








KAKATIYA UNIVERSITY - WARANGAL - TELANGANA 
Under Graduate Courses (Under CBCS 2020 – 2021 onwards)

B.A/B.COM/BBA/B.SC ENGLISH II YEAR
SEMESTER – III

PAPER – III: ENGLISH
Theory:   3 Hours/Week;    Credits: 3 Marks: 100 (Internal: 20; External: 80) 

Prescribed Textbook entitled: English for Excellence
Published by Orient BlackSwan

UNIT I: GENDER EQUALITY

1. “Achieving Gender Equality in India: What Works, and What Doesn’t” by Smriti Sharma
2. “They Shut me up in Prose” by Emily Dickinson
3. Prepositions
4. Phrasal Verbs

UNIT II: GENDER ROLES

1. “The Wonder Story of Kalpana Saroj” by Rakhi Chakraborthy
2. “The Kitchen” by Vimala
3. Voice
4. Technical Vocabulary

UNIT III: ENDING VIOLENCE AGAINST WOMEN

1. “What is my Name?” by P.Sathyavathi
2. “Voice of the Unwanted Girl” by Sujatha Bhatt
3. Connectives
4. Idioms



KAKATIYA UNIVERSITY - WARANGAL - TELANGANA 
Under Graduate Courses (Under CBCS 2020 – 2021 onwards)

B.A/B.COM/BBA/B.SC ENGLISH II YEAR
SEMESTER – IV

PAPER – IV: ENGLISH
Theory:   3 Hours/Week;    Credits: 3 Marks: 100 (Internal: 20; External: 80) 

Prescribed Textbook entitled: English for Excellence
Published by Orient BlackSwan

UNIT I: RENEWABLE AND NON-RENEWABLE RESOURCES

1. Jadav Payeng
2. “The Tame Bird was in a Cage” by Rabindranath Tagore 
3. Reported Speech 
4. Commonly Confused Words

UNIT II: ECOSYSTEMS AND ENVIRONMENTAL POLLUTION 

1. “Climate Change and Global Warming”  by Michael Shafer
2. “A Requiem for Earth” by O.N.V.Kurup 
3. Conditionals 
4. Suffixes

UNIT III: CONSERVATION AND BIODIVERSITY

1. “The Ungrateful Man: A Conversation between Trees ” by Swathi Shenoy
2. “The Felling of the Banyan Tree” by Dilip Chitre 
3. Common Errors 
4. Collocations 

 























KAKATIYA UNIVERSITY,WARANGAL 
B.Sc. Programme 

 Under CBCS System wef A.Y: 2020-21 
Second Year :: Semester - IV 

BS-402/ SEC-4 (Common to all Science Courses) 
 

Remedial Methods of Pollution - Drinking Water & Soil Fertility 
[ 2HPW, #Credits: 2, Marks:50 (Internal:10, External:40)] 

(Taught by: Chemistry Department) 
 

UNIT I: Remedial Methods for Pollution: 
 
Prevention and control of air pollution: Ozone hole - Causes and harm due to ozone 
depletion,  E depletion and their replacements, Global Warming and 
Green-house effect, Precaution measures to control global warming, Deleterious effect of 
pollutants, Endangered monuments, Acid rain,  Precautions to protect monuments, Sources 
of Radiation pollution, Chernobyl accident and its consequences. Radiation effect by usage 
of cell phones and protection tips, Deleterious effects of cell phone towers and health 
hazards. 
 
Sources of water pollution: (i) Pollution due to pesticides and inorganic chemicals,  
(ii) Thermal pollution (iii) Ground water pollution (iv) Eutrophication. 
Methods for control of water pollution and water recycling: Dumping of plastics in  rivers 
and oceans and their effect on aquatic life, Determination of (i) Dissolved oxygen and  
(ii) Chemical Oxygen demand in polluted water, Illustration through charts (or)  
demonstration of experiments, 
 
Sources of soil pollution: (i) Plastic bags (ii) Industrial and (iii) Agricultural sources, Control 
of soil pollution, Environmental laws in India, Environmental benefits of planting trees. 
 

UNIT II: Drinking Water and Soil Fertility Standards and Analysis: 
 
Water quality and common treatments for private drinking water systems, Drinking Water 
Standards: 1. Primary drinking water standards: Inorganics, Organics and Volatile Organic 
Chemicals, 2. Secondary drinking water standards: Inorganics and Physical Problems, Water 
testing, Mineral analysis, Microbiological tests, Pesticide and Other Organic Chemical Tests, 
Principle involved in Water Treatment Techniques: (i) Reverse Osmosis (ii) Disinfection 
methods such as Chlorination, Ultraviolet light, ozonation etc  (iii) Chemical oxidation 
and iv) Ion exchange (water softeners). Visit to nearby drinking water plants and interaction 
at sites. 
 
Introduction to S o i l  Chemistry: Basic Concepts.  Effect of PH on nutrient availability, 
Macronutrients and their effect on plants, Carbon, Hydrogen, Oxygen, Nitrogen and 
Phosphorus, other macronutrients, Calcium, Magnesium and Sulfur, Micronutrients and their 
effect on plants, Boron (B4O7 2-), Copper (Cu2+), Iron (Fe2+, Fe3+), Manganese (Mn2+), 
Molybdenum (MoO4 

2-), Zinc (Zn2+), Cobalt (Co2+), Chlorine (Cl-) and others. Determination 
of soil nitrogen by Kjeldahl method, Illustration through charts and demonstration of 
experiment, Visit to nearby agricultural forms and interaction with farmers,  Discussion with 
farmers on the use of Soil Analysis Kits . 
 

*** 
           



 
KAKATIYA UNIVERSITY - WARANGAL - TELANGANA

B.Sc. Programme under CBCS
With effect from the A.Y: 2019

Optional Paper 
(Common to all Science Courses)
III Year SEMESTER – VI

PUBLIC HEALTH AND HYGIENE

UNIT-I: Nutrition, Environment and Health

1.1 Classification of foods – Carbohydrates, Proteins, Lipids and Minerals.
1.2 Nutritional deficiencies and disorders of Carbohydrates, Proteins, Lipids and Minerals.
1.3 Concept, Steps and Applications of Environment and Health Impact Assessment.
1.4 Industrial, Agricultural and Urban Health. Environmental Pollution and Associated Health Hazards.

UNIT-II : Communicable and Non-Communicable Diseases

2.1 Causes, symptoms, diagnosis, treatment and prevention of Communicable Diseases (Malaria, 
Filaria, Tuberculosis and AIDS).

2.2 Causes, symptoms, diagnosis, treatment and prevention of Non-Communicable Diseases 
(Hypertension, Coronary Heart Diseases, Diabetes and Obesity).

2.3 Symptoms, treatment and prevention measures of Water Borne Diseases (Diarrhea, Typhoid, 
Hepatitis and Amebiasis).

2.4 Symptoms, treatment and prevention measures Air Borne Diseases (COVID-19, Influenza, 
Whooping couph and Chickenpox).

UNIT-III :Food and Diet Systems

3.1 Definition of Food, Types of foods (Texturized foods, Novel foods and Organic foods).
3.2 Food safety system and issues; Physical, chemical and microbiological contaminants; The 

significance of foodborne diseases.
3.3 Principles of diet in diseases, Classification of diets according to nutrients.
3.4 Etiology, Symptom and Dietary Management in Obesity, Underweight, Hypertension, Diabetes 

Mellitus, Atherosclerosis.

UNIT-IV : Personal Hygiene and Sanitation

4.1 Definition of Hygiene and Sanitation, Personal Hygiene of food handler, Techniques of Washing 
Hands, Pest control and Garbage Disposal.

4.2 Definition of Public Health, Hygiene, Social and Preventive Medicine, Basic aspects of Personal 
Hygiene and Disposal of Waste.

4.3 The Hygiene Practices of the different categories of family members (children, parents and aged 
members)

4.4 Definition of Sanitation, Environmental Sanitation, Sanitation of Food Serving Institution, 
The importance of proper sanitation practices. 

Suggested Readings:

 

****

















 

KAKATIYA UNIVERSITY - WARANGAL - TELANGANA 
Under Graduate Courses (Under CBCS 2020 – 2021 onwards) 

B.Sc. BOTANY   II Year 
SEMESTER – III 

 
 PLANT ANATOMY AND EMBRYOLOGY 

Theory:   4 Hours/Week;    Credits: 4 Marks: 100 (Internal: 20; External: 80) 
Practical: 3 Hours/Week      Credits: 1 Marks: 25    

 

UNIT – I 
          
Meristems: Types, histological organization of shoot and root apices and theories. 
1. Tissues and Tissue Systems: Simple, complex and special tissues. 
2. Leaf: Ontogeny, diversity of internal structure; stomata and epidermal outgrowths. 
 

UNIT –II 
           
 4. Stem and root anatomy: Vascular cambium - Formation and function. 
 5. Anomalous secondary growth of Stem -Achyranthes, Boerhaavia, Bignonia,                                                                    
     Dracaena; Root— Beta vulgaris. 
 
 6. Wood structure: General account. Study of local timbers — Teak (Tectona grandis), 
     Rosewood, (Dalbergia latefolia), Red sanders, (Pterocarpus santalinus) Nallamaddi 
     (Terminalia tomentosa ) and Neem (Azadirachta indica). 
 
UNIT-III                                    
 7. History and importance of Embryology. 

 8. Another structure, Microsporogenesis and development of male gametophyte. 
 9. Ovule structure and types; Megasporogenesis; types and development of female gametophyte. 
 
UNIT- IV                                                                                                                                                
10. Pollen morphology, pollination and fertilization, Pollination Types, Pollen - pistil interaction,   
      Double fertilization. 
11. Seed - structure appendages and dispersal mechanisms. 
12. Endosperm - Development and types. Embryo -  development and types;                
      Polyembryony and Apomixis -- an outline. 
 
References: 
 

1. Bhattacharya et. al. 2007. A textbook of Palynology, Central, New Delhi. 
2. Bhojwani, S. S. and S. P. Bhatnagar. 2000. The Embryology of Angiosperms (4th Ed.), Vikas     
       Publishing House, Delhi. 
3. M.R.Saxena- A textbook of Palynology. 
4. Vashista- A textbook of Anatomy. 
5. P.K.K.Nair- A textbook of Palynology. 
6. Esau, K. 1971. Anatomy of Seed Plants. John Wiley and Son, USA. 
7. Johri, B. M. 1984. Embryology of Angiosperms. Springer-Verleg, Berlin. 
8. Kapil, R. P. 1986. Pollination Biology. Inter India Publishers, New Delhi. 
9. Maheswari, P. 1971. An Introduction to Embryology of Angiosperms. McGraw Hill Book Co.,  
              London. 
10. Dutta A.C. 2016. Botany for Degree Students. Oxford University Press 

*** 
 

 

 



KAKATIYA UNIVERSITY - WARANGAL - TELANGANA  
Under Graduate Courses (Under CBCS 2020 – 2021 onwards) 

B.Sc. BOTANY   II Year 
SEMESTER – III 

 
PLANT ANATOMY AND EMBRYOLOGY  

PRACTICAL 
 

1. Demonstration of double stain technique. 

2. Preparation of double stained Permanent slides 

    Primary structure: Root - Cicer, Canna; Stem — Tridax, Sorghum 

Secondary structure: Root — Tridax sp.; Stem —Pongarnia 

    Anomalous secondary structure:  

      Stem: Achyranthes, Boerhavia, Bignonia, Dracaena 

      Root: Beta vulgaris 

3. Stomatal types using epidermal peels (Dicots). 

4. Structure of anther and microsporogenesis using permanent slides. 

5. Structure of pollen grains using whole mounts - Hibiscus, Acacia and Grass). 

6. Pollen viability test using Evans Blue — Hibiscus 

7. Study of ovule types and developmental stages of embryo sac. 

8. Structure of endosperm (nuclear and cellular); Developmental stages of dicot and monocot embryos 

using permanent slides. 

9. Isolation and mounting of embryo (using Cymopsis / Senna / Crotalaria) 

 
 

 

 

 
 
 



 

KAKATIYA UNIVERSITY - WARANGAL - TELANGANA  
Under Graduate Courses (Under CBCS 2020–2021 onwards) 

B.Sc. BOTANY II Year 
SEMESTER – IV 

 
CELL BIOLOGY AND PLANT PHYSIOLOGY 

 
Theory: 4 Hours/Week   Credits: 4 Marks: 100 (Internal: 20; External: 80) 
Practical:       3 Hours/Week    Credits: 1        Marks: 25               

UNIT I: Plant cell envelops: Ultra structure of cell wall, molecular organization of cell membranes. 

1. Models of membrane structure, Functions, fluidity and Selective permeability of the  
     membranes. 
2. Cell Organelles: Structure and semiautonomous nature of Mitochondria and Chloroplast. 
3. Structure and role of endoplamic reticulum, ribosomes, golgi complex, lysosomes, peroxisomes and 

glyoxisomes. 
 

UNIT-II  

Nucleus: Ultra structure, types and functions of DNA & RNA. 

4. Chromosomes: Morphology, organization of DNA in a chromosome, Euchromatin and 
Heterochromatin, Karyotype. Special types of chromosomes: Lampbrush and 
Polytene chromosomes. 

5. Extra nuclear genome: Mitochondrial DNA and Plastid DNA.. Plasmids. 
8.  Cell division: Cell and its regulation; mitosis, meiosis and their significance 
 
UNIT- III 
 
 9.   Plant -Water Relations: Physical properties of water, diffusion, imbibitions, osmosis; osmotic 

and pressure Potential, absorption and transport of water. 
 10. Mineral Nutrition: Essential macro and micro mineral nutrients, and symptoms of mineral 
deficiency. 
11.Transpiration; Stomatal structure and movement. Mechanism of phloem transport. 

Mechanism of phloem transport. 
12. Enzymes: Nomenclature, Characteristics, Classification and factors regulating enzyme activity. 

 

UNIT- IV  

13. Photosynthesis: Photosynthetic pigments, Mechanism of photosynthetic electron transport and 
evolution of oxygen,  Photophosphorylation . Carbon assimilation pathways: C3, C4 and CAM. 

14. Respiration: Aerobic and Anaerobic; Glycolysis, Krebs cycle and electron transport system. 
15. Nitrogen Metabolism: Biological nitrogen fixation 
16. Physiological effects of Phytohormones: Auxins, gibberellins, cytokinins, ABA, ethylene and 

Brassinosteroids 
 

 



 
 
 
References: 

1. Sharma, A. K. and A. Sharma. 1999. Plant Chromosomes: Analysis, Manipulation and Engineering. 
Harward Academic Publishers, Australia. 

2. Shukla, R. S. and P. S. Chandel. 2007. Cytogenetics, Evolution, Biostatistics and Plant Breeding. 
S.Chand & Company Ltd., New Delhi. 

3. Verma, P. S. and V. K. Agrawal. 2004. Cell Biology, Genetics, Molecular Biology, Evolution 
and Ecology. S. Chand & Company Ltd., New Delhi. 1. Hopkins, W. G. 1995. 

4. Introduction to Plant Physiology. John Wiley & Sons Inc., New 
York, USA 

5. Jain, J.L., S. Jain and Nitin Jain. 2008. Fundamentals of Biochemistry. S. Chand & Company 
Ltd., New Delhi. 

6. Pandey, B. P. 2007. Botany for Degree Students: Plant Physiology, Biochemistry, 
Biotechnology, Ecology and Utilization of Plants. S. Chand & Company Ltd., New Delhi. 

7. Salisbury, F. B. and C. W. Ross. 1992. Plant Physiology. 4th edn. (India Edition), Wordsworth, 
Thomson Learning Inc.,USA. 

8. Taiz, L. and E. Zeiger. 1998. Plant Physiology (2nd Ed.). Sinauer Associates, Inc., Publishers, 
Massachusetts, USA. 

9. Dutta A.C. 2016. Botany for Degree Students. Oxford University Press. 
 
 

*** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



KAKATIYA UNIVERSITY - WARANGAL - TELANGANA  
Under Graduate Courses (Under CBCS 2020–2021 onwards) 

B.Sc. BOTANY II Year 
SEMESTER – IV 

 
CELL BIOLOGY AND PLANT PHYSIOLOGY 

PRACTICAL 

 

1. Demonstration of cytochemical methods: Fixation of plant material and nuclear staining 

 for mitotic and meiotic studies.  

2. Study of various stages of mitosis using cytological preparation of Onion root tips. 

3. Study of various stages of meiosis using cytological preparation of onion flower buds. 

4. Study of ultra structure of cell organelles using photographs. Chloroplast, 

Mitochondria, Nucleus, Ribosomes, Endoplasmic reticulum and Golgi complex. 

5. Study of Special types of Chromosomes (Polytene chromosome and Lampbrush 

chromosomes-P e r m a n e n t  s l i d e )✓ 

6. Determination of osmotic potential of vacuolar sap by Plasmolytic method using leaves 

of Rheodiscolor / Tradescantia. 

7. Determinion of rate of transpiration using Cobalt chloride method 

8. Determination of stomatal frequency using leaf epidermal peelings / impressions 

9. Determination of catalase activity using potato tubers by titration method 

10. Separation of chloroplast pigments using paper chromatography technique 

11. Estimation of protein by Biurette method 

12. Mineral deficiency- Detail study of Micronutrients and Macro nutrients 

13. Identification of C3,C4 and CAM plants. 

 

   
 
 

*** 
 
  

 

 

 































































KAKATIYA UNIVERSITY  
Under Graduate Courses (Under CBCS 2019 - 2022) 

B.Sc. ZOOLOGY II Year 
SEMESTER – III 

 
 ANIMAL PHYSIOLOGY AND ANIMAL BEHAVIOUR 

 

Theory  4 Hours/Week 4 Credit  Internal marks = 20 
Practical 3 Hours/Week 1 Credit  External Marks = 80 

 

UNIT – I 
1.1 Digestion  

 

1.1.1 Enzymes: Definition, Classification, Inhibition, Regulation 
1.1.2 Digestion of Carbohydrates, Proteins, Lipids and Cellulose 
1.1.3Absorption and Assimilation of digested food 
1.1.4 Role of Gastrointestinal hormones in digestion 

 

1.2 Excretion, Homeostasis and Osmoregulation 
 

1.2.1 Classification of Animals on the basis of excretory products: Ammonotelic,  
         Ureotelic, and Uricotelic; Structure and function of Nephron 
1.2.2Urine formation and Counter current mechanism 

 

1.2.3 Concept and Mechanism of Homeostasis  
         a) Hormone regulation of Blood Glucose levels in Human being 
         b) Water and Ionic Regulation by Marine and Fresh water Animals 

                c) Thermo regulation in Human being 
1.2.4. Osmoregulation in Marine, Fresh and Brackish water Animals 
 

UNIT – II 
 

2.1 Respiration 
 

2.1.1Definition of Respiration, Respiration mechanism, External, Internal and Cellular Respiration. 
2.1.2 Respiratory Pigments; Transport of Oxygen, Oxygen dissociation curves, and Bohr’s Effect; 
2.1.3 Transport of Carbon dioxide, Chloride shift 
2.1.4 Regulation of Respiration; Nervous and Chemical Mechanism 

 
2.2 Circulation 

 

2.2.1 Types of Circulation Open and Closed; Structure of Mammalian Heart 
   2.2.2 Types of Hearts: Myogenic and Neurogenic 

2.2.3 Heart functions - Conduction and Regulation of Heart beat, Regulation of Heart rate; ECG 
2.2.4 Tachycardia and Bradycardia; Blood Clotting mechanism 
 

UNIT– III 
 

3.1 Muscle Contraction 
 

3.1.1Types of Muscles 
3.1.2 Ultra structure of skeletal muscle fibre 
3.1.3 Mechanism and Chemical changes during Muscle Contraction (Sliding filament theory) 

        3.1.4 Twitch Tetanus summation and Treppe fatigue 
 
 



3.2 Nerve Impulse 
 

3.2.1 Structure of Neuron 
3.2.2 Nerve impulse - Resting potential, Threshold potential and Action potential,  
         Conduction of Nerve impulse 
3.2.3 Transmission of Nerve impulse 
3.2.4 Synapse and Synaptic transmission; Neurotransmitters-EPSP, IPSP 

 
3.3 Endocrine System 

 
3.3.1 Endocrine glands - Structure, secretions and functions of Pituitary gland 
3.3.2 Thyroid, Parathyroid, Adrenal glands and Pancreas 
3.3.3 Hormone action and Concept of Secondary messengers  
3.3.4 Male and Female Hormones; Hormonal control of Menstrual cycle in human beings 
 

 
UNIT – IV 
 

4.1 Animal Behaviour 
 

         4.1.1 Types of Behaviour- Innate and Acquired; Instinctive and Motivated behaviour 
4.1.2 Taxes, Reflexes, Tropisms 

 

4.2 Learning and Memory 
 
4.2.1 Types of Learning: Trial and Error Learning, Imprinting, Habituation 
4.2.2 Conditioning: Classical Conditioning; Instrumental conditioning, Examples of Conditioning,    
         Pavlov’s Experiment 

4.3 Social Behaviour and Communication 
 

4.3.1 Social behaviour of insects (Dance language of honey bees)Colonial Existence of Bees and 
Termites; Pheromones  
 

4.4 Biological Rhythms 
 

4.4.1 Biological Clocks, Circadian Rhythms; solar and lunar Rhythms; Circannual Rhythms 
 
Suggested Readings: 

 
1. Gerard J. Tortora and Sandra Reynolds Garbowski Principles of Anatomy and Physiology,    
       Tenth Ed., John Wiley & Sons 
2. Arthur C. Guyton MD, A Text Book of Medical Physiology, Eleventh ed., JohnE. Hall, Harcourt 

Asia Ltd. 
3. William F. Ganong, A Review of Medical Physiology, 22 ed, McGraw Hill, 2005 
4. Sherwood, Klandrof, Yanc, Animal Physiology, Thompson Brooks/Coole, 2005. 
5. Sherwood, Klandrof, Yanc, Human Physiology, Thompson Brooks/Coole, 2005. 
6. Knut Scmidt-Nielson, Animal Physiology, 5th edition, Cambridge Low Price Edition. 
7. Roger Eckert and Randal, Animal Physiology, 4th ed, Freeman Co, New York. 
8. Singh. H.R, Text Book of Animal Physiology and Biochemistry 
9. Nagabhushanam, Comparative Animal Physiology 
10. Veer Bal Rastogi, Text Book of Animal Physiology 
11. Dasmann, “Wild Life Biology” 
12. ReenaMathur, “Animal Behaviour” 
13. Alocock, “Animal Behaviour- an Evolutionary Approach 

 

******* 



KAKATIYA UNIVERSITY  
Under Graduate Courses (Under CBCS 2019 - 2022) 

B.Sc. ZOOLOGY II Year 
SEMESTER – III 

 
 ANIMAL PHYSIOLOGY AND ANIMAL BEHAVIOUR 

(PRACTICAL) 
 

Instruction: 3 hrs per week 
No. of Credits: 1 
 

1. Qualitative tests for identification of carbohydrates, proteins and fats 

2. Qualitative tests for identification of ammonia, urea and uric acid  
(Nitrogenous excretory products)  

3. Zonation of gut in Cockroaches  

4. Study on effect of pH and Temperature on salivary amylase activity  

5. Study of permanent histological sections of mammalian endocrinal glands: Pituitary, Thyroid, 

Pancreas, Adrenal gland  

6. Estimation of Haemoglobin by Sahli's method 

7. Estimation of Blood Clotting time 

8. Estimation of total protein by Biuret’s method 

9. Estimation of unit metabolism of fish  
 
• Laboratory Record work shall be submitted at the time of practical examination 

 

 

• Computer aided techniques should be adopted as per UGC guide lines. 
 
Suggested manuals: 
 
Tortora, G.J. and Derrickson, B.H. (2009).Principles of Anatomy and Physiology, XII 
Edition, John Wiley & Sons, Inc. 
Widmaier, E.P., Raff, H. and Strang, K.T. (2008) Vander’s Human Physiology, XI 
Edition., McGraw Hill 
Guyton, A.C. and Hall, J.E. (2011). Textbook of Medical Physiology, XII Edition, 
Harcourt Asia Pvt. Ltd/ W.B. Saunders Company 
Berg, J. M., Tymoczko, J. L. and Stryer, L. (2006).Biochemistry.VI Edition. W.H 
Freeman and Co. 
Nelson, D. L., Cox, M. M. and Lehninger, A.L. (2009).Principles of Biochemistry. IV 
Edition. W.H. Freeman and Co. 
Murray, R.K., Granner, D.K., Mayes, P.A. and Rodwell, V.W. (2009). 
Harper’sIllustrated Biochemistry. XXVIII Edition.Lange Medical Books/Mc Graw3Hill. 

 
 





















 

 

 

B.Sc. Dairy Science (Vocational Subject) 

I Year II Semester 

Paper 2: Dairy Husbandry - II 

Theory Syllabus (4 Credits)   60 Lectures  

 

Unit 1:  Systems of Housing of Dairy cattle – Loose Housing and Conventional Dairy  

                   Stanchion Barns. Drawing of layouts for dairy cattle dwellings; Criteria for selecting  

                   site for establishing Dairy farm buildings; Water requirement of dairy animals.        

                                                                                                                                  (15) 

 

Unit 2:  Symptoms of sick Dairy animals. Diseases of Dairy animals – Bacterial,  

                    Viral, Parasitic and Nutritional deficiency diseases and their control.        (15) 

                                                                                                                                    

 

Unit 3:  Management of different classes of Dairy animals – Milch animals, Pregnant  

                   animals, Dry animals, Heifers and Calves. Management practices for Dairy  

                   farm; Identification, Dehorning, Castration, Grooming, Deworming, Vaccination,  

                   Disinfection and Milking.                         (15) 

 

Unit 4:  Maintenance of high level of fertility in the herd: Importance, Reasons for low  

                  fertility, Methods of maintaining high level of fertility in the herd. Methods of      

                  determining reproductive efficiency: i) By non return percentage of cows, ii) By  

                  calving interval period iii) By pregnancy days of cows per year.                   (15) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

B.Sc. Dairy Science (Vocational Subject) 

I Year II Semester 

Paper 2: Dairy Husbandry - II 

Practical Syllabus (1 Credit) 

 

1. Dairy Farm layout. 

2. Identification of cows. 

3. Dehorning of calves. 

4. Castration of bulls. 

5. Deworming of dairy cattle. 

6. Preparation of vaccination schedule of dairy cattle. 

7. Identification of sick animals. 

8. Tests for hardness of water. 

9. Determining the strength of disinfectant and detergent solutions. 

 

Reference Books: 

1. Text Book of Animal Husbandry – G.C. Banerjee. 

2. Hand Book of Animal Husbandry – ICAR Edition. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

B.Sc. Dairy Science (Vocational Subject) 

II Year III Semester 

Paper 3: Dairy Cattle Nutrition 

Theory Syllabus (4 Credits)   60 Lectures  

 

Unit 1:  Digestive system and role of nutrients in dairy cattle. Classification of Feeds and  

                 Fodder. Importance of proteins, fats and carbohydrates in livestock feeding.      (15) 

                                                                                        

Unit 2:  Types of Fodder varieties – Legumes and non-legumes, Seasonal and Perennial  

                  fodder crops. Cultivation practices of fodder crops – Para grass, Hybrid Napier,  

                  Berseem, Cow pea and Jowar.                        (15) 

  

Unit 3:  Feeding Standards; Balanced rations for Dairy cattle; Feeding practices of Dairy  

                  cattle i) Soiling  ii)  Ensiling  iii) Pasturing  iv) Hay feeding  v)  General feeding  

                  practices with regard to management.                                  (15) 

 

Unit 4: Utilization of agricultural and industrial by-products for livestock feeding.  

                  Enrichment of poor quality roughages – Urea treatment of paddy straw.               (15) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

B.Sc. Dairy Science (Vocational Subject) 

II Year III Semester 

Paper 3: Dairy Cattle Nutrition 

Practical Syllabus (1 Credit)   

 

1. Identification of feeds and fodder. 

2. Computation of rations. 

3. Preparation of urea enriched paddy straw. 

4. Determination of dry matter and moisture content in feed or fodder. 

5. Determination of crude protein content by Kjeldahls method. 

 

Reference Books: 

1. Text Book of Animal Husbandry – G.C. Banerjee. 

2. Principles and practices of Dairy farm – Jagdish Prasad. 

3. Animal Nutrition and feeding practices – Dr. Surendra K. Ranjhan. 

4. Dairy Chemistry and Animal Nutrition – M.M. Roy. 

 

 

 

 

 

 

 

 

 



 

 

B.Sc. II Year  

Semester-III 

Skill Enhancement Course 

SEC-1(2 hrs/week)       (2 Credits) Lectures: 30  

Artificial Insemination 

 

 

Unit-I     

1.  Study of male and female reproductive systems.     (4h)  

2. Gametogenesis and Oestrus cycle.      (4h) 

3. Semen: Definition, Collection by AV method, Collection technique,  

             Evaluation, Freezing, Handling and Storage.    (6h) 

4. Heat detection.         (1h) 

 

Unit-II 

5. Study of AI Equipments.         (4h) 

6. Time and Technique of AI.       (4h) 

7. Pregnancy diagnosis.         (2h) 

8. Visits to Veterinary Hospitals and AI Centres.      (5h) 

 

Reference Books: 

1. Advances in Dairy animal production – Mudgal. 

2. Dairy Bovine production – CK Thomas. 

3. Handbook of Animal husbandry – ICAR publication. 

4. Animal husbandry and Dairy Science – Jagdish Prasad. 

5. A text book of Animal husbandry - G E Banerjee. 

6. Livestock production and management – NSR Sastri  and Thomas. 

7. Reproduction in farm animals – Hafeez. 

8.  Animal Genetics and Breeding – Dr. Satish Kulkarni, Dr. Pandurang Gangasagar. 

 

 

 

 

 

 



 

B.Sc. II Year  

Semester-III 

Skill Enhancement Course 

SEC-2 (2 hrs/week)       (2 Credits) Lectures: 30 

Conservation of Green Fodder 

 

Unit-I     

1.  Principles of conservation and its significance.   (3h)  

2. Suitable crops for conservation and stage of harvesting.  (3h) 

3. Silage making:        (9h)  

a. Definition and Standards of Silage. 

b. Types of silo pits and their dimensions. 

c. Ensiling, care during and after ensiling. 

d. Chemical changes during ensiling.     

 

Unit-II 

4. Hay making:        (10h) 

 a. Definition 

 b. Characteristics of good quality hay 

 c. Curing of hay 

 d. Factors affecting quality of hay. 

5. Visit to Silage and Hay Unit.      (5h) 

 

Reference Books: 

1. Silage and Hay Making, ICAR – Chatterjee BN. 

2. Applied Animal Nutrition-Feeds and Feeding – Peter R. Cheeke. 

3. Tropical feeds, FAO – Gohl BO. 

4. Fodder production and Grassland management for Veterinarians -  Reddy DV. 

5. Feeds and Principles of Animal Nutrition –Banerjee GC. 

6. Animal nutrition and feeding practices in India – SK Ranjhan. 

 

 

 

 

 

 



 

B.Sc. Dairy Science (Vocational Subject) 

II Year IV Semester 

Paper 4: Dairy Development and Cooperative Societies 

                                         Theory Syllabus (4 Credits)       60 Lectures 

 

Unit 1:  Advantages of Dairying. Principles involved in successful dairying. Systems of dairy  

              farming – Mixed farming and specialized dairy farming.                         (15) 

 

Unit 2:  Methods of procurement of milk; Transportation of milk; Pricing of milk and       

              marketing of milk.                              (15) 

 

Unit 3:  Cooperative Dairying – Structure of Dairy cooperatives; Primary milk producers  

              Cooperative Society; District milk producers Cooperative Union; Objectives and  

              functions.                                (15) 

 

Unit 4:  Dairy development programs implemented in India. Operation Flood program.   

              Economics of maintaining Dairy Farm – Income and expenditure.  Estimating the  

              production cost of milk.                             (15) 

 

Note:   On-Farm Training for two weeks is compulsory during II year IV semester. Students     

            need to submit report at IV semester Practical Exam for Evaluation (weightage of 20%). 

 

 

 

 

 

 

 

 

 



 

B.Sc. Dairy Science (Vocational Subject) 

II Year IV Semester 

Paper 4: Dairy Development and Cooperative Societies 

                                         Practical Syllabus (1 Credit)        

1. Record keeping. 

2. Preparation of project reports for various sizes of dairy farm. 

3. Calculations on cost of milk production. 

4. Calculating the cost of milk production exercises for various sizes of farms. 

 

Reference Books: 

1. Dairy management in India – Madan Mohan. 

2. Text Book of Animal Husbandry – G.C. Banerjee. 

3. Principles and practices of Dairy Farm – Jagdish Prasad. 

 

 

 

 

 

 

 

 

 

 

 

 

 



B.Sc. II Year  

Semester-IV 

Skill Enhancement Course 

SEC-3 (2 hrs/week)      (2 Credits) Lectures: 30  

Concentrate Feeds and Agro industrial By-products in Animal Nutrition 

 

 

Unit-I     

1. Study of Concentrates – Cereal grains and their nutritive value:  (6h) 

a. Oil seeds, Oil cakes and Nutritive value. 

b. Study of Concentrates available in local market.     

2. Concentrate by-products – Wheat bran, Rice bran, Maize gluten husk, Tur chuni,  

      Gram chuni.         (3h)  

3. Industrial by-products –        (3h) 

a. Sugar Industrial by-products – Molasses, Press-mud, Bagasse, Sugarcane 

tops, UMMB, UROMOL. 

b. Animal Industrial by-products – Fish meal, Bone meal, Blood meal, 

Poultry excreta and local market available by-products.  (3h) 

      

Unit-II 

4. Fruits and Vegetables Industry by-products – Seed kernels, Hulls, Tomato (10h) 

pomace, Potato pomace, Apple pomace, Banana peels, Citrus peels, Pine apple 

waste, Leafy vegetable waste. 

5. Visits to Fodder crops, Feed Factories, Oil industries, Fruits and Vegetable 

industries and Sugar industry by-products.     (5h) 

    

Recommended Books: 

1. Animal Nutrition – Aron A Bondi, John Wiley and Sons,  Britain, 1987. 

2. Nutrient requirements of ruminant livestock - ARC, UK, 1984. 

3. Handbook of Applied Animal Nutrition – Niranjan PS, Chahal US, Srivastava V & 

Kumar S.IBDC Publishers, Lucknow, 2010. 

4. Animal Nutrition in the Tropics, 3rd Edn., - Ranjhan SK, 1993. 

5. Applied Nutrition – Livestock, Poultry, Pets, Rabbits & Laboratory animals – Reddy DV, 

2009. 

6. Nutrient requirement of dairy cattle - NRC, 2001. 

 

 

 



B.Sc. II Year  

Semester-IV 

Skill Enhancement Course 

SEC-4 (2 hrs/week)      (2 Credits) Lectures: 30  

Special Milks 

 

Unit-I     

1. Introduction, Definition, Methods of manufacture and uses of Processed Special 

Milk:          (5h)  

a. Sterilized milk 

b. Homogenized milk     

2. Introduction, Definition, Methods of manufacture and uses of Value  Added 

Special Milk:         (5h)  

a. Flavoured milk 

b. Vitaminized milk/Irradiated milk/Fortified milk     

3. Introduction, Definition, Methods of manufacture and uses of Fermented Special 

Milk:          (5h)  

a. Cultured Butter milk 

b. Acidophilus milk 

 

Unit-II 

4. Introduction, Definition, Methods of manufacture and uses of Standardized 

Special Milk:                   (5h)  

a. Toned milk 

b. Double Toned milk 

5. Introduction, Definition, Methods of manufacture and uses of Special Milk of 

Plants/Vegetable origin:                (5h)  

a. Soya milk 

b. Groundnut milk 

c. Almond milk 

6. Visits to Milk processing plants, Fermentation plants, Soya processing plants,       

       Food Foliage College.                (5h) 

Reference Books: 

1. Outlines of Dairy Technology – SK De. 

2. Milk and Milk Products – Eckless, Combs and Macacy. 

3. Modern Dairy Product – Lampert. 

4. Indigenous Milk Products – ICAR publication. 

5. Market Milk Industry – CI Rhodhouse and JL Handerson. 

6. Technology of Indian Milk Products – RP Aneja, BN Mathur, RC Chandan and AK 

Banerjee. 



 

B.Sc. Dairy Science (Vocational Subject) 

III Year V Semester 

DSE-IA: Technology of Dairy Products - I 

Theory Syllabus (4 Credits)   60 Lectures  

 

Unit 1:      Reception of milk: Unloading, Grading, Sampling, Testing, Weighing and Recording.  
                  Storage of milk. Straining, filtration and clarification of milk. Definition and  
                  objectives of Pasteurization of milk, Objections to Pasteurization and Principles of  
                  heat exchange.                         (15) 
            
Unit2:  Methods of Pasteurization: LTLT, HTST and Uperization. Sterilization of milk. 

Factors influencing homogenization, effect of homogenization on milk. 
Standardization of milk.                   (15) 

 
Unit 3:    Packaging of milk: Desirable characters and types of packaging materials; Forms of  
                  packaging. Disposal of dairy effluents: Sources of dairy waste; Necessity of  
                  treatment of dairy waste; Methods of treatment: Low cost methods and Conventional  
                  methods - Activated sludge process and trickling filters.                   (15) 
             
 
Unit 4:    Market milk: Toned milk, Double toned milk, Reconstituted milk, Standardized milk  
                  and Full cream milk – Standards and methods of manufacture. Cream: Types of  
                  cream, composition, methods of cream separation, gravity and centrifugal methods,  
                  types of cream separators; factors affecting fat losses in skim milk and fat percentage  
                  in cream.                                    (15) 
 

 

 

 

 

 

 

 

 



 

B.Sc. Dairy Science (Vocational Subject) 

III Year V Semester 

DSE-IA: Technology of Dairy Products - I 

Practical Syllabus (1 Credit) 

 

1. RMRD Testing of milk. 
2. Standardization of milk. 
3. Homogenization of milk. 
4. Pasteurization of milk. 
5. Sterilization of milk. 
6. Preparation of toned milk and double toned milk. 
7. Preparation of Reconstituted milk. 
8. Cream separation. 

 

Reference Books:  

1. Dairy processing handbook – Gosta Bylund. 
2. Outlines of Dairy Technology – Sukumar De. 
3. Milk products preparation and quality control – C.P. Ananthakrishnan. 
4. The technology of milk processing – C.P. Ananthakrishnan. 
5. Modern Dairy products – Lincoln M. Lampert. 

 

 

 

 

 

 

 

 



B.Sc. Dairy Science (Vocational Course) 

III Year V Semester 

DSE-IB: Dairy Chemistry 

Theory Syllabus (4 Credits)  60 Lectures  

 

Unit 1:  (a) Composition of milk: Definition of milk, Composition of cow milk, buffalo milk,  
                   sheep milk, goat milk and human milk. Differences between the composition of  
                   cow and buffalo milks. Constituents of milk: Minor and major constituents.  

 (b)  Colostrums: Significance, Composition, difference between normal milk and  
                   colostrums.                           (15) 
 
Unit 2:  Factors affecting composition and yield of milk – Species, Breed, Individuality,  
              Stage of lactation, Age of the animal, Season, Interval between milking, Stage of  
              milking, Feed, Estruses, Exercise, Milker and Drugs.                      (15) 
 
Unit 3:  Physico-chemical properties of milk – Colour, Flavour, Density, Specific gravity,  
              Freezing point, Boiling point, Surface tension, Viscosity, Specific heat, Refractive  
              index, Electrical conductivity, Germicidal property, pH and acidity.                  (15) 
 
Unit 4:  (a) Chemistry of major constituents of milk b) Nutritive value of milk (c) Platform  
              tests; Tests for detection of adulteration of milk; Preservatives and Neutralizers.     
              (d) FSSAI specifications for milk.                                               (15) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



B.Sc. Dairy Science (Vocational Subject) 

III Year V Semester 

DSE-IB: Dairy Chemistry 

Practical Syllabus (1 Credit) 

 

1. Estimation of Fat in milk. 
2. Estimation of SNF in milk. 
3. Estimation of Specific gravity of milk. 
4. Estimation of Acidity of milk. 
5. Measurement of pH of milk. 
6. Measurement of Surface tension of milk. 
7. Measurement of Viscosity of milk. 
8. Comment on the quality of given milk sample. 

 

Reference Books: 

1. Dairy Chemistry and Animal Nutrition – M.M. Roy. 
2. Text book of Practical Dairy Chemistry – N.K. Roy. 
3. Fundamentals of Dairy Chemistry – Webb Johnson and Alfred. 
4. Dairy Chemistry and Physics – Pieter Walstra and Robert Jenner. 
5. Fundamentals of Dairy Chemistry – Noble P. Wong. 
6. A text book of Dairy Chemistry – Ling, E.R. 

 

 

 

 

 

 

 

 

 

 

 

 



 

B.Sc. III Year  

Semester-V 

Generic Elective 

GE-1 (2 hrs/week)       (2 Credits) Lectures: 30  

Entrepreneurship Development  

 

 

Unit-I  Entrepreneurial Development:        

 Case studies of Successful Entrepreneurs. 
 Exercises on ways of sensing opportunities – Sources of idea, creating 

efforts, SWOT Analysis. 
 Entrepreneurial skill assessment test. 
 Techniques of development of entrepreneurial skills, positive self image 

and locus of control. 
 

Unit-II Food Business Management: 
 Case studies of Food Processing Business and its aspects. 
 Business opportunity Identification and Assessment Techniques. 
 Business idea generation and evaluation exercise. 
 Market Assessment study; Analysis of competitive situation. 
 SWOT Analysis for business and competitors. 
 Preparation of business plan. 
 Preparation of Project Report. 
 Methods of arrangement of inputs – Finance and Material. 

 
Recommended Books: 

1. Acharya SS and Agarwal NL “Agricultural Marketing in India”, Oxford and ISH 
Publishers Co., New Delhi, 1987. 

2. Chandra, Prasanna “Projects, Planning, Analysis, Selection, Implementation and 
Review”, TMH Pub., Co., New Delhi, 1996. 

3. David D and Erickson S “Principles of Agribusiness Management” MGH Book Co., New 
Delhi, 1987. 

4. David H. Holt “Entrepreneurship – A new Venture Creation” Prentice Hall of India, New 
Delhi, 2002. 

5. Phillip Kottler “Marketing Management”, PHI Pvt. Ltd., New Delhi, 1994. 
6. Vasant Desai “The Dynamics of Entrepreneurial Development and Management” 

Himalaya Publishing House Pvt. Ltd., Mumbai, 2011. 
7. Vasant Desai “Fundamentals of Entrepreneurship and Small Business Management” 

Himalaya Publishing House Pvt. Ltd., Mumbai, 2012. 
 



 

B.Sc. Dairy Science (Vocational Subject) 

III Year VI Semester 

DSE-IIA: Technology of Dairy Products - II 

Theory Syllabus (4 Credits)   60 Lectures  

 

Unit 1:   Butter: PFA Standards, Classification, Composition, Method of manufacture of  
              butter by Creamery butter method, Overrun in butter. Butter oil: Composition, uses  
              and method of manufacture.                        (15) 
 
Unit2: Cheese:  PFA Standards, Composition, Classification, method of manufacture of  
              Cheddar cheese and Cottage cheese. Ice cream:  BIS Standards, Composition,  
              Classification, Method of manufacture and Overrun in ice cream.                   (15) 
      
Unit3: Condensed and Evaporated milks: Types of condensed milks, Standards,  
              Composition and method of manufacture. Milk powder: BIS Standards, Types of  
              drying systems, Manufacture of Roller dried and Spray dried milk powder.           (15)                     
                                                                                                                           
Unit 4:  Indigenous Milk products: Khoa, Channa, Ghee, Dahi and Kulfi: PFA Standards and  
              method of manufacture.                                                         (15) 

 

Note:  In-Plant Training for 2 weeks is compulsory during III year VI semester in any of the 
Dairy plants where there is facility for making wide range of Dairy products. Students need to 
submit report at the time of VI Semester Practical Examination. (Weightage  of 25% ) 

 

 

 

 

 

 

 

 

 



 

B.Sc. Dairy Science (Vocational Subject) 

III Year VI Semester 

DSE-IIA: Technology of Dairy Products - II 

Practical Syllabus (1 Credit) 

 

1. Preparation of butter. 
2. Preparation of different varieties of ice cream. 
3. Preparation of Indigenous milk products like  

a) Khoa 
b) Channa 
c) Paneer 
d) Kulfi 
e) Ghee 
f) Dahi 

4. Visit to a Dairy plant to observe preparation of Concentrated milk and Dried 
milk. 
 

Reference Books: 

1. Outlines of Dairy Technology – Sukumar De. 
2. Milk products preparation and quality control – C.P. Ananthakrishnan. 
3. The technology of milk processing – C.P. Ananthakrishnan. 
4. Modern Dairy products – Lincoln M. Lampert. 
5. Milk and milk products – Eckles, Combs, Harold Macy. 

 

 

 

 

 

 



 

B.Sc. Dairy Science (Vocational Subject) 

III Year VI Semester 

DSE-IIB: Dairy Microbiology 

Theory Syllabus (4 Credits)  60 Lectures  

 

Unit 1: (a) Types of microorganisms present in milk: acid producing, gas producing, protein  
                   splitting, fat splitting, pathogenic and inert organisms. 
  (b) Types of microorganisms based on temperature requirement: Psychrophilic,  
                   mesophilic, thermophilic and thermoduric microorganisms.           (15) 
  
Unit 2:  (a) Chemical changes observed during storage of milk and abnormal fermentations  
                   observed in milk: Souring, gassy fermentation, proteolysis, lipolysis, ropiness and  
                   flavor fermentations.              
             (b) Sources of contamination of milk and their control: Exterior of the animal,  
                   interior of the udder, utensils, water, milker, flies and insects, soil and manure,  
                   milking barn, cattle shed and surroundings. (b) Methods of clean milk production. 
                                       (15) 
 
Unit 3:      Microbiological examination of milk: Direct microscopic count, Standard plate  
                  count, Methylene blue reduction test, Resazurin reduction test and Coliform test.  
                  Milk borne diseases: bacterial, viral and other diseases.                       (15) 
 
Unit 4:     Cleaning and sanitization of dairy equipment: Desirable properties of detergents  
                 and sanitizers; commonly used detergents and sanitizers; Methods of cleaning and  
                 sanitization:  (i) Hand washing (ii) Mechanical washing (iii) Cleaning in place.  
                                                                                                                                             (15) 
 
 

 

 

 

 

 

 

 



 

B.Sc. Dairy Science (Vocational Course) 

III Year VI Semester 

DSE-II B: Dairy Microbiology 

Practical Syllabus (1 Credit) 

 
1. MBRT test of milk. 
2. RRT test of milk. 
3. Direct microscopic count of milk. 
4. SPC of milk. 
5. Coliform count of milk. 
6. Thermoduric count of milk. 
7. Thermophilic count of milk. 
8. Psychrophilic count of milk. 
9. Mesophilic count of milk. 

 

Reference Books: 

1. Dairy Microbiology – R.K. Robinson. 
2. Milk products preparation and quality control – C.P. 

Ananthakrishnan. 
3. Food microbiology – W.C. Frazier. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

B.Sc. III Year  

Semester-VI 

Paper 8: Optional 

GE-II (2 hrs/week)       (2 Credits) Lectures: 30  

Food Hygiene and Quality Testing 

 

Unit I:  Introduction to Food Hygiene       15 

 Food hygiene 
    Food spoilage 
   Food handling 
   Special requirements for high-risk foods, 
   Safe food cooking temperature and storage techniques. 
 Hygiene and Sanitation in Food Service Institutions  
 Cleaning and disinfection, Personal hygiene Pest control, Waste disposal  

 
Unit II: Sensory Methods of Food Quality Testing     15 

 Sensation of taste, smell, appearance and flavor, 
  Sensory evaluation techniques 
 Objective Methods of Food Quality Testing 
 Physical test methods (moisture, acidity, water activity, texture, viscosity, colour) 
 Simple methods of chemical analysis (protein, fat, water, ash) 
 Microbiological sampling and testing. 

Recommended Books: 

1.  Fellows P et al. Making Safe Food: A Guide to Safe Food Handling and Packaging for 
Small-scale Producers Practical. Action Publishing, 1998.   

2. Frazier WC and Westhoff DC. Food Microbiology, TMH, New Delhi, 2004. 
3. IFST. Food Hygiene Training: A Guide to its Responsible Management, UK: Institute of 

Food Science and Technology 1992.   
4. Lawley R, Curtis L and Davis J. The Food Safety Hazard Guidebook , RSC Publishing, 

2004.   
5. Manay NS and Shadakshasaswamy M. Food Facts and Principles, New Age 

International, 2004.   
6. Marriott NG and Gravani RB. Principles of Food Sanitation, New York: Springer, 2006. 
7. FAO Food and Nutrition Paper – 60. Food Fortification - Technology and Quality 

Control. 1996. 
8. Suri S and Malhotra A. Food Science, Nutrition and Safety, Pearson India Ltd, 2014. 
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