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1. What is the nutritive value of food, explain with example? 

Food may be defined as substances, which when eaten and absorbed by the body to 

maintained life and growth. The chemical components that perform these functions are called 

nutrients. The components are carbohydrates, fats, proteins,minerals,vitamins and water. This 

number of nutrients present in food is called nutritive value of food.eg.,Nutritious food such as 

milk contain a variety of nutrient and can fulfill all the requirement of the body. 

2. Explain food as a source of energy. 

Energy is provided in the human body in the form of ATP by metabolic process involving the 

breakdown of food constituents.(Carbohydrates – 4 kcal/g,Protein – 4 kcal/g ,Fat – 9 kcal/g) 

3. What are the types of food nutrition? 

There are 6 types of nutrition have been identified. They are: 

1.Carbohydrates 2.Fats 3.Proteins 4.minerals 5.Vitamins and 6.Water 

4. Name some types of proteins in our foods? 

a.Milk-  27 g/l protein, b. Meat- 18 –20 % protein, c. Fish- 18 –20 % protein, d. Egg- 15 % 

proteine. Legume seeds- 18 –42 % protein  

5. What are antioxidants? 

Antioxidants: These are the substances used to prevent Oxidation of fats by molecular 

Oxygen and avoid rancidity. Eg. Butylated hydroxyanosole, Butylated hydroxyl toluene, Propyl 

Gallate. 

6. What are the esseintial constitiuents of food? (Dec 2018) 

The main constituents of food are Carbohydrates, Proteins, fats, vitamins, minerals and water. 

7. What are minerals? (Dec 2018) 

Minerals are inorganic substances required by the body in small amounts for a variety of 

functions. These include the formation of bones and teeth; as essential constituents of body fluids 

and tissues; as components of enzyme systems and for normal nerve function. Some minerals are 

needed in larger amounts than others, e.g. calcium, phosphorus, magnesium, sodium, potassium 

and chloride. Others are required in smaller quantities and are sometimes called trace minerals, 

e.g. iron, zinc, iodine, fluoride, selenium and copper. 

8. Define Food Technology. 

Food Technology is the application and use of the basic Sciences and Engineering in the 

selection, preservation, Processing, Packaging and distribution of the food items. 

9. What are the classifications of carbohydrates? (Dec 2017, 19) 



  Classification of Carbohydrates (i). Monosaccharide - Glucose and Fructose.,   (ii). 

Disaccharide –  Sucrose and Maltose.,    (iii). Polysaccharides – Starch and Cellulose. 

10. Discuss the aim of the aims of food science and technology. 

The main aims of food science and technology- 

- Make available wholesome, nutritious and appetizing food at economical rates. 

- Improve the nutritive value and minimize loss of essential nutrients during processing and 

preservation. 

- Prevent food poisoning, contamination or adulteration. Develop new varieties of instant or 

convenient food.Cater to the special dietary requirements of astronaut, patients, sports 

person etc 

11. What are vitamins?  

Vitamins: These are Organic Chemicals, other than essential amino acids and fatty acids 

that must be supplied to an animal in small amounts to maintain health. 

Classification: (i). Fat soluble Vitamins : A, D, C And K, (ii). Water Soluble: C and B. 

12. What are the functions of the food industry? 

Food Industry: Food industry is manufacturing place where food products are processed, 

packed and distributed. Different divisions involved in Food Industry include, Raw material 

Procurement, Preservation of Raw material, Processing of Raw material, Packaging of finished 

product and distribution of the product. Various functions of the food industry are cleaning, 

Concentrating, Controlling, Disintegrating, Drying, Evaporation, Fermenting, Foaming, 

Heating/Cooling, materials handling, Mixing, Packaging, Pumping, separating and others. 

13. What are the constituents of food? 

  The main constituents of food are Carbohydrates, Proteins, fats, vitamins, minerals and 

water. 

14. What are the properties of sugar? (Dec 2016) 

Properties of Sugars: (i) They are sweet. (ii) They are soluble in water and readily forms 

syrups. (iii) They form crystals when the water is evaporated from their solutions (iv) They supply 

energy.  (v) microorganisms readily ferment them.  (vi) They prevent the growth of 

Microorganisms in high concentrating so they can be used as a preservative.  (vii) They darken in 

color or caramelize on heating (viii) Some of them combine with proteins to give dark colors 

known as browning (ix) They give body and mouth feels to solutions in addition to sweetness. 

15. Compare the properties of sugar and starches? 

Properties of Sugars and Starches: Sugars: (i) They are sweet. (ii) They are soluble in water 

and readily form syrups. (iii) They form crystals when the water is evaporated from their solutions 

(iv) They supply energy.  (v)  Microorganisms readily ferment them.  (vi) They prevent the growth 

of Microorganisms in high concentrating so they can be used as apreservative.  (vii) They darken 

in color or caramelize on heating (viii) Some of them combine with proteins to give dark colors 

known as browning (ix). They give body and mouth feels to solutions in addition to sweetness 



Properties of Starches: (i) They are not sweet. (ii) They are not readily soluble in cold water (iii). 

They form pastes and gels in hot water.  (iv) They provide a reserve energy source in plants and 

supply energy in nutrition.  (v) They occur in seeds and Tubers as characteristic starch granules. 

16. Give one preparation method for proteins?  

Proteins: Proteins are made by linking individual amino acids together in long chains which 

are essential to all life. Peptide Bond: The bond formed between amino group of one amino acid 

with the Carboxylic group of other amino acid by the elimination of one water molecule is called 

Peptide bond.   

17. What are fats? 

Fats are smooth, Greasy substances that are insoluble in water.  Fat is mainly a fuel source 

for the animal or plant in which it is found or for the animal that eats it.  It contains about 2and 

quarter times the calories found in an equal dry weight of protein or carbohydrate. 

18. What are natural emulsions? 

Natural emulsions: Materials that keep the fat globules dispersed in water or water globules 

dispersed in fat are emulsifiers.  Natural emulsifiers are those, which are readily available in 

different systems.  Ex: Lecithin a polyphospolipid found in egg yolk. 

19. What are Natural Toxicants? 

These are the substances that plants do have to protect itself or help ensure reproduction, 

but toxic to the human system.  Heat of cooking destroys natural toxicants, Fermentation; Water 

soaking are other general methods of removing natural toxicants. 

20.  How do the Energy is measured in terms of Kilocalories? 

A Calorie is the amount of heat required to raise the temperature of one gram of water by 

one degree Celsius.  

21. How do you measure the energy of food components? 

  Total energy of the food components are measured by analyzing the food and determining 

the various constituents like Carbohydrates, fats, protein and water. 

22. What is protein efficiency ratio?  

The total weight gain of an experimental animal per gram of protein eaten is known as 

protein efficiency ratio. The product of Biological value and digestibility is called as net protein 

Utilization. 

 23. What are the sources of vitaminA and VitaminB? 

Sources of Vitamin A: Meat, Milk, Eggs, and the like. 

Vitamin B: Formed in the skin by activation of Steroids by Ultraviolet light from the sun.. 

24. What are the deficiency of vitamin K and C? 

Effects of Deficiency of Vitamin K: Affects normal blood clotting.  Its deficiency generally 

parallels liver diseases where fat absorption is abnormal.Vitamin C: Its deficiency causes Fragile 

Capillary walls. Easy bleeding of gums, loosening of teeth, and bone joint diseases.   

25. How is water activity determined ?(May 2011, May 2013) 

Water activity values are obtained by either a capacitance or a dew point hygrometer. 

  



26. Define retrogradation? (May 2011,Dec 2015) 

Retrogradation is a reaction that takes place in gelatinized starch when the amylose and 

amylopectin chains realign themselves, causing the liquid to gel 

27. List out the organoleptic properties of food. (Dec 2016) 

Oragnoleptic properties of food includes appearance, smell, taste, touch and sound 

28. Define dietary fibre. (May 2012, Nov 2014) 

Dietary fiber or sometimes roughage and ruffage is the indigestible portion of food derived 

from plants.  

29. Differentiate water soluble and insoluble protein.(May 2013, May 2014) 

Dietary fiber consists of the indigestible parts of plant foods. As you note, there are two 

kinds. Soluble fiber dissolves in water; insoluble does not. Both are important for healthy 

digestion, and both can help prevent heart disease, obesity, diabetes, diverticulitis (an intestinal 

malady) and constipation. 

30. What is glycemic carbohydrate. (Nov 2014) 

The glycaemic index (GI) measures carbohydrates according to how quickly they are 

absorbed and raise the glucose level of the blood. A low GI diet may help a person with diabetes 

control their blood glucose levels. It may also help energy levels for endurance sports. 

31. What is the importance of dietary fiber in food? (Dec 2015) 

A high-fiber diet has many benefits, which include: 

- Normalizes bowel movements, Helps maintain bowel health, Lowers cholesterol levels,  

Helps control blood sugar levels,  Aids in achieving healthy weight.   

32. Define Basal Metabolic rate. (May 2012, May 2016) 

A measurement of the number of calories needed to perform your body's most basic (basal) 

functions, like breathing, circulation and cell production. BMR is most accurately measured in a 

lab setting under very restrictive conditions.  

33. What is water activity and mention the activity of pure water. (May 2016) 

The water activity (aw) represents the ratio of the water vapor pressure of the food to the 

water vapor pressure of pure water under the same conditions and it is expressed as a fraction. If 

we multiply this ratio by 100, we obtain the equilibrium relative humidity (ERH) that the foodstuff 

would produce if enclosed with air in a sealed container at constant temperature. Thus a food with 

a water activity (aw) of 0.7 would produce an ERH of 70%. Water activity (aw) has its most useful 

application in predicting the growth of bacteria, yeasts and molds. For a food to have a useful shelf 

life without relying on refrigerated storage, it is necessary to control either its acidity level (pH) or 

the level of water activity (aw) or a suitable combination of the two. This can effectively increase 

the product's stability and make it possible to predict its shelf life under known ambient storage 

conditions 

34. What are proteins? (Dec 2017) 

Proteins are large, complex molecules that play many critical roles in the body. Proteins 

are made up of hundreds or thousands of smaller units called amino acids, which are attached to 

one another in long chains. There are 20 different types of amino acids that can be combined to 



make a protein. The sequence of amino acids determines each protein’s unique 3-dimensional 

structure and its specific function. 

35. What are essential aminoacids? (Dec 19) 

The aminoacids which cannot be sythesied by the body and they can be taken from diet. 

Eg. Lysine, threonine, valine etc., 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT -2 

 

1. Define Food additives. (2012, Dec 2017, Dec 2018) 

Food additives are non-nutritive substances added intentionally to food generally in small 

quantities to improve its appearances, flavor, texture or storage properties. 

2. What are Food preservatives? 

 These are food additives added to food to protect it against the action of microorganisms.  

Ex: Sodium Benzoate, Calcium Propionate. 

3. What are Enzymes? (Dec 19) 

Ezymes are biocatalyst which speed up the reaction and involve in variety of biochemical 

reaction. Eg. Amylase, Pepsin. 

4. Explain flavor enhancers. 

Flavour enhancers such as inosine 5 –monophosphate and guanosine monophosphate can 

be produced by degradation of RNA with 5-phophodiesterase.RNA is a byproduct of plant 

processing as single cell protein production. 

5. Classify the flavour and color reactions of carbohydrate constituents of food? 

The flavour and color reactions of carbohydrate constituents of food may be classified into  

(i)   Enzymic browning reactions,  (ii)  Caramelization,  (iii) Mallard reaction,   

(iv) trecker degradation 

6. What are the two types of Browning reactions? 

The browning reactions that occur in foods may be classified into two types: 

 (1) Oxidative browning,  (2) Non – oxidative browning 

7. List any 4 permitted natural food colors in India. (Dec 2018, Dec 2015) 

Amarnath,Ponceau 4R, yellow FCF, tartrazine and triarylmethane dyes,Xanthenes and 

indigo dyes, 

8. What are the types of Carotenoids? 

Carotenoids are pigments responsible for yellow and orange colour of fruits and vegetables. 

Chemically they are classified as terpenoids and steroids. The Carotenoids are of two groups, 

carotenes,which are hydrocarbons and xanthophylls which contain oxygen. 

9. Write notes on Melanins? 

Melanins are formed in vegetables and fruits such as apples and bananas, as a brown colour 

when the plant tissues are damaged or cut portions are exposed to air. The browning is due to 

polyphenolic substances of melanin type pigments produced by the action of the enzyme phenolase 

present naturally. 

10. List out some of the natural colourants. (May 2013, Dec 2015) 

Natural pigments such as ß – carotene and the beet pigments are extracted from natural 

sources.Curcumin is the yellow pigment in the spice turmeric is used in colouring baked foods 

such as cakes and also in ice-creams.Cochineal is a group of red pigments from various dead 

female insects used in the form of dried powder. 

11. What is called Flavour? 



Flavour is a collection of sensory phenomena which includes taste,aroma,texture or mouth 

feel as detected by different sensory organs. 

12. Name some of the acids responsible for sourness in foods. 

Sourness is always assumed to be a property of acidic solutions. Citric acid,tartaric 

acid,malic acid,acetic acid and oxalic acid  are responsible for the acidity and sourness. 

13. Why food additives are added to the foods? (Dec 2019) 

The use of food additives is justified when it serves at least one of the following  

(a) maintanence of nutritional quality,(b) enhancement of keeping quality or storage stability with 

reduction in food loss,(c) making the food attractive and acceptable to the consumer,(d) as essential 

aids in food processing. 

14. What is called food preservatives? 

Preservatives are used to prevent the microbiological spoilage , chemical deterioration and 

to control the insects and rodents.  

15. What is the function of EDTA and citric acid? 

EDTA and citric acid are used as chelating agents. Citric acid is used preservative and to 

suppress browning of fruits and vegetables and an aroma improver in processed cheese and 

buttermilk. 

16. Give examples for acids used as food additives. 

Lactic acid and acetic acid are used to induce coagulation of milk in manufacture of cheese. 

Benzoic acid and sorbic acid function as antimicrobial agents. Fumaric acid increases the shelf life 

of dehydrated foods such as pudding and jelly powders. 

17. Why bases are added as food additive? 

Bases are added during food processing mainly to maintain pH, carbon dioxide evolution, 

and enhancement of colour and flavor and also for the chemical peeling of skins of vegetables. 

18. What are surface active agents? (May 2013) 

Surface active agents are emulsifiers used to stabilize oil-in-water and water-in-oil 

mixtures, gas –in-liquid mixtures and gas-in-liquid mixtures. These include emulsifies such as 

lecithin, synthetic mono-and diglycerides and their derivatives. 

19. What are anticaking agents? 

Anticaking agents are added to maintain the free-flowing nature of granular and powdered 

food materials which are normally hygroscopic.These additives function by absorbing excess 

moisture present in the food and coating the fod particles to provide a water repelling characteristic. 

Eg., Calcium silicate used in baking powder and calcium stearate also functions as lubricant in the 

manufacture of tablet from candies.  

20. What is the purpose of using of wood smoke? 

The smoking of foods is practiced mainly for two purposes: adding desired flavour and 

preserving food. The smoking process helps preservation by impregnating the food near its surface 

with chemical preservatives from the smoke. 

 

 



21. What are pyroligenous acids? (May 2011) 

 Pyroligneous acid, also called wood vinegar, is a dark liquid produced through the 

natural act of carbonization, which occurs when wood is heated in an airless container during 

charcoal production. 

22. What factors determine the odour threshold value of aroma compounds? (May 2011) 

An aroma compound, also known as odorant, aroma, fragrance or flavor, is a chemical 

compound that has a smell or odor. A chemical compound has a smell or odor when two conditions 

are met: the compound needs to be volatile, so it can be transported to the olfactory system in the 

upper part of the nose, and it needs to be in a sufficiently high concentration to be able to interact 

with one or more of the olfactory receptors. 

23. What is the reason for the characteristic porosity of breads and cakes? (May 2010) 

The presence of water determines the porosity. 

24. What are stabilizers and thickeners? 

In chemistry a stabilizer is a chemical which tends to inhibit the reaction between two or 

more other chemical. It can be thought of as the antonym to a catalyst. The term can also refer to 

a chemical that inhibits separation of suspensions, emulsions, and foams. Thickening agents, or 

thickeners, is the term applied to substances which increase the viscosity of a solution or 

liquid/solid mixture without substantially modifying its other properties. 

25. What is whey? 

Whey or Milk Serum is the liquid remaining after milk has been curdled and strained. It is 

a by-product of the manufacture of cheese or casein and has several commercial uses. 

26. Define Immobilized enzymes. (May/June 2012) 

An immobilized enzyme is an enzyme that is attached to an inert, insoluble material such 

as calcium alginate (produced by reacting a mixture of sodium alginate solution and enzyme 

solution with calcium chloride).  

27. List four important enzymes used in food industry and its applications. (Dec 2015) (Dec 

2016) 

Pectinase used as a juice clarifier, Isomerase is used in the production of corn syrub by 

converting glucose into fructose, papain used as tenderizer in meat processing industry and 

xylanase used in beer industry in order to extraction and filtration of beer.  

28. What are synthetic flavours? Give example. (May 2016) 

Natural flavours are substances obtained by chemical synthesis or chemical modification 

of natural substances, but which are not present in natural products. Natural flavors were derived 

from natural sources has several limitations such as, seasonal availability, high material costs etc. 

Hence the synthetic flvours were used as a substitute for natural flavors. Eg Isoamyl acetate 

(banana odor), cinnamaldehyde (cinnamon odour) 

29 List out the enzymes used in food processing. (Dec 2017) 

Alpha-amylase: Converts starch to dextrins in producing corn syrup. Solubilizes the 

carbohydrates found in barley and other cereals used in brewing 

Lipase: Enhancing flavor development and shortening the time for cheese ripening.  

http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Sodium_alginate


Papain: Used as meat tenderizer 

Pectinase: Treatment of fruit pulp to facilitate juice extraction and for clarification and 

filtration of fruit juice. 

30. Define Perigo effect (May 2016) 

The amount of sodium nitrite needed to prevent growth (Clostridium species) is dependent 

on the strain, pH, size of inoculum, and whether the test medium has been autoclaved in the present 

of nitrite. Enhancement of the inhibitory effect of sodium nitrite by heat is called the Perigo effect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

UNIT -3 

 

1. Mention the benefits of fermented foods(Dec 2018) 

Fermented foods improves digestive health, boost the immune system, improves mental health, 

helps in weight loss and improves the heart health 

2. List some gram – negative bacteria associated with food?(Dec 2016) 

Gram –negative bacteria –Pseudomonas, Gluconobacter, Halobacteria, Acetobacter, Brucela, 

Escherichia, Salmonella, Shigella. Etc 

2. What are the primary sources of microorganism commonly associated with food? 

1. Soil, water and air 2.Plants and their products 3.Animals and human beings 4. Food 

handling equipments. 

3. What are proteolytic bacteria? 

Proteolytic bacteria include a heterogeneous group of bacteria, which produce extra 

cellular protease. The species include aerobis, facultative, spore forming organisms. Most species 

belongs to the genera of clostridium, bacillus, pseudomonas, and proteus. 

4. Give few importance of yeast in foods? (May 2012,May 2013) 

Saccharomyces species are the most widely used yeasts. S.cerevisiae is used in the 

manufacture of many food with special strains used for the leavening of bread and for the 

production of ale, wine, alcohol, glycerol and invertase. 

5. Name the extrinsic factors influencing microbial activity. 

The extrinsic factors influencing microbial activity includes – temperature, relative 

humidity of environment, gaseous atmosphere surrounding the food. 

6. Name two fermented food products. 

1. Cheese and 2.Curd. 

7. What is vinegar? 

Vinegar is defined as a condiment made from sugary or starchy materials by an alcoholic 

fermentation followed by an acetone.It contain at least 4 gram of acetic acid per 100 ml. 

8. What are the Advantages of Baking? 

    Development of Flavor, on baking different colors forms due to presence of  sucrose, 

fructose and glucose. 

9. What are the five dairy products? 

Cheese, Ghee, Curd, Yogurt, and Butter.   

10. What is Chocolate Liquor? 

It is the liquor containing 55% fats, 17% Carbohydrates, 11% Proteins, 6% Tannin 

Compounds, 3% Ash, 2.5% Organic acids; 2% Moisture; traces of Caffeine and 1.5% thio 

bromine.  

11. What is Curing of meat? 

It refers to the modifications of meat that affects preservation flavor, color and tenderness 

due to added curing ingredient.  



12. Define Mashing. 

This is the first step in beer making. The malted barley and cereal adjuncts   are mixed with 

water and mildly cooked to extract readily soluble malts and to gelatinize starch.  

13. What are fermented foods? (Dec 2017/ Dec 2016) 

Fermentation in food processing is the process of converting carbohydrates to alcohol or 

organic acids using microorganisms—yeasts or bacteria—under anaerobic 

conditions. Fermentation usually implies that the action of microorganisms is desired. 

14. Explain the importance clarification of milk.  

It removes the impurities, sediments, body cells, and some bacteria from the udder. 

15. What is meant by Milk Homogenization? 

Homogenization is the process of subdividing the fat globules and clumps to such small 

sizes that they will no longer rise to the top of the milk as a distinct layer in the time before milk 

is consumed.  It makes the makes the milk more uniform prevent cream form rising to the top of a 

container. 

16. Define single cell protein (Dec 2017) 

Single-cell protein (SCP) refers to edible unicellular microorganisms. The biomass or 

protein extract from pure or mixed cultures of algae, yeasts, fungi or bacteria may be used as an 

ingredient or a substitute for protein-rich foods, and is suitable for human consumption or as 

animal feeds. 

17. Explain the steps involved in the canning of fish. 

Thaw the partially frozen tuna received, eviscerate, clean and sort tuna for size, Precook 

whole tuna to soften flesh, cool overnight, separate the meat, filling and compaction of meat into 

cans, add salt and vegetable oil or water in cans, vacuum sealing and sterilize the can.  

18. What is the composition of egg? 

Water: 65%; Protein: 12%, and fat: 17%.. 

19. Explain the different ways of artificial meat Tenderizing. 

Mechanical means, Use of low level of salt, which solubilizes meat protein, Addition of 

proteolytic enzyme, and electrical stimulation of carcasses.   

20. What is the importance of Scalding? 

Scalding loosens the feathers of dead birds and facilitate easier plucking, done at 60C for 

about 45 secs. 

21. List out any four foods involved in botulism. (May 2011) 

String beans, sweet corn, beets, asparagus, spinach etc 

22. Give any four rots and their agents. (May 2011) 

Aspergillus sp, Penicillium expansum-soft rot in fruits 

Helminthosporium sp- rots in vegetables 

Sporotrichum-white spot in chilled meat 

Cladosporium herbarum-black spots in many food 

 

 



23. What is meant by heterolactic fermentation? (Dec 2015) 

A type of lactic acid fermentation by which small yields of lactic acid are produced and 

much of the sugar is converted to carbon dioxide and other products. 

24. List the microorganism used in wine making (Dec 2019) 

Yeasts are the main fermentor and alcohol producer in the production of wine, beer and 

other alcohol drinks. The main yeast species used is Saccharomyces cerevisiae. It ferments the 

sugars, coming from different sources, e.g., grapes for wine, barley for beer, to alcohol and carbon 

dioxide. 

25. Name any two fungi used for the commercial production of amylase.  

Aspergillus oryzae,Rhizopus delemar 

26. What is sauerkraut? Enlist the microorganisms involved. (May 2014, Dec 2018) 

Sauerkraut is finely cut cabbage that has been fermented by various lactic acid bacteria, 

including Leuconostoc, Lactobacillus, and Pediococcus 

27. What is SCP (May 2014, Nov, 2014) 

Single-cell protein (SCP) typically refers to sources of mixed protein extracted from pure 

or mixed cultures of algae, yeasts, fungi or bacteria (grown on agricultural wastes) used as a 

substitute for protein-rich foods, in human and animal feeds. 

28. What is lactic acid fermentation (Nov 2014) 

Lactic acid fermentation is a biological process by which glucose and other six-carbon 

sugars (also, disaccharides of six-carbon sugars, e.g. sucrose or lactose) are converted into cellular 

energy and the metabolite lactate. 

29. Define saccharification of food and where it is used? (Dec 2015) 

The hydrolysis of polysaccharides to soluble sugars is called "saccharification". Malt 

made from barley is used as a source of β-amylase to break down starch into the disaccharide 

maltose, which can be used by yeast to produce beer.  

30. Mention the steps involved in vinegar production (May 2016) 

Extraction of fruit juices from fruits- extraction of saccharides-elimination of tannin- 

heating-Juice concentration- alcoholic fermentation-acetic fermentation-vinegar. 

31. Give the importance of yeast in food industry (May 2016) 

Yeasts have two main uses in food production: baking and making alcoholic beverages. 

They have been used in this way since ancient times – there is evidence that ancient Egyptians 

used yeast in breadmaking, and we have been making fermented drinks like beer and wine for 

millennia. 

 

 

 

 

 

 

 



UNIT -4 

 

 

1. What are the factors responsible for food borne disease? (Dec 2018) 

Factors that are responsible for foodborne illness outbreaks are: 

 Improper hot/cold holding temperatures of potentially hazardous food 

 Improper cooking temperatures of food 

 Dirty and/or contaminated utensils and equipment 

 Poor employee health and hygiene 

 Food from unsafe sources 

2. What is food spoilage? 

Food is mostly subjected to physical, chemical and biological changes and this cause the 

deterioration in the quality and ultimately the spoilage of food. The major causes of food spoilage 

include 1.microorganisms,their growth and activity,2.action of native enzymes,3.insects,rodents 

and parasites,4.chemical reaction of constituents of food, 5.environmental factors such as 

temperature ,moisture, air and light and 6.time 

3. Name the organisms, which are responsible for food spoilage.(May 2013,Nov 2014, Dec19) 

Eruinia carotovoa and Pseudomonas etc – spoilage of vegetables 

Rhizopus stolonifer - spoilage of bakery or bread 

Streptococcus,Leuconostoc,Lactobacillus,Pseudomonas,Bacillus– Spoilage of dairy 

products. 

Clostridium perfringens etc – spoilage of meat 

Acetobacter,lactobacillus etc – spoilage of alcoholic beverages. 

4. What is tenderization of meat? 

Tenderization of meat is a meat softening process in which cross linkages between muscle 

fibers are caused. Meat is tenderized by mechanical method, use of ultrasonic vibrations, by 

enzymes such as papain and bromelain. 

5. Why spoilage of fish occurs rapidly, give reason? 

Fish are aquatic animals and contain several microbes at the top of the surface. therefore 

fish undergo decomposition and spoilage readily and rapidly even temperature close to 0ºC.Hence 

they are cooled or frozen or dried ,smoked is followed by pickling in vinegar or gelatin. 

6. What is outbreak of disease? 

The occurrence of a large number of cases of disease in a short period of time is called 

outbreak. Eg.,Food borne disease outbreak after ingestion of infected common food. 

7. What do you understand by the term posing capacity of food with respect to O-R 

potential? 

Processing of foods alters the poising power of foods by destroying or altering the reducing 

or oxidizing substances and also may allow more diffusion of oxygen. 

8. Define enterotoxin. 



Enterotoxin caused enterotoxiquinic illness produced by the enteropathogenic E.coli is 

implicated in human diarrhea disease as food poisoning.  

9. What is shigellosis? 

Shigellosis is the illness of bacillary dysentery caused by ingestion of moist foods such as 

milk , potato, apple contaminated by Shigella  

10. Define Alfatoxins? 

Alfatoxins – A toxin chemical produced by fungi, Aspergillus liavus, parasitteus, and other 

organisms. Alfatoxins are toxic or carcinogenic to fish, mammals and poultry contamination of 

formulated food products can occur in large scale or outbreaks in food poisoning. 

11. What are mycotoxins? Give one example. (Dec 2018) 

Mycotoxins (fungal toxins) – are fungal metabolites, some of which are toxic to many 

animal and human. Fungi include – molds, yeast, mildews, rusts, mushrooms and blight.Eg., 

Penicillium and Aspergillus are known to produce mycotoxins. 

12. Classify the various foods on the basis of their ease of spoilage. 

Vegetables and fruits, Cereals and products, Bakery products, Dairy products, Nutmeals, 

Meat, poutry, sea foods, eggs, spices, salad dressings, sugar and confectionary items and alcoholic 

beverages 

13. Explain chemical toxin/ poisoning. (Dec19) 

Food poisoning due to chemicals in the food is usually characterized by appearance of the 

symptoms within a short time after eating the poisoned food. Arsenic, antimony, cadmium, 

chlorinated hydrocarbons, copper cyanide, fluoride, zinc and nicotinic acid may enter foods from 

utensils processing equipment, pesticide or insecticide spray residues on vegetables and fruits, 

from improper packaging materials or added accidentally in place of normal additives. 

14. What is botulism?( May 2012) (Dec 2016) 

The disease is caused by the ingestion of food containing the neurotoxin produced by 7 

types of Clostridium botulism (A, B, C, D, E and G) have been identified on the basis of the 

geological specificity of the toxins produced by the organisms. Toxins produced by types A,B, E 

and type F  have been identified  to cause botulism. The organism required glucose or maltose for 

toxin production. 

15. What are food infections? (May 2014) (Dec 2015) 

Food infection caused by entry of pathogenic and parasites into body and the reaction of 

the body by consuming foods contaminated with organism – by food chain. 

16. Write a few microorganisms, which cause spoilage of food.(Dec 2016) 

Four different spoilage patterns are – common for alcoholic beverages are 

 Rapiness – caused by Acetobacter 

 Sourness – caused by Acetobacter 

 Turbidity - Zymomonas and Saccharomyces sp. 

17. Write a few microorganisms, which cause spoilage of bread. 

Bread – Rhizopus stolonifer is the common bread mold causing the spoilage known as 

rapines in bread, particularly bread stored in high humidity or in bread wrapped while still warm. 



18. List out major sources of bacterial contamination of milk. 

External body of Animal (skin), Milk handling equipments, milking process. 

19. What is called patulin?      

Patulin produced by several molds such as Penicillium expansum, P.clavifome, P.patulum, 

Aspergillus clavatus, A.terreus.,etc was first isolated as an antibiotic as it is effective against many 

bacterial species. It exhibits strong fungistatic activity and is also toxic to seeds ad seedlings of 

sugar beets, corn, wheat, peas and cucumber. 

20. Give some examples for mycotoxins. 

Luteoskyrin, Sterigmatocystin, pencillic acid, Roquefortine.                                        

21. Distinguish putridity and rancidity. (May 2011) 

Putridity is caused by Pseudomonas putrefaciens on the surface of butter producing organic 

acids, particularly isovaleric acid producing bad odours.Rancidity occurs due to hydrolysis of 

butter fat resulting in the formation of free fatty acids. 

22. What are the microbes involved in yoghurt production. (May 2011) 

Streptococcus thermophilus and Lactobacillus bulgaris 

23. What are the organisms responsible for spoilage of dairy products? (May 2009) 

Lactic streptococci,coliform bacteria,like micrococci, enterococci,bacilli etc 

24. What is the significance of Leuconostoc mesenteroides? 

Leuconostoc mesenteroides is a species of bacteria ssociated with fermentation, under 

conditions of salinity and low temperatures. 

25. What are aflatoxins? 

Aflatoxins are naturally occurring mycotoxins that are produced by many species of 

Aspergillus, a fungus, the most notable ones being Aspergillus flavus and Aspergillus parasiticus. 

26. What is food intoxication (May 2013, May 2014 and Dec 2015, 19) 

Foodborne illness also foodborne disease and colloquially referred to as food poisoning is 

any illness resulting from the consumption of contaminated food, pathogenic bacteria, viruses, or 

parasites that contaminate food,as well as chemical or natural toxins such as poisonous 

mushrooms. 

27. List out any four foods involved in botulism (May 2011) 

String beans,sweet corn,beets,asparagus,spinach etc 

28. Give any four rots and their agents (May 2011) 

Aspergillus sp, Penicillium expansum-soft rot in fruits 

Helminthosporium sp- rots in vegetables 

Sporotrichum-white spot in chilled meat 

Cladosporium herbarum-black spots in many foods 

29. What is food poisoning and what causes ciguatera poisoning (Nov2014) 

Food poisoning is defined as any disease of an infectious or toxic nature caused by the 

consumption of food or drink. The term is most often used to describe the illness, usually diarrhea, 

vomiting etc caused by bacteria, viruses, parasites or chemicals.  



Ciguatera is a foodborne illness caused by eating certain reef fish whose flesh is 

contaminated with toxins originally produced by dinoflagellates such as Gambierdiscus 

toxicuswhich live in tropical and subtropical waters. These dinoflagellates adhere 

to coral, algae and seaweed, where they are eaten by herbivorous fish which in turn are eaten by 

largercarnivorous fish. In this way the toxins move up the food chain and biomagnify. 

30. List out the causes of food spoilage? (Dec 2015, May 2016) 

Food is mostly subjected to physical, chemical and biological changes and this cause the 

deterioration in the quality and ultimately the spoilage of food. The major causes of food spoilage 

include a) microorganisms, their growth and activity, b) action of native enzymes, c) insects, 

rodents and parasites, d) chemical reaction of constituents of food, e) environmental factors such 

as temperature, moisture, air and light and f) time 

31. Write about Patulin, giving examples (May 2016) 

Patulin is a mycotoxin produced by a variety of molds, in 

particular, Aspergillus and Penicillium and Byssochlamys. Most commonly found in rotting apples, 

in general the amount of patulin in apple products is viewed as a measure of the quality of the 

apples used in production. In addition, patulin has been found in other foods such as grains, fruits, 

and vegetables. While not considered a particularly potent toxin, a number of studies have shown 

patulin to be genotoxic, which has led some to theorize that it may be a carcinogen, although 

animal studies have remained inconclusive. Patulin has shown antimicrobial properties against 

some microorganisms. 

32. How do you classify food infections? (Dec 2017) 

Food infections are classified based on the type of organism which includes Bacterial food 

borne infections, Mycotic food borne infections and viral food borne infections. 

33. What are the factors responsible for food infection? (Dec 2017) 

Factors responsible for food infections are eating contaminated, spoiled, or toxic food.  

Hence food infections leads to various complications such nausea, vomiting and diarrhea. 
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UNIT -5 

 

 

1. What is Pascalization? (Dec 2018)  

Pascalization, also known as High Pressure Processing or Bridgmanization, is a method 

of preserving and sterilizing food by placing the product under extremely high pressure in order to 

inactivate certain microorganisms and enzymes.  Pascalization uses pressure instead of heat to 

inhibit micro flora growth in fresh food and therefore naturally extends its shelf life. • Pascalization 

has been used effectively for products such as guacamole, juice, and cold cuts. 

2. What is the unit operations involved in food technology? 

Unit operations meant for preserving food: Cooling/Heating, Evaporation, Drying, 

Packaging. 

3. What are the causes for food deterioration? 

Causes responsible for food deterioration: (i). Action of microorganisms like Bacteria, 

Yeasts and molds. (ii). Activities of the natural food enzymes. (iii). Insects, parasites and Rodents.  

(iv). Temperature. (v). Moisture and Drying (vi). Air – Oxygen (vii). Light. (v). Time. 

4. What is Sterilization? (May 2012) 

It is a Heat Treatment that aims at complete elimination of microorganisms at 121 C with 

time duration of not less than 15 minutes. 

5. What is material handling operation? 

  Materials handling operation includes hand and mechanical harvesting on the farm, 

refrigerated trucking of perishable produce, Transportation, Pneumatic conveying etc.   

6. How do you remove contaminants from food? 

Cleaning is accomplished by brushes high velocity air, steam, water, vacuum magnetic 

attraction of metal contaminants and so on depending upon the product and the nature of dirt. 

7. List out different types of pasteurization in milk. (Dec 19) 

 High Temperature Short Time. In the United States, the most common method of 

pasteurization is High Temperature Short Time (HTST) 

 Higher Heat Shorter Time 

 Ultra High Temperature.  

 Ultra Pasteurized. 

8. State the freezing characteristics of foods (Dec 2017) 

Water makes up over 90 percent of the weight of most fruits and vegetables. This water 

and other chemical substances are held within the fairly rigid cell walls which give support 

structure, and texture to the fruit or vegetable. When the water freezes, it expands and the ice 

crystals cause the cell walls to rupture. Consequently, the texture of the produce, when thawed, 

will be much softer than it was when raw. This textural difference is especially noticeable in 



products which are usually consumed raw. For example, when a frozen tomato is thawed, it 

becomes mushy and watery.  

 

9. What are the different types of pumps used in food industries? 

Different types of pumps used in food industries: Cam and Piston pump, Gear pump, Lobe 

pump, Screw pump, Vane pump, Block pump. 

10. What are the  Methods of heating? 

Foods are heated by conduction, convection, or a combination of these.  Heating is done in 

food container by (i). Retorts. (ii). Ohmic heating (iii). Hydrostatic Cooker (iv). Microwave 

heating (f). Sterilization, pasteurization and Blanching.   

11. Write the effect of low temperature on microbial activity (Dec 2017) 

• The growth of microorganisms is affected by the envirnmental temperatures.  

• Various microorganisms are able to grow at certain temperatures and not others.  

• Bacteria can therefore be divided into the following groups depending upon their optimum 

temperature of growth. 

•  Low temperature is used to reduce the rate of microbial growth 

• Psychrophilic bacteria grow best at about 20oC but also down to -10oC in unfrozen media.  

• Psychrophilic bacteria can cause food spoilage at low temperatures 

12. What are the applications of drying?  

Drying eliminates biological degradation and increased the shelf life. 

13. What is meant by packing?  

Packaging, is an essential part of processing and distributing foods, it essentially preserves 

the food.    

14. List out some insects causes destruction? 

Insects open the cereal grain to bacterial, Yeast, and mold infection causing further 

destruction.  Cysts of various parasites cause severe disease if consumed. Rodents consume food 

and also contaminate food with filth.   

15. What is the role of biochemical catalyst? 

  Natural food enzymes are biochemical catalyst. Unless these enzymes are inactivated, they 

continue to catalyze chemical reaction within foods.  This reduces the shelf life of the foods. 

16. What is the role of acid in food preservation? 

Acid can be used as a food preservative as an acid of sufficient strength modifies bacterial 

proteins. 

17. What are the principles of food preservation? (Dec 2016) 

Preservation of food by any method is based on the following principles: 

(A) Prevention or delay of microbial decomposition 

(i) By keeping out micro-organisms (asepsis) 

(ii)By removal of micro-organisms 

(iii)By hindering the growth and activity of micro-organisms 

(iv)By killing the micro-organisms using heat or radiation 



(B) Prevention or delay of self decomposition of food 

19. What is the condition for whole egg Pasteurization? (May 2011, May 2012) 

 It is a low order heat treatment, generally below the boiling point of water aims at 

eliminating pathogenic microorganisms that are associated with food to extend the shelf life. 

20. What is HTST process? (May 2013) 

It is a high temperature process maintained for short duration in order to maintain the 

nutrient structures of the food intact.  This process involves heating every particles of the foodstuff 

to at least 72C and holding for not less than 15 Sec. 

21. What are Aseptic Canning? 

 It is method in which food is sterilized usually in a continuous process and aseptically 

placed in previously sterilized containers, which are subsequently sealed in an aseptic 

environment. 

22. What are the Recent trends in Food Packaging? 

Micro wave packaging, High barrier plastic bottles, Aseptic packaging in composite carton, 

Military food packaging. 

23. What is blanching? (May 2014, Dec 2016, May 2016, Dec 2018) 

Blanching is a king of heat treatment given to the fruits and vegetables primarily to 

inactivate natural food enzymes.  This is to be done before freezing since frozen storage itself 

would not completely arrest enzyme activity. 

24. Mention the different method of freezing used in the food industry (May 2016)       

Freezing is a method of food preservation which has been used by humans for thousands 

of years. There are two types of freezing- Flash freezing and active packaging  

25. What is the role of Refrigeration in food preservation? 

It is the gentlest method of food preservation, which refers to storage at temperature above 

freezing form about 4.5 - 7C. Freezing: It refers to storage at temperature of -18C or below.  It 

will preserve food for months or years of properly packed. 

26. What is the role of heat on food materials?  

Food materials that can be preserved by heat: Ripe Olives, Milk, Meat, Vegetables. 

27. What type of foods are preserved by heat? 

 Food materials that can be preserved by heat: (i). Meat (ii). Fish (iii). Poultry  

(iv). Dry fruits (v). Vegetables or fruits (vi).Milk and its product. 

28. What are the methods available for preserving fruit? 

Fruit Juices can be preserved by adding Preservatives or by Pasteurizing to the required 

temperature to decrease microbial growth and to inactivate natural enzymes.  

29. What is the Role of radiations with respect to food preservation?  

X-Rays, Microwaves, UV light, and ionizing radiation are each type of electromagnetic 

radiation, which is used to preserve food.  The effectiveness of each type differs and imparts 

different changes in food. 

30. What is logarithmic order of death?   



Bacteria are killed by hat at a rate that is very nearly proportional to the number present in 

the system being heated.  This is referred to as logarithmic order of death. 

 

31. What is D value and F value?  

D-Value: It is defined as the time in minutes at a specified temperature required to destroy 

90% of the organisms in a population. 

F-Value: The F Value is defined as the number of minutes at a specific temperature 

required to destroy a specified number of organisms having a specific Z value. ( Z-Value is the 

number of degree required for a specific thermal death time curve to pass thorough one log cycle 

that is change by a factor of 10) 

32. What is cold point? 

The point in a can or mass of food, which is last to reach the final heating temperature, is 

designated the Cold point. 

33. What is cold sterilization? (Nov 2014) 

Cold sterilization is the use of ionizing radiations for preservation having high penetrating 

power but do not produce radioactivity in treated food.  They also do not produce significant heat 

is food.  Hence, known as cold Sterilization. 

34. What is radurization (May 2012, Dec 19) 

  The dose of radiation used on food products is divided into three levels. Radappertization 

is a dose in the range of 20 to 30 kilograys, necessary to sterilize a food product. Radurization is a 

dose of 1 to 10 kilograys, that, like pasteurization, is useful for targeting specific pathogens. 

Radicidation involves doses of less than 1 kilogray for extending shelf life and inhibiting sprouting. 

35. Define pasteurization (May 2014, Dec19) 

Pasteurization is the exposure of food like milk, cheese, yogurt, beer, or wine to an elevated 

temperature for a period of time sufficient to destroy certain microorganisms, as those that can 

produce disease or cause spoilage or undesirable fermentation of food, without radically altering 

taste or quality. 

36. Define cryogenic freezing (Nov 2014)                                                      

Cryopreservation or cryoconservation is a process where cells, whole tissues, or any 

other substances susceptible to damage caused by chemical reactivity or time are preserved by 

cooling to sub-zero temperatures. At low enough temperatures, any enzymatic or chemical activity 

which might cause damage to the material in question is effectively stopped.    

37. Define 12 D concept. (Dec 2015)    

A thermal death curve is a logarithmic process, meaning that in a given time interval and 

at a given temperature, the same percentage of the bacterial population will be destroyed regardless 

of the population present. If the number of microorganisms in the food increases, the heating time 

required to process the product will also be increased to bring the population down to an acceptable 

level. The heat process for pasteurization is usually based on a 12 D concept, or a 12 log cycle 

reduction in the numbers of this organism. 



38. What are important factors to be considered in low temperature storage of foods? (Dec 

2015)       

 Dimensions and shape of product, particularly thickness 

 Initial and final temperatures 

 Temperature of refrigerating medium 

 Surface heat transfer coefficient of product 

 Change in enthalpy 

 Thermal conductivity of product 

 

 



V.S.B. ENGINEERING COLLEGE, KARUR 

DEPARTMENT OF BIOTECHNOLOGY 

 

BT8003 - PRINCIPLES OF FOOD PROCESSING 

 

PART – B 

 

UNIT-1 

 

1.Give detailed account on the nutritional characteristics of carbohydrates. (2008,  2012, 2013, 

2014, 2016) 

2.How are vitamins classified? List the vitamins under each class. (2008, 2012, 2014, 2014, 2016) 

3.Discuss the role of minerals and their functions in human metabolism (2012, Dec 2016)  

4.Write a note on the different types of bound water in foods and their role in chemical and 

enzymatic reactions during processing? (Dec 2010) 

5.Discuss in detail the role of carbohydrates in flavor and color production (2010, 2016) 

6. Explain composition structure physical characteristic and polymorphism of triglycerides (May 

2010, May 2015) 

7. Give a detailed account on different classification and biological requirements of proteins    

     (May2013, Dec 2015) 

8. Discuss the functional properties of food and role of carbohydrate in contributing textural     

     characteristics. (Nov 2014, May 2016) 

9. Explain in detail about the classification, characteristics and importance of vitamins and      

     Minerals. (Dec 2017) 

10. Discuss in detail about the contribution of foods to organoleptic are textural characteristics  

    (Dec 2017) 

11. Write a brief note on: (i) Importance of lipids, (ii) Functin of vitamins. (Dec 2018) 

12.  Explain in detail about classification and function of carbohydrate. (Dec 2018) 

13. Explain the functional role of protein and lipid in food processing. (Dec 19) 
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1. Classify the different additives used in food industry, giving one example for each class. (May 

2008, May 2013, May 2014, Nov2014) 

2. Write notes on the use of enzymes as processing aids (2014, 2016) 

3.  Discuss in detail about the role of enzymes in food processing industries (Dec 2018). 

4. What is a food additive? Classify additives for antimicrobial preservartion. 

5. What are the functional characteristics of chemical additives? Classify the different additives   

     used in food industry, giving one example for each class (Dec 2010) 

6. How are enzymes useful as processing aids in confectionary and edible oil industry? (May 2013) 

7. How are gases, propellants and wood smoke used in food industry (May 2008) 

8. Write short note on MSG. (Dec 2019) 

9. Explain briefly about the Intentional food additives with example. (May/June 2012,Dec 2016) 

10. State and explain different Food preservatives and its applications 

11. Write a detailed account of food colours with examples. (Dec 2016, 19).  

12. Write in detail about the food additives, intentional and non-intentional additives (Dec 2017) 

13. Discuss in detail about the natural and artificial food colorants and also food flavors. (Dec   

     2017) 

14. What are the different classes of food additives? Write a detiled note on the functions of food  

       additive in processing and preservation.  (Dec 2018) 
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1.   Write about factors influencing the microbial activity? (2008, 2011, 2012, 2013, 2016) 

2.  Write notes on the use of the following in food processing.(May 2013, Nov 2014)      

3. Explain in detail the types of bacteria used in food industry (May 2014) (Dec 2015) 

4. What are SCPs? Describe in detail the production of mycoprotein for use as food (May 2008, 

May 2012) 

5. Explain the production/processing of Vinegar, (May 2010) 

6. Discuss in detail fermented food products (May 2016,19). 

7. Describe the production of mycoproteins and their uses (May 2016). 

8. Give a detailed note on sources, types and importance of species in food processing and 

preservation. (Dec 2017) 

9. Write in detail about the importance of species in fermented foods and food chemicals. (Dec 

2017) 

10. Write a brief note on role of yeasts in food industry (Dec 2018) 

11. Discuss the role of various chemicals used for food preservation (Dec 2018) 

12. Explain in detail about single cell protein (SCP) (Dec 2018) 
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1. Discuss in detail the role of various factors in the spoilage of foods.(Dec 2010, May 2012,May 

2014). 

2. Discuss the spoilage of meats and the factors that influence the growth of microorganism and 

the kind of spoilage.(May 2013, Nov 2014,May 2016,Dec 2016). 

3. Discuss the spoilage of vegetables and fruits and the factors that influence the growth of 

microorganism and the kind of spoilage, illness associated with it .(May 2013, Nov 2014,May 

2016,Dec 2016) 

4. Classify the various foods on their basis of ease of spoilage. Give examples (May 2010) 

5. Write a detail account on dairy products. 

6. Describe in detail about the spoilage of meat and beverage food preservatives. (Dec 2017,19) 

7. Discuss in detail about the spoilage of vegetable, fruit and poultry food products. (Dec 2017) 

8. Explain in detail about the factors responsible for food spoilage, food intoxication and 

poisoning. (Dec 2017) 

9. Write in detail about the bacterial and non-bacterial food borne diseases (Dec 2017). 

10. Write a detailed note on the factors responsible for spoilage of food (Dec 2018) 

11. What is food infection? Explain in detail about the classification of food infection (Dec 

2018,19) 

12. Discuss in detail the spoilage of  

i) Vegetables and fruits  

ii) Bakery products  

iii) Meat and meat products  

iv) Dairy products (May 2008) 

13. Explain in detail about Food intoxication process and its avoidance ( Dec 2010, May 2014)  
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1. Give a detailed account on Low temperature food preservation methods (Dec 2010). (Dec 

2015) 

2. Differentiate between Pasteurization and Sterilization. (Dec 2018)   

3. Describe the commercial heat preservation method. (Dec 2010, May 2014) 

4. Write in detail about the different types of driers used in the food processing industries. (May 

2010) 

5. State and explain different factors involved in Refrigerated and frozen food preservation. (May 

2014. Nov 2014,May2016) 

6. What is the effect of temperature on TDT? Explain the significance of Z value and F value. 

(Dec 2015). 

7. Give an account of different types of irradiation processes and the effect of radiation on foods 

and microorganisms (May 2016) 

8. Give a detailed note on pasteurization, blanching and thermal death curve microorganism. (Dec 

2017, 2018,19) 

9. Describe in detail about the factors affecting the quality of foods in frozen storages and 

irradiation preservation of foods (Dec 2017, 2018) 

10. Explain in detail about the principles involved in the use of sterilization and canning. (Dec 

2017,19) 

11. Write a brief note on irradiation preservation of foods. List the type of food  with their effect 

of irradiation  (Dec 2018) 

12. What are ionizing radiations? What is the effect of low temperatures and freezing on the 

constituents of foods? (May/June 2012, May 2013) 

13. What are the principles of food preservation? Describe any two commercial heat preservation 

methods with suitable examples.(May/June 2012) 
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1.Explain in detail about the role of fats in biological systems. 

2. Define browning reaction? Explain its application in the food industries.  

3. Discuss in detail about the role of carbohydrates in flavour and color production. (Dec 2016)  

4. Elaborate the functional properties of food and role of carbohydrate, protein, lipid and  

     vitamins in contributing textural characteristics. (Nov 2014) 

5. Discuss in detail about the organoleptic attributes and textural characteristics of food. (Dec 2018) 

6. Write the functional properties of carbohydrates. (May 2018) 
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1. Describe how organic acids and their salts function as preservatives. 

2. Describe in detail about the functional roles of food additives in food processing and 

preservation.(Dec 2017) 

3. Discuss the various types of food flavours and its retention during food processing. 

4. Give an account on food chemicals as additive with suitable example.  

5. Explain in detail about the intentional additives with suitable examples. 
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1. Give a flow chart for the manufacture of HFCS. Discuss the commercial importance of HFCS and    

    elaborate the process. 

2. Describe in detail the production of Single Cell Protein for use as food? (Dec 2015, 18) 

3. Discuss in detail about the food chemicals. (Dec 2010) (Dec 2015)(Dec 2016) 

4. Give a detailed note on cheese, butter and curd processing. (Dec 2019) 
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UNIT -4 

 

1. Discuss the spoilage of beverages and the factors that influence the growth of microorganism 

and the kind of spoilage. 

2. Explain in detail about Food intoxication process and its avoidance ( Dec 2010, May 2014)( May 

2016,Dec 2016) 

3. Give a detailed essay on Food infection process and its avoidances (Nov 2014, Dec 2015,  May 

2016, Dec 2016) 

4. Discuss in detail about food intoxicants and food poisoning with example. (May 2018)  

5. Discuss about the production of HFCS.  

6. Write in detail about bacterial and non-bacterial food borne disease. (Nov 2019) 
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UNIT-5 

1. Discuss in detail the principles of thermal destruction of microorganisms explaining the term D 

value (May 2011) 

2. Explain in about the principles involved in sterilization and canning(Dec 2015) 

3. Explain the kinetics of thermal death curve of microorganisms. (Nov 2019) 

4. Draw the flow diagram of canning process and write about thermal death curve of 

microorganisms. (May 2018) 

5. Write about sterilization? Write about the different methods of sterilization involved in food 

preservation. (May 2019) 
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1. Define molecular diffusion.  (April 11, Dec13,16, 17, 18, 19) 

  It is a mechanism of mass transfer in stagnant fluids / moving in laminar flow. 

Molecular diffusion is concerned with the movement of individual molecules through a 

substance by virtue of their thermal energy. The phenomenon of molecular diffusion leads to 

a completely uniform conc. throughout a solution. 

2. Define Fick’s law of diffusion.  (Dec 15,16,17, 18,19, Dec 2020) 

It states that “the diffusion flux JA* (molar flux relative to molar avg. velocity) is 

proportional to the conc. Gradient & the proportionality constant is the mass diffusivity. 

   JA * = - DAB dCA/ dZ 

 JA *- molar flux (kgmol/m
2 

s), dCA/dZ -conc. gradient (kg mol/m
3 

m), DAB-diffusivity of A 

in B. 

3. What is diffusivity? Give its unit. (Nov 2011, Dec 18) 

  It is the measure of diffusive mobility. It is also defined as the ration of its flux to 

a concentration gradient.Unit-m
2
/s. 

4. Write the equation for steady state molecular diffusion in fluids at rest and in    laminar 

flow. 

 
5. Give the equation for steady state diffusion in multicomponent mixtures. 

 
6. Give the equation for diffusivity of gases. 

 
7. Give the equation for molecular diffusion in liquids. 

 
8. Give the equation for diffusivity of liquids. 

 
9. Give the relationship between F and Kc. 



 
10. Give the equation for steady state diffusion of A through non-diffusing B. (May 18) 

 
11. Give the significance and representation of Nusslet Number. 

  Nusselt number is the ratio of convective to conductive heat transfer across 

(normal to) the boundary. The conductive component is measured under the same conditions 

as the heat convection but with a (hypothetically) stagnant (or motionless) fluid. 

 
Where, L = characteristic length, kf = thermal conductivity of the fluid, 

h = convective heat transfer coefficient 

12. Give the significance and representation of Prandtl Number. 

The Prandtl Number is a dimensionless number approximating the ratio of 

momentum diffusivity (kinematic viscosity) and thermal diffusivity and can be expressed 

as 

Pr = v / α 

Where, Pr = Prandtl's number, v = momentum diffusivity (m
2
/s), α = thermal diffusivity 

(m
2
/s). The Prandtl number can alternatively be expressed as Pr = μ cp / k 

Where, μ = absolute or dynamic viscosity (kg/m s, cP), cp = specific heat capacity (J/kg K, 

Btu/(lb 
o
F)) 

k = thermal conductivity (W/m K, Btu/(h ft
2
 
o
F/ft)) 

The Prandtl Number is often used in heat transfer and free and forced convection 

calculations. It depends on the fluid properties.  

13. Give the significance and representation of Reynolds Number. 

  Reynolds number (Re) is a dimensionless number that gives a measure of 

the ratio of inertial forces to viscous forces and consequently quantifies the relative 

importance of these two types of forces for given flow conditions. 

The velocity may also be a matter of convention in some circumstances, notably stirred 

vessels. With these conventions, the Reynolds number is defined as 

 
For flow in a pipe or tube, the Reynolds number is generally defined as 

 
14. Give the significance and representation of Schmidt Number. 

The dimensionless group in mass transfer identical to that of prandtl number in heat 

transfer. It is the ratio of molecular momentum transfer to molecular mass transfer. 

NSC = µ / ℓ * DAB 

15. Give the significance and representation of Stanton Number: 

http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Heat_conduction
http://en.wikipedia.org/wiki/Normal_(geometry)
http://en.wikipedia.org/wiki/Characteristic_length
http://en.wikipedia.org/wiki/Thermal_conductivity
http://en.wikipedia.org/wiki/Convective
http://en.wikipedia.org/wiki/Heat_transfer_coefficient


   Stanton number, St, is a dimensionless number that measures the ratio of heat 

transferred into a fluid to the thermal capacity of fluid. It is used to characterize heat 

transfer in forced convection flows. 

 
Where, h = convection heat transfer coefficient,  = density of the fluid, cp = specific heat of 

the fluid, V = velocity of the fluid 

It can also be represented in terms of the fluid's Nusselt, Reynolds, and Prandtl numbers: 

 
16. Define eddy diffusion.   (May 2012, 17,Dec 2012 & Dec 20) 

It is a mechanism in which the mechanical agitation produces rapid movement of 

relatively large chunks /eddies, of fluid characteristics of turbulent motion, which have 

carried salt with them. (Method of solute transfer). 

17. Give the Wilke-Lee equation and its use. 

  One of the most common methods to estimate the binary gas diffusivity DAB in 

low pressure system was proposed by Wilke and Lee 

 
  DAB = diffusion coefficient, cm

2
/s, MA, MB = molecular weights of A and B, 

respectively, T = temperature, K, P = pressure, bar, σAB = “collision diameter,” a Lennard-

Jones parameter, angstrom , ΩD = diffusion collision integral, dimensionless 

18. What is the effect of pressure on diffusivity of gases? (Dec 2013) 

The diffusion coefficient is the proportionality constant between the flux and the 

gradient.  It is dependent on the temperature and pressure.  The pressure dependence is 

negligible up to about 20 bar. After 20 bar, the diffusivity decreases with increasing 

pressure;  

19. Give the Wilke-Lee equation and its use. 

  One of the most common methods to estimate the binary gas diffusivity DAB in 

low pressure system was proposed by Wilke and Lee 

 
DAB = diffusion coefficient, cm

2
/s, MA, MB = molecular weights of A and B, respectively, T 

= temperature, K, P = pressure, bar,σAB = “collision diameter,” a Lennard-Jones parameter, 

angstrom , ΩD = diffusion collision integral, dimensionless 

20. Explain the diffusion in solids. 

http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Heat_transfer_coefficient
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Specific_heat
http://en.wikipedia.org/wiki/Velocity


  The concentration gradient remains unchanged with the passage of time, so the 

rate of diffusion is constant. Hence Fick’s law can be applied when the diffusivity is 

independent of concentration and there is no bulk flow. Thus, NA the rate of diffusivity of 

substance A per unit cross section of solid is proportional to concentration gradient in the 

direction of diffusion. 

 
Where, DA – Diffusivity of A through solid. 

21. Draw a graph showing the concentration gradient for equimolal diffusion. 

 
22. Define mass flux. 

Mass Flux of a given species is the amount of that species in either mass or moles, 

which crosses a given area per unit time. 

23. Define the term overall mass transfer coefficient. (Nov 2011) 

  In engineering, the mass transfer coefficient is a diffusion rate constant that 

relates the mass transfer rate, mass transfer area, and concentration gradient as driving force. 

 
      Where, kc is the mass transfer coefficient [mol/(s·m

2
)/(mol/m

3
)], or m/s,  is the mass 

transfer rate [mol/s], A is the effective mass transfer area [m
2
], ΔCA is the driving force 

concentration , difference [mol/m
3
]. 

This can be used to quantify the mass transfer between phases, immiscible and 

partially miscible fluid mixtures (or between a fluid and a porous solid. Quantifying mass 

transfer allows for design and manufacture of separation process equipment. 

24. Give a note on binary diffusion. 
In case of liq-liq binary diffusion, diffusivity of one constituent into another is 

dependent on concentrations of the diffusing components. 

25. What is the basic concept of the film theory of diffusion? 

  The basic concept of film theory is that the resistance to diffusion can be 

considered equivalent to that in a stagnant film of a certain thickness. 

26. Write a note on surface renewal theory. 
This theory assumes that the surface elements to be essentially infinitely deep, the 

different solute never reach the region of constant concentration. The observed dependence 

KL α   DAB
n
 

 With n dependent upon circumstances, might be explained by allowing for a finite depth 

of the surface elements or eddies 

27. State the assumptions made in Chilton-colburn analogy. (May 2009) 

  Chilton–Colburn J-factor analogy is a successful and widely used analogy from 

heat, momentum, and mass transfer analogies. The basic mechanisms and mathematics of 

heat, mass, and momentum transport are essentially the same. 

http://en.wikipedia.org/wiki/Phase_(matter)
http://en.wikipedia.org/wiki/Miscible
http://en.wikipedia.org/wiki/Miscible
http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Separation_process


It can be written as 

 
This equation permits the prediction of an unknown transfer coefficient when one of the 

other coefficients is known. The analogy is valid for fully developed turbulent flow in 

conduits with Re > 10000, 0.7 < Pr < 160, and tubes where L/d > 60. 

28. Explain how gas film controls mass transfer.  (Dec 2012) 
  It is possible that one of the films exhibits relatively high resistance and therefore 

dominates the overall resistance to transfer. This, of course, depends on the relative 

magnitudes of kl, kg and Hc. So the solubility of the gas and the hydrodynamic conditions 

which establish the film thickness or renewal rate (in either phase) determine if a film 

controls. 

29. What are the factors that affect mass transfer rate between two fluids? (Dec 2015) 

Flow velocity, Geometry of mass transfer system and fluid properties like viscosity 

and diffusivity. 

30. When do you apply pseudo diffusion model?           (May 2016) 

The possibility of using a pseudo-diffusion approach to model mass transfer in osmotic 

dehydration was investigated through the analysis of mass change and effective diffusivity. 

The mass change was obtained using a computer simulation model and then the effective 

diffusivity was calculated according to the mass change.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PART – A  

UNIT – 2  

 

 

1. Define NTU and HTU. 

NTU- It gives the basic concept regarding the no. of contacting units that are required for 

the operation. 

HTU - It refers to the depth of each of the contacting units. 

 

2. Write the material balance equation in counter current absorption (Dec 2020) 

The overall material balance for a countercurrent absorption process is. 

Lb + Vt = Lt + Vb.   where. V = vapor flow rate, V = vapor flow rate  L = liquid flow rate  t, 

 b   = top and bottom of tower, respectively 

3. What is the effect of temperature and pressure on adsorption? (Dec 2020) 

Temperature- According to Le-Chatelier's principle the physical adsorption readily occurs at 

low temperature and adsorption rate is slow at high temperature. Pressure- As we increase 

the pressure the amount of gas adsorbed on adsorbent is increased as the volume of gas 

decreases. 
4. Explain the term stage and stage efficiency. 

STAGE: Any device or a combination of devices in which intimate two insoluble phases 

are brought into contact, where mass transfer occurs between the phases tending to bring 

them to equilibrium & where the phases are then mechanically separable. A process carried 

out in this manner is a single stage operation. 

STAGE EFFICIENCY: It is defined as the fractional approach to equilibrium which is 

real stage produce or the rate of the actual solute transfer to that if equilibrium where 

attained. 

5. What is the effective method for the removal of CO2 from water gas? 

CO2 can be removed from water gas by scrubbing it up with a solution of mono 

ethanolamine or KOH. 

6. What are the criteria’s for choosing solvent in absorption. (Dec 19) 

It is done on the following basis: i) Gas solubility .ii) Viscosity. iii) Corrosiveness. iv) Cost 

7. Define Absorption factor. (April 10, 17, 18 & Dec 2013, 2015, 18) 

 It is defined as the ratio of slope of the operating line to that of the equilibrium line. 

   A =  LS / GS   / m   = LS / Mgs 

8. Write the principle of Absorption. 

Absorption is the mass transfer operation, which involves transfer of one or more 

components from a gas phase to the liquid phase, based on the solubility of that particular 

component to the liquid. 

9. What will be the position of equilibrium and operating line for an absorber? (April 

2017) 

For single component absorber the operating line is straight only when plotted in terms 

of mole ratios 

10. Why low viscosity solvents are preferred in gas absorption? 
Low viscosity preferred for the reason of rapid absorption rates, improved flooding 

characteristics in packed column, low pressure drops on pumping, and good heat transfer 

characteristics. 



11. Explain how gas film controls mass transfer. (April 2010) 

It is possible that one of the films exhibits relatively high resistance and therefore 

dominates the overall resistance to transfer. This, of course, depends on the relative 

magnitudes of kl, kg and Hc. So the solubility of the gas and the hydrodynamic conditions 

which establish the film thickness or renewal rate (in either phase) determine if a film 

controls. 

12. Write a note on absorption factor. 

The Absorption factor can be increased by increasing the solvent flow rate, decreasing 

(air) gas flow rate, choosing the solvent having greater solubility for the particular solute. 

13. Write few industrial application of absorption. 

 Dehumidification. 

 Removal of coloring matter. 

 In gas masks. 

14. Give a note on flooding and loading in an absorber.  (May 2009 & Dec 2012) 

In a given packed tower, with a given type and size of packing and with a definite flow 

of liquid, there is an upper line to the rate of gas flow called the flooding velocity. 

As the gas flow rate is increased at low gas velocities the pressure drop is proportional to 

the flow rate to the 1.8power .At a gas flow rate called the loading point. 

15. Define Chemisorption. 

Chemisorption is defined as the adsorption resulting in chemical interaction between the 

adsorbent and the adsorbate. The process is frequently irreversible. 

16. What are the required qualities of a good solvent for absorption?(April11& Dec13) 

For all useful extraction operations, the selectivity must exceed unity. 

Insolubility of the solvent, Recoverability 

Density difference must be high. 

Interfacial tension must be high. 

17. What is desorption or stripping?  (Dec 18) 

It is the mass transfer operation that involves one or more components from the liquid 

phase to the gas phase. It is normally carried out by, increasing temperature &decreasing 

pressure 

When the solution is being transferred from the liquid to vapor stream, the process is 

called as desorption or stripping. The operating line is below the equilibrium line. 

18. Draw a neat sketch of packed absorption tower. 

 
19. What are the advantages of stacked packing compared to dumped packing? 

Random packing, as the name implied, are dumped in to a column during installation and 

allowed to fall in random. Small packing’s poured randomly in to a vessel is certainly the 

more popular and commonly employed form of packed-tower design. However, in certain 

instances where exceptionally low pressure drop and very high flow rates are involved, 



stacked or oriented packing have also been used. However, only those packing of cylindrical 

shape and with a diameter larger than 3-inch would be practical to install in a stacked form. 

Two types of arrangement are possible: triangular pitch (diamond) or square pitch. 

    
20. Distinguish between absorption and adsorption. (May 2012) 

Adsorption and absorption are both sorption processes. 

Absorption occurs when atoms pass through or enter a bulky material. During absorption, the 

molecules are entirely dissolved or diffused in the absorbent to form a solution. Once 

dissolved, the molecules cannot be separated easily from the absorbent. 

Adsorption is generally classified into physisorption (weak van der Waal’s forces) and 

chemisorption (covalent bonding). It may also occur due to electrostatic attraction. The 

molecules are held loosely on the surface of the adsorbent and can be easily removed. 

21. What is the key component? 

In a mixture to be separated, a component that appears in both phases and whose 

concentrations in the phases can be considered to be a criterion for the extent of the 

separation. 

22. What is Adsorption hysteresis? 
Adsorption hysteresis is in which two different phases are brought into intimate contact 

with each other and then are separated. During the time of contact, intimate mixing occurs 

and the various components diffuse and distribute themselves between the two phases. 

23. What is meant by channeling?  (Dec 2012) 

Channeling is very significant term with both gas absorption and distillation of it involves 

the use of packed towers. Channeling, it is the unequal wetting of the packings in the tower. 

If channeling occurs, poor mass transfer happens, and therefore, less efficiency of the tower 

happens. 

24. What are gas industrial absorbers? Give example for the same. (Dec 2015) 

Gas industrial absorbers bring gas and liquid phases in contact, so that contaminants in 

the gas phase absorb into the liquid phase as a result of their interaction.  

Ex: Water removal from natural gas streams using glycol, absorption of carbondioxide with 

ethanolamines, sweetening of natural gas. 

26. At what circumstances the maximum entrainment occurs in absorption column? (May 

16) 

  Entrainment is the phenomena in which liquid droplets are carried by vapor/gas to the 

tray above. Therefore, the less volatile liquid components from bottom tray are mixed with 

liquid having relatively more volatile materials on the overhead tray. It counteracts the 

desired mass transfer operation and the plate efficiency decreases. Entrainment increases 

with vapor velocity. The fractional entrainment (Ψ =  
𝑘𝑔

𝑘𝑔  𝑔𝑟𝑜𝑠𝑠  𝑙𝑖𝑞𝑢𝑖𝑑  𝑓𝑙𝑜𝑤
 ) can predicted 

using Fair’s correlation in terms of the flow parameter [𝐹𝐿𝐺 =  
𝐿

𝑉
 
𝜌𝜐

𝜌 𝑙
 

0.5

 ] and actual flooding 

velocity. 

27. When is L/mG equal to one?  (May 2016) 



  L/mG is the ration of slope of the operating line to that of the equilibrium curve. The 

value of L/mG is found to be equal when the desired amount of adsorption takes place with 

sufficient number of trays. 

28. Define gas absorption.  (Dec 2016) 

  Gas absorption (also known as scrubbing) is an operation in which a gas mixture is 

contacted with a liquid for the purpose of preferentially dissolving one or more components 

of the gas mixture and to provide a solution of them in the liquid. In gas 

desorption (or stripping), the mass transfer is in the opposite direction, i.e. from the liquid 

phase to the gas phase. 

29. Give two examples of gas absorption.       (Dec 2016) 

i.Hydrogenation of oils, in which the hydrogen gas is bubbled through the oil with which it 

reacts. Generally, there is a catalyst present also to promote the reaction. The hydrogen is 

absorbed into the oil, reacting with the unsaturated bonds in the oil to harden it.  

ii.Gas absorption is in the carbonation of beverages. Carbon dioxide under pressure is 

dissolved in the liquid beverage, so that when the pressure is subsequently released on 

opening the container, effervescence occurs. 
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1. State Raoult’s law. (May 17 & Dec 2012, 2015, 19) 

The equilibrium partial pressure of a component at a given fixed temperature is equal to 

the product of liquid phase mole fraction and the vapor pressure of the component when pure 

at the temperature.         P* = XaP 

 

 

 

2. Sketch the q-line for the following feed conditions. I) Super heated vapour II) At dew 

point. (Dec2020) 

 
3. Define the term stage efficiency. (Dec 2020) 

A stage is defined as the combination of a ring of nozzles (fixed blades) and a ring of moving blades. 

The energy supplied corresponds to the isentropic heat drop, ΔH in the nozzles. The stage efficiency, 

ηs is given by, ηs=work doneenergy supplied per stage. 



 

 

4. Define Relative volatility. (May 2011, Dec 2013,2016, 2017, 18, 19) 

It is the ratio of moles of A to B in gas or vapor phase to that in liquid phase. 

a. = [Y* / 1-Y*] / [X/ 1-X] 

5. What is meant by Reflux ratio? (Dec 18) 

It is the ratio of moles fed to the top of the distillation column to the moles which drawn 

as product (distillate)                                   

R = L / D 

6. What are the uses of Flash distillation? (Dec 2011) 

Simple flash separations are very common in industry, particularly petroleum refining. 

Even when some other method of separation is to be used, it is not uncommon to use a "pre-

flash" to reduce the load on the separation itself.  

7. What is distillation?        (April 2017) 

A method of separation based on the difference in composition between a liquid mixture 

and the vapor formed from it. The composition difference is due to the differing effective 

vapor pressure, or volatilities of the components of the liquid mixture. 

8. Distinguish between equilibrium distillation and differential Distillation. 

Equilibrium distillation Differential distillation 

1) Feed is partially vaporized 1) No partial vaporization of feed 

The operating line equation is  

     -B/D = YD -- XF 

                XB  --XF 

The operating line equation is 

xf 

          In( F/B)= dx / Y*-- X 

Xw 

9. Write Rayleigh's Equation. 

xf 

 Rayleigh’s equation is, In (F/B) =dx / Y*-- X 

xw 

10. What are azeotropes? Sketch T-x-y diagram for a minimum boiling point azeotrope. 

(Dec 2015) 

An azeotrope or a constant boiling mixture is a mixture of two or more liquids whose 

proportions cannot be altered by simple distillation.  This happens because, when an azeotrope 

is boiled, the vapour has the same proportions of constituents as the unboiled mixture. 

 



11. What is steam Distillation? (May 2012) 

Under normal atmospheric pressure, in order to remove the high boiling heat sensitive 

compounds from nonvolatile impurities, the steam distillation technique is used. Here 

component A is passed into feed mixture and both A +B boil at a temperature much less than 

TbA and TbB and being immiscible and their condensate can be separated easily. 

12. When distillation by steam is used? 

Steam distillation is normally used for heat sensitive high boiling substance purification 

from nonvolatile impurities. 

13. What is an adsorption isotherm?  

Adsorption is usually described through isotherms, that is, the amount of adsorbate on 

the adsorbent as a function of its pressure (if gas) or concentration (if liquid) at constant 

temperature. The quantity adsorbed is nearly always normalized by the mass of the adsorbent 

to allow comparison of different materials. 

14. P-X-Y diagram for constant temperature? 

 
15. What is non-ideal solution? Give an example. 

A non-ideal solution is one, which does not obey Raoult’s law. 

Eg., Ethanol -- Toluene System, Tetra hydrocarbon - CCl 4 

16. What is the use of entrainer in azeotropic distillation? 

The entrainer may be added to the binary mixture to form a new boiling azeotrope with 

one of the original constituent, where a relative volatility is such that it can easily be 

separated from the other original constituent. 

 

 

17. What is bubble point?                                                                                        

The temperature at which the first bubble is forced out of the solution, if the mixture is 

boiled at constant pressure. 

18. Define Molecular distillation 

Molecular distillation is defined as distillation at very low pressure conducted 

industrially at absolute pressures of the order of 0.3 -3 N/m
2 

for heat sensitive materials. 

19. What are the limitations of distillation? 



In distillation process, a volatile vapor phase and a liquid phase are involved. The 

separation of two components by distillation depends on the relative volatility of two 

components. (i.e, difference in the boiling point between the components) 

20. Write fenske's equation. 

Fensky’s equation determines number of plates required under total reflux condition. 

 
21. What is plate efficiency? 

 Plate efficiency is defined as the ratio of ideal number of plates to actual no. of plates. 

22. What is the total reflux? (Dec 2016) 

When R = L/D= , there will be no product stream in the column .All the vapors from 

the top is condensed and returned back to the column as reflux. This is known as the total 

reflux. 

23. Define Lewis Number. (Dec 2011) 

A dimensionless number formed by dividing thermal diffusivity by mass diffusivity. 

LE = SC / PR = α / D 

24. What are the assumptions made in McCabe Thiele method? (May 2011) 

 The molar heats of vaporization of the feed components are equal 

 for every mole of liquid vaporized, a mole of vapour is condensed  

 heat effects such as heats of solution and heat transfer to and from the distillation 

column are negligible.  

25. What is q line? How does it help to get ideal stages? 

q = quantity of heat required to vaporize one mole of feed at inlet conditions / average 

molar latent heat of vaporization of feed. With the idea of the q- line , the condition of the 

feed can be identified & the no. of stages can   be determined. It helps to get ideal stages for 

enriching line & stripping line. 

26. Define the term minimum reflux ratio.  (Dec 2011 & May 18) 

It is the reflux ratio at which we need infinite no. of plates for operation. 

27. Distribution coefficient and state its importance 

The percentage of C in extract phase is more than in the raffinate phase. This means that 

the distribution of C favors the solvent B. The tie line can be projected to x,y diagrams. This 

will give rise to the distribution curve y Vs x. The y0 / x is known as distribution coefficient. 

 

 

28. What is priming in a distillation column? 

For liquid gas combinations, which tend to form excessively high gas velocities may lead 

to a condition of priming which is also an inoperative situation. At minimum reflux ratio for 

given separation, we need infinite number of plates. 

27. When dephlegmator is represented by the triangle on xy diagram? (May 2016) 



With a partial condenser or dephlegmator, the distillate is removed in the vapour state. 

When sufficient time of contact between liquid reflux and vapour product is provided the 

these two steams leave the condenser in equilibrium with each other and thus the partial 

condenser acts as one theoretical stage for the separation, i.e the partial condenser is equal to 

an additional stage (for enrichment) in the distillation unit. This is true normally, and so the 

partial condenser is represented by the triangle on the xy diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PART – A 

UNIT – 4 

1. Write the principle of solid liquid extraction. 

Based on the solubility of one or more components present in the solid to the liquid 

solvent, transfer of mass takes place from solid to liquid. 

2. Selectivity of solvent for extraction based on what? 

The solvent is the key to a successful separation by liquid-liquid extraction. The several 

criteria are: Distribution Coefficient, Selectivity (Separation Factor), Insolubility of Solvent, 

Recoverability, Density, Interfacial Tension, Chemical Reactivity, Viscosity, Vapour Pressure, 

Freezing Point 

3. Write the principle of leaching.(Dec 2015 & 2016) 

   Depending upon the solubility of one or more components in the solid to the liquid       

solvent, mass transfer takes place from solid to liquid solvent. 

4. What are the factors to be considered when optimizing the design and operation of the 

extraction process? (Dec 2015, 18) 

   Boiling point, density, interfacial tension, viscosity, corrosiveness, flammability, toxicity, 

stability, compatibility with product, availability and cost of solvent. 

5. What is the use of Bollman extractor? 

   Bollman extractor is used   for leaching the oil seeds that doesn’t disintegrate during the 

process. 

6. What are the Salient features of pulse extraction column? 

Reasonable capacity: 20-30 M
3
/M

2
-hr 

Best suited for nuclear applications due to lack of seal 

Also suited for corrosive applications since can be constructed out or non-metals 

Limited stages due to back-mixing 

Limited diameter/height due to pulse energy required 

7. What are the different types of re-boiler arrangements? 

The different types of reboiler arrangements, 

Jacketed kettle 

Internal reboiler 

Kettle type reboiler 

Thermo syphon reboiler 

8. Write a note on effect of temperature on leaching. 

It is desirable to leach at as high a temperature as possible. Since higher temperatures 

result in higher solubility of the solute in the solvent, higher concentration in the leach liquor 

is possible.   Will be lower & hence  will be higher. But in some cases, the solid may get 

damaged. 

9. For all useful liquid-liquid extraction operation, the selectivity of solvent must be what? 

If there are more than one solutes (say two solutes A and B), then consideration should be 

given to the selectivity of the solvent for solute A as against B. The selectivity between the 2 



solutes A and B is defined as the ratio of the distribution coefficient of A to the distribution 

coefficient of B. For all useful extraction operation the selectivity must exceed unity. If the 

selectivity is unity, no separation is possible. 

10.  How do you recover Vegetable oils from oil seeds? 

To produce vegetable oils, the oil first needs to be removed from the oil-bearing plant 

components, typically seeds. This can be done via mechanical extraction using an oil mill or 

chemical extraction using a solvent. The extracted oil can then be purified and, if required, 

refined or chemically altered. 

 Mechanical extraction 

 Solvent extraction 

The processing vegetable oil in commercial applications is commonly done by chemical 

extraction, using solvent extracts, which produces higher yields and is quicker and less 

expensive. The most common solvent is petroleum-derived hexane. This technique is used 

for most of the "newer" industrial oils such as soybean and corn oils. 

11. What is the principle of liquid-liquid extraction? (Dec 2012& 2013, May 18) 

Liquid–liquid extraction, also known as solvent extraction and partitioning, is a method 

to separate compounds based on their relative solubility in two different immiscible liquids, 

usually water and an organic solvent. It is an extraction of a substance from one liquid phase 

into another liquid phase. Liquid–liquid extraction is a basic technique in chemical 

laboratories, where it is performed using a separatory funnel 

12. Give the use of triangular graph for extraction. 

It is used to represent the equilibrium data of a three components system, since there are 

three axes. Each of the three corners represents a pure components A, B, C. The 

perpendicular distance from the point M to the base AB represents the mass fraction Xc of C 

in the mixture at M .The distance to the base CB the mass fraction xA of A and the distance 

to the base AC the mass fraction Xb of B. 

13. Write the properties of a good solvent for extraction. (Dec 2011 & 2016) 

For all useful extraction operations, the selectivity must exceed unity. 

Insolubility of the solvent, Recoverability. Density difference must be high. Interfacial 

tension must be high. 

14. What is plait point? (May 2011) 

Within the two-phase region, the slope of the tie – line gradually changes & finally it 

ends up as a point on the curve itself & is referred to as plait point. 

15. Mention the applications of liquid -liquid extraction. 

Recovery of acids, which raises the pH of the effluent.Recovery of rare compounds. 

16. Stage efficiency in a leaching process depends on what? 

The efficiency of the solvent extraction process depends upon the ability to handle large 

flows of solution containing relatively low metal values, particularly with the filled leach 

solution. As with reagent handling, materials selection, and piping design, the plant layouts 

must consider the aggressive nature of the process fluids. 



17. What is Murphee efficiency?  

A liquid mixture that upon boiling produces a vapor of the same composition and there is 

no fractionation. 

18. What is selectivityin extraction process? (Dec 2020)  

It is the ratio of C to A in B – rich phase to that in A- rich phase. 

 = [(Wt.Fraction C in E)/(Wt.FractionAinE)]/ [( Wt. Fraction C in R)/(Wt.Fraction A in R )] 

19. Explain how the interfacial tension will affect the extraction process. 

The larger the interfacial tension, the more readily coalescence of emulsions will occur 

but the more difficult the dispersion of one liquid in the other will be. The more readily 

coalesces the emulsions the easier phase separation will be. Low interfacial tension aids 

dispersion and thus improves contacting mass-transfer efficiency. Coalescence is usually of 

greater importance, and interfacial tension should therefore be high.  

20. Define Tie-line. (May 2011) 

Within the two-phase region, the slope of the tie – line gradually changes & finally it 

ends up as a point on the curve itself & is referred to as plait point. 

21. Define elutriation. (May 2012) 

Elutriation, also known as air classification, is a process for separating lighter particles 

from heavier ones using a vertically-directed stream of gas or liquid (usually upwards). This 

method is predominately used for particles with size (>1μm). 

22. What is heap leaching? (Dec 2012, May 2016) 

Heap leaching is an industrialmining process to extract precious metals, copper, uranium, 

and other compounds from ore via a series of chemical reactions that absorbs specific 

minerals and then re-separate them after their division from other earth materials. 

23. What is solutropic system? Give example. (May 2012) 

The relatively few ternary system exhibit a reversible in selectivity, defined as solutropy, 

are concluded to be normal or regular solutions compared to majority of systems having one 

pair of immiscible components. Eg: benzene-n-hexane-ethylenediamine& benzene-n-

hexane-ethylenediamine-water at 20°C 

24. What is decoction? (May 2011) 

Decoction is a method of extraction, by boiling, of dissolved chemicals, or herbal or 

plant material, which may include stems, roots, bark and rhizomes. Decoction involves first 

mashing, and then boiling in water to extract oils, volatile organic compounds, and other 

chemical substances. 

26. Distinguish between over flow and under flow in leaching. (May 2016) 

In a typical leaching operation, the solid mixture to be separated consists of 

particles, inert insoluble carrier A and solute B. The solvent, C, is added to the mixture to 

selectively dissolve B. The overflow from the stage is free of solids and consists of only 

solvent C and dissolved B. The underflow consists of slurry of liquid of similar composition 

in the liquid overflow and solid carrier A. In an ideal leaching equilibrium stage, all the 

solute is dissolved by the solvent; none of the carrier is dissolved. The mass ratio of the solid 

https://en.wikipedia.org/wiki/Inert
https://en.wikipedia.org/wiki/Solution
https://en.wikipedia.org/wiki/Solvent
https://en.wiktionary.org/wiki/equilibrium


to liquid in the underflow is dependent on the type of equipment used and properties of the 

two phases. 

27. What is Distribution Coefficient?       (Dec 2017, 19) 

In the physical sciences, a partition-coefficient (P) or distribution-coefficient (D) is the 

ratio of concentrations of a compound in a mixture of two immiscible phases at equilibrium. 

This ratio is therefore a measure of the difference in solubility of the compound in these two 

phases. 

28. What are the factors affecting leaching operation? (April & Dec 2017) 

 Particle size. 

 Temperature. 

 Concentration of reagent. 

 Stirring/Agitation rate. 

29. What is supercritical fluid extraction? (Dec 18) 

Supercritical Fluid Extraction (SFE) is the process of separating one component (the 

extractant) from another (the matrix) using supercritical fluids as the extracting solvent. 

Extraction is usually from a solid matrix, but can also be from liquids. 

30. List the examples of Leaching Process. (Dec 2020) 

The leaching process example includes the leaching of bauxite or Al₂O₃ . Al₂O₃ .  

Another example of the process of leaching is leaching of the noble metals like silver and 

gold in the presence of the dilute aqueous solutions of either potassium cyanide or sodium 

cyanide in the presence of air. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

PART – A 

UNIT – 5 

1.Distinguish between constant rate and falling rate period. (Dec 2020) 

The constant rate period continues as long as the amount of water evaporates is equal to the 

amount of water supplied to the surface of the material. The falling rate period is reached when 

the drying rate starts to decrease, and the surface water activity falls to less than one. 

 

2.Sketch the adsorption hysteresis. (Dec 2020) 

 
3.Define the term Equilibrium moisture. (May 2012) 

This is the moisture content of a substance when at equilibrium with a given partial 

pressure of the vapor. 

4. What is pendular state? 

It is that state of a liquid in a porous solid when a continuous film of liquid no longer 

exists around and between discrete particles so that flow by capillary cannot occurs. This state 

succeeds the funicular state. 

5. What is freeze-drying?  

Substances, which cannot be heated, even to moderate temp such as foodstuffs. Moderate 

temperatures such as foodstuffs and pharmaceuticals can be dried by this method. 

6. What is shrinkage? 

An important factor in controlling the drying rate is the shrinkage of the solid as the 

moisture content is lowered; rigid, porous or non-porous solids do not shrink appreciably 

during drying. But colloidal and fibrous materials undergo severe shrinkage as the moisture is 

removed from them. 

7. Which drier is suitable for handling fragile crystals?  

 Fragile crystal is a free flowing solid where  

Convection dryer: Belt conveyor dryer, Tray dryer (Batch & continuous),  

Conduction dryer: Tray dryer (Batch & continuous) 



8. Define critical moisture content? (May 2016, Dec 19) 

The average moisture throughout a solid material being dried, its value being related to 

drying rate, thickness of material, and the factors that influence the movement of moisture 

within the solid. 

9. Define the term "Bound moisture" (May 2009& Dec 2011) 

This refers to the moisture contained by a substance, which exerts an equilibrium vapor 

pressure less than that of the pure liquid at the same temperature 

10. How do you dry Heat sensitive materials? 

Contact dryers are more suited to the drying of relatively expensive and heat sensitive 

materials at low or medium rates 

11. Which type of dryer is used in the manufacture of (a) tablets (b) Paraffin wax? 

Application of microwave drying and infrared drying to tablet granulations has been 

reported as successful for most granulations. 

 Airless spray, where the coating liquid is pumped under pressure to a spray nozzle with a 

small orifice and atomization of the liquid occurs as it expands rapidly on emerging from 

the nozzle.  

 Air spray, where liquid is pumped, under little or no pressure, to the nozzle as is 

subsequently atomized by means of a blast of compressed air that makes contact with the 

stream of liquid as it passes through the nozzle aperture. 

12. What is case hardening in drying? 

Case hardening describes lumber or timber that has been improperly kiln-dried. If dried 

too quickly, wood shrinks much at the surface, compressing its damp interior. This results in 

unrelieved stress. Case-hardened wood may warp considerably and dangerously when the stress 

is released by sawing. 

13. Which drier is used for drying Detergent solution?  

 Powder detergents are manufactured using various processes, such as spray drying, 

agglomeration, dry mixing or a combination of these.  

Spray Drying Process - The different stages / operations performed in a spray drying 

process, are:Dry (Sodium sulphate, Sodium tripolyphsophate (STP), Zeolite and others) and 

liquid ingredients are first combined into a slurry, or thick suspension, in a tank known as 

crutcher.  

The slurry is heated and then pumped to the top of a tower where it is sprayed through 

nozzles (under high pressure) to create small droplets. The droplets fall through a current of 

hot air, thereby forming hollow granules as they dry. 

14. How do you dry Pharmaceuticals and foodstuffs? 

The drum dryer is a continuous contact dryer widely used in food and pharmaceutical 

industry for drying product initially in liquid form. The variety of feed arrangements 

available ensures that solutions, suspensions and pastes with a wide range of viscosities can 

be dried. 



15. What are the different types of dryers? 

There is a wide variety of contact dryer designs depending on the form of the material 

and how it is bought in to contact with heated surface. These can be broadly divided as 

follows. 

 Material held as an unagitatedlayeron a heated tray, band or plate: vacuum tray, vacuum 

band and plate dryers. 

 Material (liquid or paste) handled as a thin film on a heated surface: drum and thin film 

dryers. 

16. Material handled as an agitated bed/solids (or in some cases pastes and sludges): 

horizontally and vertically agitated dryers, rotating batch dryers and indirectly heated 

rotary dryers. What is the principle involved in drying? 

Drying is a mass transfer process consisting of the removal of water or another solvent. 

by evaporation from a solid, semi-solid or liquid. This process is often used as a final 

production step before selling or packaging products. To be considered "dried", the final 

product must be solid, in the form of a continuous sheet (e.g., paper), long pieces (e.g., 

wood), particles (e.g., cereal grains or corn flakes) or powder (e.g., sand, salt, washing 

powder, milk powder). A source of heat and an agent to remove the vapor produced by the 

process are often involved. In bioproducts like food, grains, and pharmaceuticals like 

vaccines, the solvent to be removed is almost invariably water. 

17. What are adiabatic and non-adiabatic dryers? (Dec 18) 

Dryers, which expose the solids to a hot gas, are called adiabatic or direct dryers; those in 

which heat is transferred from an external medium are known as non-adiabatic or indirect 

dryers. Dryers heated by dielectric, radiant, or microwave energy are also non-adiabatic. 

Some units combine adiabatic and non-adiabatic drying; they are known as direct-indirect 

dryers. 

18. What is heat of wetting? (May 2009& Dec 2012) 

The heat evolved when an insoluble solid is wetted by a liquid (as water) 

19. Define constant drying rate period. 

During constant rate drying, moisture is always available at the surface such that 

resistance to moisture removal is only the rate at which the moisture can evaporate. The 

constant rate drying period is described by the relationship 

 
20. Define tray efficiency. 

In the previous analysis, we have assumed that the vapor leaving each tray was in 

equilibrium with the liquid leaving the same tray. This analysis assumed that the trays are 

operating at 100% efficiency. However, in actual practice, the trays are not perfect, i.e. there 

are deviations from ideal conditions. 

21. Define falling rate period. 



After all the water at the surface of the material has been exhausted, the moisture is 

diffused from the internal parts of the product to the surface. The amount of water at the 

surface becomes progressively limits. As a result the drying rate will be slower as time 

progresses. The following relationship can be used for rate of drying. 

 
22. What is funicular and pendular state of drying? (May 2011) 

The states are distinguished by the amount of liquid phase in the mixture as expressed by 

the liquid saturation. The liquid saturation S is the ratio of the volume of liquid phase to the 

total volume of the pores. It depends on the amount of liquid and the intra granular porosity 

The pendular state has saturation lower than 25%, saturation between 25%-80% is called the 

funicular state 

 
23. What is an adsorption isotherm? (May 2011, 17 &Dec 2012, 18) 

Adsorption is usually described through isotherms, that is, the amount of adsorbate on the 

adsorbent as a function of its pressure (if gas) or concentration (if liquid) at constant 

temperature. The quantity adsorbed is nearly always normalized by the mass of the adsorbent 

to allow comparison of different materials. 

22. What is Vander Waals adsorption? (Dec 2013) 

Physisorption, also called physical adsorption, is a process in which the electronic 

structure of the atom or molecule is barely perturbed upon adsorption. The fundamental 

interacting force of physisorption is caused by Vander Waals force. Even though the 

interaction energy is very weak (~10–100 meV), physisorption plays an important role in 

nature. 

23. What type of drier is suitable for drying milk powder? (Dec 2013) 

Processing of whole milk into powder can be done in different drying systems, but the 

drying system also sets the limits of the quality and type of whole milk powder that can be 

produced. It is important to define very early in the project, which type of end product the 

plant has to produce, as that will decide what type of spray dryer that has to be used. 

24. Write any four commonly used adsorbents.(Dec 2015) 

Activated carbon, silica gel, zeolite, fuller’s earth, alumina 

25. Define moisture content on wet and dry basis.(Dec 2015 & 2016) 

On a wet basis- the water mass in grams per 100 grams of the total mass, this includes the 

water.  

On a dry basis - the water mass in grams per 100 grams of dry matter. 

26. What is meant by a breakthrough curve for adsorption? (May 2016, Dec 19) 

Adsorption is a transient process. The amount of material adsorbed within a bed depends 

both on position and time. Consider the time dependence. As fluid enters the bed, it comes in 

contact with the first few layers of absorbent. Solute adsorbs, filling up some of the available 

http://en.wikipedia.org/wiki/Adsorption
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sites. Soon, the adsorbent near the entrance is saturated and the fluid penetrates farther into 

the bed before all solute is removed. Thus the active region shifts down through the bed as 

time goes on. 

The fluid emerging from the bed will have little or no solute remaining -- at least until the 

bulk of the bed becomes saturated. The break point occurs when the concentration of the 

fluid leaving the bed spikes as unadsorbed solute begins to emerge. The bed has become 

ineffective.  

27. What is adsorption and its applications? (Dec 2016) 

Adsorption is the adhesion of atoms, ions, or molecules from a gas, liquid, or dissolved 

solid to a surface.[1] This process creates a film of the adsorbate on the surface of 

the adsorbent. 

 In glass masks: All gas masks are devices containing suitable adsorbent so that the 

poisonous gases present in the atmosphere are preferentially adsorbed and the air for 

breathing is purified. 

 In clarification of sugar: Sugar is decolorized by treating sugar solution with charcoal 

powder. The latter adsorbs the undesirable colors present. 

 In paint industry: The paint should not contain dissolved gases as otherwise the paint 

does not adhere well to the surface to be painted and thus will have a poor covering 

power. The dissolved gases are therefore, removed by suitable adsorbents during 

manufacture. Further, all surfaces are covered with layers of gaseous, liquid or solid 

films. These have to be removed before the paint is applied. This is done by suitable 

liquids which adsorbs these films. Such liquids are called wetting agents. The use of spirit 

as wetting agent in furniture painting is well known. 

28. What are the qualities of adsorbent? (April 2017) 

 They must have high abrasion resistance, high thermal stability and small pore diameters, 

which results in higher exposed surface area and hence high capacity for adsorption. 

The adsorbents must also have a distinct pore structure that enables fast transport of the 

gaseous vapors. 
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PART – B 

UNIT – 1 

 

1. Derive from the first principle the general rate equation for the steady state unidirectional 

molecular diffusion in gases at rest and in laminar flow for the following cases 

(i) For diffusion of A through non-diffusing B 

(ii) For equimolal counter diffusion  (Dec 2015 & 2016) 

 

2.   i) Considering steady state molecular diffusion of a liquid component A through a stagnant liquid 

medium develop an expression for flux. (Dec 2020)  

ii) Pure CO2 is absorbed in water at 25°C and 1 atm pressure in a laminar jet contactor where the 

contact time is very short so that the penetration theory is applicable. The water is initially CO2 

free. The interfacial concentration is 0.03 kmole/m3 at 25°C and 1 atm pressure. The unsteady 

state mass transfer takes place for 1 minute. Calculate the liquid phase mass transfer coefficient 

and the flux of CO2 given that DCO2-water = 2 × 10–9m2 /s at 25°C.  (Dec 2020) 

3.   (i) Explain the theory of mass transfer given by Lewis-Whitmann. (Dec 2020) 

ii) How the mass transfer coefficient is changes with diffusivity according to film and surface 

renewal theory of mass transfer ?  

4. Derive an expression for the steady state diffusion of gas A through a stagnant film of non-

diffusing gas B. (May 2009 &April 2012) 

5. Derive an expression for finding the mass flux of diffusion of A through non-diffusing B, where A 

and B are liquids. (Dec 2011) 

6. In a mass transfer apparatus operating at atmosphere the individual mass transfer coefficients have 

the following values: Kx = 22 kg mol/m
2
h, Ky = 1.07 kg mol/m

2
h . The equilibrium composition 

of the gaseous and liquid phases are characterized by Henry’s law P* = 0.08*10
6
 mm Hg (i) 

Determine the overall mass transfer coefficient Kxand Ky (ii) How many times the diffusion 

resistance of the liquid phase differs from that of the gaseous phase? (∆X=1, ∆Y =1) (Dec 2015) 

7. Ammonia gas (A) diffuses through Nitrogen gas (B) under steady state conditions with Nitrogen 

non-diffusing. The total pressure is 1.013 x 10
5
 Pa. and the temp. is 298K. The diffusion path is 

0.15m. The partial pressure of Ammonia at one end is 1.5 x 10
4
 Pa and at the other end is 5 x 10

3
 

Pa. The diffusivity for the mixture at 1.013 x 10
5
 Pa. and 298K is 2.3 x 10

-5
 m

2
/sec. Calculate the 

flux of Ammonia and the equimolal counter diffusion flux, assuming that Nitrogen also diffuses. 

(Dec 2012 & 2013) 

8.  An open circular tank 5m. in dia. contains Benzene at 22
O
C exposed to the atm. in such a way 

that the liquid is covered with an air film of thickness 0.9 x 10
-2

 m. The concentration of Benzene 

beyond the film is negligible. If benzene is worth Rs. 80/litre, what is the value of the loss of 

benzene from this tank in rupees per day? (May 2012) 



9.   Calculate the rate of diffusion of water vapor from a thin layer of water at the bottom of a well 

6m. in height to dry air flowing over the top of the well. Assume that the entire system is at 298K 

and atm. pressure. If the well dia. is 3m., find out the total weight of water diffused per day from 

the surface of water in the well. The diffusion coefficient of water vapor in dry air at 298K and 

atm. pressure is 0.256 x 10
-4

 m
2
/s. Partial pressure of water vapor at 298K is 0.0323 x 10

-4
 kg./m

2 

10.  In oxygen – nitrogen mixture at 10 atm and 25° C the concentrations of oxygen at two places   

of 0.2cm apart are 10 and 20 vol percent respectively. Calculate the rate of diffusion of oxygen 

expressed as gm/cm
2
.hr for the case of unicomponent diffusion. Value of diffusivity is 

0.181Cm
2
/ sec. 

12. Give an account of the various analogies between mass, heat and momentum transfer. (Dec19) 

13. Explain in detail about Higbie’s theory.  (May 2011, 2012& Dec 2013) 

14. Derive the relationship between overall and individual mass transfer coefficients. (Dec 2012        

& May 2016) 

15. How are different mass transfer theories used to predict the mass transfer coefficients? (May  

    16) 

16. Oxygen (A) is diffusing through nondiffusing carbon monoxide (B) under steady state       

conditions. Total pressure is 1×10
5
 N/m

2 
and temperature is 0°C. The partial pressure of Oxygen 

(A) at two planes 2 mm apart are 13000, 6500 N/m
2
 respectively. The diffusivity of the mixture 

is 1.87×10
-5

 m
2
/s. calculate the rate of diffusion of oxygen in kmoles per second through each 

sq.m of the two planes.  (Dec 2016) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PART – B 

UNIT – 2 

1. Derive an expression for NTU for the case of a dilute solution. (April 2011) 

2. Explain how the height of packing for an absorber can be calculated. (Dec 2013 & 2016) 

3. Gas from a petroleum distillation column has its concentration of H2S reduced from 0.03 kmol H2 

per kmol inert hydrocarbon gas to 1% of this value scrubbing with a triethanolamine water 

solvent in a counter current tower of height 7.79 meter operating at 300 k and atmospheric 

pressure. The equilibrium relation may be taken as Y= 2X. Pure solvent enters the tower and 

leaves containing 0.013 kmol H2S per kmol solvent. If the flow of inert hydrocarbon gas is 0.015 

kgmole/ m2S and the gas phase controls the mass transfer. Calculate the overall coefficient for 

absorption. (Dec 2013) 

 

4. i) Explain the factors to be considered for choosing solvent for absorption process.(Dec 2020) 

 ii) Elaborate the different methods of calculating the height of the absorption column. .(Dec 

2020) 

 

5. Explain the method of calculation for the number of theoretical plates required for gas absorption.  

(Dec 19) 

 

6. Explain channeling, loading and flooding. (Dec 2015) 

7.. 5000 kg/hr of SO2 – air mixture containing 5 % of SO2 is to be scrubbed with 2, 00,000 kg/hr of 

water in a packed tower. The exit concentration of SO2 is reduced to 0.15 %. The tower operates 

at 1 atm. The equilibrium relation is given by Y=30X, where Y is moles of SO2 by moles of air 

and X is moles of SO2 is moles of water. If the packed height of tower is 420 cm. Estimate the 

height of transfer unit. (May 2016) 

8. An ammonia-air mixture containing 2% by volume of ammonia is to be scrubbed with water at 

20˚C in a tower. The water and gas rates are 1170 kg/m2 hr each. Estimate the height of the tower 

if 98% of ammonia in the entering gas is absorbed. The tower operates at 1 atm pressure. The 

equilibrium relation is given by ye=0.746x. Where ye is ratio of mole fraction of ammonia in air 

and x is mole fraction of ammonia in solution with water. The height of transfer unit may be taken 

as 2m. 

9. Explain absorption with chemical reaction. (Dec 2012) 

10. With suitable sketch explain the working principle of a sieve tray tower. (May 2012) 

11. An air- ammonia mixture containing 5% ammonia by volumes is absorbed in H2O in a packed 

column operated at 20°C and 1 atm pressure so as to recover 98% of NH3. If the inert gas glow 

in the column is 1200kg/hr m
2
, calculate. 

(i) the maximum mass velocity of water for this column. 



(ii) the number of transfer unit in the column taking the operating liquid rate to be 1.25 times the 

minimum 

(iii) the height of the packed tower taking the overall transfer coefficient, KGa to be 128.0 kg 

mole hr(m
3
) (atm). The relationship for equilibrium in the column is y=1.154 x1 where y and x 

are in mole fraction units. (Dec 2016) 

12.  Distinguish Plate and Packed towers. Explain Flooding and loading in packed towers. (May  

       2010, 13, Nov 2009)  

13.  (i) Derive an operating line equation for gas absorber and stripper section of counter current   

       tower.(NOV/DEC 2015) 

      (ii) List out the essential properties for a good tower packing used in gas liquid contact 

operation. (NOV/DEC 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PART – B 

UNIT – 3 

1. Write short notes on Azeotropic distillation. (Dec 2016) 

2. Derive Rayleigh's equation for batch distillation (Dec 19) 

  3. Write short notes on Flash Distillation and its application. 

       4. A Liquid mixture containing 50 mole% n-heptane and 50 mole% n - octane is subjected to  

differential distillation at atmospheric pressure with 70 mole % of liquid distilled. Compute the 

composition of the composite distillate and the residue. Take the relative volatility=2.16. (Dec 

‘12) 

     5. A continuous fractionating column is to be designed for separating 4000 kg/h of liquid mixture 

containing equimolar mixture of methanol and water into an overhead product containing 95% 

methanol and a residue containing 3% methanol. The feed is 30% vaporized. Calculate 

 a) molar flow rate of overhead and bottom product. 

b) The number of actual plates assuming overall tray efficiency of 0.7. Use reflux ratio of 

1.75 times minimum. 

 c) locate the feed trayEquilibrium data: 

Mole fraction  

of methanol 0.1    0.2  0.3 0    .40    .50       .60     .70      .80       .90 

in liquid 

Mole fraction  

of methanol     .417 .579 .669 .729 .78  .825 .879 .915 .959 

invapour 

6. A liquid mixture of benzene-toluene containing 40 mole percent of benzene is to be separated  to 

give a product of 90 mole percent of benzene at top and a bottom product with not more than 10 

mole percent benzene. Using an average value of 2.4 for the volatility of benzene relative to 

toluene, calculate the number of theoretical plates required at total reflux. Also calculate the 

minimum reflux ratio, if the feed is liquid and at its boiling point. 

7. 1000 kg moles/ hr of an ethanol- propanol mixture containing 65 moles percent ethanol is to be  

separated in a continuous plate column operating at 1 atmosphere total pressure. The desired 

terminal compositions in units of mole fraction of ethanol are: XD = 0.92 & XW = 0.07. The 

feed is a saturated vapor and the total condenser is used. When the reflux ratio is four times the 

amount of top product, find the number of theoretical plates requited for the separation. 

Relative volatility of ethanol-propanol system may be taken as = 2.10. 

8. Describe PANCHON-SAVARIT method and give its merits and demerits.  (Dec 2012) 

9. Explain the principle of steam distillation. (May 2011& Dec 2013) 

10.Explain in detail about flash vaporization. 

  11.What is flash distillation and explain with diagram? (Dec 2015, Dec 2016) 

  12. Write the significance of relative volatility in distillation. (Nov/Dec 2013,2008,2005)(Apr/May 

       2010) 



13. A continuous distillation column is to be designed for separating 10000 kg/hr of liquid mixture 

containing 40 mole% methanol and 60 mole% water into an overhead product containing 97 mole% 

methanol and bottom product containing 98 mole% water. A mole reflux ratio of 3 is to be used. 

Estimate the following i) Moles of overhead and bottom product obtained/hr. *X10207* -3- X 10207 

ii) Number of ideal and theoretical plates if the feed enters at its boiling point.  

 Equilibrium Data : x 0.1  0.2  0.3  0.4    0.5  0.6   0.7         0.8           0.9  

                                y 0.217 0.579 0.669 0.729 0.78 0.825 0.871 0.915 0.959   (Dec 2020) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PART – B 

UNIT – 4 

1. Write short notes on  

 i) Bollman extractor (May2012, Dec 2012 & 2013, 2020) 

 ii) Shanks systems in leaching operations. (May 2011) 

2. 1000 kg/hr of the water-dioxane solution containing 20% dioxane is to be continuously and 

counter currently extracted with benzene at 25 C to recover 80% dioxane.  Water and benzene 

are essentially insoluble and the equilibrium distribution of dioxane between them are as 

follows: 

wt % of dioxane in water   (100 x)       5.1       18.9     25.2    

wt % of dioxane in benzene (100 y)    5.2       22.5     32.0 

Determine the number of stages required if the solvent rate is 1.5 times the minimum benzene is 

used.  Benzene is free from dioxane. (Dec 2012 & 2013) 

3.  Nicotine(C) in water solution (A) containing 1% is to be extracted with kerosene (B) at 20˚C.  

 Water and kerosene are essentially insoluble. (Dec 2011, 19) 

(i) Determine the % extraction of nicotine if 100 kg of feed solution is extracted once with 150 kg 

solvent.  

(ii) Repeat for three theoretical stages using 50 kg solvent each.  

Equilibrium data x 

(Nicotine/water) 
0.00101 0.00246 

0.0050

2 

0.0075

1 
0.00998 0.0204 

y(Nicotine/kerosen

e) 
0.00081 0.00196 

0.0045

6 

0.0068

6 
0.00913 0.0187 

4. 1100 kg of nicotine-water solution contains 1% nicotine is counter currently extracted with 

kerosene at 20˚C to reduce the nicotine content to 0.1%. Determine (Nov 16)  

(i) Minimum Kerosene rate.  

(ii) Number of theoretical stages if 1150 kg of kerosene is used per hour.  

x (Nicotine/water)  0.002  0.004  0.006  0.008  0.01  

y(Nicotine/kerosene)  0.0017  0.0036  0.0054  0.0073  0.009  

5. How will you select the appropriate solvent for extraction operations? (May 12, Dec 19) 

6. Explain how the number of stages can be determined for immiscible solvents in multistage cross   

current extraction. (Dec 2015 & 2016) 

7. Explain the types of agitated vessel used in batch leaching. (Dec 2012) 

8. Acetone is to be recovered from an aqueous solution containing 20% acetone by weight using 

kerosene as a solvent. The distribution of acetone in water and kerosene follows the relationship 

X=6.5Y where X= kg of acetone per kg of water, Y=kg of acetone per kg of kerosene. If this 

extraction is done in three equilibrium simple contacts using 5 kg of solvent per kg of initial 



solution in each stage, find the concentration of acetone in the final raffinate both by theoretical 

and graphical method. (Dec 2015) 

9.Explain the construction and operation of RDC (Rotating Disc Contactors) (May 2016) 

10. Write an account of the various triangular graph used for extraction process (May 2016) 

11 i) Explain the working principle of Bollman Extractor with neat sketch. (Dec 2020) 

     ii) What is heap leaching ? (Dec 2020) 

12. Explain the following three phase system with phase diagram. 

  i) One pair is partially soluble  

   ii) Two pairs are partially soluble.  

  iii) Define plait point. (Dec 2020) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PART – B 

UNIT – 5 

 

1. Explain Langmuir and Freudlich isotherms (Dec 2020) 

2. i) What is pressure swing adsorption and how it is facilitated? (Dec 2020) 

 ii) Define break point in adsorption process. (Dec 2020) 

 iii) Differentiate between drying and evaporation operation. (Dec 2020) 

3. Name the commercial adsorbents available and their applications. (Dec 2015) 

4. Explain tray drier with a neat diagram. (Dec 2015) 

5. A porous solid is to be batch dried under constant drying conditions. A trial shows that it requires 

6 hours to reduce the moisture content from 30 to 10%. The critical moisture content is 16% and 

the equilibrium moisture content is 2.5%. Assuming that the rate of drying during the falling rate 

period is proportional to the free moisture content. How long will it take to dry a sample of the 

same solid from 35% to 6% under the same drying conditions? All moisture contents are on a 

wet basis. (May 2011) 

6. With neat diagrams, explain the working of: a) Spray dryer. b) Rotary dryer.  c) Mechanically 

agitated dryers (May 2011, 2016& Dec 2013)  

7. Discuss any one industrial dryer for continuous operation. Give a neat sketch. 

8. Explain how time of drying can be calculated. (Dec 2011& 2013) 

9. 1400 kg of bone dry granular solid is to be dried under constant drying conditions. From a 

moisture content of 0.2 kg water/kg.dry solid to a final value of 0.02 kg water / kg dry solid. The 

material has an effective area of 0.0616, 2/kg dry solid. Calculate the time of drying  

  Flux (kg/hr.m
2
)   1.71 1.71 1.71 1.46 1.29 0.88 0.54 0.376 

 Moisture content 0.3 0.2 0.14 0.096 0.056 0.046 0.026 0.016    

 (Dry basis) 

10. Find an expression for the determination of total time of drying of a wet solid material under 

constant drying conditions to final moisture content well below the critical moisture content.  

11. In a textile mill, wet cloth passes through a hot air drier. The cloth enters with 90% moisture 

regain and leaves at 6% moisture regain at a speed of 1.15 m/sec. The width of the cloth is 120 

cm and its density on bone-dry basis is 0.095 kg/m
2
. The temperature of the cloth leaving the 

drier is 368 K. The ambient air enters the dryer at 303 K DB and 298 K WB while the hot air 

leaves the dryer at 393 K DB and 328 K WB. Calculate:(i) the bone-dry production of the dryer 

     (ii) the evaporation taking place in the dryer and(iii) the air circulation rate. 

12. A time of 5 hr was taken to dry a material from an initial moisture of 30% to a final moisture of 

7%. Critical and equilibrium moisture are found to be 15% and 2% respectively. How much 

further time would be required to dry the material to final moisture of 4%. All moisture contents 

are on wet basis. 

13. Explain about tray dryer and fluidized bed dryer with neat sketches. (Dec 2016) 

14. Discuss the temperature patterns in batch and continuous countercurrent adiabatic dryers. 



15. A slab with a wet weight of 5 kg originally contains 50% moisture (wet basis). The slab is 600 

by 900 by 75 mm thick. The equilibrium moisture content is 5% of the total weight when in 

contact with air of 20ºC and 20% humidity. The drying rate is given below for contact of air of 

the above quality at a definite velocity. Drying is from one face only. How long will it take to 

dry the slab to 15% moisture content (wet basis). (Dec 2012) 

Wet slab 

weight, 

kg 

9.1 7.2 5.3 4.2 3.3 2.9 2.7 

Drying rate, 

Kg/m
2
hr 

4.9 4.9 4.4 3.9 3.7 2.0 1.0 

16. (i) Explain the factors affecting the rate of adsorption. (Dec 2012) 

(ii)Explain break through curve in adsorption. (May 2016) 

 

 

 



PART – C 

UNIT – 1 

1. Explain a method of determination of diffusivity. Derive an expression for the same. 

2.  Derive the equations for the steady state diffusion of a component in a liquid mixture 

containing   

components A and B: 

a) For equimolal counter diffusion. 

b) Through a non-diffusing B. 

3.   Write briefly about the measurement and calculation of diffusivities. 

    4.   The diffusivity of CHCl3 in air was measured by exposing pure CHCl3 to a stream of air at 

25
O
C and 1atm. pressure. The liquid density of CHCl3 at 25

O
C is 1.485 g./cc. and its vapor 

pressure at 25
O
C = 200 mm. Hg. At time t=0, the liquid CHCl3 surface was 7.4 cm. from the 

top of the tube and after 10 hours the liquid surface had dropped 0.44 cm. If the conc. of 

CHCl3 is zero at the top of the tube. Calculate the diffusion coefficient of CHCl3 in air. 

 5.  Derive the Reynolds analogy starting from fundamental transport equation for momentum, 

heat and mass. State the assumption made and limitations of the equation.  

6. The gas phase mass transfer coefficient for the evaporation of a drop of ethyl alcohol in a 

stream of air at 300 K and 1.2 bar pressure is kG = 2.4 × 10–6 kmole/s.m2 .mmHg. Find the 

values of the mass transfer coefficient if the driving force is expressed in terms of mole 

fraction of alcohol in the gas phase, mole ratio of alcohol and concentration of alcohol in 

kmole/m3 . If the diffusivity of alcohol in air is 0.012 cm2 /s at 0°C, estimate the thickness of 

the stagnant gas-film. Vapour pressure of alcohol = 0.0877 bar at 300K. (Dec 2020) 

 

 

 

 

 

 

 

 

 

 

 

 



 

PART – C 

UNIT – 2 

1. Explain any one equipment used for gas absorption. 

2. 5000 kg/hr of So2-air mixture containing 5 % per volume of So2 is to be scrubbed with 

200000kg/hr of water in a packed tower. The exit concentration of So2 is reduced to 0.15%. 

The tower operates at 1 atm. The equilibrium relation is given by Y=30X  

Where,Y= moles of So2   X= moles of So2  

  moles of air   moles of water  

If the packed height of tower is 420cm, estimate the height of transfer unit. (Dec 2015) 

3. A packed tower is designed to recover 98% CO2 from a gas mixture containing 10% CO2 

and 90 % air using water. A relation y = 4x can be used for equilibrium conditions where y is 

kg CO2/kg dry air and x is kg CO2/ kg water. The watered to gas rate is kept 30% more than 

the minimum value. Calculate the height of the water if overall gas height of transfer unit is 

1m. 

4. Derive an equation for finding out the height of a packed column operating in a counter 

current method. (NOV/DEC 2016) (or) Obtain an expression for the determination of the 

height of the absorption tower. (Nov 2013, 14)  

5. A gas from a petroleum distillation column has its concentration of H2S reduced from 0.03 

kgmole H2S / kgmoles inert gas to 1 % of its value by scrubbing with a tri ethanol amine 

with water as a solvent in a counter current tower of height 7.79 m operating at 300oC and 1 

atm. The equilibrium relation is Y= 2 X. Pure solvent enters the tower and leaves containing 

0.013 kg mole H2 S / kgmole of solvent. If the flow of inert hydrocarbon gas is 0.015 

kgmole/ m2S and the gas phase controls the mass transfer. Calculate the overall coefficient 

for absorption. (Nov 2013)  

6. Derive the mass balance equation for single stage and multi stage cross current adsorption 

operation with n eat sketch. 

7. An acetone-air mixture containing 1.5 mole% acetone concentration is reduced to 1% of this 

value by counter current absorption with water in a packed tower. The gas flow rate is 1 

kg/m2 s of air and water is 1.6 kg/m2 s. The equilibrium relationship for this system is y∗ = 

1.75x, where y∗ is the mole fraction of acetone in the gas x is the mole fraction of acetone in 

the liquid. Determine the height of the packed column if overall mass transfer coefficient k 

ya = 0.069 kmole/m3 .s.(Dec 2020) 

8. An air ammonia mixture contains 5% ammonia by volume is absorbed in water using packed 

tower at 20°C and 1 atm pressure to recover 98% of ammonia. The inert gas flow rate is 1200 

kg/hr.m2 . Determine the following i) Minimum mass velocity of liquid 

 ii) Number of transfer units using 1.25 times of minimum liquid flow rate. the equilibrium 

relation for the system is given by y∗ = 1.154x, x, y are expressed in mole fraction units  

iii) Height of the packed tower assuming KGa = 128 kmole/hr.m3 .atm. (Dec 2020) 



PART – C 

UNIT – 3 

1. Explain the T-X-Y and P-X-Y diagram with neat sketch.  

2. Write short notes on Extractive distillation. 

3. Discuss the principles of multi-component distillation. 

4. Derive the rayleigh’s equation for system with constant relative volatility. 

5. Explain with a neat diagram the fractionating process. (Dec 2015) 

6. A liquid mixture containing 40 mole % n-heptane and 60 mole % n-octane is to be 

continuously flash vaporized at 1 atmospheric pressure to vaporize 50 mol% of the feed..What 

will be composition of the vapor and liquid that leaves the separator? Data given: The relative  

volatility = 2.16 

7. A mixture of 50 kmole of benzene and chlorobenzene having 55 mole% of the less volatile is 

to be batch-distilled. I) if 25 moles of the solution is vaporized and condensed as the distillate, 

estimate the concentration of the accumulated distillate. II) If the concentration of the 

accumulated product is found to be 72 mole% benzene, calculate its amount. The relative 

volatility of benzene in the mixture is 4.15.(Dec 2020) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PART – C 

UNIT – 4 

 

1. Explain briefly the various types of contacting devices available for Liquid - liquid extraction  

operation. 

2. Discuss leaching of vegetable seeds. (Dec 2013) 

3. Write in detail about horizontal extractor. 

4. Crushed oil seed containing 55% oil is to be extracted at the rate of 4000 kg/hr using 100 kg/ 

min of n-hexane containing 5 % oil as the solvent. A counter current two stage extraction 

system is employed the oilseeds will retain 1 kg of solution per kg of oil free cake. Estimate 

the percent recovery of oil original obtained under the above conditions.  

5.Explain how will you find out the final composition of the solute in the raffinate for  

immiscible solvent and diluents in single and multistage cross current extraction. Nov/Dec2016)  

6. Explain the principle, operation and applications of various industrial extraction equipments  

withneat diagram.(NOV/DEC 2014)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

PART – C 

UNIT – 5 

 

1. Explain the mechanism of drying during constant rate and falling rate period.  

2. Write short notes on: 

a) Critical Moisture content. b) Bound and unbound moisture. 

3. Distinguish between Vander Waals adsorption and chemisorptions. (May 2012) 

4. Explain fixed bed adsorbers. (Dec 2016) 

5. Obtain an expression for the drying time in the case of a substance having both falling rate  

    and constant rate drying periods. (Nov/ Dec 2014,2013)  

6. Explain the principle and applications of rotary drier and represent their different modes of  

   operation with neat diagram. (Nov/Dec 2014,2008,2007)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                        BT6401 -Analytical Methods and Instrumentation Biotechnology 

        PART A - UNIT-1 

1. Arrange the different types of electromagnetic wave with increasing order of their 

wavelength. ( May 2016) 

They are – cosmic rays < r-rays x-rays < UV rays < visible light < infrared rays < 

microwave and < radio wave 

 

2. Why a polycyclic aromatic molecule has fluorescence property? (Nov 2015) 

Polycyclic aromatic hydrocarbons (PAHs, also polyaromatic hydrocarbons) 

are hydrocarbons—organic compounds containing only carbon and hydrogen—that are 

composed of multiple aromatic rings (organic rings in which the electrons 

are delocalized). Formally, the class is further defined as lacking further 

branching substituents on these ring structures. Polynuclear aromatic 

hydrocarbons (PNAs) are a subset of PAHs that have fused aromatic rings, that is, rings 

that share one or more sides. 

3. What is meant by white noise? (Nov 2015) 

White noise is a random signal having equal intensity at different frequencies, 

giving it a constant power spectral density. White noise refers to a statistical model for 

signals and signal sources, rather than to any specific signal. 

4. What is Johnson noise? (May 2015) 

Johnson–Nyquist noise (thermal noise, Johnson noise, or Nyquist noise) is the 

electronic noise generated by the thermal agitation of the charge carriers (usually the 

electrons) inside an electrical conductor at equilibrium, which happens regardless of any 

applied voltage. 

5. Name some transducers used in Vis and IR spectrometers.(May 2015) 

Vis spectrometers- photovoltaic cells, phototubes, and charge-transfer 

transducers. 

IR spectrometers- Bolometer. Thermocouple, Photoconducting Transducers 

6. Why thermal noise called as white noise? (May 2014) 

Because thermal noise is independent of absolute frequency. 

 

7. State Beer- Lambaert’s Law. (Nov 2014) 

The absorbance of light is directly proportional to the thickness of the media throu

gh which the light is beingtransmitted multiplied by the concentration of absorbing chrom

ophore; that is, A = εbc where A is the absorbance, εis the molar extinction coefficient, b i

s the thickness of the solution, and c is the concentration. 

8. What type of noise can be reduced by hardware techniques? (May 2012) 



Environmental Noise, flicker noise, noise in transducer.  

9.  Distinguish between sensitivity and detection limit. (May 2016, Nov 2014, May2012) 

Sensitivity: It is a measure of its ability to discriminate between small differences 

in analyte concentration. 

Detection limit: Detection Limit (Limit of detection, LOD): The minimum 

concentration of analyte that can be detected with a specific method at a known 

confidence level. 

10. Define signal to noise ratio. (May/June 2013) 

S/N ratio is defined as the ratio of average amplitude of signal to the average 

amplitude of the noise. 

S/N = Avg. amplitude of signal / Avg. amplitude of noise 

11.   Define signal to noise ratio. (May/June 2013) 

S/N ratio is defined as the ratio of average amplitude of signal to the average 

amplitude of the noise. 

S/N = Avg. amplitude of signal / Avg. amplitude of noise 

12. Give the sources of: 

IR radiation -Nernst glower and Globar widely used, Nichrome wire, A tungsten 

filament lamp for near IR. 

UV-radiation -Hydrogen gas lamps and deuterium lamps 

Visible radiation -Incandescent tungsten filament lamp. 

13. Classify the sources of noise in instrumental analysis. 

• Chemical noise   Instrumental noise 

• Thermal noise or Johnson noise Shot noise 

• Flicker noise    Environmental noise. 

14.   How a thermal noise is caused? 

It is caused by the thermal agitation of electrons or other charge carriers in 

resistors, capacitors, radiation transducers, electrochemical cells, and other resistive 

elements in an instrument 



 

UNIT-2 

1. Define molar extinction coefficient. (May 2016) 

Molar absorption coefficient (ε) is the absorption coefficient divided by 

amount-of-substance concentration of the absorbing material in the sample solution (ε = 

a/c). The SI unit is m2mol-1. Also called extinction coefficient, but usually in units of 

dm3cm-1mol-1. 

2. What is Rayleigh’s scattering? ( May 2016) 

The elastic scattering of light or other electromagnetic radiation by particles much 

smaller than the wavelength of the radiation. Rayleigh scattering does not change the 

state of material and is, hence, a parametric process. Rayleigh scattering dispersion of 

electromagnetic radiation by particles that have a radius less than 

approximately 1/10 the wavelength of the radiation. 

3. What are the type of filters used in analytical instruments? (Nov 2015) 

Interference filters, adsorption filters 

4. What are the significant features of cuvette used in calorimeter and spectrometer? 

(Nov 2015)  

A cuvette (from French cuvette = "little vessel") is a small tube of circular or 

square cross section, sealed at one end, made of plastic, glass, or fused quartz (for UV 

light) and designed to hold samples for spectroscopic experiments. 

 Disposable plastic cuvettes are often used in fast spectroscopic assays, where speed is 

more important than high accuracy. Glass cuvettes are typically for use in the wavelength 

range of visible light and fused quartz tends to be used in the UV through NIR ranges. 

• Optical Glass, has an optical wavelength range of 340-2,500nm in which it 

transmits over 80% along with a matching tolerance of 1% at 350nm. 

• Plastic, with a wavelength from 380 to 780 nm (visible spectrum). 

• Fused quartz, with a wavelength below 380 nm (ultraviolet spectrum). 

• UV quartz has an operational wavelength range of 190-2,500 nm, and a matching 

tolerance of 1% at 220 nm 

 

5. What is the absorbance of a solution if it transmits 10% of light? (May2015) 

90% absorbance 

 

6. Write the significance and significance of Fourier Transform measurements. (May 

2014) 

The Fourier transform decomposes a function of time (a signal) into the frequencies 

that make it up, in a way similar to how a musical chord can be expressed as the 

https://en.wikipedia.org/wiki/Glass
https://en.wikipedia.org/wiki/Nanometer
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https://en.wikipedia.org/wiki/Nanometer
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https://en.wikipedia.org/wiki/Nanometer
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amplitude (or loudness) of its constituent notes. The Fourier transform of a function of 

time itself is a complex-valued function of frequency, whose absolute value represents 

the amount of that frequency present in the original function, and whose complex 

argument is the phase offset of the basic sinusoid in that frequency 

 

7. Explain Beers Law.(May 2012). 

Beer's law states that the absorbance is directly proportional to the concentration of a 

solution. If you plot absorbance versus concentration, the resulting graph yields a straight 

line. 

8.  Explain the term chromophore and give two examples.(May 2012) 

  A chromophore is the part of a molecule responsible for its color. The color arises 

when a molecule absorbs certain wavelengths of visible light and transmits or reflects others. 

The chromophore is a region in the molecule where the energy difference between two 

different molecular orbitals falls within the range of the visible spectrum. Examples: 

Lycopene, Beta carotene, azo dyes. 

9. What is Lambert’s law? (May 2014) 

When a beam of light is allowed to pass through a transparent medium, the rate of 

decrease of intensity(I) with the thickness(t) of medium is detect proportional to the 

intensity 

-dI / dt = KI or It= I0e –kt 

10. Proportionality: how it is used in the determination of unknown concentration? 

(May 2013) 

Absorbance Varies linearly with the change is concentration of the sample (based 

on Beer‟s law). 

12. The absorptivity of a compound is 1.5M-1cm-1. What is the concentration of 

solution of this compound if 2cm sample has an absorbance of 1.20? (May 2013) 

A = abc 

 Where, a= 1.5M-1cm-1; B=1.2cm; A=1.2 ; C=? 

Answer: C= 0.4 

      13. Explain molecular spectroscopy. 



This is deals with the interaction of electromagnetic radiation with molecules. The 

results in transition between rotational and vibrational energy levels in addition to 

electronic transition. Molecular spectra extend from the visible through infrared into the 

microwave region. 

 

13.  What is interference? 

Interference are confined mainly to phenomena that affect the number of atoms in 

the flame which are given as – spectral interference-caused by overlapping of any 

radiation of the test elements to be estimated, chemical interference-due to presence of 

chemicals, it may be cationic or anionic etc. 

14. Define transmittance. 

It is the ratio of the radiant power transmitted by the sample (It) to the radiant 

power incident on the sample (I0), both being measured at the same spectral position and 

with the same slit width. This transmittance T is defined by It/ I0 . 

 

UNIT-3 

1. List the factors influencing fragmentation process in mass spectroscopy. (May 2016) 

 Bombardment energies 

 functional groups 

 Thermal decomposition. 

 

2. Why tetramethylsilane (TMS) is used as a reference compound in NMR? (May 

2016) 

Tetramethylsilane is the accepted internal standard for calibrating chemical shift 

for 1H, 13C and 29Si NMR spectroscopy in organic solvents (where TMS is soluble). ... 

Because all twelve hydrogen atoms in atetramethylsilane molecule are equivalent, 

its 1H NMR spectrum consists of a singlet. 

3. What is the difference between IR and Raman spectroscopies? (Nov 2015) 

S.No Raman  IR 

1 It is due to the scattering of light by 

the vibrating molecules. 

It is the result of absorption of light by 

vibrating molecules. 

 

2 The vibration is Raman active if it 

causes a change in polarisability. 

Vibration is IR active if there is change 

in dipole moment. 



 

3 The molecule need not possess a 

permanent dipole moment. 

 

The vibration concerned should have 

a change in dipole moment due to that 

vibration. 

 

4 Water can be used as a solvent. 

 

Water cannot be used due to its intense 

absorption of IR 

5 Sample preparation is not very 

elaborate, it can be in any state. 

 

Sample preparation is elaborate 

Gaseous samples can rarely be used 

6 Gives an indication of covalent 

character in the molecule 

Gives an indication of ionic character 

in the molecule. 

 

7 Cost of instrumentation is very high 

 

Comparatively inexpensive. 

 

 

4. What is shielding and de-sheilding? (Nov 2014) 

 

Shielding is a barrier made of inner-shell electrons and it decreases the nucleus’ 

pull on the outer electrons. On Professor Hardinger’s website, shielded is defined as “a 

nucleus whose chemical shift has been decreased due to addition of electron density, 

magnetic induction, or other effects 

Deshielding is the opposite of shielding. When we say that an atom is deshielded, 

we mean that “A nucleus whose chemical shift has been increased due to removal of 

electron density, magnetic induction, or other effects.” 

5. What is meant by free induction decay?  

In Fourier Transform NMR, free induction decay (FID) is the observable NMR signal 

generated by non-equilibrium nuclear spin magnetization precessing about the magnetic 

field(conventionally along z). 

 

6. What is a NMR spectrum?  

The NMR spectrum is a plot of the intensity of NMR signals Vs Magnetic Field 

(Frequency) in reference to TMS. 14. List the components of NMR instrument. Sample 

holder, Permanent magnet, magnetic coils, sweep generator, radio frequency transmitter 

and radio frequency receiver and read out systems. 15. Name some solvents used in NMR 

spectroscopy. The following solvents are normally used in NMR in which hydrogen is 

replaced with deuterium. CCl4- carbon tetrachloride, CS2- carbon disulfide, D2O- 

deuterium oxide, CDCl3 – Deuteriochlorofor& C6D6 - HexaDeutriobenzene. 16. Define 

Chemical shift. A chemical shifht is defined as the difference in parts per million (ppm) 

between the resonance frequency of the observed proton and tetramethylsilane (TMS) 

hydrogens. 



7.  Name the reference compound mostly used in TMS.  

TMS (tetramethylsilane) is the most reference compound in NMR, it is set at δ = 

o ppm. 

8. List the factors affecting chemical shift. 

Electronegative groups – magnetic anisotropy of π electrons – hydrogen bonding. 

 

 

 

9.  What is n+1 rule? 

The multiplicity of signal is calculated by using n+1 rule. This is one of the rule to 

predict the splitting of proton signals. This is considered by the nearby hydrogen nuclei. 

Therefore, n = number of protons in the nearby nuclei. 

10. Define spin-spin coupling (splitting). 

The interaction between the spins of neighboring nuclei in a molecule may cause 

the splitting of NMr spectrum. This is known as spin-spin coupling or splitting. The 

splitting pattern is relted to the number of equivalent H-atom at the nearby nuclei. 

11. List the rules for spin-spin coupling. 

 Chemically equivalent protons do not show spin-spin coupling. 

 Only nonequivalent protons couple. 

 Protons on adjacent carbons normally will couple. 

 Protons separated by four or more bonds will not couple. 

12.  Define coupling constant. 

The distance between the peaks in a given multiplet is a measure of the splitting 

effect known as the coupling constant. It is denoted by the symbol J, Expressed in Hz. 

Coupling constants are the measure of the effectiveness of spin-spin coupling and very 

useful in 1H NMR of complex structures. 

13.  Define NOE. 

NOE: Nuclear Overhauser Effect, caused by dipolar coupling between nuclei. The 

local field at one nucleus is affected by the presence of another nucleus. The result is a 

mutual modulation of resonance frequencies. The intensity of the interaction is a function 

of the distance between the nuclei according to the following equation : 

14.  Give the general applications of NMR spectroscopy. 

 NMR is used in biology to study the biofluids, cells, per fused organs and 

biomacromolecules such as Nucleic acids (DNA, RNA), carbohydrates, proteins and 

peptides. And also labeling studies in biochemistry. 

 NMR is used in physics and physical chemistry to study high pressure diffusion, liquid 

crystals, liquid crystal solutions, membranes and rigid solids. 

 NMR is used in food science. 



 NMR is used in pharmaceutical science to study pharmaceuticals and drug 

metabolism. 

 NMR is used in chemistry to determine the enantiomeric purity, elucidate chemical 

structure of organic and inorganic compounds and macromolecules – ligand interaction 

15. List the applications of 1H NMR spectroscopy. 

1H NMR mainly used for structure elucidation. To examine hydrogen bonding 

and acidity in polymers and rubbers. To study about proteins and peptides. 

 

 

 

16.  Give the applications of NMR in medicine. 

MRI is the specialist application of multi-dimensional fourier transformation NMR. 

Anatomical imaging-measuring physiological gunctions-flow measurements and 

angiography-tissue perfusion studies-tumors. 

17. State Stevensons rule. 

When an ion fragments, the positive charge will remain on the fragment of lowest 

ionization potential. 

  

 

UNIT- 4 

1. Mention the characteristics of carrier gas. Give two examples. (May 2016) 

Inert & Cheap/easily available ; Low risk of fire explosion ; High purity; Better 

column performance; should be suitable for detector employed. Examples: Helium, 

nitrogen  

 

2. What is the principle used in size exclusion chromatography? (May 2016) 

Size exclusion chromatography (SEC) is the separation of mixtures based on the 

molecular size (more correctly, their hydrodynamic volume) of the components. 

Separation is achieved by the differential exclusion or inclusion of solutes as they pass 

through stationary phase consisting of heteroporous (pores of different sizes) cross linked 

polymeric gels or beads. The process is based upon different permeation rates of each 

solute molecule into the interior of gel particles. Size exclusion chromatography involves 

gentle interaction with the sample, enabling high retention of biomolecular activity. 

3. What is used as a stationary phase in HPLC? Write few examples. (Nov 2015) 

The stationary phase or adsorbent in column chromatography is a solid. The most 

common stationary phase for column chromatography is silica gel, the next most 

common being alumina. Cellulose powder has often been used in the past 

4. Define partition coefficient. (Nov 2015) 

https://en.wikipedia.org/wiki/Silica_gel
https://en.wikipedia.org/wiki/Aluminium_oxide
https://en.wikipedia.org/wiki/Cellulose


Pistribution-coefficient (D) is the ratio of concentrations of a compound in a 

mixture of two immiscible phases at equilibrium. This ratio is therefore a measure of the 

difference in solubility of the compound in these two phases. The partition-coefficient 

generally refers to the concentration ratio of un-ionized species of compound whereas the 

distribution-coefficient refers to the concentration ratio of all species of the compound 

(ionized plus un-ionized). 

 

5. Write Van Deemter equation and explain the terms invoved. (May 2015) 

The van Deemter equation relates the resolving power (HETP, height equivalent 

to a theoretical plate) of a chromatographic column to the various flow and kinetic 

parameters which cause peak broadening, as follows: 

HETP = A + (B / u) + Cu 

Where, 

•    HETP = height equivalent to a theoretical plate, a measure of the resolving 

power of the column [m] 

• A = Eddy-diffusion parameter, related to channeling through a non-ideal packing 

[m] 

• B = diffusion coefficient of the eluting particles in the longitudinal direction, 

resulting in dispersion [m2 s−1] 

• C = Resistance to mass transfer coefficient of the analyte between mobile and 

stationary phase [s] 

• u = Linear Velocity [m s−1] 

In open tubular capillaries, the A term will be zero as the lack of packing means 

channeling does not occur. In packed columns, however, multiple distinct routes 

("channels") exist through the column packing, which results in band spreading. In the 

latter case, A will not be zero. 

 

6. Name any stationary phase and any two detectors used in HPLC. (May 2015) 

Stationary phase: silica, polymers. 

Detectors: Photodiode array (PDA), photovalic cells 

7. What do you mean by ternary gradient? (May 2015) 

It is defined on the concentration of two solvents but the ration of concentration 

changes  

8. What is the difference between absorbtion and adsorption? (May 2014) 



Definition Assimilation of molecular 

species throughout the bulk of 

the solid or liquid is termed as 

absorption. 

Accumulation of the molecular 

species at the surface rather than in 

the bulk of the solid or liquid is 

termed as adsorption. 

Phenomenon It is a bulk phenomenon It is a surface phenomenon. 

Heat 

exchange 

Endothermic process Exothermic process 

Temperature It is not affected by temperature It is favoured by low temperature 

Rate of 

reaction 

It occurs at a uniform rate. It steadily increases and reach to 

equilibrium 

Concentration It is same throughout the 

material. 

Concentration on the surface of 

adsorbent is different from that in 

the bulk 

 

9. In GC, a packed column is considered as superior to open column. Why? (May 

2014) 

There is a vast selection of GC columns available. Many of them are so slightly 

different from others that they are readily interchangeable. The columns differ in physical 

dimensions. Large diameter packed columns, having a larger volume of stationary phase, 

are able to accommodate large samples. The smallest columns, open tubular capillary 

columns, have the highest efficiency, but are limited to tiny samples. 

Open tubular columns are often used for complex mixtures, where large numbers 

of components must be separated. These are made of fused silica tubing, coated with a 

thin film of stationary phase on the interior, and covered with a polyimide coating on the 

outside surface. The polyimide is necessary to provide mechanical strength as fused silica 

can break easily if it is scratched. Recently, open tubular columns are also being made 

with silica lined stainless steel tubing. Choosing the best stationary phase is done in the 

same way as for packed columns. Selection of column diameter and phase thickness 

requires consideration of the sample to be separated. The narrowest diameter columns 

http://www.diffen.com/difference/Endothermic_vs_Exothermic
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give the highest separating power, but the sample size is very limited. When trace 

components are to be determined, there may not be enough sample to detect 

10. Write the important requirements of a carrier gas in gas chromatograph. (Nov 

2014) 

In gas chromatography, the mobile phase (or "moving phase") is a carrier gas, 

usually an inert gas such as helium or an unreactive gas such as nitrogen. Helium remains 

the most commonly used carrier gas in about 90% of instruments although hydrogen is 

preferred for improved separations. The stationary phase is a microscopic layer 

of liquid or polymer on an inert solid support, inside a piece of glass or metal tubing 

called a column (an homage to the fractionating column used in distillation).  

11. What is Elution and Eluent in Chromatographic techniques? (Nov 2014) 

The mobile phase or eluent is either a pure solvent or a mixture of different 

solvents. It is chosen so that the retention factor value of the compound of interest is 

roughly around 0.2 - 0.3 in order to minimize the time and the amount of eluent to run the 

chromatography.  

A molecule with a high affinity for the chromatography matrix (the displacer) 

competes effectively for binding sites, and thus displace all molecules with lesser 

affinities.There are distinct differences between displacement and elution 

chromatography. In elution mode, substances typically emerge from a column in narrow, 

Gaussian peaks. Wide separation of peaks, preferably to baseline, is desired for 

maximum purification. 

12. What is Kovats index? (May/June 2013) 

The formula for the index looks like this (for non-isothermal programs): 

I=100×[n+(N−n)tr,a−tr,ntr,N−tr,n] 

• I is the Kováts index 

• n is the number of carbon atoms in the alkane with the lower retention time 

• N is the number of carbon atoms in the alkane with the higher retention time 

• a is the analyte 

• tr is retention time, so tr,a is the retention time of the analyte 

 

 

13. What is meant by Rf value?(May/June 2012) 

It is the retention factor and the ratio of the distance travelled by the solute to the solvent. 

14. What is the principle used in size exclusion chromatography? (May/June 2013) 

 Size-exclusion chromatography (SEC) is a chromatographic method in which molecules 

in solution are separated by their size, and in some cases molecular weight. 

15. What is chromatography? 



It is a broad range of physical methods used to separate and or to analyze complex 

mixtures.The components to be separated are distributed between two phases: a 

stationary phase bed and a mobile phase which percolates through the stationary bed. 

16. What is a packed bed and open tubular column? 

PBC: it is comprised of a stationary phase which is granular form and packed onto the 

columnas a homogeneous bed. The stationary phase completely fills the column. 

OTC: An open tubular columns stationary phase is a thin film or layer on the column       

wall. There is a passage way through the center of the column. 

17. What characteristics are desirable for the carrier gas? (May/June 2012) 

  Inert & Cheap/easily available; Low risk of fire explosion; High purity; Better   

column Performance; should be suitable for detector employed 

 

 

UNIT- 5 

1. What is an electrochemical? (May 2016) 

Are redox reactions in which the energy released by a spontaneous reaction is 

converted to electricity or in which electricity is used to drive a non-spontaneous 

chemical reaction. 

 

2. How does AFM work. (May 2016) 

AFM provides a 3D profile of the surface on a nanoscale, by measuring forces 

between a sharp probe (<10 nm) and surface at very short distance (0.2-10 nm probe-

sample separation). The probe is supported on a flexible cantilever. The AFM tip 

“gently” touches the surface and records the small force between the probe and the 

surface. 

 

3. What is an electrochemical cell? 

An arrangement which consists of electrodes dipped into an electrolyte in which 

chemical reaction uses/generates electric current. 

4. Define potentiometry technique. 

In potentiometry, the potential of an elcterochemical cell is measured under static 

conditions, because no current flows while measuring a solution potential, its 

composition remains unchanged. 



5. Write Nernst equation. 

Ecell = Eo Cell – (RT/nF) lnQ 

6.  What is a salt bridge in an electrochemical cell? 

The two electrodes immersed in an electrolyte solution of EC cell, are joined by a salt 

bridge, which consists of a tube filled with solution that is saturated with potassium 

chloride or, sometimes with a different electrolyte. 

7. Define electrode potential. 

An electrode potential is defined as the potential of a cell in which the electrode 

under investigation is the right hand electrode and the SHE is the left hand electrode. 

8. What is Voltammetry? 

Voltammetry comprises a group of electrochemical methods in which information 

about the analyte is obtained by measuring as a function of applied potential under 

conditions that promote polarization of an indicator, or working electrode. 

9. List the names of the three-electrode cell of a voltammeter. 

Working electrode (WE), Reference electrode (RE) & a counter electrode (CE). 

10. State the applications of Voltammetry. 

Voltammetry is applicable to the analysis of many inorganic substances and for 

the study and determination of organic compounds. Voltammetry is widely used by 

inorganic, physical and biological chemists for non-analytical purposes. 

11. State Hookes’ Law. 

F = -kX 

Where, F = Force; K = Spring constant; X = cantilever deflection 

12.  What are probes made of in AFM? 

Probes are typically made from Si3N4 or Si. 

13.  List the 3 primary imaging modes in AFM. 

There are 3 primary imaging modes in AFM: 

Contact AFM : < 0.5 nm probe-surface separation 

Intermittent contact (tapping mode AFM): 0.5-2 nm probe-surface separation 

Non-contact AFM : 0.1-10 nm probe-surface separation 

14.  What are the limitations of AFM? 

There are limitations in achieving atomic resolution. The physical probe used in 

AFM imaging is not ideally sharp. As a consequence, an AFM image does not reflect the 

true sample topography, but rather represents the interaction of the probe with the sample 

surface. This is called tip convolution. 

15.  What are Force Curves? 

Force curves measure the amount of force felt by the cantilever as the probe tip is 

brought close to - and even indented into - a sample surface and then pulled away. In a 



force curve analysis the probe is repeatedly brought towards the surface and then 

retracted. 

16. What is STM? 

A scanning tunneling microscope (STM) is an instrument for imaging surfaces at the 

atomic level. 

PART- B 

UNIT-1 

1. What is meant by instrumental noise? What are the types of noise? Explain each with 

example.  

2. Discuss about signal to noise ratio and the sources of noise in instrumental analysis. 

3. Describe the Software and Hardware techniques for Signal to noise enhancement. 

4. Explain about wavelength selectors. 

5. Describe the principle, working methodology of Fourier transform measurements. 

6. Explain the types of optical instruments. Or Explain the instrumentation and working principle 

of double beam spectrophotometer with a neat sketch. 

7. Explain the general principle and design of optical methods 

8. Explain the terms: reflection, refraction, diffraction and scattering 

9. Discuss the radiation transducers in detail. 

10. How does a photomultiplier tube function? Give its merits & demerits 

11. What are non-dispersive wavelength selectors? Describe the principle of interference filters. 

12. What is the significance of Signal to Noise ratio? Explain the different types of noises and 

different software and hardware methods for noise reduction. 

13. List the various optical components of UV, Vis, and IR spectrophotometers. 

14. What are the essential components of absorption spectrophotometers? Give their functions. 

Or Discuss about the various components of an optical instrument with a suitable diagram. 

15. Discuss the different ranges of electromagnetic radiation and explain their interaction with 

matter. 

16. Write a short note on the various types of monochromators and filters used in 

spectrophotometers 

17. Discuss photomultiplier tube and diode array detector in detail with a neat sketch. 

 

UNIT-2 

1. Discuss about the Jablonski’s Diagram. 

2. Explain the important components of Infrared spectroscopy with diagram. 

3. Explain about various components of UV Spectroscopy 

4. Describe how IR is useful in analytical spectroscopy as well as in the other instrumentation 

relevant to biological research. 

5. Explain the theory, instrumentation and applications of Raman spectroscopy. 



6. Discuss the Biological applications and uses of Raman spectroscopy 

7. Draw and explain the block diagram of an infrared spectrophotometer 

8. Give an account on sampling of solids, liquids and gases for IR analysis 

9. What are the advantages of raman spectroscopy over infrared spectroscopy. 

10. Explain the deviations in Beer’s Law in detail. 

11. Differentiate stokes from antistokes. Explain the principle and procedure involved in raman 

spectroscopy. 

12. How will you calculate transmittance when absorption is provided? and explain the 

significant features of UV and visible spectrophotometer. 

13. Derive Beer – Lambert’s equation, discuss real, chemical and instrumental deviations and 

explain how this equation is helpful in  quantitative analysis? 

14. What are the applications of UV-Visible spectroscopy? 

15. Explain the theory of fluorescence and phosphorescence. How are they measured? In what 

way they are useful in characterizing compounds. 

16. Discuss about the theory and instrumentation of FT-IR spectroscopy with a neat diagram and 

list few applications. 

17. State Woodward-Fisher rules and write a short note on the working principle and 

instrumentation of double beam UV-Visible spectrophotometer. 

18. State the significance of interferometer and discuss the instrumentation and working 

principle of Fourier transform infrared spectroscopy with a neat diagram and its applications 

 

UNIT-3 

1. With a neat diagram explain the construction and working principle of NMR 

spectrophotometers. (May/June 2015&2018, 2020) 

2. Write the applications of 1H NMR and 13 NMR spectroscopy in detail. 

3. State the basic principles of mass spectroscopy. Write about the different types of ion sources 

in a mass spectrometer and explain any two (May/June 2016&2018) 

4. Explain in detail about the EPR spectroscopy with its principle and instrumentation 

technique. 

5. Write the applications of Mass spectroscopy with suitable examples 

6. Explain in detail the theory of NMR? Comment on NMR spectra in general. 

7. Describe in detail the environmental effects on NMR spectra. 

8. Elaborate the ionization techniques followed in mass spectroscopy. 

9. Define g value. How will you calculate it? Write notes on spectral parameters involved in 

EPR spectroscopy (May/June 2016) 

10. Mention the different type of mass spectrometers. With a neat instrumentation setup explain 

the construction and working of any one mass spectrometer. (May/June 2015) 

11. Discuss principal instrumentation, g values and applications of EPR spectroscopy. 

(April/May 2017) 

12. Name the different ionization methods used in Mass spectrophotometer and explain any one 



in detail (April/May 2017) 

13. Compare the NMR with ESR. (Apr/May 2018) 

14. Write the basic principle of NMR analysis. Discuss about chemical shift and various factors 

influencing chemical shift (Nov/Dec 2019) 

15. Discuss about the different component of a mass spectrometer and the time of flight analyzer 

with a suitable diagram (Nov/Dec 2019). Or Describe different components of a mass 

spectrometer and discuss about quadrupole mass analyzer with a neat diagram (Nov/Dec 

2020) 

 

UNIT – 4 

1. Explain the various chromatographic techniques in detail. 

2. State and explain the Van Deemter equation in detail 

3. Explain the principle and procedure involved in gas chromatography. 

4. Discuss in detail the principle and working of SFC 

5. Discuss in detail the characteristics and types of pumps used in HPLC 

6. Discuss in detail the types of detectors used in HPLC 

7. Discuss the general principle underlying the capillary electrophoresis method for separation of 

mixture. 

8. Explain the different types of capillary electrophoresis. 

9. Discuss the principle, column packing and applications of Ion exchange chromatography. 

10. Explain the principle and procedure involved in IEC. 

11. Explain the significant features of stationary and mobile phase used in GC with its 

advantages for the separation of molecules 

12. With a neat instrumentation explain the working of high pressure liquid chromatography. 

13. Describe (i) Partition chromatography, (ii) Size exclusion chromatography. 

14. Briefly discuss about affinity, size exclusion and ion-exchange chromatography technique 

with a suitable diagram. 

 

UNIT – 5 

1. Describe in detail about scanning electron microscopes. 



2. Explain with a neat diagram the principle and working of AFM. Elaborate on working 

principle, instrumentation and cantacting and noncontacting modes of operation of atomic force 

microscope with a neat sketch. 

3. Explain with a neat diagram the principle and working of STM. 

4. Write in detail about potentiometry and its instrumentation. 

5. Define Voltammetry? Write notes on Pulsed and Cyclic Voltammetry. 
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MISSION OF THE INSTITUTION 

 

 

❖ We endeavour to impart futuristic technical education of the highest quality to the student community and 

to inculcate discipline in them to face the world with self-confidence and thus we prepare them for life as 

responsible citizens to uphold human values and to be of service at large. We strive to bring up the 

Institution as an Institution of Academic excellence of International standard. 

 

❖ We transform persons into personalities by the state-of-the-art infrastructure, time 

consciousness, quick response and the best academic practices through assessment and 

advice. 

PROGRAM OUTCOMES (PO) 

 

PO 1 

Engineering knowledge: Apply the knowledge of mathematics, science, 

engineering fundamentals, and an engineering specialization to the solution of 

complex engineering problems. 

 

PO 2 

Problem analysis: Identify, formulate, review research literature, and analyze 

complex engineering problems reaching substantiated conclusions using first 

principles of mathematics, natural sciences, and engineering sciences. 

 

PO 3 

Design/development of solutions: Design solutions for complex engineering 

problems and design system components or processes  that  meet  the  specified  

needs with appropriate consideration for the public health and safety, and the 

cultural, societal, and environmental considerations 

 

PO 4 

Conduct investigations of complex problems:  Use  research-based  knowledge 

and research methods including design of experiments,  analysis  and 

interpretation of data, and synthesis of the information to provide valid 

conclusions. 

 

PO 5 

Modern tool usage: Create, select, and apply appropriate techniques, resources, 

and modern engineering and IT tools including prediction and modeling to complex 

engineering activities with an understanding of the limitations. 

VISION OF THE INSTITUTION 
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VISION OF THE DEPARTMENT 

MISSION OF THE DEPARTMENT 

 

PO 6 

The engineer and society: Apply reasoning informed  by  the  contextual 

knowledge to assess societal, health, safety, legal and cultural issues and the 

consequent responsibilities relevant to the professional engineering practice. 

 

PO 7 

Environment and sustainability: Understand the impact of the professional 

engineering solutions in societal and environmental contexts, and demonstrate 

the knowledge of, and need for sustainable development. 

PO 8 
Ethics: Apply ethical principles and commit to professional ethics and 

responsibilities and norms of the engineering practice. 

PO 9 
Individual and team work: Function effectively as an individual, and as a  

member or leader in diverse teams, and in multidisciplinary settings. 

 

PO 10 

Communication: Communicate effectively on complex  engineering  activities 

with the engineering community and with society at large, such as, being able to 

comprehend and write effective reports and design documentation, make effective 

presentations, and give and receive clear instructions. 

 

PO 11 

Project management and finance:  Demonstrate  knowledge and understanding  

of the engineering and management principles and apply these  to  one’s  own  

work, as a member and leader in a team, to manage projects and in 

multidisciplinary environments. 

 

PO 12 

Life-long learning: Recognize the need for, and have the preparation and ability 

to  engage  in independent and life-long learning in the broadest context of 

technological change. 

 

To create a strong teaching base in the area of Bio-Technology through technical knowledge dissemination to 

the students, and to scale new heights in research by combining the concepts of professionalism, social justice, 

environmental impact and human ethics for the welfare of the general public. 
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 • Disseminate a blending of knowledge acquisition and its application in real-life 

situations to the students. 

 • Equip the students to adapt to changing global and local needs through well designed 

curriculum and syllabus. 

 • Groom students to uphold professional ethics and develop leadership qualities. 

 • Train students on issues related to social welfare. 

 

PEO - 1  Successful professional career and/or higher studies by gaining knowledge in fundamental 

mathematics and biological principles (Cognitive objective) 

PEO - 2 
 Provide strong foundation in the core biotechnology courses to evaluate real life problems and 

to propose biotechnological solutions with economical and social viability (Affectionate 

objective). 

PEO - 3 Sensitize on environmental, health and bioethical issues, Intellectual property rights, 

professional ethics and life-long learning through application orientated activities (Behavioral 

objective). 

 

 

            

  

PSO1 : Applying knowledge in core and allied fields to solve complex engineering problems. 

PSO2 : Able to expose their skills using latest tools to arrive cost effective and appropriate solutions. 

PSO3 : Apply the contextual knowledge with professional ethics to manage different projects  

in multi disciplinary environment. 

                                         

 

 

 

 

 

PROGRAM SPECIFIC OUTCOMES (PSOs) 
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 BT8591   BIOPROCESS ENGINEERING                  L  T  P  C 

                                                                                 3   0  0  3 

       OBJECTIVES: 

o To provide the students with the basics of bioreactor engineering. 

o To develop bioengineering skills for the production of biochemical product using integrated 

biochemical processes 

 

UNIT I CONFIGURATION OF BIOREACTORS                 9 

Ideal reactors and its characteristics , Fed batch cultivation, Cell recycle cultivation, Cell recycle 

cultivation in waste water treatment, two stage cultivation Packed bed reactor, airlift reactor, introduction to  

fluidized bed reactor bubble column reactors 

UNIT II BIOREACTOR SCALE – UP   8 

Regime analysis of bioreactor processes, oxygen mass transfer in bioreactors –microbial oxygen demands; 

methods for the determination of mass transfer coefficients;mass transfer correlations. Scale up criteria for 

bioreactors based on oxygen transfer, power consumption and impeller tip speed. 

UNIT III BIOREACTOR CONSIDERATION IN ENZYME SYSTEMS     9 

Analysis of film and pore diffusion effects on kinetics of immobilized enzyme reactions; formulation 

of dimensionless groups and calculation of effectiveness factors. Design of immobilized enzyme 

reactors – packed bed, fluidized bed and membrane reactors 

UNIT IV MODELLING AND SIMULATION OF BIOPROCESSES     9 

Study of structured models for analysis of various bioprocess – compartmental models, models of 

cellular energetics and metabolism, single cell models, plasmid replication and plasmid stability  model.   

Dynamic simulation of batch, fed batch, steady and transient culture metabolism. 

UNIT V RECOMBINANT CELL CULTIVATION        9 

Different host vector system for recombinant cell cultivation strategies and advantages. E.coli, 

yeast Pichia pastoris / Saccharomyces cereviseae, Animal cell cultivation, plant cell cultivation, 

Insect cell cultivation. High cell density cultivation, process strategies, reactor considerations in the  

above system 

TOTAL : 45 PERIODS  
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OUTCOMES: 

Upon completion of Bioprocess Engineering course graduates will be able to 

o Select appropriate bioreactor configurations and operation modes based upon the nature of 

bioproducts and cell lines and other process criteria. 

o Apply modeling and simulation of bioprocesses so as to reduce costs and to enhance the quality 

of products and systems. 

o Plan a research career or to work in the biotechnology industry with strong foundation about 

bioreactor design and scale-up. 

o Integrate research lab and Industry; identify problems and seek practical solutions for large scale 

implementation of Biotechnology. 

TEXT BOOKS: 

1. Michael L. Shuler and Fikret Kargi, Bioprocess Engineering, Basic Concept, 2nd Edition 

Prentice Hall PTR, 2002. 

2. Pauline Doran, Bioprocess Engineering Calculation, Blackwell Scientific Publications 

REFERENCES 

1. Anton Moser, “Bioprocess Technology, Kinetics and Reactors”, , Springer Verlag. 

2. James E. Bailey & David F. Ollis, Biochemical Engineering Fundamentals, McGraw Hill. 

3. James M. Lee, Biochemical Engineering, PHI, USA. 

4. Atkinson, Handbook of Bioreactors,Harvey W. Blanch, Douglas S. Clark, Biochemical 

 

 

COURSE OUTCOMES (CO) 

BT6502: BIOPROCESS ENGINEERING 

 

C302.1 

The course graduates will be able to Select appropriate bioreactor configurations and 

operation modes based upon the nature of bioproducts and cell lines and other 

process criteria 

C302.2 
The students will be able to Apply modeling and simulation of bioprocesses so as to 
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reduce costs and to enhance the quality of products and systems 

 

C302.3 
The students will be able to Plan a research career or to work in the biotechnology 

industry with strong foundation about bioreactor design and scale-up. 

 

C302.4 
The students will be able to Integrate research lab and Industry; identify problems 

and seek practical solutions for large scale implementation of Biotechnology 

 

C302.5 

The students will be able to understand the design of plant cultivation reactors, 

animal cell cultivation reactors and recombination techniques. 

 

S. No. Title Reference Book Page No. 

UNIT I CONFIGURATION OF BIOREACTORS                                                     9 

Ideal reactors and its characteristics Fed batch cultivation, Cell recycle cultivation, Cell recycle 

cultivation in waste water treatment, two stage cultivation Packed bed reactor, airlift reactor, 

introduction to fluidized bed reactor bubble column reactors. 

1. Fed batch cultivation James E. Bailey & David F. Ollis, 

“Biochemical Engineering 

Fundamentals”, McGraw-Hill. 

600-602 

2. Cell recycle cultivation James E. Bailey & David F. Ollis, 

“Biochemical Engineering 

Fundamentals”, McGraw-Hill. 

602-603 

3. Cell recycle cultivation in 

waste water treatment 

James E. Bailey & David F. Ollis, 

“Biochemical Engineering 

Fundamentals”, McGraw-Hill. 

603-605 

4. Two stage cultivation. James E. Bailey & David F. Ollis, 

“Biochemical Engineering Fundamentals”, 

McGraw-Hill. 

605-609 

5. Packed bed reactor James E. Bailey & David F. Ollis, 

“Biochemical Engineering Fundamentals”, 

McGraw-Hill. 

609-610 
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6. Airlift reactor James E. Bailey & David F. Ollis, 

“Biochemical Engineering Fundamentals”, 

McGraw-Hill. 

641-645 

7. Fluidized bed reactor James E. Bailey & David F. Ollis, 

“Biochemical Engineering Fundamentals”, 

McGraw-Hill. 

614-617 

8. Bubble column reactor. James E. Bailey & David F. Ollis, 

“Biochemical Engineering Fundamentals”, 

McGraw-Hill. 

610-614 

 UNIT II BIOREACTOR SCALE – UP                9 

Regime analysis of bioreactor processes, oxygen mass transfer in bioreactors – microbial 

oxygen demands; methods for the determination of mass transfer coefficients; mass transfer 

correlations. Scale up criteria for bioreactors based on oxygen transfer, power consumption and 

impeller tip speed. 

9. Regime analysis of bioreactor 

processes 

James M. Lee, “Biochemical 

Engineering”, PHI, USA. 

240-247 

10. Oxygen mass transfer in 

bioreactors 

James M. Lee, “Biochemical 

Engineering”, PHI, USA. 

241-242 

11. Microbial oxygen demands; James M. Lee, “Biochemical 

Engineering”, PHI, USA. 

261-262 

12. Methods for the determination 

of mass transfer coefficients; 

James M. Lee, “Biochemical 

Engineering”, PHI, USA. 

264-265 

13. Mass transfer correlations. James M. Lee, “Biochemical 

Engineering”, PHI, USA. 

248-250 

14. Scale up criteria for 

bioreactors based on oxygen 

transfer, power consumption 

and impeller tip speed. 

James M. Lee, “Biochemical 

Engineering”, PHI, USA. 

272-274 

UNIT III BIOREACTOR CONSIDERATION IN ENZYME SYSTEMS 9 

Analysis of film and pore diffusion effects on kinetics of immobilized enzyme reactions;    
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formulation of dimensionless groups and calculation of effectiveness factors. Design of immobilized 

enzyme reactors – packed bed, fluidized bed and membrane reactors 

15. Analysis of film and 

pore 

diffusion effects on 

kinetics of immobilized 

enzyme reactions; 

James M. Lee, “Biochemical Engineering”, 

PHI, USA. 

202, 

216 

208 

16. Formulation of 

dimensionless groups 

and calculation of 

Effectiveness factors. 

Harvey W. Blanch, Douglas S. Clark, 

“Biochemical Engineering”, Marcel Decker 

Inc. 

128, 

122 

17. Design of immobilized 

enzyme 

reactors – packed bed 

James E. Bailey & David F. Ollis, 

“Biochemical Engineering Fundamentals”, 

McGraw-Hill. 

 

609-611 

18. Fluidized bed James E. Bailey & David F. Ollis, 

“Biochemical Engineering Fundamentals”, 

McGraw-Hill. 

 614-617 

19. Membrane reactors. James E. Bailey & David F. Ollis, 

“Biochemical Engineering Fundamentals”, 

McGraw-Hill. 

610-614 

UNIT IV MODELLING AND SIMULATION OF BIOPROCESSES 9 

         Study of structured models for analysis of various bioprocess – compartmental models, models 

of cellular energetic and metabolism, single cell models, plasmid replication and  plasmid stability 

model. Dynamic simulation of batch, fed batch, steady and transient culture metabolism. 

20. Study of structured 

models for 

analysis of various 

bioprocess- 

compartmental  models 

James M. Lee, “Biochemical Engineering”, 

PHI, USA. 

174-176 
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21. Models of cellular 

energetic and 

metabolism, 

Harvey W. Blanch, Douglas S. Clark, 

“Biochemical 

Engineering”, Marcel Decker Inc. 

230-244 

22. Single cell models, Harvey W. Blanch, Douglas S. Clark, 

“Biochemical 

Engineering”, Marcel Decker Inc. 

244-246 

23. Plasmid replication Harvey W. Blanch, Douglas S. Clark, 

“Biochemical 

Engineering”, Marcel Decker Inc. 

251-257 

24. Plasmid stability model. Harvey W. Blanch, Douglas S. Clark, 

“Biochemical 

Engineering”, Marcel Decker Inc. 

251-257 

25. Dynamic simulation of 

batch, 

Harvey W. Blanch, Douglas S. Clark, 

“Biochemical 

Engineering”, Marcel Decker Inc. 

277-280 

26. Fed batch, Harvey W. Blanch, Douglas S. Clark, 

“Biochemical 

Engineering”, Marcel Decker Inc. 

305-308 

27. Steady and transient 

culture metabolism. 

Harvey W. Blanch, Douglas S. Clark, 

“Biochemical 

Engineering”, Marcel Decker Inc. 

280-296 

309-322 

UNIT V RECOMBINANT CELL CULTIVATION 9 

Different host vector system for recombinant cell cultivation strategies and advantages. E.coli, yeast  

Pichia pastoris / Saccharomyces cereviseae, Animal cell cultivation, plant cell cultivation, Insect cell 

cultivation. High cell density cultivation, process strategies, reactor considerations in the above system 

28. Different host vector 

systemfor 

recombinant cell 

James E. Bailey & David F. Ollis, 

“Biochemical Engineering 

Fundamentals”, McGraw-Hill. 

257-259 
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cultivation strategies and 

advantages 

29. E.coli, yeast Pichia 

pastoris/ 

Saccharomyces cereviseae, 

James E. Bailey & David F. Ollis, 

“Biochemical Engineering 

Fundamentals”, McGraw-Hill. 

259-261 

30. Animal cell cultivation, James E. Bailey & David F. Ollis, 

“Biochemical Engineering 

Fundamentals”, McGraw-Hill. 

261-265 

31. Plant cell cultivation, James E. Bailey & David F. Ollis, 

“Biochemical Engineering 

Fundamentals”, McGraw-Hill. 

265-267 

32. Insect cell cultivation. James E. Bailey & David F. Ollis, 

“Biochemical Engineering 

Fundamentals”, McGraw-Hill. 

267-269 

33

. 

High  cell density 

cultivation, process 

strategies, reactor 

considerations in the 

above 

system. 

James E. Bailey & David F. Ollis, “Biochemical 

Engineering Fundamentals”, McGraw-Hill. 

269-271 
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UNIT I CONFIGURATION OF BIOREACTORS                 9 

Ideal reactors and its characteristics Fed batch cultivation, Cell recycle cultivation, Cell recycle 

cultivation in waste water treatment, two stage cultivation Packed bed reactor, airlift reactor,  

introduction to fluidized bed reactor bubble column reactors. 

TWO MARKS 

 

1. Define residence time distribution.(APR/MAY 2017) 

Residence time distribution (RTD) describes the distribution of times required for fluid 

elements to pass through a continuous-flow system. RTD function and associated flow 

models have been widely used to characterize hydrodynamic behavior of a variety of systems 

encountered in agricultural, food, and biological engineering. 

 

2. Define pasteurization. (APR/MAY 2017, APR/MAY 2016) 

The treatment of foods or beverages with mild heat, irradiation, or chemical agents to 

improve keeping quality or to inactivate disease-causing microorganisms. Originally, Louis 

Pasteur observed that spoilage of wine and beer could be prevented by heating them a few 

minutes at 122–140°F (50–60°C). 

3. Define sterilization(APR/MAY 2016, APR/MAY 2015) 

A form of monetary action in which a central bank or federal reserve attempts to insulate 

itself from the foreign exchange market to counteract the effects of a changing monetary 

base. The sterilization process is used to manipulate the value of one domestic currency 

relative to another, and is initiated in the forex market. 

4. What is the role of draft tube? (APR/MAY 2015) 

Gas hold-up and mass transfer were examined in a column with and without a draft tube. It 

was found that the introduction of a draft tube increases the gas hold-up but decreases the 

volumetric mass transfer coefficient in Newtonian fluid systems. 

 

5. Write the applications of plug flow reactor. 

✓ Large-scale reactions Fast 

reactions 

✓ Homogeneous or heterogeneous 
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reactions Continuous 

production 

✓ High-temperature reactions 

6. Write the disadvantages of plug flow reactors. (APR/MAY 2014, APR/MAY 2013) 

Disadvantages of plug flow reactors are that temperatures are hard to control and can result 

in undesirable temperature gradients. PFR maintenance is also more expensive than CSTR 

maintenance. 

7. Write the advantages of plug flow reactors(APR/MAY 2014) 

Plug flow reactors have a high volumetric unit conversion, run for long periods of time 

without maintenance, and the heat transfer rate can be optimized by using more, thinner 

tubes or fewer, thicker tubes in parallel. 

8. Define Polymerase chain reaction? (APR/MAY 2013) 

The polymerase chain reaction (PCR), a common laboratory technique, employs artificial 

synthesis in a cyclic manner to rapidly and specifically amplify a target DNA fragment from 

a pool of DNA. 

 

9. Define fluidization. 

Fluidization is a process similar to liquefaction whereby a granular material is converted 

from a static solid-like state to a dynamic fluid-like state. This process occurs when a fluid 

(liquid or gas) is passed up through the granular material. 

10. Define batch cultivation 

A technique used to grow microorganisms or cells. A limited supply of nutrients for growth 

is provided; when these are used up, or some other factor becomes limiting, the culture 

declines. Cells, or products that the organisms have made, can then be harvested from the 

culture. 

 

11. Define fed batch cultivation 

Fed-batch culture is, in the broadest sense, defined as an operational technique in 

biotechnological processes where one or more nutrients (substrates) are fed (supplied) to the 

bioreactor during cultivation and in which the product(s) remain in the bioreactor until the 
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end of the run. 

12. Define cell recycle cultivation 

Continuous cultivation with cell recycling is used to obtain high cell concentration. Knowing 

that secondary metabolite formation rate is proportional to cell concentration, continuous 

cultivations with cell recycling is an alternative to increase the productivity 

 

 

13. What are the two stages of cultivation? 

Autotrophic 

Mixotrophic 

 

14. Define packed bed reactor 

In packed bed reactors, cells are immobilized on large particles. These particles do not move  

with the liquid. Packed bed reactors are simple to construct and operate but can suffer from 

blockages and from poor oxygen transfer. 

 

15. Define airlift reactor 

Air-lift bioreactors are similar to bubble column reactors, but differ by the fact that they 

contain a draft tube. The draft tube is always an inner tube (this kind of air-lift bioreactor is 

called "air- lift bioreactor with an internal loop) or an external tube (this kind of air-lift 

bioreactor is called "air-lift bioreactor with an external loop) which improves circulation and 

oxygen transfer and equalizes shear forces in the reactor. The figure below illustrates the 

basic structure of an air-lift bioreactor with an internal loop 

16. Define fluidized bed reactor 

A fluidized bed reactor (FBR) is a type of reactordevice that can be used to carry out a 

variety of multiphase chemical reactions. 

17. Define bubble column reactor 
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A bubble column reactor is an apparatus used to generate and control gas-liquid chemical 

reactions. It consists of a vertically-arranged cylindrical column filled with liquid, at the 

bottom of which gas is inserted 

18. Advantages of packed bed reactor 

1. High conversion per unit mass of catalyst 

2. Low operating cost 

3. Continuous operation 

19. Advantages of airlift reactor 

1. Good mixing 

2. Good uniformity of temperature 

3. Catalyst can be continuously regenerated with the use of an auxiliary loop 

20. Advantages of fluidized bed reactor 

• Uniform Particle Mixing: Due to the intrinsic fluid-like behavior of the solid material, 

fluidized beds do not experience poor mixing as in packed beds. This complete mixing 

allows for a uniform product that can often be hard to achieve in other reactor designs. 

The elimination of radial and axial concentration gradients also allows for better fluid-

solid contact, which is essential for reaction efficiency and quality. 

• Uniform Temperature Gradients: Many chemical reactions require the addition or 

removal of heat. Local hot or cold spots within the reaction bed, often a problem in 

packed beds, are avoided in a fluidized situation such as an FBR. In other reactor types, 

these local temperature differences, especially hotspots, can result in product 

degradation. Thus FBRs are well suited to exothermic reactions. Researchers have also 

learned that the bed-to- surface heat transfer coefficients for FBRs are high. 

• Ability to Operate Reactor in Continuous State: The fluidized bed nature of these 

reactors allows for the ability to continuously withdraw product and introduce new 

reactants into the reaction vessel. Operating at a continuous process state allows 

manufacturers to produce their various products more  efficiently  due  to  the  removal 

of startup  conditions in batch processes. 

21. Advantages of bubble column reactor 

Provide several advantages during operation and maintenance such as high heat and 
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mass transfer rates, compactness and low operating and maintenance costs. 

22. Disadvantages of packed bed reactor 

1. Undesired thermal gradients may exist 

2. Poor temperature control 

3. Channeling may occur 

4. Unit may be difficult to service and clean 

23. Disadvantages of airlift reactor 

1. Bed-fluid mechanics not well known 

2. Severe agitation can result in catalyst destruction and dust formation 

3. Uncertain scale-up 

24. Disadvantages of bubble column reactor 

• considerable degree of back mixing in both the liquid and the gas phase 

• short gas phase residence time 

• higher pressure drop with respect to packed columns 

• rapid decreasing of interfacial area above values of the aspect ratio greater than, 

say 12, due to the increased rate of coalescence 

25. Disadvantages of fluidized bed reactor 

• Increased Reactor Vessel Size: Because of the expansion of the bed materials in the 

reactor, a larger vessel is often required than that for a packed bed reactor. This larger 

vessel means that more must be spent on initial capital costs. 

• Pumping Requirements and Pressure Drop: The requirement for the fluid to suspend 

the solid material necessitates that a higher fluid velocity is attained in the reactor. In 

order to achieve this, more pumping power and thus  higher  energy costs  are needed.  In 

addition, the pressure drop associated with deep beds also requires additional pumping 

power. 

• Particle Entrainment: The high gas velocities present in this style of reactor often result 

in fine particles becoming entrained in the fluid. These captured particles are then carried 

out of the reactor with the fluid, where they must be separated. This can be a very 

difficult and expensive problem to address depending on the design and function of the 

reactor. This may often continue to be a problem even with other entrainment reducing 
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technologies. 

• Lack of Current Understanding: Current understanding of the actual behavior of the 

materials in a fluidized bed is rather limited. It is very difficult to predict and calculate 

the complex mass and heat flows within the bed. Due to this  lack  of understanding,  a 

pilot plant for new processes is required. Even with pilot plants, the scale-up can be very 

difficult and may not reflect what was experienced in the pilot trial. 

• Erosion of Internal Components: The fluid-like behavior of the fine solid particles 

within the bed eventually results in the wear of the reactor vessel. This can require 

expensive maintenance and upkeep for the reaction vessel and pipes. 

• Pressure Loss Scenarios: If fluidization pressure is suddenly lost, the surface area of the 

bed may be suddenly reduced. This can either be an inconvenience (e.g. making bed 

restart difficult), or may have more serious implications, such as runaway reactions (e.g. 

for exothermic reactions in which heat transfer is suddenly restricted). 

26. What are the reasons for non-ideality in a fluidized bed reactor? MAY/JUNE 2012 

Mass transfer, 

Partitioning. 

27. Define Recycle stream 

A process stream that returns material from downstream of a process unit back to the process 

unit. 

 

28. Define bypass stream 

It is a stream that skips one or more stages of the process and goes directly to another 

down stream stage. 

 

29. Define Purge Stream 

Purge stream is a bled off to remove an accumulation of inerts or unwanted material that 

might otherwise buildup in the recycle stream. 

 

30. Explain external biomass feedback. 

A cell separator such as a centrifuge or settling tank is used to concentrate biomass leaving 
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the reactor.Once biomass removed cell is recycled. 

 

 

 

 

PART B 

 

1. Explain packed bed reactor with applications and write down the design equations. 

APR/MAY 2016,APR/MAY 2011,MAY/JUNE 2014 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering 

Fundamentals”, McGraw-Hill.(Page No-609-610) 

 

2. Explain fluidized bed reactor with applications and write down the design 

equations. APR/MAY 2011 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering 

Fundamentals”, McGraw-Hill.(Page No-614-617) 

 

3. Explain in detail Airlift reactor, Bubble column reactor with their applications and 

write down the design equations. APR/MAY 2016,APR/MAY 2011,MAY/JUNE 

2013,2014 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering 

Fundamentals”, McGraw-Hill.(Page No-641) 

 

4. Describe in detail Fed batch cultivation with the design equations. APR/MAY 2008 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-600) 

 

5. Explain in detail cell recycle cultivation.APR/MAY 2008 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering 

Fundamentals”, McGraw-Hill.(Page No-602) 

6. How the cell recycle cultivation is used in waste water treatment and explain the 
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stages of cell cultivation APR/MAY 2009 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering 

Fundamentals”, McGraw-Hill.(Page No-603) 

 

 

UNIT 2 BIOREACTOR SCALE UP  

 

Regime analysis of bioreactor processes, oxygen mass transfer in bioreactors – microbial oxygen 

demands; methods for the determination of mass transfer coefficients; mass transfer correlations.Scale 

up criteria for bioreactors based on oxygen transfer, power consumption and impeller tip speed. 

TWO MARKS 

1. Define mass transfer coefficient. 

Determinations of volumetric mass transfer coefficient were conducted in a three-phase 

internal- loop airlift reactor with an enlarged degassing zone. The effectof parameters such as 

the airflow rate (riser superficial gas velocities between 0.01 and 0.5 m/s), solids loading (up 

to 30%, v/v), solids density (1023 and 1048 kg/m3) and the liquid-phase properties on kLa 

was studied. 

2. What is scale up? APR/MAY 2016 

Generally, fermenters maintain a height to diameter ratio of 2 to 1. If The height to diameter 

ratio remains constant, and then the surface to volume ratio decreases during scale-up. 

 

3. What is scale down? 

Although scale up models and the use of characteristic time analysis are potentially 

attractive, a more immediate approach to the rational scaling of reactors is scale down. 

 

4. What are the effects of scale up? 

(i) Decreases the relative contribution of surface aeration to oxygen supply. 

(ii) Removal of dissolved carbon dioxide removal. 

 

5. Write few mass transfer correlations. APR/MAY 2016 

Correlations for the volumetric mass transfer coefficient with the riser superficial gas 
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velocity and solids loading were determined for the two solids density and the two liquid-

phases. A good agreement between experimental data and the calculated values was 

obtained. 

6. Write few bioreactors. 

Ideal (stirred) Batch reactor Ideal tank reactor, also named Continuous Stirred Tank Reactor 

(CSTR) Ideal Plug Flow Reactor (PFR) 

7. Write the features of scale up. 

Maintenance of constant power to volume ratios, constant kla, constant tip speed, a 

combination of mixing time and renolds number and the maintenance of a constant substrate 

or product level (usually dissolved oxygen concentration). 

8. Write the difference between scale up and scale 

down. Scale up 

Generally, fermenters maintain a height to diameter ratio of 2 to 1. IfThe height to diameter 

ratio remains constant, then the surface to volume ratio decreases during scale-up. 

Scale down 

Although scale up models and the use of characteristic time analysis are potentially attractive, a more 

immediate approach to the rational scaling of reactors is scale down. 

9. Write the advantages of fed batch mode of fermentation. APR/MAY 2015 

Production of high cell densities due to extension of working time (particularly important in the 

production of growth-associated products) 

Controlled conditions in the provision of substrates during the fermentation, 

particularly regarding the concentration of specific substrates as for ex. the carbon 

source 

Control over the production of by-products or catabolite repression effects due to 

limited provision of substrates solely required for product formation 

10. What should be the value of impeller Reynolds number for laminar and 

turbulent regime in a bioreactor? MAY/JUNE 2012 

For ratios that are above 10,000 we know that the mixing regime is fully turbulent. For 

numbers between 1000 and 10,000 we know that the mixing environment is transitional. For 

numbers or ratios below 1000, the mixing regime is partially laminar or fully laminar. 

11. List out the criteria to be followed for scaling up of a bioreactor. MAY/JUNE 2012 
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A. Constant power input per unit volume (P/V = constant). 

B. Constant KLa 

C. Constant mixing quality 

D. Constant momentum factor (MF = ND. NWL (D – W)) = constant) 

E. Similar drop size distribution (ds = constant) 

F. Constant impeller tip speed (π NDi = constant) 

G. Constant mixing rate number = (N/K)(Di/Dt)
α constant 

12. What is meant by flooding in bioreactor? APR/MAY 2011 

When air flow dominates the flow pattern flooding is occur in the bioreactor. Flooding 

of fermenter occurs due to inappropriate combination of air flow rate and speed of 

agitation. 

13. What are the different types of impeller used in bioreactors? APR/MAY 2011 

✓ High Head Closed Channel Impeller – high-efficiency design for pumping water and other 

liquids at higher head pressures 

✓ Vortex Impeller – Used for pumping stringy solids and debris-laden liquids 

✓ Centrifugal Screw Impeller – Used for pumping oils and other viscous liquids 

✓ Propeller – Used for pumping high volumes of water at low heads 

✓ Shredder Impeller – Used for chopping solids to smaller pieces when they enter the pump 

✓ Closed Channel Impeller – Used for pumping sewage and wastewater 

✓ Mixed Flow Impeller – Used for high volume water pumping at low to medium heads 

✓ Semi-Open Impeller – Used for trash and debris laden liquids 

✓ Hardened Sand/Slurry Impeller – Used for pumping abrasive liquids 
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14. Write the equation for KLa. MAY/JUNE 2013 

The increase in dissolved oxygen concentration is given by – 

dCL / dt = KLa(C*-CL) (ii) 

Taking logarithm after Integration of equation (ii) we have 

ln(C*-CL) = - KLa.t 

15. How will you calculate the power number? 

NP = Power Number = P/(n3Da
5r) 

16. What are the factors affecting the value of KLa? 

• A number of factors have been demonstrated to affect the KLa value. Such factors 

include 

– the air-flow rate employed in vessels, 

– the degree of agitation inside vessels , 

– the rheological properties of the culture broth and 

– the presence of antifoam agents. 

17. Define oxygen mass transfer in bioreactors. 

• The majority of fermentation processes are aerobic 

• Therefore oxygen is an important requirement in aerobic processes like 

• Therefore, 192 grams of oxygen are required for the complete oxidation of 180 grams of 

glucose. 

18. Define microbial oxygen demands. 

Definition. Standard method for indirect measurement of the amount of organic pollution (that 

can be oxidized biologically) in a sample of water. BOD test procedure is based on the activities 

of bacteria and other aerobic microorganisms (microbes), which feed on organic matter in 

presence of oxygen. 

19. List out the methods for the determination of mass transfer coefficients. 

• Static 

• Dynamic 

• Sulphite oxidation 
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i 

i 

 

20. Define mass transfer correlations. 

In engineering, the mass transfer coefficient is a diffusion rate constant that relates the mass 

transfer rate, mass transfer area, and concentration change as driving force: Where: kc is the 

mass transfer coefficient [mol/(s. · m2)/(mol/m3)], or m/s. 

 

21. Scale up criteria for bioreactors based on oxygen transfer. 

Q/VαND 3/Di3=N 

22. Scale up criteria for bioreactors based on power consumption 

P/VαN3D 5/Di3=N3Di2 

 

23. Scale up criteria for bioreactors based on impeller tip speed. 

NDi 

 

24. What are the effects on scale up? 

The objective of a successful scale up is a homogeneous environment (temperature, pH and pO2, 

nutrients, metabolites, cell density, etc.). This is achieved using optimisations based on: 

• Agitation based parameters (mixing times, power input, tip speed) 

• Gas based parameters (gassing rates) 

• Heat transfer 

25. write down the benefit of scale down. 

• Production of data at much smaller effort and time 

• Improved Safety ( Smaller is safer ) 

• Improve the knowledge of Process Characteristics 

 

26. Define dilution rate? 

At steady state the growth rate (µ) of the micro-organism is equal to the dilution rate 

(D). The dilution rate is defined as the rate of flow of medium over the volume of culture in the 

bioreactor. 
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27. Define Maximal growth rate? 

Each microorganism has a maximal growth rate (µMAX) (the rate of growth observed if 

none of the nutrients are limiting). If a dilution rate is chosen that is higher than the maximal 

growth rate, the culture will not be able to sustain itself in the bioreactor, and will wash out. 

28. What are the types of bioreactors? 

A bioreactor may be classified as batch, fed batch or continuous (e.g. continuous stirredtank 

reactor model). An example of a continuous bioreactor is the chemostat 

29. Write the advantages of fed batch mode of fermentation. 

production of high cell densities due to extension of working time (particularly important in 

the production of growth-associated products) 

controlled conditions in the provision of substrates during the fermentation, particularly 

regarding the concentration of specific substrates as for ex. the carbon source 

control over the production of by-products or catabolite repression effects due to limited 

provision of substrates solely required for product formation 

30. Mension theReuse potential of MBR effluent 

• The UMBR system can provide Good Quality effluent that is completely acceptable for 

reuse. 

• The reclaimed water can be directly reused for municipal watering, toilet flushing and car 

washing. After the softening treatment, the reclaimed water can be used as a cooling water 

supply or processing water. 

• Therefore, lots of urban waste water can be effectively harnessed, and moreover, large 

quantities of water can be saved. As a result, the water industry would move towards a 

more sustainable future. 

PART B 

1. Explain the resistance involved in transport of oxygen from a bubble to biochemical 

reaction site. Explain clearly the assumptions made and explain the importance of 

oxygen mass transfer determination for aerobic fermentation with suitable examples. 

MAY/JUNE 2012 

Refer:James M. Lee, “Biochemical Engineering”, PHI, USA.(Page No-240-247) 

2. Discuss the methods used for finding kLa in bioreactors. APR/MAY 

2011,MAY/JUNE 2013 
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Refer:James M. Lee, “Biochemical Engineering”, PHI, USA.(Page No-264-265) 

3. Scale up criteria for bioreactors based on oxygen transfer, power consumption and 

impeller tip speed. APR/MAY 2011 

Refer:James M. Lee, “Biochemical Engineering”, PHI, USA.(Page No-272-274) 

4. Derive the expression for power requirement in an aerated bioreactor and in an 

ungassed bioreactors. MAY/JUNE 2012 

Refer:James M. Lee, “Biochemical Engineering”, PHI, USA.(Page No-274) 

 

5. What are the various factors which were followed while scaling up process in the 

bioreactor? And comment on its significance. MAY/JUNE 2013 

Refer:James M. Lee, “Biochemical Engineering”, PHI, USA.(Page No-255) 

 

6. Problem based on finding kLa in bioreactors. APR/MAY 2015, NOV/DEC 2015 

Refer:James M. Lee, “Biochemical Engineering”, PHI, USA.(Page No-267) 

 

UNIT 3 BIOREACTOR CONSIDERATION IN ENZYME SYSTEMS  

Analysis of film and pore diffusion effects on kinetics of immobilized enzyme reactions; formulation 

of dimensionless groups and calculation of effectiveness factors. Design of immobilized enzyme  

reactors  – packed bed, fluidized bed and membrane reactors 

TWO MARKS 

 

1. Define metabolism. APR/MAY 2016 

The term metabolism refers to all of the chemical reactions by which complex molecules taken 

into an organism are broken down to produce energy and by which energy is used to build up 

complex molecules. 

2. What is PFR? APR/MAY 2016 

The plug flow reactor (PFR) model is used to describe chemical reactions in continuous, flowing 

systems. The PFR model is used to predict the behavior of chemical reactors, so that key reactor 

variables, such as the dimensions of the reactor, can be estimated. PFRs are also sometimes 

called as Continuous Tubular Reactors (CTRs). 

3. Define diffusion. 
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Diffusion is the movement of molecules from a high concentration to a low concentration. 

Many molecules diffuse across cell membranes. 

4. Define kinetics. APR/MAY 2015 

That part of classical mechanics which deals with the relation between the motions of material 

bodies and the forces acting upon them. It is synonymous with dynamics of material bodies. 

5. Define enzyme. 

Enzymes are biological catalysts, or chemicals that speed up the rate of reaction between 

substances without themselves being consumed in the reaction. 

6. What is dimensionless number? 

A ratio of various physical properties (such as density or heat capacity) and conditions (such as 

flow rate or weight) of such nature that the resulting number has no defining units of weight, 

rate, and so on. Also known as nondimensional parameter. 

7. What is Damkohler numbers? APR/MAY 2015 

The Damköhler numbers (Da) are dimensionless numbers used in chemical engineering to relate 

chemical reaction timescale to other phenomena occurring in a system. 

8. What is Data acquisition? 

Data acquisition is the sampling of the real world to generate data that can be manipulated by a 

computer. Sometimes abbreviated DAQ or DAS, data acquisition typically involves acquisition 

of signals and waveforms and processing the signals to obtain desired information. 

 

9. Define thiele modulus. APR/MAY 2014, APR/MAY 2011 

The Thiele modulus was developed by E.W. Thiele in his paper 'Relation between catalytic 

activity and size of particle' in 1939. Thiele reasoned that with a large enough particle, the 

reaction rate is so rapid that diffusion forces are only able to carry product away from the surface 
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of the catalyst particle. 

10. What is known as internal mass transfer resistance? APR/MAY 2011 

The internal mass transfer resistance to either the products or reactants that occurs between the 

external pellet surface and the interior of the pellet. 

11. Write down the disadvantage of sulphite oxidation method? 

Disadvantages i) slow, 

ii) effected by surface active agents 

iii) Rheology of soln not like media 

12. Name any four polymers used in enzyme immobilization. MAY/JUNE 2012 

 

13. What are the distinct advantages of membrane reactors? 

Making a gaseous product in a membrane reactor generally affects the way that pressure affects 

the extent of reaction at thermodynamic pseudo-equilibrium. In an ordinary flow reactor, the 

composition of the exhaust gas is determined by the composition of the feed  gas and the extent 

of reaction. As a result, at pseudo-equilibrium, the extent of reaction is entirely determined by  

the feed composition and the exhaust equilibrium constant, the latter being determined by the 

temperature and pressure of the exhaust. In a membrane reactor, the partial pressure of the 

components at psueudo-equilibrium are not uniquely determined by the total pressure, exit 

temperature, and feed composition. There is also a significant (and beneficial) effect that derives 

from the controlled removal of a product or addition of reactant. 

 

(a). Alginate: A natural polymer derived from the cell wall of some algae. Calcium or 

magnesium alginate is the most commonly used matrix. They are inert and have good water 

holding capacity. 

(b). Chitosan and chitin: They are structural polysaccharides occurring naturally in the cell wall 

of fungi and the exoskeleton of Arthropods. The various functional groups in enzymes can bind 

to the – OH group of chitin and can form covalent bonds. 

(c). Collagen: It is the protenaceous support with good porosity and water holding capacity. The 

side chains of the amino acids in the collagen and that of enzyme can form covalent bonds to 

permanently hold the enzyme to the support. 

(d). Carrageenan: It is a sulfated polysaccharide obtained from some red algae. Their good 

gelling properties together with its high protein holding capacity makes it good support for 

immobilizing enzymes. 
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14. What is the mechanism of entrapment? 

 

 

15. Write down the factors which influence the pore diffusion of immobilized enzyme. 

Analysis of the effect of internal diffusion is complicated by such factors as the shape of the 

particles, the distribution in size and shape of the pores, the total volume of the pores with 

respect to the particle volume (porosity, h), the depth to which the pores penetrate the particles 

(e.g. pellicular particles) 

16. Compare the role of enzymes and cells in the manufacture of a biochemical product. 

The basic function of an enzyme is to increase the rate of a reaction. Most cellular reactions 

occur about a million times faster than they  would  in  the  absence  of  an enzyme.  Second, 

most enzymes act specifically with only one reactant (called a substrate) to produce products. 

 

Enzymes are what make all the chemical reactions in the cell possible. The human body is made 

up of trillions of cells, and there are different cells for differentfunctions. Cells are little bundles 

of chemical reactions. They reproduce, they create energy, and they break molecules down and 

build them up. 

17. Define packed bed reactor 

A packed bed is a hollow tube, pipe, or other vessel that is filled with a packing material. The 

Examples of commonly used matrixes for entrapment are: 

(1). Polyacrylamide gels 

(2). Cellulose triacetate 

(3). Agar 

(4). Gelatin 

(5). Carrageenan 

(6). Alginate 

In this method enzymes are physically entrapped inside a porous matrix. Bonds involved in 

stabilizing the enzyme to the matrix may be covalent or non-covalent. The matrix used will be a 

water soluble polymer. The form and nature of matrix varies with different enzymes. Pore size of 

matrix is adjusted to prevent the loss of enzyme. Pore size of the matrix can be adjusted with the 

concentration of the polymer used. Agar-agar and carrageenan have comparatively large pore 

sizes. The greatest disadvantage of this method is that there is a possibility of leakage of low 

molecular weight enzymes from the matrix. 
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packing can be randomly filled with small objects like Raschig rings or else it can be a 

specifically designed structured packing. Packed beds may also contain catalyst particles or 

adsorbents such as zeolite pellets, granular activated carbon, etc. 

The purpose of a packed bed is typically to improve contact between two phases in a chemical or 

similar  process.   Packed  beds  can  be  used   in   a chemical  reactor,  a distillation process,  or 

a scrubber, but packed beds have also been used to store heat in chemical plants. In this case, hot 

gases are allowed to escape through a vessel that is packed with a refractory material until the 

packing is hot. Air or other cool gas is then fed back to the plant through the hot bed, thereby pre-

heating the air or gas feed. 

18. Define fluidized bed reactor 

A fluidized bed reactor (FBR) is a type of reactor device that can be used to carry out a variety of 

multiphase chemical reactions. 

19. Advantages of packed bed reactor 

1. High conversion per unit mass of catalyst 

2. Low operating cost 

3. Continuous operation 

20. Advantages of fluidized bed reactor 

1. Good mixing 

2. Good uniformity of temperature 

3. Catalyst can be continuously regenerated with the use of an auxiliary loop 

21. Disadvantages of packed bed reactor 

1. Undesired thermal gradients may exist 

2. Poor temperature control 

3. Channeling may occur 

4. Unit may be difficult to service and clean 

22. Disadvantages of fluidized bed reactor 

1. Bed-fluid mechanics not well known 

2. Severe agitation can result in catalyst destruction and dust formation 

3. Uncertain scale-up 

23. What are the reasons for non-ideality in a fluidized bed reactor? MAY/JUNE 2012 
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ψ, the “sphericity,” which is a measure of a particle’s nonideality in both shape and roughness. It 

is calculated by visualizing a sphere whose volume is equal to the particle’s, and dividing the 

surface area of this sphere by the actually measured surface area of the particle. 

24. Application of membrane filters 

Membrane filtration is a technique that uses a physical barrier, a porousmembrane or filter, to 

separate particles in a fluid. Particles are separated on the basis of their size and shape with the 

use of pressure and specially designedmembranes with different pore sizes. 

25. Define membrane reactor. 

Membrane bioreactor (MBR) is the combination of amembrane process like microfiltration or 

ultrafiltration with a suspended growth bioreactor, and is now widely used for municipal and 

industrial wastewater treatment with plant sizes up to 80,000 population equivalent (i.e. 48 

million liters per day). 

 

26. What is the significance of Thiele modulus in porous catalyst? 

Thiele modulus 

 

Effectiveness factor 

  

 = 1 : the entire pellet volume is reacting at the same high rate because reactant is able 

to diffuse quickly through the pellet, 

 = 0 : the pellet reacts at a slow rate, since the reactant is unable to penetrate into the 

pellet interior. 

 

27. Name any four polymers used for enzyme immobilization. 

The polymers used for enzyme immobilization include vinylsulfone-hydroxymethyl 
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methacrylate, poly(vinylalcohol) beads, polyacrylamide gels, 2-fluoro-1- 

methylpyridinium salt-activated Fractogel, hexamethylacrylate polymer (Sepharon Herma E, an 

anion exchange polymer), chlormethylated polystyrene beads, and beaded cellulose. Natural 

polymers, which are very hydrophilic, are popular support materials for enzyme immobilization 

since the residues in these polymers contain hydroxyl groups, which are ideal functional groups 

for participating in covalent bonds. 

28. Effectiveness factor 

Overall productivity for a first order reaction in a spherical pellet 

 

Effectiveness factor 

  

 = 1 : the entire pellet volume is reacting at the same high rate because reactant is able 

to diffuse quickly through the pellet, 

 = 0 : the pellet reacts at a slow rate, since the reactant is unable to penetrate into the 

pellet interior. 

 

29. DefineDamköhler number 

Damköhler number (Da)is used to determine the significant effect of external diffusion 

resistance on the rate of enzyme catalytic reaction rate. 

 

 

 

 

 

 

• When Da >> 1, the external diffusion rate is limiting; 

• Da << 1, the reaction rate is limiting; 
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• Da ≈ 1, the external diffusion and reaction resistances are comparable. 

 

30. Immobilization technique :Adsorption Explain 

Oldest method of enzyme immobilization Simplest method of enzyme immobilization 

Nelson &Griffin used charcoal to adsorb invertase 

Enzymes are adsorbed to external surface of support 

Support/carrier may be: 

1. Mineral support (aluminium oxide, clay) 

2. Organic support(starch) 

3. Modified sepharose and ion exchange resins 

PART B 

 

1. Describe in detail the analysis of film and pore diffusion effects in enzyme 

immobilized in porous matrix. APR/MAY 2011,NOV/DEC 2015 

Refer:James M. Lee, “Biochemical Engineering”, PHI, USA.(Page No-208-216) 

2. Explain in detail immobilized reactor. NOV/DEC 2015 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-606) 

3. Explain in detail membrane reactor. NOV/DEC 2015 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-610) 

4. How will you design the packed bed reactor for immobilized enzyme reaction? 

APR/MAY 2011 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-609) 

5. How will you design the fluidized bed reactor for immobilized enzyme reaction? 

APR/MAY 2011 

Refer:James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-614) 

6. Derive the expression for effectiveness factors. MAY/JUNE 2014 
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Refer:Harvey W. Blanch, Douglas S. Clark, “Biochemical Engineering”, Marcel Decker 

Inc.(Page No-122) 

UNIT 4 MODELLING AND SIMULATION OF BIOPROCESSES  

 

Study of structured models for analysis of various bioprocess – compartmental models, models of 

cellular energetics and metabolism, single cell models, plasmid replication and plasmid stability 

model. Dynamic simulation of batch, fed batch, steady and transient culture 

metabolism. 

TWO MARKS 

1. What is plasmid? APR/MAY 2016 

A plasmid is an extra-chromosomal DNA molecule separate from the chromosomal DNA which 

is capable of replicating independently of the chromosomal DNA.[1] In many cases, it is circular 

and double-stranded. Plasmids usually occur naturally in bacteria, but are sometimes found in 

eukaryotic organisms (e.g., the 2-micrometre-ring in Saccharomyces cerevisiae). 

2. What are the types of plasmids? APR/MAY 2016 

Fertility-F-plasmids, which contain tra-genes. They are capable of conjugation. Resistance-(R) 

plasmids, which contain genes that can build a resistance against antibiotics or poisons. 

Historically known as R-factors, before the nature of plasmids was understood. Col-plasmids, 

which contain genes that code for (determine the production of) bacteriocins, proteins that can 

kill other bacteria. Degradative plasmids, which enable the digestion of unusual substances, e.g., 

toluene or salicylic acid. Virulence plasmids, which turn the bacterium into a pathogen 

3. Define Simulation of plasmids 

The use of plasmids as a technique in molecular biology is supported by bioinformatics software. 

These programmes record the DNA sequence of plasmid vectors; help to predict cut sites of 

restriction enzymes, and to plan manipulations. Examples of software packages that handle 

plasmid maps are Lasergene, GeneConstructionKit, and Vector NTI. 

4. What is compartmental model? APR/MAY 2015 

Compartmental models are, in theory, instantaneously mixed throughout, which means that the 

outflow concentration for all solutes is equal to the concentration within the flowing fluid. This 

allows ordinary differential equations (ODE's) to be used, for example, to calculate the change in 

concentration, C, within the unit and at its outflow: 
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dC/dt = Flow*(Cin - C)/V, where Flow = volume of flow in and out, the volume, V, is a constant 

and Cin is the concentration of solute in the entering flow. 

5. What is DNA replication? APR/MAY 2015, APR/MAY 2014 

DNA replication is the process of copying a double-stranded DNA molecule to form two double- 

stranded molecules. The process of DNA replication is a fundamental process used by all living 

organisms as it is the basis for biological inheritance. 

6. What is dynamic simulation? APR/MAY 2014 

A dynamic simulation can be used to estimate or illustrate the response, over time, to a change in 

the process. This primary concern of this site is dynamic models 

7. What types of simulations used in process engineering? 

Static 

Static simulations, typically used in process design, simulate the process at steady state 

conditions, usually at the design operating conditions. Time is not a variable. 

Dynamic 

Dynamic models consider time as a variable and simulate the process over a period of time. A 

dynamic simulation can be used to estimate or illustrate the response, over time, to a change in 

the process. This primary concern of this site is dynamic models 

8. Define bioprocess engineering. 

Bioprocess engineering include the production of biofuels, design and operation of fermentation 

systems, development of food processing systems, application and testing of product separation 

technologies, design of instrumentation to monitor and control biological processes. 

9. Application of bioprocess engineering? 

Application areas commonly associated with bioprocess engineering include the production of 

biofuels, design and operation of fermentation systems, development of food processing systems, 

application and testing of product separation technologies,design of instrumentation to monitor 

and control biological processes. 

10. What is semi-structured model? 

The semi-structured model is a database model. In this model, there is no separation between the 

data and the schema, and the amount of structure used depends on the purpose. 

11. What is fed batch reactor model? 

The plug flow reactor (PFR) model is used to describe chemical reactions in continuous, flowing 
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systems. The PFR model is used to predict the behavior of chemical reactors, so that key reactor 

variables, such as the dimensions of the reactor, can be estimated. PFRs are also sometimes 

called as Continuous Tubular Reactors (CTRs). 

12. Write the advantages of semi structured model. 

can represent the information of some data sources that cannot be constrainedby schema.It provides a 

flexible format for data exchange between different types ofdatabases. It can be helpful to view 

structured data as semi-structured (for browsingpurposes). The schema can easily be changed 

. The data transfer format may be portable. 

13. What are semi structured model? 

The semi-structured model is a database model where there is no separation between the data and 

the schema, and the amount of structure used depends  on  the  purpose.  The  advantages  of  

this model are the following: It can represent the information of some data sources that cannot be 

constrained by schema. 

14. Write down the constituents of k and g compartments of the cell in Williams’s model. 

k compartments consists of RNA pools of small metabolites and g compartments consist of DNA 

and proteins. 

15. What is meant by transient culture? MAY/JUNE 2012 

Transientculture means it is short-lived culture (usually less than 24 hours). Ex: I have observed 

that in daily life people come together in groups for a short time and then disperse. Example, a 

bus queue or strangers on a train or in an aircraft. Individuals bring their own cultural attributes 

to this situation and build common ground with their fellow temporary group members. They 

form, in my terns, 'transient group culture'.  

16. What is called promiscuous plasmids? 

Plasmids that have transfer systems that allow transfer of DNA to unrelated species are called 

promiscuous plasmids. 

17. How will you determine the KL value in growth associated model with inhibition. 

MAY/JUNE 2012 

The K parameter, defined as the ratio of the concentration of undissociated weak acid to the 

number of microorganisms in the medium, was determined. The K value is related to the degree 

of growth inhibition and provides new insight into the mode of action of weak organic acids 

against the studied yeasts. 

It 
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18. Define single cell model. 

The cell, itself, is the biochemical reactor. The engineer often faces the challenge of designing 

macroscopic bioreactors, operating polices and control strategies for the macroscopic reactor. 

However, the engineer must recognize that the macroscopic reactor only ‘houses’ the cellular 

bioreactors; the reactions take place under the control of the cell’s own internal regulatory 

system. Thus, the design of the macroscopic reactor and its operating policy requires a 

quantitative and explicit linkage between the abiotic and biotic environment; between the 

macroscopic control policy and the cellular regulatory system. 

19. What is plasmid replication? 

The replication strategy that a plasmid uses directly affects its copy number, host range, and 

incompatibility group. 

• Plasmid replication relies on the normal host DNA replication machinery. 

• Plasmids will carry distinct origins of replication (oriV) and genes that enable and control the 

frequency of their replication. 

20. Define plasmid stability. 

Structural plasmid stability exists, when all generated plasmids have the correct base sequence. 

21. Define metabolism. 

Metabolism is a term that is used to describe all chemical reactions involved in maintaining the 

living state of the cells and the organism. Metabolism can be conveniently divided into two 

categories: Catabolism - the breakdown of molecules to obtain energy. 

22. Explain fed batch culture 

Fed-batch culture is, in the broadest sense, defined as an operational technique in 

biotechnological processes where one or more nutrients (substrates) are fed(supplied) to the 

bioreactor during cultivation and in which the product(s) remain in the bioreactor until the end of 

the run. 

23. Explain batch culture 

batch culture A technique used to grow microorganisms or cells. A limited supply of nutrients 

for growth is  provided;  when  these  are  used  up,  or  some  other  factor  becomes  limiting, 

the culturedeclines. Cells, or products that the organisms have made, can then be harvested from 

the culture. 

24. Differentiate steady state and unsteady state culture.what is the difference between 
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transient and periodic flow? 

Steady state flow implies a uniform flow field that has no change in properties, e.g. 

velocity,thermal properties (such as temperature), etc.With unsteady flow, properties of the flow 

arechanging.Transient flow implies an unsteady state flow that is changing or developing as 

afunction of time – often observed in flow start up. With periodic flows, the flow field is 

unsteadybut oscillates around a mean. 

25. What are the origin of plasmid replication? 

The origin of replication (also called the replication origin) is a particular sequence in a genome 

at which replication is initiated. This can either involve thereplication of DNA in living 

organisms such as prokaryotes and eukaryotes, or that of DNA or RNA in viruses, such as 

double-stranded RNA viruses. 

26. Define static method 

Static simulations, typically used in process design, simulate the process at steady state 

conditions, usually at the design operating conditions. Time is not a variable. 

27. Define Dynamic method 

Dynamic models consider time as a variable and simulate the process over a period of time. A 

dynamic simulation can be used to estimate or illustrate the response, over time, to a change in 

the process. This primary concern of this site is dynamic models 

28. Define bioprocess engineering. 

Bioprocess engineering include the production of biofuels, design and operation of 

fermentation systems, development of food processing systems, application and 

testing of product separation technologies, design of instrumentation to monitor and 

control biological processes. 

29. Application of bioprocess engineering? 

Application areas commonly associated with bioprocess engineering include the 

production of biofuels, design and operation of fermentation systems, development of 

food processing systems, application and testing of product separation technologies, 

design of instrumentation to monitor and control biological processes. 

30. Write the advantages of semi structured model. 

It can represent the information of some data sources that cannot be constrained by schema. 

It provides a flexible format for data exchange between different types of databases. 
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It can be helpful to view structured data as semi-structured (for browsing purposes). 

The schema can easily be changed. 

The data transfer format may be portable. 

PART B 

 

1. Describe the design consideration to be taken in account during the bio processing 

of animal cell culture. NOV/DEC 2015 

Refer: Harvey W. Blanch, Douglas S. Clark, “Biochemical Engineering”, Marcel Decker 

Inc.(Page No-203) 

 

2. Explain in detail plasmid replication. APR/MAY 2016, APR/MAY 

2015,MAY/JUNE 2012 Refer:Harvey W. Blanch, Douglas S. Clark, “Biochemical 

Engineering”, Marcel Decker Inc.(Page No-251-257) 

 

3. Discuss in detail compartmental model. APR/MAY 2016, MAY/JUNE 2013,2014 

Refer:James M. Lee, “Biochemical Engineering”, PHI, USA.(Page No-174) 

 

4. Explain in detail the structured model for analysis of various bioprocess.APR/MAY 

2011 

Refer:James M. Lee, “Biochemical Engineering”, PHI, USA.(Page No-174) 

 

5. Discuss in detail Single cell model. NOV/DEC 2015 

Refer:Harvey W. Blanch, Douglas S. Clark, “Biochemical Engineering”, Marcel Decker 

Inc.(Page No-244-246) 

 

6. Explain in detail dynamic simulation of batch, fed batch, steady and transient 

culture metabolism MAY/JUNE 2013,2014 APR/MAY 2011 

Refer:Harvey W. Blanch, Douglas S. Clark, “Biochemical Engineering”, Marcel Decker 

Inc.(Page No-277-280) 
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UNIT 5 RECOMBINANT CELL CULTIVATION  

 

Different host vector system for recombinant cell cultivation strategies and advantages. E.coli, 

yeast Pichia pastoris / Saccharomyces cereviseae, Animal cell cultivation, plant cell cultivation, 

Insect cell cultivation. High cell density cultivation, process strategies, reactor considerations 

 in the above system 

TWO MARKS 

 

1. Define Animal cell culture? APR/MAY 2016, APR/MAY 2015 

Animal cell culture (ACC) is the process of culture of animal cells outside the tissue (ex vivo) 

from which they were obtained. The process of ACC is carried out under strict laboratory 

conditions of asepsis, sterility and controlled environment involving temperature, gases and 

pressure. 

2. Define cell culture? 

Cell culture is the process by which prokaryotic, or eukaryotic cells are grown under controlled 

conditions. In practice the term "cell culture" has come to refer to the culturing of cells derived 

from multicellular eukaryotes, especially animal cells. 

 

3. What are the applications of cell culture? 

Mass culture of animal cell lines is fundamental to the manufacture of viral vaccines and many 

products of biotechnology. Biological products produced by recombinant DNA (rDNA) 

technology in animal cell cultures include enzymes, synthetic hormones, immunobiologicals 

(monoclonal antibodies, interleukins, lymphokines), and anticancer agents. 

4. Explain high cell density cultivation? APR/MAY 2015 

In particular, microbial high cell density cultures have a high metabolic oxygen demand. In these 

cultures the oxygen transfer rate of the bioreactor determines the maximum biomass 

concentration. Unfortunately, the solubility of oxygen is even decreasing with increasing cell 
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densities due to a higher viscosity of the cell suspension. Therefore, in order to enhance the 

existing oxygen transfer limitation for aerobic high cell density cultivation in disposable 

bioreactors, an aeration membrane or disposable spargers and baffles have been inserted or the 

medium was vibrated. 

 

5. What is meant by host? 

An animal or plant on or in which a parasite or commensal organism lives. 

6. Define recombinant cell cultivation? APR/MAY 2014 

Relating to or denoting an organism, cell, or genetic material formed by recombination. 

7. Advantages of recombinant cell cultivation? 

Precise control over growth conditions, batch-to-batch product consistency, a high level of 

containment and the ability to produce recombinant proteins in compliance with good 

manufacturing practice. 

8. Write down the Application of animal cell cultivation. APR/MAY 2014 

Mass culture of animal cell lines is fundamental to the manufacture of viral vaccines and other 

products of biotechnology. 

many simpler proteins can be produced using rDNA in bacterial cultures, more complex proteins 

that are glycosylated(carbohydrate-modified) currently must be made in animal cells 

9. What is meant by plant cell cultivation? 

Plant cell cultures are typically grown as cell suspension cultures in a liquid medium or as callus 

cultures on a solid medium. The culturing of undifferentiated plant cells and calli requires the 

proper balance of the plant growth hormones auxin and cytokinin. 

10. Write down the Application of high cell density cultivation. 

In this system the amount of an enzyme determines the glucose release rate and all optimisation 

can be done at the microwell or deepwell plate stage. Here we show at the example of ADH that 

such preoptimised processes simply can be transferred to a rocking-motion-system, without the 

need for setting up any extra control. This would provide a simple scale up to the 100 scale. On 

top of this, further modifications can be done for improving the volumetric yield further 

11. Explain the reactor considerations in animal cell cultivation. 

◼ It is critical to find a ‘HAPPY’ environment for cell cultures. 
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◼ Happy environment = allows cells to increase in number by undergoing cell division 

(mitosis). 

◼ Provide the cells with appropriate temp, good substrate for attachment and proper culture 

medium. 

◼ Temperature:Cold-blooded vertebrates – 18-25°C,Mammalian cells – 36-37°C 

 

12. Explain the common features of animal cell bioreactor? 

1) Reactor should be gently agitated and aerated. Agitation speed ≈20rpm. 

Bubble-column & airlift reactor operating at high aeration may cause damage of cells 

2) Supply of CO2-enriched air 

3) Removal of toxic products from metabolism eg lactic acid, ammonium 

13. List out the advantages of animal cell bioreactor? 

◼ Ability to perform post-translational modifications and achieve a product close to that 

produced in vivo 

◼ The used of other expression systems (yeast, plant or insect cell) more limited because 

despite their potential economic advantages for culture and higher yields of these 

systems, their glycosylation capacities do not resemble those of the mammalian cells. 

◼ Prokaryotes cells can be easily manipulated and grown in large scale but they lack the 

necessary glycosylation machinery and so the proteins produced are not glycosylated. 

◼ Lower eukaryotes cells produced differ significantly from those present in human 

glycoproteins. 

◼ So mamalian cells are the chosen host for the production of human glycoproteins because 

it has been recognized that they meet the criteria for an appropriate glycosylation of 

recombinant human glycoprotein. 

◼ The most commonly used cell lines are hamster-derived Chinese hamster ovari (CHO and 

baby hamster kidney (BHK) cells 

◼ These cells are chosen because of their favorable growth characteristics in culture both as 

anchorage-dependent or suspension cells. 

14. Define E.coli? 

A bacterium commonly found in the intestines of humans and other animals, some strains of 

which can cause severe food poisoning. 
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15. What is yeast? 

A microscopic fungus consisting of single oval cells that reproduce by budding, and capable of 

converting sugar into alcohol and carbon dioxide.A greyish-yellow preparation of the yeast 

fungus obtained chiefly from fermented beer, used as a fermenting agent, to raise bread dough, 

and as a food supplement. 

 

16. What is Pichia pastoris? 

Pichia pastoris is a species of methylotrophic yeast. Pichia is widely used for protein production 

using recombinant DNA techniques. Hence it is used in biochemical and genetic research in 

academia and the biotechnical industry. 

17. What is Saccharomyces cereviseae? 

Saccharomyces cerevisiae is a species of yeast. It has been instrumental to winemaking, baking, 

and brewing since ancient times. 

18. Process strategies of animal cell cultivation. 

(1) cell lines capable of synthesizing the required molecules at high productivities that ensure 

low operating cost; 

(2) culture media and bioreactor culture conditions that achieve both the requisite productivity 

and meet product quality specifications; 

(3) appropriate on-line and off-line sensors capable of providing information that enhances 

process control; and 

(4) good understanding of culture performance at different scales to ensure smooth scale-up. 

Successful implementation also requires appropriate strategies for process development, scale-up 

and process characterization and validation that enable robust operation and ensure compliance 

with current regulations 

19. Process strategies of plant cell cultivation. 

In order to successfully cultivate the plant cells at large scale, several engineering parameters 

such as, cell aggregation, mixing, aeration, and shear sensitivity are taken into account for 

selection of a suitable bioreactor. The media ingredients, their concentrations and the 

environmental factors are optimized for maximal synthesis of a desired metabolite. Increased 

productivity in a bioreactor can be achieved by selection of a proper cultivation strategy (batch, 

fed-batch, two-stage etc.), feeding of metabolic precursors and extraction of intracellular 
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metabolites. Proper understanding and rigorous analysis of these parameters would pave the way 

towards the successful commercialization of plant cell bioprocesses. 

20. Process strategies of insect cell cultivation. 

1. Seed the experimental culture at between 0.5-1 x 106 cells per ml and allow to grow 

overnight. 

2. Confirm log growth of cells by observation of increase cell counts. If the culture did not grow 

overnight, discard and start again. 
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3. Infect the culture at your desired MOI Volume of inoculum needed = MOI ( iu/cell ) X 

number of cells Titer of virus ( iu/ml ) 

21. Process strategies of high cell density cultivation. 

the application of more advanced control strategies, such as exponential feeding procedures and 

feed-back control of the pO2. Pulsing of extra oxygen provides some advantage in overcoming 

the low oxygen transfer rates. 

22. List out the host vector system. 

Prokaryotes 

1) Gram Negative 

2) Gram Positive 

Eukaryotes 

1) Yeast 

2) Fungi 

3) Insect Cells 

4) Plant Cell Lines 

5) Animal Cell lines 

6) Transgenic Animals 

7) Transgenic Plants 

23. What is a recombinant cell? 

Recombinant DNA (rDNA) molecules are DNA molecules formed by laboratory methods of 

genetic recombination (such as molecular cloning) to bring together genetic material from 

multiple sources, creating sequences that would not otherwise be found in biological organisms. 

24. What is a primary culture? 

Primary culture refers to the stage of the culture after the cells are isolated from the tissue and 

proliferated under the appropriate conditions until they occupy all of the available substrate (i.e., 

reach confluence). 

25. What does meant to culture cells? 

Cell culture is the complex process by which cells are grown under controlled conditions, 

generally outside of their natural environment. In practice, the term "cell culture" now refers to 

the culturing of cells derived from multi-cellular eukaryotes, especially animal cells. 
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26. Define Cell strain? 

A cell strain is derived either from a primary culture or a cell line by the selection or cloning of 

cells having specific properties or characteristics which must be defined. Cell strains are cells 

that have been adapted to culture but, unlike cell lines, have a finite division potential. Non- 

immortalized cells stop dividing after 40 to 60 population doublings and, after this, they lose 

their ability to proliferate (a genetically determined event known as senescence). 

27. How will you Determine the Cell Viability (for all cell types) 

After the cells have been suspended into the medium, 0.2 ml of the cell suspension can be mixed 

with 0.3 ml PBS and 0.5 ml trypan blue (final concentration, 0.2% w/v) in a small test tube. An 

aliquot is then placed on a hemacytometer and counted with the compound microscope. The 

number of viable cells (those not taking up the stain) can be determined and used for initiating 

the new culture with a precise number of viable cells. I personally find this is a time consuming 

step that does not greatly improve the probability of maintaining healthy cultures but this is 

largely because I feel confident in recognizing healthy cells just by examining them in the flask 

with the inverted microscope. Beginners may want to include this step until they gain confidence 

in their visual inspection of cells. 

28. Explain Micro Propagation 

It is in vitro asexual propagation of crop plants. This technique is advantages over the 

conventional practice of asexual propagation as only a small amount of plant is needed, species 

highly resistant to conventional bulk propagation can be propagated by this method and it is non 

season dependent. Micro propagation is used for rapid multiplication of stocks, elimination of 

diseases, germ plasm preservation, and induction of mutation. 

29. Define Embryo Culture 

The embryos are isolated from young seeds and placed on a solid medium containing nutrients 

and vitamins. Embryos are cultured at 25°c,first in dark until seedlings are about 2 cm long and 

root formation has started, and than in light until the seedlings can be planted in soil. 

30. Short notes on Protoplast Culture 

It is one of the most significant and recent developments in the field of plant tissue culture. the 

protoplast are usually isolated from cultured cell or leaf mesophyll cell by treating them with 
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enzyme solutions. the isolated protoplast may be used to regenerate the plants directly, or for the 

production of somatic hybrids through fusion. 

PART B 

 

1. Discuss animal cell cultivation and explain the products of animal cell culture. 

APR/MAY 2016, NOV/DEC 2015 

Ref: James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-261) 

 

2. Discuss plant cell cultivation. 

Ref:James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-265) 

3. Explain in detail Different host vector system for recombinant cell cultivation. 

NOV/DEC 2015,MAY/JUNE 2016, 2014 

Ref:James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-257) 

4. Explain in detail insect cell cultivation APR/MAY 2015 

Ref:James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-267) 

 

5. How the high cell density cultivation was processed explain in detail? Ref:James 

E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, McGraw-

Hill.(Page No-269) 

 

6. In what way recombinant cell cultivated in E.coli explain clearly. APR/MAY 2014 

Ref:James E. Bailey & David F. Ollis, “Biochemical Engineering Fundamentals”, 

McGraw-Hill.(Page No-259) 
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B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2017 

FIFTH SEMESTER 

BIOTECHNOLOGY 

BT6502-BIOPROCESS ENGINEERING 

(Regulations 2013) 

Time: Three Hours Maximum: 100 Marks 

Answer ALL questions 

PART A (10X2=20) 

1. Give the advantages of Fed Batch culture. 

(i) Production of highest possible amount of PHA by balanced cell growth and PHA 

accumulation. 

(ii) No n i t r o g e n  l i m i t a t i o n  d u r i n g  t h e  a c t i v e g r o w t h phase, 

but it is introduced later to enhance PHA production. 

(iii) Re su lt s : ma x imu m spe c i f ic gr o wt h r a t e ac hie ved c ompared to 

the max specific growth rate in batch cultivation. 

2. Draw and label the parts of bubble column reactor. 

 

 

3. Define microbial oxygen demand. 

Biochemical oxygen demand is a measure of the quantity of oxygen used by 

microorganisms (e.g., aerobic bacteria) in the oxidation of organic matter. 

4. What happens to the value of KLa when there is an increase in temperature? 
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KLa increases when there is an increase in temperature. The solubility of oxygen in the 

liquid phase of a bioreactor was changed by a ramp change of temperature, and kLa was 

determined from the resulting return to equilibrium of dissolved oxygen activity. 

5. State down the different methods available for immobilizing bio molecules. 

(i) Self Assembly 

(ii) Self Modification 

(iii) Surface Modification 

(iv) Photochemical Immobilization 

(v) Polymer Chemistry 

6. What is effectiveness factor? 

The effectiveness factor is defined as the ratio of the reaction rate actually observed to the 

reaction rate calculated if the surface reactant concentration persisted throughout the 

interior of the particle, Le., no reactant concentration gradient within the particle. 

7. What is epigenetic system and metabolic system in a saturated model? 

Epigenetics is the study of heritable changes in gene function that do not involve changes 

in   the DNA    sequence. The Greek prefix epi- (ἐπι-    "over,    outside    of,    around")  

in epigenetics implies  features  that  are  "on  top  of"  or  "in  addition  to"  the  

traditional genetic basis  for  inheritance. Epigenetics   most   often  denotes  changes   in 

a chromosome that affect gene activity and expression, but can also be used to describe 

any heritable phenotypic change that does not derive from a modification of the genome, 

such as prions. 

Catabolism is the set of metabolic processes that break down large molecules. These 

include breaking down and oxidizing food molecules. The purpose of the catabolic 

reactions is to provide the energy and components needed by anabolic reactions which 

build molecules. 

8. What is idiophase? 

The idiophase is the phase in the growth of a culture during which secondary metabolites 

are produced. 

9. What is elicitor? 

Elicitors in plant biology are extrinsic or foreign molecules often associated with plant 



AUC_2017_BT8591_BIOPROCESS ENGINEERING _QB Page 49 
 

 

pests, diseases or synergistic organisms. Elicitor molecules can attach to special receptor 

proteins located on plant cell membranes. 

10. What is the difference between transduction and transformation when discussing 

gene transfer to bacteria? 

 

PART B (5X13=65) 

11. (a) Explain in detail the design and operation of 

(i) Packed Bed Reactor 

(ii) Airlift Reactor 

Ans: Refer Reference Book 5 – Pg. No: 609, 610, 641 

(OR) 

(b) Explain in detail the kinetics of cell cycle cultivation. 

Ans: Refer Reference Book 5 – Pg. No: 603-605 

12. (a) (i) Explain the static method for the determination of mass transfer 

coefficient in aerated bioreactor. 

Ans: Refer Reference Book 6 – Pg. No: 264-265 

(ii) Calculate the Reynolds number and power required to agitate a 10,000 litre tank 

filled with water. The diameter of the tank is 2.0 m and is agitated at 100 rpm by a 

6-blade turbine type agitator. The agitator is half the tank diameter. (Np=4). 

(OR) 

(b) Explain in detail the regime analysis of a bioreactor process. 

Ans: Refer Reference Book 5 – Pg. No: 240-244 
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13. (a) Explain the effect of inhibitors, temperature and pH on immobilized enzyme 

catalytic activity. 

Ans: Refer Reference Book 6 – Pg. No: 209-211 

 (OR) 

(b) Explain the characteristics of the following bioreactors 

(i) Membrane Reactors 

(ii) Fluidized Bed Reactor. 

Ans: Refer Reference Book 5 – Pg. No: 603-605 

14. (a) Explain in detail the compartment model of William to illustrate the properties 

of cell growth kinetics. 

Ans: Refer Reference Book 5 – Pg. No: 174-176 

(OR) 

(b) Explain the kinetics of plasmid replication using a generalized model. 

Ans: Refer Text Book 2 – Pg. No: 251-254 

15. (a) Explain the strategies for High-cell density cultivation of E.coli. 

Ans: Refer text Book 2 – Pg. No: 277-280 

(OR) 

(b) Explain in detail the guidelines for selecting a host vector system. 

Ans: Refer Reference Book 6 – Pg. No: 257-259 

PART C (1X15=15) 

16. (a) Explain in detail with example, how insect cells are used for protein production. 

Ans: Refer Reference Book 6 – Pg. No: 267-269 

(OR) 

(b) Write notes on the medical and analytical applications of immobilized enzymes. 

Ans: Refer Reference Book 5 – Pg. No: 208,216 
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VISION OF THE INSTITUTION 

 To build Jeppiaar Engineering College as an institution of academic excellence in 

technological and management education to become a world class University 

MISSION OF THE INSTITUTION 

 To excel in teaching and learning, research and innovation by promoting the principles 
of scientific analysis and creative thinking. 

 To participate in the production, development and dissemination of knowledge and 
interact with national and international communities. 

 To equip students with values, ethics and life skills needed to enrich their lives and 
enable them to meaningfully contribute to the progress of society. 

 To prepare students for higher studies and lifelong learning, enrich them with the 

practical and entrepreneurial skills necessary to excel as future professionals and 
contribute to Nation’s economy 

 

PROGRAM OUTCOMES (PO) 

 

PO 1 

Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 
problems. 

 

PO 2 

Problem analysis: Identify, formulate, review research literature, and analyze 

complex engineering problems  reaching  substantiated  conclusions  using  first  principles 

of mathematics, natural sciences, and engineering sciences. 

 
PO 3 

Design/development of solutions: Design solutions  for  complex  engineering  problems 

and design system components or processes  that  meet  the  specified  needs  with 

appropriate consideration for the public health and safety, and the cultural, societal, and 
environmental considerations 

 

PO 4 

Conduct investigations  of  complex  problems:  Use  research-based  knowledge  and 

research methods including design of experiments, analysis and interpretation of data, 

and synthesis of the information to provide valid conclusions. 

 

PO 5 

Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
modern engineering and IT tools including prediction and modeling to complex engineering 
activities with an understanding of the limitations. 

 

PO 6 

The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice. 

 

PO 7 

Environment and sustainability: Understand the impact of the professional engineering 
solutions in societal and environmental contexts, and demonstrate the knowledge of, 
and need for sustainable development. 

PO 8 
Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice. 

PO 9 
Individual and team work: Function effectively as an individual, and as a member or 
leader in diverse teams, and in multidisciplinary settings. 

 
PO 10 

Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give 

and receive clear instructions. 

 

  

  

  

  

  

  

  

  

  

  

 



 

PO 11 

Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a 

member and leader in a team, to manage projects and in multidisciplinary environments. 

 

PO 12 

Life-long learning:  Recognize  the  need  for,  and  have  the  preparation  and  ability  to 

engage  in independent and life-long learning in the broadest context of technological 

change. 

 

VISION OF THE DEPARTMENT 

To pursue excellence in producing bioengineers coupled with research attributes. 

MISSION OF THE DEPARTMENT 

M1 To impart quality education and transform technical knowledge into career opportunities. 

M2 To establish a bridge between the program and society by fostering technical education. 

M3 To generate societal conscious technocrats towards community development 

M4 
To facilitate higher studies and research in order to have an effective career / 

entrepreneurship. 

PROGRAM EDUCATIONAL OBJECTIVES (PEOS) 

PEO - 1 To impart knowledge and produce competent graduates in the field of biotechnology 

PEO - 2 
To inculcate professional attributes and ability to integrate engineering issues to broader 

social contexts. 

PEO - 3 To connect the program and community by fostering technical education. 

PEO - 4 To provide a wide technical exposure to work in an interdisciplinary environment 

PEO - 5 
To prepare the students to have a professional career and motivation towards higher 

education. 

PROGRAM SPECIFIC OUTCOMES (PSOS) 

 
PSO 1 

Professional Skills: This programme will provide students with a solid foundation in the 

field of Biological Sciences and Chemical engineering enabling them to work on engineering 

platforms and applications in Biotechnology as per the requirement of Industries, and 
facilitating the students to pursue higher studies 

PSO 2 
Problem-solving skills: This programme will assist the students to acquire fundamental and 
problem solving knowledge on subjects relevant to Biotechnology thereby encouraging them 
to understand emerging and advanced concepts in modern biology 

 
PSO 3 

Successful Career and Entrepreneurship: Graduates of the program will have a strong 

successful career and entrepreneurial ability with the blend of inputs from basic science, 

engineering and technology, thereby enabling them to translate the technology and tools in 
various industries and/or institutes 
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OBJECTIVES: 

UNIT I BONDS, ENERGIES, BUILDING BLOCKS OF PROTEINS 9 

Covalent, Ionic, Hydrogen, Coordinate, hydrophobic and Vander walls interactions in 

protein structure. Interaction with electromagnetic radiation (radio, micro, infrared, 

visible, ultraviolet, X-ray) and elucidation of protein structure. Amino acids (the 

students should be thorough with three and single letter codes) and their molecular 

properties (size, solubility, charge, pKa), Chemical reactivity in relation to post- 

translational modification (involving amino, carboxyl, hydroxyl, thiol, imidazole 

groups). 

UNIT II PROTEIN ARCHITECTURE 9 

Primary structure: peptide mapping, peptide sequencing - automated Edman method & 

mass- spec. High-throughput protein sequencing setup Secondary structure: Alpha, beta 

and loop structures and methods to determine Super-secondary structure: Alpha-turn 

alpha, beta-turn- beta (hairpin), beta-sheets, alpha-beta-alpha, topology diagrams, up 

and down & TIM barrel structures nucleotide binding folds. 

UNT III TERTIARY STRUCTURE 9 

Prediction of substrate binding sites, Tertiary structure: Domains, folding, denaturation 

and renaturation, overview of methods to determine 3D structures. Quaternary 

structure: Modular nature, formation of complexes, protein-protein interactions and 

methods to study it: Computer exercise on the above aspects 

UNIT IV STRUCTURE-FUNCTION RELATIONSHIP 9 

DNA-binding proteins: prokaryotic transcription factors, Helix-turn-Helix motif in DNA 

binding, Trp repressor, Eukaryotic transcription factors, Zn fingers, helix-turn helix 

motifs in homeodomain, Leucine zippers, Membrane proteins: General characteristics, 

Trans-membrane segments, prediction, bacteriorhodopsin and Photosynthetic reaction 

center, Immunoglobulins: IgG Light chain and heavy chain architecture, abzymes and 

Enzymes: Serine proteases, understanding catalytic design by engineering trypsin, 

chymotrypsin and elastase, substrate-assisted catalysis other commercial applications 

Computer exercise on the above aspects 

UNIT V PROTEOMICS 9 

Introduction to the concept of proteome, components of proteomics, proteomic 

analysis, importance of proteomics in biological functions, protein arrays, cross linking 

methods, affinity methods, yeast hybrid systems and protein arrays. Computer exercise 

on the above aspects 



TOTAL (L: 45 + T: 15): 60 PERIODS 

TEXT BOOKS: 

 Branden C. and Tooze J., “Introduction to Protein Structured” 2nd Edition, Garlan 

Publishing, 1999. 

 Creighton T.E. “Proteins” 2nd Edition. W.H. Freeman, 1993. 

 Pennington, S.R and M.J. Dunn, “Proteomics: Protein Sequence to Function”. Viva 

Books, 2002 

REFERENCE: 

 Liebler, “Introduction to Proteomics” Humana Press, 2002. 
 
 
 
 
 
 
 
 

CO NO COURSE OUTCOME 

 
C301.1 

To analyze the various interactions in protein makeup. 

C301.2 To understand and familiarize with different levels of protein structure. 

C301.3 To learn and acquire knowledge about functional proteins 

C301.4 To understand the latest application of protein science in research 

C301.5 To apply informatics and understand proteomics 



BT 6501 PROTEIN STRUCTURE FUNCTION AND PROTEOMICS –LESSON PLAN 

CHAPTER S.NO CONTENTS CHAPTER PAGE NO. REFERENCE 

 
 
 
 
 
 
 
 
 

1 

BONDS, ENERGIES, BUILDING BLOCKS OF PROTEINS 

 
1 

Covalent, Ionic, Hydrogen, Coordinate, 

hydrophobic and Vander walls 

interactions in protein structure. 

 
1 

 
3-12 

 
Branded & Tooze 

 
2 

Covalent, Ionic, Hydrogen, Coordinate, 

hydrophobic and Vander walls 

interactions in protein structure. 

 
1 

 
3-12 

 
Branded & Tooze 

 
3 

Interaction with electromagnetic 

radiation (Radio, Micro, Infrared, Visible, 

Ultraviolet, X-ray) 

 
1 

 
3-12 

 
Branded & Tooze 

 
4 

Interaction with electromagnetic 

radiation (Radio, Micro, Infrared, Visible, 

Ultraviolet, X-ray) 

 
1 

 
3-12 

 
Branded & Tooze 

5 Elucidation of protein structure 18 374-392 Branded & Tooze 

6 Elucidation of protein structure 18 374-392 Branded & Tooze 

7 Amino acids 1 3-12 Branded & Tooze 

8 Amino acids -their molecular properties 1 3-12 Branded & Tooze 

9 
Chemical reactivity in relation to post- 

translational modification 
1 3-12 Branded & Tooze 

 
 
 
 
 
 
 
 

2 

PROTEIN ARCHITECTURE 

10 Primary structure 3 60-61 Branded & Tooze 

11 Peptide mapping 18 374-392 Branded & Tooze 

12 
Peptide sequencing  - Automated Edman 

method & Mass- Spectroscopy 
18 374-392 Branded & Tooze 

13 
High-throughput protein sequencing 

setup 
18 374-392 Branded & Tooze 

14 
Secondary structure: Alpha, beta and loop 

structures 
2 13-23 Branded & Tooze 

 
15 

Methods to determine Super-secondary 

structure: Alpha-turn Alpha; Beta-turn- 

Beta (hairpin) 

 
2 

 
24-34 

 
Branded & Tooze 

16 
Methods to determine Super-secondary 

structure: Beta-sheets, Alpha-Beta-Alpha 
2-5 36-87 Branded & Tooze 

17 Topology diagrams 2-5 36-87 Branded & Tooze 

18 
Up and down & TIM barrel structures 

nucleotide binding folds. 
2-5 36-87 Branded & Tooze 

 
 
 
 
 

3 

TERTIARY STRUCTURE 

19 Prediction of substrate binding sites   Branded & Tooze 

20 Tertiary structure: Domains 7 141-165 Branded & Tooze 

21 Folding 6 89-104 Branded & Tooze 

22 Denaturation and renaturation 6 89-104 Branded & Tooze 

23 
Overview of methods to determine 3D 
structures. 

18 374-392 Branded & Tooze 

24 Quaternary structure 7 180-185 Branded & Tooze 

25 Formation of complexes 18 374-392 Branded & Tooze 

26 
Protein-protein interactions and methods 
to study it 

18 374-392 Branded & Tooze 

27 
Protein-protein interactions and methods 
to study it 

18 374-392 Branded & Tooze 



 
 
 
 
 
 
 
 
 

4 

STRUCTURE-FUNCTION RELATIONSHIP 

28 
DNA-binding proteins: prokaryotic 
transcription factors 

19 463-469 Branded & Tooze 

29 
Helix-turn-Helix motif in DNA binding, 
Trp repressor 

8 129-150 Branded & Tooze 

30 
Eukaryotic transcription factors, Zn 
fingers 

9 151-174 Branded & Tooze 

31 
Helix-turn helix motifs in 
homeodomain, Leucine zippers, 

10 175-202 Branded & Tooze 

 
32 

Membrane proteins: General 
characteristics, Trans-membrane 
segments, prediction, 

 
7 

 
157-164 

 
Branded & Tooze 

33 
Bacteriorhodopsin and Photosynthetic 
reaction center 

12 223-248 Branded & Tooze 

 
34 

Immunoglobulins: IgG Light chain and 
heavy chain architecture, abzymes, 
Enzymes: Serine proteases, 

 
11 
15 

207-219 
299-321 

 
Branded & Tooze 

 
35 

Understanding catalytic design by 
engineering trypsin, chymotrypsin and 
elastase 

 
17 

 
347-370 

 
Branded & Tooze 

36 
Substrate-assisted catalysis other 
commercial applications 

11 
17 

207-219 
347-370 

Branded & Tooze 

 
 
 
 

 
5 

PROTEOMICS 

37 
Introduction to the concept of 
proteome 

 

Branden & Tooze 38 Components of proteomics 

39 Proteomic analysis 

40 
Importance of proteomics in biological 
functions 

18 374-392 Branded & Tooze 

41 Protein arrays 18 374-392 Branded & Tooze 

42 Cross linking methods 18 374-392 Branded & Tooze 

43 Affinity methods 18 374-392 Branded & Tooze 

44 Yeast hybrid systems 18 374-392 Branded & Tooze 

45 Protein arrays 18 374-392 Branded & Tooze 



UNIT I BONDS, ENERGIES, BUILDING BLOCKS OF PROTEINS 9 

Covalent, Ionic, Hydrogen, Coordinate, hydrophobic and Vander walls interactions in 

protein structure. Interaction with electromagnetic radiation (radio, micro, infrared, 

visible, ultraviolet, X-ray) and elucidation of protein structure. Amino acids (the 

students should be thorough with three and single letter codes) and their molecular 

properties (size, solubility, charge, pKa), Chemical reactivity in relation to post- 

translational modification (involving amino, carboxyl, hydroxyl, thiol, imidazole 

groups). 

 
 

1. Define the term crystal lattice and unit cell. (November/December 2016) 

Crystal lattice is a geometric arrangement of the points in space at hich the atoms, 

molecules, or ions of a crystal or biomolecule occurs. 

 
2. What are the primary and secondary bonds involved in protein structure? 

(November/December 2016) 

Primary bonds involves the covalent bonds inter-connecting two amino acids, 

whereas the secondary bonds involves ionic bonds such as hydrogen bonds 

stabilizing protein linear structures. 

 
3. Define Post translational modification and mention the cellular sites for major post 

translational modification (May/June 2016). 

Post-translational modification generally refers to the addition of a functional group 

covalently to a protein as in phosphorylation and refers to proteolytic processing 

and folding processes necessary for a protein to mature functionally. The major sites 

are as follows; 

Sites Post translational modification 

Ribosomes N and O linked glycosylation 

Ubiquitation Lysosomes 

 
4. What is Zwitterion? Give example (May/June 2016). 

Zwitterion ion is a neutral molecule with both positive and negative electrical 

charges. Example: Amino acids. 

 
5. Define EMR and mention its importance with reference to protein engineering. 

(November/December 2015). 

Electromagnetic (EM) radiation is the movement of energy, through space or a 

medium, composed of both electric and magnetic waves. These waves oscillate at 

frequencies that can vary from a few cycles per second (hertz) to more than 10^20 

hertz. Light, microwaves, X-rays, and cell phone transmissions are all examples of 

electromagnetic radiation. 



6. Distinguish between preproproteins and proproteins (November/December 2015). 

Pre-sequences usually function as signal peptides for protein targeting, while pro- 

sequences play a crucial role in the folding of pro-proteins. 

 
7. What are various chemical modifications during post translational modification? 

Various modifications include 

• Amino Group Modification 

• Carboxyl Group Modifications 

• Hydroxyl Group Modifications 

• Thiol Group Modifications 

• Imidazole Group Modification 

 
8. What are chemical modifications at N-terminal end? 

Amino group modification involves the addition of a functional group at the N 

terminus of the amino acid includes 

• Acetylation 

• Pyroglutamate formation 

• Myristoylation 

• Methylation 

• Carbamylation 

 
9. What are chemical modifications at C-terminal end? 

The C-terminus of a protein or polypeptide is the end of the amino acid chain 

terminated by a free carboxyl group; 

• Amidation 

• Prenylation 

• Ubiquitination 

• Sumoylation 

 
10. How the carboxyl group different from hydroxyl group? 

The hydroxyl group is attached to carbonyl carbon atom in carboxyl group whereas 

in hydroxyl group, the hydroxyl group directly attached to carbon atom. 

 
11. What is Post Translational Modification (PTM)? 

• Post-translational modifications are modifications that occur on a protein, 

catalysed by enzymes, after its translation by ribosomes is complete. 

• Post-translational modification generally refers to the addition of a functional 

group covalently to a protein as in phosphorylation and refers to proteolytic 

processing and folding processes necessary for a protein to mature functionally. 



12. What are different types of post translation modification and its functions? 

Modification Charge-dependent change 

Acylation loss of a-amino positive charge 

Alkylation alteration of a- or e-amino positive group 

Carboxylmethylation esterification of specific carboxyl group 

Phoshorylation mainly modify Ser, Thr and Tyr 

Sulfation mainly modify Tyr 

Carboxylation bring negative charge 

Sialyation mainly on Asn, Thr and Ser 

Proteolytic processing truncation leads to change of pI 

 
13. What is SUMO protein and sumolyation? 

• SUMOylation is another PTM known to modify a large number of proteins 

and plays a role in various cellular processes including: cell cycle regulation, 

gene transcription, differentiation and cellular localisation. 

• SUMOylation are reversible process. 

• SUMO proteins are 12 kDa proteins. 

• SUMO proteins are highly conserved from yeast to mammalian cells. 

• SUMOylation, the linkage of SUMOs to target proteins through isopeptide 

bonds. 

 
14. What is Ubiquitylation? 

• Ubiquitylation, which involves attachment of the 76-residue protein ubiquitin 

(Ub) to other proteins, often targets the substrate protein for degradation by 

the proteasome. 

 
15. Distinguish covalent bond from hydrogen ion bond. 

A Covalent bond is one in which one or more pairs of electrons are shared by two 

atoms, whereas a hydrogen bond is a force of attraction between a hydrogen atom in 

one molecule and a small atom of high electronegativity in another molecule. 

 
16. Define hydrophobic interactions. 

Hydrophobic      interactions      describe       the       relations       between       water 

and hydrophobes (low water-soluble molecules i.e. nonpolar molecules and usually 

have a long chain of carbons that do not interact with water molecules). 

 
17. Mention two uses of X-ray irradiation in protein research. (November/December 

2011) 

• Protein structure prediction 

• Protein crystals morphology 



18. Write a brief note on Vanderwaal’s interactions in protein research. 

(November/December 2011) 

• Van der Waals forces are also known as London forces. 

• They are weak interactions caused by momentary changes in electron density in 

a molecule. 

• They are the only attractive forces present in nonpolar compounds. 

 
19. Classify the amino acids based on chemical nature? 

The protein amino acids are classified according to the chemical nature of their R 

groups as aliphatic, aromatic, heterocyclic and sulphur containing amino acids. 

 
20. What are the reactions due to amino groups? 

• Reaction with formaldehyde (Formal titration) 

• Reaction with nitrous acid 

• Reaction with ninhydrin 

 
21. Account for high melting point of amino acids. (November/December 2011) 

Both acidic as well as basic amino groups are present in the same molecule of amino 

acids. In aqueous solutions, the carboxyl group can lose a proton and the amino 

group can accept a proton, thus giving rise to a dipolar ion known as zwitter ion. Due 

to this dipolar behavior, they have strong electrostatic interactions within them and 

with water. For this reason, the melting points and solubility of amino acids in water 

is higher than those of the corresponding halo-acids. In halo-acids, dipolar behavior 

is not exhibited. 

 
22. List out any four molecular properties of amino acids. (November/December 2011) 

The molecular properties include charge, hydrophilicity or hydrophobicity, size, and 

functional groups. 

 
23. Write the weak forces that are essential for the stability of protein structure. 

(May/June 2007) 

• Van der Waals : 0.4-4 kJ/mol 

• Hydrogen bonds : 12-30 kJ/mol 

• Ionic bonds : 20 kJ/mol 

• Hydrophobic interactions :<40 kJ/mol 

 
24. Write the principle behind the UV absorption of protein at 280nm. (May/June 2007) 

At this wavelength, the absorbance of protein is mainly due to the amino acids 

tryptophan, tyrosine and cysteine with their molar absorption coefficients 

decreasing in that order. Of course, the molar absorption coefficient of the protein 

itself at 280 nm will depend upon the relative concentrations of these three amino 

acids. 



25. Explain the significant features of a peptide bond in proteins. Why do most of the 

peptide backbones assume trans-conformation. (November/December 2008) 

Features of peptide bond 

• The peptide bond is rigid and planar 

• The atoms in peptide bond is Cα-C-N-Cα. 

• The peptide bond is coplanar, this indicated a resonance or partial sharing of 

two pairs of electrons between the carbonyl oxygen and the amide nitrogen. 

• The 4 atoms of the peptide group (C, H, O, and N) lie in a single plane, in such 

a way that the oxygen atom of the carbonyl group and the hydrogen atom of 

the amide nitrogen are trans to each other. 

• The peptide bond shows partial double bond character. 

Peptide bond assumes trans conformation 

Most of the 99% peptide bonds assume trans conformation because it confers 

stability, avoids steric hindrance and unwanted intermolecular interactions. 

 
 

26. Classify proteins based on size and shape? 

• Globular proteins are mostly water-soluble and fragile in nature e.g., 

enzymes, hormones and antibodies. 

• Fibrous proteins are tough and water-insoluble. They are used to build a 

variety of materials that support and protect specific tissues, e.g., skin, hair, 

fingernails and keratin 

 
27. Classify proteins classification based function? 

• Catalytic proteins (Enzymes) 

• Regulatory proteins (Hormones) 

• Protective proteins (Antibodies, Fibrin) 

• Storage proteins (Globulins and prolamins in cereals 

• Transport proteins (Haemoglobin, Myoglobin and Lipoprotein) 

• Toxic proteins (Ricin, Trypsin inhibitor, Lectin) 

• Structural proteins (Myosin, Keratin, Collagen) 

• Contractile proteins (Actin, Myosin) 

• Secretary proteins (Fibroin – spider) 

• Exotic proteins (Antifreeze proteins – Antartic species) 

 
28. Classify the amino acids based on their charge. (November/December 2008) 

• Non Polar Amino acids have equal number of amino and carboxyl groups and 

are neutral (alanine, valine, leucine, isoleucine, phenyl alanine, glycine, 

tryptophan, methionine and proline) 

• Polar Amino acids (These amino acids do not have any charge on the 'R' 

group.) 

• Polar amino acids with positive charge have more amino groups as compared 

to carboxyl groups making it basic. (lysine, arginine and histidine) 



• Polar amino acids with negative charge have more carboxyl groups than 

amino groups making them acidic (aspartic acid and glutamic acid) 

 
29. Below are five amino acids. Indicate all characteristics that apply to each. 

(November/December 2008) 

Amino 

acid 

Characteristics 

Proline The distinctive cyclic structure of proline's side chain gives 

proline an exceptional conformational rigidity compared to 

other amino acids. It also affects the rate of peptide bond 

formation between proline and other amino acids. 

Methionine Methionine, an essential amino acid, is one of the two 

sulfur-containing amino acids. The side chain is quite 

hydrophobic and methionine is usually found buried 

within proteins. 

Tryptophan Tryptophan, an essential amino acid, is the largest of the 

amino acids. It is also a derivative of alanine, having an 

indole substituent on the β carbon. The indole functional 

group absorbs strongly in the near ultraviolet part of the 

spectrum. The indole nitrogen can hydrogen bond donate, 

and as a result, tryptophan, or at least the nitrogen, is often 

in contact with solvent in folded proteins. 

 
30. How do you calculated the pI of amino acids (Glycine)? (November/December 2009) 

The isoelectronic point or isoionic point is the pH at which the amino acid does not 

migrate in an electric field. These amino acids are characterised by two pKas : pKa1 

and pKa2 for the carboxylic acid and the amine 

respectively. The isoelectronic point will be 

halfway between, or the average of, these two 

pKas, i.e. pI = 1/2 (pKa1 + pKa2). This is most 

readily appreciated when you realise that at 

very acidic pH (below pKa1) the amino acid will 

have an overall +ve charge and at very basic pH 

(above pKa2 ) the amino acid will have an 

overall -ve charge. For the simplest amino acid, glycine, pKa1= 2.34 and pKa2 = 9.6, 

pI = 5.97. 

 
31. Define Peptide bond. 

In a peptide bond, the carboxyl group (COOH) of one amino acid bonds with the 

amino group (NH2) of another, forming the sequence CONH and releasing water 

(H2O). 



32. Mention the different kinds of covalent and non-covalent interactions that stabilize 

the protein structure. (April/May 2011) 

 
Covalent 

interactions 

Non-covalent interactions 

Single, double bond Hydrogen bond 

Disulfide bond Hydrophobic interactions 

 Electrostatic interactions 

 Alternative hydrogen bonds 

 Vander waal’s interactions 

 
 

33. Outline the property of protein which has been used for its estimation at 280nm. 

(April/May 2011) 

At this wavelength, the absorbance of protein is mainly due to the amino acids 

tryptophan, tyrosine and cysteine with their molar absorption coefficients 

decreasing in that order. Of course, the molar absorption coefficient of the protein 

itself at 280 nm will depend upon the relative concentrations of these three amino 

acids. 

 
Part B 

1. Explain the role of covalent and non-covalent bonds in protein structure, Pg.3-12, 

Cp.1; Nov 2012, 2013, 2015, May 2016 

2. Discuss hydrophobic and van der waals interactions in protein structure, Pg.3-12, 

Cp.1;Nov-2014 

3. Explain the post-translational modifications of amino, carboxyl, hydroxyl, methyl, 

thiol and imidazole rings,Pg.3-12, Cp.1; Nov-2014, 2013, 2012 

4. Enlist and describe the molecular properties of amino acids, Pg.3-12, Cp.1; Nov- 

2014, 2013, 2012. 

5. Write notes on Phosphorylation, Glycosylation, Sumolyation, Ribosylation Pg.3-12, 

Cp.1; Nov-2015. 

6. Write brief notes on UV and Visible rays in protein structure analysis, Pg.3-22, Cp.2; 

Nov-2015. 

7. What chromophores are responsible to UV absorption in a protein? Pg.3-22, Cp2; 

May 2016. 

8. Explain in detail the elucidation of protein structure using NMR method, Nov 2016 

 
Part C 

1. Explain Post translational modification and its biological significance, Pg.3-12, Cp.1; 

Nov-2014, 2013, 2012 

2. Describe the protein structure elucidation, Nov 2016. 

3. Write short notes on physical and chemical properties of amino acids? Pg.3-12, Cp.1; 

Nov-2014, 2013, 2012. 



UNIT II PROTEIN ARCHITECTURE 9 

Primary structure: peptide mapping, peptide sequencing - automated Edman method & 

mass- spec. High-throughput protein sequencing setup Secondary structure: Alpha, beta 

and loop structures and methods to determine Super-secondary structure: Alpha-turn 

alpha, beta-turn- beta (hairpin), beta-sheets, alpha-beta-alpha, topology diagrams, up 

and down & TIM barrel structures nucleotide binding folds. 

 
 

1.   Show the diagrammatically the different structures of protein? 

(November/December 2016) 

 

 
1. Define the term dihedral or torsion angle (November/December 2016) 

In a polypeptide the main chain N-Cɑ and Cɑ-C bonds relatively are free to rotate. 

These rotations are represented by the torsion angles phi and psi, respectively. 

 
2. What is meant by an Oligomer and a protomer? 

Proteins with more than one subunit are called oligomers, and their identical units 

are called protomers. A protomer may therefore consist of one polypeptide chain or 

several unlike polypeptide chains. 

 
3. What is meant by PITC? Mention its use (May/June 2016). 

4. What is Primary Structure? 

A carboxylic acid condenses with an amino group with the release of water molecule 

resulting in a peptide bond. The amino acid sequence is called as primary structure. 

 
5. What is Top-down approach? 

In this strategy, separation of proteins by gel electrophoresis (GE) followed by in-gel 

proteolytic digestion and liquid chromatography (LC)–MS analysis of the peptides 

can be considered a top-down approach, i.e., intact protein ions or large protein 

fragments are subjected to gas-phase fragmentation for MS analysis. 

 
6. What is Bottom-up approach? 



In bottom-up proteomics, purified proteins, or complex protein mixtures, are 

subjected to proteolytic cleavage, and the peptide products are analyzed by MS. 

7. What is Tryptic mapping or Tryptic digest? 

When trypsin is used as a protease for the digestion of proteins, the technique of 

peptide mapping is known as tryptic mapping. 

 
8. Define Peptide mapping. 

Peptide mapping is an identity test for proteins, especially those obtained by rDNA 

technology. It involves the chemical or enzymatic treatment of a protein resulting in 

the formation of peptide fragments followed by separation and identification of 

these fragments in a reproducible manner. It is a powerful test that is capable of 

identifying almost any single amino acid changes. 

 
9. What are the techniques for separation of peptides? 

 Reverse-Phase High Performance Liquid Chromatography (RP-HPLC)

 Ion-Exchange Chromatography (IEC)

 Hydrophobic Interaction Chromatography (HIC)

 Polyacrylamide Gel Electrophoresis (PAGE), nondenaturating

 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)

 Capillary Electrophoresis (CE)

 Paper Chromatography-High Voltage (PCHV)

 High-Voltage Paper Electrophoresis (HVPE)

 
10. Define Peptide sequencing. 

Protein sequencing is a technique to determine the amino acid sequence of a 

protein, as well as which conformation the protein adopts and the extent to which it 

is complexed with any non-peptide molecules. 

 
11. Write the difference between peptide mapping and peptide sequencing? 

 
 

Peptide mapping Peptide sequencing 

Protein must be in the database Sequence information 

Extremely sensitive Sensitive 

Clean sample Extremely clean sample 

Easy data acquisition More complex data acquisition 

Easy data interpretation 
More complex data 

interpretation 

Fast Can be time consuming 

Easy to automate More difficult to automate 



12. What are the enzymatic cleavage sites of peptides? 

Type Agent Specificity 

 
 

Enzymatic 

Trypsin C-terminal side of Arg and Lys 

Chymotrypsin 
C-terminal side of hydrophobic residues (e.g., Leu, 

Met, Ala, aromatics) 

Pepsin Nonspecific digest 

Glutamyl 

endopeptidase 
C-terminal side of Glu and Asp 

 
13. What are the chemical cleavage sites of peptides? 

Type Agent Specificity 

 
 
 
Chemical 

Cyanogen 

bromide 
C-terminal side of Met 

O- 

iodosobenzoic 

acid 

 
C-terminal side of Trp and Tyr 

Dilute acid Asp and Pro 

BNPS-skatole Trp 

 
14. Write a note on Edman method of protein sequencing? 

 

 
15. Brief out N-terminal method of determination of amino acid sequence (Sanger’s 

method) 

 The N-terminal amino acid is identified by the reaction with 1-fluoro-2, 4- 

dinitrobenzene (FDNB) yielding dinitrophenyl residue of the N-terminal amino 

acid.



 

 The DNP-peptide is then hydrolyzed by 

6N HCI so that all peptide bonds are 

cleaved leaving the DNP-derivatives.

 Since this method involves hydrolysis of 

peptide, it cannot be used for stepwise 

degradation

 
 
 
 
 

16. Explain the N-terminal method of determ ination of amino acid sequence (Dansyl 

chloride method) 

 Dansyl chloride regent is used for determination of N- 

terminal residue in alkaline condition.

 The N-terminal residue forms a yellow fluorescent 

derivative which can be easily detected in minute 

amounts.

 The derivative is also resistant to acid hydrolysis of 

polypeptides.

 
17. Outline protein sequencing protocol? 

 



18. Write alternatives of Automated Edman method of protein sequencing? 

Automated Edman degradation as the primary method of peptide sequence analysis 

is now being increasingly replaced by mass spectrometric (MS) methods such as 

electrospray ionization combined with triple-quadrupole or ion-trap mass 

spectrometers and by MALDI-PSD. 

 
19. What are High throughput protein sequencing strategies? 

High throughput protein sequencing is a methodology of combination of various 

methods such as Edman degradation followed by identification of the components 

by advanced mass spectroscopic techniques. Example: Peptide mass finger printing, 

MALDI-TOF, -MALDI and SELDI. Various techniques used are as follows; 

 Peptide sequencing (Edman method)

 Peptide mass finger printing

 N-terminal high throughput protein sequencing

 Mass spectroscopic techniques

o MALDI-TOF 

o Tandem MS peptide sequencing 
o MALDI-PSD 

 
20. What are Secondary structures? Give examples. 

Secondary structure is defined by the patterns of hydrogen bonds formed 

between amine hydrogen   and carbonyl oxygen   atoms   contained   in   the 

backbone peptide bonds of the protein. Example: Alpha helix, Beta helix, Loops. 

 
21. What are Super Secondary structures? Give examples. 

In a chain-like biological molecule, such as a protein or nucleic acid, a structural 

motif is a supersecondary structure. Example : βαβ, β meander, helix turn helix etc. 

 
22. What are the methods available for the determination of secondary structures and 

super secondary structures? 

 Chou and Fasman method

 GOR method

 Nearest-neighbor method

 Neural networks

 
23. What is Alpha-turn alpha? 

 The helix-turn-helix (HTH) is a major structural motif capable of 

binding DNA.

 It is composed of two α helices joined by a short strand of amino 

acids and is found in many proteins that regulate gene expression.

 The helix-turn-helix (HTH) is a major structural motif observed in proteins 

capable of binding DNA. Eg. CAP and λ repressor (Cro).



24. What are reverse turns? 

A reverse turn is region of the polypeptide having a hydrogen bond from 

one main chain carbonyl oxygen to the main chain N-H group 3 residues 

along the chain (i.e. Oi to Ni+3). 
 

25. What are loops? 

 α helices and β strands are connected by loop regions of various 

lengths and irregular shape. A combination of secondary structure 

elements forms the stable hydrophobic core of the molecule.

 The loop regions are at the surface of the molecule. The main-chain C=O and 

NH groups of these loop regions, which in general do not form hydrogen 

bonds to each other, are exposed to the solvent and can form hydrogen bonds 

to water molecules.

 
26. What are topology diagrams? Give examples. 

Topology diagrams are the secondary structure layouparticulary with respect to β 

sheet, where the number of strands, their relative directions (parallel or 

antiparallel), and how the strands are connected. They are useful to compare β 

structures. 

 
27. Write note on β-propeller? 

 The motif is a simple up-and- 

down anti-parallel β sheets of 

four strands.

 The directions of first and fourth 

strands differ by 90°.

 All the six motifs are arranged with six fold symmetry around an axis through 

the centre of the subunit. These six β sheets are arranged like six blades of a 

propeller.

 
28. Write a note on Up and down structures? 

 The eight β strands are all anti-parallel to each other and are connected by 

hairpin loops.

 Beta strands that are adjacent in the amino acid sequence are also adjacent in 

the three-dimensional structure of up-and-down barrels.

 Example: The structure of human plasma retinol-binding protein (RBP) is an 

up-and-down β barrel.



29. What are TIM barrels? 

 TIM barrel is a conserved protein fold consisting of eight α- 

helices and eight parallel β-strands that alternate along 

the peptide backbone.

 The structure is named after triosephosphate isomerase, a 

conserved metabolicenzyme.

 TIM barrels are one of the most common protein folds.

 TIM barrels are considered α/β protein folds because they include an 

alternating pattern of α-helices and β-strands in a single domain.

 
30. What are Domains? 

A domain is defined as a polypeptide chain or a part of a polypeptide chain that can 

fold independently into a stable tertiary structure. Domains are also units of 

function, proteins may comprise a single domain or as many as several dozen 

domains. There is no fundamental structural distinction between a domain and a 

subunit. 

 
31. What is Rossmann fold? 

The Rossmann fold is a protein structural motif found in proteins that bind 

nucleotides, such as enzyme cofactors FAD, NAD, and NADP. The structure is 

composed of up to seven mostly parallel beta strands. The first two strands are 

connected by an alpha-helix. 2 x βαβ motifs with the middle β shared between the 

two units. Example: 3-phosphoglycerate dehydrogenase beta sheet in the NAD 

binding domain. The two beta-strands that form the core of the Rossmann fold. 

 
1.   Sort the methods available for the determination of primary structure 

(November/December 2015). 

 

32. Write a comment on β meander motif. 

 A simple super secondary protein topology composed of 2 or 

more consecutive anti-parallel β-strands linked together by 

hairpin loops. 

 This motif is common in β-sheets and can be found in several 

structural architectures including β-barrels and β-propellers. 



Part B 

1. Explain protein sequencing and its structural interpretation, Pg.374-92, Cp.18; Nov- 

2012. 

2. Explain the role of peptide mapping in protein primary structure prediction, Pg.374- 

92, Cp.18; Nov-2013, May 2016. 

3. Edman method of peptide sequencing and automatic peptide sequencing, Pg.374-92, 

Cp.18; Nov-2015. 

4. Write short notes on Mass Spectroscopy and Tandem mass spectroscopy in primary 

structure determination, Pg.374-92, Cp.18; Nov-2015, Nov-2016. 

5. Write notes on TIM barrel, Pg.36-87, Cp. 2-5, Nov-2015, Nov-2016. 

6. Discuss with neat diagram and structure determination on supersecondary 

structures, Pg.24-34, Cp.2; Nov-2012, 2014, 2015, May 2016. 

 
Part C 

1. Describe and draw the supersecondary structures Pg.36-87, Cp. 2-5, Nov-2015, Nov- 

2016. 

2. Elucidate the proteomic tools in protein structure prediction and analysis. 

3. Enumerate the protein secondary structure prediction tools. 



UNT III TERTIARY STRUCTURE 9 

Prediction of substrate binding sites, Tertiary structure: Domains, folding, denaturation 

and renaturation, overview of methods to determine 3D structures. Quaternary 

structure: Modular nature, formation of complexes, protein-protein interactions and 

methods to study it: Computer exercise on the above aspects 

 
 

1. List the one advantages and one disadvantages of some of the 3D structure 

predicting 

techniques? 

(May/June 

2016) 

 
 
 
 
 
 
 
 

Give an example of a system exhibiting protein-protein interaction? 

Yeast two-hybrid system 

Mass spectroscopy 

 
2. How to predict substrate binding sites? 

Substrate binding site or active sites can be predicted using experimental tool or by 

computational tools. Experimental tools such as X-ray diffraction, NMR, Peptide 

mass fingerprinting and site directed mutagenesis helps us to find the composition 

of the residues. Based on their input, computational tools assist in predicting the 

cavities. 

 
3. What are the software used to predict active site? 

Castp, Qsite finder, Discovery studio etc. 

 
4. What are the methodologies to determine 3D structure? 

 
 



5. What is Tertiary structure of a protein? (November/December 2016) 

3-dimensional conformation of a whole polypeptide chain in its folded state 

(includes not only positions of backbone atoms, but of all the sidechain atoms as 

well) is referred to as Tertiary structure. Most water-soluble and membrane 

proteins are in tertiary structure only. 

 
6. What are types of Tertiary structures? 

Tertiary structure describes how the secondary structure units associate within a 

single polypeptide chain to give a three-dimensional structure. Tertiary structures 

can be divided into three main classes: 

– a domain 

– b domains 

– a/b domains 

 
7. Write a comment on Domains (November/December 2015). 

A domain is defined as a polypeptide chain or a part of a polypeptide chain that can 

fold independently into a stable tertiary structure. Domains are also units of 

function, proteins may comprise a single domain or as many as several dozen 

domains. There is no fundamental structural distinction between a domain and a 

subunit. 

 
8. Give examples for Domains (Protein folds). 

 
 

 

9. Give an example of a protein with quaternary structure. 

Insulin, Haemoglobin and Immunoglobulin 

 
10. What is Protein folding? 

 Process in which a polypeptide chain goes from a linear chain of amino acids 

with vast number of more or less random conformations in solution to the 

native, folded tertiary (and for multichain proteins, quaternary) structure. 

 Protein folding is driven by its interaction with water as it emerges from 

ribosomal synthesis into the bulk aqueous phase of the cytoplasm. 



 This particularly involves the hydrophobic interactions, so reducing their 

large surface area with water which otherwise would cause an unfavorable 

entropy decrease 

 
11. Write a comment on Christian-Anfinsen experiment? 

Protein amino acid sequence determines the final shape a protein assumes in a 

water solution” was proven to be correct when Christian B. Anfinsen showed that if 

the enzyme ribonuclease was opened out into a linear chain and then allowed to 

reform, it reassumed the correct catalytic shape. 

 
12. Write a note on Levinthal’s paradox? 

Levinthal’s paradox is that finding the native folded state of a protein by a random 

search among all possible configurations can take an enormously long time. 

 
13. What are Protein folding models? 

The three Classic Models of Protein folding are 

• The classic Nucleation Model 

• The hydrophobic-collapse Model 

• Unified Nucleation-condensation Scheme 

 
14. Write a note on folding funnel? 

The folding funnel highlights the many barriers to the preferred minimum energy 

structure on the folding pathway. There are numerous local minima that might 

trap the protein in an inactive 3-D molecular conformation. 

 
15. What are the forces affecting Protein stability? 

Forces influencing protein stability; 

a. Hydrophobic Forces-The most important determining force of secondary 

structure of tertiary structure 

b. Electrostatic Forces 

i. Ionic Interactions - Salt Bridge (bond): strong interactions but 

contribute little to stability because charged groups can be solvated by 

water in denatured form 

ii. Dipole-Dipole Interactions - van der Waals forces: weak but large 

number contributes significantly to stability 

c. Disulfide Bonds--not present in cytoplasm but form in extracellular secreted 

proteins to stabilize them. 

d. Metal Ions may stabilize proteins by cros-linking sidechains, e.g. zinc finger 

motif 

 
16. Define Protein denaturation (November/December 2016) 

• Denaturation is a phenomenon that involves transformation of a well-defined, 

folded structure of a protein, formed under physiological conditions, to an 



unfolded state under non-physiological conditions. It is a sudden, cooperative 

process and occurs over a narrow range. 

• The free energy change on folding or unfolding is due to the combined effects of 

both protein folding/unfolding and hydration changes. 

 
17. What are types of Protein denaturation. 

Types of denaturation 

• Temperature 

• Organic solvents 

• Surface 

• pH 

• Shear 

• Pressure 

 
18. What are Protein denaturants? 

• High temperatures - cause protein unfolding, aggregation 

• Low temperatures - some proteins are sensitive to cold denaturation 

• Heavy metals (e.g., lead, cadmium, etc.) - highly toxic; efficiently induce the 

‘stress response’ 

• Proteotoxic agents (e.g., alcohols, cross-linking agents, etc.) 

• Oxygen radicals, ionizing radiation-cause permanent protein damage 

• Chaotropes (urea, guanidine hydrochloride, etc.)-highly potent at denaturing 

proteins; often used in protein folding studies 

 
19. Define Protein renaturation (November/December 2016) 

Protein refolding is an important process by which proteins reform their native 

conformations. Renaturation or protein refolding is possible when denaturants are 

removed from the solvent system. 

 
20. What are Molecular Chaperonins. 

Chaperonins are proteins that provide favourable conditions for the correct folding 

of other proteins, thus preventing aggregation. Newly made proteins usually 

must fold from a linear chain of amino acids into a three-dimensional form. 

Chaperonins belong to a large class of molecules that assist protein folding, 

called molecular chaperones. 

 
21. What are Molecular chaperones? 

• Nascent polypeptides come off the ribosome and fold spontaneously, molecular 

chaperones are involved in their folding in vivo, and are related to heat shock 

proteins (hsp). 

• The main hsp families are: 

o "Small hsp's" - Diverse "family" 10,000 - 30,000 MW (hsp26/27 - 

crystallins (eye lens)) 



o hsp40 

o hsp60 (e.g. GroEL in E. coli) 

o hsp70 (DnaK in E. coli) 

o hsp90 

o hsp100 

 
22. Define Protomer. 

A multisubunit protein may consist of identical or non-identical polypeptide chains. 

Proteins with more than one subunit are called oligomers, and their identical units 

are called protomers. A protomer may therefore consist of one polypeptide chain or 

several unlike polypeptide chains. 

 
23. Outline general protein folding process. 

 

 
24. What are the functions of Molecular chaperones (Heat Shock proteins)? 

• Minimize heat and stress damage to proteins (renaturation/degradation) 

• Facilitate correct folding of proteins by minimizing aggregation and other 

misfolding 

• Bind to nascent polypeptides to prevent premature folding 

• Facilitate membrane translocation/import by preventing folding prior to 

membrane translocation 

• Facilitate assembly/disassembly of multiprotein complexes 



25. Write the significance of protein-protein interactions? 

• Protein-protein interactions are intrinsic to virtually every cellular process. 

• All modifications of proteins necessarily involve such transient protein-protein 

interactions. These include the interactions of protein kinases, protein 

phosphatases, glycosyl transferases, acyl transferases, proteases, etc., with their 

substrate proteins. 

• Such protein-modifying enzymes encompass a large number of protein-protein 

interactions in the cell and regulate all manner of fundamental processes such as 

cell growth, cell cycle, metabolic pathways, and signal transduction. 

 
26. Outline Protein folding mechanism? 

 

27. What are the methods to study protein-protein interactions? 

• Physical methods 

o Protein affinity chromatography 

o Affinity blotting 

o Immunoprecipitation 

o Cross linking 

• Library based method 

o Protein probing (Mass Spec) 

o Phage display 

o Two hybrid method 

o Other library based method (Microarray) 



28. What is Symmetry? What are the types of symmetry? 

Symmetry is the concept of repetitive arrangements of   similar   objects   in 

space. Various types of symmetry are rotational, cyclic, cubic, helical and dihedral 

symmetry. 

 
29. Write a note on Phosphoprotein analysis? 

• All processes regulated by protein phosphorylation are reversible and controlled 

by the combined action of two different classes of enzymes, namely protein 

kinases and phosphatases. 

• These kinases and phosphatases, constitute about 2% of the human genome. 

• Analysis of the entire cellular phosphoproteins panel, the so-called 

phosphoproteome, has been an attractive study subject since the discovery of 

phosphorylation as a key regulatory mechanism of cell life. 

 
30. Define proteomics. 

The term "proteomics" is a large-scale comprehensive study of a specific proteome, 

including information on protein abundances, their variations and modifications, 

along with their interacting partners and networks, in order to understand cellular 

processes. Proteomics has both a physical laboratory component and a 

computational component. These two parts are often linked together; at times data 

derived from laboratory work can be fed directly into sequence and structure 

prediction algorithms. 

 
31. What are the techniques used to study Phosphoprotein interactions? 

• Phosphoprotein detection and identification 

o 2D-Gel Electrophoresis 

o Immunoblot 

o Isotopic labelling –ICAT (Isotope Coded Affinity Tagging) 

• Phosphoprotein enrichment 

 Immobilized Metal Affinity Chromatograpy (IMAC) 

 Specific Chemical derivatization 

 Immunoprecipitation 

• Phosphoprotein identification 

• Phosphorylation site mapping 

 Edman degradation and MS –Tandem MS 

• Quantitative phosphoproteome analysis 

• Phosphoprotein validation 



Part B 

1. Explain phosphoproteome analysis and techniques involved. Pg.374-92, Cp. 18. 

2. Protein structure prediction by computational tools, Pg.374-94, Cp. 18; Nov-2014, 

May 2016. 

3. Write notes on Domains, May 2016. 

4. Write notes on Denaturation and Renaturation, Pg.89-104, Cp.6, Nov-2015. 

5. Explain Protein folding process and mechanism, Pg.89-104, Cp. 6, Nov-2015, Nov 

2016. 

6. What is modular nature and complex formation in proteins, Pg.180-85, Cp. 7, 

7. Protein structure prediction by x-ray crystallography and NMR, Pg.374-94, Cp. 18, 

Nov-2016, 2014, 2013. 

 
Part C 

1. Write in detail the kinetics and re-kinetics pattern of protein folding? Pg.89-104, Cp. 

6, Nov-2015, Nov 2016. 

2. Describe the computational tools used in protein structure prediction. 

3. Explain 2-D gel electrophoresis and its biological significance. 



UNIT IV STRUCTURE-FUNCTION RELATIONSHIP 9 

DNA-binding proteins: prokaryotic transcription factors, Helix-turn-Helix motif in DNA 

binding, Trp repressor, Eukaryotic transcription factors, Zn fingers, helix-turn helix 

motifs in homeodomain, Leucine zippers, Membrane proteins: General characteristics, 

Trans-membrane segments, prediction, bacteriorhodopsin and Photosynthetic reaction 

center, Immunoglobulins: IgG Light chain and heavy chain architecture, abzymes and 

Enzymes: Serine proteases, understanding catalytic design by engineering trypsin, 

chymotrypsin and elastase, substrate-assisted catalysis other commercial applications 

Computer exercise on the above aspects 

 
 

1. What is meant by Type I membrane proteins? (May/June 2016) 

Type I membrane protein has a single transmembrane span, anchored to the lipid 

membrane. 

 
2. Show diagrammatically the binding site for protein in a DNA molecule (May/June 

2016). 

 

 
 

3. Give examples for serine proteases and a diagnostic test for identification of active 

serine group of serine proteases (November/December 2015). 

Various examples for serine proteases are Trypsin, Chymotrypsin, Elastase and 

Subtilisin. The diagnostic test to identification of active serine group of serine 

proteases is by site directed mutagenesis. 

 
4. Write are Zn fingers? 

A zinc finger is a small protein structural motif that is characterized by the 

coordination of one or more zinc ions in order to stabilize the fold. 

 
5. Mention the functions of membrane proteins (November/December 2015). 

• Membrane proteins are 25-35% of the genome. 

• Often important therapeutic targets: involved in signaling, transport, etc. 

• Can be anywhere from 25% (neurons) to 75% (mitochondria) by mass of the 

total membrane. 

• Under represented structurally 

 
6. What are Transcription factors? 



Transcription factors activate or repress transcription of target genes typically in 

response to an environmental or cellular trigger. These factors may be global or 

local depending on the number of genes and range of cellular functions that they 

target. The activities of both global and local transcription factors may be regulated 

either at a post-transcriptional level via signal-sensing protein domains or at the 

level of their own expression. 

 
7. What are nucleotide binding proteins? 

• DNA-binding proteins are proteins that are composed of DNA-binding domains 

and thus have a specific or general affinity for either single or double 

stranded DNA. 

• Sequence-specific DNA-binding proteins generally interact with the major 

groove of B-DNA, because it exposes more functional groups that identify a base 

pair. 

• DNA-binding proteins include transcription factors which modulate the process 

of transcription, various polymerases, nucleases which cleave DNA molecules 

and histones which are involved in chromosome packaging and transcription in 

the cell nucleus. 

 
8. What are forces involved in DNA-protein interactions? 

 Electrostatic forces: salt bridges 

 Dipolar forces: hydrogen bonds 

 Entropic forces: the hydrophobic effect 

 Dispersion forces: base stacking 

 
9. Differentiate between activators and repressors. 

Repressors Activators 

Repressors bind tightly to the DNA at the 

promoter of a structural gene, preventing 

RNA polymerase from gaining access and 

hence blocking the initiation of 

transcription. 

Activators work by binding next to the 

promoter and helping the polymerase to 

bind to the adjacent promoter thereby 

increasing the rate of transcription of the 

gene. 

 
10. What are Eukaryotic transcription factor families 

• Helix-Turn-Helix proteins 

• Zinc finger proteins 

• Leucine zipper proteins 

• Helix-Loop-Helix proteins 

 
11. Write a note on Helix-turn-helix DNA binding motif? 

• Helix-turn-helix motif is the most common DNA-binding motif in prokaryotes, 

present in many transcription repressors and activators 



• One of the helices, DNA recognition helix, gets inserted in the major groove of 

DNA 

• Helix-turn-helix proteins are often dimeric, with two recognition helices 

recognizing two adjacent DNA sequences 

 
12. Write a note on Cro protein? 

• Cro is a small protein that forms stable dimers in solution. Each 

subunit is a single polypeptide chain of 66 a.a. residues. 

• It folds into three α helices and three strands of anti parallel β 

sheet. 

• Belongs to α+β class of structures. 

• α helix 2 and 3 form a unique HTH arrangement . 

• Dimerization of Cro monomers depends primarily on interactions between β 

strands 3 from each subunit. 

 
13. Write a note on Lamda repressor? 

• Lamda repressor protein is different from lamda Cro. 

• 236 a.a composed of two domains 

• The 92 N terminal residues is folded into five α helices connected by a loop 

regions. 

• α helix 2 and 3 form a unique HTH arrangement . 

• In spite of absence of C terminal domains, the DNA binding domains of lambda 

repressor form dimers in the crystals, as a result of interactions between the C- 

terminal helix number 5 C-terminal β strand. 

 
14. Write a note on Trp repressor? 

• The trp repressor controls the operon for the synthesis of L- 

tryptophan in E.coli by a simple negative feedback loop. 

• In the absence of L-tryptophan, the repressor is inactive, the 

operon is switched on and the enzymes which synthesize L- 

tryptophan are produced. 

• As concentration of L-tryptophan increases, it binds to the 

repressor and converts it to an active form so that it can bind to 

the operator region and switch off the gene. 

• The trp respressor is a dimer (107 a.a ), folded into six α helices. 

• α helices 4-6 includes the HTH motif, form two “head” regions at the two ends of 

the molecule. 

• α helix 3 connects the core to the head in both subunits. 

• It has α-type structure like the lambda repressor, but the arrangement of the 

helices is quite different. 

• The six helices do not pack to form a regular structure with a hydrophobic core. 

• Stability is conferred by dimerization because two subunits fit together to give a 

functional molecule that, in contrast to its subunits, has a compact globular form. 



15. Write a note on Transcription Binding Proteins (TBPs) 

• TFIID contains several subunits 

o TATA-box binding protein (TBP) 

 Highly evolutionarily conserved 

 Binds to the minor groove of the TATA box 

 Saddle-shaped TBP lines up with DNA 

 Underside of the saddle forces open the minor groove 

 The TATA box is bent into 80° curve 

o TBP-associated factors (TAFs) specific for class II 

 
16. Write a note on Homeodomain? 

• The homeobox, a DNA sequence of about 180 base pairs within the coding region 

of certain genes, was first discovered in the fruitfly Drosophila during studies of 

mutations that cause bizarre disturbances. 

• Homeoboxes have since been found in several hundred different genes from both 

vertebrates and invertebrates. 

• The characteristic homeodomain protein fold consists of a 60-amino acid helix- 

turn-helix (HTH) structure in which three alpha helices are connected by short 

loop regions. 

 
 

17. What is Richardson diagram? 

Richardson-type diagram illustrates the structural similarity of the two 

domains. The loops that connect β strands is visualized as stirrups of 

this molecular saddle. 

 
18. Write a note on Zinc fingers? 

• A zinc finger is a small protein structural motif that is characterized 

by the coordination of one or more zinc ions in order to 

stabilize the fold. 

• Zinc-binding repeats, known as zinc fingers (ZnF), are one 

such molecular scaffold. 

• This factor regulates transcription of ribosomal 5S RNA is 

isolated from Xenopus oocytes. 

 
19. What are the types of Zinc fingers? 

Five types of zinc fingers are present in the system. 

 
20. Write a note on Leucine zippers? 

• The leucine zipper is a protein–protein interaction 

domain consisting of amphipathic α helices that dimerize in 

parallel, either as homodimers or heterodimers, to form a 

coiled-coil. Introduction. 



• Leucine zipper motif combines dimerization and DNA-binding surfaces within a 

single structural unit. Leucine-zipper-containing proteins often form 

heterodimers as well as homodimers. 

 
21. What is Homeodomain? 

The homeobox, a DNA sequence of about 180 base pairs within the coding region of 

certain genes, was first discovered in the fruitfly Drosophila during studies of 

mutations that cause bizarre disturbances. Homeoboxes have since been found in 

several hundred different genes from both vertebrates and invertebrates. 

 
22. Brief out on Bacteriorhodopsin? (November/December 2016) 

• Bacteriorhodopsin is a proton pump found in Archaea, it takes light energy and 

coverts it into chemical energy, ATP, can be used by the cell for cellular functions. 

• Bacteriorhodopsin forms chains, which contain retinal molecule within, it is the 

retinal molecule that absorbs a photon from light, changes the confirmation of 

the nearby Bacteriorhodopsin protein, allowing it to act as a proton pump. 

• While chlorophyll based ATP generation depends on a protein gradient, like 

bacteriorhodopsin, but with striking differences, suggesting that phototrophy 

evolved in bacteria and archea independently of each other. 

 
23. Write a note on Photosynthetic reaction center? 

• The reaction center is build up from four polypeptide chains, three of which are 

called L, M and H because they were thought to have light, medium and heavy 

molecular masses- based on electrophoretic mobility on SDS-PAGE it has three 

chains (H chain – 258 a.a, L chain – 273 a.a and M chain – 323 a.a ). 

• The fourth subunit of the reaction center is a cytochrome that has 336 a.a 

• In addition to these four chains, the reaction centre contains a number of 

pigments. There are four bacteriochlorophyll molecules, two of which form the 

strongly interacting dimer called the special pair. 

• There is one Fe atom, a carotenoid, two quinone moleucles and two 

bacteriopheophytic molecules. 

 
24. Write a note on structure of Photosynthetic reaction center? 

• The L and M subunits are firmly anchored in the 

membrane, each by five hydrophobic transmembrane α 

helices. 

• Cytochrome binds four heme groups. 

• The H segment has one such transmembrane helice AH 

and cytochrome has none. 

• No region of cytochrome penetrates the membrane, as 

this cytotchrome subunit is an intgral part of this reaction center. 

• Alpha helices D and E from the L and M subunits form the core of the membrane 

spanning part of the complex. 



• These four helices provides a histidine side chain as ligand to the Fe atom- the 

role of Fe atom is probably to stabilize the structure of the four-helix bundle. 

 
25. What are light harvesting particles? 

• Light harvesting complexes surrounds the reaction centers and increases photon 

capturing area. The reaction centers receive praclly all their light energy from 

such complexes. 

• The pigments are firmly bound to small hydrophobic protein molecules that are 

embedded in the membrane and which assemble into two types of multimeric 

complexes, called LH1 and LH2. 

 
26. What are the functions of Immunoglobulins? 

• Igs- glycoprotein molecules produced by plasma cells in response to an 

immunogen and which function as antibodies. 

• Antigen binding -Each Ig actually binds to a specific antigenic determinant. It 

can result in protection of the host. The valency of Ab - no of antigenic 

determinants that an indi Ab molecule can bind. The valency of all Abs is at least 

2 and in some instances more. 

• Effector Functions -Frequently the binding of ab to an ag - no direct biological 

effect. Rather, the significant biological effects - consequence of secondary 

"effector functions" of Abs.. Such effector functions include: 

o Fixation of complement - results in lysis of cells and release of 

biologically active molecules 

o Binding to various cell types - Phagocytic cells, lymphocytes, platelets, 

mast cells, and basophils have receptors that bind Igs. This binding can 

activate the cells to perform some function. Some Igs also bind to 

receptors on placental trophoblasts, which results in transfer of the Ig 

across the placenta. As a result, the transferred maternal antibodies 

provide immunity to the fetus and newborn 

 
27. Differentiate between abzyme and enzyme? 

Abzyme Enzyme 

An abzyme is an antibody that expresses 

catalytic activity. A single molecule of an 

antibody-enzyme, or abzyme, is capable 

of catalyzing the destruction of thousands 

of target molecules. 

Enzymes are biological 

molecules (proteins) that act as 

catalysts and help complex 

reactions occur everywhere in 

life. 

Eg.Catalytic antibody 28B4 abzyme 

catalyzes periodate oxidation of p- 

nitrotoluene-methyl sulfide to sulfoxide 

Eg.Glucokinase catalyzes 

phosphorylation of glucose to 

give glucose-6-phosphate 



28. What is Substrate Assisted Catalysis? (November/December 2016) 

• Substrate-assisted catalysis (SAC) is the process by which a functional group in a 

substrate contributes to catalysis by an enzyme. 

• In enzyme catalysis, the convention is that the enzyme supplies all the functional 

groups that are needed to convert a substrate into a product. 

• When a substrate provides one or more functional groups that actively 

participate in the catalytic process, are referred to as “substrate-assisted 

catalysis” 

 
29. What are Proteinases? What are the types of proteinases? 

• Proteinases are widely distributed in nature. 

• Proteinases belong to one or other of four families: serine, cysteine, aspartic or 

metallo proteinases – based on functional criterion – prominent functional group 

in the active site. 

• Members are usually evolutionarily evolved 

 
30. Write the mechanism of Serine proteinase? 

• The reaction proceeds in two steps 

o The first step produces a covalent bond between C1 of the substrate and 

the OH group of Ser residue of the enzyme- producing acyl-enzyme 

intermediate – negatively charged TS intermediate – tetrahedral 

geometry. 

o In the second step, deacylation takes places – hydrolysis of acyl-enzyme 

intermediate by water to release second peptide product with complete 

carboxy terminus and to restore the Ser-hydroxyl of the enzyme – 

negatively charged TS intermediate 

31. What are the Structural features required for catalytic function of serine 

proteinases? 

• Catalytic triad: Asp-His-Ser. His – a general base that accepts the proton from the 

hydroxyl group of Ser, a nucleophile 

• Oxyanion hole: A pocket for negatively charged oxygen attached to C1 

• Main chain substrate binding: Nonspecific binding of substrates to the enzyme 

through their main-chain atoms of a loop region 

• Specificity pocket: A preference for a particular side chain before scissile bond 

 
32. What is the basis of identifying trans-membrane helix in bioinformatics? 

Trans-membrane helix is identifying based on the presence of hydrophobic trans- 

membrane proteins either ased on neural networks. Example is TMPred based 

statistical methods. 



Part B 

1. Differentiate prokaryotic and eukaryotic transcription factors, Pg.463-69, Cp. 19, 

Nov-2016, 2014, 2013, May 2016. 

2. Write a note on protein design and explain in detail Protein engineering, 

methodologies and advantages, Pg.347-60, Cp.17; Nov-2014. 

3. Illustrate three major factors which may affect the stability of protein, Pg.347-60, Cp. 

17; Nov-2013. 

4. Demonstrate the photosynthetic reaction centre, Pg.223-48, Cp. 12; Nov-2012, 

Nov May-2016. 

5. Explain Immunoglobulins and its fold in detail, Pg.207-19, Cp.11; Nov-2015, Nov- 

2016 

6. Explain Serine proteases and its mechanism, Pg.299-21, Cp.15; Nov-2015, Nov, 

May-2016. 

 
 

Part C 

1. Describe the tools involved in drug designing. 

2. Explain Substrate Assisted Catalysis and its biological significance. Pg.347-60, Cp.17; 

Nov-2014. 

3. Describe the supersecondary structures involved in transcription factors, Pg.463-69, 

Cp. 19, Nov-2016, 2014, 2013, May 2016. 



UNIT V PROTEOMICS 9 

Introduction to the concept of proteome, components of proteomics, proteomic 

analysis, importance of proteomics in biological functions, protein arrays, cross linking 

methods, affinity methods, yeast hybrid systems and protein arrays. Computer exercise 

on the above aspects 

 
1. What is affinity purification? (November/December 2015), (May/June 2016). 

Affinity purification is based on the principle as follows; Protein sample is loaded 

into a column packed with Sepharose/sephadex materials. Then the protein are 

washed off readily using low salt conditions and are eluted using high salt solutions, 

chaotropic solvents or SDS. 

 
2. Define proteome 

The term "proteome" refers to the entire complement of proteins, including the 

modifications made to a particular set of proteins, produced by an organism or a 

cellular system. This will vary with time and distinct requirements, such as stresses, 

that a cell or organism undergoes. 

 
3. Define proteomics (November/December 2016) (May/June 2016) 

The term "proteomics" is a large-scale comprehensive study of a specific proteome, 

including information on protein abundances, their variations and modifications, 

along with their interacting partners and networks, in order to understand cellular 

processes. Proteomics has both a physical laboratory component and a 

computational component. These two parts are often linked together; at times data 

derived from laboratory work can be fed directly into sequence and structure 

prediction algorithms. 

 
4. What is proteome analysis? 

Proteomic analysis (proteomics) refers to the systematic identification and 

quantification of the complete complement of proteins (the proteome) of a biological 

system (cell, tissue, organ, biological fluid, or organism) at a specific point in time. 

 
5. What is the classification of proteomics? 

 Functional proteomics – Identification of protein-protein, protein-DNA and 

protein- RNA interactions affecting functions. 

 Structural proteomics- Identification of all interactions by metal ions, toxins, 

drugs etc affecting protein structure. 

 Differential proteomics – Determination of differences in protein expression 

 
6. What are the unique challenges for proteomics compared to genomics? 

 One gene can encode more than one protein (even up to 1,000). The human 

genome contains about 21,000 protein-encoding genes, but the total number of 

proteins in human cells is estimated to be between 250,000 to one million. 



 Proteins are dynamic. Proteins are continually undergoing changes, e.g., binding 

to the cell membrane, partnering with other proteins to form complexes, or 

undergoing synthesis and degradation. The genome, on the other hand, is 

relatively static. 

 Proteins are co- and post-translationally modified. As a result, the types of 

proteins measured can vary considerably from one person to another under 

different environmental conditions, or even within the same person at different 

ages or states of health. Additionally, certain modifications can regulate the 

dynamics of proteins. 

 Proteins exist in a wide range of concentrations in the body. For example, the 

concentration of the protein albumin in blood is more than a billion times 

greater than that of interleukin-6, making it extremely difficult to detect the low 

abundance proteins in a complex biological matrix such as blood. Scientists 

believe that the most important proteins for cancer may be those found in the 

lowest concentrations. 

 
7. What are the applications of proteomics? 

 Discovery of protein biomarkers 

 Study of tumor metastatis 

 Study of neurotrauma 

 Disease diagnosis 

 Neurology 

 Nutrition research 

 Autoantibody profiling for the study and treatment of autoimmune disease 

 
8. What are the levels of proteins? 

 Primary (1°): The amino acid sequence, containing members of a (usually) 

twenty-unit alphabet 

 Secondary (2°): Local folding of the amino acid sequence into α helices and β 

sheets 

 Tertiary (3°): 3D conformation of the entire amino acid sequence 

 Quaternary (4°): Interaction between multiple small peptides or protein 

subunits to create a large unit 

 
9. What is Proteomic analysis? 

Proteomic analysis (proteomics) refers to the systematic identification and 

quantification of the complete complement of proteins (the proteome) of a biological 

system (cell, tissue, organ, biological fluid, or organism) at a specific point in time. 



10. What are the tools used in proteomics? 

 Mass spectroscopy 

 Protein microarrays 

 
11. Outline overall strategies of proteomic analysis. 

 
12. General methodologies for protein detection during post translational modification 

 Glycoprotein detection methods 

 Phosphoprotein detection methods 

 Proteolytic modification detection methods 

 S-Nitrosylation detection method 

 Arginine methylation detection methods 

 ADP-ribosylation detection methods 

 
13. What is the basis of identifying trans-membrane helix in bioinformatics? 

Trans-membrane helix is identifying based on the presence of hydrophobic trans- 

membrane proteins either by statistical or based on neural networks. Example is 

TMPred based statistical methods. 

 
14. What are the methods to study protein-protein interactions? 

Physical methods 

 Protein affinity chromatography 

 Affinity blotting 

 Immunoprecipitation 

 Cross linking 

Library based method 

 Protein probing 



 Phage display 

 Two hybrid method 

 Other library based method 

 
15. Write a note on Protein Microarray and its types? 

A protein microarray (or protein chip) is a high-throughput method used to track 

the interactions and activities of proteins, and to determine their function, and 

determining function on a large scale. Its main advantage lies in the fact that large 

numbers of proteins can be tracked in parallel. The various types are 

• Large scale arrays of functional proteomics 

• Antibody or capture arrays 

• Reverse phase microarray 

 
16. Write note on Immunoprecipitation? 

• Immunoprecipitation (IP) is the small-scale affinity purification of antigens using 

a specific antibody, and one of the most widely used methods for antigen 

purification and detection. 

• IP enables researchers to enrich for low-abundance proteins in order to improve 

downstream analyses, such as identifying the activation status, determining 

post-translational modifications, or capturing protein-binding partners (co-

immunoprecipitation). 

 
17. What is cross-linking? (November/December 2015, 2016) 

When two or more proteins have specific affinity for one another that causes them 

to come together in biological systems, bioconjugation technology can provide the 

means for investigating those interactions. Cross-linking is used in two ways to 

deduce protein-protein interactions. First, it is used to deduce the architecture of 

proteins or assemblies that are readily isolated intact from the cell. Second, it is used 

to detect proteins that interact with a given test protein ligand by probing extracts, 

whole cells, or partially purified preparations. 

 
18. Write a note on Yeast Two hybrid system? 

• The yeast 2-hybrid (Y2H) assay is a well-established technique to detect protein- 

protein interactions. This is an extremely powerful tool for researchers and is 

often used alongside one or two other methods to examine the multitude of 

interactions that take place in cells. 

• Principle 

o Y2H assay relies on the expression of a reporter gene (such as lacZ or 

GFP), which is activated by the binding of a particular transcription factor. 

o The transcription factor is comprised of a DNA-binding domain 

(BD) and an activation domain (AD). 

o The query protein of interest fused with the BD is known as the Bait, and 

the protein library fused with the AD is referred to as the Prey. 



o In order to activate the reporter gene expression, a transcriptional unit 

must be present at the gene locus, which is only possible if Bait and Prey 

interact. 

 
19. What are the techniques for separation of peptides? 

• Reverse-Phase High Performance Liquid Chromatography (RP-HPLC) 

• Ion-Exchange Chromatography (IEC) 

• Hydrophobic Interaction Chromatography (HIC) 

• Polyacrylamide Gel Electrophoresis (PAGE), nondenaturating 

• Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

• Capillary Electrophoresis (CE) 

• Paper Chromatography-High Voltage (PCHV) 

• High-Voltage Paper Electrophoresis (HVPE) 

 

 
20. Differentiate between MALDI-TOF and TANDEM MS 

MALDI-TOF TANDEM MS 
Sample on a slide Sample in solution 

Spectra generate masses of peptide 
ions 

MS-MS spectra reveal 
fragmentation patterns- amino 
acid sequence data possible 

Protein Id by peptide mass 
fingerprinting 

Protein identification by cross- 
correlation algorithms 

Expensive Very expensive 

Good for sequenced genomes Good for unsequenced genomic 
data 

 
21. Draw the instrumentation of mass spectroscopy? 

 

 
 

22. What are different types of mass spectroscopy? 
MALDI, MALDI-TOF, MS-MS, SELDI, GC-MS, LC-MS etc 

 
23. What is matrix assisted laser desorption ionization (MALDI)? 

MALDI involved co-precipitation of large excess of a matrix material with the analyte 

molecule by pipetting a sub-microliter volume of a mixture of matrix and analyte 

onto a metal substance, where it is allowed to dry. The dried solid is then irradiated 



by nanosecond nitrogen laser pulse with a wave length of 337 nm and there 

detected and analysed by MALDI TOF –MS. 

 
 
 

24. Explain Phosphoproteomics. 

Phosphoproteomics is a branch of proteomics that identifies, catalogs, and 

characterizes proteins containing a phosphate group as a post-translational 

modification. Phosphorylation is a key reversible modification that regulates protein 

function, sub-cellular localization, complex formation, degradation of proteins and 

therefore cell signaling networks. 

 
25. What is Recombinant Insulin? 

A form of insulin (trade name Humulin) made from recombinant DNA that is 

identical to human insulin; used to treat diabetics who are allergic to preparations 

made from beef or pork insulin. 

 
 

Part B 

1. What are the parameters which decide the protein-protein interactions? Explain in 

detail with example, Pg.347-92, Cp.18. 

2. Explain Protein arrays and its applications, Pg.347-92, Cp. 18; Nov-2015, Nov-2016 

3. Write note on Proteomic analysis and its application, Pg.347-92, Cp. 18; Nov-2015, 

May 2016. 

4. Explain Yeast Two hybrid system in detail, Pg.347-92, Cp. 18; Nov-2015, May 2016. 

5. Explain in detail the protein cross linking process and its application, Pg.347-92, Cp. 

18. 

6. What are the affinity methods in protein purification? Pg.347-92, Cp.18. Nov-2016 

7. Write short notes on 2D gel electrophoresis? May 2016. 

 

 
Part B 

1. Explain the techniques and techniques for separation of peptides? 

2. Describe the methodologies for protein detection during post translational 

modification 

3. Explain the detail the microarray techniques in detail. 



 



 
 

 



B.E/B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2017 
Fifth Semester 

BT 6501: PROTEIN STRUCTURE FUNCTION AND PROTEOMICS 
(Regulation 2013) 

Time : Three Hours Maximum : 100 Marks 
Part A 
Answer all the questions (2 × 10 = 20) 

1. Write note on the different kinds of non-covalent interactions that stabilize protein 
structure? (November/December 2017) 
Non-covalent interactions are critical in maintaining the three-dimensional 
structure of large molecules, such as proteins. The different kinds of non-covalent 
interactions include electrostatic, π-effects, van der Waals forces, and hydrophobic 
effects. 

 
2. Write the name and one letter code of the twenty amino acids 

(November/December 2017) 
 

 
3. Outline the principle of peptide mapping (November/December 2017) 

Peptide mapping is an identity test for proteins, especially those obtained by rDNA 

technology. It involves the chemical or enzymatic treatment of a protein resulting in 

the formation of peptide fragments followed by separation and identification of 

these fragments in a reproducible manner. It is a powerful test that is capable of 

identifying almost any single amino acid changes. 

 

4. What is Ramachandran plot? How it is involved in protein 
structure validation (November/December 2017) 
• In a polypeptide the main chain N-Calpha and C alpha-C 

bonds relatively are free to rotate. These rotations are 



represented by the torsion angles phi and psi, respectively. 

• A Ramachandran plot can be used in two somewhat different ways. 

• One is to show in theory which values, or conformations, of the ψ and φ angles 

are possible for an amino-acid residue in a protein (as at top right). 

• A second is to show the empirical distribution of data points observed in a single 

structure (as at right, here) in usage for structure validation 

 
5. Mention any two reagents used for denaturing the proteins and outline their mode 

of action. (November/December 2017) 
Chaotropes such as urea, guanidine hydrochloride, etc, are highly potent at 

denaturing proteins; often used in protein folding studies. The mechanism of 

denaturation may be changes in the structure of the hydrogen bond network of 

water. 

 
6. Outline the approaches used to crystallize the proteins (November/December 2017) 

 Hanging droplet method 
 Sitting method 
 Cryo-freeze method 

 
7. What are the main structural characteristics of membrane 

proteins(November/December 2017) 
• Membrane proteins are 25-35% of the genome. 

• Often important therapeutic targets: involved in signaling, transport, etc. 

• Can be anywhere from 25% (neurons) to 75% (mitochondria) by mass of the 

total membrane. 

 
8. Outline the structural features of DNA polymerase. (November/December 2017) 

 Posses super secondary structures such as helix-turn helix and helix loop 
helix 

 Participates in switch on and switch off mechanism 
 Has effective protein- nucleic acid binding sites 

 
9. What are phage antibodies how it is exploited in proteome analyze? 

(November/December 2017) 
In this technique, a gene encoding a protein of interest is inserted into a phage coat 
protein gene, causing the phage to "display" the protein on its outside while 
containing the gene for the protein on its inside, resulting in a connection between 
genotype and phenotype. These displaying phages can then be screened against 
other proteins, peptides or DNA sequences, in order to detect interaction between 
the displayed protein and those other molecules. In this way, large libraries of 
proteins can be screened and amplified in a process called in vitro selection, which is 
analogous to natural selection. 

 
10. Outline the principle of PSD-MALDI-MS method. (November/December 2017) 

• Post-source Decay (PSD) analysis is an extension of MALDI/MS that allows one 
to observe and identify structurally informative fragment ions from decay taking 
place in the field-free region after leaving the ion source. 



• MALDI-PSD has been widely applied, mainly because of its high sensitivity for 
prepared sample amounts in the range 30-00 fmol and because of its high 
tolerance of sample impurities and sample in homogeneity. 

 

Part B 
Answer all questions (5×13 = 65) 
1. Outline the interaction of proteins with electromagnetic radiation and their use in 

elucidation of protein structure Pg.3-22, Cp.2; Nov-2017, 2015. (OR) 

2. Explain the chemical reactivity of the following functional groups of the amino acids 
with suitable examples – Amino, carboxyl, thiol, hydroxyl and imidazole group Pg.3- 
12, Cp.1; Nov-2017, 2014, 2013, 2012. 

3. Outline the steps involved in protein sequencing. Write a note on high throughput 
protein sequencing set up. Pg. 374-92, Cp.18; Nov-2017, 2012. (OR) 

4. Explain the different types of supersecondary structures existing in proteins with 
suitable examples. Pg.24-34, Cp.2; Nov- 2017, 2015, 2014, 2012, May 2016. 

5. Explain any two methods used for determination of tertiary structure of proteins. 
Pg.374-94, Cp. 18, Nov-2017, 2016, 2014, 2013. (OR) 

6. Describe the computational approaches used to understand protein-protein 
interactions. Pg.347-92, Cp.18. Nov 2017 

7. What are the essential residues participate in catalysis of serine proteases and 
explain the catalytic mechanisms? Pg.207-19, Cp.11; Nov-2017, 2016, 2015 (OR) 

8. Describe the structure of immunoglobulin and how it contribute to specificity of 
antigen binding. Pg.207-19, Cp.11; Nov-2015, Nov-2016 

9. How a snapshot of proteome is obtained using 2D SDS PAGE? Why it is considered as 
the tool of proteomics despite its disadvantages, May 2016. (OR) 

10. Explain the yeast two hybrid system to analyze protein interactions, Pg.347-92, Cp. 
18; Nov-2017, 2015, May 2016. 

 
Part C 
Answer all questions (1 ×15 = 15) 
1. The following reagents are often used in protein chemistry 

a. CNBr 
b. Performic acid 
c. Phenyl isothiocyanate 
d. Urea 
e. Dansyl chloride 
f. Chymotrypsin 
g. Trypsin 
h. Mercaptoethanol 
i. 6 N HCl 
j. Ninhydrin 

Write the use of each reagent in protein structure analysis and outline their 

characteristic chemical reaction. Pg.89-104, Cp.6, Nov-2017, 2015. (OR) 

2. Describe the steps involved in developing the antibody array and explain any two 
applications of antibody array. Pg.347-92, Cp. 18; Nov-2015, Nov-2017, 2016 


