CHAPTER III

MATERIALS AND METHODS



3.1 HATERIALS

311SWCROURGANbM :

P

Yeast 5train belonging to the species of Cbndida tropicalis
was isalated by thc Indian Institute of Petroleum (IIP) ‘from the
soil containing residual oily isludge In the Gujarat Refinery at
Baroda (India) This strain ‘was screened for the study along with
snother yé&st strain, Candida lipalytlca, procured by 1IIP from'
IFP Eranoe Both th& strains have been studi&d extensively by IIP

to check the atability for: continuous culture aver 20 000 hrs on
" i
n—p&raffins 6014— 18)' However, comparatlive adaption capacity of

H

,boih tﬁg vtrains on heavier hydrocarbon has been checked in shake

T

flask cultare ‘

t

The strain were preserved at 60 C in’ nqtrient agar slants of

the following ccmpcsltlon

" Peptone: - 38
Yeast Ext;act‘ ~; _:3 é
Glucose - g
Agar (Bacto) ~. 25-35 g

Distilled water - 1000 ml_
i - )

312 PETROLEUM FRACTIONS
f . ) s ! [
Two types of vacuum distillates known &as lube fraction of

i

different origin of crudes were chosen far“the Study | o

1

a) Vacuum distillate of the Asgam Crude processed ‘in Barauni

Refinery, I0C which is being used as the féed stock  for

%

the solvent d&waxing unit. Hawever; the dewaxed oil does
not meet specification of the 1ube oil because of the

: . o
limltation of designed process parameters to . handle the
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highly paraffinic Assam Crude.
b) Vacuum diétill&te of the Gulf Crude mix processed in
Haldia Refinery, I0C, ‘which produces 'standard lube oil
N base stock. o V

The physical properties of these two feed stocks are given in

: Froperties I Vacuumldigtiilates

Aszam Crude(A) Gulf Crude(B)

1. . Boiling range, %¢ 400-490 350-500

2. ‘Density at 20%, g/ml ° 0.9371 0.8806

3. Pour point, Ce L © a8 30

K Viscosity Cst, '

' at 100% 3 4 '10

5. Colour o dark greenish dark‘yellowish
6. ' API gravity(60°c) 19.65° 18.75

1 Saturates r 49 . a5

213 Mepium . ‘ S

i
Aqueous solution of inorganic =alts of commercilal Qrades, was

uséd to provide nitrogen, phosphorus and other. nutrients essential

foi the growth of the yeast atrain. The concentration of the salts
'mainﬁained is given in Table 3.1.3. The ammonis solution was used.
as alkalil fér contretling the pH of the broth huring growth which
also acted as nitrogeﬁ source to the ' tulture duriﬁg the growth

phase. HNo grdwfh,factor’e;g., vitamines, amino acids etc. was

B

added in the pres&ﬁt study.
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TABLE 13 COMPOSITION OF THE MEDIUM USED 'F((')R‘,'Cdi_
OF YEAST STRAINS FOR: MICROBIAL DEWAXING
Compénentb ’ Concentration of
salts in culture
medium, &/X
| i). Ammonlium sulphaté , g.OO
11). Potassium dihydrogen phosphute 1.26
111). Disodium hydrogen phosphate! 1ZH,0 0.75
. i), Magnesium sulbhat&.f?ﬂzﬂ 0.?0’
'v). Calcium chloride ' 2.5 x 1072
vi).. Ferrous sulphate. 7H,0 1.6 x 1072
‘vii1). -Zinc sulphate. TH,O j 4.4 x 1073
viti). Cpﬁpér sulphate — énﬁ x 1072
ijif)l, Manganese sulphate 5 x 107°
D x);— Céﬁait nitrate. 6H,0 5 x107%
x1}. Borle acid ’ O 5 x 10 5
xii). Ammonium molybdate. 4H,0 5  x107°

2

314 ExpERIMENTAL SeT U

t

C (1)

t

Culture development astage and

H

I

Fermentation experiments were conducted Jin twq stages.

(11} Bio conversion of pétroledm fractién under controlled

N } .
conditions.



i) Culture dﬁVPlopment in shake fldskq ‘Prior exposure of the

t

yeaqt strains to lubs fracti&n was ccnducted by aliowing to drow
and assimilate hydrocarbons in ccnlcal flasks kept on a mechanical
shakér The experiment was designed to screen the potential yeast

f

strain for dewaxing of the lube: fractlon Apart from adaptation

process in shake flasks, inoculum for larger cabadity ‘biloreactor
is prepared. M L
Pf@cedure_r . . . i | .

Erlenmeyer flasks of 250 ml capacitylcontéiniﬁgfﬁﬂ ml of the
nedium and “petraleum fractioﬁ as sﬁbstra@e, 1% (w/v) were
3térilized‘in an autoclave at 1.05"ﬁg/em2 pqessurevof steam for>15
miﬂs.'ﬁftqr’coo;ihg, the flasks were inoculated with & locpful of
lye%st cells taken from agar,slénts un<der aseptic conditions. The
flésks were iﬁcubated at controlled temperature of, 35 + 1°c on &
’r$pary shaker of 400 rpm speéd md 2.5 cm ecqentri? stroke fb
prgviﬁe efficlient contact bgtéeen the insoluble - substrate medium
and .cells as well as supply of aerial oxygen . The oxyaen transfer

raté (OTR} of the set was determined by sulphitg oxidation method

and was found to be 11.9 m moles of 02/1 h.. o

Turbldity devel@ped 1n thP agqueons medium in the fl&sks was
in. proportiﬁnal to the grawth of the yeast 3trains and measured as
the.optlcal‘denﬁlty of the brothh After 48 hrs, 10 to 15 ml broth

i

‘wés taken qu further inoculation to-bloreactor.
- . - 1

'ii)  Bydrocarbon fermentation in bioreactors
MStirred tgnk reactors with working capaclity of 1.5 litres,and

5 litres attached With;autbmatic control syatems to wonitor and
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used in Gallenkamp unit.

control the operating parameters are used in the studyL

. The photogiaphs’cf the bloreactors . @fe ;héwn in Fig.3.1.4,

‘&) The Gallenksmp modular fermentor ,UK!(A) comprising of

following facilities.

1.5 1‘capacity glass vessel, du&l'pﬁ»céntﬁol sys#em by acid.
and' base  addition .and Amonitoring by . Ingold Pl  electrode,
temperéturé‘contrcl through th&rmgzt&tiq.b§thK(Hﬁﬂkﬁj attached
witﬁ’in~situ cooliné‘éoilt éération "oy external air pump and
cbntrolled by rot&mﬁtpr, agitatian by . variable ‘speed’ motor
attﬂched witb the turbine type impellmr through agltator shaft.

b)  Indigenous glass'f&rmentqt; (B) of 1.5 L sad 5.0 L
chpﬁcity'havingysimilar facllities 'asn,available‘ in Gallenkamp

fermentor except the dimension of turbine impellérdﬁ and glass

% ' i

ivessels. The power of the agltator motar’was‘higher than that of

. - - . - . : s
: '

c} Micﬁogen II Fermentor, New Brunswick Scientifig Co.USA

-1

of hbrkiﬁg volume 5 to 10 1 capacity equipped with GEN - II

Instrumentation ﬂygtéﬁ sNew ’Brunswicks Sﬁientific Co ,USA. The
syst&m»can control and display pH _,4 ﬁemperature, aeratian and
dgitation rate , dissolved OXygen conueétr&tion internal pressure
with the help of ON/ OFF or PID LOHthl system

The Gen' II instrument CAan also ‘be controlled by Televideo

Model 910 CRT terminal.
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Fig-3.1.4. Bioreactor set up

67



+

h'The relative .dimensions of the vessel ﬁnq the turbine

imﬁ&ller'cf each bioreactpf -were measured.  The corresponding
dimensionless groups  were calculated from the data
: ! L. ’ A !

and shown in Table 3.1.4

1 ¥

TABLE : 314 FERMENTOR DIMENSIONS AND DIMENSIONLESS {GROUPS

s [
i . [ 4 4

Dimensignh in om. - _Fermentor
) A B - C

1.~ Dia of vessel, D 13.0 14.0° 17,0
2. Dia of impeller, dr ‘ 6.0 .6'5. ‘5.5 ,
3.  Helght of blide, hr 1.5 3.5 3.5 |
4. Helght of liquid, H 1.5 10.0 21.0

5. Working volume in L 1.5 | 1.5 v '5.0

6. No. of impeller blade, ¢ -4 ,§: “44" ;6 — |
7.  dr® = . dr/D Co.46 . 0.39 0.31
8. nr* = hr/d | : 0.11 . 0.25 0.20
9. = H/D |  0.88 0.71 1.20'

[

1

iii);Rotavapéur' :

Recovery of dewaxed oil from the oil-sclvent mixture obtained

as overflow stream from the leaching operation was conducted in

Rotavapour unit, Buchl 411 Switzerland attached with thermostatié
Bath E 4865. The unitlﬁas operated undér vacuﬁm of 150 mm Hg with
; :

sinultaﬂeous purging of Hz gas to- rumove the +traces of 8solvent

preﬂent 1n the dewaxed 011
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iv) D.0.Probe :

BIOCHEM. DIGITAL OXYGEN ANALYSER M 80 1704, Univérqal blochen

i

H&durai was used to dutermine the diusolved OXyg&en concentration
of the oulture brqth.‘ THe .probe was operated using Polythene

ﬁembrane supiied by the company -The - response time oﬂ the prébé

e ——
I

iu presence of hydrocarbon was high (2 m;n),as compared tozaquegus

'

phase (8-10 sec).

;#) Spectrophotameter ‘
~ The Syutronius speetrophotometer, was useﬂ to dqterm£ne the
turbidity of the culture grawing in shake fl&5ku Thel test . tubes
suppliﬁd by the ‘company to measure the optical density of any
sample were fused with the flasks as side arm“The optical density
"(0.D} of the cultur@ was measured direotly by ‘inserting the side
arm filled with culture liquid in the instrument Thé 0.D. values
and the percentage txanum1uion were noted from th& ldial of the
instrument The incrase of 0. D ialues of ihe grewing yeast
strains were compared against blank flask containing all the

3

ingradicutu axcept the culture The 0 D va1u65v|were ﬁeagured at

M

620 pm at thch maximum absorptlon of 1nc1dent light was observedz
" The increase 'of . 0. D values have indicated gthe relative .

t

,increase of growing yeaﬂt culture “in the shakc flask. . Actual

{
growth curve pf the c¢cellas on hydrocarbon: in germentor was,

determind by alkali consumption rate.

o
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vi) Y;écometers

Two different types of fisébmeterg weré used in the studyﬂ

;) Sgspended . level, j~é i limded viséogetgr mage' of
borosilicate glass marked with  SLSC, fype-3 . No. 1628/03
wanufactured by Preclsion Scientific Warks Ltd., 0.X., wés used for
the determination of Kinematic Viscosity of the oil samples

The constant of the viscometer (No. 6) was determined (0.31)
by calibrating with standard calibratiag liquid CS 200 ,

Similarly capillary viscometer (two limbed) marked 'SKB. 1:64,
Ro. Z 4 manufactured by I;P, Dehradun was - also used These
viscometers are uged‘for‘thé determination éflKinematic Viscosity

(=) of the vacuum distillates and "the dewaxed oil, samples as
. 4 ' . H

§fﬁscribed‘in standard ASTM procedure., . - l

ta
i
t

b) . The Dynamic Viscosity (»n) of 'the culture llquid in the
frrmentor was determined by Brookfield SYMCRO LECTRIC' viscometer
with UL gdﬁpter, model No., - 73261 The rot&ting spindla No. LYF 1
;asifouﬁd suiltable f@r" the determination "of tviscosity of the
cgltur& fluid. Thelmetallic ‘Bpindle (cylinder typa) which can
rotate freely inside the metallic ad&;ter, was clamped with the
viscometer The ad&pter and the spindle was immersed in.water bath

7 37%. Anglo Swiss digital watch w&gused for the mepsurement of

eiflux time. ' *

. o o ’ ,” o . '
vii) Mass spectorometer: KRATOS MS-50 was used for‘the .ana;ysis
of the'saturaée and aromatie cdmponents of the- feed: and deﬁaxed
\011 3¢pgraﬁely‘ The reault "of the anaiysié indicated the

‘consump%ion pattern of the two compunents present in the ol11

‘3amples
w

70



viii} Chemicalé ased in different -experiments are 1listed

below.

a)  Acetone (commercial grade) and petroleum ether b.p.

80—10000, Ranbaxy Lab. were«used for the treatment of emulsion

¥

(o/w} to seperate the dewaxed oil and biomass.
b) All the inorganiauéalté used for the preparation of

growth medium as mentioned in 8.1.3 were LR grade, manufactured by

i

BDH, Bombay. . ' -
Sodium Sulphite, Potassium dichroﬁate, Sodlum fhiosulphate,
Copper' sulphate, ﬁ?drachloric acid, &all oi LR grade and

manufactured by BDH were used ‘for the determination of oxygen

transfer rate .

cl Chlorofors and methanol wmlixture (1:3)(BDH, LR GRADE) was

used for lipid extraction from biomass in the Soxhlet apparatus.

4

d) n-pentane, ethyl acetate, chloroform, and abscolute
alcohol were used as eluents for the seperation of saturate and
aromatic’ hydrocarbon present in the vacuum distillate before and

after dewaxing.

-Bauxite and silica gel (120-200 mesh) were used as adsorbents

[

Eof the chromatographic coloum.

1

3.2: METHODS

3.2.1. Determination of density :

. qtandard nethod avail&ble for dctermination of denalty of

3&mi<solid and solid4 pptroleum products Was followed (IS

|
1448/P:32). Density of the culture broth, vacuum distillated and

the dewzaxed o0ll was determining using. pyknameters 0f 10 and 15 ml
capsclily selected as per standards.

t ¥
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3.2.2. Determination of pour point
Pour point in oC of the vacuum dLatillates and dewaxed oil

was determinﬁd in the apparatus obtained as jper standard ' (IS:

i
1

1448/1P:10). .

H

3. Z 3. Deteraination of viscosity
&) Kinematic viucogity of 01l samplu was, determined followling
the utandarrd IS 1448/IP 25 method uuing vithcr uuspended 1evel 3

1imbed ViSCOMﬁtcr or glass caplllary typerbvisccmeter as| per

requirement.

b)DLterminatlon af dyvnamic viscosity :
Rheological properties of the culture fiuld was determined by
measuring the apparent, viscosity (ua),,known.as dynamic viscosity.

Since most of the culture fluid showed non-Newtonisn behévior, the -

R . E 1
apparant viscosity of'culture fluid ¢an not be determined in glass

capillary viSQometer because cells and emuluion conld not flow

H

hcmugéncouSTy through the glass capillary

‘The rheolbgical parametrs of pewer'{l&w ndn.-_Newtonian¥f

, . [ e
finlds can be deseribed by the following correlation : ’”T”/A

i

. ‘ Yy = K ()"

- {
!

The coefficients  of the | equation was' _evaluated on

variable-shear-rate viscometer e.g., Brookfileld viscometer.
Pocedure : T |
Avu—n—/ R ,
Sagples of culture broth'was drawn at different intervals and

[

16 ml of the qamblé was filled in the adapter of the brookfield

viscometer whioh_was~u5ed in the study.
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The rot&ting spindle 'No. LVF 1 ﬁaé attach&d with +the
viscometer and insertﬁd 5lowly into the adapter Qare Was taken to
dip the antire spindle with th& test quuid The dial nreading of
v1scometer was noted aﬁper,S ninutes of the constant reading of
the inatrument for each sample. The spindla'gndftﬁe Jadapﬁer were
cleancd befors filling up gith fresh sample; 1

Calculation and reporting - ‘ o

The diai reading was calibf&ted s shpar fcrce (dyne cm) for
e&ch rym of rotating spindle and was . multiplie& by the
corr«sp@nding factor obtalned from the nomograph supplied by the
company, The multiple was reported as dynamic viscosity of the

I

sample in cent}po{se . ' - . - §
3.2,4"Det&rmin§tian of vigcosity index
Viscosity ipdex of the dewaxed oll‘ sample"was calculated
following th& standard method. (ASTH D 2270 79/IP~226/73)
A bath of 50 ci dim fitted with a ooil containing ethylene glycol
as circulating liauid was used gs% thermostatic bath  for
determination of viscosity at desired temperature:. The:temperatu;e
of thé "bath | was controlled by ;thermogtat,x %EB MKALW,
PRUFGERATE WERK, GDR which can be adjustéd,*at any - temperature
within the range of 10-100°% with 0.2% precision The
temperature of the bath was monitcred with the , help o©of digitai
‘thermpmeter, A ‘diffused light source was provided Pepind the glasé

jar to notice the level of test sample in the viscbmbte;.
t
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3?2.5; Powcr ﬁeasurement

The net;powér transfer by the motor tofthe‘ agitator of the
fermentor was determined with the hei? of watt meter connected to
the agitator shaft through belt a;d puiiey. as ﬁescribed in

Fig.3.2. :

220V

i

: . ’ l ' ,
Fig. 3.2. Circult diagram for the! measurement of power drawn

by the agltator motor

4) Description of Motor :
D. C< Sﬁunt separately excited motor was used for agitation

The' power supply (220 v AC) from mains  was devided into two
parts,one which passed through rectifier (BR 1) for the supply of
constant 180 V DC to the field (F) whereas. the other part, passed
through the patentibmeter (PT) and rectifier (BR Z) to armature
(Ar) coils The rotational speed of the armature was, controlled by
varying vo]tage thpough potentiometer A voltmeter (V) was

t,

connected parrallel to the armature &nd the, miliammeter (4) was

1
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eonected in seriés to the armature to .measure the voltage and
current drawn by the agitatorAduring;experi@gnp. Powef supply was

determined as per standard correlations -

t

which. are 'described
lﬁter.

H

The, rating of the motor was following : oo ‘

T - Armature Fleld; Max. rpnm

1
i

Max. ‘power supply

h -, +

_ Voltage .Curreht ,Yoltage Current (no load)

H

, . va Y At
110 W © ', ‘180~ 0.85  180' '  0.08 3000
[ ~ ¢ . i
- Cold winding
Eesistgnbe (Rye)s ‘ - | '.;
ohms - _ © 40 ’ 2000

i ' N
H
.
. ) ) o i

'

t y 5 R s . .
i . ' fot
1 N ¢

' ) . . - . B .«'} ',,
b) Measurement of agitator power requlrement

Power consuption of large scale fermentorsf‘is, measured by

) o : » |

Hattmeter. Howéver, strain gauge = dynamometer: 5tt&¢hcd with. the

. ) - T - i B f} ‘! N - , 3
agitator‘shaft of test fermentors was found more suitable; for -

'

precise value of the net power consuption (Alba et.al., 1969).

« In the absence of power of strain gaugﬁ dynamoneter with the
fermentors avallable for the present study,?pqwer‘re@uirement was

measured with the help of wattmetéx‘ in the present Study as

described. in previous section (3.1.4):



c¢) Teat Procedure
o . !

Swiﬁburn Teéts (Cotton, 1961} weze carried cut to determine

i

the losugu of poer input in load -and nq ,oad conditions Power

transmission arrangement to the agitatorjof the fermentor motor is
connected to thefagitator shaft of” the|fermetor through the belt.
The armature current 15 measurgq ‘with :th@ help‘ of a DC
niliammeter aonnectéd in’ séiies with the:‘aymatufe circuit.
Simil&rly voltgge to armature was alzo measured by . Volfmeter

éonﬁectﬁd in paréllel to the armature circuiﬁ. The . rpm of ; the

t ! f

agitatcr shaft was measured with the help of a tachometer

! PR
Armature Reuiutance T

1

“The motar was operated on na load eonditicn and the armaturﬁ
1

current,(l ) was measured. Then the cold resistance of. the

armature (R ) and the field cirouit ‘Rfc) were measured by - the

folliowling vquaticn :

o, = e /(1- ®T, ) - (3.1)
Ry, = Ry lC1 + gt ) - (3.2)
where . | A .

gbv = Coeff101ent of expan51on,,for Cooper ; 0.00427.

ai = Coefflcient of Cooper at expér;mental tewperature
Ré = Cold resistance. | |
!Rt o= Hot resistance (excited condition)

t = Tegperature rise, %. ‘

Now . ‘

s -
& Emmmemmmm— e P . (3.3)
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R

i

e = R (1+at) 3.4) -

i

1

Rf Rfo 1+ alt ) . (3.5)'

d) Qﬁlmlmgﬂmnm

Any motor running in no load condition incurs some losses

t

e.g., frictional losses and'irdn losses. which are kndwn aé’ STRAY
LOSSES. Tﬁe power losses can be calcuiated qsvfollowing :

i) Stray losses = Frictional losses + Iron losses
, ] ‘ ) a
. ' o ‘ - va
- - 2 [
. = Va I§ Io Rqe '
. _ i R e
o ii) Constant,losses (Pc) = back emf + stray losses
' v 2 ~ Vb2
e - 2 e
Pc = | + Va Io Io Rac
Re I
ii1) Total loases ( Pt ) = Heat losses + Constant losses
B fz
s _ + 2 '
; T S
e) Determination of power input to agitator
i) Power input to motor ( PIN 3y = ° Va Ia + vbIb
1i) Power output of the motor ( POUT ) =2 ?IN i
1ii) Power input to the agltator = , 'Pout of the motor

assuming negligible frictional losges, due to belt pulley

arréngementt - ) f a
Hhere, | .
VL = Armaturgtvoltaée ‘ '
IIO = Current drawn by . armature im  no " load
‘ conditiBnS |
Vs = . Field voltage
Ia‘ =  Armature curren? in load‘condiﬁi;na, .
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'

' I, = Field current
The net power consuptlon by the agitator dﬁring fermentation
was determined by subtracting the poweg output value by the motor
with 1oadvi.e., without the culture brgth. Hence the frictional
loszes occured dﬁe to rotation of the agltator was nullified and

the acbual power drawn by the'éﬁlture fluld was determined.

3.2.5, Determination of lipid : ~
The lipid percentage of the blomass - was determined by

Soxhlet apparatus (AOAC, 14.028 ,19789).

3.2.7; Determination of nitrogén in biomass

Nitrogen content of the biomass produced by the dewaxing
prrocess was determined by the micro-klieldhal method as described
in AOQAC ,7.033,1979. The protein content of the biomass samples

were determined by multiplying the nitrogen percentage‘ of the

- samples by 6.25.

3.2.8. Determination of Oxygen transier rate‘ (OTR) 'in the
/ fermentors

The’oxygen transfer rates (OTR) in the fermentors (1.5 L
Gallenkamp, .5 L g;ass and 5 L glass fermentors and Microgen 1ii
fermentor were determined by the sulphite oxldation method as
described by. Linek et al , 1973. The method is based on " the fact
that sodium sulphite 1s almost instantageausly oxldised by
dissolved oxygen in presence Cu+} or Co't as: catalysi as  per

following equations

78



2 Na, 80, + 0, . -——m=> 2 Na, 80,  —=-mv (1)
"Na, S0, + I, + Hy, O --—-—> ‘Na, 50, + 2 H I -——- (i1)
2 NayS, 05 + I, S Na, S, Og + 2 Na I - (i11)
The rate cﬁ’ksulphite oxldation 1in aerated and‘ agitated
Termentors was deternined by quantitative eétimatiénﬁoi amount of
" sodium sulﬁhite oxidiéed ép‘differeﬁt time intervals, The ~ slope
,of the stralght liﬁe , obtained by plotting the' sulphite
concenir&tion Vs time gave the sulphite oxydation.rate, which- was
used to determine QTR value in terms-p mole .Qf 02 consumed Apér

" litre per hour using stoichlometry of reactlon (1}.

©3.2.9. . Sepdration of caﬁp&ngnﬁs of lubricating oil fraction :
Sepé@ration and determination of saturate -and aromatic
 components present in the vacuum distill%te and dewaxed oll was
done by Eiutipn Column Chromatogfapﬁ as described in ASTM ﬁethod
(D 2549-81). 10 gm of oil sample was charged in a column packed
withuBauiite on the top and silica gel (Grade 12, 923) of . 100-200
mesh at the bottom. The saturates and aromatic hydrocarbons were
eluted cgnéequently by édding the elements e.g;, n-pentane,
" diethyl ether, chloroform and ethyl aicohol successively.

3.2.10. Determination of Specific. groyﬁh rate ( u nl

) =
Det&rmin&ticn of cellular diy wt. in hydrocarbon fermentation
poses problem of getling representative samplcaifrom the fermentor.
- R | - - !
The -cells get attached to the heterogeonus petroleum fraction and

uniform cell concentration of the éntire eculture fluid was not
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available. The problem was observed more significantly during the
growth study on lube fraction.

An alternative method was *f&lleyed (Prokep, 1978, Hirth,
1980) te get the agcufaté growth curveiof the . culture. ﬁicrobi&l
growth in hydrocarbons is associatéd with the increase of H'
concentration if ammonium salt is used as nitrogen source. A3 NH3
is cgnsumed by the orgénism H' accumulates ‘in the fermentor as
follows : o : Lo~

NH, OH <======> NH, + 2 H' _

Alkali (HH4'OH) wasr&ddgd to the fermentor to ﬁeep the pH. of
the culture fluid constant. As s result ‘thé' rate of alkali
addition was found prop?tional te the rate of growth of the
biomass which was calculated 6.25 ml of (IN) HH4 OH / increase gm
of blomass. The logarltham of cumulative volume of =salkalli added
in évery‘hour was plotted against time and the growth curve of the
ﬁiomass on lube fraction was obtained. ~

. -The slope of thehlinear portion of the curve was taken as the

maximum sp. growth rate (& hwl) of sfrain.

3.2.11. Determinaticn of yield of biomass :

‘Biomass vield on the lube fraction was determined by
meesuring the total wt. of dry biowass obtained from the measured
quantity of lube fraction téken‘in the fermentor.  The yleld of
biomass was expressed as follows : »

- wt. of dry blomass’
Y T e o o o o e o et e e o s Y ok o e S B S

Total wt. of oll added as substrate
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3.2.12. Determination of yileld of dewaxed oll
The‘yield of dewaxed oll was determined‘on the baslis of lube
fraction fed as feed stock in the fefmenﬁor.

wt. of dewaxed oll

wt. of oll added as substrate

1
~

3.2;13: 'Recovéry of dewaxed—oii>: )

The fermented brothfobt&ined at the end of batch or semi
contlauous eperétipn waé'further tréated with a solvent for the
recovery of dewaxed‘ci andxﬁiomass.

- The aqueons ﬁh&selaf tﬁe fermgnted broth was cenirifugeq at
6000 rpm and the traces of ‘the oily =mulsion was recovered from
thé aquous phase by separating funnei . The aguous phase cont&ined

-negligiple amount of- emulsified o/w and ‘cells.

The olly phasexwas treated with solvent mixture of acetone
and betrgleum,ether‘ (b.p. 80-100%), mixed in 1:3 ratio for
leaching oui the emulsified oil in the solvent ph&sé (oéerflow).
The extraction‘ carried oui at room -temperature 30 e ip a
separating funnel. The voluﬁe of solvent .added wa3 twice the
volunme of oily’emulﬁion"&nd was shaken-vigorously for & mlnutes -
with intgrmittent‘depressupising the fugnel by opeﬁing the stop
cock. After shaking cperatlon the Se?ar&tihé‘funnels are allowed
to stand for 15 minmutes to get the clear oll/solvent phase at the

top &ndfmhw#watef with cells at the potton. The upper layer was

. collected and stored for distillatioh for the recovery of dewaxed
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*oil.
The bottom phése was further treated 4 times in similar way
' : ' : . 1
to get the 954 recovery nf'thq dewaxed oil. Finally the settled

N b 1 1

biomass in aqueéus/ac&tone phase was filtered and dried to get the
t

" protein rich SCP.
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