CHAPTER 1II

LITERATURE SURVEY



2.1. MICROB1AL GROWTH ON HYDROCARBONG
’ I the past three deacades, considerable research work
was dones on ubilization ofFf pearaffinic nydrocarbons as carbon

substrates for the growth of different microorganisms which led to

the development of processes for the production of single cell

proteins reviewed by Wilgyf 1954; Champagnat, 1963; ﬁ;ﬁerley,
196¢; Laine, 1974, 1975; Litchfield, 1979, Solomon, 1886, The
concept of growing microorganism in a fermenter véssel on water
insoluble hydrocarbons was qulte revolutionary in the early 607s
since assimilation of paraffinic hydrocarbons present in the
middle distillate petroleum fractions (250 - 35000} by the yeast

was found advantageous for the following reasons :

1) Production of high quality proteins (SCP) a suitable
supplement for conventlonal proteins e.g., Soyacake,
fishmeal etc in the cattlefeed.

2) Dewaxed oil baving  Dbetter flow properties.

Based on this concggff British Petroleum developed & process
(BP) for the pQQEEZEZEE'of SCP and bulk operation was carried out
at Lavera Refinery, France using gas oil fraction (300-380°%) as
feed stock containing 20% paraffin wax (Lalne, 1974,1975).
Although the process contributed +to producing dewaxed gas oil
which waé reused by the Reflnery, and enough attention had been
pald towards the acceptability of SCP produced from gas oil and
improvement of other process paremeters such as yleld coefficient

of blomass, nutritional requirement and oxygen transfer ete. Very

*P.,S. References cited in this chapter are listed in page No.178
onwards, o7



little work has been rveported on bthe recovery and final treatment
of dewaxed oll, 1its properties and possible end uses.

Another process was d&veloﬁed by BP using pure n-paraffing as
feed stock, seperated from gas oll by molecular sieves or Urea
adduction process. Large scale production (4000t/y) of GCF was
started at Gangemouth, Scotland by BP (Laine, 1974).

The flow diagram of both the OSCP production processes &8
developed by BP are shown in Flg.2.1 and 2.2.

Following the sucess of BP, several other oil companies e.g.,

ARIC, 5un oil, Gulf oil, Disnippon and Kanegafuchi, Esso-Nestle,

ELC. &ifo suicred 1inwwe  commertial appilcation  this  technology
(Solomon, 1986). However choice of feed stocks had been restricted
to elther n-paraffins o©OT gas oil and the comparative advantages
and disadvantage=s have been summarised by Litchfied, 1975. It was
shown that high productivity and leszs operating and utility costs
are involved 1in the BSCP production process from n-paraffins
compared to the gas oll based process which can be operated in non
asceptic condlitions.

However restricting the scope of SCP process linked with the
dewaxing of petroleum fractions, different aspects of mlcrobial
growth on hydrocarbon raction have been reviewed in the following

sections.

28



2.1.1 MICROORGANISHM :

A The ability to degrade and/or utilize hydrocarbon sSuabtrate
iz exhibited by a wide variety of bacterial sand fungsl genera.
Fuhs, 1861 reviewed the spectrum of microorganisms capsble o grow
on hydrocarbons. Reviews and Reports on hydrocarbon degradation by
bacteria and fungl have appeared several times. (Lodder, 1870;
Boass and DE Bruyn, 1873; Shennan and Levi, 1974; Davis, i975; Bos,
'1975; Rehm and Reiff, 1981; Floodgate, 1984). The specific
characterlistics of any pstroleum degrading mlero organism
pustuialed Ly Guitnick and Hosenberg, 1Y77,are as following :

1. Bificienl hydrocarbon uptake system containing recepter sites
for binding hydrocarbons and production ofbio-emulsifier that
assists in emulsification and transport of hydrocarbon inteo
cell,

2. Induction of the enayme system e.g., oxygenases to 1introduce
molecular oxyden into the hydrocarbon molecule and
subsequently enter common enerdy yielding catabolic pathways.

3. Posltive response of the organism to petroleum and 1its
congtituents . inducing the firast two systems. Varlous means

by which over 200 diferent speclies of euksryotic and
prokaryotic hydrocarbon utilising microorganism$ to ﬁf$¥?%?
the above characteristics have been ?fséribed (Mimur?/';ié?ﬁ?

Zobell and\PiOICQp, 1966; Walker andVColwell, 1976;/qRaymond,
fj\?

&
1976; Westlake/ “1974).

¢
[
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Procaryotic microorgaﬁism e.g., bacteria and actinomycetes
grow readily on n-alkanes and play a vital rvole in degradation of
naturally‘occﬁring and spilled hydrocarbons (Lahey and Colwell,
1990).A 1list of hydrocarbon utilising bacteria are given in
Table~-2.1.

The hydrocarbon assimilating bacterial species e.g., Artho
bacter, Brevibacterium, Corynebacterium, HNocardia have been widely
applied for biotransformation of hydrocarbons (Reymond , -1976).
Production of glutamate from alkanes by Corynebacteriun was
carried out by Yamads et_al., 1868. Production of bdlosurfactants
and lirids Ivom nydrovsarbons have been reported by Hehm and Relff,
1981; Ratledgs, 1968. However, some methane utilising bacteria
e.g,;*ﬁethylomcnas methyletrophs have been used for SCF production
using methane or metlhanol as, subtrate and ICI developed a
large-scale S5CP process using methanol as subtrate. The
enumeration of hydrocarbon degrading bacteria was developed by
Colwell et.al., 1973; Ward and Brock, 1976 a&nd the enrichment
culture media was discribed by Horowitz,Rosenberg and Gutnick,
1975. ; |

Eucaryotic microorganisms with the ability to utilise
hydrocarbons are to be found mainly among yeasts and molds which
are listed 1n Table-2.1.

Yeasts have been most extensively studied for the development
of 5CP processes and microbial dewaxing .They belongs to the
genera CTyptococcoadae,ggfgigggig_§§q££§ggmgge§ag;de, Lodderomyces
and Candida. The historical background of yeasts accounta for

thelr general acceptabillty for use as food in baking, brewing and
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A
winc making .Levi,{1874; reporited 40U 1o 55U members of the
genus-Candida whick “can a=similate hydrocarbons. However, among
most of the speclies, Candida lipolytica, {andida ;tropicalis,
Candida %guilliermondii, Candida Iintermedia are vell known

7 é:"}f}f L/"r/

(Perlman /1979).

H
Bos ' ~and de Bruyn, 1873 coaciuded that Saccharomyces,

Kluyveromyces and Hansenula are completely deviod of abllity to
aszimilate hydrocarbons.

Filanentous fungl contaln many specles capable of hydrocarbon
oxidation (Table Z.1). However, they have seldom been extenaively
Studisd in iho cvouloxi I 507 produvciicn OF dewaxing of  pelruicunm
fraction. Gansrizlly the growith rate and yield coeificient of fungl
is less compared to yeast and bacteria.

Ciadosporium resinae, known as Kerosene fungus was identifled
as cﬁntaminant of petroleum products (Dg¥is, 1975). Filamentous
fungi have also been used to proaaggﬁMaszerent types of
metabollites from alkanes media (Fukul and Tanaka, 1880) e.g.,
Streptomyces were found to produce different kinds of peptide
antipiotics fgom alkanes,

The following factors are most lmportant for selection of any
hydrocarbon degrading microorganism for the dewaxing of petroleum
fraction and 5CP production.

1. Non toxic to the cattle and human.

‘2., Hlgh growth rate and yleld coefficient based on

n-paraffin content of the petroleum feed stocks.

3. High optimum growth temperature and wlde pH range.

4. Ability to grow in slmple medlia without any growth factor.
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5, Easier sepdratlon procosy lnvoeived foy the  3eparation of

‘the atrain from culture broth.

m

Stable under continuous operaving conditions.
7. High proteln content with balsnced sminoscid patteren.
The above factors are favourable for selection of yeast az a
potential microorganism to study wmicrohial dewaxing of lube

fraction and SCP production.

2.1.2 PETROLEUM FRACTIOR AS SUBSTRATE FOR BIOMASS PRODUCTION

Hydrocarbons can be divided into three different kinds of
feed stocks nased for bhiomass producticn.

‘a) Gaseous hydrocarbona : 0tilisation of wmethane gas as
carbon subtrate for biomass production was reported by Hammer,
1967; Annon, 1976. Use of gas.ecgs hydroc#rban ags feed stock 1s
advantageous because of adopting easy separation process for the
recovery of blomass. However, the productivity of SCP by methane
oxidiing‘microorganism was limited by the rate of oxygen and
methane transfer from gaseous phase to microorganism (Hammer and
Topiwala, 1975).

‘Gibson, 1871 demostrated growth of bilomass on volatile
aromatic hydrocarbons which are toxic 1in 1liquid phase. It was
observed that presence of hydrocarbon in the enrichment medium
frequentlybrings about a selective enrichment in situ for
hydrocarbon ufilizing microorganism. It was also reported that the
supplementation of certain ecosyatems, particularly olil polluted
marine environment, with nitrogen and phosphorous may lncrease the

relaiive number of hydrocarbon oxidisers (Atlas and Bartha, 1973;
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Gutnick and Rosenberg, 1877; Reilafield, Rosenberg and Gutnick,
(18723 .

b} iLiguid Hydrocarbous : Mosi of the process deveiopment Work
on production of SCP was conducted on liquld hydrocarbons as feed
C

stocks: The n-paraffina of carbon range (C diatribnted 1in

12" %20
kerosene (1650-250°¢) and gas o1l (250-350°¢) represents potential
carbon source for SCP production (Levi, 19879). Consequently, 1f
the n-paraffins present in the oil fraction around 20-40%. which
is generally observed in gas oll and labe fraction obt&ineé from
different crudesz, microbial dewaxing becomes favourable.

.The lowear homalanmucn +F the n-slkuas
room'temperature (05 te 29} ‘Efﬁfif do mnot suppert microblal
growth. It was observed that these shorter chain n-zlkRmnes exert
inhibitory affect on the zropth ,of the microvrganism {(Johmson,
1964; Klug and Markevetz, 1871). The lag phase of +the yeast, C.
trqpicalis increased exponentially when lower fraction of kerosene
obtaiged from Bombay high crude used as the carbon substrate. The
C7wCQ alkanes act &3 delipldizing agent on the yeast cells
(Adhikari, 1980).

.c¢) Solid hydrocarbons : Although gas oll (250-380°%c) was used
as feed stock for SCP production (Lalne, 1974) and dewaxing by
veast strains, heavier petroleum fractions i.g; lube fraction as
feed stock for the purpose either for SCP production or dewaxing
remained unexplored perhaps due to their physical properties such
as pour pelint, denslity.,and viscosity.

Microblial degradation of pure solid hydrocarbons with water

solubilities less than 10 'M is not well documented. Shaw et.al.,

1970| reported that uptake from the golid phase via

33



TABLE 21 HYDROCARBON ASSIMILATING MICROORGANISMS

Classificatici - Genus

1. Procarvotes

Phototrophs Rhodospirilliam
Gram negative aerobilc Alcsligenes
Reds‘&nd Cocel Pzeudomonas
‘Gram negative facultative Aeromonas
Anaeroblc rods Chromobacteriim
KElebsiella
Gram vegatlive Cocod Acinetobacter
Anthrobacter

Crevibassuoive
Corynebacterium

" Actinomycets Actipnompoes
Streptomyces
Nbcérdia

2 Bukaryvotic

Ascomycetes (yeast) Debaryomyces
Endomyces
Lodderomyces
Pichia

Basidiomycetes(veast) Leucosporidium
Rhodosporidium

" Fungl Imperfectl (yeast) Candida
Rhodotorula
Torulopsis
ﬂricbasporonl

3.Filamentous fungl

Mucoralesn Cunninghamella
Mucor

Fungli Imperfecti Aspergillus
Fusarium

Cladosporium
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pseudo-solubilization would be harder to achieve. Dispersion of
heavier petroleum fractions in the aqueous medium becomes dificult
compared +o llaquid hydrocarbons there by restricting the
avallablility of surface to volume ratio (Davis and Gibbs, 1975).
n-AlkaneSup to 44- carbon atoms were slowly metabolised

by soil microorganisms as reported ny Haines ,1874.

i
e

Biodegradation of tar balls which is generated by large
agegregates of weathered and undegraded spiiled cll in sea, remalns
inaccessible to the microorganism because of their limited surface

area (Colwell & Walker, 19878}

2.1.3 MICRGBIAL SELECTIVITY FOR HYDROCARBON METABOLISM :

~ Zobell (1946) formulated four rules for the specificity of
utilisation of nydrocarbons by yeast. These rales were
refo;mulated by Shennan and Levl, 1874.

‘Rule 1. Aliphatic-compounds are more susceptible to microbial
assinilation than aromatic compounds. Lodder, 1970 reported that
aliphatic hydrocarbons are assimilated by most strains of yeast

except Saccharomycoes, Kluyveromyces and Hansunells,

Rule 2. Long chains are degraded preferentially to short
chains. Shennan and Levi, 1974 coﬂcluded that subtrate specificity
with regard to chain length iz probably a function of the specles
or strain of the organism tested. However, most sultable range of
carbon chaln of n-alkanes as carbon substrate for the growth of
the microorganisg was found to be CIO_CZG‘ n-Alkanes of chaln
length shorter than C9 Q;e not usually assimllated by yeast but
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may be oxidized by bacteris and fungi.
Rule 3. Unsaturated compounds are degraded more readlly
than saturated compounds but»the vield iz @uck lower then that

obtained with the corresponding satursted a-alkanes.

Rule 4. Branched chaln alkanes are not degraded more readlly
than unbranched molecules. This does not hold true for hydrocarbon
assimilating organisms in general, a branched chaln alkanes are
also attacked by microorgenism 1f +there 13 a stralght chaln

portion of the molecule of length more Lhan Cg Carbon atoms.

2.1.4 WECHANISHM OF HYDROCARBON-UPTAKE :
The asasimilation of hydrocarbons by mlcroorganlism when wsed
for blomass prouction has been ldentified as following :
. 1. Upteake of the cxogenous &alkanes by the cells and the
further transport to the slite where the salkanes undergo
the initial oxidation.

2. Oxidatlion of alankes to the corresponding fatty acilds.

PEIPUS

3. Incorperation of fatty aclds +to +the synthesls of the
Tricarboxilic acid (T C A) cycle intermediates via acetyl-
CoA or propenyl-CoA (Coenzymes).
4. Synthesls of biomass from the TCA cycle intermedlates.
Biological growth process on hydrocarbon involves four phases
(1)-gas (alr) phase, (1i)solid (cells) phase, (1i11) liquid
(agqueous medium) phase and (iv) the ligquid or solid hydrocarbons.
Transport of alkanes 1s generally mass transfer controlled

phenomenon invoiving physical interactions among the four
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different phases . Three different hypothesis on"uptake of liquid
hydrocarbons have been advocated ;y thi~ee groups qf researchers as
foliows H ’ .

% 1. The uptaké of dissolved’hydrocérbom in the aqueocus phase
is emphasised by Erasfieck and RieteQa s 192693 VYoshida ,

. 1971 . They observed the growth of C. lipolytica and € .

tropicalisz on C " hydrocarbons.

6 12

to ©
:2; Direct guntact of the cells with largg oil drops at the
oil /mater interface is - -emphasised by —Ericksan, Hu@phrey
g and Prokop , 1969: Wang and Ochoa, 19723 Katinger , 1973
Mimura, watanabe and Takeda, (9713 Horowitz, 1975 . They
studied the uptake of gas 611 fractions by thg organism
C.lipilvtica , C. intermedia and C.. petrbphilém .

3. Direct contact of the.ceils with the submicron (20*60pm)
0il dropletes generated from large oil drops -in presence
of at extra cellular emulsify:ng agent. This phenomenon
was smphasised by Aiba et al ,1969; Moo—vyoung, Shimizu an&
White Worth, 1971;l8oma et al, 1973 3 Chakarvarty et. al.,
1975 3 Redéy et al.,l1983; Einsele et al.,1973; based on

the growth of C.guillermondi, O - tropicalis, cC.

‘,") ) ; I
tipclytica andj%seudomanas spacies on liquid n.paraffin .

2.1.5._BIGEMULSIFIER AS MEDIATOR IN HYDROCARBON UPTAKE 1
Investigations by various resear chers supported the fact that
uptake of liquid hydrocarbons is primarily through

Pseudo-sclubilization i.e; formation of submicron size(0.1-0.35um)

dr?plets.This process of pseudosclublLization of hydrbcarbon,drops



is built up by the spontanccus excretion of emisifying factor
frow the organiswm (Suzukl et nl., 1966; Hiaqtsuk& et.al., 1871,
Zajire, 1977; BRoy et.al.. 1879: Rosenberg, 1979; Kappell and
T

Fiechter, 1880) It was established that lipopolysaccharides
izclated from the walls of hydrocavbon utllizlng microorganism

play an important role in the process of hydrocarbon uptake. Reddy

et.al., . 1983 iscolated +the emulsifying and solubllity factors
)

a2

produced by the FPseudomonas sp. durling growth on pristane(czqzihey
-

observed that emulgifying activity inecressed with the chailn length

of the alkanes. Very high emulaifying activity was obtained with

¥i Donacnl AanGg L Léns.

The surfactants may assist in solubilisation of  hydrocarbon

]

molecules and aid their pagsage through the cell membranes to the
final site of oxidatlon. Studies on the ultrastructure  of
hydrocarbon sassimllating veast cells  (Candida  troplcalls)
indiéated that thickened cell walls are traversed by channels
{(Meissel et.al., 1976). These channels may have an altered

chenmical nature by which it facilitating the transport.

2.1.6. OXIDATION OF ALKANS :

PRSI

Rehn sand Reiff, 1981 presented excellent summary of the

oxidation steps of the alkanes,Fukul and Tanaka, 1881 reviewed the -
diversity in alkang utilization pathway in the yeast. The location
of different alkane oxidizing enzymes and thelr regulation in
alkane metabolism in microsomes; mitochondria and peroxisomes were

discussed.
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Tﬁe firgt asatep of =alkane axidation 1s catalysed by an
OXYEenese ensyme either involving eytachroﬁe P-450 or without 1t.
The straight chain alkanes sre more resdlly oxidized than branched
ones becausze only these mcelecules which can assume a8 more or less
planar conformation'have accensd Lo the active centre of the aikane
oxidising enzymes. Further the oxygensse and hydroxylase enzymes
~are dependent on HADPH {Ricotonamide Adenine Deoxyribose

Phosphate) reduced as observed in Cadida tropicalis.

The overall n-alksne melabolic pathway followed by the yeast

to produce biomass may be summarised as following:

dehydro genase dehydyogenase //zéﬁf;Zﬁ%n

Oxygenase
R-CH, . RCH,OH RCHO RCooH
NADP NADPH NAD N MNAD ‘[ %

Dy
NA’.DHL/ Ineovpatnk

y Cyele /
D(»kj CL’-Tﬁ.l’{ J'/ s
v P
Cellidan. &

Blomass
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‘There are two major pathways in metabolism of slkanes. One is
the terminal oxidation pathwey and olher iz the subtermiaal
pathway. One or both of the terminal methyl groups are oxidized to
corrésponding fatty aclds in the terminal oxidation pathway (Klug
and Markovetz, 1971; Einsele and Fiechter. 1971 and Rehm and
Reliff, 1981). .

In subterminal oxidation, w-methyl group of the alkane chain
oxidizd to correspondling fatty aclida sand alocohol.

Different pathways followed by the bacteris, yeast and fungi
were summerised by Rehm and Relff, 1981.

i}. Bacteria, mainly Fsendomonas sp.. Acenetobacter sp.,
acromobacter sp. follow monoterminal pathway where as
Bacillus sp. follow subtermlinal pathway.

ii). Yeast, malnly Candida sp. follow predominantly

monoterminal and diterminal pathways.
1ii) Molds, e.g., 4dspergilllus, FPenicillum, Fusarrium, sp.
follow monoterminal and subterminal pathways.
H&st of the yeasts have the capacity to oxldize alkanes faster
than melds because they follow the terminal pathway. The oxldase
enzymés, molecular oxygen and electrons supplied by NADPH or NADH
via a flavoproteln, known as Cytochrowm P-450 reductase results the
oxidation of alkanes (Kapell, 1986) as followilng:
RH + H' + NADPH + O_-—- —> ROH + NADP' + H.O (1)

2 2

+
9 T ~-> NADP + H202 (2)

31005 + ROH @~ e > ROH + RIOH (3)

B + NADPH + O
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Moat of the hydrocarbon degrading yveast gtrains, e.g., Chndidb

41

Ny
tropicalls, Candida lipolytice, Caﬂdiddfﬁﬁilliermondii are capabl
g

i,

) .

A e
to induce the monocoxvgensse arzowms ghonllyvdrocarbons are used 4

it}

aole carbon substrate.

2.2 SCP PROCESS AND DEWAXING :

iDuring the early 19607 s, British Petroleum  Company
introduced the concept of using micrcorganlsms,particularly yeasts
for production of proteinous blomsss known as Single Cell Proteins
(SCP) from hydrocarbons (Fig.2.1 & 2.2). Gas oil (250-380%) and
puriflied n-alkanes (Cl4~018) from the gas oll were used as feed
stagké for the processes with the objective to utilise n-paraffins
for S5CP production and dewsxed the petroleum fraction (Leine and
duChaftaunt, 1975). !
=

The process was scaled upto pilot scale producing 4000 mt/year
of SCP in an air-1ift fermentor. Whlle the gas o1l process was
conducted in non sterlile condition, aseptic condltions were
maintained in n-paraffinic process. The British Petrolium process
led to the development of similar yeast based SCP processes
utilising hydrocarbon subtrate by Petroleum  snd Chemlical
indusiries throughout the world.

Host of the processes were developed on n-paraffins as feed
stocks becaunse the 5HCP remalned <free from any carcinogenic
chemicals and the easy down stream operation for the recovery of
S5CP.Einsele and Fiechter, 1971, reported that the n-paraffins
containing 010 to 012 carbon atoms are most sultable carbon source

for yveasts. The major production facilitles established for the
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production of 8CP from hei=-ozrhons
are glven in Table 2.2.
TAB&E- 2.2.: SUMMARY OF PRODUCTIOR CAPACITY OF SCP TFTROM

HYDROCARBONS

Company Location "~ Size Substrate Organlsm

tonnes/ year

£

British Petroleum 7éngemouth,U.Ka 4000 Paraffin Yeast
{5}

/ avera, France 1600 Gas oill Yeast

Sardinia, Italy 100000 Paraffin Yeast

(Hot operated}

LiguiChemica Reggio Calabris 100600 Paraffin Yeast
Hoechst/Uhde ) Frankfurt, Pilot Paraffin Yeanst
Germany scale

‘Apart from these major activities, other processes developed
by different organisations in lab. or plilcot scale are IFP France,

GDR & USSR using gas oil as feed stock and yeast culture for

biomass production.

Indian Institute of Petroleum, Dehradun also  developed
processes for production of SCP using gas oil (250~350°c) and pure
n-paraffins (Cl4~018) as feed stocks. SCP was produced i1in pilot
scale (40-50 kg/day) in a 1 m3 alrlift fermentor set up at Gujarat

Refinery premises, Baroda (Sista, 1888).
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The yeast strain O-trepicalis was found capable of bringing
down the pour point of gas oll fraction (b.p. 359“380)fr0m 15% to
9% during continuouS‘Culture Studies (Saini et.al.}.The O5CP has
beeni aceepted as  protein substitute\\?ETEMﬂ;;;ea better 'than

groundnut cake) in catile feed.

Z.Z.L PROCESS PARAMETERS
The optimum process parameters observed for the growth of

veast on hydrocarbon have been summarised by Litcehfield, 1977; and

Eineassle and Blanch ,18973 (Table 2.3.).

13 ?xtent of dewaxing has been reported in terms of pour point
of déwaxed oil or the pour point depression (it =t°c initial - t’c
final). In some cases dewaxing has also been quantified in terms
of n-paraffin content of the oill(Co) and dewaxed oll (C,).Degree
of alkane consumption or dewaxing as defined by Katrush,( 1981) is

following :

Though theoretically the microbial dewaxing 1is growth
assoclated yet the growth curve of the mlcroorganism and the
proportional change in pourpoint of the oil haa not been reported.
Similarly biomass concentration has not been found proporticnal to
the degree of dewaxing during continuous fermentation studies
carried out at different dilution rates.( Dostalek and Munk,

1969).
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TABLE .Z2.3. GROWTH PARAMETERS OF YEASTS ON HYDROCARBONS

H

Organism Hode of Temp. p Sp. growth Yield Productivity
& N
Substrate operation ¢ rate y—l g/g g/l/h

1.C0-tropicalis Continuous 30 3.0 0.15-0.24(D) 1.0 1.7-3.0
in n-alkanes  50,000L
2. 0-tropicals al)Bateh 36 4.5 0.29 1.9 e

{n-hexadecane)} 14L

lvvm
b)Continuous 30 4.5 0.10 (D) 1.0 0.95
. 14L
o . 1vvm l _
3.C-1poliplytica Batch 25 5.5 ¢0.22 0.90 -——-
(n-alkanes 14L 1.5vvm ,
C147C4g? Continuous 32 5.5 0.16 (D) 0.88 3.78
| 1800L
‘ 1.5vvnm
4. Candida Bateh 1L 25 5.5 0.14-0.23 0.75 ————
intermedia ; 1525 rpm




e %
o
4 3

It was observed thet phase inversior occured (o/w to w/c)
when the oll concentration in the fermentor exceeds 30% (Laine and
Chaffént, 1875). The cpibioes rango of zas oil concenbration in the
ferméntor for dewaxing was observed to he 5-10% by Chepigo et.al.,
1969.‘H1gh¢r 0ll concentratlion limits the oxygen availlibility of
the microorganism 1in w/¢ consequently decreases the specifie
growt? rate of the microorganism. Studies conducted by Dostalek
et.al., (1969) on gas oil conoentiation observed tha@ sp. growth

rate of the organism (0.24”1) was unaffected up tol5% of the oil

concentration in the fermentor beyond whlich the sp. growth rate of
1

the veast strain decreaseed to 0.12 h

i

3) - At lower dilution rate dewaxing was observed better where as

. at dilution nearer to “@ax of the yeast strain, C-lipolytica poor

/
dewaxing results were observed. Pour point of gas oll decreased

from -12°C to -48°C at dilution rate of  0.07 to 0.1 h %
(Chepiéo, 1969). However, Dostalek et. al.( 1969) reported the

1

dilution - rate of 0.11-0.33 h ™~ for maximum dewaxing of the gas

-

oil using yeast strain C.lipolytica having maximum sp. growth rate
o.n 1, '

4) Pour point depression of 30~5009 and n—alkane cosumption of
50-95% was reported when gas oil (240-360%c) was ﬁsed as feed
stock (Katrarh,1981). Pour poiﬁt depression from -3 to -44%c was
.claimed in a German patent (Kliypenstapél et,, al., 1978)

A Czech patent (Pilet, 1878) claimed pour point depression

from +10 to -40°%c.
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. I¥} Recovéry of dewaxed oil : - ~

Recovery of the dewaxed oil 1is the important and cost
intenslve operamiﬁn in the 6verall dewaxing process. Usually the
fermén%ationvbroth after harvesting is allowed to stand and water
phase 1is decanted. The emulsified ﬁnss ié decanted  and
5ubs&qﬁently centrifuged to recover 5116 - British  Petroleum
obtained a-p&tent on the use of water 30luble surfactants ZLor
recovefy of dewaxed oil and recommended hydrogenation of oil
recove}ed,(haine, 1970). Two extraction stages were recommended
in which Ffirstly an az&étécpe mixture wazs formed with alcohbl and’
hydrocarbor and then distillation in ihe second (Lalne, 1971). Use
of binary wpixture of surface active agents. like polyphenyl
ethylene, fatty aclda 012 Cyg+ bydroxy othylated sulfated fatty
aleohol, alkyl mono sulfonates and amine salts were reported.
Kockert et.al.,(1876) recommended the separation of the oil by
using & surfactant followed by heating st 350°%¢ for 8 hrs. and
subqﬁquent distillatlon, ‘

Ghash aﬂdwﬁistﬁfﬁl9bgv[used a mixture of acetone and petroleun
gther (1:3) for e{ﬁiactiug dewaxed gas oll from the emulsified
fermented-brwtb.The lighter dewaxed frachtion 55 obtained was
recﬁmgnded for hydrofinishing 0§ér Co-Mo aaﬁaiyat. Decrease of
surfaée tensior. and 1ntﬁffaci&} tension of water-yeasst cells-gas

oll 3?stem were; measured by Srinlvasan et .atl., 1870,
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2.2.2. STATE OF THE ART\:

A pllot plant was sei»up for dewaring diesel fuel by yeast
strain Loddermyces elenigisporous in a fermentor having capaclity
to charge 10 ton of feed (ﬁeinriﬂé et:al., 1985).

' Dewaxing ‘of Cy,-C,s range n-paraffins present in 1light
diesei 0il uslng Chtrapiealjs wés’ patented by the Indian
Institute of Petroleum (Sista‘ et.al., 1979).

' A German group obtained some patents on the dewaxing of
dis‘tillﬁtes producing sﬁeeiallity products e.g., Tragsformer 011
{pour éoint -30%). by decreasing the n}éarafiinic content of the
gag oll from 12.5 to 3.5% using C-troplecalis }(Gadzhieva, et.al.,
1976, |

: Anoéher patent claimed to produce low pour point transformer
oil or electric insutating olil by microbialh dewaxing the oil
distillate followed by hydrogeneratica, sulphuric acld treatment,
n&gtr&iizétion and addition of alkylnaphtheleﬁe as ponr point
éepressent (Hieke et.al., 1879). Production of high octane HNumber
fuel (82-8&3} was reported 5§ Hieke et.al., 1979 and Kockret
et.al., 1982) by hyvdrocracking the diesel fuel (234—37800) which
was deparaffinise@ by yeast strains. Few attempts were, however,
made to devélop& microbial déwaxing tecimlique for lubg fraction
boiling in the rangeé of 350-500°c. Fhillips Petroleum obtained a
pateat on meroblal dewaxing of solld hydrocarben by dissolution
in arcmahic or cyelic saturated 'hydrecqrban (Negnér, 1967).
Houever the dewaxed oil préduo@d by sny of thé above prcéessed did

not meet che specifications of lubricating oll. Hence there 1is
ample scope for the development of tue mlcroblal dewaxing
,of lube oil fractions. '
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2.2.3. ABRATION ASPECTS OF HYDROCAEBOH FERMENTATION :

The growth of micraorganisms on alkane 13 an aerobic process.
‘The¢ oxygen required for the oxidatian of alkanes by  the
microorganism must be prévided through air. O;ygen requifement by
th% cells wus observed 2.5 times gré&t&r’than that fequired for
caébohydrate metabolism. It was observed that the rate of
5ynthe315 of cell camﬁoneﬁts was controlled by +the overall
capacity of the respiratory pathways (Einsele et.al., 1972).

The overall biochemical ‘reaction for the growth of
microorgaailsm on both the subtrates .can  be written by. the
'qtoichiametric equations on 1 kg. mole basis a3 follows : \

For hydrocarbons

: ‘ ' YD
© 20 CHy + 2n 0, + 0.19n NH, -—- >

n{CH 4] R L+ 0.8n CO

0.19f 9 F 1.3n HéO + n 48000 KJ --(1)

1.7 0.5
‘ For Glucose :

» 1:8n CHy, O + 0.8n 0, + 0.19n NB4 --------- >

n{CHl 7 0.5 Ny 19t *+ 0.8n CO, + 1. 3n H,0 + 1n.19000 KJ --(2)

High oxygen transfer rate in the range of 150 to 400 m.moles
Ggl-;h~1 were reported by Einsele et.al., 1972, The critical
concentration of dissolved oxygen in the hydrocarbon aqueous

gvatem is wsbout 1.7 to l.é ppn. Therefore a limitation in éeration

or oxygen supply reduces the sp. growth ratg and ﬁrodhctivity of

n-~alkane grown nicroorganism.

There are two possible ways to increase oxygen solubllity in

the broth,
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(a) By anreasing its partlal pxessure thsru gﬁff;talning ?a

. T ;” :y-g
i

poaltive ailr pressure inside the bioreiétor’%r byﬁ, siﬁg
gas mixture with increased oxygen conteﬁfk;; " :éf
(b) Through the application of a continuous oii“?hggfiisya;em
since oxygen 1s more soluble (65.8 mg/L) 1in hydrocarbon
tharn water'(7.8 mg/L) at 30Qc. The: interfacial conditiona
between air and_ water are disturbed in presence of
varaffins by 6hange3 in " surface tension (Calderbank,
1967). -

"AdditiOﬁ of paraffin to aquéous sulphite solutions enhances

the oxygen tranafer rats (Mimura @t.afl,lS?a)‘ _
I Altﬁaugn oxygen  transfer rete determined by sulphite
oxidation method does not represent true values 1nh a biological
gyaten, it gives close value(‘fer a hydrocarbon fermentation
system. Einsele et.al., lgé}:Kééégeated that any bioreactor which
attained sulphite oxidatl&ﬁ value upto 1200 m‘ mole 02/1.h.. it
could be shown that oxygen is not lisiting factor in & hydrocarbon
fermentation'systeﬁ‘ Productivity and optimum dilution rate for
coﬁtinuous culture of yeast on hexadecane 1s # fuanction of

,‘\\
&gxation and aeration in the fermentor as observed by Einseley et

al ,1973). —

The }nfluencenof chain length of n-alkane on yield of biomass
was observed by Giacobbe, 1973, which indicated that 014"026
chéln—lemgth of paraffins provided maximum yleld of SCP. It is
also evidenl from the TableZ.3. that most of +he industrial SCP
processes wers developed using either n-paraffin of gas oil in the

ca;bon range of Cl4~020h
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-Z.Zjé, HEAT REMOVAL IN scé PROCESS -

' One of the ﬁajorxproblemsfassdciated with SCP processes were
the removal of large amounts of “heat generated during the
metébélism of hydrocarbon as. shown inA following eguation. One
zmethod estimating quantity of heat evolved dqfing ‘metabolism is
baséd on measuring the heats of comwbustion of h}dgocarbons aﬁd of
blomass. Assuming hyd;oéarﬁoﬁs ‘as feed _stock and yeast as a

product Kanazawa ( 1975) h&ﬁe esﬁablished‘ the followling

correlation by Heat Balance :

H _.. — C’ __,__..._.,.;...,_.-,..-. (4)

w
\
4]

Where, H heat evoléed by metabolism (KJ/Kg) of yeast,
'Ca heat of combﬁsticn of hydrocarbons (KJ/Kg)
Cx heat of combustion of dried yeast (KJ/Kg)
T Yxfsdry weight yield of»yéast from hyd¥ocarbon
' (Ka/Kg) . '
:AThe cooliag requirement in the fermenﬁor‘~can be calculated
based fbn the ab&ve equation. In order’ to achieve coﬁstant
t&méerature In the biloreactor, heat from the followlng sources has

to be transferred

i} heat pféduced by the exergoaic biochemical process.
: 11} heat produced by the agitator for mixing aﬁdzaeration.
Generalyyveast based commercial SéPiprocess is carried out in
the‘rangé of 26-34°c. An increase of process temperature = has

sevaeral advantages such as :

b2



- decrease cost for cooling equipment.

- reduced energy cost for éoaliﬁg,

esgler handling in regions of warmer climate.»

- fewer pr?blems~with yeast con?&min&ntsl |

Estiméted heat "evolution fér the BP. Pocess on n-alkane or
gas 0il is approx. 4.6 x 10° kJ/br. for a 10° t /Year plant
(Litchfield, 1977). Therafore, use of cooling water at 29 to30 UC
istnot feasible for complete heat ‘reméval “Erom. fhe fermentor
operating at 30-32%. Additional refrigeration is required in SCP
précess.

Two £ypes of heat exchangers ars used in SCP production.

a) ~External circulation of bréth in a ﬁigh capacity heat
exchanger against caaliﬁg'waterE

b) Intercooling by clrcoculating water through cooling pipes
inside the fermentor. |

Fussmani( 19873) calcenlated refrigeration . horsepower
—reéu;feﬁent for plants operating at 34%. In India, 1t 1is 'about
17240 hp cowpared to 9100hp in Finland based on the assumption
that cooling water temperature. available at 35°%¢ and . 14%
respec%ivaly. However, average ccoiing waierrt&mperature in Indla
varies from 20-30°c in different geographic regions. Considerable
econowy in steam and cooling water requirements would become -
possible if,thg organism grows at higher temperature e.g.,
36-40%. The yeast strain C.tropicalis developed by Indian
Institute of Petroleum showed higher:growth temperature (36%) on

n-parafins (Cy4-Cig) (Slsta, 1983).
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2.2.5. NUTRITIORAL YALUE OF SCP :

Yeast cells, like other mlcroorganisms are composed of
proteins, lipids, carbohydrates vitaming . The proximate alysis of
seiected micraorganism of _ interset in sCcp praoduction are
summerised in Table 2.4. Proteln and 1lipid content of the
mlercorganism, reflect the composition of the medium and growth
condition. Yeast, mold and higher fungl have higher cellular 1ipid

contents and lower nitrogen and protein content than bacterla.

i
-
fet}

~However, the liplid content of the cells Increased when the
cells were grown in nltrogen deficlent medium,

TABLE 2.4, PROXIMATE COMPOSITION DF SACTERA AND YEAST USED FOR

SCE PRODUCTION A
Compoéition | ' Bacteria / AYeast‘
(Acenetobacter (Candida
Cerificns) tipolytica)
. Carbon substrate n-Hexadecane Gas oll
Nitrogen, g/100 g dry cell o 11 , 9.6
J Protein, g/100 g dry cell - 70 60
Lipid, /100 g di»y celll0l ‘ - 8
Carbohydrate, gfldﬂ;g dry cell - 24 22
Ashg/100 g dry cell 4 5 a8 )

a : bBhacklady, 1973
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Hence the nitrogen content (C/N) of media should always
remaln at a critical level to achieve é naximan yield of as well
as higher protein composition of the cells.

' Bacteria accumulates higher concentration of nutritionally
undasirable nueclie acid, (20%) compared to yeast (8-12%) due to
higher grpntﬁxggzgmgfmgacteria. While +these nucleic aclds are
digested by animals, foods containing much in excess of 1% cannot
be safely digested by humans.Hence, thelr removal is mandatory for
human consumption. Protein Advisory Group (PAG) has fixed the
guideline for safe limit i.e., 2 mg of nucleic acid per day per
person. Cell wall of yeast is also nct digestable by humen.

The amino acid composition of the yeast protein together with

the FAQ standsrd proteiln for human consumption 13 presented in

Table.2.5.

The amino acid pattern in the SCP from hydrocarbon indlcates
high lyaine content (7.4) whiéh is comparatively low 1n cereals
consumed in bulk by human and animals. But the sulfur containing
aminoe acids are low in yeast proteln as’' compared o cereals

supplementation of 5CP in approprlate proportlon can constitute a

balanced protein diet.
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. TABLE 25 AMINO ACID PROFILE OF VYEAST AND OTHER' SELECTED

FOODSTUFFS ©

UNIT: oM ApiNO Acio/ 8 NITROGEN

Amino Acld Feed veast Fish Extracted Egg FAQ
Toprina meal Soyabean FProtein Standard

(BP Process)

Leucine 7.4 7.3 1.7 8.9 4.8
Isgleuine 5.1 4.6 5.4 6.7 4.2
VYaline 5.9 .2 5.0 ' 7.3 4.2
Threonlne 4.9 4.2 4.0 5.1 2.8
Methionine 1.8 2.8 1.4 5.1 2.8
" Cystien 1.1 1.0 1.4 2.4 . 2.0
Lysine T.4 7.0 6.5 6.5 4.2
Arginine 5.1 5.0 7.7
Phenylalanine 4.3 4.0 5.1 5.8 2.8
Trypotophan 1.4 1.2 1.5 1.6 1.4
- Histidine 2.1 2.3 2.4 - T -
© Tyrosine 3.6 2.9 2.7 4.2 ‘ 2.8
- Total Salfur 2.9 3.6 2.8 7.5 4.8

. Contalning Acids

]

8 : Levl et.al ; 1879.

The direct uae of SCP for human food canonly occur 1in the
J—

long term for the reasons that 1ts safety aspectz have to be

conclusively demonstrated and methods have to be evolved for the

efféctivg and economlc lsolation and conversion of 8SCP to forms

readily acceptable to human .
.
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The nutritional value of 5CF produced on hydrocarbons was
evaluated in animal species ranging from rodents to doﬁestic
livestock, including broller chickens, laying hens, swines and
cajives. Typlecal biological values (BV) fo; Candida lipolytica
gtrain grown on gas 01l or n-alkanes are 54 and 61 respectlively.
These valueﬂsmay be compared with 47 and 90 respectively, Zfor
Soyabean Protelin and Dried Whole egg. Supplementation of 0.3% DL
methlonine with the SCP ralses the biological value équivalent to
soyabean and whole dried egg (Levi, 1979).

Performance of SCP products in cattle feed are evaluated by
thelr nutritional values e.g., metabolizable energy, protein
diéestibjlity and feed conversion ratio are usual‘ parameters and
these were tested on broller chickens, swines and calves.

Significant difference between experimental and control diets
at‘th& 10% level of SCP in diet of 1 Dbroiler chicken was not
aefvad (Gow et.al., 1975). When yeast SCP grown on hydrocarbons
wa$ used as a milk replacer for calves and steer at the
approximate level of 7.5% in the rattonm 1t malntained the calves
nourishment (Shacklady, 1874). In the United State%, the food and
drug %dministration regulation allows the use of the dried yeasts
in foods provided that the folic acid content of the yeast does
noet exceed 0,04 mg/gm. Young and Scrimshaw, 1975 pointed out that
yeasts and algal have loﬁ protein digestibiity value that can be
improved considerably 1f +these SCP products are processed
suitably. However nucleic acld content is a limiting factor in the

extent to which SCP products can be used in human foods.
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2,216. TOX1COLOGICAL AND SAFETY ASPECTS OF SCP

Hydrocarbon based SCPF was Introduced with ‘the 1n§ention of
uaigg it as part of animal feed rations. Because of its new and
unusual starting material,” n-alkenes or gas oil of petroleum
ofggiggi 1ts manufacturers realised . that they wouid' hgve to
undertake extensive studies on animala to prove thé "putritional
Qalue of the product and the absence of toxicdloéical symptoms and
thelaafety of manufacture. :

ICI reported to have used approxiately 500 tons of SCP in
feqding 20,000 animals of different species» at a cost _of
approximate $ 6 million (Anon, 1880). Similar programs have  been
car#ied out by BF, Kanegafuchi and Dainippon of theilr products..
ITF also c¢rried out nutritional und toxiéological tests in
different laboratories and agricultural universities (Nath ét.al,
19749; Vij&an et.al., 1978).

In order to provide information and  suggest: positive
guidelines for test procedureé; the Protein: Advisory Gro@p of
United Natlons has issued over the course oﬁz‘time, .a }Serigs of
atetements and guidellnes (PAG Guldelines, 1874).  In addition, the
International nion of Pure and Applisd Chemists (IUPAC) proposed
§ guldelines for testi&g SCP for animal feed, which were 'laﬁer-

amplified (IUPAC Guidelines, 1978).
The safety of SCP has to be basically denmonstrated on the
following aspects :

- It is not carclnogenic

- Iﬁ does not affect reproduction rate

»
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- The absence of tératogenie effect or déformation
producing effect. . on off-spring |
. ,The absence of mutagenic effect, l.e., the férti;ity
is not impaired ‘
Nutritional and ﬁoxicplogical Lleasting invoives short—-ternm
stﬁdie& for accute toxlicity leading to long' term l1life-span and
multigeneration studies, teratologenis and mutagenic studies, and
sensitization and immunoresponse studies. Some ~of the arémaﬁic
hydrocarbons present in petroleum fractions are known for thelr
carcinogeniclty and any food materisal prepared out of petroleum
fractions may be connected with cancer in some way orl other.
Hence large acale field trial experiments were coﬁ¢ucted’ on
SCP. 1,500 tons per annum of Toprina were tested by BP for 7 years -
after it was observed extensive range df\ toxiéolpgicdl and
nutritional tests that SCP from hydrocarbon 'ls not harﬁful to
animals. Similar extensive testing has been carried out on the
Pruteen product of JCI (Waterworth, 18981).

Yeasts grown on mineral oil and pure ﬁe&lkanes have been
fouﬁd to contain ample amount of polycyclic arosmatic compounds.
Compar;d to baker s yeast these contain 10 fold mbre of ' these
compounds. Careful control of the feed stock purity or the post
fermentation solvent extraction procedure especially in the case
of gas 01l or heavier petroleum fractions ias essential to ensufe
absence of polycyclic aromatic compounds 1im the single cell
biomass. [UPAC has published recommendation for the polycyclic
aromatic hydrocarbon standards of SCP (1UPAC Guidelinesé 1878) as

shoén in Table.2.6.



TABLE 2.6. RECOMMENDED STANDARDS FOR SCP FROM HYDROCARBONS

i1

| 3

1 -
v "

;Bgnzanrene : - * R 4 5-ﬁdb !
: ;Acetyl acetone reagent } ‘ < 20 ppm e
;Total<hydracarbnns ‘ , . j < 9.5 4 ’
. Total aromatic hydrocarbons . < 0.5 %

»

i

o

2.2.7.  SCP AS ANIMAL FEED 1 |

‘ The majority of animal feed consists of cereals s protein’
ingradients , minerals and vitamines which  are available as
i I i
‘ — 'I: .
agriculture byproduc§$ . The protein component of animal feeds are
. . ' Y ) ' i H x
‘being supplied as solvent extracted soya bean meals or extracted
groundnut cake in the country . These agriculture based vegitable
3 i
P . : .
proteins are dependent on' climatic  conditions as well as
4 - ! .
availability of other input e.g; land .water , fertiliser, etc .
’ Alternatively SCP containing’ﬁigher quantity of prateiné

1

alnné Qith other components e.g; carbohydrates , fats, Qitamines,
and minefgls would' be éood substitute of thaose vegitable
prnggihs. With the increase in paopulation pf cattles, the
production of cattlefeed has gone up from 150 mt/y to 1400 mt/y in

the last two decades {Fig. 2.2.3). Hence there is a potential of

supply of SCF as protein ingradient —in~ the cattlefeed industry -
. , ' " .

because of its higher pruégg;;Qy and tHe production process is

independent of any climatic conditions as' compared in vegitable

[

i i

proteins .
P :

&0
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