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Department of Higher Education, Government of M.P. Undergraduate
Syllabus as recommended by Central Board of Studies andappro~ed by the

Governor of M.P.
Syllabus for B. Sc.2od year
Subject- Seed Technology
Paper -I Plant breeding
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Unit I
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1 Plant Breeding-Introduction, Objectves, Act~yiiies and important achievements.
2 Modes of poll ination in crop plants

i) Self-pollination-cross-poll ination:
ii) Factors promoting self-pollination
iii) Factors promoting cross-pollination /

3 Self incompatibility-Dcfinition-types. method induction & application
4 Male slCrility-Definition. types, methods. induction & application.
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Unit II
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1- Germplasm & its conservation-Introduction, Germplasm collection, centre of origin &- diversity.
2- Seed hanks & types of seed collection." ~ t\\\l
3- Plantlntroduction-detinitioan-Types, procedure, merits & demerits .s:, 0\?) ~
4- Selection-Definition. Types Methods, merits & demerits
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Unit HI

1- Hybridiz<ltion-Detinition. objectives and types.
2- Techniques of Hybridization( 1)Selection of parents. ( 2)Emasculation (3) Bagging and Tagging
_ ( 4) poll ination ( 5) Collection and storage of F1 seed ( 6) Growing of F1 generation
-~ ~

3- Improvement in self pollinated crops through hybridization application.
4- Procedure merits & demerits and achievements of pedigree methods.
5- Procedure merits & demerits and achievements of bulk methods
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Unit IV
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1- Heterosis-Definition types & basis.
2- Use of h~ierosis in crop improvements.
3- Hybrid, synthctic and Composite Varieties.
4- Mutation Breeding-Mutagens. procedure. precautions, application. achievements.
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Unit V
_0.- ...,.-

J .. .: Plant Breeding" tor disease resistance procedure, precautions& achievements
2- Plant Breeding for insecl resistance procedure, precaulions& achievements
3- Plant Breeding work done in tollov.,:ingcrops,

Wheat-Maize-Rice-Cotton-Polato-Sugarcane .
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B.SC.llnd year
Paper -II Seed Testing and Quality control

@(1h~-SOl~'1q?l-~ ~a1UT ~ :!OIQct11 Pt~?I01
Unit I

Principles, Importance and procedure of seed testing.
2 •.Equipments for Seed testing laboratory~

i) Seed Dividers ii) Seed Germinator

Iii) Seed blower iv)
",

Hot Air Oven

3 Procedure for samples handing in the laboratory:
4 Determination of heterogeneity.
5 Determination of genuineness.
6 Types of Seed sample.
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Unit II
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Seed purity tcst- Components, equipments. methods
Sccd~germination test- requirements. steps.

- Seed viability test - requirements. methods
Seed Vigour test-methods
Seed health test- objectives. steps
Seed Moisture test- equipmcnts. methods.
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6
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Unit III

Objectives and concept of seed certification.
') Function of seed certification agency.
J Standard for seed certification.
4 Essential quality of certifies seed.

1 "POi I fU1(1 fu" cBt ={iC/? C'<FlI ~ \3 q:~ ~ 1I I
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Unit IV

I
2
3
4

Objectiv~s and principles of Held crop inspection.
Method of tield crop inspection.
Techniques for seed crop inspection lorwheat, soybean, pea, gram and cotton.
Seed inspector qualities, power and duties.
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Unit V
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3

Seed legislation in India.

Seed Control order

2

4

Seed Act.

Essential commodity Act

5 Requirement tor sale of seeds
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• The embryology of angiosperms

• Viability of seeds

B.Sc. 2nd Year

Recommended Books

Bhojwani S.S. and Bhatnager S.P.

Roberts .E.H.

• Seed Technology

• Ckrmination of seeds

• Breading Asian Field Crop

• Plant breeding Theory and practice _

• Physiology of seeds

Agrawal R.L. Oxtord and IBH publish Co. New Dehli

Mayer and Poljak orf mayber

Fehlman .I.H. and Borthakur

D: 1972 Oxford and IBH

Chopra V.L. Oxford and IBH
Publishing Co, New Delhi

Crocker W.& Barton L.V.

~.~f$~.
X/l1T q f£c>l ffj J I ~. m

\ ,
- '\



Department of Higher Education, Government of M.P. Undergraduate
Syllabus. as recommended by Central Board of Studies and approved by the

Governor of M.P.
Syllabus for B. Sc.3rd year
Subject- Seed Technology

Paper -I Seed Pathology and Entomology
~ ftra:rr ~, +lblHO(~*ll lTNR FIIdCf> ~ ~ ~ tHdllcpJ1 c6~lI ~ ~ ~,

~ G~ 1fUl~~~1 "c6 '(1\ill41&! GRT ~

ql<{l"'cpSf £fi.~.~ ~ ql{
~-m ~tM~Ic61

~*FI4?1":'-"5f~"':"m "4R11 ~ fcl$1lrt ~ ~ fq$1lrt

Unit I

History- objection and importance of seed pathology.
2 Disease development, Stages.
3 Seed borne diseases

1 1'\i1~chanisl1lof infection
ii Factors affecting seed infection
iii Important epidemic and seed born diseases

4 Seed born pathogens- Alternaria, ustilago. Collectotrichum
5 Control meusure of seed horne pathogen
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Unit II

I Dry seed Examination.
2 Storage fungi and their harmful effect on seeds
3 Factor affection storage fungi
4 Isolation and identification of storage fungi
5 Control measurese for storage funnj •b I •.. t 0.." k M~J..f~
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Unit III

My~otuxins -
I Types and effect
2 Mycotoxines producing fungi.
3 Factors affecting mycotoxins production
4 Detection of Mycot<.>xins
5 Control measures for Mycotoxins

1 WPR ~ >r<1JCr I
2 q;qcp &NT ~ cpqq:; ~ I

3 CfiCfCP~ \3t'41i; '1 <i> q>RCf) I
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Unit IV
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Role of insects in agriculture
Harmflll insects crops plants-
i) "Termite ii) Grasshopper
iv) Khapra Beetale
Beneficial insects of crop plants-

:; ~,

i) Honey bee ii) Silk moth iii)

iii) Rice weevil

Lac insect

4 Outline of insect control
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Unit V

1 Insecticides
2 Fumigants and method of fumigation
3 Insecticidal machinery- Sprayers, Dusters. Fumigators.
4 Integrated Pest management.
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B.Sc. IIIrd . year
Paper -II Seed Processing, storage and marketing

~ Q~'1q?l-~ ~I ~O\SI,<UI ~ ~qul'1

Unit J

]. Concepts. principals and importance of seed processing.
2. Methods of seed. conditioning.

3. Equipments used for seed conditioning- Scalper. Huller, Debearder, corn sheller.
4. Layout of a seed processing plants.

~-lf~
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Unit IJ -:)

I. Seed Drying- principles, advantages and methods., .
2. Seed c1euning- methods, separation and grading
3. See~ c~riveyors and elevators.
4. Seed Blending.

~-~
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~~~::~i~~'.advanlage and kinds of ~ed lreat:ent~ / ~ ~ 0/
2.Methods of Seed treatment. mechanicaLphysical and chemical.

3.Seed treating equipments. . ~1:lJ-- ~
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Unit IV

I. Methods and advantages of seed bagging.
2. Principals and methods of seed storage.
3. Changes during seed storage.
4. Basic requirement for good seed storage.
5. Pest problems and their treatment, during seed storage.

~-T«jd
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Unit V

1. Objective and importance of seed marketing.
2. Major components of seed marketing-

(i IForecasting or seed demand, (ii)Supply of seed
(iii) Seed marketing structure, (iv) Seed sales pro motion
(v) Determination of cost of seed production and seed pricing
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B.Sc.3rd Year

Recommended Books.

J. Plant pathology

2. Plant Entomology

3. Seed Health Technology

B.P. Singh

Mathur & Upadhyaya

Paul - Near Guard

4. Seed processing Billy R. Greeg. Alvin. G. Lavv'.S.S. Virde and .l.S. Balis. Published by National

S~eds Corporation. Nev,,' Delhi and \1ississippi State University. and USAID.

5. Post Harvest Tl.'chnology of Cereals, Pulses and Oil Seeds.: A. Chakravarty \

6. Hand Book of Agriculture::. Indian council of Agricultural Research. Krishi B.havan. New Delhi.

7. Farm Power and Machinery Management, Hunt. D. 1986. Vth edition. IOWA State. U.S.A.

8. Farm .management Decision. Operation, Control. John E Kadlee, Prentice Hall, Inc Englewood,

Chill's, New Jersey, U.S.A.

9. Agricultural Marketing in India. S.S. Acharya. Oxford and 1.,8.1-1.. Publisher New Delhi.
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Department of Higher Education, Government of M.P. Undergraduate
Syllabus as recommended by Central Board of Studies and approved by the

Governor of M.P.
Syllabus for B.Sc.1st year
Subject- Seed Technology

Paper -IPrinciples of Seed Technology

~ ftren ~, 'tQlSll~!t1 ~ 'A1t1Cfi ClietlaIT~ ~ qRp:tCjif ~Wiftll atElIlI"1 ~ GRT
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Unit I

History Concept and aim of seed Technology.
2 Seed Definition, Types, Characteristics of good. Difference Between seed and Grain
3 Seed development programme

a) Basis for seed programme b) Types of seed Programme
b) c)National seed programme

4 Role of following agencies in the development of Indian seed Industry.
a) National seed Corporation.(NSC)
b) Tarai Development Corporation (TDC)
c) State fann Corporation (SFC)
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Unit II

Structure of flower.

2 Microsporangium, Microsporogenesis and Development of male gametophyte.
3 Megasporagium, Megasporogensis and Development of female gametophyte.
4 Pollination, Fertilization and Apomixes.

5 Development of Dicot and Monacot Embryo, Type of Endospenn, types of fruit.

1 ¥J~~,
2 <"I 'ltfl \iff. <1'lQl\ill'j\iFi"f ~ '1'(~Hf)G~ em ~ I

3 c~hhfhJt' ~. c:th:f4hJt''1'1'1 ~ lJTGT g"'1cr>l q4R em- ~ J
4 l:fflTT1lT.~ ~ 31tiJ 1\i1-'I"1' I
5 <!q;6f)\i1q~ ~ ~t¥)\i1q:::f) wr em-~, ~ cf; ~ 1;lCi Q)(>f "* WON I

Unit III

Structure of Monocot Seed, Maize'and wheat structure. Dicot seeds, pea, Gram, Soyabean andCastor.
2 Difference between Dicot and monocoat Seed.
3 Chemical Composition of seeds.

4 Seed Dormancy- Types. Causes. Methods of Breaking Dormancy. Advantages and disadvantages.
5 Seed Deterioration- Symptoms and Causes.

~CPt<ft\i1q~ ifu1r ~ ~-11cfq;T T;[Ci ~ f
~csft\i1q?ft ~ ~-llCX. ~. tf1l414t'i. ~ ~ I

2 ~ lSflVi q?ft ~ \!cpt¥) Vi q ~ 1l 3iffi" I
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Unit IV
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~~~

Seed Germination-Pattern types and Basic requirements for germination.
Normal and abnormal Seedlings
Germ ination inhibitors and Factors.
Metabolism of storage Products during germination.
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lJnit V

1. Plant tissue culture general procedure and its importance in agriculture.
2 Synthetic seeds-method of preparation and Jmportance.

. 3 Terminator seeds. Terminators Technology and Advantages and disadvantages.

1 tJTGtf~ ~.~ f<ml ~i ~ Tj ~ I
2 ti~cl~('j ~-~ ~. ~ ~ ~.~ I
3 f.1cM cfu;f-"-~ ('jq;;flCh. ~ ~ ~ I
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B.Sc.l st year
Paper -II-Seed Production and Practices

tft.~.~. ~ q1f

~ g'lWfq:;r- tfrur \iNIG"1 ~ 31i'<qNi
lJnit I

I General principles and ~ethods of seed production.
2 Maintenance of Breeder's seed.

a) Methods in self fertilized crops
b) Methods in cross fertilized crops

3 Development trail and release of variety
4 Method of seed production for Cereals and Pulses.

i) Wheat ii) Maize
iii) ,Gram iv) Soybean

~-k
1 fu \jt<lIG'1 cfs ~ ~ ~ fctfU I
2 ~ fu q;r ,<<5l,<'&lq I

3{- 'RlPi~RH1 ~ ctt ~ I
"ij-q,<Pi~RH1 ~ -cGt ~ I

3" ~ <t Fcl<tim, lJWJ ~ ~ I
4 '&rqllH ~ ~ ~ q;r ~ \3({4IG'1 ~ ~ I

i) ~ ii) +rcJq)f iii) ~ iv) 'tf11l14)"1

Unit II

Method of seed production for Vegetables and oils Seeds.

i) Tomoto ii) Potato iii) Onion
iv) Groundnut v) Musterd

~.' ..<t-

i)

iv) 1~ll$cll

ii) 3IRi

v) tffifT

iii) ~



Unit III
Method of seed production for fibers, Sugars.

i) Cotton ii) Jute iii) Sugarcane iv) Sugarbeet

i) q;qm ii)\:¥ iii)1RT iv) ~

Unit IV
Study orthe following families with special reference to the seed structure floral structure and
Economic Importance.

i) Brassicaceae ii) Poaceae iii} Malvaceae

iv) . Solanaceae~-.
~ 'C[Ci ~ c6't ~ c5 3mlR tR ~ CfiT~ ~ ~ ~l

ii)~ iii) fOllC'let41

Unit V
~
1 Weed (~haracteristics. classification, crops weed competition losses and Benifit and weeds control.

2 Study of weeds of Kharif and Rabi crops

i) Amaramthus viridis ii) cuscuta reflexa

iii) Argemonne Maxicana iv) Cynodon dactylon

v) Euphorbia Hirta vi) Eclipta alba ~J .vii) Chenopodiam album viii)Parthenium hysterophours W
\
~.
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• The embryology or angiospenns

• Viability of seeds

.;-,- .

B.Sc. 1st year
Recom mended Books

.Bhojwani S.S. and Bhatnager S.P.

Roberts E.H.

• Seed Technology

• Germination of seeds

• Physiology of seeds

Agrawal R.L. Oxford and IBH publish Co. New Dehli

Mayer and Poljak off maybee

Crocker W.& Barton L.V.
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B. Sc. III-YEAR

(INDUSTRIAL MICROBIOLOGY)

I)aper 301 : FERMENTATION TECHNOLOGY AND BIOSTATISTICS

('NIT -1:- PRINCIPLE OF FERMENTATION:-

MM:-42~

Primary and secondary screening of industrially important microorganisms: Strain improvement
mutation. recombination and protoplasmic fusion; development of inoculum for industrial

krm~nlalion: types of fermentation media - saccharine materials, starchy materials, cellulosic
materials. nitrogenous materials, enhancers and precursors.

[!NIT -11:- DESIGN AND TYPES OF FERMENTOR:-

Structure of a batch fermentor ; Types of fermentor ; Batch; Continuous; Stirred tank
Fluidized hed and Solid State fermenter ; computer control of fermentation process.

UNIT -III :-RECOVERY PROCESS:-
t:' , ,

I)O\\I1strcam Processing i.l,~tnicellu!~r and extracellular product recovery ( Physical and
('hL'lllical methods) ; Cell disruption method, solvent extraction and purification; Product
recovery by whole broth processing.

lNIT -IV:- BIOSAFETY MEASURES:-

(iovernmcnt regulations of recombinant DNA Research; Quality control regulations; Hazardous
industrial waste; mycotoxin hazards; Regulation for disposal of bio-hazardous materials ;'
Biopatcnts in industries; Biosafety in laboratories and industries (Dairy and Food,
Pharmaceutical, Agricultural and Beverages).

UNIT - V :~ BIOST ATISTICS AND BIOINFORMATICS :-

i\. Biostatistics : Principle of Biostatistics; Classification of Data; Tabulation and Graphical
n:pn.:scntation; Measures of Central Tendency- Mean, Mode, Median- merits and
Measure of Dispersion Range; Mean Deviation variance and Standard Deviation.



\ ...

B. Bioinfonnatics: Basic Organization of computer; Computer Hardware; Software, BiL Byte,
Computer Memory, Binary Code. Binary System; Introduction to Bioinformatics, Database 'and
application of Bioinformatics.

Text & Reference Books:

r. \Vhitaker. A. Stanbury, P.F. and Hall, S.J. 2009. Principles of fermentation techniques.
Il"nier.

.-~.Prescott, S.c., Dunn, e.O., and Reed, O. 1982. Prescott and Dunn's Industrical Microbiology,
.+1" Edition. AVI Publ. Co., Westport, Conn,. ...-

J. lIui. Y. H., Meunjer-goddik, L., Hansen, A.L., Josephsen, J., Nip. W.K., Stanfield, P.S. and
ToIJra, F. 2004. Handbook of Food and Beverage Fermention Technology, New York: Marcel'
Dekker Incorporated.

4. Casida L. E.. 1968. Industrial MicrobiOlogy, Wiley New York .

.5.Shtivastava M. 2008, Fermentation Technology. Alpha science International.

(l. ;'\grawal B.I .., Basic Statistics.

7, \!ishra and Mishra Statistics.

S. (ilover and Mitchell: Biostatistics.
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B. Sc. III - YEAR

(INDUSTRIAL MICROBIOLOGY)

Papcl' 302 : AGRICULTURAL. ENVIRONMENTAL AND INDUSTRIAL MICROBIOLOGY.

UNIT I :- BJOFERTILIZERS AND BJOPESTICIDES :_

Biofcrtilizer ;- Industrial production of Rhizobium, Azotobacter, Cyanobacteria, Mycorrhizae _ .
VAM and phosphate solubilizing bacteria

Biopesticides ;- Production of bacterial • viral and fungal biopesticides, microbial warfare on
plants.

liNJ,. II :- BJOREMEDIA TION AND BIOLEACHING :_

1\:1an<lgc\11('.ntof Industrial waste- textile, pharmaceutical and dairy industry.

\1an;i).!l'll1Cntof agricultural 'waste,

i\:lunagcment of Municipal waste- Primary, Secondary and Tertiary treatment Microorganisms in
Composting., Bioleaching of copper and gold.

/~
, \

l.'NIT III :- METABOLITES PRODUCTION:-,.,
~ .

Industriat'production of organic acids, enzymes (amylase and protease), solvents (acetone,
enthanol and glycerol) Vitamins (8) 2 and riboflavin), Antibiotics (PeniciHin and Streptomycin)

{INIT IV:- FOOD AND DAIRY MICROBIOLOGY:_

Vlicrobial role in production of bread, cheese, butter, yoghurt, cultured buttermilk, condensed
and dry milk products. Indian fennented foods,

lJNIT V:- BIOFUEL AND MICROBIAL FOODS :_

Hiofucl ;-Microorganism used, fermentation condition, r(;:covery. production and uses of
.hydrogen. ethanol and biogas.

SCP ;- Production of SCP (Algae and Bacteria); Product quality, merits and demerits ..

Mushroom :- Production ( long and short method) and harvesting.

19



Tex. & Reference Books:

I. Casida. L. E. 1968. Industrical Microbiology. Willey, New York; London.

2. Doyle. M.P. Beuchat, L.R. and Montville, T. J. 200t. Food microbiology: Fundamentals and
Frontiers. 2nd edition ASM Press. Washington., D.C.

3. Frazier. W. C. and Westhoff, D.C. 2004. Food microbiology. Tata McGraw Hills Publishing
('mnpany Limited.

4. !{IISI;:. /\.1 1. 1983. Food microbiology. Academic Press, London.

:;. (iarhutL .I.H. 1997, EssentiaJs of food microbiology. Arnold. London.

6, \\.'ood. H. J. B. 1998. Microbiology of fermented foods. 2nd edition. Blackie academic and
prolcssional: London.

7. Pr<l:iapatiJ.B. 1995. Fundamestals of Dairy Microbiology.

8. R.C. Dubey. A tesbook of Biotechnology.

9. R. P. Singh. A texbook of Microbiology.
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(INDUSTRIAL MICROBIOLOGY)

MM42 ~

IBM 201-MICROBIAL PHYSIOLOGY & METABOLISM

{iNIT-I: MICROBIAL GROWTH:-

Iklinilion of gro\\1h, Mathematical nature and expression of growth, Generation time, Growth
cun l' in Bacteria. Measurement of Growth (cell number, cell mass and cell constituent). Effect
of ~.'rnjrnnmcnt on the microbial growth. (temperature, pH and Oxygen). Continous culture
Syndmlllolis culture and Batch culture.

I '!\IT .-11: MEMBRANE TRANSPORT PROCESS:-

J)j Ikrcnt models of cell membrane, Biochemical properties of cell membrane. function of cell .
memhrane, Types of cellular transport( diffusion. gaseous exchange. osmosis, plasmolysis.
adin~ & passive transport, group translocation).

lJNIT -III: BACTERIAL PHOTOSYNTHESIS AND FUELING REACTIONS:-

(:Iassi fic~tion of photosynthetic bacteria(Oxygenic & anoxygenic photosynthetic bacteria).
PhnlosYllthctic structure. Photosynthetic pigments, Photosynthetic electron transport system.
l\1cchanism of Photosynthesis(Cyclic& Non cyclic).

{'NIT-IV: METABOLIC PATHWAYS:-

Rl..'spiratory Pathways(Glycolysis, Entner Daudoroff pathway, Pentose phosphate pathway.
Krebs cycle). Calvin Cycle, substrate level& oxidative phosphorylation. Fermentation process &

,prod LIds.

UNIT - V-: MICROBIAL ASSIMILATION AND BIOENERGETICS:-

Assimilation of Ammonia, Nitrogen and sulphate Methanogens and methylotrophs, Principles of
Biocncrgetics. dO. endergonic and exergonic reaction, oxidation reduction reaction.
Red{)xpotcntial

11
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Text & Reference Books:

J. Doelle, H.W. 1975, Bacterial metabolism. 2nd edition. Academic press.

2. Moat, A.G. and Foster, J. W. 1988. Microbial physiology, 2nd edition, Springer verlag.

3. White. D. 2000. Physiology and Biochemistry of Prokaryotes. 2nd edition. Oxford University
Press. New York.

4. Caldwell. D. R. 1995. Microbial physiology and metabolism. Wm. C. Brown publishers,
J~ngland.

5. i'dadigan. M. T. Martinko, J.M., Stahl, D. A. and Clark, D.P. 2012. Brock Biology of
i\1icroorganisms. 13th edition, Benjamin Cummings. San Francisco.

----
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B. Sc. II - YEAR

(INDUSTRIAL MICROBIOLOGY)

MM42~

PAPER 202-MICROBIAL GENETICS and MOLECULAR BIOLOGY

llNIT -1- DNA REPLICATION AND PROTEIN SYNTHESIS:

Types and mechanism of DNA Replication; DNA topology; DNA Replication in prokaryotes
and cukaryotes, Protein synthesis.

t:\IT-II- GENE REGULATION IN PROKARYOTES AND EUKARYOTES:

()p<:1'On concept- Lac and trp; Britten Davidson model of gene expression.

lJNrr- 111- MUTATION:

Types of multation: Molecular basis; Mutagenic agents DNA damage andrepair mechanism;
/\uxo1rophs; Prototrophs and arne's test

LJNIT- IV- GENETIC RECOMBINATION IN BACTERIA

'.~,rallsti.mllation. Transduction and Conjugation, Genetic mapping, extrachromosomal genetic
Ill,lll'rial; Plasmid, cosmid,..)ransposon, overlapping gens, silent genes.

(!NIT. V- RECOMBINANT DNA TECHNOLOGY:-

Isolation of DNA; Enzymes used in recombinat DNA Technology; Use of vectors:- PBR322.,
PUC 8 phage vectors-M.13,/... , Cosmid, phagemic, Ti plasmid, SV40; Gene eloting in
prokaryotcs;Southem arid western blotting, .

rDNA products; Insulin, Interferons and Irnmunotoxins.



Text & Reference Books:

1. Primrose. S. Twyman, R. and Old, B. 2001. Principle of Gene Manipulation, 6th edition,
Black well Science Ltd.

2. Chakravary, A. K. 2013, Introduction to biotechnology, OUP India .

.~. ("heludiluri. K. 2012, microbial genetics. The enegy and resources institute, TERI .

..L Sridhar, S. 2005. Genetics and microbial biotechnology. Dominant publishers and distributors.

:'. N ichnJL D.S.T. 1994. An introduction to genetic engineering, cambridge university press.

6. Old. R. W. and Primrose, S.B. 2008. Principles of Gene manipulation, 4th edition. blackwell
scientific publications, London.

7. Recomhinant DNA Tech. by Sardul Singh Sandh, 1.K. International, New Delhi.

-----
.~
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. B. Se.1 Year

(INDUSTRIAL MICROBIOLOGY)

MM 42 Vz

I)APEH-lOl FUNDAMENTALS OF INDUSTRIAL MICROBIOLOGY & TECHNIQUES

~i

l.iNIT-I : HISTORY AND SCOPE :-

Hisl(lry:- Spontaneous generation and Biogenesis; scope and application of Microbiology in
human welfare: Development of Microbiology:- Contribution of A. V. Leeuwenhoek. Alexander
Fkming. Louis Pasteur, Robert Koch and Edward Jenner;

UNIT-II : DIVERSITY OF MICROBIAL WORLD A :_

Thrce kingdom and Whittaker's five kingdom system of classification.

General Characteristics and structure of Eubacteria- Morphology, structures external and internal
(0 cdl wall.

Bacteria with .unusual Properties:- Archaeobacteria, Cyanobacteria, Mycoplasma and
!\ctinomycetcs.

lINIT-III: DIVERSITY OF MICROBIAL WORLD B:-

Introdw:tion to Fungi: Classification, general characteristics, reproduction and economIc
illlp(ll"tance.

Introduction to Virus, Classification, gen(:ral characteristics, structure and reproduction: T4,
TMV. Pox Virus. erions,Virions. Virusoid and Viriods;{/

UNIT-IV: MICROBIAL TECHNIQUES :_

i'1icroscopy:' History, Principle, Construction and Application of Bright field Microscopy, Dark
field Microscopy, Phase contrast, Fluorescent Microscopy and electron Microscopy. sofware in
Jl1 icroscopy"

Instrumentation: Principle, construction and application of Autoclave, Hot air oven, incubator. B.
O. D. incuhator, laminar Air Flow, Colori meter, Spectrophotometer, pH meter, centrifugation
and chromatography(TLC)

CNIT-V: MICROBIOLOGICAL METHODS :-

Media Preparation; Concept of sterilization and disinfection; types of culture; Pure culture
techniques; Nature of dyes,physical and chemical theories of staining, principle, procedure and

5
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application of simple staining.negalive staining, differential staining.Enrichment culture and
micromanipulator; Maintenance and preservation OfpuTe cultures.

list of recommended books:

I. Microbiology_ Pelczar, Chan and Kreig. Ingrahm
2. General Microbiology_ Stainier, Ingharam, Wheelis and Painter.
3. Biology of Microorganisms Brook and Madigan,
4. Fundamental Principles of Bacteriology, _A.J. SaI1e.
5. Introduction to Microbiology, -Ingraham and Ingraham.
6. Tools and techniques In microbiology by Nath and Upadhyay

7. Powar C. B. and H. F. Daginawala (2003). General Microbiology Vol. 2; HimalayaPublishing House.

8. Dubey R. C. and D, K. Maheshwari (2004). A Text book of Microbiology. I" Edition;
S.Chand and Company Ltd.

9. H. C. Dube (2005) A Textbook of Fungi, Vikas Publishing House.

J O.An~ia. K. R. Experiments in Microbiology, Plant pathology, Tissue 'culture and
Mushroom Cultivation; New Age International, New Delhi.

II,Atlas R. M. Microbiology - Fundamentals and Applications, Mac Millan Publishing
Company, New York.

6
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B. Sc. I - Year

(INDUSTRIAL MICROBIOLOGY)

PUJl('r - 102 MICROBIAL BIOCHEMISTRY AND IMMUNOLOGY

l!~IT -I: CARBOHYDRATES :-

('I•.lssi Ikation; Chemical structure and properties of monosaccharides, oligosaccharides and
p~'Iysaccharides.

UNIT -II: LIPIDS AND NUCLEIC ACID .-

Saturated and unsaturated fatty acids; structure, classification, properties and functions of lipids.

Structure and properties of purines and pyrimidines, structure and types of nucleic acids.

trNIT - III: PROTEINS:-

Structure. classification and properties of amino acids, classification and properties of proteins,
,!~~-irilary.Sl?c~dary and tertiary structures of proteins.

-:c .••••

{!NIT-'IV: . ENZYMES :-

Cl(.lssilication of enzymes, coenzymes and cofactors, mechanism of enzyme action, competitive
and non competitive inhibitions, allosteric regulation of enzymes, isoenzymes, factors affecting
~nzyme action.

UNIT - V :- IMMUNOLOGY

History & Scope of immunology, anti gens- types of antigens, antigenic determination,
determinants of antigenicity. Antibodies- nature, function, structure of immunoglobulin, types of
Ig and abnormal immunoglobulins. Producl:ion of vaccines & Monoclonal antibodies. Antigen-
antihody reactions-precipitation, agglutination, neutralization, opsonisation. Iimmunodiffusion,
immunoelectrophoresis, ELISA.

List of recommended books:

I. Principles of Biochemistry - A.L. Lehninger ..

2. Fundamentals of Biocheminstry -- J.L. Jain

3. Biocheminstry- Voet and Voel.

4. Microbial Genetics - Freifelder.

5. Text hook of Microbiology - Dubey and ..\1aheshwari.

7 '- .---



6. Powar C.B. and G.R. Chatwal (1994). Biochemistry, 3rd Edition; Himalaya Publishing House,
!\cw Delhi.

7. Powar c.B. and H.F. Daginawala (2003). General Microbiology Vol. I: Himalaya Publishing.
House.

8. Jain . .I. 1,.. S. Jain and N. Jain (2005) 6th Edition. Fundamental of Biochemistry, S. Chand and
Co.

'9. Rama Rao, A.V.S.S. (2000) 8th Edition. Texbook of Biochemistry, UBS Pub!'

'1oJ~,.
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LJNIT I

Department of Higher Education. Madhya Pradesh Bhopal
Syllabus approved by Central Board of Studies in Microbiology

SYLLABUS FOR THE DEGREE OF THE BACHELOR OF SCIENCE
(From 20 I7-18 onwards)

B.Sc. FIRST YEAR - MICROBIOLOGY
Paper-I General Microbiology and Cell Biology

MM -42.5

Introduction to Microbiology. History, Scope and Development of Microbiology, Branches of
l\'1icrohioJogy, Concept of diseases, Contributions of eminent microbiologist of India and Abroad,
.'\pplications of Microbiology in human welfare.

UNIT II

Classitication, general characteristics and structure of bacteria (Eubacteria and Archaebacteria),
Ultrastructure of bacterial cell, Surface appendages- flagella, pilli, prostheceae and stalk, Surface
layers of bacteria- sheath, glycocalyx and cell wall, Internal cell structures- cell membrane, Internal
membrane system, Mesosomes and Gas vacuoles, Cytoplasmic matrix- Ribosomes, Nucleoid and
cytoplasmic inclusions, Dormant structures- Ex0spores, Cysts and Endospores Structure of
Cyanobacteria, Actinomycetes, Mycoplasma, Rickettsia and Chlamydia with emphasis on function of
each part components.

()NIT III

('iassification, brief introduction to classes of fungi, general characteristics, thallus. mycelia
modi fication. nutrition, heterokaryosis, structure with emphasis on function of each part and
components of cell, Sexual and asexual reproduction, Economic importance of fungi.
Classification. general characteristics, morphology and structure of phages, phage nucleic acids,
Virus host, General features of virus reproduction, Lytic and lysogenic cycle and their mechanism,
DNA and RNA viruses, T4, TMV, Pox virus, Prions, Virions, Virusoid and Viriod

UNIT IV

Structural organization and function of cell organelles, Cell cycle, cell division, Membrane structure
and intercellular transport, ceJIlocomotion, cellular interaction, cell differentiation and senescence.

Isolatioll and maintenance of Microorganisms, Pure, axenic, mixed culture. strain, isolate, c1one-
Definitions. Pure culture techniques. Dilution, Plating- pour plate method, spread plate method,
slrt:ak plate method, Enrichment culture and micromanipulator, Maintenance and preservation of
pure cultures. subculturing, overlaying, cultures with mineral oils, lyophilization. sand cultures,
storage at low temperature, Major Microbial Culture Collection Centers in India.

2



lJNIT I

Department of Higher Education, Madhya Pradesh Bhopal
Syllabus approved by Central Board of Studies in Microbiology

SYLLABUS FOR THE DEGREE OF THE BACHELOR OF SCIENCE
(From 2017-18 onwards)

B.Sc. FIRST YEAR -'MICROBIOLOGY
Paper-If Tools and techniques in Microbiology

MM - 42.5

Principle and working of Bright field Microscopy, Dark Field Microscopy, Phase Contrast
Microscopy, UV and Fluorescent Microscopy, Electron Microscopy, Types of Electron Microscope
(TEM & SEM). Preparation of Specimen, Advantages, limitations and applications of microscopy,
Use of Software in Microscopy.

lJNIT II

Instrumentation techniques, basic principle, function and applications of Autoclave, Oven, BOD
Incubator. Laminar Air Flow, Colorimeter, Spectrophotometer, Centrifugation, Basic principles of
sedimentation, methods and applications, Chromatography, types of chromatography and
applications of Chromatography.

UNIT III

Occular and stage micrometry, Cell count, Haemocytometry, Use of Camera Lucida, Stains and
staining techniques- Chemistry of dyes and stains, Fixation, Smears, Types of staining-
Monochrome, negative staining, Differential staining - Gram staning and Acid Fast staining, Cell
\••'all staining, Metachromatic granule staining, Capsule staining.

Types of media, Preparation of media, Characteristics of growth medium, Sterilization, Mode of
<lction of antimicrobial agents, Physical agents, Applications of high temperatures for destruction
of Microorganisms- Moist heat, boiling water Pasteurization, dry-heat, incineration, low
temperatures, desiccation, lyophilization, Osmotic pressure, plasmolysis and plasmoptysis,
Radiation- Ultraviolet light, x- rays, Gamma rays, Cathode rays.
Chemical Agents, Characteristics of an ideal antimicrobial chemical agent, disinfectant, antiseptic,
sanitizer, germicide, bactericide, bacteriostasis, antimicrobial agent, Criteria for selection of
chemical agent for practical applications, Major groups of chemical antimicrobial agents and their
mode of action.



UN';f v

Principle of Biostatistics. Classification of Data, Tabulation and graphical representation, Measure of
Central tendency, Mean, Mode, Median- merits and demerits, Measure of Dispersion Range, Mean
Deviation Variance and Standard Deviation, x2 (Chi square), t-test and F-test.

Bioinfonnatics, Basic Organization of Computer, Computer Hardware, Software, Bit, Byte,
('ompUler Memory, Binary Code. Binary System, Introduction to Bioinformatics, Database and
applications of bioinforrnatics.

List of suggested books:

o Microbiology.Pelczar MJ, Chan ECS & Kreig NR, 5th edition (Tata McGraw. Hill,
NewDelhi).

o Fundamentals of Microbiology-Frobisher M, HinsdiII RD, Crabtree KT & Goodheart CR, 9th
edition (W.B. Saunders Co.).

o Fundamental Principles of Bacteriology -Salle AJ. 7th edition (Tata McGraw-Hill,
NewDelhi).

o Microbiology- Prescott LM, Harlc~y lP & Klein DA, 7th edition (Wm. C. Brown
Publishers,USA) Elementary Microbiology-Modi, HA (VoU), ]st edition (Ekta Pakashan,
Nadiad).

o A Handbook of Elementary Microbiology.Modi, HA, 1SI edition (Shanti Pakashan, Rohtak).
o A Textbook of Microbiology- Dubey RC & Maheshwari OK, 2nd edition(S Chand & Co. N.

Delhi).

o General Microbiology (Vol I, II, 111)-Powar CB & Daginawala HF, 2nd edition (Himalaya
Publication, Bombay).

o Riostatistics - Arora PN, Malhan PK, ]st edition (Himalaya Publishing House, Mumbai).
How computers work- White R. ]Oth edition (Que Publishing).

o How the Internet works-Gralla P, 8th edition (Que Publishing).
o Rioinforrnatics: A Practical Guide to the Analysis of Genes and Proteins (Methods of

Biochemical Analysis -Baxevanis AD,Oueliette BFF, Ist edition (John Wiley & Sons).
o Rioinforrnatics: Sequence, Structure, and Databanks: A Practical Approach-Higgins D,

Taylor W, 1st edition (Oxford University Press).

List of Practieals based on paper! aDd II for B.Se. I Year (MM, 50):

Teachers should give instruction to the students to take necessary precautions while working in
Microhiology laboratory.

I. Demonstration and briefing about principles and working of basic instruments, autoclave,
incubator, hot air oven, pH meter, laminar air flow, spectrophotometer and centrifuge.

2. Basic media preparation. autocJaving. cleaning and sterilization of glass wares.
3. Media preparation Liquid media - Peptone water, Nutrient broth. Solid media - Nutrient agar

(Agar slant, Agar plate) Enriched Medium - Blood agar, Differential medium - Mac Conkey
agar, Enrichment Medium - Selenite F broth, Selective medium - EMB J/'--

4. Culture characteristics of Microorganisms on different media. ~ rvr A\Y
5. Demonstration of selective and differential media. .' If \/
6. Isolation of bacteria from water and soil by serial dilution agar plating method. tf\~
7. Isolation of fungi from water and soil by serial dilution agar plating method. ~~
8. Estimation of air microflora. 4 ~

\~\} ~l\\0
~ ~U,/~'



linit I

Department of Higher Education, Madhya Pradesh Bhopal
Syllabus approved by Central Board of Studies in Microbiology

SYLLABUS FOR THE DEGREE OF THE BACHELOR OF SCIENCE
(From 2017-18 onwards)

B.Sc. SECOND YEAR - MICROBIOLOGY
Paper-I Biochemistry and Microbial Physiology

MM - 42.5

General properties. classification and function of carbohydrates, lipids, proteins and amino acids.
(Jenera I properties. classification and nomenclature of enzymes. Factors affecting enzyme activity,
I11Cl:hallismof enzyme action, regulations of enzyme activity, applications of enzymes.

l 'nit II

(irowth and measurement of growth, mathematical expression of growth, growth curve,
growth yield. factors affecting growth effect of nutrients, temperature, oxygen, pH. osmotic
pressure. Cell count, direct and indirect method, dry weight and wet weight method, synchronous
cultures. continuous culture, and batch cultures.

Unit III

Energy production in anaerobic and aerobic process, glycolysis, Pentose phosphate pathway.
Entner Duodoroff pathway, fermentation, glucose fermentation by E. coli, TCA cycle,
heterotrophic carbon dioxide fixation, Glyoxylate cycle, catabolism of lipids, a and p-oxidation,
catabolism of proteins, aerobic respiration. Principles of Bioenergetics, oxidation-reduction reaction,
Redox-potential, oxidative phosphorylation hypothesis.

l!nit I V

I !lilization of Energy, Methods of studying Microbial biosynthesis, assimilation of Ammonia,
\Iitrogcn and Sulphate Utilization of energy in non-biosynthetic and biosynthetic process, Diffusion,
gaseous exchange. osmosis, plasmolysis, transport of nutrients in bacteria- active transport, passive
diffusion, facilitated diffusion, group translocation.

Unit V

Energy production by photosynthesis, photochemical reaction, cyclic and non cyclic
photophosphorylation, role of ATP in metabolism, role of reducing power in metabolism, role of
precursors of metabolism, component of electron transport chain and arrangement of ETC in cell
membrane.



l:NIT I

Department of Higher Education, Madhya Pradesh Bhopal
Syllabus approved by Central Board of Studies in Microbiology

SYLLABUS FOR THE DEGREE OF THE BACHELOR OF SCIENCE
(From 2017-18 onwards)

B.Sc. SECOND YEAR - MICROBIOLOGY
Paper-II Microbial Genetics and Molecular Biology

MM - 42.5

Structure and genetic material of microbes, Nucleic acid as genetic material, Physical and
chemical structure and different forms of DNA. Melting curve of DNA and Tm value
determination, Buoyant density of DNA and its relationship with mole (G+C) content in DNA,
Types of RNA, mRNA, rRNA, tRNA Gene structure and functions.

UNIT II

Types of DNA replication, Replication of DNA in prokaryotes and eukaryotes, Conservative,
Semi-conservative and Dispersive mode of replication, mechanism of replication, Messelson
and Stahl experiment, DNA topology, Supercoiling of DNA and linking number, Enzymes
involved in replication of DNA.

Molecular Mechanism of chromosomal replication, Models of chromosomal replication,
Cairns model. Rolling Circle model. Translation and transcription in prokaryotes and
t"ukaryotes.

LJNIT III

Basic features of genetic code, Biological significance of degeneracy, Wobble hypothesis,
Poly cistronic RNA, Overlapping genes, deciphering of genetic code, gene translocation,
Ribosomes, and role in protein synthesis, tRNAs, initiation, elongation and termination of
protein synthesis in prokaryotes, post translational modification of polypeptides, regulation of
protein synthesis, Lac operon, Repressible operon.

UNIT IV

Genetic recombination in bacteria, transformation, conjugation, F factor, Hfr strains,
transduction in microbes, plasmids and binary vectors, transposons, transformation techniques,
usc of bacteria and viruses in genetic engineering.

lJNIT V

DNA mutation and repair, types of mutation, evidence of spontaneous nature of mutation,
l1uctuation test, new comb's experiment and replica testing, mode of action of physical,
chemical and biological mutagens-UV rays, nitrous acid, 5-bromouracil, 2-aminopurin, EMS,
Reversion in mutation, true reversion, suppression and types of suppressor mutation, DNA
repair mechanism, Photo reactivation, excision, mismatch, SOS repair and dealkylation repair.



I

List of recommended books:

o Microbiology-Pelczar MJ, Chan ECS & Kreig NR, 5th edition (Tata McGraw-Hill, New
Delhi).

o Fundamentals of Microbiology-Frobisher M, HinsdiU RD, Crabtree KT & Goodheart CR, 9th
edition (W.B. Saunders Co.).

o Fundamental Principles of Bacteriology -Salle AJ, 7rh edition (Tata McGraw-Hill, New
Delhi).

o Microbiology- Prescott LM, Harley jp &Klein DA, 7th edition (Wm. C. Brown Publishers,
USA).

o Elementary Microbiology-Modi, HA (VoU), Ist edition (Ekta Pakashan, Nadiad).
o A Handbook of Elementary Microbiology-Modi, HA, 1st edition (Shanti Pakashan, Rohtak).
o A Textbook of Microbiology- Dubey RC & Maheshwari DK, 2nd edition (S Chand & Co. N.

Delhi.

o (jeneral Microbiology (Vol I, II, 111)-Powar CB& DaginawaJa HF, 2nd edition (Himalaya
Publication, Bombay) Lehniger-Principles of Biochemistry- Nelson DL & Cox MM, 4lh edition
(CBS Publishers, New Delhi).

o Microbial Physiology- Moat AG, Foster JW &Spector MP, 4lh edition (John Wiley & Sons).
o Fundamentals of Biochemistry-Jain JL, Jain S & Jain N, 8th edition (SChand & Co. New

Delhi).

o Biochemistry- Satyanarayana U, 4thedition ( Elsevier. India).
o Genetics- Russel Jp, 2lld edition (Scott, Foresman & Company. USA).
o Principles of Genetics- Gardner JE, Simmons JM & Snustad PD, 8th edition (John Wiley &

Sons, Canada) ..

o Concepts of Genetics- Klug WS&Cummings MR, 10lh edition (Bejamin Cummings, USA).
o Microbial Genetics- Freifelder D, 2nd edition (Jones & Bartlett, Boston).
o Molecular Biology & Genetic Engineering- Singh BD, 1st edition (Kalyani Publishers).
o Essentials of Practical Microbiology- Patel B &Phanse N, 1sl edition (Print Care, Indore).
o Experiments in Biotechnology- Nighojkar S& Nighojkar A, 1st edition (Satprachar Press,

Indore).

o Recombinant DNA Technology- Sardul Singh Sandhu (2008). IK International publisher,
New Delhi.

List of Practicals based OD paper I and II for B.Sc. II Year (MM, SO)

1. To determine the pH ofa given solution.
2. To prepare a buffer solution.

3. Identification ofbiologicaJ compound, Carbohydrates - Molisch's test, Protein _Biuret
test, Lipid - Saponification test ~

4. Qualitative analysis for amino acid- Color reaction for amino acid, Biuret test.
Ninhydrine test.

S. Quantitative analysis of fat- Test for oU, Solubility test, Emulsion test, Absorption test. t\J\;
6. Estimation of glucose by Cole's method rVV

S'~\~
8 ',~~
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(MM Theory 42.5)

----------~.-=- .
Department of Higher Education, Madhya Pradesh Bhopal

SyJlabus approved by Central Board of Studies in Microbiology
SYLLABUS FOR THE DEGREE OF THE BACHELOR OF SCIENCE

(From 2017-18 onwards)
B.SC THIRD YEAR - MICROBIOLOGY

Paper-II Immunology and Medical Microbiology

linit I

Struelure. composition and types of eeJls and organs involved in immune system. lonate and
aequi,,,d immunity. Types, structure and functions of MHC molecules, antigen processing and
presentation. Humoral and cell mediated immune responses.

lJNIT-1i

Antigens - structure, Properties and types. Haptens and adjuvants. Immunoglobulins- structure.
heterogeneity, types and subtypes, physieo-chemieal and biological properties. Theories of
antibody production. generation of antibody diversity. Antigen-Antibody interactions _
aggl utination. precipitation, immunofluorescence, ELISA, Radioimmunoassays. Hybridnma
tcchnology - Production and applications of monoclonal antibodies.

lINIT-IJi

Tumor immunology -Cancer, origin, oncogenes, tumor antigens, immune response to tumors,
lUlllor cvasion of the immune system, immune diagnosis ofturnors.

UNIT-IV

Immuni>.• tion - Modem methods of vaccine production, autoimmunity, hypersesitivity.
Immunohematology, antigens of ABO and Rh blood group systems. Medical importance of
hlood groups- ABO and Rh incompatibility.

UNIT.V

Host microbe interaction, mechanism of pathogenecity. Laboratory strategies in diagnosis of
infective syndrome. Bacterial and viral cfiseases of human. Syphilis, pox, Hepatitis. Fungal
discases of human- Cryptococcus, Candidiasis, Dermatomycosis, sexually transmitted diseases(SIDs). .



Department of Higher Education, Madhya Pradesh Bhopal

Syllabus approved by Central Board of Studies in Microbiology
SYLLABUS FOR THE DEGREE OF THE BACHELOR OF SCIENCE

(From 2017-18 onwards)
B.SC THIRD YEAR - MICROBIOLOGY

Paper-I Applied and Environmental Microbiology

VNIT I (MM Theory 42.5)

Design and types of Fermentor, factors affecting fermentation process, Industrial production of
alcohol. organic acid economically important enzymes, amino acids, antibiotics, vitamins.
Method of immobilization and applications. Strategy for improvement of industrially important
microbial strain.

UNIT II

Phy'sical and microbial spoilage of food and food products, spoilage of stored products,
1J-Ulls and vegetables, spoilage of milk, milk products and meat. Food born diseases. Food
preservation methods, asepsis, pasteurization, canning, desiccation, low temperature,
anaerobiosis, filtration, chemical preservation of food. salt and sugar, organic acids, use of
sulphur dioxide, ethylene and propylene oxides, wood smoke. Applications and production of
SCPo

UNIT III

Physical and chemical characteristics of soil, soil microflora, soil fertility and management
of agricultural soil, rhizosphere and phyllosphere. Microbial diseases of crop plants with
special reference to wheat, rice. VAM and its importance. Nitrogen fixation by symbiotic and
non- symbiotic microbes. Use of microbes as biofertilizers, mass cultivation of
Rhizobium and Azotobacter, use of blue green algae as biofertiIizer.

UNIT IV

Concept of environment in relation to microbes, physiological adaptation in microbes, nature of
microbial population in soil, water and air. Microbial interactions - neutralism, commensalism,
synergism.

UNIT V

Bioremediation, biomagnification, bioleaching, biopesticides, Microbial H2 production. Impact
of genetically modified organisms. Biodegradation of plastics. Liquid waste disposal,
characteristics of solid and liquid waste, sewage treatment - primary, secondary and tertiary

treatment. 10 ~\~ I~ ~
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List of recommended books:

o Introduction to soil microbiology-Alexander M, 2nd edition (John Wiley and Sons
"l\;cwYork). .

o Soil Microbiology- Subba Rao NS, 4th edition (Oxford and IBH, Publishing Co. New Delhi).
o Fundamental Principles of Bacteriology -Salle AJ, 7th edition (Tata McGrawhill,NewDelhi).
o Microhiology-Pelczar MJ, Chan ECS & Kreig NR, 5th edition (Tata McGraw-Hill, New

Delhi).
o A Textbook of Microbiology- Dubey RC & Maheshwari DK, 2nd edition (S Chand & Co.

NcwDelhi.
o Food Microbiology- Frazier CW and Westhoff CD, 4th edition (Tata

McGrawhill,NewDelhi).
o Food Microbiology- Adams RM and Moss OM, 3rd edition (RSC publisher).
o Introductory Food Microbiology-Modi HA, 1st edition, (Aavishkar Publishers, Jaipur).
o Modern Food Microbiology- Jay JM, 5th edition (Aspen Publishers, Maryland).
o Introduction to Environmental Microbiology-Michael R, 1st edition (Prentice Hall).
o Bioremcdiation-Baker KH and Herson DS (Mc Graw Hill, New York).
o Textbook of Industrial Microbiology . Patel AH, 1st edition (Macmillan India Ltd, Madras).
o Industrial Microbiology-Cassida LE, 4th edition (Wiley Eastern Ltd. New Delhi).
o Principles of Fennentation Technology-Stanbary FP. Whitaker A and Hail JS, 2nd edition.
o (Elsevier, Delhi).
o Fermentation Technology- Modi HA, t st edition (Pointer Publisher, Jaipur).
o Biotechnology -Industrial Microbiology- Crueger W & Crueger A, 2nd edition (Panima

Publisher, Delhi).
o Industrial Microbiology- Prescott SC & Dunn CG, 4th edition (Agrobios India. Jodhpur).
o Industrial Microbiology: Fundamentals and AppJications- Agarwal AK & Parihar P, ]sl

edition (Agrobios India, Jodhpur).
o Kuby Immunology- Kindt TJ, Goldsby RA, Osborne BA, 6thedition (WH Freeman & Co.

New York).

o Text book of Microbiology -Ananthnarayan R and Panikar CKJ, 8th edition, (Univ Press Pvt
(.ttL Ilyderabad ).

o Text book of Microbiology-Chakraborty P, 1st edition (New Central book agency Pvt Ltd).
o Fundamental Immunology- Paul WE. 7th edition (Lippincott WiHiams & Wilkins, USA).
o Fundamentals of Immunology-Coleman RM, Lombord MF and Sicard RE. 2nd edition

(WMC Brown, USA).
o Immunology-Weir DM and Steward J, 8th edition (Topley & Wilson. UK).
o Immunology-Rao CV. 2nd edition (Narosa Publishing House, New Delhi).
o Essentials of Immunology- Roitt IM, 11th edition. (Blackwell Pub, USA).
o lmmunology- Elgert KD, 2nd edition (Wiley Blackwell).
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