
Level : B. Tech
Year : II

KATHMANDU UNIVERSITY
Semester End Examination

June, 20 1 8

Marks Scored:

Course : BIOT 204
Semester: I

@

Exam Roll No. Time :30 mins F. M. :20

Registration No.: Date '$.il,| 1 2 2CI18

SECTION "A''
[20 Q. x I :20 marks]

Choose and tick I / lthe most appropriate answer'

l. Extracellular polysaccharide Xanthum gum is produced from which of the organism:

I lxanthomonascampestris | )xanthomonasbrevis

t lXanthomonasutilis I lXanthomonasxanthanis

2. ln the development of new bioprocess; which step is involved after Bench top bioreactor

assay:

[ ] Small Scale Culture

[ ] Industrial Scale Operation
[ ] Pilot Scale Bioreactor

[ ] large Scale Culture

1J What is the dimension for

[ ]L2MT'2 t l
Entropy?
LMT'2 I 1 L2Mt-2 0-' [ ] LMT' o-r

4

5

6.

Tick the value of ice point in RankineScale (oR)

I 1671.67 "R t 1491.67 
oR [ ] 691.67 

oR

The number of significant figures in 1.20 x 103 is:

[ ]one [ ]two [ ]three

I I 471.67 
oR

[ ] four

flh
\",t

The following equation y: li(Ax + B) plots a straight line on

[]yvsl/x []l/Yvsx [ ]>r/Yvsx [ ] l/y vs l/x

In which process, the total mass remains constant, but changes occurring inside the

system properties vary with time

[ ]batchprocess [ ]semi-batch [ ]fed-batch [ ]continuous

A continuous process is set up for treatment of waste water, each day l0s.kg cellulose

and 103 kg bacteria enter in the feed, while 10a kg cellulose and 1.5 X 104 kg bacteria

leave in effluent. The rate of cellulose digestion by the bacteria is 7 X 104 kg/day^. The

rate of bacterial growth is 2 X tOat<yaay; the rate of cell death by lysis is 5 X 102 kg/day.

How much cellulose accumulate in the system each day?

tls.sxl03kg ll2"l0akg tl5.5x102kg []2*103kg

Which of the following is not an intensive variable of a system

[ ]temperature [ ]density [ ]molefraction [ ]mass

For the general equation for aerobic cell growth: CnuH*OrN,* aOz * bH*O6N;:
cCH.OBN6 + dCOz + eHzO; Hydrogen balance can be represented by

[ ]x+bg-ca*Ze [ ]x+g:o+e I fb:c+2 [ ]noneofthese
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t2

13.

l5

16

17.

18.

t9.

For the general equation foe aerobic cell growth stated above; Respiratory quotient isgiven by:'-
[]eid []eta l)d/a tla/d
In the microbial conversion of glucose to L-glutamic acid, what mass of oxygen isrequired to produce 25g glutamic acid?.(y fr oxygen :32;M.w. Glutam'ic- acid= r47)CeHrzOo + NHr + 312 Oz--+ CsHsN Oq + COz+ :ftzO[]4.08s tl4.se tl8.t6; tls.4as
what is the enthalpy of 250 g formic acid at 50 oc and I atm relati ve to 25oc and 1 atm(Cp for formic acid: 0.524 cal g-roC-r;
[ ]2275 cal [ ]32751a1 f, 12375 cat [ )3315 cat

which of the following are strictly non-Nemonian, but once the flow starts they behaveessentially as Newtonian fluids? 
!' ursrLu rrrvJ

[ ]Newtonian [ ]pseudoprastic [ ]Binghamprastic [ ]cassonprastic

In Bingham Plastic, with increasing shear rate when the yield stress is exceeded, theapparent viscosity
[ ]increases [ ]remainsconstant [ ]decreases [ ]can,tbepredicted

Flow in stirred tanks may be rinear for impeiler Reynolds number (Re1) of:[]Rei<10 t rr0<Rei<100 t rRli >r00 [ ]Reican,tbeused

To_achieve mixing on a scare smailer than Kormogorov scare, we must rery on[ ]Dispersion [ ]Diffusion [ ]Sistribution [ ]Diameter

what happe':': ll: product N1T* for Rushton turbine, as Reynolds number us increased
aoove about 5 xl0'?
[ ] approaches constant varue [ ] increases significantry[ ] decreases significantly [ ] non. 

I

Power requirement for laminar flow is independent of
[ ]fluiddensity [ ]fluidviscosity t lboth [ ]none

In case of pseudoplastic, flow behavior index is
[ ]n=l [ ]n>l [ ]n<l [ ]n=0
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SECTION "B"
(Lon g answer questions)

[3Q. x l0:30 marks]

Attempt AIW THREE questions.

L A battery of cytindrical hollow-fiber membranes is operated at steady state to concentrate a

bacteriaL suspension harvested from a fermenter. Fermentation broth is pumped at a rate of
350 kg min-i through a stack of hollow-fiber membranes as shown. The broth contains lolo

bacteria; the rest may be considered water. Buffer solution enters the annular space around

the membrane tubes atarate of 80 kg min-l; because broth in the membrane tubes is under

pressure, water is forced across

the membrane into the buffer.
Cells in the broth are too large to
pass through the membrane and

pass out of the tubes as a

concentrate. The aim of the

membrane system is to produce a

cell suspension containing 6%

biomass.

2.

a) What is the flow rate of outgoing buffer solution?

b) What is the flow rate of cell suspension from the membrane tubes?

Assume that the cells are not active, that is, they do not grow. Assume further that the

membrane does not allow any molecules other than water to pass from annulus to inner

cylinder, or vice versa.

Bakers' yeast is produced in a 50,000-litre fermenter under aerobic conditions. The carbon

substrate is sucrose; ammonia is provided as the nitrogen source. The average biomass

composition is CHr s:Oo.ssNo.rz with 5oh ash. Under conditions supporting efficient .growth,
biomass is the only *ujor product and the biomass yield from sucrose is 0.5 g g'r. If the

specific growth rate is 0.45 h'1, estimate the rate of heat removal required, to maintain

constant temperature in the fermenter when the yeast concentration is l0 g l-'. (molecular

formula for sucrose is CrzHzzOrl, molecular weight of sucrose is 342.3, biomass formula

weight is 25.04, molecular weight of oxygen : 32.0)

A well-mixed fermenter contains cells initially at concentration xo. A sterile feed enters the

fermenter with volumetric flow rate F; fermentation broth leaves at the same rate. The

concentration of substrate in the feed is (si). The equation forthe rate of cell growth is:
-- 

-1.Ix =K1X

and the equation for the rate of substrate consumption is:
- - 

t-[5= K2X

where, kr and k2are rate constants with dimensions T-1, r* and r, have dimensions L-3MT-1,

and x is the concentration of cells in the fermenter.

a) Derive a differential equation for the unsteady-state mass balance of cells.

b) From this equation, what must be the relationship between F, ky, and the volume ofliquid
in the fermenter V at steady state?

c) Solve the differential equation to obtain an expression for cell concentration in the

fermenter as a function of time.

Fr nrx *t;r.ti+:n

hr*rth

Eu[i.rr
r,nlutinn

nxn',hmne
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d) use the following data to calculate how long it takes for the cell concentration inthefermenter to reach 4.0 g l-1:
F = 2200 I h-l,V = 10000 fxo =0.5 g l-r,k, = 0.33 h-r

Explain the various physical processes involved in mechanisms of mixing with illustratedfigures.

Attempt A N Y,E1ZE q ue st i o n s.

SECTION "C"
(Short answer questions)

[5Q.*5=25marks]

5

6

Explain the steps in development of a complete bioprocess for commercial manufacture of anew recombinant DNA derived product.

under anoxic conditions, biological denitrification of waste water by activated sludgeresultsin the conversion of nitrate to nitrogen gas. when acetate provides the carbonsource, thereaction can be represented as followsl
5CH3COOH + SNOi_+4N2+ 19ggz+ 6HzO + gOH-

a) Is the stoichiometric equation balanced?
b) Inthe absence of side reactions, what istheyierd of nitrogen from acetate in g g-r?c) A certain waste water contains 6.0 mM acetic acid ind 7 mM NaNo3. If 25% oftheacetate and 15%o of the nitrate are consumed in other reactions (e.g., for growthoforganisms in the sludge), which is the limiting ruuri.ut. in the denitrification reaction?d) For the situation de..ribed in (c), what m_asi or gurlom nitrogen is produced fromtreatment of 5000 litres of waste water if the reiction is atto].veo io'p.i...6 urtilthelimiting substrate is exhar.rsted?

Determine the equatio^n for y as a function of x using the folrowing information:a) A plot of y vs *'l:: linear graph paper gives'a straight line passing through the points(3.2,14.5) and (8.9,3 8.5)
b) A plot of y vs. x on semi-rog paper gives a straight rine passing through (1.5,2.5) and(10, 0.036)

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

CroH:,l', aO, ! bNH: --+cCH1 66Os27No.zo * dCO2 + eH2OWhere CH1660627Ns26 represents 
'tiie 

biomass. If Re :0.43, determine thestoichiometriccoeffi cients.

A beaker.containing 2litres of water at l8oc is placed on a laboratory hot plate. The waterbegins to boil in l l min.

:l Neglecting evaporation, write the energy barance for the process,b) The hot plate delivers heat at a constant rate. Assuming ihat the heat capacityof water isconstant, what is that rate?
(Density of water = I g cm-3=l\e l.l,cp water = 75.4 Jgmor-rog-r - 7s.4 KJ kgmor-roc-r,Molecular weight of water = l g.0,l W :'I J s-l)

Explain:
a) Strearnlines
b) Hydrodynamic boundary Layers
c) Non-Newtonian fluids
d) Time-Dependent Viscosity
e) Viscoelasticity
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