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INSTITUTION 

 

VISION 

To impart value based quality academia; to empower students with wisdom and to charge them 

with rich Indian traditions and culture; to invoke the self, to broaden the same towards nation 

building, harmony and Universal brotherhood. 

MISSION 

To ensure sustained progress and development in imparting quality education, to pioneer new 

avenues of teaching and research and to emerge as an institution with potential for excellence 

 

DEPARTMENT OF MICROBIOLOGY  

VISION 

To provide a captivating and pertinent Microbiology curriculum that will train students at a high 

standard of systematic literacy and divulge proper skill sets. 

To nurture professionals to categories tasks with a broad perspective and knowledge and take 

inventiveness in interdisciplinary education and research 

MISSION 

M1 

To become a student-oriented centre of international repute, where student from all 

strata of the society are given a chance to bring out their best through continuous 

stimulus of scholarly progression and intellectual development.  

M2 

To enhance the intellectual foundation of our students and prepare them for life in a 

complex, dynamic world where they would preserve, add to, evaluate, and transmit 

knowledge in the field of Microbiology and become responsible contributing 

citizens of society, who can take up leadership positions around the globe. 

M3 

To groom proficient students as scientific workforce in national and global 

excellence for industry and to make accessible a large pool of well-educated entities 

as potential pedagogue. 

 



 

 

 

PROGRAM OUTCOMES (PO) IN RELATION TO GRADUATE ATTRIBUTES 

PO1 To attain suitable scientific knowledge and technical skills to realize, calibrate and 

develop innovative processes / skills for creation of inventive products, which are 

beneficial to society. 

PO2 To implement discipline, professionalism, team spirit, communication skills, social and 

ethical commitment in the post graduates in order to embellish leadership roles 

expediting perfection in different sector with a categorical professional distinctiveness, 

business savvy, international recognition and imperishable expansion 

 

PO3 

To be habituated with the emerging expanses of erudition and their applications in 

several domains of biological sciences and to enlighten the students of its relevance in 

forthcoming studies 

 

PO4 

To enhance the insight of research-oriented knowledge in conjunction with literature 

survey, design of experimental methodology, analysis and interpretation of results and 

draw valid conclusions. 

 

PO5 

To provoke entrepreneurship among the students along with strong ethics and 

communication skills 

PO6 To engage in Lifelong learning and enduring proficient progress 

 
PROGRAM SPECIFIC OUTCOMES 

PSO1 To apply critical and contextual knowledge of Microbiology in inventive, energetic and 

inspiring milieu for design and development of new technology 

PSO2 To reclaim, assess and practice microbiological data concerning current issues in the 

biosphere and pertinent to their day-to-day lives 

 

PSO3 

To comprehend the concepts of microbial infections in animals & plants and to 

implement the acquired knowledge for prevention and control of microbial diseases 

 

PSO4 

To capture knowledge in designing a route for  the production of foods, therapeutic 

agents, metabolites, proteins and other beneficial products through micro-organisms 

 

PSO5 

To generate brilliant human resource, entailing with up-to-date requirements of 

biological sciences 

 

 



 

 

SCHEME OF I SEMESTER APPLIED MICROBIOLOGY PROGRAM 

 

 

Sl. 

N

O 

Course 

Category 

 

Course 

Code 

 

Course 

Hours 

Distributio

n 

Over 

all 

Credits 

Total 

Cont

act 

Hrs/

Wk 

 

Marks  

L T P S CI

A 

ESE Tota

l  

1 Core  

Fundamentals of 

Microbiology & Microbial 

Physiology 

4 0 0 0 4 

 

4 40 60 100 

2 Core  Medical Microbiology - I 4 0 0 0 4 4 40 60 100 

3 
Core 

 
Basics in Immunology & 

Immunotechnology 
4 0 0 0 4 

 

4 
40 60 100 

4 
Core 

 
Microbial Genetics & 

Molecular biology 
4 0 0 0 4 

4 
40 60 100 

5 
Elective – 

I-A 
 Bioinformatics** 3 0 0 0 3 

3 
40 60 100 

   OR          

6 
Elective – 

I-B 
 Cell Biology** 3 0 0 0 3 

3 
40 60 100 

   OR          

 
Elective – 

I-C 
 Forensic Biology** 3 0 0 0 3 

3 
40 60 100 

7 Core  Practical - I * 0 0 4 0 4 11 40 60 100 

8   Industrial Visit***     EC     

9   Soft Skills     2     

10   Certificate Course - I****          

Total     25 30    

 

* Practical Examinations will be conducted in even semester only 

** To be opted by Student  

*** Industrial Visit (Extra credit - EC) 

**** Certificate Courses



 

 

SCHEME OF II SEMESTER APPLIED MICROBIOLOGY PROGRAM 

 
Course 

category 
  

Hours 
 

Total 

Cont

act 

Hrs/

Wk 

 
Sl. Course Course Distribution Over Marks 

N

O 
Code 

  
all 

 

   
L T P S 

Credi

ts 

CI

E 
SEE 

Tota

l 

1 
Core 

 
Food, Dairy & Industrial 

Microbiology 
4 0 0 0 4 

4 
40 60 100 

2 Core  Medical Microbiology - II 4 0 0 0 4 4 40 60 100 

3 
Core 

 
Research Methodology 

and Biostatistics 
4 0 0 0 4 

4 
40 60 100 

5 
Elective – 

II-A 
 

Environmental 

Microbiology** 
3 0 0 0 3 

3 
40 60 100 

 
  OR  

     
 

   

6 
Elective – 

II-B 
 Tissue Biotechnology** 3 0 0 0 3 

 

3 40 60 100 

 
  OR 

     
 

   

 

Elective – 

II-C 
 Marine Biotechnology** 3 0 0 0 3 

 

3 40 60 100 

 

Elective – 

III-A 
 Poultry Farming** 3 0 0 0 3 

3 
40 60 100 

 
  OR  

     
 

   

 

Elective – 

III-B 
 Apiculture** 3 0 0 0 3 

 

3 40 60 100 

 
  OR 

     
 

   

 

Elective – 

III-C 
 Nutrition & Dietetics** 3 0 0 0 3 

 

3 40 60 100 

7 Core  Practical - II * 0 0  4 0 4 12 40 60 100 

8   Minor Project/ Internship 
    

2  
   

 
  Industrial Visit*** 

    
EC  

   
9   Soft Skills 

    
2  

   
10   Certificate Course - I**** 

     
 

   
Total 26 30 

   
 

* Practical Examinations will be conducted in even semester only  

** To be opted by Student  

*** Industrial Visit (Extra credit - EC) 

**** Certificate Courses 



 

 

 

 

SCHEME OF III SEMESTER APPLIED MICROBIOLOGY PROGRAM 

 

 

Sl. 

N

O 

Course 

Category 

 

Course 

Code 

 

Course 

Hours 

Distributi

on 

Over 

all 

Credits 

Total 

Cont

act 

Hrs/

Wk 

 

Marks  

L T P S CI

A 

ESE Tota

l  

1 
Core 

 
Recombinant DNA 

Technology 
4 0 0 0 4 

4 
40 60 100 

2 

Core 

 

Principles of 

Bioprocess Technology 

& Pharmaceutical 

Microbiology 

4 0 0 0 4 

4 

40 60 100 

3 
Elective – 

IV-A 
 Bioinstrumentation** 3 0 0 0 3 

3 
40 60 100 

   OR           

 
Elective – 

IV-B 
 

Soil & Agricultural 

Microbiology** 
3 0 0 0 3 

 

3 40 60 100 

   OR          

 
Elective – 

IV-C 
 Brewing Technology** 3 0 0 0 3 

 

3 40 60 100 

4 
Elective – 

V-A 
 Nanobiotechnology ** 3 0 0 0 3 

3 
40 60 100 

   OR           

 
Elective – 

V-B 
 

Biodegradation 

Technology** 
3 0 0 0 3 

 

3 40 60 100 

   OR          

 
Elective – 

V-C 
 

Biosaftey and Clinical 

Research ** 
3 0 0 0 3 

 

3 40 60 100 

5 
Elective – 

VI-A 
 Aquaculture** 3 0 0 0 3 

3 
40 60 100 

   OR           

 
Elective – 

VI-B 
 

Laboratory Animals for 

pre-clinical studies** 
3 0 0 0 3 

 

3 40 60 100 

   OR          

 
Elective – 

VI-C 
 

Biodiversity & 

Conservation** 
3 0 0 0 3 

 

3 40 60 100 

6 Core  Practicals - III * 0 0 4 0 4 13 40 60 100 

7   Industrial Visit***     EC     



 

 

8   Soft Skills     2     

9 
 

 
Certificate Course - 

III**** 
     

 
   

Total     23 30    

 

* Practical Examinations will be conducted in even semester only  

** To be opted by Student  

*** Industrial Visit (Extra credit - EC) 

**** Certificate Courses 

 



 

 

SCHEME OF IV SEMESTER APPLIED MICROBIOLOGY PROGRAM 

 

 
Course 

category 
  

Hours 
 

Total 

Cont

act 

Hour

s/We

ek 

 
Sl. Course Course Distribution Over Marks 

N

O 
Code 

  
all 

 

   
L T P S Credits 

CI

E 
SEE 

Tota

l 

1 
Core 

 
Entrepreneurship in 

Microbiology 
4 0 0 0 4 

4 
40 60 100 

2 

Elective – 

VII  

Biofertilizer 

Technology and 

Organic Farming** 

3 0 0 0 3 

 

3 40 60 100 

3 Core  Practical - IV * 0 0  4 0 4 10 40 60 100 

4 
 

 
Project/ Dissertation  

Viva – Voce 
2 0 2 0 4 

 

13    

5   Industrial Visit*** 
    

EC  
   

6   Soft Skills 
    

2  
   

Total 17 30 
   

 

* Practical Examinations will be conducted in even semester only 

** To be opted by Students of other departments 

*** Industrial Visit 



 

 

REGULATIONS 

 

CONDITIONS FOR ADMISSION 

The candidate shall be admitted to the course provided he/she has passed the bachelor’s 

degree in Science with Microbiology, Zoology, Botany, Chemistry, Biology, Life science, Animal 

science, Biochemistry, Bioinformatics, Homescience, Nutrition and Dietetics, Biomedical science, 

Medical Laboratory Technology, B.S.M.S (or) B.A.M.S (or) B.U.M.S and Paramedical sciences of 

this University or other University recognized by the UGC as equivalent thereto. 

 Candidate shall be admitted to the examination only if he/she has taken the qualified degree 

in science/medical subjects as mentioned after having completed the prescribed courses consisting 

of 12 years of study and has passed the qualifying examination.  

 

DURATION OF THE COURSE 

 The duration of the course for two academic years consisting of four semesters and each 

semester comprises of 90 days.  

 

M.Sc. APPLIED MICROBIOLOGY CURRICULUM 

 This is a full time course comprising of two years (four semesters). Through its 

infrastructure well developed over last 23 years, department offers instructions in wide areas of 

Microbiology such as Microbial metabolism, Physiology, Genetics, Molecular biology, 

Bioinformatics,  Medical Microbiology, Bioinstrumentation, Quality Assurance, Bioprocess 

technology, Pharmaceutical Microbiology, Nanobiotechnology, Immunology & Immunotechnology 

and Applied Microbiology which is effectively facilitated by well-balanced curriculum consisting 

of 10 different core papers, 19 choice based elective papers and 4 practical courses. Each semester, 

the students will visit an industry related to their curriculum for award of extra credits. The students 

should take an internship/ minor project at the end of the first year for minimum of 15 days to 

maximum of 20 days. After successful completion, it has to be presented in the department for 

award of 2 credits. Broad based curriculum of department makes it possible to meet the requirement 

of various national / international research institutes and industries.  



 

 

 

DISSERTATION 

  Semester IV consists of project and dissertation for 100 marks. Students are allocated 

individually to dissertation with the faculty of department. The format for dissertations is similar to 

the thesis style incorporating introduction, materials & methods, results, discussion and 

bibliography. The dissertation is submitted in a type written and bound form and a copy of each 

dissertation is submitted to the department for permanent record. Each student should present/ 

publish a paper on his/her project. 

 

EXAMINATION 

 There shall be four semester examinations, first semester examinations at the middle of the 

first academic year and the second semester examinations at the end of the first academic year. 

Similarly, the third and fourth semester examinations shall be held at the middle and end of the 

second academic year, respectively. 

 

EVALUATION 

 M.Sc. students are evaluated under 26 heads of courses. In each course of 100 marks, 60 

marks are for final examination and 40 marks are for continuous internal assessment. The practical 

course is for 100 marks, 60 marks for final examination and 40 marks for continuous assessment. 

The project/ dissertation, viva-voce is evaluated for 100 marks, 60 for external evaluation and 40 

marks for continuous assessment.  

 

ELIGIBILITY FOR THE AWARD OF DEGREE 

 A candidate shall be eligible for the award of the degree only if he/she has undergone 

prescribed course of study for a period of not less than two academic years, passed the examination 

of all the four semesters prescribed earning 91 credits fulfilled such conditions as have been 

prescribed there for.  



 

 

 
 

FIRST SEMESTER 

CORE - I 

Course Title: FUNDAMENTALS OF MICROBIOLOGY & MICROBIAL PHYSIOLOGY 

Course Code:          Credits          : 04 

L:T:P:S: 4:0:0:0        CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

CO1  Emphasize the Principles of Classification, rules and its applications in Microbial 

taxonomy. 

CO2  Be acquainted with knowledge of bacterial cell structure, Staining methods, the 

nutritional requirements of bacteria and get equipped with various methods of bacterial 

growth measurement. 

CO3  Understand the Principles of sterilization and disinfection, various physical and chemical 

means of sterilization, and evaluation of disinfectants. Master aseptic techniques and 

able to perform routine culture handling tasks safely and effectively 

CO4  Acquire an in-depth study of the concepts of metabolism, the different pathways of 

energy conservation microbial metabolism and anaerobic respiration. 

CO5  Perceive significant knowledge of the nature of photosynthesis –– enlisting differences 

in photosystem of plants, algae, cyanobacteria. 

CO6 Handle basic instruments – Autoclave, laminar air flow, incubator, pH meter, 

colorimeter used for the cultivation of bacteria. 

CO7 Understand the principle and operation of different types of microscopes and their 

applications, with deep knowledge on the sample preparation and staining techniques. 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  2 2 2 1  3 

CO2  3  1   3 

CO3  3  2  1 3 

CO4     2 3 3 

CO5    2  3 3 

CO6  3    3 3 



 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PO6 

CO1 3      

CO2   1    

CO3  2     

CO4    2   

CO5    3   

CO6       

CO7 3  2  3  

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Taxonomy: Binomial nomenclature – Classification schemes- 

general characteristics used in classification, major approaches used 

in classification systems – classical, numerical, molecular approach 

and classification of bacteria - Bergey’s manual of systematic 

bacteriology; classification of fungi – Alexopoulos; classification of 

algae – Fritch. 

9 CO1 

2 Bacterial Anatomy and Growth: Bacterial anatomy, growth and 

nutritional requirements, growth media, staining methods – Gram, 

acid fast, metachromatic granules, nuclear staining, capsular; Pure 

culture techniques; Measurements of growth - growth curve, factors 

affecting growth. 

 

9 CO2 

 

3 Sterilization and Disinfections: Principles of sterilization and 

disinfections; Physical agents: Dry heat, moist heat, radiation and 

filtration; Chemical agents: Gaseous, aldehydes phenol, alcohol and 

halogens; Selection and evaluation of disinfectants – Mechanism of 

disinfectants. 

9 CO3 

4 Energy and Metabolism: Concepts of energy – Thermodynamics - 

Entrophy – Reversible chemical reaction – energy and oxidation – 

O/R potential – electron carriers – generation of energy – substrate 

level and oxidative phosphorylation – Electron transport chain. 

Concepts of metabolism: mechanism of ATP synthesis – pathways 

involved in substrate level phosphorylation – fermentation, 

respiration, EMP &amp; other glycolytic pathways. 

9 CO4, 

CO5 



 

 

 

 

 

 

 

TEXT BOOKS: 

1. Bergey, D.H., Noel R Krieg, John G Holt. (1984). Bergey's manual of systematic bacteriology 

(1
st
 ed.). Baltimore, MD:Williams & Wilkins. ISBN: 0683041088.  

 

2. Alexopoulus, CJ and Mims. CW. (1993). Introductory Mycology (4
th 

ed.). Willey  Eastern 

Ltd, New Delhi. ISBN: 978-0-471-52229-4.  

 

3. Johanne, M.W., Linda, M.S. and Christopher, J.W. (2017). Willey Prescott’s Microbiology 

 (10
th 

ed.). McGraw Hill Education, India. ISBN: 9813151269 

 

REFERENCE BOOKS: 

 

1. Tortora, Funke and Chase (2006). Microbiology An Introduction (9
th
 ed.). Benjamin Cummings. 

ISBN 13: 9780321733603 

 

2. Stanier, Ingraham, Wheelis. (1987) General Microbiology (5
th
 ed.). MacMillan. ISBN-13:    

978-0333417683 

 

ASSESSMENT PATTERN 

 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

5 Photosynthesis and Basic Instruments: Nature of photosynthesis 

–Photophosphorylation – photosystem of plants, algae, 

cyanobacteria; carbon dioxide fixation – ribulose diphosphate 

carboxylase; Instruments – Autoclave, laminar air flow, incubator, 

pH meter, colorimeter; Microscopy - Light, Dark field, Phase 

contrast, Fluorescent. 

9 CO5, 

CO6, 

CO7 

https://www.worldcat.org/search?q=au%3ABergey%2C+D.+H.&qt=hot_author
https://www.worldcat.org/search?q=au%3AKrieg%2C+Noel+R.&qt=hot_author
https://www.worldcat.org/search?q=au%3AHolt%2C+John+G.&qt=hot_author


 

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category 
Weightage % 

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

CORE - II 

Course Title: MEDICAL MICROBIOLOGY - I 

 

Course Code  :        Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Understand the importance of normal flora of human body and acquire knowledge on 

the process of infectious disease 

CO2 
Acquire the basic concepts of medical microbiology and analyze how pathogenic 

organisms causes the disease on human beings and animals 

CO3 
To compile a list of disease causing bacteria and compare their modes of infection, 

symptoms, diagnosis and treatment 

CO4 
Evaluate the role of pathogenic bacteria in human infections pertaining to respiratory 

tract, gastrointestinal tract, urinary tract, skin and soft tissue 

CO5 
Comprehend human-fungal interaction, which can be applied to obtain in-depth 

knowledge on fungal diseases and the mechanism behind the disease process 

CO6 
Review medically important fungi that cause disease and methods of identification for 

respective fungi from clinical specimens 

CO7 
Explain types of mycoses caused in humans and demonstrate their modes of infection, 

pathogenesis, and treatment with introduction to mycotoxins 

 

 



 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1 3  2 3  3 

CO2 2 2 3 3  3 

CO3 2 1 3 3 2 3 

CO4 2  2 3  2 

CO5 3  2 2 1 2 

CO6 3 2 2 2 2 2 

CO7 2  3 3 1 3 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO 1 PSO 2 PSO 3 PSO 4 PSO 5 PSO6 

CO1 1 3 3   2 

CO2  3 3   2 

CO3 3 2 2   2 

CO4  3 2   2 

CO5 3 2 1   1 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Introduction to medical microbiology: Normal human micro flora 

– medically important microbes – infectious disease process – 

microbial virulence and virulence factors – laboratory diagnosis; 

process of sample collection, transport and examination of clinical 

specimens. Conventional and rapid methods for microbial 

diagnosis–antimicrobial susceptibility tests. Nosocomial infections, 

zoonotic infections. Antibiotic resistance among clinically important 

bacteria. 

9 CO1, 

CO2 

2 Bacteriology: Morphology, cultural characteristics, pathogenicity, 

lab diagnosis  and treatement: Staphylococcus aureus, Streptococcus 

pyogens, Bacillus anthracis, Corynebacterium diptheriae, 

Clostridium tetani, Clostridium botulinum, Mycobacterium 

tuberculosis, Mycobacterium leprae   

9 CO3, 

CO4 

3 Bacteriology: Morphology, cultural characteristics, pathogenicity, 

lab diagnosis  and treatment: Enterobacter, Escherichia coli, 

Klebsiella pneumoniae, Salmonella typhi, Pseudomonas aeruginosa, 

Vibrio cholerae, Bordetella pertusis, Neisseria gonorrhea, 

Treponema pallidum, Borrelia burgdorferi 

9 CO3, 

CO4 

4  Mycology:  Classification of medically important fungi – Isolation 

and identification of fungi from clinical specimens. Antifungal 

9 CO5, 

CO6 



 

 

drugs. 

5 Mycology: Superficial mycoses – tinea, piedra, dermatophytosis. 

Subcutaneous mycoses – mycetoma, sporotrychosis. Systemic and 

Opportunistic mycoses – Histoplasmosis, Cryptococcosis, 

Candidiasis. Mycotoxins.  

9 CO7 

 

TEXT BOOKS: 

 

1. Arti Kapil. (2013). Ananthnarayan & Paniker's Text book of Microbiology, (9
th
 ed). 

Universities press (India) Private Limited, ISBN: 9788173718892. 

 

2. Apurba S. Sastry, Sandhya Bhat (2018). Essentials of Medical Microbiology, (2
nd

 ed), 

Jaypee Brothers Medical publishers, ISBN: 9789352704798 

 

REFERENCE BOOKS: 

 

1. Patrick R. Murray (2018). Basic Medical Microbiology, (1
st
 ed), Elsevier, ISBN: 

9780323476768. 

 

2. Stefan Riedel, Jeffery A. Hobden, Steve Miller, Stephen A. Morse, Timothy A. Mietzner, 

Barbara Detrick, Thomas G. Mitchell, Judy A. Sakanari, Peter Hotez, Rojelio Mejia (2019). 

Jawetz, Melnick, &Adelberg's Medical Microbiology, (28
th
 ed), Mc Graw Hill Lange, ISBN: 

9781260012026 

 

ASSESSMENT PATTERN 

 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 



 

 

Analyse  15 

Evaluate  10 

Create 5 

 

CORE - III 

Course Title: BASICS IN IMMUNOLOGY AND IMMUNOTECHNOLOGY 

 

Course Code:          Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Analyze various cells involved in Immune system and their response in humoral and 

cell mediated immunity and discuss ABO &Rh incompatibility. 

CO2 
Explore different type of foreign bodies and various classes of antibodies involving in 

antigen antibody reactions. Classify vaccines and approaches to new vaccines. 

CO3 
Standardize bacterial antigens and elucidate the purification of mono, polyclonal 

antibodies using recent and modern techniques for diagnostic Immunology. 

CO4 
Illustrate various mechanisms in tissue and organ transplantation and to regulate 

immune response against tumor antigens. 

CO5 
Exemplify the effect of immune reactions in Hypersensitivity and Immunodeficiency 

diseases. 

CO6 Decode the role of Immunology in Auto immune diseases and disorders. 

 

Mapping of Course Outcomes to Program Outcomes:  

 

PO/CO PO1 PO2 PO3 PO4 PO5 PO6 

CO1 3 2 2 1  2 

CO2 2  1 2 1  

CO3 3 2 3 3  2 

CO4 2 3 2 3  3 

CO5 2 3 2 2   

CO6 2 2 2 1   

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1  3 1   1 



 

 

CO2 3 3 2 2  2 

CO3     3  

CO4 3 2  3   

CO5  3 1   1 

CO6 3 2 2   2 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Organs and Cells in Immune System and Immune Response:Primary 

lymphoid organs, secondary lymphoid organs and lymphoid tissues; T – cell 

and B –cell membrane bound receptors – apoptosis; T - cell processing, 

presentation and regulation; T –cell subpopulation, properties, functions and 

T – cell suppression; Physiology of immune response- innate, humoral and 

cell mediated immunity; Immunohaematology. 

 

9 CO1 

2 Antigen and Antibody: Antigens - Properties of haptens, epitopes, 

adjuvants and cross reactivity; Antibodies- structure, properties, classes; 

Antigen and Antibody Reactions: precipitation, agglutination, complement 

fixation, opsonisation, neutralization; Vaccines – active and passive 

immunization; Classification of vaccines; Other approaches to new vaccines; 

Types of vaccine - antibacterial, antiviral; Vaccine schedule. 

 

9 CO2  

3 Immunoassay and Immunotechniques:Preparation and standardization of 

bacterial antigens; Raising of monoclonal and polyclonal antibodies; 

Purification of antibodies. Immunotechniques: RIA, RAST, ELISA, Immuno 

fluorescence techniques and Flow cytometry. 

 

9 CO3  

4 Transplantation and Tumor immunology: MHC Antigens - structure and 

function; HLA system - Regulation and response to immune system; 

Transplantation immunology - tissue transplantation and grafting; 

Mechanism of graft acceptance and rejection; HLA typing; Tumor specific 

antigens; Immune response to tumors; Immune diagnosis; cancer immune 

therapy. 

 

9 CO4 

5 Immunological disorders and diseases: Hyper sensitivity reactions (Type 

I, II, III and IV); Acquired Immunodeficiency syndrome; Auto immune 

disorders and diseases: organ specific and non organ specific.  

 

9 CO5, 

CO6 

 

 

TEXT BOOKS: 

1. Thomas J. Kindt, Barbara A. Osborne, Richard A. Goldsby. (2006). Kuby Immunology, (6
th 

ed). W.H. Freeman & company. ISBN: 978-1429202114. 

 

2. Peter J. Delves, Seamus J. Martin, Dennis R. Burton, Ivan M. Roitt. (2017). Roitt’s 

Essential Immunology. (13
th
 ed.) Wiley-Blackwell publications. ISBN: 978-1-118- 41577. 



 

 

 

3. Richard M. Hyde. (2000). Immunology. (4
th
 ed). LWW publication. ISBN: 978- 

0683306620. 

 

REFERENCE BOOKS: 

 

1. Abul K Abbas, Andrew H. Lichtman, Shiv Pillai. (2017). Basic Immunology: Functions               

and Disorders of the Immune System. Elsevier publication. ISBN: 9780323390828.  

    

2. Roitt I.M., Brostoff. J, Male. D.K., Roth. (2012). Immunology, Student consult.             

International. (8
th
 ed).  Elsevier Ltd.  

 

3. Donald. M. Weir and John Stewar. (1993). Immunology. (7
th
 ed). ELBS: London. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
e-Poster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 



 

 

 

 

 

CORE - IV 

Course Title: MICROBIAL GENETICS AND MOLECULAR BIOLOGY 

 

Course Code:          Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 Understand the concept of central dogma of molecular biology. 

CO2 

Describe the structure and function of DNA and RNA in a cell and have a conceptual 

knowledge about DNA as a genetic material. 

 

CO3 
Discuss the molecular mechanisms underlying mutations, DNA damage and repair 

mechanisms. 

CO4 Comprehend the various gene transfer methods and its applications. 

CO5 

Understand the molecular mechanisms involved in transcription and translation and 

compare and contrast the prokaryotic and eukaryotic RNA and protein synthesis. 

 

CO6 
Describe the importance of genetic code and concept of gene regulation with reference 

to operon. 

CO7 
Understand and apply the principles and techniques of molecular biology for further 

education and employment. 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  1  1 3 1 3 

CO2  3  1 1  3 

CO3  3  1 1  3 

CO4  1  1 1  3 

CO5  2  1 1  1 

CO6  1  1 1  1 

CO7 3 3 3 3 3 3 



 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 2 2  3 2 3 

CO2 3 2 1 1  3 

CO3 3 3 1 1  3 

CO4 3 2  3 3 3 

CO5 3 1 1 2  3 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Chromosome organization in prokaryotes and eukaryotes: 

Nucleic Acids - structure of DNA and RNA; DNA as genetic 

material - forms of DNA; Replication, enzymes and proteins 

involved in DNA replication; Mutation, DNA damage and repair 

mechanism; Types of RNA. 

9 CO1, 

CO2, 

CO3 

2 Gene Transfer Mechanisms: Transformation, transduction, 

conjugation, recombination;  Biology of Plasmids - Extra 

chromosomal heredity - biology of bacterial plasmids, structure of 

the plasmids, replication, control, partitioning, amplification, 

incompatibility and gene transfer; Transposons.. 

9 

CO4 

3 Transcription: Basic features of genetic code, prokaryotic and 

eukaryotic ribosomes; General principles, basic apparatus, RNA 

polymerases, promoters, enhancers and other regulatory sequences; 

Mechanism of transcription and inhibitors of transcription; Post – 

transcriptional modifications. 

9 

 CO5 

4 Translation: Details of translation- initiation, elongation and 

termination, factors that control the above steps, inhibitors of protein 

synthesis; Post translational modifications: Protein folding, 

structural analysis, signal hypothesis protein targeting and secretion, 

in vitro transcription and translation systems 

9 

 CO5 

5 Regulation of gene expression in prokaryotes and Eukaryotes: 

Operon concept (Lac operon, trpoperon, araoperon and his operon); 

Global regulatory responses: heat shock response, stringent 

response, SOS response and regulation; Eukaryotic translational 

control; translational control of gene expression; inhibitory RNA 

(RNAi); Hormone and environmental factors affecting gene 

expression. 

9 

CO5, 

CO6, 

CO7 

 



 

 

 

TEXT BOOKS: 

1. Weaver, R. F. (2012). Molecular biology. New York: McGraw-Hill. ISBN 0072345179. 

 

2. P.S. Verma and V. K. Agarwal (2008). Cell biology, Genetics, Molecular Biology, 

Evolution and Ecology. S. Chand & Company Ltd ISBN: 81-219-2442-1. 

 

3. H Lodish et al, (2016). Molecular Cell Biology. 8/e, Freeman, ISBN 9781464183393. 

 

4. Lehninger (2009). Principles of Biochemistry. W. H. Freeman; (6
th
 ed). ISBN: 071677108X 

 

5. Lewin, B., (2004). Genes VIII. International Edition, Pearson Education International, ISBN 

0131238264 

 

REFERENCE BOOKS: 

1. G M Cooper & R E Hausman. (2016). The Cell - A Molecular Approach. 7/e. ISBN 978-1-

60535-290-9. 

 

2. J D Watson. (2013). Molecular Biology of the Gene, 7/e. Pearson. ISBN 978-0321762436. 

 

3. Benjamin Lewin, Genes IX. (2008). Publisher: J&B ISBN:0763752223  

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 
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Bloom’s Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 
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ELECTIVE – I-A 

Course Title: BIOINFORMATICS 

 

Course Code:          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

 

CO1 

Comprehend the basic concepts and the significance of Biological data analysis. 

Compute Sequence submission and retrieval tools 

CO2 

Understand the basics of sequence alignment, algorithms and tools used for 

Phylogenetic Analysis 

CO3 

Evaluate the computational methods, tools and algorithms employed for Biological 

Data Interpretation. High-throughput Gene expression data analysis from microarray 

CO4 

Effective Implementation of existing software tools to predict and understand the 

intersection of secondary protein structure and genome 

CO5 

Retrieve information from available databases and use them for microbial 

identifications and drug designing. 

CO6 

To impart knowledge about various concepts, advanced technical tools in docking, 

QSAR studies employed in computational drug discovery. 

CO7 
Analyse ADME response to drug response and its effect 

 

Mapping of Course Outcomes to Program Outcomes:  

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1 3   3 2 2 

CO2 3 2 3 3 2 1 

CO3 2 2  2 1  

CO4 1   2  2 

CO5 3 3  3 2 3 

CO6 2  3    

CO7 3 3   3 1 

 

 



 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 3  3 2  

CO2 2 2 1   2 

CO3 3 2   3 2 

CO4 3 2 1  2 2 

CO5 3 3   3 3 

CO6 3 3   3  

CO7 3      

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Introduction for information search and retrieval: Historical 

overview- applications of bioinformatics – major Biological 

databases (GenBank, Ensembl, PubMed, NR, SWISS-PROT, 

OMIM, PDB) – data management and analysis.  

9 CO1  

2 Sequence alignment & Phylogenetic analysis: Methods (dot 

matrix, heuristics method); Scoring matrices (PAM – BLOSUM ) - 

phylogenetic analysis (distance method – neighborhood joining 

method – fitch  maximum parsimony maximum likelihood) – tree 

evaluation – automated tools for of phylogenetic analysis. 

9 CO2 

3 Tools for similarity search and alignment: Introduction – working 

with FASTA: Algorithm, implementation, output, FASTA programs  

– working with BLAST: Algorithm, Implementation, output, 

BLAST services - filtering and gapped BLAST.  

9 CO3 

4  Gene expression: DNA Microarray – clustering gene expression 

profiles – data sources and tools for microarray analysis –

applications of microarray technology. Human Genome Project  

9 CO4, 

CO5 

5 Drug discovery and computer aided drug design: Introduction – 

SNPs – parameters in drug discovery - cell cycle target – 

identification and validation – drug discovery technology and 

strategies - identification of possible drug target molecules; GPCRs; 

Drug design and approaches – CAMD – DOCKING programmes – 

ADME property prediction. 

9 CO5, 

CO6, 

CO7 

 



 

 

 

 

TEXT BOOKS: 

1. Teresa Attwood. (2007). Introduction to Bioinformatics. Pearson Education; (1
st
 ed). ISBN: 

978-8177586411 

 

2. Arthur M. Lesk., (2008). Introduction to Bioinformatics. (3
rd

 ed). Oxford University Press. 

ISBN: 978-0199251964 

 

3. Rastogi, NamitaMendiratta and Parag Rastogi. (2013). Bioinformatics: Methods And 

Applications: (Genomics, Proteomics And Drug Discovery) (4th Ed). PHI Learning. ASIN: 

B015DY3IJW 

 

4. Juan Caballero. (2019). Hands-On Bioinformatics with Python: A practical guide to extract 

useful insights from a large collection of biological data. ISBN: 978-1789340891. Kindle 

version. 

 

5. Model Mitchell L and O’Reilly. (2009). Bioinformatics Programming using Python: 

Practical Programming for Biological Data,Shroff Publishers. (4
th

ed). ISBN: 

9788184048988. 

 

REFERENCE BOOKS: 

1. Noor Ahmad Shaik, Khalid Rehman Hakeem, Babajan Banaganapalli, RamuElango. (2019). 

Essentials of Bioinformatics. Volume II. In Silico Life Sciences: Medicine . Springer; (1
st
ed). 

ISBN: 978-3030183745 

 

2. Stanton, A .Glantz. (2011). Primer of Bioinformatics. The McGraw Hill Inc: New York. (7
th

 

Ed). ASIN: B00MU8SQ7O. 

 

3. Stephen, P. Hunt and Rick  Liveey. (2000). Functional Genomics. A Practical Approach. 

Oxford University Press. (1
st
ed). ISBN: 978-0199637751. 

 

4. Baxevanis, A.D. and Ouellette, B.F.F. (2004). Bioinformatics: A Practical Guide to the 

Analysis of Genes and Proteins, John Wiley & Son; (3
rd

ed). ISBN: 978-0471478782 

 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 
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ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

ELECTIVE – I-B 

Course Title: CELL BIOLOGY 

Course Code :         Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 

Analyse the basic concepts and theories of cell and reveal the similarities and 

differences of prokaryotic and eukaryotic cell 

CO2 

Compare and contrast cell wall of bacteria and fungi. Discuss intra and extra plasmic 

cell inclusions 

CO3 
Clarify and discuss various cell components and their significance 

CO4 

Manifest the role of chromosomes and its functions and express the synthesis and 

regulations of proteins 

CO5 

Resolve the role and significance of cell cycle and cell divisions in amitosis, mitosis 

and meiosis. Reveal cancer, aging and stem cells 

 



 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1   3   2 

CO2 3  3   2 

CO3 2  3   2 

CO4 2  2   2 

CO5 3 2 3  3 2 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1       

CO2  1    2 

CO3       

CO4 3    3 2 

CO5 3 3   3  

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 History of cell biology: Cell as basic unit of life, cell theory, 

protoplasm theory and organismal theory, classification of cell types- 

prokaryotic and eukaryotic cells and their similarities and differences 

9 CO1  

2 Cell: Structure and functions of cell wall: bacterial cell wall – plant 

cell wall and fungal cell wall, plasma membrane – exocytosis, 

endocytosis, phagocytosis – vesicles and their importance in 

transport. Extraplasmic structure-cilia,filagella and cytoplasmic 

inclutions 

9 CO2 

3 Cell Components: Structure and functions of cell organelles – 

endoplasmic reticulum,golgi apparatus,mitochondria, lysosomes, 

microbodies (peroxysomes and glyoxysomes), vacuoles, ribosomes, 

centriole and basal bodies 

9 CO3 

4 Nucleus: Ultrastructure, Composition and Functions - Nuclear 

Membrane - Nucleoplasm - Chromosomes - Heterochromatin and 

Euchromatin - Nucleolus - Nucleolus Cycle - DNA and RNAs - 

Protein Synthesis & regulation 

9 CO4 

5 Cell Divisions and Cell Cycle: Amitosis, Mitosis and Meiosis and 

their significance,types of cell signalling and quorum sensing-

Cancer, Ageing of Cells and Stem cell studies 

9 CO5 

 



 

 

TEXT BOOKS: 

1. Verma P.S. and Agarwal V.K. (2016). Cell Biology (Cytology, Biomolecules, Molecular 

Biology), S. Chand and Company Ltd.  

 

2. Kumar P. and Mina U. (2018). Life Sciences: Fundamentals and Practice. (6th Ed). 

Pathfinder Publication.  

 

3. Hardin J. and Bertoni G. (2017). Becker’s World of the Cell. (9th Ed). Pearson Education 

Ltd. 

 

REFERENCE BOOKS: 

1. Albert B., Hopkin K., Johnson A.D., Morgan D., Raff M., Roberts K. and Walter P. (2018). 

Essential Cell Biology. (5th Ed). W.W. Norton & Company.  

2. Mason K.A., Losos J.B. and Singer S.R. (2011). Raven and Johnson’s Biology. (9th Ed). Mc 

Graw Hill publications.  

3. Alberts B., Johnson B., Lewis J., Morgan D., Raff M., Roberts K. and Walter P. (2015). 

Molecular biology of cell. (6th ed). Garland Science, Taylor and Francis. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 



 

 

 

ELECTIVE – I-C 

Course Title: FORENSIC BIOLOGY 

Course Code :          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Discuss the history & development of forensic science and predict the scope as well as 

need for forensic sciences in the society 

CO2 
Explain the basic principles of forensic science including definitions used and concepts 

in forensic science 

CO3 
Evaluate the importance of biological evidences including microorganisms, hair and 

samples which are biological in nature 

CO4 
Compile list of toxins and poisonous chemicals, symptoms and antidotes, evaluate 

alcohol levels in biological samples using immunoassays 

CO5 Acquire knowledge on the application of various biological fluids as forensic evidences 

CO6 
Carry out molecular techniques for forensic analyses to solve crimes and paternal 

disputes 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 2     

CO2 1      

CO3  3     

CO4       

CO5       

CO6  2     

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1 2 1 2 2 2 2 

CO2 3  2 2  1 

CO3 2 2 3 2 3 2 

CO4 2  2 3  2 

CO5 3  2 2 1 2 

CO6 1 2 2 2 2 3 



 

 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 History of Development of Forensic Science: Historical aspects of 

forensic science. Basic principles of forensic science. Definitions 

and concepts in forensic science. Functions of forensic science. 

Scope of forensic science. Need of forensic science. 

9 CO1, 

CO2 

2 Biological Evidences: Nature and importance of biological 

evidence. Significance of hair evidence. Transfer, persistence and 

recovery of hair evidence. Morphology and biochemistry of human 

hair. Comparison of human and animal hair. Types and 

identification of microbial organisms of forensic significance. 

Identification of wood, leaves, pollens and juices as botanical 

evidence and their forensic significance. 

9 CO3 

3 Forensic toxicology: Classification of poisons. Physico-chemical 

characteristics and mode of action of poisons. Accidental, suicidal 

and homicidal poisonings. Signs and symptoms of common 

poisoning and their antidotes. Collection and preservation of viscera, 

blood and urine for various poison cases. Metabolism and excretion 

of poisons. Application of immunoassays in forensic work. Poisons: 

Snake venom. Mode of action, Carbon monoxide poisoning, seeds, 

fruits, roots and mushrooms. Beverages: Alcoholic and non-

alcoholic illicit liquors. Estimation of ethyl alcohol in blood and 

urine. Proof spirit. 

9 CO4 

4 Forensic serology: Body fluids. Composition and functions of 

blood. Collection and preservation of blood evidence. Distinction 

between human and non-human blood. Determination of blood 

groups. Forensic characterization of blood stains. Typing of dried 

stains. Blood enzymes and proteins. Semen: Forensic significance of 

semen. Composition, functions and morphology of spermatozoa. 

Collection, evaluation and tests for identification of semen. 

Individualization on the basis of semen examination. Composition, 

functions and forensic significance of saliva, sweat, milk and urine. 

Tests for their identifications. 

9 CO5 

5 Forensic DNA Typing: DNA as biological blueprint of life. 

Extraction of DNA for analysis. Quantization of DNA. Collection of 

specimens- Polymerase chain reaction, Short tandem repeats (STR) 

– role of fluorescent dyes, Restriction fragment length 

polymorphism (RFLP), typing procedure and interpretation of 

results. Touch DNA. DNA testing in disputed paternity.  

9 CO6 

 



 

 

 

 

TEXT BOOKS: 

1. Gautam Biswas (2012). Review of Forensic Medicine and Toxicology (Including Clinical 

and Pathological Aspects), (2
nd

 ed). Jaypee Brothers Medical Publishers (P) Ltd, ISBN: 

9789350258965 

 

2. William G. Eckert (1997). Introduction to Forensic Sciences. (2
nd

 ed). CRC Press 

publishers. ISBN: 9780849381010 

 

3. Alan Gunn (2019). Essential Forensic Biology. (3rd Ed). Wiley Interscience. ISBN: 

9781119141402 

 

REFERENCE BOOKS: 

1. W.J. Tilstone, M.L. Hastrup and C. Hald. (2012). Fisher’s, Techniques of Crime Scene 

Investigation. (1
st
 ed). CRC Press, Boca Raton, ISBN 9781439817049.   

 

2. J.M. Butler (2005). Forensic DNA Typing. (2
nd

 ed). Elsevier, Burlington, ISBN: 

9781493300204. 
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CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 
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discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    
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ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 



 

 

 

 

CORE - V 

Course Title: Lab Course – I 

Course Code :          Credits          : 04 

L:T:P:S : 0:0:4:0       CIA Marks     : 40  

Exam Hours : 5hrs x 3 days      ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Demonstrate methods to observe and measure microorganisms by standard 

microbiological techniques 

CO2 Acquainted with various sterilization techniques 

CO3 Use various methods to control microbes 

CO4 
Identify pathogenic microorganisms in the laboratory set-up and interpret their 

sensitivity towards commonly administered antibiotics 

CO5 Demonstrate clinically important fungi 

CO6 Estimate bio-macromolecules and applications of gene transfer mechanism 

CO7 Acquire knowledge on proper handling of  antibiotic resistant mutants 

CO8 Interpret blood grouping and typing for compatibility 

CO9 
Discuss the interactions between antigens and antibodies in relation to human immune 

system and separate lymphocytes to demonstrate their importance in  clinical research 

 

Mapping of Course Outcomes to Program Outcomes:  

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1 2  2 3  2 

CO2 2  2 2  3 

CO3 2  2 2  2 

CO4 3  3 3  2 

CO5 2  2 2  2 

CO6 3  3 3  2 

CO7 2 2 2 3  2 

CO8 2  1 1  2 

CO9 2  2 3  2 

 



 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1      3 

CO2      3 

CO3  3    3 

CO4      3 

CO5      3 

CO6 2  2 2  3 

CO7 3  3   3 

CO8  2     

CO9    3   

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Observation of microbes (Light, Dark, Phase contrast microscope) 

Measurement of microbial size- micrometer. Staining techniques 

Simple, Differential staining, AFB, Spore, Capsule. Study of 

motility - hanging drop method. Media preparation – Basal (Nutrient 

agar), Enriched (blood agar), Differential Media (MacConkey agar), 

Enrichment Media (tetrathionate broth) -Special media-EMB, MSA, 

SS. Determination of microbial growth (viable and total count)  

Determination of generation time –Growth curve construction  

(bacteria and yeast). Evaluation of disinfectants- Phenol coefficient 

test (Demonstration)  

4 CO1, 

CO2, 

CO3 

2 Identification of pathogenic bacteria- from various clinical samples  

Antimicrobial sensitivity test - (Kirby-Bauer, Stroke’s method). 

Identification of fungi - KOH, LPCB mount, Slide culture 

technique.   Identification of dermatophytes- LPCB mount, Slide 

culture technique. Identification of yeast -(Germ tube), Assimilation 

and fermentation in yeast 

4 

CO4 

3 Identification of blood group and typing Coomb’s test. T cell 

identification (demonstration) Oucterlony’s Double Diffusion 

Method (antigen pattern). Single Radial Immuno Diffusion Method. 

Electrophoresis - Serum, Counter and Immuno. Separation of 

Lymphocytes by gradient centrifugation method. ELISA: Hepatitis/ 

HIV 

4 

 CO5 

4 Estimation of Nucleic acid – Diphenylamine method; Estimation of 

RNA – Orcinol Method; Estimation of Protein by Lowry’s method; 

Gene transfer mechanism (Transformation, conjugation); 

Quantification of Nucleic acid by UV Spectrophotometer; Isolation 

of antibiotic resistant mutants; Induction of β- galactosidase activity 

in E. coli using IPTG.Identification of blood group and typing 

4 

 CO5 



 

 

 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests Record  
Attendance  

Marks (out of 40) 25  5 

Remember 5 2  

Understand 5 2  

Apply 5 2  

Analyze 5 2  

Evaluate 5 2  

Create    

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

Certificate Course I Title: BIOENERGY 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 

Discuss types and forms of energy, nature and principle of energy systems and gain 

knowledge about green energy and advantages over conventional and currently used 

energy sources 

CO2 
Explain concept of biomass, its types and characteristics, assess bio-resources for 

energy production and the importance of microbes 

CO3 
Outline the properties of biogas as biofuels, compile the types of biogas plants and  

processes involved and illustrate the major biogas technologies used in India 

CO4 
Understand the concepts, categories of liquid biofuels, their production, potential in 

India and its environmental impacts 

CO5 
Improve energy security by effectively using un-used resources like forestry residues 

and wastes for improvement of atmospheric and residential environment 

 

 

 



 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Introduction to Energy: Definition and units of energy, power, 

Forms of energy, Conservation of energy, second law of 

thermodynamics, Human energy requirement, Energy use pattern in 

different parts of the world and its impact on the environment; 

Energy use pattern in India Energy flow diagram to the earth- Sun as 

source of energy: Source of sun’s energy, Solar spectrum, solar 

radiation – absorption, reflection, scattering and diffusion in the 

atmosphere, Albedo, Global energy balance. Energy resources, coal, 

oil, natural gas, nuclear power and hydroelectricity, Fossil Fuels:, 

future energy options. 

6 CO1 

2 Bio–Energy: Introduction – photo synthesis – usable forms of bio 

mass, their composition and fuel properties-Biomass resource: 

Classification and characteristics; Techniques for biomass 

assessment; Application of remote sensing in forest assessment; 

Biomass estimation-sustainability of Biomass- Role of microbes in 

Energy science. 

6 CO2 

3 Gas Biofuels: Biogas Generation-Types of biogas plants-

Construction Digesters-Biogas from plant waste-Community biogas 

plants-Fuel properties of biogas-Utilization of biogas. Economics of 

biogas plant with their environmental and social impacts- status of 

bio gas plant technology in India -Biopropane -Synthetic natural gas 

(SNG)- Syngas. 

6 CO3 

4  Liquid biofuels:Biohydrogen and bioethanol production. Biodiesel- 

History, Production methods of Bio-diesel: Transesterification, Fuel 

quality, standards and properties, Availability of Raw materials for 

bio-diesel, Applications, Bio-diesel potential in India.  Other Liquid 

Biofuels Value-added processing of biofuel residues and co-

products. Environmental impacts of biofuel production. 

6 CO4 

5 Green Energy and sustainable development: The inseparable 

linkages of life supporting systems, biodiversity and ecosystem 

services and their implications for sustainable development;global 

warming; greenhouse gas emissions, impacts, mitigation and 

adaptation ; future energy Systems- clean/green energy technologies; 

International agreements/conventions on energy and sustainability - 

United Nations Framework Convention on Climate Change 

(UNFCC); sustainable development. 

6 CO5 



 

 

TEXT BOOKS: 

 

1. Sun RC. (2010). Cereal Straw as a Resource for Sustainable Biomaterials and Biofuels 

(Chemistry, Extractives, Lignins, Hemicelluloses and Cellulose). (1
st
 Ed). Elsevier, ISBN: 

9780444532343 

 

2. Samir K. Khanal, Tian C. Zhang, Buddhi P. Lamsal, R. D. Tyagi, C. M. Kao. (2010). 

Bioenergy and Biofuel from Biowastes and Biomass. (1
st
 Ed). ASCE, ISBN: 

9780784410899 

 

REFERENCE BOOKS: 

 

1. Nudel M, Nudel E. (2001). Health by Bio-Energy and Mind: Everything You Need to Develop 

Your Ability to Feel and Assess Human Energy, and Perform Energy Healing and Balancing. 

(1st  Ed). Bio-Energy System Services Inc, ISBN: 9780967751405.  

 

2. Rogner M, Igarashi Y, Asada Y. (2004) - Biohydrogen III (Renewable Energy System by 

Biological Solar Energy Conversion). (1st Ed). Elsevier Science, ISBN: 9780080443560.  

 

3. Robert C. Brown, Tristan R. Brown (2003). Biorenewable Resources: Engineering New 

Products from Agriculture. (2nd Ed). Wiley-Blackwell Publishing, ISBN: 9781118524954 
 

SECOND SEMESTER  

CORE - VI 

Course Title: FOOD, DAIRY AND INDUSTRIAL MICROBIOLOGY 

Course Code :        Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the student will be able to:  

CO1 Know the spoilage mechanisms in foods and thus identify ways to control deterioration 

and spoilage.  

CO2  Apply principles involving various methods of food preservation  and microbiological 

quality control programmes  in food production and prevention of food-borne infections 

CO3 Understand the beneficial role of microorganisms in fermented foods and in food 

processing and the microbiology of different types of fermented food products 

CO4  Realize the importance  of microflora of milk and milk products, and the role of 

microorganisms in the fermentation and processing of milk 

CO5   Be acquainted with fermentation protocols for production of microbial production of 

organic acids, vitamins, amino acid 



 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 2  3 1  

CO2 3 3  3   

CO3 3 1  3  1 

CO4 3 1  3  1 

CO5 3 2  3  2 

CO6  2  2   

CO6 Build knowledge  with  the basics of food safety regulations ,food control agencies, , 

quality assurance programs FDA, HACCP, BIS , FSSAI, Gain knowledge about food 

adulteration and common food additives 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1     2 3 3 

CO2  3  1  3 3 

CO3  3  2  3 3 

CO4      3 3 

CO5      3 3 

CO6     2 3 3 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Preservation of food and Food Borne illnesses: Microbial 

contamination, preservation and spoilage of vegetables, fruits, 

poultry, fish, eggs, meat and meat products, canned foods; Food 

Preservation: Temperature (low and high), drying, radiation and 

chemicals; Food borne infections and intoxications: Intoxications - 

Staphylococcal and Clostridial; Infections: Bacterial -  Salmonella, 

Bacillus cereus, Vibrio parahaemolyticus, E.coli 0157 and Listeria; 

Non-bacterial- Mycotoxins, Viruses, Rickettsia. 

9 CO1, 

CO2 

 

2 Industrial food fermentations: Bread, beer, wine and its type, 

sauerkraut, soysauce, Temph, Natto, Miso, Red rice and Idly.  

9 CO2 

 

3 Dairy Microbiology: Contamination, preservation and spoilage of 

Milk and Milk Products – Yogurt, Cheese, Butter milk, Kefir, 

Komiss, Renin and Sweet Condensed Milk; Industrial production of 

Cheese and Yoghurt; Milk borne diseases. 

9 CO3 



 

 

 

 

 

 

 

 

 

 

 

 

TEXT BOOKS: 

 

1. Frazier WC and Westhoff DC. (2014) Food microbiology, TATA McGraw Hill Publishing 

Company Ltd. 5th edition, New Delhi.  

2. Patel, AH. (2011). Industrial Microbiology, Macmillan India Ltd, 2nd Edition. 

3. Adams, Martin R., Moss, Maurice O., (2017) Food Microbiology , 3rd Edition, Royal 

Society of Chemistry, Washington DC, USA. 

4. Yasmine Motarjemi, HuubLelieveld, (2014),  Food Safety Management - A Practical 

Guide for the Food Industry, 1
st
 Edition, Academic Press, London, UK 

 

REFERENCE BOOKS: 

1. Kimberly B.Morland, (2015),Local Food Environments - Food Access on America 1
st
 

Edition, CRC Press, New York, USA. 

2. Y. H. Hui, E. ÖzgülEvranuz, (2015), Handbook of Plant-Based Handbook of Fermented 

Food and Beverage Technology, 2
nd

 Edition, CRC Press, New York, USA. 

3. BrijeshK.Tiwari, Tomas Norton, Nicholas M.Holden, (2014), Sustainable Food 

Processing , 1
st
 Edition, John Wiley & Sons, Ltd, West Sussex,UK. 

 

 

ASSESSMENT PATTERN 

 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

4 Industrial Microbiology:Microbial production of organic acids: 

Citric acid, lactic acid and vinegar. Microbial Production of 

vitamins: B12, B2, C; Microbial production of amino acids: 

Glutamic acid and lysine. 

9 CO4 

5 Quality assurance of Food: International Aspects of Quality and 

safety assessment of Foods; Microbiological Quality standards for 

Food; Government regulatory practices and policies: FDA, 

HACCP, BIS (IS), FSSAI-2014; Food adulteration and common 

food additives. 

9 CO5, 

CO6,  



 

 

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category 
Weightage % 

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

CORE - VII 

Course Title: MEDICAL MICROBIOLOGY - II 

 

Course Code :         Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Gain knowledge about host parasite relationship and demonstrate the techniques, which 

are used to identify the parasites 

CO2 Discuss about various parasitic infections, pathogenicity and diagnosis 

CO3 Explain the mode of action of drugs used against parasitic infection 

CO4 Revise the general properties and classification of viruses 

CO5 Predict viral infections based on serological analysis 

CO6 
Assess the methods used for enumeration and quantification of virus from clinical 

specimens 

CO7 Compare and distinguish the replication strategies of commonly occurring viruses 

 



 

 

 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 1  3   3 

CO2  3 3   2 

CO3 3 2 2   2 

CO4  1 2   3 

CO5 1     3 

CO6 2 2 1 3 3  

CO7 2 2  2 2  

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Parasitology - Introduction and classification of parasites. Host 

parasite relationship. Laboratory techniques in parasitology. 

Lifecycle, pathogenicity lab diagnosis, treatment: Entamoeba 

histolytica, Giardia, Trichomonas vaginalis, Trypanosoma,  

Plasmodium. 

9 CO1, 

CO2 

2 Parasitology - Lifecycle, pathogenicity, lab diagnosis, treatment: 

Taenia solium, Taenia saginata, Fasciola hepatica, Fasciola buski, 

Schistosoma mansoni, Ascaris lumbricoids, Enterobious, 

Wucheraria Bancrofti, Drugs for parasitic infections. 

9 CO2, 

CO3 

3 Virology – General properties and classification of viruses, Viral 

diagnosis and serology – methods used for viral quantification and 

enumeration, Antiviral drugs. 

9 CO4, 

CO6 

4 Virology - Epidemiology, life cycle pathogenicity, diagnosis and 

treatment of RNA Viruses: Picorna viruses – Polio virus, Rhabdo 

viruses – Rabies virus, Retro viruses (Oncogenic RNA virus) - HIV, 

Orthomyxoviridae – Influenza virus, Paramyxo viridae – Rubula 

virus (Mumps), Morbilli viruses – Measles (Rubeola virus) 

9 CO5, 

CO6 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1 3  3 3  2 

CO2 3  2 3  3 

CO3 2  3 3  2 

CO4 2  2 3  3 

CO5 2  2 2 1 3 

CO6 3 1 3 3  2 

CO7 2  2 2  2 



 

 

5 Virology - Epidemiology, life cycle, pathogenicity, diagnosis and 

treatement of DNA Viruses: Pox virus, Hepatitis virus - HBV, 

Herpes simplex virus, Oncogenic DNA viruses - Human papilloma 

virus, Epstein-Barr virus, Emerging viruses (Corona, Ebola, SARS, 

H1N1, Flavi virus – Dengue virus).  

9 CO6, 

CO7 

 

 

TEXT BOOKS: 

 

1. Arti Kapil. (2013). Ananthnarayan & Paniker's Text book of Microbiology. (9
th
 ed). 

Universities press (India) Private Limited. ISBN: 9788173718892 

 

2. Apurba S. Sastry, Sandhya Bhat. (2018). Essentials of Medical Microbiology. (2
nd

 ed). 

Jaypee Brothers Medical publishers. ISBN: 978935270479. 

 

3. Subhash Chandra Parija. (2013). Textbook of Medical Parasitology: Protozoology & 

Helminthology. (4
th
 Ed). All India Publishers & Distributors. ISBN: 9788180040436 

 

REFERENCE BOOKS: 

 

1. Collee, J.G., Duguid, J.P., Fraser, A.G. and Marimoin, B.P. (2011). Mackie and Mc Cartney 

Practical Medical Microbiology. (13th Ed). Churchill Livingstone: London.ISBN: 

9788131203934 

 

2. Stefan Riedel, Jeffery A. Hobden, Steve Miller, Stephen A. Morse, Timothy A. Mietzner, 

Barbara Detrick, Thomas G. Mitchell, Judy A. Sakanari, Peter Hotez, Rojelio Mejia Jawetz, 

Melnick, &Adelberg's Medical Microbiology, (28
th
 ed). Mc Graw Hill Lange. ISBN: 

9781260012026 

 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 



 

 

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

CORE - VIII 

Course Title: RESEARCH METHODOLOGY AND BIOSTATISTICS 

Course Code :          Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Understand basics of research, importance of literature, and constraints before design 

of a research, review or synopsis presentation 

CO2 Explain different types of data and outline the techniques of data collection 

CO3 
Identify the importance of sampling, its types, and variables. Outline of report 

preparation and ethics of plagiarism 

CO4 Assess and understand the basics statistical terminologies used in biostatistics 

CO5 
Gather knowledge on different type of statistical analyses and tests for analyzing 

biological data 

CO6 Empirical model building for prediction using biological data 

 

Mapping of Course Outcomes to Program Outcomes:  

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1 1 2 2 3 3 2 

CO2 3  2 2  3 

CO3 2 1 2 3 3 3 

CO4 2  1 2  2 

CO5 2  1 2  2 

CO6 3  3 3 1 2 



 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3   3   

CO2    3 1  

CO3 3   3  3 

CO4 3   3  2 

CO5 3   3  2 

CO6 1   2  2 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Introduction to Research Methodology: Meaning and importance. 

Statement, Constraints, Review of literature - Review and synopsis 

presentation. Types of research, Research tools. Methods and 

techniques of data collection: types of data, methods of primary data 

collection (observation/ experimentation/ questionnaire/ 

interviewing/ case/pilot study, methods), methods of secondary data 

collection. 

9 CO1, 

CO2 

2 Sampling and sampling distributions: Sampling frame, 

importance of probability sampling, sampling - simple random, 

systematic, stratified random and cluster. Variables: nominal, 

ordinal, discontinuous, continuous, derived. Research process, 

designs and Report writing: types of research reports, guidelines for 

writing an article and report, report format, appendices, Ethical 

issues related to publishing, Plagiarism and Self-Plagiarism. 

9 CO3 

3 Introduction to Biostatistics: Basic concepts, Measurement and 

measurement scales, Sampling and data collection, Data 

presentation. Measures of central tendency: Mean, Median, Mode. 

Measures of variability: Standard deviation, standard error, range, 

mean deviation and coefficient of variation. Frequency table of 

single discrete variable, bubble spot, computation of mean, variance 

and standard Deviations, t test, correlation coefficient. 

9 CO3 

4 Correlation and regression: Positive, negative, calculation of Karl-

Pearsons co-efficient of correlation. Linear regression and multiple 

linear regression, ANOVA, one and two way classification. 

Calculation of an unknown variable using regression equation. Tests 

of significance: Tests of significance: Small sample test (Chi-square 

t test, F test), large sample test (Z test) and standard error. 

9 CO4, 

CO5 

5 Probability and distributions: Introduction to probability theory 

and distributions, (concept without deviation) binomial, poisonand 

normal (only definitions and problems) Computer oriented statistical 

9 CO6 



 

 

techniques. RSM: methods forprocess optimization, set up CCD, 

Box Behnken, optimal RSM design,regression models FDS curves, 

surface contours, multilinear constrants and categoric factors to 

optimal design. 

 

 

TEXT BOOKS: 

1. C.R.Kothari. (2004). Research Methodology - Methods and Techniques. (2
nd

 ed). New Age 

International Private Limited. ISBN: 9788122424881 

 

2. Chap T. Le, Lynn E. Eberly. (2016). Introductory Biostatistics. (2
nd

 ed). Wiley Interscience. 

ISBN: 9780470905401  

 

REFERENCE BOOKS: 

1. Marcello Pagano, Kimberlee Gauvreau. (2018). Principles of Biostatistics. (2
nd 

ed). CRC 

Press Taylor& Francis Group. ISBN: 9781138593145 

 

2. Uwe Flick. (2015). Introducing Research Methodology. (2
nd 

ed). SAGE Publications India 

Pvt Ltd. ISBN: 9781446294246 

 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 



 

 

 

 

 

ELECTIVE – II-A 

 

Course Title: ENVIRONMENTAL MICROBIOLOGY 

 

Course Code :          Credits          : 03 

L:T:P:S  : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Pronounce major habitats found on Earth’s ecosystems and escalate the superiority of 

these ecosystems to humans, animals and plants. 

CO2 
Designate the associations among predator and prey populations and outline the 

structure of food webs and trace the flow of energy through an ecosystem . 

CO3 
Illustrate the diversity of microorganisms in air and its significance and 

exemplify the air quality in Indian cities-mapping of the hot spots and explore the 

impact of air borne microbes. 

CO4 
Express the role of indicative microorganisms and to apply knowledge in water quality 

analysis and in designing blueprint for drinking water treatment. 

CO5 
Interpret waste water and solid waste managementandcommentate the microbiology of 

xenobiotics in the environment. 

CO6 
Manifest the major environmental changes revealing with Global warming,Green 

house effect and Ozone depletion and Express the management of e-waste. 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1    1  2     1 

CO2      1  2     2 

CO3  1  2  2 2    2 

CO4   2   2 3  2 3 

CO5  2  2  2 2  1 2 

CO6  3 2 3 3 2 3 



 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 1 2   2  

CO2 2 3 1  2  

CO3 2 3 3  1  

CO4 2 3 3  1  

CO5 2 3 2 1 2  

CO6 3 3 1 1 1  

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Co’s 

1 Environmental Biology: Ecosystem  - components and functioning of 

ecosystem concept of homeostasis; Biotic and abiotic components in the 

environment and their interaction; Characteristics and functions of typical 

ecosystem; Types of ecosystems; Energy flow and material cycling; Food 

chain and food webs; Ecological pyramids. 

9 CO1, 

CO2 

2 Aerobiology: Historical introduction – nomenclature of atmospheric layers; 

Microbes as source and sink of atmospheric pollutants; Diversity of 

microorganisms in air and their significance - Droplet nuclei and aerosol; 

Outdoor and indoor micro flora - Source of microbes and their quantification 

techniques; Room sanitation in hospitals, industries and pharmaceutical; Air 

quality in Indian cities – mapping of the hot spots, air quality monitoring and 

measurement; Impact of air-borne microorganisms on living beings; Air 

borne diseases. 

9 CO3  

3 Water microbiology: Sources of water microflora and their quantification 

techniques; Water purity in industries, irrigation, potable and recreational 

waters. Indicator organisms and their detection; Bacteriological analysis of 

drinking water - Water purification; Desalinization of sea water; Water borne 

diseases and their control.  

9 CO4  

4 Waste water microbiology and bioremediation: Waste water management 

and sewage treatment: industrial, municipal and house hold wastes - BOD 

concepts; Treatment of tannery and slaughter house waste; Solid waste 

management and land filling; Marine pollution, oil spills, tar ball pollution, 

beach pollution; Biosensors and biological indicators;  Microbiology of 

Xenobiotics in the environment – Oil pollution. 

9 CO5 

5 Global Environmental Problems and their Control: Global 

Environmental Changes – Global Warming, Green House Effect, Acid Rain 

and Ozone Depletion. Electronic waste (e - waste): Sources, types, 

constituents, recycling of e –wastes; Environmental consequences and 

Management of e-wastes. 

9 CO6 



 

 

 

TEXT BOOKS: 

1. Barton, L. L. and Northop, E.D. (2011). Microbial Ecology (1
st
 ed). Wiley-Blackwell   

 publications. ISBN-13:978-0470048177. 

 

2. Atlas Ronald, M., Bartha, and Richard. (1987). Microbial Ecology, (2
nd 

Ed). 

Benjamin/Cummings Publishing Company: California. 

 

3. Forster, C.F. and John Wase. D.A.  (2010). Environmental Biotechnology. Ellis Horwood: 

England. 

 

REFERENCE BOOKS: 

1. Mitchel, R., (1992). Environmental Microbiology. Wiley – John Wiley and Sons. Inc. 

Publications: New York. 

 

2. Gabriel Bitton,(2011). Wastewater Microbiology, Wiley-Blackwell publications. 

 

3. Charles Gerday, Nicolas Glandsdorff. (2011). Physiology and Biochemistry of 

extremophiles. Wiley-Blackwell publications. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 



 

 

 

 

 

 

ELECTIVE – II-B 

 

Course Title: TISSUE BIOTECHNOLOGY 
 

Course Code :          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Gain fundamental knowledge in principles, practices and application of animal and 

plant tissue biotechnology. 

CO2 

Acquire the knowledge about the techniques, laboratory organization and measures 

adopted for maintenance of aseptic condition. 

CO3 
Explain the fundamental scientific principles that underlie cell culture and its 

nutritional requirements.   

CO4 

Share insights in callus culture, cell suspension culture, and organ micro-culture, plant 

micro-propagation, and somatic embryogenesis. 

CO5 
Aware on isolation and maintenance of animal cells culture developed from embryonic 

organs, whole embryo and adult organs. 

CO6 

Discuss the benefits of cloning and hybridoma technology in the field of applied life 

science. 

CO7 
Explore the various applications of tissue biotechnology pertaining to Drug Designing 

and Drug Therapy 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3 3 3 3 1 3 

CO2  3 3 1  3 3 

CO3  1  1   1 

CO4  1     1 

CO5  1     1 

CO6  3 3  1 1 3 

CO7 3 3  3 3 3 



 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3  3 2   

CO2 2  3 3 2 2 

CO3 3 1 3   3 

CO4 3 1   2 3 

CO5  3 2   1 

CO6 3   2   

CO7 3   3  1 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Introduction to tissue culturing: Basic concepts in cell culture; In-

vitro culture: Approaches & methodologies - preparatory steps for 

tissue culture - surface sterilization of plant tissue material - basic 

procedure for aseptic tissue transfer - incubation of culture. 

9 CO1, 

CO2 

2 Tissue nutrition: Growth Hormones - Plant cells (Composition of 

culture media, Growth Hormones, Vitamins, Unidentified 

supplements, selection of media); Animal cells (substrate on which 

cells grow, Feeder layer on substrate, gas phase for tissue culture, 

media and supplements). 

9 CO3 

3 Tissue culture methodologies: Plant cells (Callus Culture, Cell 

Suspension Culture, and Organ Micro-Culture, Plant micro-

propagation, Somatic Embryogenesis); Problems in Plant Tissue 

Culture: Contamination, Phenolics, Recalcitrance,  Seasonal 

Variations in Response; Animal cells (Source of tissue, Primary 

culture, and differentiation of cells - growth kinetics - animal cell 

lines and their origin and Characterization by morphology, 

chromosome analysis, DNA content, enzyme activity and antigenic 

markers, differentiation;  applications of animal tissue culture. 

9 CO4, 

CO5 

4  Cloning &Selection:Cloning and selection of specific cell types – 

cloning, somatic cell fusion and HAT selection - Medium 

suspension fusion - selection of Hybrid clone - production of 

monoclonal antibodies. 

9  CO6 

5 Cell Culture: Primary cultures and cell lines with examples - Stem 

cell cultures - Therapeutic cloning - Carcinoma stem cells -  Germ 

cell culture – Uses; Organ culture - Culture of embryonic organs - 

whole embryo culture - culture of adult organs; Application of 

Tissue Biotechnology in animals, plants – medicines. 

9 CO5, 

CO7 



 

 

 

 

 

TEXT BOOKS: 

1. Das, H.K. (2007). Text book of Biotechnology, (3
rd 

Ed). Wiley India Pvt Ltd: New Delhi, 

ISBN: 9788126564040. 

 

2. Gangal and Sudhda. (2010). Principles and practice of animal tissue culture, (2
nd

 Ed). 

Universities Press Pvt,Ltd: India, ISBN : 9788173717192. 

 

3. Yadav, P.R  and  Rajiv Tyagi. (2006). Biotechnology of Animal Tissues. Discovery 

Publishing company: New Delhi, ISBN 10: 8183560849 / ISBN: 9788183560849. 

 

4. Paul, F., Jr. Kruse, and Paterson, M.K. (2012). Tissue Culture: Methods and 

Applications.  Academic Press: U.S, ISBN: 978-0-12-470285-1. 

 

REFERENCE BOOKS: 

1. Colin Ratledge and Bjorn Kristiansen. (2001). Basic Biotechnology. Cambridge University 

Press: U K, ISBN: 0–521–77074–2 (hc); 0–521–77917–0. 

 

2. John Anthony Sharp.(1979 ). An Introduction to Animal Tissue Culture. Edward Arnold 

publications: London, ISBN: 978-0-470-85094-7. 

 

3. Primrose, S.B. (2001). Molecular Biotechnology, (2
nd

 Ed). Panima Publishing Corporation: 

India, ISBN: 0‐632‐03053‐4. 

 

4. Razdan, M..K. (2003). Introduction to Plant tissue culture, 2
nd 

Edition. Science publishers: 

USA, ISBN 13: 9788120417939. 

 

5. Tomes, D.T. (1982). Application of plant cell and tissue culture to agriculture and  industry. 

University of Guelph: Canada, ISBN 0-444-80204-5. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 



 

 

 

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

ELECTIVE – II-C 

 

Course Title: MARINE BIOTECHNOLOGY 
 

Course Code:          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Understand the concept of marine ecology and diversity and interpret the microbial 

association with coral and sponge 

CO2 
Analyze various biogeochemical cycles of marine environment and pointout the microbes 
involved 

CO3 
Manifest the role of extremophiles in marine environment and reveal about microbial 

bioluminescence 

CO4 
Illustrate the microbial indicators of marine pollution and expound microbial 

contamination and control in sea food 

CO5 
Explore bioactive compounds of marine microbes and analyze bioremediation of  

heavy metals and oil pollutants  

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3  1    

CO2  2  2    

CO3    1    

CO4  2  1 3 3  

CO5  2 3 3 3 3  



 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1       

CO2       

CO3 3 2     

CO4 3  1    

CO5 3 2   3  

CO6       

CO7       

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Marine Ecology and Diversity: Intertidal, estuarine, salt marsh, 

mangrove, coral reef, Hydrothermal vent, coastal & deep sea 

microorganisms; Microbial – coral association; Sponge – Microbial 

association. 

9 CO1 

2 Cultivation and Biogeochemical cycle of Marine microbe: Marine 

microorganisms - sample collection, isolation and identification; 

Carbon, nitrogen, phosphorous and sulphur cycles. 

 

9 CO2 

3 Marine extermophiles: Thermophilic, barophilic, alkalophilic, 

psychrophilic and halophilic bacteria and its importance; Microbial 

bioluminescence and its application. 

9 CO3 

4 Sea food Microbiology: Pathogenic microorganisms and its 

distribution; Microbial indicators of marine pollution; biofouling and 

their control; Microbiology of processed finfish and shellfish 

products; Microbial contamination diagnosis and control in sea food 

and aquaculture products 

9  

CO4 

5 Bioactive compounds of marine microbes and Bioremediation: 

Agar-agar, Astaxanthin, β Carotene, hydrolases, antibiotics, 

anticancer agents, biosurfactants and pigments; Biocorrosion, 

biofilms; Bioremediation of marine pollutants like Heavy metals and 

oil spills 

9 CO5 

 



 

 

 

 

 

 

TEXT BOOKS: 

1. Belkin S and Colwell RR. (2005). Ocean and health: Pathogens in the Marine Environment, 

Springer.  

 

2. Bhakuni DS and Rawat DS. (2005) Bioactive marine natural products. Anamaya 

Publishers, New Delhi 

 

3. Elay AR.(1992). Microbial food poisoning. Chapman and Hall, London.  

 

4. Ronald M. Atlas , Richard Bartha (1997). Microbial Ecology: Fundamentals and 

Applications (4th ed), Benjamin Cummings. 

 

 

REFERENCE BOOKS: 

1. Munn C. (2011). Marine Microbiology: ecology and applications, Garland Science,Taylor 

and Francis group, NY.  

 

2. Shimshon Belkin and Rita R Colwell (2005). Ocean and Health: Pathogens in the marine 

environment. Springer.  

 

3. Colwell,R & Belkin,(2010) Ocean & health: Pathogens of the Marine Environment. 

 

4. Kim, Se-Kwon. (2014) Handbook of Marine Biotechnology, Springer Handbooks 

 

5. Pillay T V R; Kutty M N. (2005) Aquaculture: Principles and practices, (2nd ed). 

Blackwell Pub. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 



 

 

 

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

ELECTIVE – III-A 

 

Course Title: POULTRY FARMING 

 

Course Code:           Credits          : 03 

L:T:P:S  : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Relate the phylogeny of different poultry species and describe the design and types of 

poultry houses 

CO2 Clarify the various types controlled process to maintain poultry houses 

CO3 
Compare and contrast the nutrient requirement of poultry species with BIS and NRC of 

USA. Express various essential nutrition and their functions required in poultry 

CO4 
Manifest the role of bacterial, viral, fungal and parasitic infections involved in poultry 

and expound metabolic and nutritional deficiency diseases and disorders 

CO5 
Explicate various sanitation and hygiene management practices in poultry houses 

CO6 
Point out economic principles and marketing approaches of poultry products for import 

and exports and decode the role of insurance and finance management in poultry 

enterprises 

 

Mapping of Course Outcomes to Program Outcomes:  

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3 1   3 3 

CO2  2 1   3 3 

CO3  2 3   3 3 



 

 

 

 

 

 

Mapping of Course Outcomes to Program specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 2  1   

CO2 2 3 3  1  

CO3  2 2 3 3  

CO4  3 3    

CO5 3 3  3   

CO6 3  3 3 3  

 

CO4  2 1  3 3 3 

CO5 3 3   3 3 

CO6 3 3   3 3 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Introduction to Poultry Farming: Phylogeny of poultry species, class, 

breed, variety and strains of chickens, ducks, geese and other species of 

poultry. Design & type of poultry houses like brooder, grower, broiler, layer 

and cage house, poultry processing unit, feed mill, etc. Environmentally 

controlled and open poultry houses. Ammonia control in poultry houses.  

9 CO1 

2 Poultry Feeds and Nutrition: Nutrient requirements of different species of 

poultry as per Bureau of Indian Standards and National Research Council of 

the USA. Essential and critical amino acids and their inter-relationships. 

Essential fatty acids. Essential vitamins and minerals and their functions.  

9 CO2  

3 Poultry Health and Diseases: Common diseases of poultry, prevention, 

control and treatment: bacterial - Pullorum-Typhoid Disease, viral - Avian 

influenza, Newcastle Disease, fungal - Aspergillosis, parasitic – 

Histomoniasis, ectoparasites and flies.. Metabolic and nutrient deficiency 

diseases and disorders. 

9 CO3  

4 Health Management: Vaccination, Deworming, Cleaning and disinfection 

of poultry houses. General farm sanitation and hygiene. Safe disposal of 

dead birds and farm waste. Stress control. Heat stroke, Cold shock.  

9 CO4

, 

CO5 

5 Economics and Marketing: Economic principles and Marketing 

approaches applied to poultry production. Production and requirement of 

poultry products in India and for exports. Transportation of eggs and 

chicken. Role of cooperatives in poultry farming. Insurance and financing of 

poultry enterprises. 

9 CO6 



 

 

 

 

TEXT BOOKS: 

1. Jadhav, N.V. and Siddiqui, M.F. (2007). Handbook of Poultry Production and 

Management, 2
nd 

Edn, New Delhi. 

 

2. Das, S.K. (2006). Poultry Production, CBS Publishers and Distributors, New Delhi. 

 

3. Sreenivasaiah, P.V. (2006). Scientific Poultry Production - A Unique Encyclopaedia, 3rd 

Edn., International Book Distributing Co., Lucknow (UP). 

 

REFERENCE BOOKS: 
1. Narahari, D. (1996). Commercial Broiler Production, Emkay Publishers, East Krishna 

Nagar, Delhi.  

 

2. David E. Swayne. (2013). Diseases of Poultry, 13th Edition, John Wiley & Sons, Inc. 

ISBN:9780470958995 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 



 

 

 

 

ELECTIVE – III-B 

 

Course Title: APICULTURE 
 

Course Code :          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Understand the systematic position and life history of honey bee 

CO2 

Reveal the different stages and types of bee and discuss about the the cure and 

management of apiculture 

 

CO3 
Describe the practice of bee rearing process and analyse instruments employed in 

apiary 

CO4 
Compare and contrast the composition of honey and bee wax and interpret the yield in 

National and international markets 

CO5 
Clarify the proposal for financial assistance and funding agencies and reveal the 

modern methods employed in artificial bee hives 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1       

CO2       

CO3 3      

CO4 3      

CO5 3     1 

CO6       

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1        

CO2  3 3   3 3 

CO3  2 3   3 3 

CO4  2 3   3 3 

CO5   3   3 3 



 

 

 

 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Biology of Bees: Honeybee – Systematic position – Species of 

Honey bees – Life history of Honey bee – behaviour – swarming – 

Pheromone 

9 CO1 

2 Social life in Bees: Bee colony – Castes – natural colonies and their 

yield – Types of bee hives – Structure – location, care and 

management. 

9 CO2 

3 Bee Rearing:  Apiary – Care and Management – Artificial bee hives 

– types – construction of space  frames – Selection of sites – 

Handling – Maintenance – Instruments employed in Apiary  – 

Extraction instruments 

9 CO3 

4 Bee Economy: Honey – Composition – uses – Bee wax and its uses 

– yield in national and international market – Diseases of honey bees 

and their control methods. Economics of bee culture 

9  

CO4 

5 Entrepreneurship: venture – Preparing proposals for financial 

assistance and funding agencies – Bee Keeping Industry – Recent 

Efforts, Modern Methods in employing artificial Beehives for cross 

pollination in horticultural gardens 

9 CO5 

 

 

TEXT BOOKS: 

1. Dewey M. Caron (2013). Honey Bee Biology and Beekeeping. Revised Edition. Wicwas 

Press, Kalamazoo.   

 

2. Eva Crane. (1999). The World History of Beekeeping and Honey Hunting. Routledge.India.  

 

3. Ted Hooper. (2010). Guide to Bees & Honey: The World's Best Selling Guide to 

Beekeeping. Northern Bee Books. Oxford.   

 

4. Laidlaw, H.H. (1997). Contemporary queen rearing. Published by Dadant and Sons. R. A. 

Morse, Rearing queen honey bees. Wicwas press, NY.    

 

REFERENCE BOOKS: 

1. Sharma, P. and Singh L. 1987 – Hand book of bee keeping, Controller 

2. Printing  and Stationery, Chandigar.  

3. Rare, S. 1998 – Introduction to bee keeping, Vikas Publishing house.  

4. Shukula,G.S. and Upadhyay V.B. (1997) Economic Zoology, Rastogi Publications,Meerut. 



 

 

 

 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

ELECTIVE – III-C 

 

Course Title: NUTRITION & DIETETICS 
 

Course Code:          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 Understand the correlation analysis between proteins, carbohydrates, fats and health 

CO2 Gain knowledge regarding vitamins and major elements 

CO3 To implement strategies for diet preparation for different age groups 

CO4 To compare and contrast various nutritional disorders 

CO5 To familiarize with various food safety and hygiene practices 

 



 

 

 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1       

CO2       

CO3  3     

CO4  3     

CO5       

CO6       

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Protein, Carbohydrates and Fats: Nutrients and Function - 

Proteins: animal and vegetable; Carbohydrates: monosaccharide, 

disaccharides, polysaccharides; Fats: saturated and unsaturated fatty 

acids. 

9 CO1 

2 Vitamins and Trace elements: Functions, sources and deficiency -  

Vitamins: Vitamins A, D, E, K, B1, B2, B12, B6, B3, and Vitamin 

C. Functions, sources and deficiency – Minerals: Iron, Calcium, 

Sulphur Potassium, Magnesium, Sodium and Iodine 

9 CO2 

3 Nutrition for Life Cycle: Balanced diet - Normal, Pregnant, 

lactating women, Infancy, young children Adolescents, Adults and 

the Elderly; Diet Chart; Nutritive value of Indian foods. 

9 CO3 

4 Improper diets: Definition, Identification, Signs and Symptoms - 

malnutrition, under-nutrition, over-nutrition, Protein Energy 

Malnutrition, obesity; Nutritional Disease and Disorder - 

hypertension, diabetes, anemia, osteomalacia,  cardiovascular 

disease.   

9  

CO4 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1    2   3 

CO2    3   3 

CO3   2 3  3 3 

CO4    3   3 

CO5    3   3 



 

 

5 Food Hygiene and Safety: Principles, safe handling of food, 

storage, packaging, Spoilage and prevention of food.  Safety: 

Personal hygiene, , Kitchen Hygiene, Safety practices - First Aid. 

9 CO5 

 

TEXT BOOKS: 

1. Ruma Singh (2012). Food and Nutrition for Nurse. Jaypee Brothers Medical Publishers. 

ISBN: 9789350255698 

 

2. Benjamin Caballero and Paul M Finglas and Professor Fidel Toldr and Baltimore Caballero  

(2003). Encyclopedia of Food Sciences and Nutrition (2nd ed.). Elsevier. ISBN 

9780122270550. 

 

3. Webb G.P, (2020). Nutrition Maintaining And Improving Health. Taylor and Francis. ISBN 

9780815362418. 

 

REFERENCES: 

1. Lammi -Keefe C J (2019). Handbook of Nutrition and Pregnancy (2nd ed.). Springer. ISBN: 

9783319909868 

 

2. Jurgen Fuchs and Lester Packer (2001). Environmental Stressors In Health Disease. , Taylor & 

Francis. ISBN: 9780824705305 

 

3. Ross (2012) Modern Nutrition in Health and Disease (11th ed.) Wolters Kluwer Lippincott 

Williams and Wilkins. ISBN: 9781605474618 

 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests e Poster Article discussion 

Marks (out of 40) 20 10 10 

Remember 5   

 Understand 5 

 

  

Apply 

 

5    

Analyze 5 

 

5  

Evaluate 5   5 

Create   5   

 



 

 

 

 

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

CORE - IX 

Course Title: LAB COURSE II 

 

Course Code :  26215       Credits          : 04 

L:T:P:S : 0:0:4:0       CIA Marks     : 40  

Exam Hours: 5hrs x 3 days        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Demonstrate hazardous microbes from various foods using conventional and modern 

techniques 

CO2 Critique the quality of milk using laboratory test 

CO3 Processing  of different kinds of food samples for microbial load 

CO4 Predict the microbial population of soil using laboratory techniques 

CO5 Assess the soil fertility by microbial analysis 

CO6 Demonstrate the techniques used to identify human parasites 

CO7 
Understand experimental tools used to cultivate and characterize clinically important  

viruses and bacteriophages 

CO8 
Identify tolerance level of pathogens to antibiotics for evaluation of the quality of 

pharmaceuticals 

CO9 
To screen the pharmaceutical products for microbial contamination and to evaluate 

antiseptic agents  for their efficiency 

 



 

 

 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Outcomes: 

  

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1      3 

CO2      3 

CO3  3    3 

CO4      3 

CO5      3 

CO6 2  2 2  3 

CO7 2  2 2  3 

CO8 3  2 2  3 

CO9 2  2 1  3 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Isolation and identification of microorganisms from spoiled food – 

meat, vegetables, fish, ice-cream and curd. Milk quality – dye 

reduction test. Laboratory production of wine and sauerkraut 

(Demonstration). Enumeration of bacteria from milk by Standard 

plate count. Isolation of fungi from fruits and milk products (yeast 

and mould) 

4 CO1, 

CO2, 

CO3 

2 Isolation and enumeration of Bacteria, Fungi, Actinomycetes and 

Algae from soil. Detection of soil fertility (Denitrifiers and 

phosphate solubilizers). Isolation and identification nitrogen fixers 

(free living and symbiotic) 

4 
CO4 

CO5 

3 Processing of stool sample and identification of parasites 

(sedimentation, floatation). Isolation and enumeration of 

bacteriophage from raw sewage sample. Cultivation of virus in 

4 CO6 

CO7 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1 2  3 2  2 

CO2 2  2 2  3 

CO3 3  2 3 2 2 

CO4 2 1 3 2  1 

CO5 3  3 3 2 3 

CO6 2 2 2 2  2 

CO7 2  3 3  2 

CO8 2  2 2 1 2 

CO9 2 1 1 2 1 1 



 

 

chick embryo (Demonstration). ELISA – HIV (Demonstration) 

4 Determination of MIC (Beta - lactum, aminoglycoside and 

tetracycline). Determination of quality of pharmaceuticals (syrups, 

suspensions, creams, dressing materials). Determination of Protein 

and DNA leakage of cetrimide treated pathogens. Determination of 

antimicrobial activity of antiseptic agents (resorcinol, thymol, 

formaldehyde). Sterility test for pharmaceutical products. 

4 

 CO8 

CO9 

 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests Record  
Attendance  

Marks (out of 40) 25  5 

Remember 5 2  

Understand 5 2  

Apply 5 2  

Analyze 5 2  

Evaluate 5 2  

Create    

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

Certificate Course II Title: HERBAL TECHNOLOGY 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Acquire good knowledge of the basic and applied facts on medicinally important 

plants, as well as concepts of Indian medicinal systems 

CO2 Identify medicinally important plants and assess their potentially useful elements   

CO3 
Understand the useful phytochemical and pharmacological nature of bioactive 

molecules and their identification techniques 



 

 

CO4 
Evaluate the toxicological aspects of active ingredients and the finished products on 

pathogens, organs as well as clinical manifestations 

CO5 
Discuss and execute established guidelines for commercially sold herbal preparations 

in public health   

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Plant identification: Elementary knowledge of Binomial 

nomenclature – Bentham and Hooker classification – Herbarium 

techniques. Ethnobotany and Ethnomedicine. Systems of medicine: 

origin and development of biomedicine, Indian Systems of Medicine 

(Ayurveda, Siddha, Unani, Tibetan), Folk medicines including Home 

remedies. Ethno medicines of Tamil Nadu. 

6 CO1 

2 Important medicinal and aromatic plants of India: Introduction 

to Medicinally important Plant products: Fruits and Vegetables, 

Leaves, Stem, Roots, Spices and condiments; waxes; Essential oils, 

gums, resins; tannins, enzymes, honey, dyes and pigments. 

6 CO2 

3 Herbal preparation: Decoction, extract, infusions, oils, shampoos, 

powders. Medicinally important class of Plant Phenolics, Alkaloids, 

Glycosides, Terpenoides, Steroids and Resinous substances. 

Phytochemical techniques: Cold and hot extraction methods, 

concentration and evaporation techniques,  chromatography and 

colorimetric analysis of extracts; finger printing of extracts and 

estimation of bioactive molecules, atomic spectroscopy, GC-MS, 

LC-MS, centrifugation, electrophoresis, IEF and 2D electrophoresis. 

6 CO3 

4  Microbiology techniques for drug evaluation: Types of assays - 

Toxicology assays -animal model studies- principle-cell based assays 

-culture - maintenance- assays-- antimicrobial-analgesic-anti-

inflammatory-antidiabetic-alloepecia-liver-kidney functions-male 

potency-skin disorders-cancer-immuno modulatory-neuro disorders 

arthritis. Etc 

6 CO4 

5 Quality control of raw drugs and Product development: WHO 

guidelines for assessment of herbal drugs; authentication and 

standardization of herbal raw materials; quality control of processed 

herbal drugs: general protocols, chemical assay, bioassay, stability 

and safety assessments; GMP and other regulatory and safety 

requirements as per amendments in  Drug and Cosmetic Act and 

Rules for Herbal, Ayurvedic and other Drug of traditional origin 

6 CO5 

 

 

TEXT BOOKS: 

1. Sivarajan VV, Indira Balachandran (1988). Ayurvedic Drugs and Their Plant Sources, 2
nd

 

Edition, Oxford and IBH Pub. Co. Pvt. Ltd. 

 

2. Harborne JB (2005). Phytochemical Methods (A Guide to Modern Techniques of Plant 

Analysis), 2nd  Edition, Springer (India) Pvt. Ltd, ISBN: 9789400959217 



 

 

 

 

 

REFERENCE BOOKS: 

1. Bhattacharjee SK (2004). Handbook of Medicinal Plants, 4
th
 Edition, Pointer Publishers, 

ISBN: 8171323685; 

 

2. Verpoorte R, Pulok K Mukharjee (2003). GMP for Botanicals - Regulatory and Quality 

issues on Phytomedicines, 1st Edition, Business horizons, ISBN: 8190078852 

 

 

THIRD SEMESTER 

CORE – X 

Course Title: RECOMBINANT DNA TECHNOLOGY 

Course Code :         Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

CO1 Demonstrate expertise with the tools and techniques of genetic engineering- And use of 

various cloning vectors. 

CO2  Understand the principle and the concept of cloning strategies of rDNA technology, Acquire 

knowledge in gene transfer methods. 

CO3 Describe the various applications of PCR, and illustrate screening of genomic and cDNA 

libraries. Also learn about the DNA amplification and sequencing methods 

CO4  Acquire an in-depth study of different gene cloning systems/Hosts and its manipulation in 

plant and animal transgenic. 

CO5  Understand the use of site directed mutagenesis and the use of DNA in diagnosis of genetic 

disorder and infectious disease 

CO6 Analyze the various advanced techniques in genetic engineering and its applications in 

biological research 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3  2 2 3 3 

CO2  2  2 3 3 3 

CO3  2 1 3 3 3 3 

CO4  3  2 2 3 3 

CO5  3  2  2 2 

CO6  3  3 3 3 3 



 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 2 3 3  3 

CO2 3 2 2 3  3 

CO3 3  3 3  3 

CO4 3  3 3  3 

CO5  2  2  3 

CO6 3 2 2 3  3 

 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Introduction to Recombinant DNA technology: Basic techniques - 

Enzymes used in rDNA technology; Cloning vectors: plasmid (pUC19, pBR 

322 and their derivatives), phage, cosmid, Phasmid (Lambda Zap); Shuttle 

/transfer vectors; High capacity Cloning vectors: BAC and YACs; Expression 

vectors: Prokaryotic - pET, pGEX-2T and others); Marker genes: Selectable 

markers and Screenablemarkers, nonantibiotic markers 

9 CO1, 

CO2 

 

2 Gene cloning strategies: Cohesive end cloning & blunt end cloning - Shot 

gun cloning and directed cloning - genomic DNA cloning library and cDNA 

cloning library; Preparation of rDNA molecule and its transfer to appropriate 

host (bacteria/yeast/plphage, cosmid, Phasmid (Lambda Zap); Shuttle /transfer 

vectors; High capacity Cloning vectors: BAC and YACs; Expression vectors: 

Prokaryotic - pET, ant cell/animal cell) using a suitable technique: 

transformation, electroporation, transfection, gene gun, Particle bombardment 

etc. Screening of Gene libraries for recombinant clones. 

9 CO2 

 

3 Other rDNA techniques: Use of radioactive and non - radioactive 

nucleotides for DNA probe preparation and detection of hybrids; Restriction 

mapping; RFLP, PCR, RT-PCR, Real time PCR and its applications, DNA 

micro arrays and their use in Genomics; DNA sequencing: MaxamGillbert, 

Sanger’s method and automated sequencer; Chromosomal walking; Hybrid 

release and hybrid arrest translation to screen the clones - site directed 

mutagenesis. 

9 CO3 

4 Gene cloning systems/Hosts: Gene cloning in E. coli and other organisms 

such as Bacillus subtilis, Saccharomyces cerevisiae and other microbial 

eukaryotes. Gene manipulation in animals - transgenic mice and plants. 

9 CO4 

5 Application of Genetic Engineering: Screening of Genetic diseases using 

DNA probes; Gene therapy; Molecular basis of genetic diseases, genetic 

counseling; DNA typing and finger printing 

9 CO5, 

CO6,  



 

 

 

 

 

TEXT BOOKS: 

1. Sandy Primose (2006). Principles of Gene Manipulation and Genomics (7
th
 ed.). Blackwell 

Publishers. 978-8126548392. 

 

2. Brown T.A. (2010). Gene Cloning and DNA analysis (6
th
 ed.). Wiley-Blackwell. ISBN: 

9781405181730.  

 

REFERENCE BOOKS: 

1. Watson, J. D., Baker, T. A., Bell, S. P., Gann. A, Levine. M, Losick, R. (2003). Molecular 

Biology of Gene (5
th
 ed.). The Benjamin / Cummings Pub. Co. Inc. 978-0321762436. 

 

2. David Frifielder, Stanley R.Maloy. (1994). Molecular Biology and Microbial genetics (2
nd

 

ed.). Jones and Brlett Publishers. ISBN 13: 9780867200768. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 
Category 

Weightage % 

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 



 

 

 

 

CORE - XI 

Course Title: PRINCIPLES OF BIOPROCESS TECHNOLOGY AND 

PHARMACEUTICAL MICROBIOLOGY 

 

Course Code :  26320       Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 

Recognize the history , rudiments and notions of bioprocess technology 

and  illustrate the industrial method of fermentation for various primary and 

secondary metabolites 

CO2 

Execute screening of industrially important  microbes, strain improvement,media formulation, 

sterlization and analyze various parameters to be monitored and controlled during fermentation 

processes  and develop a strategy for fermenter design 

CO3 
Understand the ethics of major unit operations followed in downstream processing 

for various economically important products 

CO4 

Assess the source of contamination and device safe working practices in 
pharmaceutical industry and to articulate with antimicrobial preservation of 

pharmaceutical formulations during production and in products 

CO5 
Formulate antibiotics , therapeutic enzymes and  immunological products and apply 

Standard protocols in pharmaceutical industry - IP, BP, USP and EP 

 

Mapping of Course Outcomes to Program Outcomes: 

 

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes: 

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 2  3 1 3 

CO2 3 2  3  3 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3 3 1  1 1 

CO2  3 2 2 3 2 2 

CO3  3 2 1 1 1 1 

CO4  3 3  2 3  

CO5 3 2 2 2  1 

CO6 3 2 1  2 1 

CO7 3 2 3   3 



 

 

CO3 3 1  3  3 

CO4 3 2 3 3  2 

CO5 3  2 3  3 

CO6  2  3  3 

CO7 2   2 3  

 

Sl 

No 
CONTENTS OF MODULE Hrs Cos 

1 

Introduction to Bioprocesses: Traditional and modern applications 

of fermentation technology- Interaction between; Microbiology and 

Biochemistry - Range of fermentation processes - primary and 

secondary metabolites - components of fermentation process; 

Microbial growth kinetics, Batch culture, Continuous Culture, Fed – 

Batch – Types, applications, fermentation kinetics 

 

 

 

9 

CO1 

 

2 

Upstream Processing: Screening methods for industrial microbes -

strain selection and improvement- Media requirements& Medium 

formulation, Rheology of fermentation broth- Sterilization - batch and 

continuous heat sterilization of liquid media, filter sterilization of 

liquid media and Air, Bioreactor design and operation, Fermentation 

monitor and control 

 

 

 

9 

CO2 

3 

Downstream processing: Role and importance of downstream 

processing in biotechnological processes. Economics and downstream 

processing in Biotechnology, Primary Separation and Recovery 

Processes-- Cell disintegration- Extraction-Purificatio- Drying and 

crystallization 

9 CO3 

4 

Overview of Pharmaceutical microbiology: Ecology of 

microorganisms: Atmosphere, water, skin, respiratory flora of 

workers, raw materials, packaging, building equipment and their 

control measures; Design and layout of sterile manufacturing unit; 

Contamination and Spoilage of Pharmaceutical products: sterile 

injectable and non-injectable, ophthalmologic preparation, implants 

9 CO4 

5 

Production of Pharmaceutical products & Quality assurance: 

Vaccines – Immunodiagnostic -  immuno-sera – immunoglobulin - 

Antibiotics: Penicillin, Griseofulvin, Metronidazole; Enzymes- 

Streptokinase, Streptodornase; Quality assurance and quality 

management in pharmaceuticals: In – Process, Final - Product Control 

and Sterility tests; Regulatory aspects: BIS (IS), ISI, ISO, WHO and 

US certification.  

9 CO5 

 

TEXT BOOKS: 

1. Tim Sandle, Madhu Raju Saghee (2017).  Cleanroom Management in Pharmaceuticals and 

Healthcare (2
nd

 Edition) Euromed Communications; ISBN: 978-0957349193.  

 



 

 

2. Madhu Raju Saghee, Tim Sandle, Edward C. Tidswell (2011). Microbiology and Sterility 

Assurance in Pharmaceuticals and Medical Devices (2017 ed) United kingdom, Business 

Horizons, ISBN: 978-8190646741 

 

3. Geoff Hanlon, Norman A. Hodges (2013). Essential Microbiology for Pharmacy and 

Pharmaceutical Science, (1
st
 ed) Wiley-Blackwell. ISBN: 978-0470665329  

 

4. Stephen P. Denyer, Norman A. Hodges, Sean P. Gorman , Brendan F. Gilmore (2011). 

Hugo and Russell's Pharmaceutical Microbiology (8
th
 ed) United Kingdom Wiley-

Blackwell. ISBN: 978-1444330632 

 

5. Tim Sandle (2015). Pharmaceutical Microbiology: Essentials for Quality Assurance and 

Quality Control (1
st
 ed) Woodhead Publishing; ISBN: 978-0081000229 

 

6. P. F. Stanbury, Peter F. Stanbury, Allan Whitaker, Stephen J (2010) Hall Principles of 

Fermentation Technology (3
rd 

ed). Butterworth-Heinemann. ISBN:0750645016 

 

7. Arindam Kuila Vinay Sharma (2010). Principles and Applications of Fermentation 

Technology, (1
st 

ed.) Scrivener Publishing LLC, ISBN:9781119460268  

 

8. A. N. Shukla. (2013) Industrial Bioprocess Technology Discovery Publishing House Pvt. 

Ltd, ISBN: 9789350560303 

 

REFERENCE BOOKS: 
1. Loyd Allen (2017). Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems 

Wolters Kluwer Health (11
th
 ed) North America LWW; ISBN: 978-1496347282 

 

2. Bertram G. Katzung (2017). Basic and Clinical Pharmacology (14
th

 Ed) McGraw-Hill 

Education / Medical, ISBN: 978-1259641152. 

 

3. Michael E. Aulton, Kevin M. G. Taylor. (2017). Aulton's Pharmaceutics: The Design and 

Manufacture of Medicines (5
th
  ed) Elsevier, ISBN: 978-0702070051 

 

4. Bjorn K. Lydersn , Nancy A. D'Elia, Kim L. Nelson (2011) Bioprocess Engineering (5
th

 ed). 

Wiley - Interscience; ISBN: 0471035440. 

 

5. WulfCrueger, eCrueger, Sinauer (2010). Biotechnology: A Textbook of Industrial 

Microbiology (5
th
 ed). Associates Inc;  

 

6. Pauline Doran (2013) Bioprocess Engineering Principles (2
nd

 ed.). Academic Press, ISBN: 

9780122208515. 

 



 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests e Poster Article discussion 

Marks (out of 40) 20 10 10 

Remember 5   

 Understand 5 

 

  

Apply 

 

5    

Analyze 5 

 

5  

Evaluate 5   5 

Create   5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

ELECTIVE – IV-A 

Course Title: BIOINSTRUMENTATION 

 

Course Code :          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Gain knowledge about the principles, uses, advantages and disadvantages of 

instruments routinely used in biological labs. 

CO2 
Acquaint with the basic concept of qualitative and quantitative analysis of a given 

sample  

CO3 
Critique the importance and applications of advanced biochemical instrumentation 

techniques in modern day research. 

CO4 
Acquire cognitive and technical skills enabling students to gain knowledge about 

separation concepts and their Control systems. 



 

 

CO5 

Develop skill in carrying out research projects by employing the basic chromatographic 

purification techniques. 

 

CO6 
Comprehend the terms, principle, instrumentation, operation and applications of 

Molecular spectroscopic techniques 

CO7 
Acquire knowledge about the basics and latest developments in gel electrophoresis for 

the separation of  DNA, proteins and compounds. 

CO8 
Gain a wide knowledge to use the radioisotopes in life sciences and radioactive 

labelling 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 2   2  3 

CO2 3   2  3 

CO3 3   2  3 

CO4   2 2  3 

CO5 3  2 3  3 

CO6 3  2 2  3 

CO7 3  2 2  3 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Centrifugation techniques: Basic principles of centrifugation - 

standard sedimentation coefficient - measurement of sedimentation 

co-efficient;, Principles, methodology and  application of 

differential, rate zonal and density gradient centrifugation - 

Applications in determination of molecular weight. 

9 CO1, 

CO2, 

CO3 

CO4 

2 Chromatography: General principles of chromatography - 

Chromatographic Performance parameters; Types- Thin layer 

chromatography, Paper Chromatography, Liquid chromatography 

(LPLC & HPLC),Adsorption, ion exchange, Gel filtration, affinity, 

9 CO1, 

CO2, 

CO3, 

CO5 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3 2 2 3 3 3 

CO2  2  3 2 2 3 

CO3  3 2 3  2 2 

CO4  2 3 3   3 

CO5 2  3   2 

CO6 3  3   2 

CO7 3  3   2 



 

 

Gas liquid (GLC). 

3 Electrophoresis: General principles - moving boundary 

electrophoresis - electrophoretic mobility – supportive materials – 

electro endosmosis – types (horizontal, vertical and two dimensional 

electrophoresis)  - Principle and application paper electrophoresis, 

Serum electrophoresis, starch gel electrophoresis, Disc gel, Agarose 

gel , PAGE, SDS – PAGE, Immuno electrophoresis; Blotting 

techniques -Southern, northern and western blotting. 

9 

CO1, 

CO2, 

CO3, 

CO6 

4 Spectroscopic techniques:  Principle, simple theory of absorption 

of light by molecules, electromagnetic spectrum, instrumentation 

and application of UV- visible, Raman, FTIR spectrophotometer, 

spectroflurimetry, Atomic Absorption Spectrophotometer, Flame 

spectrophotometer, NMR, ESR, Emission Flame Photometry and 

GC-MS. 

9  

CO1, 

CO2, 

CO3, 

CO7 

5 Radioisotopic techniques: Principle and applications of tracer 

techniques in biology. Radioactive isotopes - radioactive decay; 

Detection and measurement of radioactivity using ionization 

chamber, proportional chamber, Geiger- Muller and Scintillation 

counters, auto radiography and its applications. Commonly used 

isotopes in biology, labeling procedures and safety aspects. 

9 
CO1, 

CO2, 

CO3 

CO8 

 

 

TEXT BOOKS: 

1. Tokyo and Keiichiro Fuwa (2016) Recent Advances in Analytical Spectroscopy. Pergamon; 

(1
st
 ed). ISBN: 978-0080262215. 

 

2. Primrose, S.B. and Twyman, R.M., (2015). Basics and recent advances of two dimensional- 

polyacrylamide gel electrophoresis. Kindlevesion ASIN: B00XTAECHU  

 

3. Chung Chow Chan, Herman Lam, Xue-Ming Zhang.(2010) Practical Approaches to 

Method Validation and Essential Instrument Qualification. (1
st
 ed) Wiley; ISBN: 978-

0470121948 

 

4. Douglas A. Skoog, F. James Holler, Stanley R. Crouch (2016). Principles of Instrumental 

Analysis. Cengage Learning (6th Ed). ISBN: 978-0495012016  

 

REFERENCE BOOKS: 

 

1. Chung Chow Chan, Herman Lam, Xue-Ming Zhang (2011). Practical Approaches to 

Method Validation and Essential Instrument Qualification Wiley; (1
st
 ed) ISBN: 978-

0470121948 

2. JeyasinghEbenezar (2017). Recent Trends in Materials Science and Applications: 

Nanomaterials, Crystal Growth, Thin films, Quantum Dots, & Spectroscopy. Springer; (1
st
 

ed). ISBN: 978-3319448893 

 

 



 

 

 

 

 

 

3. Keith Wilson, John Walker (2010). Principles and Techniques Of Biochemistry And 

Molecular Biology, (7th ed), Cambridge University Press India Pvt.Ltd. ISBN 1-4051-3544-

1 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 



 

 

 

ELECTIVE – IV-B 

Course Title: SOIL & AGRICULTURAL MICROBIOLOGY 

 

Course Code :          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 

Understand the formation, profile and types of soils and to exemplify the distribution 

of microbes in soil. 

CO2 
Express the role of Nitrogen fixers and Phosphate solubilizers in soil fertility. 

CO3 

Explicate the microbial interactions with animals and plants and decode positive and 

negative relations and relate biogeochemical cycles. 

CO4 

Manifest the role of plant pathogens in crop response and reveal the control and 

preventive measurements of bacterial, fungal viral pathogens.  

CO5 

Explore the importance of microbial degradation of agricultural products and organic 

matter decomposition. 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 2   2  3 

CO2 3   2  3 

CO3 3   2  3 

CO4   2 2  3 

CO5 3  2 3  3 

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3 2 2 3 3 3 

CO2  2  3 2 2 3 

CO3  3 2 3  2 2 

CO4  2 3 3   3 

CO5 2  3   2 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TEXT BOOKS: 

1. Atlas Ronald, M., Bartha,R. and Richard (1987), Microbial Ecology, 2
nd 

Edition, 

Benjamin/Cummings Publishing Company: California. 

 

2. Dirk, J., Elasas. V., Trevors, J.T and Wellington, E.M.H. (1997), Modern Soil 

Microbiology, Marcel Dekker INC:  New York. 

3. SubbaRao N S., (2004), Soil Microbiology, 4
th
 ed. Oxford & IBH Publishing Co. Pvt.  

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Soil Microbiology: Soil structure – profile, texture; Formation– 

physical, chemical and biological; Types and classification; 

Importance of soil; Distribution of microbes in soil –bacteria, fungi, 

actinomycetes, protozoa and viruses; Methods to detect soil 

microbes. 

9 CO1 

2 Nitrogen fixation: Biological nitrogen fixation – symbiotic, 

asymbiotic bacteria and blue green algae; Nitrogen fixation by 

nodulated plants other than legumes – NIF genes; Nitrification and 

denitrification processes; Soil amendments for higher fertility- 

denitrifiers and phosphate solubilizers; Soil enzymes. 

9 CO2  

3 Abiotic and biotic interactions: Bio-geo chemical cycles – nitrogen, 

carbon, phosphorus, sulphur and iron cycle; Interaction among 

microbial populations - positive, negative interactions and 

interactions between diverse microbial populations; Microbial 

interactions with plants and animals- Mycorrhizae, Rhizosphere, 

Phyllosphere, Leaf nodulation, Stem nodulation and Rumen flora. 

9 CO3  

4 Plant diseases: Host parasitic relationship; Disease, causative agent, 

symptomology, mode of action and preventive and control measures 

of bacterial – Blight, Smut, Rust; Fungal – Tikka, Leaf spots; Viral 

– Mosaic, Vein clearing, Leaf roll; Plant pathogens and their 

control. 

9 CO4 

5 Microbial Remediation: Microbial biodegradation of agricultural 

products – starch, cellulose and hemi-cellulose; Biodegradation of 

pesticides – approaches to bioremediation – humic acid in soil 

mineralization; Organic matter decomposition; Composition of 

litter;  Composting  - Green manure and Farm yard manure. 

9 CO5 



 

 

 

 

 

REFERENCE BOOKS: 

1.  Subbarao N.S.,(1995),Biofertilizers in Agriculture and Forestry, 3
rd

 edition, Oxford and 

 IBH publishing Co. Pvt.  Ltd, New Delhi. 

2. Rangaswami G and D.G. Bagyaraj, (2002), Agricultural Microbiology, 2
nd

 edition. Prentice 

Hall of India, New Delhi. 

3. Alexander M.,(1977), Introduction to Soil Microbiology, John Wiley & Sons., Inc. New 

York. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 



 

 

 

 

ELECTIVE – IV-C 

Course Title: BREWING TECHNOLOGY 

 

Course Code :          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Understand the concepts of brewing and reveal various raw materials involved 

CO2 
Interface various technologies for wort production 

CO3 
Choose the appropriate integrated fermentation techniques for beer production 

CO4 
Ability to Design and develop innovative design for brewing equipments 

CO5 

Understand sanitation and quality management concepts and ISO 9000, HACCP 

services 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1  2  2   

CO2 2 2  3 2  

CO3 2 3  3 2  

CO4 2 3  3 2  

CO5  2     

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  2 3 2  3 2 

CO2  3 3 3 3 3  

CO3  3 3 3 3 3 2 

CO4  3 3 3 3 3 2 

CO5  3 3  3 2 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TEXT BOOKS: 

1. George Fix - Principles of Brewing Science -   Brewers Publications – 1999 - 2nd Edition 

edition Lee Janson (1996) Brew Chem   - Storey Publishing 

 

2. Edward Ralph Moritz, George Harris Morris - A text-book of the science of brewing -  

Publisher Books LLC, 2009 - ISBN1443273759  

 

3. Michael J Lewis & Tom W Young - Brewing -Amazon - 1995  

 

REFERENCE BOOKS: 

1. Jean De Clerck, Kathleen Barton-Wright - A Textbook of Brewing Volume 1 – Amazon 

2. Michael J. Lewis, and Tom W. Young - Brewing - Aspen Publishers, 1995 

3. George Fix - Principles of Brewing Science 2nd Ed. - Brewers Publications, 1989 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 History of brewing: Brewing and beer around the world. History of 

brewing - Raw materials: barley, hops, water, yeast; Adjuncts for 

beer production - Maize, rice, millet, wheat, sugar etc.  Role of 

enzymes for malting - Barley storage, steeping, germination, 

kilning, cooling, storage;  Malt from other cereals, caramel malt, 

roasted malt, smoked malt, malt extract; Malt quality evaluation 

9 CO1 

2 Wort production: Malt milling, Mashing, Mashing vessels; Wort 

boiling, clarification, cooling and aeration Enzyme properties, starch 

degradation, b-glucan degradation; Conversion of fatty matter, 

Biological acidification 

9 CO2  

3 Fermenters and technology of fermentation: Biology of 

yeasts.Biochemistry of fermentation and fermentation kinetics. 

Production of beer flavor compounds. Beer maturation. Beer 

finishing practices, Sensory analysis of beer.Packaging equipment 

and packaging materials, storage conditions and distribution process 

9 CO3  

4 Brewing Equipments and Energy Management: Grain mill, 

kettles, siphons, carboys, fermentation equipment, wort chillers, 

pumps beer bottles, cans, labels, bottle caps, sanitation equipments. 

waste water treatment - Automation and plant planning 

9 CO4 

5 Sanitation and Quality management systems: Types of pest 

encountered, integration of sanitation and pest control methods, 

possible points of contamination, insects control methods.   Quality 

management systems, ISO 9000, Hazard Analysis Critical Control 

Point 

9 CO5 



 

 

 

 

4. George and Laurie Fix - An Analysis of Brewing Techniques - Brewers Publications, 1997. 

5. Michael Jackson, Simon and Schuster,The Pocket Guide to Beer - 1994 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

ELECTIVE – V-A 

Course Title: NANOBIOTECHNOLOGY 

Course Code :  26321       Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Understand the history and basics of nanobiotechnology and classify different types of 

nanomaterials and be acquainted with the various properties of nanomaterials. 



 

 

CO2 
Gain knowledge of the different methods of synthesis of nanoparticles including 

physical, chemical and biological methods. 

CO3 
Aware of  the interaction between biomolecules and nanoparticle surface and its  

applications. 

CO4 
Comprehend the principles of various physical and chemical characterization 

techniques. 

CO5 
Understand the applications of nanobiotechnology in the fields of biomedical, 

environment, food and cosmetology. 

CO6 Identify the risk assessments involved in bio nano materials synthesis and application. 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 2  3 2 3 

CO2 3 3  3 2 3 

CO3 3 3  3 2 3 

CO4 3   2  3 

CO5  2 3 3 1 1 

CO6 3 3  2 1 3 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Introduction and history of Nanotechnology:nanomaterials: 

History - Properties - optical, electronic, magnetic properties; 

Surface plasmon resonance, Change of bandgap; Types - nanowires, 

nanoclusters, Carbon nanostructures: DLCs, Fullerenes, C60, C80 

SWNT and MWNT - thin films and multilayers. nanocomposites, 

nanofillers. 

9 CO1 

2 Chemical and Physical Synthesis: Chemical precipitation; Sol-gel 

synthesis; Micro emulsions or reverse micelles; Solvothermal 

synthesis; Physical methods: Inert gas condensation, Ion sputtering, 

9 CO2  

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3  3 3  3 

CO2  3  1 1  3 

CO3     1  1 

CO4  1  1 1   

CO5  1  3 1 1  

CO6    1 1 1 3 



 

 

pyrolysis. 

3 Biological methods: Use of bacteria, fungi, actinomycetes and 

plants for nanoparticle synthesis; Magnetotactic bacteria for natural 

synthesis of magnetic nanoparticles; Mechanism of formation; 

Viruses as components for the formation of nanostructured 

materials; Synthesis process and application.  

9 CO3 

4 Protein and Peptide based Nanostructures: DNA based 

nanostructures: DNA-protein nanostructure; Funtionalization of 

nanoparticles for biological applications;  Characterization of 

nanomaterials: UV - VIS – FTIR – RAMAN spectroscopy; X-ray 

diffraction, HR- SEM, HR -TEM and EDAX analysis. 

9 CO4, 

CO5 

5 Challenges to nanotechnology: Applications of nanobiotechnology 

in medicine, agriculture and environment; Public and private 

investment in R&D, Materials risks (carbon fullerene and CNT 

waste); Methods of environmental monitoring and pollution control 

using nanotechnology. 

9 CO6 

 

 

TEXT BOOKS: 

1. Claudio Nicolini, (2009). Nanobiotechnology & Nanobiosciences. Pan Stanford Publishing 

Pvt. Ltd, ISBN 13: 9789814241380. 

 

2. E. David Reisner, (2009) Bionanotechnology- Global Prospects, Taylor & Francis Group,       

LLC, ISBN 9780429129575. 

 

3. T.Pradeep, (2007) Nano, The Essentials, Understanding Nanoscience and       

Nanotechnology, Tata McGraw-Hill Publishing Company Limited, ISBN: 978-93-83305-

20-9. 

 

4. Jain K.K, Nanobiotechnology in Molecular Diagnostics – Current Techniques and 

Applications, Taylor and Francis Publications  13-978-1-4398-0876-4. 

 

5. Hari Singh Nalwa (2006). Handbook of Nanostructural Biomaterials and Their Applications 

in Nanobiotechnology. 1st Ed. American Scientific Publishers, 13-978-1-4398-0876. 

 

REFERENCE BOOKS: 

1. Vladimir P Torchilin, (2006). Nanoparticulates Drug Carriers, Edited by, Imperial College 

Press, 57 Shelton Street, Covent Garden, London WC2H 9HE, ISBN 186094-630-5.  

 

2. Lynn J. Frewer, WillehmNorde, R. H. Fischer and W. H. Kampers, (2011). Nanotechnology 

in the Agri-food sector, Wiley-VCH Verlag, ISBN: 978-3-527-33060-7. 

 

3. Jennifer Kuzma and Peter VerHage, (2006). Nanotechnology in agriculture and food 

production, Woodrow Wilson International Center, ISBN 978-3-901657-25-2. 

 



 

 

 

 

 

 

4. C.A. Mirkin and C.M. Niemeyer, (2007). Nanobiotechnology- II, More Concepts and            

Applications, WILEY-VCH, VerlagGmbH&Co, ISBN: 978-3-527-31673-1. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

ELECTIVE – V-B 

Course Title: BIODEGRADATION TECHNOLOGY 

 

Course Code :          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 

Commentate the role of heterotrophic microbes in aquatic, terrestrial and arid 

ecosystems and microbial degradation of various natural polymers 



 

 

CO2 

Express the importance of biotransformation and decode the role of factors involved in 

biodegradation 

CO3 

Differentiate the significance of microbial degradation on natural fibres and analyse the 

role of microbes on leather 

CO4 

Compare and contrast surface from subsurface degradation process and point out paint, 

metal and concrete microbial degradation 

CO5 

Decode about biodegradation of xenobiotic compounds and express the significance of 

vermicomposting 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1  2   3 3 

CO2 2 3   3 3 

CO3 3 3   3 3 

CO4 3 2   3 3 

CO5 2 3  3 3 3 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1       3 

CO2     2  3 

CO3     2  3 

CO4  3  2 3  3 

CO5 3 3 2 3 3 3 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Biodegradation of natural polymers: Biodegradation and 

heterotrophic microbial population in aquatic, terrestrial and arid 

ecosystems – Degradation of natural polymers - Cellulose, lignin 

and hemicellulose 

9 CO1 

2 Biotransformation: Acclimation, detoxification activation, bio-

availability, recalcitrance, co-metabolism and biotransformation. 

Factors affecting biodegradation 

9 CO2  

3 Microbial degradation of Natural Fibres: cotton, linen, hemp and 

jute, wool and silk, textiles - paper and leather goods – Factors 

Affecting Deterioration - Biodegradation enhancement 

9 CO3  

4 Biodeterioration: Microbial degradation of paints, metals, concrete, 

Stimulation of Oil spills for degradation – Surface and subsurface 

degradation. Prevention of Biodeterioration 

9 CO4 



 

 

 

 

 

 

 

TEXT BOOKS: 

1.  Baker, W.C. and Herson, D. S. (1994). Bioremediation. McGraw Hill Inc., New York.  

 

2. Rajendran, P. and Gunasekharan, P. (2000). Microbial bioremediation. MJP Publishers, 

Chennai.  

 

3. Alexander, M. (1999). Biodegradation and Bioremediation. Academic Press.  

 

4. Foster, C.F. and John Ware, D.A. (1987). Environmental biotechnology. Ellis Horwood Ltd.  

 

REFERENCE BOOKS: 

1. Karrely, D., Chakrabarty, K. and Omen, G.S. (1989). Biotechnology and Biodegradation – 

Advances in Applied Biotechnology Series. Vol. IV, Gulf Publications Co. London.  

 

2. Cookson, J.T. (1995). Bioremediation Engineering – Design and Application, McGraw Hill 

Inc.  

 

3. Jogdand, S.N. (2007). Environmental Biotechnology. Himalaya Publishing Company Ltd.  

 

4. Rittman, B. McCarty, p. (2000). Environmental Biotechnology; principles and Applications. 

McGraw Hill College.  

 

5. Alsopp, D., Seal, K. J. and Gaylarde, C. (2004). An introduction to Bioremediation. (2 nd 

edition). Cambridge Univ. Press.  

 

6. Prescott, L.M., Harley, J.P. and Klein, D.A. (2008). Microbiology (7 th edition) McGraw 

Hill, New York. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

5 Biodegradation of xenobiotic compounds: organic contaminants - 

Hydrocarbon, halogenated organic solvents, herbicides, pesticides – 

Treatment of solid and liquid wastes – Vermicomposting –

Biopackages for biodegradation 

9 CO5 



 

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

ELECTIVE – V-C 

Course Title: BIOSAFETY AND CLINICAL RESEARCH 

 

Course Code :          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours : 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Control laboratory hazards (chemical, biological and physical) and to  practice safety 

strategies and personal protective equipment 

CO2 
Develop stratagems for the  use of genetically modified organisms and Hazardous 

materials  

CO3 
Comprehend the clinical research process  and equate and recapitulate international 

regulations and clinical requirements for  the clinical research 

CO4 
Establish skill in biopharmaceutical clinical trial research designs to encounter the 

health and medical needs of existing and impending biopharmaceutical product clients 

CO5 
Successfully measure and manage ethical clinical trial programs and biopharmaceutical 

development ventures 

CO6 Accomplish the significance of the patient in drug development 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

PO/CO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3  3 3  3 

CO2  3  1 1  3 

CO3     1  1 

CO4  1  1 3   

CO5  1  3 3 1  

CO6    1 3 1 3 



 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes: 

  

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 2  2   3 

CO2 2 2     

CO3 3 3     

CO4 3 3  2 2  

CO5 3 3 3 3 1  

CO6 1 3   1  

 

 

Sl. 

No. 

CONTENTS OF MODULE Hr Cos 

1 Biosafety: Introduction-Safe laboratory practices - handling & storage of 

chemicals & reagents, Experiments with microorganisms, Biosafety 

guidelines and regulations (National and International) – Types of biosafety 

containments (level I, II, III), Segregation and disposal of noninfectious and 

infectious wastes, Bio medical waste management. Safety of personnel, 

protective equipment, emergency response 

9 
 

 

 

CO1 

2 Handling of GMO: Use of genetically modified organisms and their release 

in the environment, Hazardous materials used in Biotechnology-handling 

and disposals, Good Manufacturing Practices (GMP) and Good Laboratory 

Practices (GLP) 

9 
CO2,

CO3 

3 Clinical Research: History and Principles of Clinical Research, Types of 

Clinical Research, Scope of Clinical Research - Issues in Clinical Research, 

Guidelines and Regulations in Clinical Research-GCP for  clinical practices 

9 CO4 

,CO5 

4 Clinical Trials: Design and Analysis, Conduct and Operational Issues in 

Clinical Trials, Phases of clinical trial- risks and benefits of trials, Trial 

Management- Clinical Data Management, Regulatory Affairs and  

Systematic Reviews, Ethical issues in research involving human participants 

9 
CO4, 

CO5 

5 Intellectual property rights: Introduction - Types of intellectual property 

rights (patents, copy rights, trade mark, geographical indications, industrial 

designs and trade secret)International organizations and Intellectual property 

rights .Procedures and process involved in patenting 

9 
CO6 

 

 

 

TEXT BOOKS: 

1. Richard Prince Microbiology in Pharmaceutical Manufacturing, First Edition – 2001, 

published byPDA/DHI, ISBN-10: 193011432X, ISBN-13: 978-1930114326. 

 

2. Usharani .B, S Anbazhagi , C K Vidya ,Biosafety in Microbiological Laboratories , First 

Edition –  2019, published byNotion Press,ISBN-10: 1645878856, ISBN-13: 978-

1645878858 



 

 

 

3. Satheesh.M.K. Bioethics and Biosafety . First edition-2009, published by J. K International 

Publishing House Pvt.Ltd: Delhi. ISBN:9788190675703. 

 

4. Deepa Goel and ShominiParashar. IPR,Biosaftey and Bioethics.1st Edition-2013 published 

by  Pearson education: Chennai, ISBN 10: 8131774708 / ISBN 13: 9788131774700 

 

REFERENCE BOOKS: 

 

1. David Machin, Simon Day and Sylvan green. Textbook of clinical trials,2
nd

Edition-2002. 

Published by Wiley Publications: New York, ISBN: 978-0-470-01014-3 

 

2. Giovanna di ignazio., Di Giovanna and Haynes.(2001). Principles of clinical research, 3 rd 

Edition-2012,Routledge Publications: New Delhi, ISBN-10: 0123821673 ,ISBN-13: 978-

0123821676. 

 

3. John, I. Gallin, Frederick P. Ognibene .(2012). Principles and Practise of Clinical Research, 

4 th  Edition-2017, published by Academic press: U S,ISBN: 9780128499047, ISBN: 

9780128499054 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 



 

 

 

 

ELECTIVE – VI-A 

Course Title: Aquaculture 

Course Code:          Credits          : 03 

L:T:P:S: 3:0:0:0        CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Analyze the fundamental ideas about aquaculturing and reveal the production style in 

India 

CO2 
Commentate and compare the common cultivable species of fish and point out the 

significance of polyculture, monosex & monoculture 

CO3 Reveal various culturing methods of carp species and point out socio-economic and 

environmental problem involved in aquaculturing 

CO4 Illustrate common bacterial, viral, fungal and protozoan diseases in the course of fish 

farming and Express the significance of composition & types of feed 

CO5 Analyze the marketing strategy of fish in local and export Markets and manifest the 

quality control while canning and freezing 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 3     

CO2 2 1  2   

CO3 3 3     

CO4  3  2   

CO5 2 3   3  

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3 3 2 3 3 2 

CO2  3 2 2  3 2 

CO3  3 2 2  3 3 

CO4   2 2  3  

CO5 3 3 2  3 3 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TEXT BOOKS: 

1. Khanna, S.S. and H.R. Singh. (2014). A Text Book of Fish Biology & Fisheries. Narendra 

Publishing House; 3rd edition, ISBN: 9384337129 

 

2. Pillay, T. V. R., M. N. Kutty. (2005). Aquaculture: Principles and Practices. Fishing News 

Books; Wiley-Blackwell; ISBN: 1405105321, 9781405105323. 

 

3. Jhingran, V.G.(1982). Fish and Fisheries of India. Hindustan Publishing Corporation India. 

 

REFERENCE BOOKS: 

1. Chaston, I. Business Management in Fisheries and Aquaculture, Fishing News (Books) Ltd., 

1984. 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Basis of aquaculture: Scope and definition – Significance of 

aquaculture – Wild fish stocks – advantages of  aquaculture – 

production style in India. Fundamental farm design of Fish: 

selection of site, grow - out and nursery ponds. 

9 CO1 

2 Cultivation and aqua farms: Common cultivable species of fish, 

crustaceans, molluscs and algae. Assortment of candidate  species 

for aquaculture. Types of aquaculture farms (coastal, tank, raceway 

farms) – Design of Hatcheries. Integrated farming. Advantages of 

polyculture, monosex and monoculture. 

9 CO2 

 

3 Carp Culturing: Culture of carp species –oyster culture, pearl 

oyster; Prawn culture: problems in  penaeid prawn culture due to 

socio-economic and environmental problems. Freshwater  prawn 

culture, Potential for ornamental fish culture. Common species for 

ornamental fish farming 

9 CO3 

4 Fish disease control and Molecular Biology: Common bacterial, 

viral, fungal, protozoan and crustacean  diseases, their symptoms 

and treatment. Water quality maintenance. Importance and  

composition of feeds; types of feed: wet and dry feeds 

9 CO4 

5 Marketing the products: Marketing the fish to local markets and 

for export. Harvesting and transport. Quality control and norms of 

MPEDA for export of fishes. canning and freezing. 

9 CO5 



 

 

 

 

 

 

2. Kurian, C.V. & V.O. Sabastian. Prawn and Prawn Fisheries of India. Hindustan Publ. Corp. 

India, 1982. 

 

3. Rath, R.K. (2011). Freshwater Aquaculture. Scientific Publishers, (India), PO. Jodhpur.  

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category 
Weightage % 

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

ELECTIVE – VI-B 

Course Title: LABORATORY ANIMALS FOR PRE-CLINICAL STUDIES 

Course Code:          Credits          : 03 

L:T:P:S: 3:0:0:0        CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 Commentate various health monitoring programmes of animal in clinical studies. 

CO2 
Interpret and reveal the common bacterial and viral diseases in lab animals and decode 

various preventive and control measures involved. 



 

 

CO3 Explore different experimental procedures for preclinical studies and resolve various 

animal inoculation procedures. 

CO4 Analyse toxicological and bioassay studies of drugs and point out their mode of action. 

CO5 Execute methods involved in disposal of dead animals, understand and implement 

ethics in animal welfare and prevention of PCA. 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 3 3   3 

CO2 3 3 3   3 

CO3 3  3  2  

CO4 2 2 2    

CO5 2 3 3  3 3 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3 3 3 3 3 1 

CO2  2  2 3 3 2 

CO3  3    3 3 

CO4  3    3 3 

CO5 3 2  2 3 3 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Animal in clinical studies: Rabbit, Mice, Rat, Guinea pigs: Health 

Monitoring Programmes -  Requisite, Cleanliness, Diet, Feeding, 

Litter, Cages, Labeling of cages, Ventilation, Temperature and 

humidity, Handling, Breeding, Marking animals 

9 CO1 

2 Common diseases in Lab Animals: Salmonella typhimurium, 

Coccidiosis, Pseudo tuberculosis, Taenia pisiformis, abscess in 

lymph node (Streptococcus group C), haemorrhagic septicaemia (P. 

multocida), mouse pox, viral pneumonia and paralysis - prevention 

and control 

9 CO2 

 

3 Experimental Procedures: Selection of animals -  Antisera – 

Anesthesia – Scarification - Subcutaneous inoculation - Intravenous 

inoculation - Intra peritoneal inoculation -  intra cerebral 

inoculation - intra testicular ophthalmic - Collection of blood 

9 CO3 



 

 

 

 

 

 

 

 

 

 

TEXT BOOKS: 

1. Sarah Wolfensohn and Maggie Lloyd (2003) Handbook of Laboratory Animal Management 

and Welfare (3rd ed.). Wiley-Blackwell; ISBN-10: 1405111593’ 

 

2. Jonathan David Ward (2008) A Manual for Laboratory Animal Management (1st ed.). 

ISBN: 978-981-277-959-5 

 

3. National Research council (2011) Guide for the Care and Use of Laboratory Animals, (8th 

ed.). National Academies Press, Washington, United States, ISBN10 0309154006 

 

REFERENCE BOOKS: 

1. Madeleine Campbell (2019) Animals, Ethics and Us : A Veterinary's View of Human-

Animal Interactions Sheffield, United Kingdom 5m Publishing ISBN10 178918049X 

 

2. Jann Hau , Steven Jay Schapiro (2011) Handbook of Laboratory Animal Science, Volume II 

: Animal Models (3rd ed.). Bosa Roca, United StatesTaylor & Francis Inc 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests e Poster Article discussion 

Marks (out of 40) 20 10 10 

Remember 5   

 Understand 5 

 

  

Apply 

 

5    

Analyze 5 

 

5  

Evaluate 5   5 

Create   5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

4 Experimental Studies: Toxicological – teratogenicity – bioassay 

of insulin, screening of analgesic and anticonvulsant drugs - 

screening of chemotherapeutic agents - drug action on CNS 

9 CO4 

5 Disposal of Dead Animals and Ethics: Rendering, Burial, 

Composting, Incineration, Disposal; Ethics: Animal Rights, Animal 

Welfare; Prevention of Cruelty to animals (PCA) ACT , CPCSEA 

9 CO5 



 

 

 

 

 

ELECTIVE – VI-C 

Course Title: BIODIVERSITY AND CONSERVATION  

Course Code:          Credits          : 03 

L:T:P:S: 3:0:0:0        CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 Exhibit an ability to assess gears, scope, and constraints of biodiversity 

CO2 Demonstrate deeper insight into different  types of habitat and ecosystems 

CO3 Integrate knowledge and perspectives to analyze, assess and pact with economic 

productivity and national security within the field of biodiversity 

CO4 Describe the serious threats to biodiversity by human activities 

CO5 Design Strategies for biodiversity conservation 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1       

CO2       

CO3       

CO4  3 3    

CO5     1  

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1        

CO2    3 3   

CO3        

CO4    3   3 

CO5 3  3    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TEXT BOOKS: 

1. Wilson and Frances M. Peter. (1988). Biodiversity and Conservation Washington (DC): 

National Academies Press (US). ISBN-10: 0-309-03783-2  

 

2. An Advanced Textbook on Biodiversity Principles and Practice. By K. V. Krishnamurthy. 

2003. ISBN 81-204-1606-6. Oxford & IBH publishing C. Pvt. Ltd. New Delhi 

 

REFERENCE BOOKS: 
1. Wilson and Frances M. Peter. (1988). Biodiversity and Conservation Washington (DC): 

National Academies Press (US). ISBN-10: 0-309-03783-2  

 

2. An Advanced Textbook on Biodiversity Principles and Practice. By K. V. Krishnamurthy. 

2003. ISBN 81-204-1606-6. Oxford & IBH publishing C. Pvt. Ltd. New Delhi 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Introduction to biodiversity: Definition, components, scope, and 

constraints of biodiversity (genetic diversity, species diversity, 

ecosystem diversity – agro-biodiversity) urban – peri-urban 

biodiversity, forest biodiversity 

9 CO1 

2 Global habitat classification: Biodiversity and global climate 

change - Tropical moist forests - Grass lands – Wetlands. 

Biodiversity of India - Trans Himalayas, Gangetic plain, Desert, 

Western Ghats and Deccan peninsula 

9 CO2 

 

3 Importance of Biodiversity: The importance of  Species Diversity 

to the Ecosystem- The diversity-stability hypothesis- Productive 

values-Social value- Aesthetic value-Legal values-Ethical value-

Ecological value-Economic value 

9 CO3 

4 Threats to Biodiversity: Habitat destruction - Habitat 

fragmentation – Pollution - Over exploitation - Exotic species-

Diseases-Shifting or Jhum cultivation-Poaching of wild life- Water 

pollution and dam construction 

9 CO4 

5 Conservation of Biodiversity: Strategies for Conservation of 

Biodiversity-Conservation Methods- In situ conservation-Ex-situ 

conservation 

9 CO5 



 

 

 

 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category 
Weightage % 

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

CORE - XII 

Course Title: LAB COURSE III 

 

Course Code: 26426        Credits          : 04 

L:T:P:S : 0:0:4:0       CIA Marks     : 40  

Exam Hours: 5hrs x 3 days       ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1   Demonstrate chromatography techniques for protein separation  

CO2  Perform separation of serum proteins by electrophoresis  

CO3   Quantify basic biological macromolecules using spectrometric techniques  

CO4   Separate blood leukocytes using centrifugation techniques  



 

 

CO5   Extract genetic material from microorganisms using appropriate analytical 

techniques  

CO6   Evaluate the potability of drinking water by analyzing its physico – chemical 

and microbial parameters  

CO7   Determine the strength of waste water based on physical, chemical and 

biological characterization  

CO8   Analyze microbial air quality from indoor and outdoor environment  

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1      3 

CO2      3 

CO3  3    3 

CO4      3 

CO5      3 

CO6 2  2 2  3 

CO7 2  2 2  3 

CO8 3  2 2  3 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Determination of RF by Thin layer chromatography and Paper 

chromatography (bacterial lipids, amino acids, organic acids). Gel 

filtration chromatography and Ion exchange Chromatography 

(Demonstration). Separation of serum proteins by horizontal 

submerged gel electrophoresis. Study of UV absorption spectra of 

macromolecules (proteins, nucleic acid, bacterial pigments). Sucrose 

4 CO1, 

CO2, 

CO3 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1 2  3 2  2 

CO2 2  2 3  1 

CO3 2  3 2  2 

CO4 2  2 3  1 

CO5 2  2 3  2 

CO6 2  3 2 1 2 

CO7 2  3 3  2 

CO8 2  2 2  2 



 

 

gradient centrifugation  

2 Isolation and demonstration of plasmid DNA by alkaline lysis 

method. Isolation and demonstration of chromosomal DNA. 

Extraction and demonstration of RNA from Yeast. Demonstration of 

DNA amplification by PCR  

4 
 

CO5 

3 Gene Cloning (Demonstration). Determination of molecular weight 

of protein by SDS – PAGE. Southern Blotting. Western Blotting 

(demonstration) 

4 CO5 

 

4 Determination of water quality by physico – chemical parameter 

(BOD, COD, Hardness). Enumeration and identification of microbes 

by standard plate method from water sample. Determine the quality 

of water (MPN, fecal Streptococci – membrane 

filtration).Determination of sewage strength (total suspended solids 

and BOD). Enumeration of microorganisms from air (settle plate 

method and air sampler). 

4 

 CO6 

CO7 

CO7 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests Record  
Attendance  

Marks (out of 40) 25  5 

Remember 5 2  

Understand 5 2  

Apply 5 2  

Analyze 5 2  

Evaluate 5 2  

Create    

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 



 

 

 

 

 

 

 

Certificate Course III Title: BIOMEDICAL, INDUSTRIAL AND SOLID WASTE 

MANAGEMENT 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 Create awareness on the basic methodology of wastewater treatment and disposal 

CO2 
Demonstrate knowledge on the segregation, shipping and treatment of biomedical 

wastes with emphasis on ethics for the industry   

CO3 
Outline the sources, categories and constituents of solid waste along with protocols for 

handling and management 

CO4 
Understand hazards of Municipal Solid Waste (MSW) and execute safe disposal of 

potentially harmful solid wastes 

CO5 
Compile and apply the legal legislations involved with health management in public as 

well as private sectors 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Industrial Wastewater: Selection of appropriate unit operations for 

the treatment and flow chart of wastewater treatment plant for 

sewage. Dairy, Pulp & Paper - Specification of treated wastewater 

for disposal into surface water, on land. 

6 CO1 

2 Biomedical Waste Categories of bio medical waste: Segregation 

of biomedical waste- Transportation Biomedical waste treatment 

system - Responsibilities of hospitals- Biomedical Waste Rules 

6 CO2 

3 Solid Waste Management: Waste generation and composition, 

national and international regulations for waste, collection and 

transport of waste, separate collection of recyclables, sorting of 

recyclables, recycling technologies for paper, glass, metal, plastic, 

biological treatment of waste, waste disposal, ecological indicator 

systems, principles of waste management. 

6 CO3 

4  Solid waste generation: Characteristics - Physico-chemical 

characteristics Problems and Impacts of Municipal Solid 

Waste(MSW)-Methane emission due to MSW .Disposal of 

Municipal Solid Waste(MSW)-Collection-Process of waste 

collection Segregation- Non-compostable-reusable-recyclable- non 

recyclable-compostable-hazardous- Composting 

6 CO4 



 

 

5 Environmental Safety, Health and Management, Public health: 

communicable diseases, mode of transmission (epidemic and 

endemic diseases). Management of hygiene in public places (railway 

stations, bus stands and other public places). Occupational health and 

safety. Occupational health and hazards-physical-chemical and 

biological. Occupational diseases- prevention and control. Industrial 

safety and management techniques: Industrial safety standards and 

regulations. Accidents-definitions-prevention and control. 

6 CO5 

 

TEXT BOOKS: 

1. Basarkar (2009). Hospital Waste Management A Guide for Self Assessment and Review, 

1
st
 Edition, Jaypee Brothers Medical Publishers (P) Ltd, ISBN: 9788184487329  

 

2. George Tchobanoglous, Hilary Theisen, Samuel A Vigil (1993). Integrated Solid Waste 

Management: Engineering Principles and Management Issues, 2nd Edition, McGraw-

Hill Education, ISBN: 9780070632370 

 

REFERENCE BOOKS: 

1. Masters GM, Ela WP (2019). Introduction to Environmental Engineering and Science, 3rd 

Edition,  Pearson Education Pvt. Ltd, ISBN: 9780131481930 

 

2. SushmaSahai (2009). Bio-Medical Waste Management, 1
st
 Edition, APH Publishing 

Corporation, ISBN: 9788131305683 

 
 

FOURTH SEMESTER 

CORE - XIII 

Course Title: ENTREPRENEURSHIP IN MICROBIOLOGY 

 

Course Code :          Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Describe and apply several entrepreneurial ideas and business theories in practical 

framework 

CO2 
Clarify the metabolic pathways and control mechanisms of commercially important 

metabolites 

CO3 
Commentate single cell proteins and express the importance of mushroom cultivation 

and probiotics 

CO4 
Express the mass production of microbial inoculants used as Biofertilisers and 

Bioinsecticides in response with field application and crop response 



 

 

CO5 
Analyze the application and commercial production of Monoclonal antibodies, 

Cytokines. TPH and teaching kids 

CO6 
Decode the significance of industrial production of Biofuels and Point out the role of 

Bioplastics and Biopigments 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 3 3   3 

CO2 3 3 3   3 

CO3 3  3  2  

CO4 2 2 2    

CO5 2 3 3  3 3 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  2 3 
 

1 3 2 
CO2  3 

 
3 2 

 
3 

CO3  3 
 

3 2 
 

3 

CO4  3 
 

3 2 1 3 
CO5  2 

 
3 2 1 3 

CO6  3 
 

3 2 1 3 

Sl. 

No. 

CONTENTS OF MODULE Hr Cos 

1 Entrepreneurship: Notions and theories of Entrepreneurship, 

Entrepreneurial traits and motivation- Nature and importance of 

Entrepreneurs, - Financial analysis Investment process, Break even analysis, 

Profitability analysis, Budget and planning process. Government schemes 

for commercialization of technology-Funding and support mechanisms for 

entrepreneurship 

9 CO1, 

CO2 

2 Production of microbial metabolites and Single cell proteins: Metabolic 

pathways and control mechanisms of primary and secondary metabolites; 

Commercially important metabolites: Primary – ethanol, citric acid; 

Secondary –β exotoxin; Single Cell Protein: Algae (Spirullina maxima, 

Chlorella pyrenoidosa)and Yeast (Candida tropicana) as SCP, Mushroom 

Cultivation and Probiotics 

9 CO3  

3 Biofertilizers and Biopesticides: Production of Rhizobium, Azotobacter, 

Azospirillum, Phosphobacterium, BGA (Anabena, Nostoc); Packing, Quality 

assurance, Field Application and Crop Response. Bioinsecticide: Mass 

Production, field Application, and Crop Response of Bacteria (Bacillus 

thuringiensis, Bacillus papillae, Pseudomonas fluorescens), Fungi 

(Verticilliumlecanii, Coelomyces) and Viruses (Bacuulo viruses, NPV, 

Granulosis virus) 

9 CO4  



 

 

 

 

 

 

TEXT BOOKS: 

1. Stanbury, P.F, and Whitekar. A. (1999), Principles of Fermentation Technology, 2nd 

Edition. Butterworth-Heinemann: Oxford. 

 

2. Stockholm, K.T.H., Sven-OlofEnfors, and Lena Haggstrom. (2000), Bioprocess 

Technology: Fundamentals and Applications, Royal Institute of Technology: Sweden. 

 

3. Ashton Acton, Q., (2012). Biological Pigments– Advances in Research and 

Application.Scholorly Editions: Atlanta, Georgia. 

 

REFERENCE BOOKS: 

1. Crueger, W, and Crueger. A. (2000), Biotechnology: A Text Book of Industrial 

microbiology, 2
nd

 Edition, SinauerAssociates :Sunderland.Mass. 

 

2.   Hugo, W.B. and Russel, A.D. (2003), Pharmaceutical Microbiology, 6th Edition. 

Blackwell Scientific Publications: U K. 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  

Evaluate 5    

Create  5   

 

4 Commercial Products: Production and Application of TPA, HGH, 

Cytokines and Monoclonal Antibodies; Production of enzymes – Cellulase, 

Protease, Amylase and lipase Production of teaching kits-DNA isolation, 

widal 

9 CO5 

5 Biofuels, Bioplastics and Biopigments: Biochemistry, Industrial Production 

and Application of biogas, bio-diesel, hydrogen fuel, gasoline; Bioplastics - 

PHB, PHA; Biopigments – Lycopene, Betacarotene, and its applications 

9 CO6 



 

 

 

 

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

ELECTIVE - VII 

Course Title: BIOFERTILIZER TECHNOLOGY AND ORGANIC FARMING 

 

Course Code :          Credits          : 03 

L:T:P:S : 3:0:0:0       CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Gain knowledge about the immense reserves of microbial biodiversity and application 

of microbial bio-fertiliser 

CO2 

Assess the ability of microorganisms and their chemical constituents, to sustainably 

minimize the damage from pests and to increase agricultural productivity. 

 

CO3 

Use natural Cyanobacterial bio fertilizers to maintain and build-up of soil fertility. 

Distinguish the types of bio fertilizers and develop integrated management for best 

results by using both nitrogenous and phosphatic bio fertilizers 

CO4 
Rate the quality of Packaging, storage, assess the shelf life, bio efficacy of bio 

fertilizers as per BIS standards  

CO5 
Familiarize with the basic concepts of farm development and would be able to relate 

the development of organic farming in their countries to global trends 

CO6 

Acquire insights about overall trade policy issues, multiple linkages between organic 

farming and rural development, especially from the perspective of resilience and risk 

management 

CO7 

Gain knowledge and skills need to work in an organic certification agency and become 

an entrepreneur. Plan a Complete Farm Business includes marketing, operation and 

financial outline for a farm business 

 



 

 

 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 3 2 3 2 3 

CO2 2 2 3 3   

CO3 3 1 3 2 3  

CO4 3  2   3 

CO5 3 2  2 3  

CO6 3 2   2  

CO7 2 3 2  2  

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Biofertilizers: Introduction, types, advantages and future 

perspective.  Introduction, status and scope. Structure and 

characteristic features of bacterial biofertilizers- Azospirillum, 

Azotobacter, Bacillus, Pseudomonas, Rhizobium and Frankia. 

9 CO1, 

CO2 

2 Cyanobacterial biofertilizers- Anabaena, Nostoc, Hapalosiphon 

and fungal biofertilizers- AM mycorrhiza and ectomycorhiza. 

Nitrogen fixation -Free living and symbiotic nitrogen fixation. 

Mechanism of phosphate solubilization and phosphate mobilization, 

K solubilization. 

9 

CO2, 

CO3 

3 Production technology: Strain selection, sterilization, growth and 

fermentation, mass production of carrier based and liquid 

biofertiizers. FCO specifications and quality control of biofertilizers. 

Application technology for seeds, seedlings, tubers, sets etc. 

Biofertilizers -Storage, shelf life, quality control and marketing. 

Factors influencing the efficacy of biofertilizers. 

9 

CO4, 

CO5 

4 Organic farming – Definition, relevance, biological nutrient 

management- Organic manures, vermicompost, green manure, 

9  

CO5, 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3 3 3 3 3 3 

CO2  3  2  2 3 

CO3  2  2 3 3 3 

CO4  2  2 3 3 3 

CO5 2 3  2 2 3 

CO6 2 2   2 3 

CO7 3 3   3 3 



 

 

organic residue, biofertilizer soil ammendments, Integrated pest and 

weed management- use of biocontrol agents, bio pesticides etc. 

Organic and Conventional farming; Organic and Chemical farming 

– Comparison. 

CO6. 

CO7 

5 Certification and Schemes: Certification and Schemes: Organic 

certification in brief. Integrated farming system- definition, goal, 

components, factors affecting ecological balance, land degradation, 

soil health management, models of IFS for rainfed and irrigated 

conditions and different categories of farmers. Government schemes 

- NPOF, NPOF, NHM, HMNEH, NPMSH&F and RKVY. 

9 

CO5, 

CO6, 

CO7 

 

TEXT BOOKS: 

1. A.K. Sharma (2006). Hand book of Organic Farming  

 

2. A.C.Gaur(2017) ). Hand book of Organic Farming and Biofertilizers 

 

3. N.S. Subbarao(2017) Bio-fertilizers in Agriculture and Forestry 4th edition Medtech 

publisher  

 

4. Subba Rao, N. S. (2002). Soil Microbiology. 4th ed. Soil Microorganisms and Plant Growth. 

Oxford & IBH Publishing Co. Pvt. Ltd., New Delhi. 

 

5. Dubey, R. C. (2008). A Textbook of Biotechnology. S. Chand & Co., New Delhi. 

 

6. Basics of Organic Farming Bansal M CBS Publisher (2019) 

 

7. ABC of Organic Farming (2015) AmitavaRakshit and H B Singh 1
st
 edition 

 

REFERENCE BOOKS: 

1. The One-Straw Revolution: An Introduction to Natural Farming, YRB Classics; Main 

edition (2 June 2009), Masanobu Fukuoka, Frances Moore Lappé Wendell Berry 

 

2. Mini Farming: Kindle Edition 

 

3. Organic Home Gardening Made Easy, SujitChakrabarty, 1 edition (2018) 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests 
ePoster 

presentation 

Current article 

discussion 

Attendance  

Marks (out of 40) 25 5 5 5 

Remember 5    

Understand 5  1  

Apply 5  2  

Analyze 5  2  



 

 

Evaluate 5    

Create  5   

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

CORE - XIV 

Course Title: LAB COURSE IV 

Course Code:  26215        Credits          : 04 

L:T:P:S : 0:0:4:0       CIA Marks     : 40  

Exam Hours : 3 hrs x 3 days      ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Screening of microbial population from soil for economically important primary and 

secondary metabolites. 

CO2 Describe the production of ecofriendly microbial fuels by utilizing various wastes. 

CO3 
Successful production and purification of enzymes from microorganism by standard 

methods.  

CO4 Qualitative and quantitative analysis of extracellular microbial enzymes. 

CO5 Demonstrate laboratory production of wine. 

CO6 Illustrate the production and extraction of natural pigments from micro organisms. 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  3  3  3  

CO2  3  3  3  

CO3  3  1  1  

CO4  1    1  

CO5  1    1  

CO6  1  1  1  



 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3   3  3 

CO2 3 3  3  3 

CO3 3   3  3 

CO4 3   3  3 

CO5 3   3  3 

CO6 3   2  2 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Production and characterization of citric acid using Aspergillus 

niger, Laboratory production of ethanol from sugar and sugar 

waste, Laboratory production of ethanol from cellulosic waste.  

Microbial production of hydrogen gas by bacteria and algae 

(Demonstration). Laboratory production, purification and assay of 

enzymes – proteases, amylases and lipases Cell disruption for 

endoenzymes, Production of wine, Production of microbial 

pigments. 

3 CO1, 

CO2, 

CO3, 

CO4, 

CO5, 

CO6 

 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Tests Record  
Attendance  

Marks (out of 40) 25  5 

Remember 5 2  

Understand 5 2  

Apply 5 2  

Analyze 5 2  

Evaluate 5 2  

Create    

 



 

 

 

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

CORE - XV 

Course Title: PROJECT 

Course Code:          Credits          : 04 

L:T:P:S : 4:0:0:0       CIA Marks     : 40  

Exam Hours: 03        ESE Marks    : 60 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

CO1 
Understand the fundamental design, select appropriate topics and information from 

various sources for literature review. 

CO2 
Structure the methodologies to accomplish organized conduct of interdisciplinary 

research. 

CO3 
Complete an independent research project and furnish the outputs in the form of 

dissertation. 

CO4 Impart the outcome of their project in various seminars and conferences. 

CO5 Present and defend their project work to a panel of experts. 

CO6 Publish the research outcome in scientific peer reviewed journal. 

 

Mapping of Course Outcomes to Program Outcomes:  

 

 

 

 

 

 

 

 

 

 

CO/PO PO1 PO2 PO3 PO4 PO5 PO6 

CO1  1 3 3 3   

CO2  1  3 1   

CO3  3 3 3 1   

CO4  1 1 3 1   

CO5  1  3 1   

CO6  1 1 3 1   

CO7       



 

 

 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PSO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3 3 3 3 1 3 

CO2 3 3 3 3 3 3 

CO3 3 3 2 3 1  

CO4 2 3  3 1  

CO5 3   3  1 

CO6 3 3  3  3 

 

ASSESSMENT PATTERN 

CIE- Continuous Internal Evaluation (40 Marks) 

Bloom’s Category Review meeting  e Poster Article discussion 

Marks (out of 40) 20 10 10 

Remember 5   

 Understand 5 

 

  

Apply 5     

Analyze 

 

5 5  

Evaluate 5   5 

Create   5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

Bloom’s Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

APPENDIX  

 

 
 

 

 

 

 



 

 

 

 

 

OUTCOME-BASED EDUCATION (OBE) 

Outcome-Based Education (OBE) is a student-centric teaching and learning methodology 

inwhich the course delivery, assessment are planned to achieve stated objectives and outcomes.It 

focuses on measuring student performance i.e. outcomes at different levels. 

Outcome-based education (OBE) is an educational theory that bases each part of an 

educational system around goals (outcomes). By the end of the educational experience each student 

should have achieved the goal. There is no specified style of teaching or assessment in OBE; 

instead classes, opportunities, and assessments should all help students achieve the specified 

outcomes. 

There are three educational Outcomes as defined by the National Board of Accreditation. 

Program Educational Objectives (PEOs) 

The Programme Educational Objectives of a program are the statements that describe the 

expected achievements of graduates in their career, and also in particular, what the graduates are 

expected to perform and achieve during the first few years after graduation 

Programme Outcomes (POs) 

Program outcomes are finer statements that designate what students are expected to be able 

to do by the time of graduation. POs are expected to be aligned closely with Graduate Attributes. 

Programme Specific Outcomes (PSO) 

Programme Specific Outcomes are what the students should be able to do at the time of 

graduation with reference to a specific discipline. 

Course Outcome (CO) 

Course outcomes are statements that describe significant and essential learning that learners 

have achieved, and can reliably demonstrate at the end of a course 



 

 

 

MAPPING OF OUTCOMES  

 

COURSE OUTCOMES(CO)  

 

  

 PROGRAM OUTCOMES (PO) 

 

    

PROGRAM EDUCATION OBJECTIVES (PEOs) 

 

 

 DEPARTMENTAL MISSION 

 

 

     

     DEPARTMENTAL VISION 

 

 

 

 

 

 

 

 



 

 

BLOOM’S TAXONOMY 

 

Bloom’s taxonomy is a classification system used to define and distinguish different levels of 

human cognition—i.e., thinking, learning, and understanding. Educators have typically used 

Bloom’s taxonomy to inform or guide the development of assessments (tests and other evaluations 

of student learning), curriculum (units, lessons, projects, and other learning activities), and 

instructional methods such as questioning strategies. [eduglosarry.org] 

 

 

Knowledge levels for assessment of Outcomes based on Blooms Taxonomy 

Level  Parameter Description 

K1  Knowledge It is the ability to remember the previously learned 

material/information 

K2  Comprehension It is the ability to grasp the meaning of material 

K3  Application It is the ability to use learned material in new and 

concrete situations 

K4  Analysis It is the ability to break down material/concept into its 

component parts/subsections so that its organizational 

structure may be understood 

http://edglossary.org/assessment/
http://edglossary.org/curriculum/


 

 

K5  

 

Synthesis It is the ability to put parts/subsections together to 

form a new whole 

material/idea/concept/information 

K6  

 

Evaluation It is the ability to judge the value of 

material/concept/statement/creative material /research 

report) for a 

given purpose 
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INSTITUTION 

 

 

VISION 

To impart value based quality academia; to empower students with wisdom and to charge them 

with rich Indian traditions and culture; to invoke the self, to broaden the same towards nation 

building, harmony and Universal brotherhood. 

 

 

MISSION 

To ensure sustained progress and development in imparting quality education, to pioneer new 

avenues of teaching and research and to emerge as an institution with potential for excellence. 
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DEPARTMENT OF MICROBIOLOGY  

VISION 

To provide a captivating and pertinent Microbiology curriculum that will train students at a high 

standard of systematic literacy and divulge proper skill sets. 

To nurture professionals to categories tasks with a broad perspective and knowledge and take 

inventiveness in interdisciplinary education and research. 

MISSION 

M1 

To become a student-oriented centre of international repute, where student 

from all strata of the society are given a chance to bring out their best through 

continuous stimulus of scholarly progression and intellectual development.  

M2 

To enhance the inventive foundation of our students and prepare them for life 

in a complex, dynamic world where they would preserve, add to, evaluate, and 

transmit knowledge in the field of Microbiology and become responsible 

contributing citizens of society, who can take up leadership positions around 

the globe. 

M3 

To groom proficient students as scientific workforce in national and global 

excellence for industry and to make accessible a large pool of well-educated 

entities as potential pedagogy. 

 

 

PROGRAM OUTCOMES (PO) IN RELATION TO GRADUATE ATTRIBUTES 

 

PO1 Sound knowledge in research methodologies to pursue interdisciplinary research. 

PO2 Read and evaluate current literature in the field of research and beyond. 

PO3 Present and publish research findings in national and international conferences/ various 

research forums, peer reviewed journals for global impartment of knowledge. 

PO4 Successful for post doctoral studies or to be employed in research organization   with 

professional leadership. 

PO5 Develop into a responsible academician, researcher and successful entrepreneur with a 

commitment for lifelong learning. 
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PROGRAM SPECIFIC OUTCOMES 

At the end of the program, students will be able to: 

 

 

PSO 1 Master fundamental and advanced concepts of Microbiology, design and execute 

experiments in the field of microbiology and its branches and interpret the obtained 

data.   

PSO 2 Acquire the skills in handling scientific instruments for research experiments to reach 

the desired goal. 

PSO 3 Perform innovative research to solve the problems faced in current scenario. 

PSO 4 Conceive and carry out independent and collaborative research projects. 

PSO 5 Accomplish in original research of significance and quality, for publications, 

presentations and original research proposals. 

PSO6 Attain thorough knowledge of career options in various fields of microbiology and 

allied sciences for placement in industry and academecia. 

 

Mapping of POs TO PSOs 

 

       

 

 

 

 

 

  3-Strong Correlation      2- Medium Correlation   1- Low Correlation   

PSO/PO PO 1 PO 2 PO 3 PO 4 PO 5 

PSO  1 3 3 3 3 3 

PSO 2 2 2 3 3 3 

PSO  3 3 3 3 3 3 

PSO  4 3 3 3 3 3 

PSO 5 3 3 3 3 3 

PSO 6 3 3 3 3 3 
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DEPARTMENT OF MICROBIOLOGY 

SCHEME OF M.PHIL MICROBIOLOGY PROGRAM 

 

 

Sl. 

NO 

Course 

Category 

 

Course 

Code 

 

Course 

Hours 

Distribution 

Over 

all 

Credits 

Total 

Contact 

Hours/

Week 

 

Marks  

L T P S C

I

A 

E

S

E 

Total  

1 
Part I 

I 
Research methodology 

and its application 
4 0 0 0 4 

 

6 

2

5 
75 100 

2 
Part I 

II 
Advances in 

microbiology  4 0 0 0 4 
6 2

5 
75 100 

3 
Part I 

III 
Guide Paper  

4 0 0 0 4 
 

6 

2

5 
75 100 

 

 

III A 

Industrial and 

pharmaceutical 

Microbiology 

     

 

   

  III B Bioremediation          

4 

Part II 

 

Dissertation and 

Evaluation  

Viva voce 

1

2 
   12 

 
5

0 

10

0 

150 

50 

Total     24    500 

 

Regulations 

Eligibility for admission: 

Candidates who have qualified the post graduate degree in Microbiology or other 

interdisciplinary subject (Botany, Zoology, Plant Science, Animal Sciences, Bio Chemistry, 

Biotechnology, Bioinformatics, Marine Biology, Biomedical sciences and M.Sc., Life 

Sciences) of this University or any other University recognized by the syndicate as equivalent 

thereto shall be eligible to register for the Degree of Master of Philosophy (M. Phil.).  

A candidate who has qualified the Master‘s Degree prior to 19.09.1991, with not less 

than 50% of marks, is eligible to register for M.Phil. Programme in this College.  
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Duration of the course: 

The duration of the M.Phil. programme shall be one year consisting of two semesters. For 

the candidates course - I, course - II, course - III, will be covered in the first semester and 

dissertation will be covered in the second semester. 

 

Course of study  

Course of study for the degree shall consist of (a) Part-I comprising three written papers 

according to the Syllabus prescribed from time to time: and (b) Part-II Dissertation.  

Part –I shall consist of Paper –I Research Methodology and Paper –II an advanced paper 

in the main subject. There shall be a third paper which shall be the background paper relating to 

the proposed dissertation conducted internally by the College/Department. 

 

Programme of Study: 

The syllabi for courses - I, II, III, and IV shall be prescribed by the respective Course 

Committee. The syllabi for all the 4 courses shall consist of five units. The Question papers for 

Courses - I to III shall be set externally and valued by both external examiners and course 

teachers. The consolidated results will be passed by the Result Passing Board of the 

Microbiology Department. 

 

Written examination 

The examination for courses - I, II, & III shall be taken at the end of the first semester 

(January/February). Each course shall have 75 marks for the Written Examination and 25 marks 

for Continuous Internal Assessment. The duration for each written examination shall be 3 hours. 

A candidate shall be declared to have passed course I, II, and III if he/she secures not less than 

50% of the marks in the College Examination and 50% of the marks in the aggregate (i.e. 

continuous internal assessment and the written Examination taken together). 

 

Supplementary examinations 

The theory courses shall be conducted depending upon the exigency. 

 

 Dissertation 

The exact title of the Dissertation shall be intimated within one month after the 

completion of the written examination. Candidates shall submit the Dissertation to the College 

through the Supervisor and Head of the Department at the end of the year from the 

commencement of the course which shall be valued by internal examiner (supervisor) and one 

external examiner appointed by the College from a panel of four names sent by the Supervisor 

through the Head of the Department/ at the time of submitting the Dissertation.  

The examiners who value the Dissertation shall report on the merit of candidates as 

―Highly Commended‖ (75% and above) or ―Commended‖ (50% and above & below 75%) or 

―Not Commended‖ (Below 50%).  
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    If one examiner commends the Dissertation and the other examiner, does not commend, 

the Dissertation will be referred to the third valuation and shall be final. Submission or 

resubmission of the Dissertation will be allowed twice a year.  

The allotment of marks for (i) Theory (ii) Dissertation and Viva Voce are as follows 

(i) Theory Papers  

Internal :  25 Marks  

External :  75 Marks  

Total  :  100 Marks 

(ii)  Project Dissertation  

                        Dissertation  :  100 Marks  

                        Viva Voce  :  50 Marks  

                         Internal  : 50 Marks 

                         Total   :  200 Marks 

(iii) Internal assessment for course I and II  

                        Test   :  10 Marks  

Seminar  :  10 Marks           

Attendance  :  05 Marks                                                     

Total   :  25 Marks 

 

 

Viva-voce Examination 

There shall be a viva-voce examination which shall be conducted by two examiners, one 

being the supervisor and the other who evaluated the dissertation. The maximum marks for the 

viva shall be 50 (joint evaluation). A candidate shall be declared to have passed Part – II 

Examination if he/she secures not less than 50% of the marks prescribed for the dissertation and 

50% of the marks prescribed for the viva-voce Examination. 

       If the examiner who values the dissertation makes a qualified recommendation such as 

revision of dissertation, the candidate shall be advised to revise the dissertation in the light of the 

suggestions made by the examiners and re-submit the dissertation, within a period of SIX 

months. A sum of Rs.1500/- shall be charged as fee for Re-submission of dissertation. The 

revised dissertation shall be sent to the same examiner who evaluated the dissertation in the first 

instance. 
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 Classification of Successful Candidates: 

The candidate who passes written papers and dissertation in their first attempt shall be 

classified as follows. 

Total Marks secured in written papers and 

dissertation 

Classification 

80% and above I Class with Distinction 

60% to 79%  I Class 

50% to 59%  II Class 

A candidate who passes the programme in more than one attempt shall be declared to 

have completed the programme under the II Class. 

 

Conferment of Degree  

No candidate shall be eligible for conferment of the M. Phil degree unless he/she is 

declared to have passed both the parts of the examination as per the regulations. 

 

Re-Registration: 

The candidates shall be permitted for Re-Registration based on the merit of individual 

cases. The Re-registered candidates are required to submit the dissertation not earlier than three 

months and not later than one year after the date of re-registration. No further extension of time 

shall be given. 
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DEPARTMENT OF MICROBIOLOGY 

SCHEME OF PH.D MICROBIOLOGY PROGRAM 

 

 

Sl. 

N

O 

Course 

Category 

 

Course 

Code 

 

Course 

Hours 

Distribution 

Over 

all 

Credits 

Total 

Contac

t 

Hours/

Week 

 

Marks  

Total  L T P S 

1 
Part I 

I 
Research methodology and its 

application 
4 0 0 0 4 

 

6 
100 

2 Part I II Advances in microbiology  6 0 0 0 6 6 100 

3 
Part I 

III 
Background Paper relating to 

the candidate‘s Ph.D. work 6 0 0 0 6 
 

6 100 

4 
Part II 

 
Dissertation and Evaluation  

Viva voce 
     

 
 

Total     16  300 

 

 The Ph.D candidates will be assigned to a supervisor based on his/her research interest and 

availability of supervisor. Students, who want to pursue Ph.D. in full-time mode, have to complete all 

the course work within three years from the date of registration and before submission of the 

dissertation. Candidates who wish to apply under part-time mode have to complete the course work 

in a minimum of four years.  

 Candidates who possess M.Litt. or M.Phil. or M.L., M.E., M.Tech. M.Arch., M.D., M.S., 

qualifications in the same discipline/field of research are eligible for exemption from undergoing the 

written examinations of all the three papers.  If the degrees are not in the same discipline (inter-

disciplinary) they are exempted only from Paper-I Research Methodology and shall undergo written 

examinations for Paper-II and III.  Like other candidates they should give seminars periodically in the 

general field and topics of his/her research work. 

 After the successful completion of course work, under the guidance of the supervisor the student 

will develop a proposal and perform the dissertation work. 

 For revised regulations and eligibility details - https://egovernance.unom.ac.in/phd/ 

 

https://egovernance.unom.ac.in/phd/
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       PART I 

 

Course Title: Research methodology and its applications 

Course Code :  I        Credits          : 04 

L:T:P:S  : 4:0:0:0       CIA Marks     : 25 

Exam Hours : 03        ESE Marks    : 75 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

 

CO1 
Understand the fundamental framework of research process, designs and 

methodologies. 

CO2 
Identify appropriate topics for research, various sources of information for literature 

review and data collection for organized conduct of research. 

CO3 
Appreciate the elements of scholarly writing and evaluate its quality and prepare a 

project proposal, formulate research synopsis and dissertation. 

CO4 
Acquainted with the key terminology, concepts, tools and techniques used in statistical 

analysis to analyze and interpret outcomes. 

CO5 
Adequate scientific understanding of the basic concepts in instrumentation used in 

research for both qualitative and quantitative analysis.   

CO6 
Develop an understanding of the varied aspects of Bioprocess Technology. 

CO7 
Briefing the techniques and tools associated with recombinant DNA technology. 

 

Mapping of Course Outcomes to Program Outcomes:  

 

CO/PO PO1 PO2 PO3 PO4 PO5 

CO1 3 3 3 3 3 

CO2 3 3 3 3 3 

CO3 3 3 3 3 3 

CO4 3 3 2 2 3 

CO5 3 3 3 3 3 

CO6 3 3 3 3 3 

CO7 3 3 3 3 3 
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Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1    3 3  

CO2 2  2 3 3  

CO3 3   3 3  

CO4 3 3 3 3 3  

CO5  3    3 

CO6 3 3 3 3  3 

CO7 3 3 3 3  3 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Scientific Writing & ethics: An Insight into Research and research 

ethics: Definition and basic concepts, objectives, significance and 

techniques of research, finding research materials – literature 

survey, compiling records; Definition and kinds of scientific 

documents – research paper, review paper, book reviews, theses, 

conference and project reports (for the scientific community and for 

funding agencies); Components of a research paper– the IMRAD 

system, title, authors and addresses, abstract, acknowledgements, 

references, tables and illustrations, plagiarism; Dealing with 

publishers – submission of manuscript, ordering reprints Oral and 

poster presentation of research papers in conferences/symposia; 

Preparation and submission of research project proposals to funding 

agencies. 

9 CO1, 

CO2, 

CO3 

2 Biostatistics & computer application: Collection and classification 

of data – diagrammatic & graphical representation - Measurement of 

central tendency – standard deviation – correlation & regression 

student ‗t‘ test, chi square test- analysis of variance; MS power point 

–Graphical presentation, chart and histogram- major search engines 

– web browsing – major websites, books & scientific information, 

scientific writing. 

9 CO3, 

CO4 

3 Research Techniques: Enzyme assay, enzyme activity and specific 

activity determination; Cell disintegration and extraction techniques, 

separation of proteins by fractionation (ammonium sulphate, organic 

solvents), Ion exchange chromatography, molecular sieve 

chromatography, affinity chromatography, paper chromatography, 

9  CO5 
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thin layer chromatography, ultra filtration, Ultracentrifugation; Gel 

electrophoresis, isoelectric focusing and immunoelectrophoresis, 

capillary electrophoresis, pulse field electrophoresis; Hyphenated 

techniques: HPLC, HPTLC, GC-MS, FTIR, Microscopy –Hr – 

SEM, Hr - TEM, Confocal. 

4  Bioprocess Techniques: Bioreactors - Solid State fermentation - 

Submerged fermentation; Strain improvement - Downstream 

processing of industrial products (Vitamin, Aminoacid, SCP, and 

Beverages). 

9  CO6 

5 rDNA Techniques: Restriction mapping - RFLP, Cloning 

strategies, DNA sequencing – manual and automated methods; 

Blotting methods - Northern, Southern, Western, Dot blotting and 

hybridization; Polymerase Chain Reaction – principles, types and 

applications; Single locus and multi locus DNA finger printing - 

PCR based DNA finger printing; RAPD, AFLP, STRR and LTRR 

analysis.  

9 CO7 

 

 

TEXT BOOKS: 

1. Gurumani N (2006), Research methodology for biological sciences.1st Edition, MJP 

Publishers, A unit of Tamilnadu Book House, ISBN:9783527295890 . 

2. Des Higgins & Willie Taylor (2000), Bioinformatics: Sequence, structure and databanks. 

Oxford University Press, ISBN 10: 0199637903 ISBN 13: 9780199637904. 

3. Arora PN & Malhon PK, (1996), Biostatistics. Imalaya Publishing House, Mumbai, 

ISBN Number : 978-93-5142-823-7. 

4. John G Webster(2004).Bioinstrumentation .Student edition, John Wiley &sons, Ltd., 

ISBN 978-0-471-67600-3. 

5. Palanivelu P (2001), Analitical biochemistry and separation Techniques A Laboratory 

manual. 2nd edition, Published by Tulsi Book Centre, Madurai, Tamilnadu, ISBN : 

4567142233. 

6. Jogdand SN (2004), Gene Biotechnology Published by Himalaya Publishing House, 

Mumbai, ISBN Number : 978-93-5262-087-6. 

 

 

REFERENCE BOOKS: 

1. Baxevanis, A.D. & Ouellette, B.F.F. (2004). Bioinformatics: A practical guide to the 

analysis of genes and proteins – Wiley Interscience – New York, ISBN: 978-0-471-

47878-2. 
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2. Cynthia Gibas & Per Jambeck (2001), Developing Bioinformatics Computer Skills: 

Shroff Publishers & Distributors Pvt. Ltd (O‘Reilly), Mumbai, ISBN: 1-56592-664-1. 

3. Zar, J.H. (2010). Biostatistical analysis. Prentice Hall, Upper saddle River, New Jersey, 

USA, ISBN, 0131008463. 

4. Keith Wilson& John Walker (2010), Practical Biochemistry Principles & techniques.5
th

 

edition, Cambridge university press, ISBN 0-521-42809-2. 



15 

 

 

ASSESSMENT PATTERN 

 

CIE- Continuous Internal Evaluation (25Marks) 

Bloom’s Category Tests 

e Poster/ Article 

discussion Attendance 

Marks (out of 25) 15 5 5 

Remember 5   

 Understand 5 

 

  

Apply 

 

    

Analyze 

 

5 

 Evaluate 5   

 Create   5   

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

 

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 
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Course Title: Advances in Microbiology 

Course Code :  II        Credits          : 04 

L:T:P:S  : 4:0:0:0       CIA Marks     : 25 

Exam Hours : 03        ESE Marks    : 75 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

 

CO1 

Explicate the significance of laboratory and hospital acquired infections and carry out 

the importance of control and preventive measures of Emerging MDR and XDR 

microbes. 

CO2 
Explore the role of biological weapons and harmful microbes and discuss about the 

environmental aspects of emerging microbes. 

CO3 
Demonstrate bioactive compounds from Extremophiles and Decode the significance of 

Biosensors, Biofuels and Biofilms. 

CO4 
Point out quorum sensing in relation to barcoding of microbes, its application in 

clinical and industrial field. 

CO5 
Explain the importance of Single cell protein and microbial enzymes and explore the 

significance of Biofertilizers in response to crop yield. 

CO6 

Elucidate the quantitative and qualitative assays in antigen antibody reactions. Interpret 

various immuno assay methods. Illustrate HLA typing and ABO, Rh incompatibility 

testing and clarify Chemiluminescent detection of proteins. 

CO7 
Expound the role of Nanoparticles and comment on the significance of Nanomaterial in 

medical and environmental field. 
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Mapping of Course Outcomes to Program Outcomes:  

 

CO/PO PO1 PO2 PO3 PO4 PO5 

CO1 3 2 2 3  

CO2 3 3 3 3 2 

CO3  3 3   

CO4 3 3 3 3 3 

CO5 3 3 3 3 3 

CO6 3 3  3 3 

CO7  3 3 3 3 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 2 3   3 3 

CO2 3 1 3  3 3 

CO3 3 3 3 3 3 3 

CO4 3 3 3 3 3 3 

CO5 3 3 3 3 3 3 

CO6 3 1 2  3  

CO7 3 3 3 3 3 3 

 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Microbes and Health: Laboratory and hospital acquired infection; 

Emergence of MDR and XDR microbes; Harmful microbes and 

biological weapons; GLP, Automated diagnostic method; 

Recombinant vaccines; Environmental aspects of emerging diseases. 

9 CO1, 

CO2 

2 Current trends: Exploration of bioactive compound from 

Extremophiles; bio remediation, biosensors, biofuels, Biofilms, 

remote sensing microbiology, microbial communication - quorum 

sensing - Bar coding of microbes – application in clinical and 

industrial fields. 

9 CO3, 

CO4  

3 Microbial Products and their bioprocesses: Single cell protein – 

Chlorella, Spirullina, Yeasts and Mushrooms – SCP from wastes. 

Economic implications of SCP; Microbial production of enzymes – 

9 CO5  
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cellulases, proteases, lipase, Taq polymerase and restriction 

endonuclease; Production of wine, vinegar and alcohol; 

Biofertilizers – Cyanobacteria, Azospirillum, VAM and Azolla. 

4  Immunotechnology: Diagnostic Imumunology- methods for 

immunoglobulin determination – Quantative and qualitative antigen 

and antibody reactions; Agglutination  and precipitation; 

Immunoflourescence, Immunoblotting, Immunometric methods, 

Enzyme immunoassays, flow cytometry- Assessment of human 

allergic diseases; Molecular methods- HLA typing; 

Immunohaematology- transfusion and compatibility testing, 

Transfusion reaction;  Chemiluminescent detection of proteins. 

9 CO6, 

CO7 

5 Nanobiotechnology: Introduction and history of nanotechnology, 

Nanomaterials- nano wires, nanoclusters, carbon nanostructures and 

nanocomposites. Biological synthesis of nano materials - use of 

bacteria, fungi, actinomycetes and plants for nanoparticle synthesis; 

Applications of nanobiotechnology in medicine and environment; 

Challenges to nanotechnology. 

9 CO8 

 

 

TEXT BOOKS: 

1. Jawetz, E., J.L. Melnick and E.A Adelberg, (2013), Medical Microbiology,  6
th

Edition,  

McGraw-Hill Company, ISBN: 978-0-07-179031-4. 

2. John L. Havlin, Samuel L. Tisdale, Werner L. Nelson and James D. Beaton (2016), Soil  

Fertility and Fertilizers, Eighth Edition, Pearson Education India, New Delhi, India.  

3. E Paul E, (2014), Soil Microbiology, Ecology and Biochemistry, Fourth 

Edition, Academic Press, Burlington, MA, USA, ISBN: 9780124159556. 

4. Murty, B.S., Shankar,P., Baldev Raj, Rath, B.B. Murday, J.,(2013),  Textbook of 

Nanoscience and Nanotechnology, Springer-Verlag Berlin Heidelberg, ISBN: 

9783642280306 3642280307. 

 

 

REFERENCE BOOKS: 

1. Ananthanarayan  and  Jayaram Paniker (2013), ―Text  book  of Medical 

Microbiology‖,9
th

 Edition, Orient Longman publications, ISBN: 978-9386235251 

2. Murray, Rosenthal and Michael A. Pfaller,(2012),Medical Microbiology,7
th
 Edition, 

Elsevier Sciences, ISBN, 0323091245, 9780323091244.  

3. Poole, JR, (2014), Introduction to Nanotechnology, Wiley India PvtLtd.India, ISBN: 

9788126510993. 
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ASSESSMENT PATTERN 

 

CIE- Continuous Internal Evaluation (25Marks) 

 

 

Bloom’s Category Tests 

e Poster/ Article 

discussion Attendance 

Marks (out of 25) 15 5 5 

Remember 5   

 Understand 5 

 

  

Apply 

 

    

Analyze 

 

5 

 Evaluate 5   

 Create   5   

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

 

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 
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Course Title: Industrial and Pharmaceutical Microbiology 

Course Code:  IIIA        Credits          : 04 

L:T:P:S  : 4:0:0:0       CIA Marks     : 25 

Exam Hours: 03        ESE Marks    : 75 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

 

CO1 
Gain insight on industrially important microbes, recent developments in fermentation 

processes and various optimization strategies at fermenter level. 

CO2 
Design, types of fermenters and various critical components of bioreactors, 

Comprehend the techniques and the underlying principles in downstream processing 

CO3 

Get introduced to various strategies of product recovery from fermentation at industrial 

level. 

 

CO4 

Elucidate various industrially relevant microbial products and their 

production process 

 

CO5 

Manifest Good Manufacture Practice (GMP), Good Laboratory practice (GLP) 

providing guidelines and better control for In – Process and Final Product Control 

 

CO6 

Acquire well-grounded knowledge and  fully prepared for employment within the 

pharmaceutical and biomedical science industries 

 

 

Mapping of Course Outcomes to Program Outcomes:  

 

CO/PO PO1 PO2 PO3 PO4 PO5 

CO1 3 3  3 3 

CO2 3 3 2 3 3 

CO3 3 3 3 3 3 

CO4 3 3 3 3 3 

CO5 3   3 3 

CO6 3   3 3 
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Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 2   3 3 3 3 

CO2 3 3 2 3 3 3 

CO3 3 3 3 3 3 3 

CO4 3 3 3 3 3 3 

CO5 3  1  2 3 

CO6   2 2  3 

 

Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 History and chronological development of industrial 

microbiology - Industrially important strains – Isolation and 

preservation. Inoculum development for various fermentation 

process. Strain development – mutation, recombinant DNA 

technology and plasmid fusion. 

9 CO1, 

CO2, 

CO3 

2 Fermentation – Submerged and solid state fermentation. 

Components of CSTR – types of feremntors (Tower, 

cylindroconical and airlift) – batch fermentation – continuous 

fermentation. Fermentor design – body construction – mass transfer 

– oxygen transfer – effect of viscosity – scale-up process. 

9 CO3, 

CO4 

3 Production of pharmaceutical Products - Production of 

antibacterial, antifungal and antiparasitic agents. Production of 

semi-synthetic antibiotics and anti cancerous agents. Production of 

Pharmaceutical ProductS like Streptokinase, Streptodornase, and 

Clinical Dextrin. Biosensors in pharmaceuticals. 

9  CO5 

4  Production of immunological products and their Quality 

control - Vaccines, New vaccine technology, DNA vaccines, 

synthetic peptide vaccines, multivalent subunit vaccines. Vaccine 

clinical trials. immuno sera and immunoglobulins. 

9  CO6 

5 Quality assurance and Validation - Good Manufacture Practice 

(GMP), Good Laboratory practice (GLP) in Pharmaceutical 

Industry; Regulatory aspects of Quality control; Quality control in 

Pharmaceutical: In – Process and Final Product Control; 

Sterilization control: Physical, Chemical and Biological Indicators. 

9 CO7 

 

 

TEXT BOOKS: 
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1. W.B.Hugo & A.D.Russell, (2004), Pharmaceutical Microbiology Sixth edition. 

Blackwell scientific Publications, ISBN 0-632-06467-6. 

2. Murray S.Cooper, (2003), Quality control in the Pharmaceutical Industry Vol.2. 

Academic Press New York, ISBN: 9788176710671. 

3. H.J.Rehm & G.Reed, (2001), Biotechnology, Vol 4. VCH Publications, Federal Republic 

of Germany, ISBN:81-307-0128-6. 

4. S.P.Vyas & V.K.Dixit. (2010), Pharmaceutical Biotechnology, CBS Publishers & 

Distributors, New Delhi, ISBN 13: 9788123906140.  

5. Sydney H.Willig, Murray M.Tuckerman, William S.Hitchings IV, (1996), Good 

Manufacturing Practices for Pharmaceuticals Second Edition,. Mercel Dekker N.York, 

ISBN 10: 0824797701.  

 

 

 

REFERENCE BOOKS: 

 

1. Tim Sandle, Madhu Raju Saghee (2017).  Cleanroom Management in Pharmaceuticals 

and Healthcare, Euromed Communications; 2nd Edition edition. ISBN-13: 978-

0957349193. 

2. Tim Sandle (2015). Pharmaceutical Microbiology: Essentials for Quality Assurance and 

Quality Control. Woodhead Publishing; 1 edition. ISBN-13: 978-0081000229 

3. Stephen P. Denyer, Norman A. Hodges, Sean P. Gorman , Brendan F. Gilmore (2011). 

Hugo and Russell's Pharmaceutical Microbiology. Wiley-Blackwell. 8
th
 edition. ISBN-

13: 978-1444330632 

ASSESSMENT PATTERN 

 

CIE- Continuous Internal Evaluation (25Marks) 

 

Bloom’s Category Tests 

e Poster/ Article 

discussion Attendance 

Marks (out of 25) 15 5 5 

Remember 5   

 Understand 5 

 

  

Apply 

 

    

Analyze 

 

5 

 Evaluate 5   

 Create   5   
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ESE- Semester End Examination (100 Marks; weightage 60%)  

 

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 

 

 

Course Title: Bioremediation 

Course Code:  IIIB        Credits          : 04 

L:T:P:S  : 4:0:0:0       CIA Marks     : 25 

Exam Hours: 03        ESE Marks    : 75 

 

Course Outcomes: At the end of the Course, the Student will be able to:  

 

CO1 
Understand the nature and importance of bioremediation and apply the concepts of 

bioremediation to the real time problems. 

CO2 
Acquainted with the process of bioremediation - mechanisms, types, monitoring 

strategies and success rate. 

CO3 
Impart sufficient scientific understanding of the current environmental tribulations and 

global concern. 

CO4 
Apply various techniques for bioassessment and biotreatability studies. 

CO5 
Understand the impacts of contaminant characteristics to bioremediation process. 

CO6 
Use microbes to abate or clean up contamination in real world applications. 
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Mapping of Course Outcomes to Program Outcomes:  

 

CO/PO PO1 PO2 PO3 PO4 PO5 

CO1 2 3  3 2 

CO2 2 3 2 3 2 

CO3 2 3 2 3 2 

CO4 3 3 3 3 2 

CO5  3  3 2 

CO6 1 3 3 3 3 

 

 

Mapping of Course Outcomes to Program Specific Outcomes:  

 

CO/PO PSO1 PSO2 PSO3 PSO4 PSO5 PSO6 

CO1 3  3 3  3 

CO2 3   3 3 3 

CO3 3  3 3 3 3 

CO4 3 3  3 3 3 

CO5 3    3 3 

CO6   3  3 3 
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Sl. 

No. 

CONTENTS OF MODULE Hrs Cos 

1 Bioremediation- Definition - process and organisms involved;. 

Approaches to Bioremediation - Environmental modification.  

Microbial seeding.  Bioengineering    approaches to the 

bioremediation of pollutants - Intrinsic and engineered – Microbial 

aspects and metabolic aspects; Factors affecting the process; 

Efficacy testing-side effects testing. 

9 CO1, 

CO2, 

CO3 

2 Bioremediation of various ecosystem- contaminated aquifers 

Bioremediation of contaminated soils – Bioremediation of air 

pollutants - criteria for bioremediation-biological mechanism of 

transformation strategies for bioremediation. 

9 CO3, 

CO4 

3 Bioremediation of pollutants -  Petroleum biodegradation -  

Biodegradation enhancement – stimulation of oil spills degradation.; 

reductive and aerobic dechlorination bioremediation of dyes, 

bioremediation of Pesticides  bioremediation in paper and pulp 

industries; bioremediation of industrial effluents. 

9  CO5 

4  Xenobiotics- cometabolism and detoxification reactions. 

Biochemistry of xenobiotic metabolism. testing for 

biodegradability- A brief account of biodegradable plastics and 

super bug. 

9  CO6 

5 Biomagnification. Bioaccumulation- removal of heavy metals from 

effluents - Bioaugmentation; Ex-situ and in-situ processes - Major 

pollutants and polluted sites - Pollutants and associated risk 

Constraints and priorities of bioremediation. 

9 CO7 

 

 

TEXT BOOKS: 

1. Larry L. Barton and Diana E. Northop, (2011), Microbial Ecology, Wiley-Blackwell   

publications. 

2. Atlas Ronald, M., Bartha, and Richard,(1987),Microbial Ecology, 2
nd 

Edition. 

Benjamin/Cummings Publishing Company: California, ISBN 981-405-344-9. 

3. Forster, C.F. and John Wase, .D.A., (2010), Environmental Biotechnology. Ellis 

Horwood: England. 
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REFERENCE BOOKS: 

1. Mitchel, R., (1992). Environmental Microbiology, Wiley – John Wiley and Sons. Inc. 

    Publications: New York. 

2. Gabriel Bitton,(2011),Wastewater Microbiology, Wiley-Blackwell publications. 

3. Charles Gerday, Nicolas Glandsdorff, (2011), Physiology and Biochemistry of 

extremophiles, Wiley-Blackwell publications. 

 

ASSESSMENT PATTERN 

 

CIE- Continuous Internal Evaluation (25Marks) 

 

Bloom’s Category Tests 

e Poster/ Article 

discussion Attendance 

Marks (out of 25) 15 5 5 

Remember 5   

 Understand 5 

 

  

Apply 

 

    

Analyze 

 

5 

 Evaluate 5   

 Create   5   

 

 

ESE- Semester End Examination (100 Marks; weightage 60%)  

 

Bloom’s 

Category Weightage %  

Remember 20 

Understand  20 

Apply  30 

Analyse  15 

Evaluate  10 

Create 5 
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OUTCOME-BASED EDUCATION (OBE) 

 Outcome-Based Education (OBE) is a student-centric teaching and learning methodology 

in which the course delivery, assessment are planned to achieve stated objectives and outcomes. 

It focuses on measuring student performance i.e. outcomes at different levels. 

 Outcome-based education (OBE) is an educational theory that bases each part of an 

educational system around goals (outcomes). By the end of the educational experience each 

student should have achieved the goal. There is no specified style of teaching or assessment in 

OBE; instead classes, opportunities, and assessments should all help students achieve the 

specified outcomes. 

There are three educational Outcomes as defined by the National Board of Accreditation. 

Program Educational Objectives (PEOs) 

The Programme Educational Objectives of a program are the statements that describe the 

expected achievements of graduates in their career, and also in particular, what the graduates are 

expected to perform and achieve during the first few years after graduation 

Programme Outcomes (POs) 

Program outcomes are finer statements that designate what students are expected to be 

able to do by the time of graduation. POs are expected to be aligned closely with Graduate 

Attributes. 

Programme Specific Outcomes (PSO) 

Programme Specific Outcomes are what the students should be able to do at the time of 

graduation with reference to a specific discipline. 

Course Outcome (CO) 

Course outcomes are statements that describe significant and essential learning that 

learners have achieved, and can reliably demonstrate at the end of a course 

 

MAPPING OF OUTCOMES  

 

COURSE OUTCOMES(CO)  
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 PROGRAM OUTCOMES (PO) 

 

    

PROGRAM EDUCATION OBJECTIVES (PEOs) 

 

 

 DEPARTMENTAL MISSION 

 

 

     

     DEPARTMENTAL VISION 
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GRADUATE ATTRIBUTES 

1. The Graduate Attributes are the knowledge skills and attitudes which the students have at 

the time of graduation. These attributes are generic and are common to all engineering 

programs. These Graduate Attributes are identified by National Board of Accreditation. 

2. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

3. Problem analysis: Identify, formulate, research literature, and analyze complex engineering 

problems reaching substantiated conclusions using first principles of mathematics, natural 

sciences, and engineering sciences. 

4. Design/Development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 

5. Conduct investigations of complex problems: Use research-based knowledge and research 

methods including design of experiments, analysis and interpretation of data, and synthesis 

of the information to provide valid conclusions. 

6. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

modern engineering and IT tools including prediction and modeling to complex 

engineering activities with an understanding of the limitations. 

7. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 

societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice. 

8. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and 

need for sustainable development. 

9. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. Individual and team work: Function effectively as an 

individual, and as a member or leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give 

and receive clear instructions. 

11. Project management and Finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one‘s own work, as a member 

and leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage 

in independent and life-long learning in the broadest context of technological change. 
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GRADUATE ATTRIBUTES 

Arts & Sciences can also frame GA in following headings 

1. Subject  knowledge 

2. Problem analysis 

3. Design/Development of solutions: 

4. Conduct investigations of complex problems 

5. Modern tool usage 

6. Science  and society 

7. Environment and sustainability 

8. Ethics 

9. Individual and team work 

10. Communication 

11. Project management and Finance 

12. Life-long learning 
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BLOOM’S TAXONOMY 

 

Bloom’s taxonomy is a classification system used to define and distinguish different levels of 

human cognition—i.e., thinking, learning, and understanding. Educators have typically used 

Bloom‘s taxonomy to inform or guide the development of assessments (tests and other 

evaluations of student learning), curriculum (units, lessons, projects, and other learning 

activities), and instructional methods such as questioning strategies. [eduglosarry.org] 

 

 

Knowledge levels for assessment of Outcomes based on Blooms Taxonomy 

Level  Parameter Description 

K1  Knowledge It is the ability to remember the previously learned 

material/information 

K2  Comprehension It is the ability to grasp the meaning of material 

K3  Application It is the ability to use learned material in new and 

concrete situations 

K4  Analysis It is the ability to break down material/concept into its 

component parts/subsections so that its organizational 

structure may be understood 

http://edglossary.org/assessment/
http://edglossary.org/curriculum/
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K5  

 

Synthesis It is the ability to put parts/subsections together to 

form a new whole 

material/idea/concept/information 

K6  

 

Evaluation It is the ability to judge the value of 

material/concept/statement/creative material /research 

report) for a 

given purpose 

 

 

 

 


