
 
 

                  EDO UNIVERSITY IYAMHO  

                  Department of Microbiology     
                        MCB 415 Introductory Microbiology 
 

 

Instructor: Adetunji Charles Oluwaseun, email: adetunji.charles@edouniversity.edu.ng 

Lectures: Thursday, 1pm – 3pm, ML1, Faculty of Science building 

Office hours: Thursday, 12noon to 1pm (just before class), Office: Room 1, Faculty building 

 

Description: This course; Pharmaceutical Microbiology is a very unique course in 

Microbiology. The course will expose the students to the concept of growth and death in 

microorganisms, chemistry of synthetic chemotherapeutic agents and antibiotics, production and 

synthesis of antibiotics and antiseptics, relationship of antimicrobial agents to different microbial 

groups: gram negatives, gram negatives, spores-former etc, the modes of action and assay of 

antibiotics and antiseptics, sensitivity and resistance as related to microbial physiology, 

Microbiological control in the pharmaceutical industry 

Prerequisites: Students should have knowledge of basic as well as some advance knowledge of 

microbiology. They are expected to be familiar with the concepts in theory of microbiology; 

distribution and natural habitats of microorganisms.  

 

Assignments: We expect to have 7 individual take-home assignments during the period of this 

course as well as Mid-Semester Test and a Final Exam. Home works are due at the beginning of 

the class on the due date. Home works are organized and structured as preparation and an 

important aspect of the continuous assessment for this course as well as final exam, and are 

meant to be studying materials 
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There will also be 1 individual class project. The goal of this class project is to assess the 

students’ basic knowledge of pharmaceutical microbiology   

 

Grading: We will assign 10% of this class grade to home works and 20% for the mid-term test 

and 70% for the final exam. 

 

Textbooks: The recommended textbooks for this class are as stated:  

Title: Prescott's Microbiology 

Authors:  Joanne Willey, Linda Sherwood and Christopher J. Woolverton 

Publisher: McGraw-Hill, 9
th

 edition 

 

Title: Brock Biology of Microorganisms, 14th Edition 

Authors: Michael T. Madigan, John M. Martinko, Kelly S. Bender, Daniel H. Buckley, David A. 

Stahl and Thomas Brock 

 

Title: Microbiology: An Introduction, 12th Edition 

Authors: Gerard J. Tortora, Berdell R. Funke and Christine L. Case 

Title: Disinfection, Sterilization and Preservation, 4th edn. 

Authors: Block SS (ed.) 

Title: 2.: Membrane Filtration : An User’s Guide and Reference Manual,  

Authors: Block TD 

Title:Collins CH et al. (eds) : Microbiological Methods, 6th edn. 

Authors: Collins CH et al. (eds) 

Title:: Potential Impact of Increased use of Biocides in Consumer Products on Prevalence 

of Antibiotic Resistance,  

Authors: Gilbert P and McBain AJ 

Title: Antiseptics and Disinfectants : Activity, Action and Resistance 

Authors: McDonnell G and Russell AD :  



 
 

Title: Laboratory Safety : Principles and Practices 

Authors: Richardson JH (ed.) 

Title: Microbiology : An Introduction 

Authors: Tortora GJ et al. 

Lectures: Below is a description of the contents. 

 

Concept of growth and death in microorganisms 

Microbial growth 

Whenever microorganisms come in contact with necessary conditions (food, correct temperature, 

etc) the microbes can multiply in very fast manner that could led to increase in their numbers. 

This might be beneficial (yeast growing in wort to make beer) or harmful (bacteria growing in 

your throat causing strep throat to humans. The proper understanding of the microbial growth 

will enable us to predict or control their number at a particular period or conditions. Although 

growth for multicellular organisms is naturally measured in terms of the rise in size of a single 

organism, microbial growth is evaluated by the rise in population, whichever by assessing the 

rise in cell number or the growth in general mass. 

Bacterial Division 

Eukartyotic microbes could multiply by asexual or sexual reproduction while archaea and 

Bacteria reproduce mainly by asexually. Furthermore, Bacteria and archaea utmost generally 

involve in a development identified as binary fission, where a single cell separates into two 

equally sized cells. Moreover, less common developments/growth can comprise multiple 

fission, budding, and the development of spores. 



 
 

The process involved in the development of cell normally starts with the development of cell 

elongation that require the expansion of the cell membrane and the cell wall, beside increase in 

cell volume of the cell. The cell begins to multiply its DNA, in preparation so has to two copies 

of its chromosome, one for each freshly designed cell. Moreover, one of a major requirement 

during the development of a cell includes protein FtsZ which is mandatory for the development 

of a septum which originally shows as a ring in the central of the lengthened cell. Whenever, the 

nucleoids are separated into the lengthened cell septum development is finalized, separating the 

lengthened cell into two similarly sized daughter cells. The whole development or cell cycle 

occurs between 20 minutes for a vigorous culture of E. coli bacteria. 

Growth Curve 

 The growth of bacteria has been observed to grow predictable pattern leading to the growth 

curve which involves four major growth phase the lag phase, the exponential or log phase, the 

stationary phase, and the death or decline phase. Moreover the growth curve can led to the 

generation time for every organisms-which is the total amount of time it takes for the number of 

microorganisms to double. The particulars related with each growth curve (number of cells, 

length of each phase, rapidness of growth or death, overall amount of time) will differ from 

organism to organism or even with dissimilar environments for the same organism.  But the 

arrangement of four distinct phases of growth will characteristically persist. 



 
 

 

1. Lag phase: 

 This stage occurs whenever bacteria is inoculated into a sterile prepared media, at this 

stage there is no single available growth but immediately bacterial come in contact with 

the  new fresh media, Bacteria begins to adjust to the new environment and their number 

will begin to  multiply. 

  The time period in which bacteria is metabolically active but do not divide is called as 

lag phase. 

 lag phase  is characterized by the period during which there is no increase in number of 

cell. 

 Size of bacteria increase continuously so the bacteria have largest size at the end of lag 

phase. 

 During this phase, microorganism tries to adopt in new environment. It is the phase of 

adjustment essential for the production of enzymes and co-enzymes for physiological 

activities. 

 Time is mandatory for change in physical surrounding around each cell. 



 
 

 Duration of lag phase varies according to conditions and species of bacteria.  

o If the culture organism is taken from old culture, the period will be longer but if 

the culture is fresh, time is short. 

o Likewise if the culture media is different from the previous culture then duration 

is long because bacteria takes some more time to adjust in the new media. 

 At the end of lag phase, bacteria become fully equipped for cell division. 

  

2. Log phase or exponential phase: 

 Throughout this phase bacteria splits incessantly at constant rate and the number of 

bacteria rise exponentially. 

 During this phase all bacteria are in their quick stage of cell division and display stable 

growth. 

 Because of quik cell division, bacteria have minimum size in this stage. 

 Bacterial population is closely same when compared during their metabolic actions, 

chemical configuration of cell and other physiological features. 

 Biochemical and physiological properties are usually used for identification of bacteria 

are established during log phase of growth. 

 Generation time of bacteria is normally evaluated at this stage log phase. Nevertheless it 

is not equal for all bacteria in culture. 

 Generation time is shortest at this period/ stage and is sturdily reliant on upon growth 

factors available in the medium. 



 
 

 This period might takes numerous hour subject to the kind of organism, circumstances of 

growth and density of organism. 

  

3. Stationary phase: 

 At this point in time the bacteria growth reaches a stage where the bacterial no longer 

grow again because there no increase in their number and this stage is referred to as 

stationary phase. 

 During this stage a constant bacterial population is sustained by stability amongst cell 

division and cell death. 

 Moreover, some bacteria, may stop the process of cell division which happens henceforth 

there is no net increase or decrease in number of bacteria. 

 This stage is characterized by enlarged bacterial cell density, exhaustion of nutrition in 

media and buildup of toxic secondary metabolic wastes. 

 Fabrication of antibiotics such as Penicillin, streptomycin etc and enzymes by certain 

bacteria occur during stationary phase of their growth. 

 Sporulation occur as the bacteria enter stationary phase most especially from endospore 

forming bacteria. 

  

4. Death phase or decline phase: 

 The number of dead cell continuously and exponentially increases. 



 
 

 The amount of bacteria remain constant but the viable count decreases. 

 The opposite of log phase. But the activity that happens during the death rate is slower 

than growth rate. 

 Death stage might be linked to condition like exhaustion of nutrition and buildup of toxic 

wastes. 

 Moreover, it has been observed that many bacteria do not die at the same time but some 

might be resistance while some might die in a very fast time manner. Eg. Spore forming 

bacteria. 

 

Chemistry of synthetic chemotherapeutic agents and antibiotics 

Definition of an antibiotic 

A. An antimicrobial agaent is a substance that shoudnt have any toxic to the host non-allergenic, 

soluble in body fluids, and have the capability to retain its therapeutic levels, have a 

low probability of eliciting resistance, long shelf life, and low cost. Majority of antibiotics are 

produced by either fungi (e.g., penicillin, cephalosporins), Bacillus species (e.g., polymyxin, 

bacitracin), or Streptomyces species (streptomycin, tetracycline, erythromycin, kanamycin, 

neomycin, nystatin).Chemotherapeutic agent (drug)-any chemical (natural or synthetic) that is 

used in medicine. Ideally, it should attack microorganisms selectively and not harm human 

cells. 

 Types of antibotics 

B. Types and examples of antibiotics 

1. Sources 



 
 

a. Natural drug-one made by microorganisms. 

b. Synthetic drugs that is made in the laboratory. Semisynthetic drug-one synthesized 

partly in the laboratory and partly by microorganisms. 

c. Spectrum of activity 

 

Antibiotics may either be broad or narrow spectrum 

II. Antimicrobial agents Modes of action 

A. Microbes are killed through various means: 

1. Inhibition of nucleic acid synthesis (DNA/RNA) 

2. Inhibition of Cell wall formation  

3. Inhibition of Protein synthesis 

4. Damaging the plasma membrane  

5. Inhibition of general metabolic pathway  

6. Inhibition of pathogen’s attachment to or recognition of the host 

III. Antibiotic Efficacy (How well does the antimicrobial agent work?) 

A. Diffusion Susceptibility Test 

B. Minimal inhibitory concentration (MIC) and the minimal bactericidal 

 Mechanisms of antibiotic resistance 

C. Reasons for antibiotic resistance 

 

D. Retarding Drug Resistance 

 

D. Nosocomial 



 
 

 

 

 Sterilization Methods and Principles 

Sterilization can be defined as any process that effectively kills or eliminates transmissible 

agents (such as fungi, bacteria, viruses and prions) from a surface, equipment, foods, 

medications, or biological culture medium. In practice sterility is achieved by exposure of the 

object to be sterilized to chemical or physical agent for a specified time. Various agents used as 

steriliants are: elevated temperature, ionizing radiation, chemical liquids or gases etc. The 

success of the process depends upon the choice of the method adopted for sterilization. 

Pharmaceutical Importance of Sterilization  

• Moist heat sterilization  

• Dry heat sterilization  

• Gaseous sterilization  

• U.V light  

• Gamma-rays  

• Filtration sterilizations  



 
 

Expression of resistance  

D-value  

D-value is indicative of the resistance of any organism to a sterilizing agent. For radiation and 

heat treatment, D-value is the time taken at a fixed temperature or the radiation dose required to 

achieve a 90% reduction in viable count.  

Z-value  

Z-value represents the increase in temperature needed to reduce the D-value of an organism by 

90%.  

Methods of Sterilization  

The various methods of sterilization are:  

1. Physical Method  

a. Thermal (Heat) methods  

b. Radiation method  

c. Filtration method  

2. Chemical Method  

a. Gaseous method  

 

1. Heat Sterilization  

a.Dry Heat Sterilization:  

Hot-air oven  

b.Moist Heat Sterilization: Moist heat may be used in three forms to achieve microbial 

inactivation  

Gaseous Sterilization  



 
 

a. Ethylene oxide sterilizer:  

b. Low temperature steam formaldehyde (LTSF) sterilizer:  

Liquid Sterilization  

a. Peracetic Acid liquid sterilization:  

b. Hydrogen Peroxide Sterilization:  

Radiation Sterilization  

a. Gamma ray Sterilizer:  

b. Ultraviolet Irradiation:  



 
 

Electron Accelerator  

Filtration Sterilization  

.  

Application of filtration for sterilization of gases:  

(a) Depth filters:  

(b) Membrane filters:  

Application of filtration for sterilization of liquids:  

Tests for Sterility  

Media used in Sterility Testing  

Fluid Thioglycollate Medium (Medium 1) and Soybean-Casein Digest Medium (Medium 2) are 

the two media generally used for tests for sterility.  

.  

Method of Membrane Filtration  

Method of Direct Transfer  

Liquids and soluble or dispersible solids:  

Ointments and oily preparations:  

Incubation and examination of sterility tests:  

Interpretation of the test results:.  

Evaluation of Sterilization Method  

Process of Microbial Destruction  

Microbial destruction methods such as heat, chemical, and radiation sterilization are used. Upon 

exposure of such treatment, microorganisms die according to logarithmic relationship between 



 
 

concentration or population of the living cells and the time exposure or radiation dose. The 

relationship between microbial population and time may be linear or non linear.  

The D value or time required or dose required for one log reduction in microbial population may 

be calculated from these plots.  

D value  

It is the rate of killing of micro organism. It determines the time required to reduce the microbial 

population by one decimal point i.e. it is the time required for 90% reduction in the microbial 

population. Hence the time or dose it takes to reduce thousand microbial cells to hundred cells is 

the D value.  

D value is important in the validation of sterilization process for several reasons.  

i. It is specific for each microorganism in environment subjected to specific sterilizing agent 

or condition.  

ii. The knowledge of D value at different temperature in heat sterilization is necessary for the 

calculation of Z value.  

iii. The D value is used in the calculation of biological factor F.  

iv. Extra-polation of D value predicts number of log reduction of microbial population.  

 

D value is affected by several parameters which are as follows.  

i. The type of microorganism used as biological indicator  

 



 
 

 

ii. The formulation component and characteristics  

iii. The surface on which the microorganism is exposed  

iv. The temperature, gas concentration and radiation dose  

 

D value is determined by  

i. Survival curve method: The survival curve method is based on plotting the log number of 

the surviving organism verses independent variable such as time, gas concentration or 

radiation dose  

ii. Fraction negative method: In this method, sample containing similar spore population are 

treated in an identical environment and the number of sample still showing microbial 

growth after treatment and incubation are determined.  

 

Data obtained by survival curve method are plotted semi logarithmically. Data points are 

connected by least square analysis.  

Log N = a + bt  

Where N is number of surviving organism, t is time, a is γ intercept and b is slope of line as 

determined by linear regression.  

D value is the reciprocal of linear slope  

D = 1/ b  

Z value  

This term is exclusively used in the validation of heat sterilization process. The Z value is the 

reciprocal of slope resulting from the plot of the logarithm of D value verses the temperature at 



 
 

which the D value was obtained. The Z value may be defined as the temperature required for one 

log reduction in the D value.  

The accepted standard (Z value) for steam sterilization of Bacillus stearothermophilus spores and 

dried heat sterilization for Bacillus subtilis are 10°C and 22°C respectively. These plots are 

important because one can determine D value of the indicator micro organism at any temperature 

of interest. The magnitude of slope indicates the relative degree of lethality as temperature is 

increased or decreased.  

F value  

The F value measures equivalent time, not clock time that a monitored article is exposed to the 

desired temperature e.g. 121
o 

C.  

F value is calculated from following equation.  

F= Δt Σ10
(T-To)/Z 

 

Where; Δt is the time interval for the measurement of product temperature t  

T is reference temperature  

To is 121
o

C for steam sterilization.  



 
 

Evaluation and In Process Monitoring of Sterilization Procedures  

Dry Heat Sterilization  

Physical indicator:  

Chemical indicator:  

Biological indicator:  

Guiding Questions: 

1.  What is the necessity for controlling or inhibiting bacterial growth? 

2.  How can one measure the amount of inhibition exhibited?  

3.  What results can be expected in comparing inhibition of a single species of   

     bacteria to different antibiotics and antiseptics?  

4.  What results can be expected in comparing the inhibition of different bacterial species  

     by similar antibiotics and antiseptics? 

5.How is growth measured in microbial populations? 

6. How do eukaryotes and bacteria/archaea differ in their reproductive methods? 

7. What are the steps of binary fission? What is happening at each step? 

8. Know what the growth curve of an organism grown in a closed system looks like. Know the 

various stages and what is occurring at each stage, physiologically.  What can influence lag 

phase? What are the 2 differing explanations for cell loss in the death or senescence phase? 



 
 

9. Understand generation time and how can it be determined on a log number of cells vs. time 

graph. Know the advantage of plotting the log number of cells vs. time instead of the number of 

cells vs. time. What factors affect the generation time of an organism? 

10. Practice problem: Six Staphylococcus aureus are inoculated into a cream pie by the hands of 

a pastry chef. The generation time of S. aureus in cream pie at room temperature is 30 minutes. 

a) How many S. aureus are in the pie after 4 hours at RT? b) After 24 hours? 

11. Discussed  various aerobic and anaerobic method of sterility testing 

12. Write short notes on  

a. Sterilization by moist heat 

b. Ethylene oxide sterilization 

13.Explain extensively the various factor affecting disinfection 

14. Write short note on D value, Z value and F value 

15. Explain in detail the process involved during the one level factorial design of antimicrobial 

testing. 

16. Difference between simple and differential staining 

17. Explain the difference between Chick Martin test and Rideal Walker test 

18. What are the difference between Chemoorganothrophs and heterotrophs 
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