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SECTION "C"
[5Qr 5:25 marks]

Answer ANY FIVE questions

Production of single-cell protein from hexadecane is described by the following
reaction equation:

CroH:q + aOz + bNH3-r cCHrooOo.zzNo.zo* dCOz + eHzO

where CHrooOozzNe.2s represents the biomass. If respiratory quotient (RQ) = 0.43,
determine the stoichiometric coefficients. t5]

In downstream processing of gluconic acid, concentrated fermentation broth
containing 20% (w/w) gluconic acid is cooled in a heat exchanger prior to

crystallisation. 2000 kg/h liquid leaving an evaporator at 90 oC must be cooled to 6
"C. Cooling is achieved by heat exchange with 2700 kg/h water initially at 2 "C. If the

final temperature of the cooling water is 50 "C. What is the rate of heat loss from the
gluconic acid solution to the surroundings? Assume the heat capacity of gluconic acid
is 0.35 callgl'C. Use the provided standard tables. t5]

Describe cone-and-plate and coaxial-cylinder rotary viscometers with their
biotechnological applications and limitations. t5l
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Describe the kinetics of substrate uptake in cell culture, with and without product
formations. t5l

How can a mixing effectiveness be assessed? Describe your assessment procedure

assuming a stirred tank reactor with a dye as a tracer. t5]

Serrotiamarcescens is cultured in a minimal medium reactor. Oxygen consumption is

measured at a cell concentration of 22.7 glL dry weight.

Time (min) Oxygen Concentration (mmol/L)

0

2

4

8

10

t2

t4

0.25

0.23

0.21

0.20

0.18

0.16

0.15

a. Determine the best kinetic model fit to the data. tll
b. Determine the rate constant. 12]
c. If the cell concentration is reduced to 12 glL, what is the value of the rate

constant? I2l

2.



SECTION "D"
[3Q * l0 = 30 marks]

Attempt ANY THREE questions.

1.5 kg salt is dissolved in water to make 100 litres. Pure water runs into a tank
containing this solution at a rate of 5 L/min; salt solution overflows at the same rate.

The tank is well mixed.
a) How much salt is in the tank at the end of 15 min? Assume the density of salt

solution is constant and equal to that of water. t5]
b) Assume that a reaction in the tank consumes salt, at a rate given by the first-order

equation:
r: kr C,t

where kr is the first-order reaction constant and Ce is the concentration of salt in
the tank. Derive an expression for C6 as a function of time. If kr is 0.02 min-I, how
long does it take for the concentration of salt to fall to a value 1120 the initial
level? t5l

A fermentation slurry containing Streptomyces kanamyceticus cells is filtered using a

continuous rotary vacuum filter. 120 kg/h slurry is fed to the filter; I kg sluny
contains 60 g cell solids. To improve filtration rates, particles of diatomaceous-earth
filter aid are added at a rate of l0 kgih. The concentration of kanamycin in the slurry
is 0.05% by weight. Liquid filtrate is collected atarate of l12 kg/h; the concentration
of kanamycin in the filtrate is 0.045% (w/w). Filter cake containing cells and filter aid
is continuously removed from the filter cloth.
a) What percentage liquid is the filter cake?
b) If the concentration of kanamycin in the filter-cake liquid is the same as in the

filtrate, how much kanamycin is absorbed per kg filter aid?
Draw a flow diagram and mention the necessary assumptions. [0]

a) Describes the factors that can effect the rheology of fermentation broths. t5]
b) A reactoris used to culture an anaerobic organism that does notrequire gas

sparging. The broth can be assumed Newtonian.As the cells grow, the viscosity of
the broth increases. In this condition, how can an increasing viscosity in
biochemical process affects the power requirements? t5]
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10. Describe (using examples, equations and/or figures)
(a) Total rate
(b) First-order Kinetics
(c) Phases of cell growth in batch
(d) Theoretical and observed yields
(e) Effect of culture conditions on cell kinetics

t2l
t2)
l2l
t2l
t2l
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