Course Structure and Evaluation Scheme: M. Tech. (Bioprocess Engineering)

Objectives:
e To produce trained personnel of highest standards for the benefit of the industry and society in the

field of Biochemical engineering, Bio-processing, Pharmaceutical Technology, Natural products and
environmental protection etc.

e To provide leadership qualities in areas of education, research, innovations and solutions in
bioprocess technology, biotechnology, and biochemical engineering in order to direct overall activity
towards economic and scientific growth of India.

Need for the program:

Bioprocess Engineering is an interdisciplinary area which involves principles, theories and methodologies
from both life sciences and engineering. With progressive increase in complexities of life, essential
necessities for even the bare minimum survival of human beings have evolved by gigantic proportions. In
such circumstances, to provide for the vast ever increasing populace, reliance on remedial solutions
offered by bioprocess engineering has increased. Therefore, biochemical and bioprocess industries have
continually gained in importance over the last few decades. Advances in bio-energy, biofuel production,
metabolic engineering for the production of pharmaceuticals and fine chemicals, commodity and
specialty chemicals, recombinant protein production are all contingent on a trained workforce of
engineers working in ‘bio’ industries. In addition to full of opportunities in established firms, some new
start-ups have also been very successful in some of them nurturing industries. The development of skilled
bioprocess engineers in higher education and research in relevant areas are very much needed.

To fulfill these pressing requirements, we seek to address these specific needs of the Industries through a
rigorous program in Bioprocess Engineering. For this, we shall be imparting knowledge of core
engineering principles, coupled with hands-on experience in upstream involving reactions in bioreactors
and downstream processing. For beginners, engineering innovations in biotechnology industries
generating bio-products are known as bioprocess engineering and study in this field makes students
proficient in biological and chemical engineering. In its purview, this programme includes the direction,
design, and process required to turn innovations in life sciences into practical products that can meet the
needs of society. Bioprocess engineering is very important for the scientific development of new "better"
products. Bioprocess engineering plays a major role in fermentation industries, in addition to the
manufacturing of antibiotics, ethanol, amino acids, organic acids, and other specific products.

Potential employers: Biocon, Dr. Reddy’s Laboratories, Panacea Biotec, Wockhardt, Bharat Serum and
Vaccines, Novozymes, Reliance Life Sciences, Ranbaxy Laboratories, Cadila Pharmaceuticals, Intas
Pharmaceuticals, Sun Pharmaceuticals, Shantha Biotech, Praj Industries etc.

Eligibility criteria:
1. B.E/B.Tech in Biotechnology/ Chemical Engineering & allied/ Industrial Biotechnology/
Biochemical Engineering/ Biological Engineering with a GATE score in Biotechnology (BT)/
Chemical Engineering (CH)/Life Science
2. Any other branch of Engineering with GATE score in Biotechnology (BT)/ Chemical
Engineering (CH)/ Life Sciences (XL)



Student intake: 15 per year
The curriculum focuses on following areas:
e Principles of Bio-reaction Engineering and Biosystem Engineering
e Bio-separation Engineering
e Unit Operations in Bioprocess Industries
e Biotechnology and Emerging Therapeutics
e Bioprocess Business Plan and Entrepreneurship



Proposed Curriculum Structure for M. Tech. (Bioprocess Engineering)

SEMESTER I:
S. Subject Subject Name Weekly Load Credit
No. Code L T Cr
1. CH21111 | Biochemical Kinetics & Bioreactor Design 3 1 4
2. CH21112 | Transport Phenomenon 3 1 4
3. CH Elective-| 3 1 4
4, CH Elective-ll 3 1 4
5. CH Elective-lll 3 1 4
15 5 20
SEMESTER II:
S. Subject Subject Name Weekly Load Credit
No. Code L T Cr
1. CH22113 Unit Operations in Bioprocessing 3 1 4
2. CH22205 Bioprocess Engineering Lab 0 0 4
3. CH Elective-IV 3 1 4
4, CH Elective-V 3 1 4
5. CH Elective-VI 3 1 4
12 4 20
SEMESTER III:
S. No. Subject Code Subject Name Credit
1. CH23655 Special Study/Term Project/State of the art/ 4
Colloquium/Industrial/Research Training
2. CH23605 Thesis/Project 16
SEMESTER IV:
S. No. Subject Code Subject Name Credit
1. CH24605 Thesis/Project 20

Total Credits = 20 (1) + 20 (I1) + 20 (I11) + 20 (IV) = 80

*The Distribution of thesis/project/special study evaluation is as follows:

1. Supervisor evaluation component: 50%

2. Oral Board evaluation: 50% (Frequent meeting of oral board)




LIST OF PROFESSIONAL ELECTIVES

SEMESTER-I
S. No. Code Name of Elective
1. CH21351 Numerical Methods in Bioprocess Engineering
2. CH21352 Bio-system Engineering
3. CH21353 Bioprocess Control
4, CH21354 Analytical Methods in Bioprocesses
5. CH21355 Biochemical Thermodynamics
6. CH21356 Fermentation and Cell Culture Engineering
7. CH21357 Industrial Immunology
8. CH21358 Bioinformatics and Statistics
9. CH21359 Tissue Engineering
10. BT21101 Industrial Microbiology
11. BT21114 Environmental Biotechnology
12. AM21335 Introduction to Biomedical Design
SEMESTER-II
1. CH22408 Experimental Design and Data Analysis
2. CH22451 Bio-catalysis and Enzyme Engineering
3. CH22452 Modeling and Simulation in Bioprocesses
4, CH22453 Advanced Bio-separations
5. CH22454 Bioenergy and Biofuels
6. CH22455 Bio-electrochemical Engineering
7. CH22456 Biopolymers and Biomaterials
8. CH22457 Bioprocess Safety and Hazards Management
9. CH22458 Sustainable Bio-manufacturing and Natural Products
10. CH22459 Bioprocessing in Food
11. CH22460 Machine Learning in Bioprocesses
12. CH22461 Molecular Simulation in Chemical and Bioprocess Engineering
13. BT22236 Bioethics, Biosafety and IPR
14. CE22121 Principles of Biological Waste Water Treatment




Suggested Elective Baskets

Bio-manufacturing related electives
Bioenergy and Biofuels

Bio-catalysis and Enzyme Engineering
Environmental Biotechnology
Biopolymers and Biomaterials
Industrial Microbiology

Analytical Methods in Bioprocesses
Fermentation and Cell Culture Engineering
Industrial Immunology

Advanced Bio-separations
Bioprocessing in Food

Principles of Biological Waste Water Treatment

Sustainable Bio-manufacturing and Natural
Products
Tissue Engineering

Computational and Design related Electives
Biochemical Thermodynamics

Bioethics, Biosafety and IPR

Bioinformatics and Statistics

Bioprocess Control

Bioprocess Safety and Hazards Management
Bio-system Engineering

Experimental Design and Data Analysis
Introduction to Biomedical Design

Machine Learning in Bioprocesses

Modeling and Simulation in Bioprocesses
Molecular Simulation in Chemical and
Bioprocesses Engineering

Numerical Methods in Bioprocess Engineering



Detail Syllabi for M. Tech. in Bioprocess Engineering

Course Name: Biochemical Kinetics & Bioreactor Design Course Code: CH21111

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:
e Toenable understanding of design of industrially important reactors both for homogeneous
and heterogeneous chemical reactions on a commercial scale.

Prerequisites:
Basics of chemical reaction engineering along with the fundamental knowledge of mass and heat
transfer.

COURSE CONTENT
UNIT-1:

[7L]
Introduction to Chemical Reaction Engineering: chemical reactions, reaction order, molecularity,
conversion, rate law and stoichiometry, elementary and non- elementary reactions, reaction rate
constant, chemical equilibrium. Design of Isothermal Reactors: batch reactor, continuous stirred
tank reactor (CSTR), plug-flow tubular reactor (PFTR), semi-batch reactor and recycle reactors.

UNIT-2: [10L]
Catalyst & Catalysis: Type of catalyst, catalytic reactions, reaction rates, rate equation for surface
kinetics, porous catalysts, pore diffusion, and temperature dependence of catalytic reaction rates.
Design of packed bed reactor for catalytic reactions.

UNIT-3: [8L]
Introduction to biochemical reactions, Fermentation and their types; Enzyme Fermentation: M-M
Kinetics, Batch, Plug, and Mixed flow fermenter, Inhibition, types of inhibition, Competitive and
Non-competitive inhibition; Microbial Fermentation: Constant environment Batch and Plug Flow
fermenter, Kinetics expressions and effect of harmful wastes on the rate constant.

UNIT-4: [SL]
Substrate Limiting Microbial Fermentation: Batch or Plug, and Mixed flow fermenter, Monod
constants and methods to calculate the Monod value, Optimum condition of fermenters.
Product-Limiting Microbial Fermentation: Batch or Plug, and Mixed flow fermenter for the first
order reaction, fermentation with poison limiting kinetics.

UNIT-5: [7L]
Design of Non-isothermal Reactor: energy balance, reactors heat generation and removal, non-
isothermal continuous flow reactor, energy balance in a CSTR and PFTR, adiabatic reactors,
trajectories and phase-plane plots, trajectories of wall-cooled reactors.

Text/References Books:

1. Levenspiel, O., “Chemical Reaction Engineering”, 3rd Edition (An Indian adaptation), Wiley India
Pvt. Ltd., 2021.

2. Fogler, H. S., “Elements of Chemical Reaction Engineering” 6th Edition, Prentice-Hall of India,
2020.

3. Froment, G. F., Bischoff, K. B., and Wilde, J. D., “Chemical Reactor Analysis and Design”, 3rd
Edition, John Wiley & Sons, 2010.

4. W.L. Luyben, “Process Modelling, Simulation and Control for Chemical Engineers”, 2nd Edition.,
McGraw Hill Book Co., New York, 1990.




Course Name: Transport Phenomenon Course Code: CH21112

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:
e To gain the knowledge of transport processes and its applicability in design and
development of bioprocesses.

Pre-requisites:
Basic mathematics and Algebra.

COURSE CONTENT

Unit 1: [8L]
Introduction to transport processes, concepts of vector and tensors, use of shell balances and
governing equations based on conservation laws, analogies between momentum, heat and mass
transfer.

Unit 2: [8L]
Characteristics of transport processes; flow equation, simple shear flow and developing flows, role
of constitutive equations in transport processes. Transport with single fluxes and its applications to
bioreactors and bioprocesses.

Unit 3: [8L]
Transport with multiple fluxes and its applications to bioreactors and bioprocesses, Convective
transport, Transport in turbulent condition.

Unit 4: [10L]
Transport phenomena in bioprocesses and biosystems: interphase, diffusion in biofilm-floc,
determination of transport coefficients, agitation power, and evaluation of oxygen transport rate
as a function of operating variables.

Unit 5: [6L]
Introduction to biomicrofluidics and its application for diagnostic, medical, biological,
pharmaceutical, environmental, and chemical applications.

Text/Reference Books:

1. BironR. Bird, Warren E. Stewart, and Edwin Lightfoot, "Transport Phenomena"

2. G.K. Suraishkumar, G., K., “Continuum Analysis of Biological Systems Conserved Quantities,
Fluxes and Forces” Springer Nature; 2014 edition, Germany. DOI 10.1007/978-3-642-54468-2.
Bennet C.0. and Meyer J.E., "Momentum and mass Transfer"

Sission and Pitts "Introduction to Transprot Phenomena"

Christie J. Geankoplis, "Transport Processes and Unit Operations", Prentice Hall of India, 1997
J.C.Slattery, “ Momentum, Energy and Mass Transfer in continuum , Kruger Publishing
company.
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Course Name: Unit Operations in Bioprocessing Course Code: CH22113

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:
e Students will be able to describe theory, principle, design, application and possible
integrations of unit operations in bioprocessing.

Pre-requisites:
Physicochemical Properties of biochemicals, Transport phenomenon, sedimentation

COURSE CONTENT

Unit 1: [6L]
Downstream Processing in Biotechnology, Selection of unit operation with due consideration of
physical, chemical and biochemical aspect of biomolecules, basic review of bioprocess designing.

Unit 2: [SL]
Primary separation and recovery processes: Cell disruption methods for intracellular products,
removal of insolubles, biomass (and particulate debris) separation techniques, flocculation and
sedimentation, centrifugation and filtration methods.

Unit 3: [8L]
Enrichment operations: Membrane — based separations (micro and ultrafiltration, precipitation
methods, extractive separation, aqueous two-phase extraction, supercritical extraction, insitu
product removal, integrated bioprocessing.

Unit 4: [6L]
Product resolution / fractionation: Adsorptive chromatographic separations processes,
electrophoretic separations, hybrid separation technologies (electrochromatography).

Unit 5: [6L]
Product finishing: precipitation/crystallization, mixing, dialysis, distillation and drying.
Ultracentrifugation as a separation technique for fractionation of cells and proteins.

Unit 6: [4L]
Introduction to Process Analytical Technology (PAT) and Quality by Design (QbD). Scale down,
monitoring and Validation of bioprocesses

Text/Reference Books:
1. Fredreich Dechow, Separation and purification techniques in biotechnology, 1989

2. Rhem and Reed, Biotechnology: Bioprocessing, Wiley Publications Vol. 3, 1993

3. Encyclopedia of Bioprocess Technology, Vol. 1-5, 1999

4. CoulsonJ.M. and Richardson, J.F. "Chemical Engineering, Vol.2 Unit Operations, Ed.3, Pergamon
Press (1978).




Course Name: Bioprocess Engineering Lab

Programme: M. Tech. in Bioprocess Engineering

COURSE LEARNING OBJECTIVE:

To gain hands on experience on microbiology and biochemistry, process

engineering and analytical techniques by experiments.

1. Laboratory — | (Microbiology and biochemistry)
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Proteins and metabolite estimation using qualitative and quantitative methods,

Secondary and tertiary structure prediction of given protein sequences.
Isolation of nucleic acids,

Isolation of pure culture,

Identification of different microorganisms/cultures.

Plasmid isolation and transformation

Purification and characterization of alpha amylase from yeast or bacteria.

2. Laboratory — Il (PROCESS ENGINEERING)
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To study Batch, CSTR and PFR reactors

Flow through pipes (coils, horizontal and pipe fittings) and venture meter
Liquid-liquid Extraction study

Adsorption isotherms, uptake kinetics and breakthrough curve.

To perform kinetic and thermodynamic study using fermenter bioreactor

3. Laboratory - lll (Fermentation and Downstream processing)

1.

Preparation of fermentation media,

Sterilization, Isolation and purification of biomolecules (protein/s or enzyme) from crude
source/fermentation broth using membrane filtration and adsorption chromatography.

Solid-liquid extraction of natural product and subsequent purification.
Assessment of recovery and purity of the isolated product.

Study of substrate, product and growth kinetics from bacteria in shake flask.

Course Code: CH22205

L: T: P: Cr: 0:0:6:4




PROFESSIONAL ELECTIVES (SEMESTER-I)

Course Name: Numerical methods in bioprocess engineering Course Code: CH21351

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:
e This course aims to learn, different mathematical techniques to solve and analyze the
algebraic, ordinary differential or partial differential equations widely occurs in different
biological engineering problems.

Pre-requisites:
The basic knowledge of basic applied mathematics.

COURSE CONTENT
Unit 1: [10L]

Review of basic concepts of numerical methods, linear algebraic equations, Eigenvalues and
eigenvectors of matrices, non-linear equations, and function evaluation, Application to biological
models

Unit 2: [10L]
Ordinary Differential Equations -Initial value problems: Explicit Adams-Basforth and Implicit Adams-
Moulton techniques, Multistep integration methods, Runge-Kutta methods, Stiffness of ODE’s,
Stability analysis, Applications to biological models

Unit 3: [10L]
Ordinary Differential Equations - Boundary Value Problems: Introduction, Finite Difference
technique, Orthogonal Collocation, Orthogonal Collocation on Finite Elements, Galerkin Finite
Element technique, Shooting techniques and applications to biological models

Unit 4: [10L]
Partial Differential Equations: Introduction, Finite Difference technique, Orthogonal Collocation,
Orthogonal Collocation on Finite Elements, Galerkin Finite Element technique and application to
biological models

Text/Reference Books:
1. Pradeep Ahuja, Introduction to Numerical Methods in Chemical Engineering, 2nd Ed., Prentice

Hall of India, New Delhi, 2019.

2. Santosh, K. Gupta, Numerical Methods for Engineers, 4th Ed., New Age International
Publishers Limited, 2019.

3. Sastry,S.S., Introductory Methods of Numerical Analysis, 4th Edition, Prentice Hall of India, New
Delhi, 2007.

4. ChapraS.C., R. P. Canale, Numerical Methods for Engineers, McGraw-Hill Education, 8th Ed.,
2020.

5. S. Elnashaie and F. Uhlig, Numerical Techniques for Chemical and Biological Engineers Using
MATLAB, Springer, 2007.




Course Name: Bio-system Engineering Course Code: CH21352

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:
e Togainthe knowledge of genetic and metabolic engineering for improvement of biosystem

e To achieve the knowledge of molecular aspects in designing of new systems for upstream
processing

Pre-requisites: Basic understanding of biochemical engineering

COURSE CONTENT

Unit 1: [8L]
Thermodynamics of Biosystems, Principles of Cellular Metabolism and Principles of Metabolic flux
analysis.

Unit 2: [8L]
Elementary Mode Modeling, Cybernetic principles of optimal growth modeling, Basic principles of
System and Synthetic biology and modeling of bioreactors.

Unit 3: [10L]
Biochemical pathway engineering, Rational manipulation of biosystems through metabolic and
genetic engineering techniques to provide new biocatalysts/bioproducts/value added products.

Unit 4: [10L]
New approaches for design of cellular systems: Integration of recombinant technology and process
design, as well as bioinformatics and process systems engineering.

Text/Reference Books:
e Ahindra Nag, Biosystems Engineering, 1 edition, McGraw-Hill, Inc, 2009

e Bailey, J.E.; Ollis, D.F. “Biochemical Engineering Fundamentals” 2nd Ed., McGraw Hill
International Edition, 1987.

e Dunn, IJ., Heinzle, E., Ingham J. and Prenosil, J.E., “Biological Reaction Engineering: Dynamic
Modeling Fundamentals with Simulation Examples”, 2nd Edition, Wiley-VCH, 2003

e Michael L. Shuler & F. Kargi, Bioprocess Engineering: Basic Concepts’ Prentice-Hall (2003).




Course Name: Bioprocess Control Course Code: CH21353

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:
e To learn the scientific and engineering principles underlying bioprocess control.
e To design and control batch, continuous flow, and fed batch reactors with specific
instrumentation required for the efficient monitoring and control.
e To apply the reactor control principles for the design of bioreactors for industrially
important biological products, primary- and secondary- metabolites.

Pre-requisites:

COURSE CONTENT

Unit 1: INTRODUCTION [6L]
Need for process control, process control strategies; Theoretical models of chemical processes -
modelling principles, dynamic models and their solutions; Laplace transforms.

Unit 2: PROCESS DYNAMICS [6L]
Development of transfer functions; Linearization of non-linear models; Dynamic response of
bioprocesses.

Unit 3: FEEDBACK CONTROLLERS [8L]
Fundamentals & type of feedback control- Proportional controller, Proportional Integral (Pl)
controller and Proportional derivative (PD) controller and PID controller; Block diagram
representation; Regulatory and servo problems; Time delay; Approximation of time delay systems.

Unit 4: DESIGN, TUNING AND STABILITY ANALYSIS [8L]
Controller tuning; Influence of bioprocess design on process control; degrees of freedom for
process control; Selection of variables; Routh stability analysis; Control system design, Root locus,
Frequency domain stability analysis.

Unit 5: CONTROL STRATEGIES FOR BIOPROCESS [8L]
Principles and Strategies for control of bioreactors (feedback, feedforward, adaptive and statistical
control, fuzzy logic control), and ancillary equipment.

Text/Reference Books:

1. Dale E Seborg, Thomas F. Edgar and Duncan A. Mellichamp, Process Dynamics and Control,
Wiley India, New Delhi, 3rd edition, 2013.

2. George Stephanopoulos, Chemical Process Control, Prentice Hall India Pvt. Ltd., New Delhi,
2015.

3. Dunn, LJ., Heinzle, E., Ingham J. and Prenosil, J.E., “Biological Reaction Engineering: Dynamic
Modeling Fundamentals with Simulation Examples”, 2nd Edition, Wiley-VCH, 2003.

4. B.W.Bequette, ‘Process Control: Modeling, Design and Simulation’, PHI, 2006.




Course Name: Analytical Methods in Bioprocesses Course Code: CH21354

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:
e To demonstrate ability to plan and execute experiments, and analyze and interpret outcomes.

Pre-requisites:

COURSE CONTENT

Unit 1: [6L]
Qualitative and quantitative analysis of proteins, nucleic acids, polysaccharides and small molecules
such as antibiotics, vitamins, natural products etc.; Nature & properties of biochemical metabolites.

Unit 2: [8L]
Principle and application of Chromatography, Hydrodynamic methods, sedimentation,
Ultracentrifugation.

Unit 3: [8L]
Application of IR and NMR spectroscopy, FT-IR, FT-NMR, X-ray diffraction (XRD, XRPD) and
differential scanning calorimetry, Microcalorimetry in bioproducts

Unit 4: [8L]
Spectrophotometry, Mass spectrometry and HPLC, gas chromatography with mass spectrometric
detection (GC-MS), liquid chromatography with mass spectrometric detection (LC-MS).

Unit 5: [6L]
Particle size analysis, SEM, TEM and their application in bioprocessing and bioproduct
characterizations

Text/Reference Books:
lan Wilson, Handbook of analytical separations, vol. 4, 2003

Encyclopedia of spectroscopy and spectrometry, vol. 1-3, 2000

Methods of biochemical Analysis, Vol. 36, Clarence Suelter, 1992

Elements of X-ray Diffraction, Cullity B. D., Addison-Wesley Publishing Co., 1979.

5. Fundamentals of Molecular spectroscopy, Colin N. Banwell and Elaine M. McCash, Tat
McGraw-Hill Publishing Co. Ltd., Fourth edition.
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Course Name: Biochemical Thermodynamics Course Code: CH21355

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:
e The objective is to enable understanding of thermodynamics including all thermodynamics
Laws and equilibrium & non-equilibrium concepts in biological systems.

Prerequisites:
Basic concepts of thermodynamics

COURSE CONTENT

Unit 1: [8L]
Concepts of system, properties, equilibrium, zeroth law, heat and work, first law of
thermodynamics, non-flow and steady flow energy equations.

Unit 2: [8L]
Second law of thermodynamics, reversibility, entropy, properties of ideal gases, various
thermodynamic processes. Properties of air, water, vapour mixtures, introduction to psychometry.

Unit 3: [6L]
Biological systems as open, non-equilibrium systems: failure of classical and thermodynamics in
describing biological processes, Standard free energy changes and Chemical potential: Visualization
of the potential.

Unit 4: [10L]
Equilibrium constants, calculation of equilibrium constants in biological systems, direction and rate,
Vant’ hoff Law, Local Equilibria and Steady State.

Unit 5: [SL
Properties of solution, concept of osmotic pressure, Raoult's law and Modified Raoult's law,
Spontaneous coupling and entropy production. Colligative Properties: Boiling Point Elevation and
Freezing Point Depression.

Text/Reference Books:
1. Sandler, S.I. “Chemical, Biochemical and Engineering Thermodynamics”, Wiley, 4™ Edition,

2006.

2. Smith, J.M.; Van Ness, H.C.; Abbott, M.M. “Introduction to Chemical Engineering
Thermodynamics”, MGHFSE, 7™ Edition, 2005.

3. Rao, Y.V.C. “Chemical Engineering Thermodynamics”, Universities Press, 1997.
Haynie DT, Biological Thermodynamics; Cambridge University Press

5. Hammes. GG, Thermodynamics and Kinetics for the Biological Sciences; Wiley Interscience




Course Name: Fermentation and Cell Culture Engineering Course Code: CH21356

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:

The student should be made to:

e To develop the knowledge of microbial fermentation, growth kinetic and product formation

e To be familiar with strain improvement, cell culture and its application for production of various
bioproducts

Pre-requisites:
CSTR, Mass and Heat transfer

COURSE CONTENT

Unit 1: [ 7L]
Nature of fermentation processes, Nutritional requirements in fermentation process, Strain
Construction and Strain Improvement

Unit 2: [ 7TL]
Batch, Fed-Batch, Continuous and extractive Fermentation, High cell-density and High-Performance
Bioreactors, Quantitative Physiological Studies.

Unit 3: [ 7TL]
Aerobic and anaerobic fermentation, surface, submerged and solid-state fermentation technology,
Statistical methods for fermentation optimization, Instrumentation and Control Systems.

Unit 4: [ 7]
Improving the production of recombinant DNA proteins through fermentation development,
Automation, optimization and Control of fermentation processes, Fermentation design and Cost.

Unit 5: [ 7L]
Design considerations for aseptic fermentation, Case studies with respect to antibiotic, enzymes
and therapeutics.

Unit 6: [7 L]
Cell culture engineering and technology: Plant and mammalian cell culture for production of
bioproducts.

Text/Reference Books:

1. Wang D. I. C., Cooney C. L., Demain A. L., Dunnil P., Humphrey A. E., Lilly M. D., Fermentation
and Enzyme Technology, John Wiles and Sons., 1980.

2. Stanbury P. F. and Whitaker A., Principles of Fermentation Technology, Pergamon Press, 1984.
3. Zubay G., Biochemistry, Macmillan Publishers, 1989.




Course Name: Industrial Immunology Course Code: CH21357

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE: The objective is to develop understanding of basic immunology

as a subject. This will enable the students to look for new avenues in health industries particularly
immunology-based industries.

Pre-requisites: Basic knowledge of biology (up to 12" standard) are the prerequisite

COURSE CONTENT

Unit 1: [7L]
History of immunology; Natural barriers in human body; Cells and organs of immune system;
Immune response and its types, cell-mediated and humoral immune responses; Antigen, antibody
and immunogenicity

Unit 2: [8L]
Immunoglobulin types, structure and function, monoclonal and polyclonal, conventional methods
of antibody production; Cytokines and other biological response modifiers, interferons, chemokines
etc.; Brief introduction of Allergy, autoimmunity, hypersensitivity, organ transplantation and cancer

Unit 3: [8L]

Immune techniques, radial immunodiffusion, Hemagglutination and hemolysis, Separation of
serum and its proteins by electrophoresis, Enzyme linked immunosorbent assay (ELISA), immune
cell culture

Unit 4: [7L]
Immune based therapy and its history, antibody-based therapy, cytokine-based therapy; small
molecule-based inhibitors of immune system with one example; Vaccine and its recombinant form

Unit 5: [10L]
Vaccine production at large scale with its downstream processing; Conventional method and
industry scale production of antibodies, Downstream processing of biomolecules etc.

Text/Reference Books:
1. Jenni Punt, Sharon Stranford, Patricia Jones, Judith A Owen, “Kuby’s Immunology”, 8th

Edition, Macmillan Learning, 2018

2. Peter J. Delves, Seamus J. Martin, Dennis R. Burton, Ivan M. Roitt, “Roitt's Essential
Immunology” 13th Edition, Wiley-Blackwell, 2017.

3. Abul Abbas, Andrew Lichtman, Shiv Pillai “Basic Immunology”, 6th Edition, Elsevier, 2021.




Course Name: Bioinformatics and Statistics Course Code: CH21358

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:
e To gather the knowledge of statistical analysis of numerical data and its interpretation in
biological systems.

Pre-requisites:
Mathematics or similar course (college level algebra or higher).

COURSE CONTENT

Unit 1: [8L]

Introduction to Bioinformatics; scope and current trends, Different operating systems; WINDOWS
and LINUX, popular programming languages in Bioinformatics; Perl and HTML. Biological databases;
Primary subsidiary and secondary sequence databases, structural databases

Unit 2: [8L]
Diagrammatic and graphical representation of numerical data: formation of frequency distribution,
histogram, cumulative frequency distribution, polygon and Ogives, measures of central tendencies
— mean, median, mode.

Unit 3: [S8L]
Measures of dispersion — mean deviation, standard deviation, variance, quartile deviation and
coefficient variance, Moments (up to 4th), Measures of skewness and kurtosis for grouped and
ungrouped data.

Unit 4: [6L]
Correlation and regression analysis: product moment and rank correlation coefficient, simple
regression, method of least squares for estimation of regression coefficients.

Unit 5: [10L]
concept of sampling and sampling distribution, sampling from nominal distribution, standard error,
test of significance, large sample test for population mean and proportions, Test of population
means-single, two sample, and paired t-test, chi square test. ANOVA; Multiple way classification of
variables and Design of Experiments.

Text/Reference Books:

Snedecor G. W. and Chochran W. G., Stastical Methods, 1989.

B.S.Grewal, Higher Engineering Mathematics, Khanna Publishers

Engineering Mathematics, Vol.2, S.S.Sastry, Prentice Hall of India(P)Ltd.

H.S.Kasana, Complex Variables Theory And Applications, Prentice Hall of India(P)Ltd

Advanced Engineering Mathematics, Michael D Greenberg, Pearson Education

A. Baxevanis and F. B. F. Ouellette, Bioinformatics: a practical guide to the analysis of genes and

proteins, 2ndEdition, John Wiley, 2001.

7. Stuart M. Brown, Bioinformatics: A Biologist's Guide to Biocomputing and The Internet, Eaton
Publishing Company, 2000.

ouhswWwNPE




Course Name: Tissue Engineering Course Code: CH21359

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:
e To understand the basic utility and potential of tissue engineering principles.
e To understand the interactions of biological molecules and cells with biomaterials
employed for tissue engineering applications.
e To encourage students for fabricating tissue engineering products considering the
biodegradability and issues of biocompatibility including toxicity.

e To create problem solving ability among students for developing strategies to build
tissue engineering solutions.

COURSE CONTENT

UNIT 1: [10L]
Fundamentals of stem cell tissue engineering, growth factors, extracellular matrix, structure of
extracellular matrix, scaffolds, functional tissue units, tissue engineering applications.

UNIT 2: [SL]
Mechanical forces on cells, cell adhesion and cell migration, extracellular matrix, cell aggregates,
designing scaffolds, cell-materials interactions, growth factors and their role in tissue genesis,
delivery of growth factors.

UNIT 3: [8L]
Polymer scaffold for tissue engineering applications, biomimetic materials, nanocomposite scaffolds
tissue engineering, types of bioreactors used for tissue engineering and their design, regulatory
issues in tissue engineering.

UNIT 4: [8L]
Bioengineering of human skin substitute, tissue engineered bone, nerve tissue engineering,
musculoskeletal tissue engineering, bone tissue engineering, cartilage tissue engineering,
esophagus tissue engineering.

UNIT 5: [6L]
Vascular graft tissue engineering, cardiac tissue engineering, heart valve tissue engineering, urologic
organ tissue engineering, hepatic tissue engineering, renal tissue engineering, dental tissue
engineering.

TEXT/REFERENCE BOOKS:
1. C.van Blitterswijk, J. De Boer, Tissue Engineering, Academic Press, Second Edition, 2015.
2. B.O.Palsson, S. N. Bhatia, Tissue Engineering, Pearson Education, First edition, 2016.

3. R.lanza, R. Langer, J. Vacanti, Principles of Tissue Engineering, Academic press, Fourth Edition,
2014.

4. P.X.Ma, Biomaterials and Regenerative Medicine, Cambridge University Press, 2014.




Course Name: Industrial Microbiology Course Code: B721101

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:

Pre-requisites:

COURSE CONTENT

Unit 1: [7L]
Different types of culture media; Substrates for industrial microbial processes; Industrially
important microbes: Isolation, screening, Selection of mutants. Site directed mutagenesis

Unit 2: [9L]
Process technology for the production of various Products: Primary metabolite: ethanol, citric acid,
vineger and amino acid. Production of alcoholic beverages: wine and beer. Microbial production of
industrial enzymes; Secondary metabolites: Antibiotics; Process technology for the production of
microbial biomass.

Unit 3: [7L]
Transformation of alkaloids, steroids, carotenoids and sterols. Transformation of nonsteroidal
compounds and pesticides, Applications of microbes for designing vaccines and drugs.

Unit 4: [6L]
Uses of microbes in biosensors, fuel cells, biofertilizers, bioremediation, paper industry, metallurgy.

Unit 5: [6L]
Modern trends in microbial production of bioplastics (PHB, PHA), bioinsecticides, biopolymers,
Biofertilizers and biological weapons with reference to anthrax.

Unit 6: [7L]
Microbial applications in food and healthcare industries, food processing and preservation,
antibiotics, vaccines and enzymes of pharmaceutical use.

Text/Reference Books:

1. Casidalr. L. E. Industrial Microbiology, 1968) new Age International ( P) Ltd. New Delhi.

2. Presott & Dunn's Industrial Microbiology. Ed. E.G. Reed (1987). CBS Publishers, New Delhi.

3. Crueger, W. and Cruger, A. Biotechnology: A Text book of Industrial Microbiology 2nd Edition.
(2000) Panima Publishing Corporation, New Delhi.

4. Arnold L. Demain and Julian E. Davies Manual of Industrial Microbiology and Biotechnology 2nd
Edition. Ed. (1999) ASM Press Washington D.C.

5. Pelzar Jr. M.J.: Chan E.C.S. and Krieg, N. R. Microbiology, (1993) Tata Mc Graw Hill, New Delhi.




Course Name: Environmental Biotechnology Course Code: B721114

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:

Pre-requisites:

COURSE CONTENT

Unit 1: [8L]

Introduction to environmental biotechnology, Treatment of municipal wastes and industrial
effluents (Physico-chemical, biological analysis of waste water), from paper, textile, dairy, tannery,
petrochemical and pharmaceutical industry.

Unit 2: [8L]
Bioremediation and phytoremediation of toxic compounds like pesticides, hydrocarbons, polymers,
surfactants, heavy metals. Biotransformation of pesticides, metals/metalliods, Bioindicators,
quorum sensing, renewable (Hydrogen, methane biodiesel and bioethanol) energy sources,
microbe-based fuel cells.

Unit 3: [SL]
Solid waste management, current practices in solid waste management, composting systems:
vermicomposting.

Unit 4: [7L]
Waste land reclamation. global warming, climate change and carbon sequesteration
(physiochemical and biological), scrubbers.

Unit 5: [7L]
Eutrophication, biomagnification, Bioleaching of metals like copper, uranium and arsenic.
Bioaccumulation and biosorption, Ecotoxicity measurement by biosensors and biomarkers,
biochips.

Unit 6: [SL]
Environmental Impact Assessment, Environmental regulations and Environmental audit. Biosafety.

Text/Reference Books:

1. Bruce Rittman, Perry L. McCarty, (2000) Environmental Biotechnology: Principles and
Applications. McGraw-Hill 2nd edition, ISBN: 0072345535.

2. Ralph Mitchell, (1974) Introduction to Environmental Microbiology, Prentice Hall, 1974,
Science.

3. Milton Wainwright, (1999) An Introduction to Environmental Biotechnology. Kluwer Academic
Publishers, Boston. ISBN 0-7923-8569-1.

4. Pares Distn. Environmental Laws in India

5. Alexander Glazer and Hiroshi Nikaido, (1995) Microbial biotechnology: Fundamentals of applied
microbiology, W.H Freeman, NewYork

6. Metcalf& Eddy, Inc.,, George Tchobanoglous, Franklin Burton, H. David Stensel, (2002),
Wastewater Engineering: Treatment and Reuse, McGraw-Hill's ISBN: 0070418780 /
9780070418783.




Course Name: Introduction to Biomedical Design Course Code: AM21335

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:

Pre-requisites:

COURSE CONTENT

Unit 1: [ 7L]
Principles of Implant Design, Clinical Problems Requiring Implants for Solution, Principles of Implant
Design/Design Parameters: Permanent versus Absorbable Devices, the Missing Organ and its
Replacement, Criteria for Materials Selection.

Unit 2: [ 7L]
Tissue Engineering: Scaffolds, Cells and Regulators, Case Study of Organ Regeneration, Design
Parameters, Design Specifications: Biomaterials, Biocompatibility: Local and Systemic, Effects,
Design Specifications: Tissue Bonding and Modulus Matching.

Unit 3: [ 7L]
Degradation of Devices: Natural and Synthetic Polymers, Biocompatibility: Scar Formation and
Contraction, Degradation of Devices: Corrosion and Wear, Regulation of medical Devices, Scaffolds
for Cartilage Repair, Implants for Bone, Implants for Plastic Surgery, Cardiovascular Prostheses:
Heart Valves and Blood Vessels, Devices for Nerve Regeneration, Musculoskeletal Soft Tissues:
Meniscus, Intervertebral Disk, Dental and Ear Implants, Other Devices: Spinal Cord, Heart Lung.

Unit 4: [ 8L]
Design and application of electromechanical biomedical devices, Concept of prototype
development and testing of medical instrument.

Unit 5: [ 8L]
Techniques for designing electronic circuits as part of complete sensor systems, basic electronics
circuits, principles of accuracy, op amp circuits, analog signal conditioning, power supplies,
microprocessors, wireless communications, sensors, and sensor interface circuits, practical printed
circuit board (PCB) design including component selection, PCB layout, assembly.

Text/Reference Books:

1. E.J. Mccormick, Human factors in Engineering and Design, TMH.

2. 0. P. Astrand and R. Kaare, Textbook of Work Physiology, McGraw Hill.

3. Yannas, |. V. Tissue and Organ Regeneration in Adults. New York, NY: Springer-Verlag, 2001.

4. Ayyana M. Chakravartula, Lisa A. Pruitt Mechanics of Biomaterials: Fundamental Principles for

Implant

Design (Cambridge Texts in Biomedical Engineering).

6. Webster J. G., Medical Instrumentation: Application and Design, 4th ed., John Wiley & Sons:
New York.

7. J.D. Branzino, Handbook of Biomedical Engineering: Fundamentals of Biomedical Engineering,
CRC Press.

d




PROFESSIONAL ELECTIVES (SEMESTER-II)

Course Name: Experimental Design and Data Analysis Course Code: CH22408

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:
e The objective of this study is to develop a flair in the students for research activity. This
course will help them to design an experiment and understand logical way of data
collection.

Pre-requisites:
Knowledge of basic engineering mathematics.

COURSE CONTENT

Unit 1: [6L]
Introduction, overview of subject, design of experiments and different approach to data analysis,
introduction to probability and statistics for chemical engineers.

Unit 2: [8L]
Data analysis, fundamental, hypothesis test, comparison of mean and variance, correlation, analysis
of variance, interpretation of result, experimental data reporting.

Unit 3: 8L
Linear regression, least square methods, confidence interval constructions, model assessment.
Unit 4: 8L
Experimental design principles, blocking, randomization, factorial design.

Unit 5: [SL]

Variable selection, fractional factorial design, robustness, response surface methodology, individual
factor and interaction effects.

Text/Reference Books:

1. Montgomery D.C.; Runger G.C. “Applied Statistics and Probability for Engineers”, 4th edition,
John Wiley & Sons Inc, 2007

2. Mason R.L.; Gunst R.F.; Hess J.L. “Statistical Design and Analysis of Experiments with
applications to engineering and science”, 2nd edition, John Wiley & Sons Inc., 2005.

3. LazicZ.R. “Design of Experiments in Chemical Engineering: A Practical Guide”. John Wiley & Sons
Inc, 2006.

4. Gonzalez. R. “Data Analysis for experimental design” Guilford Press. 2009.

5. Frigon N.L. “Practical Guide to experimental Design” John Wiley & Sons. 1997.




Course Name: Bio-catalysis and Enzyme Engineering Course Code: CH22451

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:

Pre-requisites:

COURSE CONTENT

Unit 1: [10L]
Introduction and classification of enzymes, Extraction, purification and characterization of enzymes
from natural sources, Comparison of chemical and enzyme catalysts. Mechanisms of enzyme
action— concept of active site and energetics of enzyme-substrate complex formation, specificity of
enzyme Allosteric enzymes, ribozyme, Multienzyme complexes, Extremozymes, Artificial enzyme.

Unit 2: [8L]
Enzyme immobilization methods — adsorption, matrix entrapment, encapsulation, cross linking,
covalent binding; immobilized enzyme kinetics: effects of external mass transfer resistance, analysis
of intra-particle diffusion and reaction, simultaneous film and intra-particle mass-transfer
resistances.

Unit 3: [8L]
Screening Methods and Enzyme Assays: Random screening and Metagenomic approach, Qualitative
and quantitative assays, High throughput screening systems, Industrial perspective of enzyme
assays, Enzyme finger printing.

Unit 4: [8L]
Production of industrially important enzymes: Solid state fermentation, Submerged fermentation,
Extraction, Purification and characterization of industrial enzymes, Different chromatographic
methods.

Unit 5: [6L]
White Biotechnology, Application of enzymes in drugs, fine chemicals and separation, Enzyme
based biosensors, Enzyme in organic catalysis, Molecular Imprinting.

Text/Reference Books:

1. Palmer, Trevor, “Enzymes: Biochemistry, Biotechnology, Clinical Chemistry”, 2nd edition,
Affiliated East-West Press Pvt. Ltd., 2008.

2. Michael L. Shuler and Fikret Kargi, “Bioprocess Engineering Basic Concepts”, 3rd edition,
Prentice Hall, 2017.

3. Fessner D, Wolf and Anthonsen,, Thorleif, “Modern Biocatalysis: Stereoselective and
Environmental Friendly Reactions” Wiley VCH, 2009.




Course Name: Modeling and Simulation in Bioprocesses Course Code: CH22452

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:
e The objective is to develop an insight into design and simulation of chemical process
equipment.

Pre-requisites:
Engineering Mathematics, fluid flow operations, heat transfer, mass transfer and Bio-chemical
Reaction kinetics.

COURSE CONTENT

Unit 1: [8L]
Introduction to modelling and simulation, classification, Uses of mathematical models, Principles of
model formulation, Fundamental laws- continuity equation, energy equation, equations of motion,
Transport equations, equations of state, equilibrium and kinetics, Introduction to process
simulators and mathematical tools.

Unit 2: [8L]
Product Formation Kinetics: Michaelis-Menten kinetics, growth associated, non-growth associated
and mixed growth associated, Leudeking — Piret model, Monod equation and substrate inhibition
models, Kinetic models for different types of reactions.

Unit 3: [8L]
Microbial enzyme kinetic models and their applications. Formulation and solution techniques for
mixing tank, stirred tank with heating, Batch, Fed-batch, Plug Flow and Mixed Flow Bioreactors

Unit 4: [8L]
Modelling of perfectly mixed reactor for three phase system, Spatial approach to the micro-mixing
problem, Analysis and modelling of couplings between mixing and bioreaction. Eulerian or
Lagrangian approach for the biological phase.

Unit 5: [8L]
Modelling of non-perfectly mixed bioreactors: DTS approach and mixing state, Approach based on
a mixing model: Micro-mixing model, other models: Structured kinetic model, Metabolic model.
Problem of coupling between a biological model and hydrodynamic model.

Text/Reference Books:

1. K. M. Hangos and |. T. Cameron, “Process Modelling and Model Analysis”, Academic Press, 2001.

2. W.L. Luyben, “Process Modelling, Simulation and Control for Chemical Engineers”, 2nd Edn.,
McGraw Hill Book Co., New York, 1990.

3. W.F. Ramirez, “Computational Methods for Process Simulation”, Butterworths, 1995.

4. Computational Methods for Process Simulation, 2nd ed., W F Remirez, Butterworth-
Heinemann.

5. SingiresuS. Rao, “Applied Numerical Methods for Engineers and Scientists” Prentice Hall, Upper
Saddle River, NJ, 2001.

6. Seinfeld and Lapidus, “Mathematical Methods in Chemical Engineering”, Prentice Hall, 1974.

7. Jerome Morchain, “Bioreactor Modelling: Interaction between Hydrodynamics and Biology”,
ISTE Press — Elsevier, 2017.




Course Name: Advanced Bio-separations Course Code: CH22453

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:
e To gain the basic knowledge of extraction principles and different mechanisms involved.
e To get ability to design and control of different types of Extractors.

Pre-requisites:
Basics of Unit operations in Bioprocess, chemical and biochemical reaction kinetics

COURSE CONTENT
Unit 1 Extractive Separation [10L]

Principles of Liquid-Liquid and solid-liquid extraction processes, Thermodynamics of LLE and
Distribution coefficient, Single and multistage extraction, Kinetics and modeling of extraction cycles,
Reactive extraction, Aqueous two phase systems

Unit 2 Membrane Separations [10L]
Principles of membrane separation, membrane materials, transport phenomena of species,
molecular and ionic, in porous or dense, charged or not, membranes. Ultrafiltration, Microfiltration,
Nanofiltration, Dialysis, Electrodialysis, Gas Permeation, Pervaporation, Liquid membranes.

Unit 3 Adsorptive Separation [10L]
Fundamentals of Adsorption: Gibbs adsorption isotherm, Adsorption isotherm models, Local
equilibrium theory and solute movement plots; Hydrodynamic design of adsorbent: Particle size,
pore size, surface area and pore volume etc. Mode of contacting solids with liquid

Unit 4 Chromatographic Separations [10L]
Chromatographic Fundamentals, Dynamics of Chromatography: Linear dispersion model, Linear
staged models for chromatography. System design, Column packing techniques; Preparative
Chromatography, Modes of Chromatography, Novel Chromatographic Morphologies

Text/Reference Books:

1. Seader J. D., Henly E. J., Separation Processes and Principles, John Wiley, 2010

2. Belter PA and Cussler E, Bioseparations, Wiley 1985

3. Product Recovery in Bioprocess Technology, BIOTOL Series, VCH, 1990

4. Asenjo JM, Separation processes in Biotechnology, 1993,

5. Anurag Rathore and Ajoy Velyudhan, Scale-up and optimization in preparative
chromatography, 2003.

6. Basic Principles of Membrane Technology by Marcel Mulder, 2 Ed., Springer Publications,
2007

7. Handbook of membrane separations: chemical, pharmaceutical, food and biotechnological

applications by Anil K. Pabby, Syed Rezvi and Anna Satre, CRC press, 2009




Course Name: Bioenergy and Biofuels Course Code: CH22454

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:
e Tounderstand the conversion of biomass to liquid biofuels.

e To understand various approaches for production of bioenergy and its cost economics as well
as its impact on ecosystem.

Pre-requisites: Basic concepts of bio-reaction engineering and basics of heat and mass transfer

COURSE CONTENT

Unit 1: INTRODUCTION [6L]
Introduction to principles of generation of bioenergy/biofuels; Biomass sources, characteristics &
preparation, chemical composition.

Unit 2: BIOENERGY AND BIOFUELS [12L]
Classification of bioenergy- First, second and third generation Biofuels (Bioethanol; Biodiesel; Biooil,
etc.); Biogas technology, feedstock for biogas production, aqueous wastes containing
biodegradable organic matter, animal residues, microbial and biochemical aspects; Kinetics and
mechanism; Dry and wet fermentation; Digesters for rural application; Highrate digesters for
industrial waste water treatment.

Unit 3: PRODUCTION TECHNOLOGIES [12L]
Technologies for the three generation of Biofuels; thermo-chemical conversion of ligno-cellulose
biomass; Biomass to Liquid and Biomass to Gas fuel technologies; Bioethanol and biodiesel/Green
Diesel Synthesis; Algal Biotechnology for Bioenergy; Technologies for Biohydrogen, Biogas;
Microbial fuel cells.

Unit 4: LIFE CYCLE ASSESSMENT [8L]
Life cycle assessment of biofuels/bioenergy technologies.

Text/Reference Books:

1. Fuels from Biomass and Wastes, Ann Arbor Science Publication, by D.L. Klass, G.M. Emert 1985.
2. Biofuel engineering process technology, Caya Drapcho, John Nghiem and Terry Walker, 2008.
3. Biofuels: Biotechnology, chemistry and sustainable development by Davd Mousdale, 2008.




Course Name: Bio-electrochemical Engineering Course Code: CH22455

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:
e The objective of the Bio-Electrochemistry course is to provide engineering students with a

comprehensive understanding of principles, applications, and interdisciplinary aspects of bio-
electrochemical systems. It aims to develop knowledge in electrochemistry and biology, explore
the interplay between them, and foster problem-solving skills for designing innovative solutions
in bio-electrochemical engineering.

Pre-requisites: Basic knowledge of electrochemistry

Industry Support:
Biosensor industry, Bio-electrochemical process industry, MEMS fabrication industry working
towards biosensor development

COURSE CONTENT

Unit 1: [8L]
lon transport in biological systems — Mechanism of ion transport — active — passive — Membrane
Potential, Membrane action potential — Sodium theory — Nerve conduction — The Donnan
Membrane — The Planck membrane — Fixed charge membrane — models of biomembrane — BLMS.
Unit 2: [SL]
Biological electron transfer reactions, Oxidation — reduction reactions, classes of Electron
transferring enzymes — Pyridine linked dehydrogenases — Flavin linked dehydrogenses and oxidases,
Electrochemistry of biological building block molecules. Biomaterials-introduction-different
generation of biomaterials

Unit 3: [9L]
Nomenclature and structure of the following biological building block molecules, their biological
significance and their electrochemistry a) Purines b) pyrimidenes c) Pteridines d) Flavins f)
porphyrins g) Pyridine and Pyridine nucleotides

Unit 4: [7L]
Electrochemistry of redox proteins — Electrical communication between proteins and electrode
surfaces through promoters, mediators — Direct electron transfer between protein and Electrode
surfaces — Voltammetric methods for studying redox proteins.

Unit 5: [SL]
Bio-Electrochemical Systems and Applications, Microbial fuel cells (MFCs) -Biosensors — Principles
— Different Classifications with examples — Details of Construction — Transducers for Biosensors —

Different types — Applications of Biosensors. Biological fuel cells — Principles — and Applications.

Text/Reference Books:
1. G. Dryhurst, “Electrochemistry of Biological molecules”, Academic Press, New York, 1997.

2. Robert Plonsey, “Bioelectric Phenomena”, McGraw-Hill, 1989.

3. Gileadi, Physical Electrochemistry, Fundamental, Techniques and Applications, Wiley-VCH, 2011
4. ). Bard and L. R Faulkner Electrochemical Methods: Fundamentals and Applications, 2nd Edition,
Wiley, 2001

5. A.E.G. Cass “Biosensors” — A practical approach IRL Press at Oxford University Press, 1990.




Course Name: Biopolymers and Biomaterials Course Code: CH22456

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:

The student should be made to:

e Learn about various Biopolymers and their isolation methods from waste biomass,
development of bio composites and their characterization methods.

e Learn about fundamentals, characteristics, properties and biocompatibility of biomaterials

Pre-requisites: Basic concepts of polymer chemistry

COURSE CONTENT

Unit 1: [8L]
Fundamentals of Biomaterials: Definition of biomaterials, requirements & classification of
biomaterials, Metallic and ceramic materials, Polymeric materials

Unit 2: [10L]
Fundamentals of biopolymers: Definition of biopolymers and types of biopolymers, Definition of
bioplastics and types of bioplastics, Description of certain biopolymers like starch, cellulose, lignin,
chitosan, gelatine, alginate, keratin, fatty acids, lipids, aliphatic polyesters (PLA, PHB), Techniques
for the isolation of lignin and cellulose from waste biomass and their transformation to nanoscale
dimensions, Bio based composites (bio composites) from vegetable oils and other biopolymers
using nanofillers of Lignin and cellulose, Application of bio composites in various areas

Unit 3: [6L]
Characterization of biomaterials: Chemical Composition analysis of lignin and cellulose in biomass,
Chemical Structure analysis using FTIR & XRD, Morphological Analysis utilizing SEM, TEM and AFM,
Thermal stability (TGA and DSC), Mechanical Testing and swelling behaviour analysis

Unit 4: [8L]
Properties of Biomaterials: Surface properties, physical properties and Mechanical properties
(elasticity, yield stress, ductility, toughness, strength, fatigue, hardness and wear resistance) of
biomaterials. Comparison of properties of some common biomaterials. Effects of physiological fluid
on the properties of biomaterials. Biological responses (extra and intra-vascular system)

Unit 5: [SL]
Testing of Biomaterials: Biocompatibility, blood compatibility and tissue compatibility tests,
Toxicity tests, sensitization, carcinogenicity, mutagenicity and special tests, Invitro and Invivo
testing; Sterilisation of implants and devices: ETO, gamma radiation, autoclaving. Effects of
sterilization.

Text/Reference Books:

1. Buddy D. Ratner, et. al. Biomaterials Science: An Introduction to Materials in Medicine,
Academic Press, San Diego, 1996.

2. Sujata V. Bhat, Biomaterials, Narosa Publishing House, 2002.

3. J B Park, Biomaterials — Science and Engineering, Plenum Press, 1984.

4. Handbook of biopolymers and biodegradable plastics: properties, processing and applications.
Ebnesajjad, Sina, ed. William Andrew, 2012.

5. B. Ratner, A. Hoffman, F. Schoen, and J. Lemons, Biomaterial Science: An Introduction to
Materials in Medicine (3rd Edition, 2013) Academic Press ISBN: 978-0-12-374626-9.

6. Masuelli, Martin, and Denis Renard, eds.Advances in Physicochemical Properties of
Biopolymers (Part 2). Bentham Science Publishers, 2017.

7. Biopolymers: biomedical and environmental applications. Kalia, Susheel, and Luc Avérous. John
Wiley & Sons, 2011.




Course Name: Bioprocess Safety and Hazards Management Course Code: CH22457

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:
e To enhance knowledge of process safety and risk assessment in bioprocess industry.

Pre-requisites:
To undertake this course student must have good foundation of process safety. Student must be
familiar with concepts of hazards identification and risk management.

COURSE CONTENT

Unit 1: [6L]
Introduction: Need for bioprocess safety management systems, typical hazards at bioprocess
manufacturing sites, bioprocessing incidents and releases, overview of bioprocessing industry,
bioprocess lifecycle.

Unit 2: [120]
Bioprocessing Safety Management (BSM) Practices: bioprocess safety hazard level, risk and
controls, bioprocess safety hazard review, audit & manage change and improve hazard
management practices. Biosafety training, initial biohazard incident response, behavior-based
safety to bioprocesses.

Unit 3: [S8L]
Identifying Bioprocess Hazards: Testing for bioactivity, biological and non-biological hazards,
bioprocess risk assessment: agent considerations, process considerations and environmental
considerations.

Unit 4: [6L]
Bioprocess Safety Audit: Biological assessment questionnaire, bioprocess safety checklist,
bioprocess facility audit checklist. SOP for biosafety.

Unit 5: [6L]
Bioprocess Safety Design and Unit Operations: Physical plant design, plant siting issues, bioprocess
unit operations, upstream equipment and facility design, facility support issues.

Text/Reference Books:

1. Handley, W., Industrial Safety Hand Book, 2nd Edn., McGraw-Hill Book Company,1969.

2. Heinrich, H.W. Dan Peterson, P.E. and Rood, N., Industrial Accident Prevention, McGraw-Hill
Book Co., 1980.

3. Chemical Process Safety: Fundamentals with Applications, Daniel A. Crowl, J.F. Louvar, Prentice
Hall, NJ, 1990.

4. Taylor, J.R., Risk analysis for process plant, pipelines and transport, Chapman and Hall, London,
1994




Course Name: Sustainable Bio-manufacturing and Natural Products Course Code: CH22458

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:

a) Understand the fundamental concepts of bio manufacturing and, product formulations, bio-
therapeutics & biopharmaceuticals.

b) To Learn about production of biosurfactants, biofertilizers and biopesticides, their applications
and scale up.

c) Investigate natural products chemistry, types, isolation, purification and bio-manufacturing of
natural products.

Pre-requisites: Knowledge of biochemical engineering

COURSE CONTENT

Unit 1: Introduction [12L]
Introduction, scope, market economy and need of Bio manufacturing. GMPs &amp; GLPs related to
Biotechnology, Basics of cell culture, microbial growth and inhibition, product formulations,
bio-therapeutics, biopharmaceuticals, recombinant technology

Unit 2: Biosurfactants, Biofertilizers and Biopesticides [12L]
Biomanufacturing of biosurfactants, biofertilizers and biopesticides and their applications in
agriculture, food, cosmetics and FMCG products

Unit 3: [10L]
Classification of natural products, isolation techniques and physiochemical data, terpenes, steroids,
fatty acids and related compounds, sugars, carboaromatic and related compounds, alkaloids and
non-alkaloids containing nitrogen; aspects of natural product photochemistry, bio-manufacturing

Unit 4: [4L]
Market and case studies related to scale up and specialty chemicals.

Text/Reference Books:
1. Biomanufacturing by Chander Prakash, Sunpreet Singh, Rupinder Singh, Seeram Ramakrishna,

B. S. Pabla, Sanjeev Puri, M. S. Uddin. Ist Eds. 2019 Springer.

2. Introduction to biomanufacturing, The Northeast Bio-manufacturing center and collaborative
(CNB), Montgomery County Community College.

3. Biomaufacturing: 87 Advances in Biochemical Engineering/ Biotechnology, Eds Ziang Ziang
Zhong, Springer.




Course Name: Bioprocessing in Food Course Code: CH22459

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBIJECTIVE:

e To develop a comprehensive knowledge and understanding of the principles of production of
food products, role of microbes in food engineering, preservation and fermentation.

e To gain basic knowledge of food biomanufacturing, bioadditives and separations using
biotechnological approaches.

e Develop understanding and skills about quality control in food industries, cleaning, hygiene,
disinfection practices and application of hazard analysis and control points

Pre-requisites: Knowledge of biochemical engineering

COURSE CONTENT

Unit 1: Introduction [8L]
Introduction to food important genera of food borne microorganisms, factors affecting the growth
and survival of microorganisms in food, microbial examination and spoilage of food, food borne
diseases.

Unit 2: Food preservation [8L]
Principles of food preservation, asepsis, anaerobic conditions, removal of microorganisms, low
temperature, high temperature, radiation, drying, chemical, bio preservatives and miscellaneous
methods, canning

Unit 3: Fermented Food [8L]
Fermented milk, cheese, sauerkraut, fermented meat, beer, vinegar, fish products, products of
baking, oriental foods. Role of enzymes in different food products (bakery, cheese, beverage
production and cereal products) and industries, utilization of food waste for production of
valuables.

Unit 4: Food Bio-manufacturing [10L]
Single cell protein, probiotics, bio additives separation and purification using biotechnological
approach, artificial milk and meat, case studies.

Unit 5: Quality Control using Microbiological Criteria: [8L]
Cleaning and disinfection code for good manufacturing practices, microbial and chemical safety of
food products, indicator organisms, ISO, hazard analysis and critical control points, sterility testing.

Text/Reference Books:

1) Frazier William C and Westhoff, Dennis C. Food Microbiology, TMH, New Delhi,2004

2) Jay, James M. Modern Food Microbiology, CBS Publication, New Delhi, 2000 for the flavour and
food industries by Lidsay, Elsevier Applied Science.

3) Pelczar MJ, Chan E.C.S and Krieg, Noel R. Microbiology, 5th Ed., TMH, New Delhi, 1993.

4) Bio-processing of Foods, Parmjit S. Panesar, H.K. Sharma, B.C. Sarkar, Published by Asiatech
Publishers Inc., New Delhi[2011]




Course Name: Machine Learning in Bioprocesses Course Code: CH22460

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:
e The objective is to develop understanding of machine learning concepts, methods,

algorithms and applications in bioprocess engineering.

Pre-requisites: Basic concepts of mathematics, numerical methods and computer programming

COURSE CONTENT

Unit 1: [6L]
Introduction to Machine-learning (ML): Overview of concepts, Supervised / unsupervised learning,
Supervised / unsupervised learning: Deep learning, Transfer learning, Ensemble learning

Unit 2: [10L]
Machine learning - Overview of methods and algorithms: Artificial neural network (ANN),
Convolutional neural network (CNN) Random forests (RF), Support vector machines (SVM),
Gaussian processes (GP), etc.

Unit 3: [8L]
Predictive engineering and metabolic pathway optimization: multi-gene pathway optimization
(MiYA) for B-carotene production using ANN, Automated Recommendation Tool (ART), Probabilistic
ensemble model, Bayesian optimization for tryptophan production, Ensemble model for dodecanol
production

Unit 4: [8L]
Bioprocess control & optimization: Bioprocess optimization of 27 batch fermentation for bio-
production, Statistical Process control, Model Predictive Control (MPC), Policy gradient

parameterized by neural network and Data mining

UNIT-5: [8L]
Case studies: Predicting cardiovascular risk using regression, Classifying cancer sub-types using
clustering, Diagnosing breast cancer from biopsy images using ANN

Text/Reference Books:

1. Maurice E. Cohen, Donna L. Hudson. (1999) Neural Networks and Artificial Intelligence for
Biomedical Engineering: 3 (IEEE Press Series on Biomedical Engineering)

2. Tony J. Cleophas and Aeilko H. Zwinderman. 2015. Machine Learning in Medicine — a
Complete Overview. Springer.

3. Stuart Russell and Peter Norvig. 2009. Artificial Intelligence: A Modern Approach (3rd ed.).
Prentice Hall Press, Upper Saddle River, NJ, USA

4. Li Yang, Haibin Wu, Xiaoqing Jin, Pinpin Zheng, Shiyun Hu, Xiaoling Xu, Wei Yu & Jing Yan

(2020) Study of cardiovascular disease prediction model based on random forest in eastern China.
Scientific Reports. 10: 5245

5. Kim, S. et al. (2015). A method for generating new datasets based on copy number for
cancer analysis. BioMed Research International, 2015.
6. Zhang, J et al. (2020). Combining mechanistic and machine learning models for predictive

engineering and optimization of tryptophan metabolism. Nat. Commun. 11, 4880.




Course Name: Molecular Simulations in Chemical and Course Code: CH22461
Bioprocess Engineering

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 4:0:0:4

COURSE LEARNING OBJECTIVE:
e This course deals with different aspects of molecular simulation used for liquids, gases,
biological systems and other complex fluids. This molecular simulation studies
revolutionalize the field of chemical and bioprocess engineering.

Pre-requisites: Basic concepts of mathematics and bioprocess

COURSE CONTENT

Unit 1: [8L]
Introduction and Numerical Methods: Introduction, Basic Programming Techniques, Interpolation
and Curve Fitting, Roots of Equations, Matrix Methods, Differential Equations, Numerical
Integration, Integral Transforms.

Unit 2: [12L]
Quantum mechanical calculations: Ab initio methods —I (Hartree Fock), Ab initio methods - Il (Post
Hartree Fock), Density functional methods, Softwares for quantum mechanical calculations,
Different forms of inputs for Ab initio calculations, Computation of single point energies, Geometry
optimization, Electron densities and electrostatic potentials, Analysis of output for Gausian
programmes — |, Analysis of output for Gausian programmes — ll, Molecular frequencies, Modeling
in solutions — I, Modeling in solutions — Il, Thermodynamic functions, NMR frequencies, QSAR,
Transition states.

Unit 3: [10L]
Classical Simulations: Potential Models, Concept of Periodic Boundary Conditions (PBC),
Generalized coordinates, Solution of equations of motions using Finite Difference Methods, Basics
of Statistical Mechanics - concept of ensemble; time average vs. ensemble average properties,
Concept of Temperature in simulations, Development of a molecular dynamics (MD) code for,
Lennard-Jones fluids, Monte Carlo (MC) method, Development of a MC code, Analysis of simulated
data

Unit 4: [10L]
Biomolecular simulations: Polypeptide conformations (Aqueous and non-aqueous media) — |,
Polypeptide conformations — Il, Polypeptide conformations — Ill, Structure of DNA and RNA-I,

Structure of DNA and RNA-II.

Text/Reference Books:

1. D. Frenkel and B. Smit, Understanding Molecular Simulation: From Algorithms to Applications,

2e, Academic Press, New York, 2002.

M. P. Allen and D. J. Tildesley, Computer Simulation of Liquids, Clarendon Press, Oxford, 1987.

K. Binder, The Monte-Carlo Method in Condensed Matter Physics, Berlin : Springer-verlag, 1992.

D. A. McQuarrie, Statistical Mechanics, Harper and Row, New York, 1976.

R. Leach, Molecular modelling: principles and applications, 2nd edition, Pearson, New Delhi,

2001.

Voet and J. G. Voet, “Biochemistry” 3rd edition, John Wiley and Sons, 2010.

7. M. Lesk, Introduction to Protein Architecture: The Structural Biology of Proteins, Oxford
University Press; 1st edition, 2001.

8. T.E. Creighton, Proteins, Structure and Molecular Properties, 2nd Edition, W.H. Freeman and
Co, 1993.

9. A. McPherson, “Introduction to Macromolecular Crystallography", 2nd edition, Wiley-Blackwell,
2009.
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Course Name: Bioethics, Biosafety and IPR Course Code: BT22236

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 3:1:0:4

COURSE LEARNING OBJECTIVE:

Pre-requisites:

COURSE CONTENT

Unit 1: [6L]
Different ethical issues related to biotechnology, Importance and application of bioethics.
International guidelines on bio-safety and bioethics and current legal issues.

Unit 2: [7L]
Different standard practices (GLP, GMP, GCP etc). Social and international challenges for modern
medicine, GM food, stem cell therapy.

Unit 3: [8L]
Types of IP: Patents, Trademarks, Copyright & Related Rights, Industrial Design, Traditional
Knowledge, trade secrets, Geographical Indications. Precautions while patenting disclosure/non-
disclosure. Patent infringement- meaning, scope, litigation, case studies.

Unit 4: [7L]
Applications, international guidelines, and importance of biosafety, biosafety guidelines of
biotechnology laboratories, important factors and safety guidelines to start-up of a biotechnology-
based company.

Unit 5: [7L]
Role of different organizational level in bio-business set-up. Transition of an idea from
biotechnology-based R&D to business units, fund generation and resource creation for bio business
startup.

Unit 6: [SL]
Different bio-product based industries, their history, products and establishments. Different
national and international organizations their functioning.

Text/Reference Books:

1. Eric Grace Biotechnology unzipped: Promises and realities. Wash. DC: Joseph Henry Press. 1997.

2. Arthur Kornberg. Sausalito, CA The golden helix: University Science Books. 1995.

3. Richard Oliver The coming biotech age: The business of biomaterials. NY: McGraw Hill. 2000.

4. Ruth Ellen Bulger et al., The ethical dimensions of the biological sciences. NY: Cambridge
University Press. 1993.

4. David F. Betsch, Principles of Biotechnology




Course Name: Principles of Biological Waste Water Treatment Course Code: CE22121

Programme: M. Tech. in Bioprocess Engineering L: T: P: Cr: 4:0:0:4

COURSE LEARNING OBJECTIVE:

Pre-requisites:

COURSE CONTENT
Unit 1: [6L]
Wastewater characterization: Analysis of BOD, COD and other parameters.

Unit 2: [8L]
Unit Operations, Reaction kinetics, Types of reactors and reactor dynamics, Analysis of ideal and
field reactors.

Unit 3: [6L]
Bio-kinetic parameters and their evaluation, Biomass vyield, Cell maintenance, Energy
considerations.

Unit 4: [8L]
Principles of oxidation in stabilization ponds, ASP, Trickling filter, Aerated lagoons and RBCs.
Principle of aerobic and anaerobic processes and design considerations, Design model and
equations, Principles of nitrification de nitrification and anoxic processes.

Unit 5: [6L]
Mass Transfer, Diffusion and attached growth processes.

Unit 6: [6L]
Principles of sludge stabilization and chemical oxidation, Principle and design of sludge digestion.

Text/Reference Books:

1. Metcalf and Eddy, Inc. ""Wastewater Engineering-Treatment, Disposal and Reuse", 7th edition,
Tata McGraw-Hill Publishing Company Limited, New Delhi, 2007.

2. Weber, "Physico-chemical Processes for Water Quality Control"

3. Peavy, H.S., Rowe, D.R. and Tchobanohous, G. Enviormental Engineering", McGraw-Hill Book
Co., International Ed., 1985.

4. Fair, Geyer and Okun, "Waste Water Engineering, Vol- | and Il

5. Arceivala, S.J. (2002), "Wastewater Treatment for Pollution Control", 2nd Ed., Tata McGraw-
Hill, New Delhi.

6. Gray, N.F. (2000)."Water Technology"1st Indian Ed., Viva Books, New Delhi.




