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FOURTH SEMESTER

FPE 241    
3 (2+1)  

Food Process Engineering – II  
(32 Lectures + 16 Practical)

	Unit 1
	Contact-Equilibrium Process

	
	Introduction: Contact equilibrium separation phase distribution, distribution coefficients, concentrations, mole fraction, partial pressure, Avogadro's Law. Gas-Liquid equilibria, partial vapour pressure, Henry's law, solubility of gases in liquids, solid-liquid equiibria, saturated solution, supersaturated solution. Equilibrium - concentration relationships, deodorizing/ steam stripping McCabe/Thiele diagram, gas absorption. 

	
	Extraction: Extraction process, rate of extraction, stage-equilibrium extraction, solvent extraction, supercritical fluid extraction, extraction equipment, washing, washing equipment. 

	
	Crystallization: Crystallization process, mother liquor, growth, nucleation, metastable region, seed crystal, sheat of crystallization, rate of crystal growth, stage-equilibrium crystallization, crystallization equipment, evaporative crystallizer.

	
	Membrane Separation: Membrane separations, osmotic pressure, ultra filtration, reverse osmosis, rate of flow through membranes. Van't Hoff equation, diffusion equations, Sherwood number, Schmidt number, membrane equipment. 

	
	Distillation: Distillation process, equilibrium relationships, boiling temperature/concentration diagram azeotropes, steam distillation, vacuum distillation, batch distillation, fractional distillation,  distillation equipment

	
	Leaching: Principles of continuous leaching, counter current leaching , leaching equipment

	Unit 2
	Mechanical Separations

	
	Introduction: The velocity of particles moving in a fluid, terminal velocity drags coefficient, terminal velocity magnitude. 

	
	Sedimentation: Sedimentation, Stokes' law, gravitational sedimentation of particles in liquid zones, velocity of rising fluid, sedimentation equipment, flotation, sedimentation of particles in a gas, settling under combined forces.

	
	Centrifugal Separation: Centrifugal separations, centrifugal force, particle velocity, liquid separation, radial variation of pressure, radius of neutral zone, centrifuge equipment. 

	
	Filtration: Filtration, rates of filtration, filter cake resistance, equation for flow through the filter, constant-rate filtration, constant-pressure filtration, filtration graph, Filter-cake compressibility. Filtration equipment, plate and frame filter press, rotary filters, centrifugal filters, air filters.

	
	Air Separators and Sieving: Cyclones-optimum shape efficiency, impingement separators, classifiers, rates of throughput, standard sieve sizes, cumulative analysis, particle size analysis, industrial sieves.

	Unit 3
	Size Reduction

	
	Grinding and Cutting: Grinding and cutting, energy used in grinding, Kick's law, Rittinger's law, Bond’s law, new surface formed by grinding. Grinding equipment, crushers, hammer mills, fixed-head mills, plate mills, roller mills, miscellaneous milling equipment, cutters.

	
	Emulsification: Disperse/continuous phases, stability, emulsifying agents, preparation of emulsions, shearing. 

	
	Homogenization: Definition, principles of homogenization, efficiency of homogenization. 

Homogenizer construction, operation and maintenance.


	Unit 4
	Agitation and Mixing

	
	Introduction, agitated vessels, characteristics of mixtures, measurement of mixing, particle mixing, random mixture, thorough mixture, mixing index, rates of mixing, mixing times, energy input in mixing, liquid mixing. Mixing equipment: liquid mixers, powder and particle mixers, dough and paste mixers, agitators.

	Unit 5
	Absorption and Ionic Exchange

	
	Introduction, equilibrium conditions, batch adsorption, adsorption in columns, ion exchange, basic principles. Properties of ion exchange, applications, water softening using ion exchange, reduction of acidity in fruit juices.

	Unit 6
	Extrusion

	
	Extrusion Theory and Equipment: Introduction, extrusion, extrusion cooking, principles of extrusion cooking, single screw extruder, twin screw extruder, pasta making machines, effect of extrusion parameters on food.

	
	Food Applications of Extrusion: Snacks, RTE foods, confectionery and chocolate, hot extrusion/pasta making.

	Unit 7
	Frying

	
	Introduction, types of frying, heat and mass transfer in frying, fryers, frying equipment.

	Unit 8
	Baking and Roasting

	
	Baking: Baking, principle of baking, baked foods, baking equipment. 

	
	Roasting: Roasting, principle of roasting, roasting equipment.

	Unit 9
	Puffing

	
	Puffing, puffing methods, puffing equipment. 

	Unit 10
	Ionizing Irradiation 

	
	Preservation by ionizing radiations: Ionizing radiations, electron beams, electromagnetic waves, preservation by ionizing radiations, radiation sources, interaction with matter, radiation dose, chemical and biological effects of ionizing irradiation, industrial applications.

	Unit 11
	Non-Thermal Preservation Processes

	
	Pulsed Electric Field and Pulsed Intense Light: Dielectric heating, PEF sterilization of liquid foods, PEF equipment, principle of pulsed intense light preservation, PIL equipment.

	
	High Pressure Processing and Ultrasound: Principle, micro-organism inactivation by high pressure processing, equipment, speed of sound, acoustic impedance, attenuation.


	 Practical
	Title  

	1. 
	Study of solvent extraction plant

	2. 
	Study of super critical fluid (SCF) extraction system

	3. 
	Study of crystallization process

	4. 
	Study of working principle and constructional details of  reverse osmosis plant

	5. 
	Study of distillation process and distillation equipment  

	6. 
	Determination of sedimentation time of solids in liquid food

	7. 
	Study of centrifugal separator and separation process

	8. 
	Study of filtration equipment

	9. 
	Sieve analysis of powder mixtures and separation in to different fractions

	10. 
	Study of various grinders and cutting equipment  and determination of power requirement in grinding and cutting of foods

	11. 
	Study of constructional and working details of homogenizer  

	12. 
	Study of various agitators and mixing equipments 

	13. 
	Study of constructional details and working principle of extruder and extrusion cooking

	14. 
	Study of frying, baking and  roasting processes

	15. 
	Study of HTST puffing process

	16. 
	Kinetics of microorganism inactivation by high pressure processing


Text Books

1. Unit Operations in Food Processing by R.L.Earle, Published by NZIFST (Inc.)

2. Unit operations in Food Engineering by A. Ibarz and Gustavo V Barbosa-Canovas

3. Fundamentals of Food Process Engineering by R.T.Toledo, Published by Springer 

4. Food Process Engineering and Technology by Zeki Berk, Published by ELSEVIER
Reference Books

1. Food Processing Handbook, by J.G.Brennan, Published by WILEY-VCH Verlag GmbH & Co.   KGaA

2. Unit operations of chemical engineering by McCabe and Smith. Published by McGraw-Hill

3. Dairy plant engineering and management by Tufail Ahmad. Published by Kitab Mahal Publications

4. Engineering for dairy and food product by Farrall A.W. Published by John Wiley and Sons

FPE 242            3 (2+1)   

Material Science and Engineering   

(32 Lectures + 16 Practical)

	Unit 1
	Crystal Structures and Bonding

	
	Crystals: Introduction : Crystal geometry and structure; space lattice; unit cell; crystal systems; atomic packing; coordination number; crystal structure for metallic elements (BCC, FCC, HCP). 

	
	Bonding: Bonds in solids; types of bond and mechanisms of bond formation; ionic, covalent and metallic bonds and their comparison; secondary and mixed bonds; bonding and the properties of materials

	Unit 2
	Polymers, Plastics and Ceramics

	
	Polymers: Mechanisms of polymerisation; additions in polymers; polymer structures.

	
	Plastics and Rubbers: Plastics, elastomers and rubbers, fibres and filaments, composite materials. 

	
	Crystal and Ceramics: Single crystals, agglomerated structures, Ceramics and ceramic-metal alloys.

	Unit 3
	Material Properties

	
	Thermo-Physical and Mechanical Properties: Thermo-physical and mechanical properties of materials such as ferrous metals, alloys, polymers, composites and ceramics; their structural behaviour in regard to axial, flexural, stiffness, torsional, shear, hardness, impact and fatigue strengths, creep phenomenon, corrosion, principal stresses and strains. 

	
	Structural Properties.

Structural properties of materials under load and their suitability in various applications.

	Unit 4
	Design of Moulds

	
	Design of mould and Plastics, Design concepts for mould design and fibre-reinforced plastics.

	Unit 5
	Corrosion

	
	Corrosion and its effect on material properties. 

	Unit 6
	Stress

	
	Concept of stress, a short review of the methods of statics, stresses in the members of a structure, analysis and design

	
	Axial loading, normal stress, shearing stress, bearing stress in connections, application to the analysis and design of simple structures, method of problem solution, numerical accuracy

	
	Stress on an oblique plane under axial loading, stress under general loading conditions, components of stress, design considerations

	Unit 7
	Stress and Strain – Axial Loading

	
	Introduction, normal strain under axial loading, stress-strain diagram, Hooke’s law; modulus of elasticity, elastic versus plastic behaviour of a material, repeated loadings, fatigue, deformations of members under axial loading.

	
	Statically indeterminate problems, problems involving temperature changes, Poisson’s ratio, multiaxial loading; generalized Hooke’s law, dilatation, bulk modulus, shearing strain, further discussion of deformations under axial loading, relation among e, ν , and g, stress and strain distribution, Saint-Venant’s principle, stress concentrations.


	Unit 8
	Tortion

	
	Introduction, preliminary discussion of the stresses in a shaft, deformations in a circular shaft, stresses in the elastic range. Angle of twist in the elastic range, statically indeterminate shafts, stress concentrations in circular shafts.

	Unit 9
	Pure Bending

	
	Introduction, symmetric member in pure bending, deformations in a symmetric member in pure bending,  stresses and deformations in the elastic range, deformations in a transverse cross section, bending of members made of several materials, stress concentrations, eccentric axial loading in a plane of symmetry

	Unit 10
	Analysis and Design of Beams for Bending

	
	Introduction, shear and bending-moment diagrams, relations among load, shear, bending moment,  design of prismatic beams for bending, nonprismatic beams

	Unit 11
	Shearing Stresses in Beams and Thin Walled Members

	
	Introduction, shear on the horizontal face of a beam element, determination of the shearing stresses in a beam, shearing stresses in common types of beams, further discussion of the distribution of stresses in a narrow, rectangular beam, longitudinal shear on a beam element of arbitrary shape, shearing stresses in thin-walled members, unsymmetric loading of thin-walled members, shear centre

	Unit 12
	Transformations of Stress and Strain

	
	Introduction, transformation of plane stress, principal stresses, maximum shearing stress

	
	Mohr’s circle for plane stress

	
	General state of stress, application of Mohr’s circle to the three-dimensional analysis of stress

	
	Stresses in thin-walled pressure vessels

	
	Transformation of plane strain, Mohr’s circle for plane strain, three-dimensional analysis of strain, measurements of strain, strain rosette

	Unit 13
	Principal Stresses Under a given Loading

	
	Introduction, principal stresses in a beam, stresses under combined loadings


	 Practical
	Title  

	1. 
	Study on crystal geometry and structure 

	2. 
	Study of various types of bonds in solids

	3. 
	Study of various types of materials and quantification of microstructure 

	4. 
	Determination of mechanical properties of modern materials

	5. 
	Tensile testing of metals and polymers

	6. 
	Compressive testing of wood, bone and fiberglass

	7. 
	To study changes in steel microstructure by various heat treatments

	8. 
	To study temperature dependence of stiffness of  polymers

	9. 
	Determination of coefficient of friction of modern materials on various surfaces.

	10. 
	Determination of hardness of  plastic block

	11. 
	Determination of impact and fatigue strength of plastic block

	12. 
	Installation of strain gauge in the material.

	13. 
	To determine axial properties using extensometers and crossheads

	14. 
	To study the torsion behaviour and beam bending

	15. 
	To determine Poisson’s ratio of material

	16. 
	Design of beam and column


Text books
1. Material Science and Engineering: an Introduction by Callister W.D. Published by John Wiley and Sons

2. Mechanics of materials by Beer FP, Johnston ER Jr, DeWolf JT. Published by McGraw Hill

3. Materials Science, by Narula, Narula and Gupta. Published by Tata McGraw Hill

Reference books 
1. Elements of Materials Science, by Lawrence H van Vlack. Published by Addison Wesley 

2. Mechanics of Structures vol. I, by Junnarkar and Shah. Published by Charotar Publishing House 

FPE 243         4 (3+1)

Food Refrigeration and Air Conditioning 

(48 Lectures + 16 Practical)

	Unit 1
	Fundamentals

	
	Definition of refrigeration and air conditioning, general gas law, Dalton’s law, necessity of refrigeration and air conditioning, unit of refrigeration.

	Unit 2
	Refrigerating Machine and Reversed Carnot-Cycle

	
	Refrigerating Machine: The second law interpretation, heat engine, heat pump and refrigerating machine. 

	
	Carnot Cycle: Carnot principle, vapour as refrigerant in reverse Carnot cycle, limitations of reversed Carnot cycle.

	Unit 3
	Methods of Producing Low Temperatures

	
	Types of Refrigeration Systems: Air cycle refrigeration systems, vapour compression refrigeration systems, vapour absorption refrigeration systems.

	Unit 4
	Vapour Compression System

	
	Vapour Compression System: Components of vapour compression refrigeration system, coefficient of performance, evaporator, compressor, condenser and expansion valve.

	
	Cycle Diagrams and Simple Saturated Cycles: Cycle diagram, pressure enthalpy diagram, simple saturated refrigerating cycle, expansion process, vaporizing process, compression process, condensing process.  

	Unit 5
	Refrigerants

	
	Types and Properties of Refrigerants: Different types of refrigerants, desirable properties of refrigerants: physical, chemical, thermodynamic, safety  and economical aspects.

	Unit 6
	Air Conditioning

	
	Mixing process, basic processes in conditioning of air, psychrometric processes in air conditioning. Air conditioning system, state and mass rate of supply air.

	Unit 7
	Applications of Refrigeration in Food Processing and Preservation

	
	Cold Store

Design of cold storage, size and shape, construction and material, insulation, vapour barriers, floors, frost-heave, interior finish and fitting, evaporators, automated cold stores, security of operations, cold storage for fruits and vegetables, cold storage of apples and pears.

	
	Refrigeration of Meat, Poultry, Marine Products: Refrigeration of boned, boxed and processed meats, pork and bacon, poultry, fish and seafood.

	
	Refrigeration for Dairy, Brewing and Soft Drink Industries: Refrigeration of milk and milk products, ice-cream, ice lollies, brewing, wines and spirits, soft drinks.

	
	Refrigeration for Bakery and Other Foods, Cooling of bakery products, cook/chill process, chocolate enrobing.

	
	Refrigerated Transport, Handling and Distribution, Cold chain, refrigerated product handling, order picking, refrigerated vans, refrigerated display.

	Unit 8
	Refrigeration Load Estimation

	
	Load sources, product cooling, conducted heat, convected heat, internal heat sources, heat of respiration, peak load.


	Practical 
	Title  

	1. 
	Study of vapour compression  refrigeration system

	2. 
	Determination of COP of vapour compression  refrigeration system

	3. 
	Study of various types of compressors, condensers, expansion valves and evaporative coils used in refrigeration systems

	4. 
	Study of refrigerants, their properties and charts 

	5. 
	Study of direct and indirect contact freezing equipment for foods

	6. 
	Study of spray freezing process for foods

	7. 
	Study of food cold storage 

	8. 
	Estimation of refrigeration load for cold storage

	9. 
	Estimation of refrigeration  load for meat and poultry products

	10. 
	To study refrigeration system of dairy plant

	11. 
	Estimation of refrigeration load for ice-cream 

	12. 
	To study cooling system for bakery and estimation of refrigeration loads

	13. 
	To estimate refrigeration load during chocolate enrobing process. 

	14. 
	Study of refrigerated van 

	15. 
	To study deep freezing and thawing of foods 

	16. 
	To study refrigerated display of foods and estimation of cooling load


Text books
1. Refrigeration and Air-conditioning by CP Arora. Published by Tata McGraw Hill 

2. Principles of Refrigeration by Dossat RJ. Published by John Wiley

3. Advances in food refrigeration by Da Wen Sun. Published by Woodhead Publishing Limited, UK

Reference books

1. Refrigeration and Air-conditioning by Manohar Prasad. Published by New Age publications.

2. Commercial Cooling of Fruits and Vegetables by Thompson. Published by Univ. of California
FPT 241          3 (2+1) 

Food Processing Technology – II

(32 Lectures + 16 Practical)

	Unit 1
	Extraction

	
	Leaching, solvent extraction and super critical extraction - basic concept and definition; effect of various parameters on solvent extraction; extraction equipment, type of solvents used in food industry and their application-flavours and essential oils, coffee, tea

	Unit 2
	Crystallization

	
	Theory an principle, equipment for crystallization, Crystallization in food processing 

	Unit 3
	Frying

	
	Frying- Theory and principle, shallow or contact frying and deep fat frying, frying equipment, effect of heat on fried food, Fried food products- chips, snacks

	Unit 4
	Membrane processing

	
	Osmosis, reverse osmosis and ultrafiltration- basic definition, concept and mechanism; types of membranes and their limitations; Application of membrane processing in food

	Unit 5
	Minimal Processing

	
	Minimal processing- basic concept and principle, Application of minimal processing in food

	Unit 6
	Pulsed electric field processing

	
	Theory and principle, effect of PEF on food, effect on microbe, Application in food processing

	Unit 7
	High pressure processing

	
	Theory and principle, effect of high pressure processing on food, effect on microbe, Application of high pressure processing in food

	Unit 8
	Hurdle Technology

	
	Hurdle technology- concept and mechanism, Application of hurdle technology in food

	Unit 9
	Ultrasound Processing

	
	Theory and principle of ultrasound processing, application in food industry


	 Practical
	Title

	1. 
	Effect of sample particle size and time on solvent extraction process

	2. 
	Effect of temperature on crystallization rate of sugar

	3. 
	To visit sugar processing industry 

	4. 
	Determination of oil uptake by the food product during frying

	5. 
	Study the qualitative changes in the fried food product

	6. 
	To study the osmosis in fruits

	7. 
	Determination of solid gain and moisture loss during osmosis

	8. 
	To study reverse osmosis process 

	9. 
	To study ultra filtration/membrane separation process

	10. 
	To study the effect of high pressure on microbe

	11. 
	To study the effect of pulse electric field on food

	12. 
	To prepare minimally processed fruit/vegetable

	13. 
	To study the effect of various hurdles (pH, temperature, salt concentration, water activity) in food

	14. 
	Development of high-moisture ambient stable fruit products using hurdle technology

	15. 
	To visit solvent extraction unit 

	16. 
	To visit food processing industry/ organisation using advance processing techniques


Text books
1. Principles of Food Science: Part-II Physical Principles of Food Preservation. Edited by O.R. Fennema Publisher-Marcel Dekker, New York. 

2. Food Processing Technology: Principles and Practice. P. Fellows (Second Edition). Publisher-Woodhead Publishing Limited and CRC Press LLC.

3. Food Processing Handbook, by J. G. Brennan, WILEY-VCH Verlag GmbH & Co. KGaA
Reference books
1. Unit Operations in Food Processing by R. L. Earle, Published by NZIFST (Inc.)

2. Fundamentals of Food Process Engineering by R. T. Toledo, Published by Springer

3. Minimal Processing Technologies in the Food Industry. Edited by T Ohlsson and N Bengtsson, Publisher-Woodhead Publishing Limited.

FPT 242    4 (3+1) 

Processing Technology of Food Grains

 (48 Lectures + 16 Practical)

	Unit 1
	Structure and Properties of Grains

	
	Status of food grain production and its supply chain in India; Food grain (rice, wheat, corn, pulses and oil seeds) - structure, physico-chemical properties, thermal properties, biochemical properties; effect of different factors on the physical, thermal and biochemical properties of grains.

	Unit 2
	Paddy Processing

	
	Parboiling- various methods of parboiling (CFTRI, RPEC, High pressure etc.); effect of parboiling on milling, nutritional and cooking quality of rice; paddy milling operations-cleaning, dehusking, separation, whitening, grading; quality characteristics influencing final rice- milling outturn, kernel chalkiness, translucency and cooking, processed rice products

	Unit 3
	Wheat Processing

	
	Wheat milling- break system, purification system and reduction system; extraction rate and its effect on flour composition; quality characteristics of flour and their suitability for baking into- bread, biscuits and cakes, processed product of flour mill

	Unit 4
	Pulse Processing

	
	Traditional dry milling and wet milling of pulses,  CFTRI method, Pantnagar process, CIAE process; milling process of tur, blackgram etc

	Unit 5
	Corn and Millets Processing

	
	Dry milling of corn and wet milling of corn, starch and gluten separation; malting and milling of barley, milling of millets 

	Unit 6
	Oil Seed Processing

	
	Processing of oil seeds for direct use and consumption, oil expression and extraction, mechanical oil expression, solvent extraction; processing of extracted oil- refining, hydrogenation, fractionation, transesterification, and interesterification; processing of deoiled cakes; textured protein products from oil cake


	 Practical
	Title

	1. 
	Physical properties of cereals and pulses   

	2. 
	Chemical properties of cereals  

	3. 
	Study of temperature and time on parboiling of rice

	4. 
	Effect of parboiling on nutrient content of paddy. 

	5. 
	Determination of cooking quality of rice   

	6. 
	Determination of gelatinization temperature of rice

	7. 
	 Effect of time and roller distance on dehusking and milling of rice in laboratory dehusker

	8. 
	Water absorption capacity, stability index of wheat flour using doughlab

	9. 
	Determination of gluten content in wheat flour

	10. 
	Determination of falling number and amylase activity

	11. 
	Production of popcorn and study the expansion characteristics

	12. 
	Study on cooking quality of dhals  

	13. 
	Effect of oil  and red earth slurry application on milling of dhal

	14. 
	Determination of trypsin inhibitor  in soybean

	15. 
	Solvent extraction of oil from rice bran

	16. 
	Production and processing of malt from barley/sorghum


Text books
1. Post harvest technology of Cereals, Pulses and Oil Seeds by A Chakravarti Oxford Publishing.

2. Unit Operations in Agricultural Processing by KM Sahay and KK Singh, Vikas Publishing House, Pvt. Ltd.

Reference books

1. Manuals on Rice and its processing by CFTRI Mysore and IIT Kharagpur

2. Cereals Technology by NN Potter AVI Publication

3. Bakery Technology and engineering by SA Matz CBS Publication

4. Corn, Chemistry and Technology by A Watson and P Ramsted, American Association of Cereal Chemists, St. Paul, Minnesota, USA.

5. Technology of Cereals by N L Kent and A D Evers, Elsevier Science Ltd. Kidlington, Oxford, U.K.

FPT 243    3 (2+1) 

Design and Formulation of Foods

 (32 Lectures + 16 Practical)

	Unit 1
	Fundamental Concepts of Nutrition

	
	Nutrient and their role in human metabolism;- carbohydrates; proteins; fat; vitamins and minerals and their importance for human

	Unit 2
	Nutritional Requirement

	
	Nutritional requirements of human being; recommended daily allowance (RDA) for preschool and school children; adult male and female; lactating and pregnant women; anti-nutritional factors present in food- cereals; pulses; oil seeds; fruits and vegetables; fish, meat and eggs; acid-base balance in food

	Unit 3
	Infant food

	
	Infant foods- Definition and need; formulation of weaning foods- for babies, preschool going (2-5 years)

	Unit 4
	Traditional sweet and snacks

	
	Production, formulation, preparation and processing of Indian traditional sweet and snack food products; formulation and preparation of sweets- Rasgolla, Gulabjamun; formulation and preparation of namkeen, papads and samosa etc.  

	Unit 5
	Formulation of Probiotic and Prebiotic Food

	
	Probiotic and prebiotics- definition and their health promoting effects; preparation and maintenance of bacterial, yeast and mould cultures for probiotic and prebiotic food; Lactic acid bacteria as prebiotic; formulation and preparation of probiotic and prebiotic products

	Unit 6
	Therapeutic Foods

	
	Therapeutic foods- definition and need; concept and formulation of foods for special demographic groups- undernourished children and lactating mothers; geriatric food; foods for persons suffering from various ailments- osteoporosis, cardiac problem, diabetes

	Unit 7
	Functional and Nutraceuticals Foods

	
	Functional foods- definition and concepts; design of functional foods; Nutraceuticals food- definition and concepts, design of nutraceutical foods

	Unit 8
	Recent Trends

	
	Recent trends in food formulation; antioxidant rich food products; concepts for formulation of foods for drought and disaster afflicted; defence services, sportsmen, space food


	 Practical
	Title

	1. 
	Determination of vitamin C content of given food product

	2. 
	Determination of mineral content   in a given food product

	3. 
	Design of diet on the basis of daily nutritional requirement for young adult

	4. 
	Development of protein rich weaning food for infants

	5. 
	Preparation and formulation of traditional sweet product- Rasogolla/ Gulabjamun

	6. 
	Preparation and formulation of traditional salty product- Namkeen/ Papad/ Samosa

	7. 
	Preparation and formulation of fermented food –Idli/ Dosa

	8. 
	Preparation and formulation of food for- Cardiac patient 

	9. 
	Preparation and formulation of food for- Diabetic patient

	10. 
	Isolation of phytochemical/ bio active agent from plant sources

	11. 
	Determination of antioxidants  in foods.

	12. 
	Determination of Thiobarbituric acid  (TBA) value 

	13. 
	Development and formulation of antioxidant rich food

	14. 
	Determination of dietary fiber in given food product

	15. 
	Development of prebiotic/ probiotic food product

	16. 
	Preparation and formulation of high fiber food product  


Text books

1. Nutritive Value of Indian Foods by C Gopalan, BV Ramshastri, S C Balasubramaniam, National Institute of Nutrition, Hyderabad 

2. Essentials of Nutrition by M Swaminathan, Ganesh Co. 

3. Handbook of Indigenous Fermented Foods by K.H. Steinkrauss, Marcel Dekker.

Reference Books

1. 'Proceedings of Technical Session of IFCON-98' AFTS (I), CFTRI, Mysore.

2. Antioxidants in Food by J Pokorny, N  Yanishlieva, and M Gordon, Published by Woodhead Publishing Limited, Abington Hall, Abington

3. Food Science, (5th Edition) by N N Potter, and J H Hotchkiss, Aspen Publishers, Inc., Gaithersburg, Maryland.

4. Food and Nutrition Bulletin, Vol. 23, 24, 25 and 26. The United Nations University, Press.

5. Functional Foods. Biochemical and Processing Aspects by G Mazza, Technomic Publ. Co.

6. Nutrition in Health and Disease by Corrine Robinson. 

7. Clinical Dietetics and Nutrition by F.P. Antia

8. Human Nutrition and Dietetics by Davidson and Passmore

PHE 241  
3 (2+1)

Engineering Properties of Biological Materials

                                                                                            
(32 lectures + 16 Practical)
	Unit 1
	Introduction & Physical properties 

	
	Introduction to engineering properties of biomaterials and their importance in the food process technology.

Structure and chemical composition of grain, physical characteristics (size, shape, roundness, sphericity, geometric mean diameter, surface area, projected surface area, resemblance to geometric bodies, volume, bulk density, true density, specific gravity, porosity) and their measurement

	Unit 2
	Mechanical properties

	
	Contact stress between bodies, Hertz problems, hardness, impact resistance, coefficient of restitution, fragility factor

	Unit 3
	Rheological properties

	
	Stress, strain, elastic limit, modulus of elasticity, poisson’s ratio, shear strength, compressive strength, tensile strength, yield point, yield strength, deformation, bio yield point, rupture point, stiffness, elasticity, plasticity, degree of plasticity, toughness, resilience, mechanical hysteresis, viscoelasticity, stress relaxation, relaxation time, creep, retardation time, kinematic viscosity, apparent viscosity, Newtonian and non-Newtonian fluid, thixotropic fluid, rheopectic fluid, ideal elastic behaviour (Hookean body), ideal plastic body (St. Venant body), ideal viscous behaviour (Newtonian liquid), time effects (viscoelasticity), Maxwell model, Kelvin model, Burgers model, texture profile (firmness/ hardness, cohesiveness, adhesiveness, etc)

	Unit 4
	Mechanical damage

	
	Abrasion, bruising, crack, cut, puncture, shatter load, skin break, split, skinning and feathering, stem end tearing, swell cracking

	Unit 5
	Aerodynamic properties

	
	Terminal velocity, drag coefficient, Reynold’s number, application of aerodynamic properties to agricultural products

	Unit 6
	Frictional properties

	
	Static and dynamic coefficient of friction, angle of repose, coefficient of internal friction, pressure ratio, asperity contact, rolling resistance, cohesion of granular materials, definition of deep and shallow bins, application of frictional properties in grain handling, processing and conveying 

	Unit 7
	Optical properties

	
	Colour, reflectance, diffraction, absorption, radiation, lightness, hue, chroma, saturation, value, gloss, tristimulus values of colour, CIE and Lab colour system, application of optical properties in food processing

	Unit 8
	Thermal properties

	
	Heat capacity, specific heat, latent heat, eutectic point, sensible heat, heat of absorption, heat of respiration, thermal conductivity, thermal diffusivity, modes of heat transfer, coefficient of thermal expansion, application of thermal properties in food processing operations 

	Unit 9
	Electrical and Electromagnetic properties

	
	Electrical capacitance, resistance, spectrum of electromagnetic radiation, frequency of radiation, energy of radiation, black body, grey body,  dielectric constant, dielectric loss, power factor, dielectric heating, dielectric loss tangent, electromagnetic properties application to processing of food


	Practical
	Title

	1
	Measurement of grain and fruit dimensions, surface area, projected surface area, volume 

	2-3
	Determination of bulk density and true density, specific gravity, porosity

	4
	Measurement of (grain, fruit) hardness (Moh’s hardness test), compressive strength

	5
	Determine flow parameters of Newtonian, Non Newtonian food products by: Capillary tube, viscometer, Hakke’s viscometer, Rotational viscometer and Falling ball viscometer. 

	6
	Viscosity measurement using (RVA, Brookfield viscometer)

	7
	Texture Profile Analysis of different food samples

	8
	To study the separating behaviour of a grain sample in a vertical wind tunnel (aspirator column)

	9
	Angle of repose measurement of different grains

	10
	To find out the co-efficient of external and internal friction of different crops  

	11
	Optical properties measurement using hunter Lab/CIE colour system 

	12
	Optical properties measurement using Spectrophotometer

	13
	Optical properties measurement using Tintometer

	14
	To determine specific heat of some food grains

	15
	To find the thermal conductivity of different grains.

	16
	To find the electrical impendence of the grain


	Text  Books

	1
	Physical Properties of Plant and Animal Materials, 2nd Ed, Gordon & Breach Science Publisher by N.N. Mohsenin

	2
	Thermal properties of food and agricultural materials, Gordon & Breach Science Publisher by N.N. Mohsenin

	3
	Electromagnetic radiation properties of food and agricultural materials, Gordon & Breach Science Publisher by N.N. Mohsenin

	4
	Engineering Properties of Foods,3rd Ed, CRC Press by Rao, Rizvi & Dutta

	Reference books

	1
	Texture and Viscosity: Concept and Measurement, 2nd Ed, Academic Press, London by Malcome C. Bourne

	2
	Physico Chemical Constituents and Engineering Properties of Food, Scientific Publishers (India) by R.P. Kachru


