga, Ge, Br, Zr, W, Li and

I. These elements are required in concentrations of

less than 10-6M and are toxic at high concentration.

- Growth factor is also micronutrient.

Growth factor stimulates the growth and synthesis of

some metabolites. e.g. vitamin, hormones and amino

acids. They are required less than 10-6M.



Growth Factors: Essential Organic 
Nutrients

• Organic compounds that cannot be 

synthesized by an organism because they 

lack the genetic and metabolic mechanisms 

to synthesize them

• Must be provided as a nutrient

– essential amino acids, vitamins



Nutritional Types

• Main determinants of nutritional type are:

– carbon source – heterotroph, autotroph

– energy source –

• chemotroph – gain energy from chemical 
compounds

• phototrophs – gain energy through 
photosynthesis
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• Passive transport –does not require energy; substances 
exist in a gradient and move from areas of higher 
concentration towards areas of lower concentration

– diffusion

– osmosis – diffusion of water

– facilitated diffusion – requires a carrier

• Active transport – requires energy and carrier proteins; 
gradient independent

– active transport

– group translocation – transported molecule 
chemically altered

– bulk transport – endocytosis, exocytosis, pinocytosis

Transport: Movement of Chemicals Across 
the Cell Membrane
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Effects of Aw and Moisture



Effects of Aw and Moisture





Water Activity Limits for Growth of 
Microorganisms 



Water Activity Limits for Growth of 
Microorganisms 
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• Majority of microorganisms grow at a pH 
between 6 and 8

• Obligate acidophiles – grow at extreme acid 
pH

• Alkalinophiles – grow at extreme alkaline pH

Effects of pH 
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Cellular targets of physical and chemical agents:
1. The cell wall – cell wall becomes fragile and cell 

lyses; some antimicrobial drugs, detergents, and 
alcohol

2. The cell membrane - loses integrity; detergent 
surfactants

3. Cellular synthetic processes (DNA, RNA) –
prevention of replication, transcription; some 
antimicrobial drugs, radiation, formaldehyde, 
ethylene oxide

4. Proteins – interfere at ribosomes to prevent 
translation, disrupt or denature proteins; 
alcohols, phenols, acids, heat

Effects of Antimicrobial Agents 
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Methods of Analyzing Population 
Growth

• Turbidometry – most simple

Degree of cloudiness, turbidity, reflects the relative 
population size

• Enumeration of bacteria:

– viable colony count  

– direct cell count – count all cells present; automated or 
manual



Methods of Analyzing Population 
Growth
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