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(1)

TENTATIVE YEAR-WISE PLAN OF LORK

- FIRST YEAR
{ﬁMICROURGAlemsg o : g SUBSTRATES g
- e . T

' 1

i !
Screening =nd selection of microbes Industrial wastes such 2s carbo-
possessing higher growth rates and hydrates (molasses), petroleum
nbility to utilize the concerned fractions, sulphite weste liquor,
substrate ropidly, corn steep liquor

. .

T SHAKE FLASK }
§ EXPERIMENTS T

SECOND  YEAR

Optimizotion of culture conditions such as nitrogen and
substrate (Quality and gquentity) temperature, pH, oxygen
supply etc,

§ SEMI PILOT SCALE &
] EXPERIMENTS ¥

Cultivetion of microorgenisms batch as well as continuous
in 50 to 100 1litre formentors. Quality of th2 biomass as
regards emino acid, vitamin, protein, fat, etc. to be
determined,

Evaluation of the Product,

THIRD YEAR

g PILOT SCALE STUDIEQ}

., 9imilar type of expprfments 2s sbove would be carried
“ out in 2000 to 5000 litre fermentors,
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Selection of a sui

‘C11)

SUHARY

bls microbisl culture and choice of

subgtrete gnd their characterizastion are the two main pre-

roquisitic. of an rconomiczl process

Yeasts capabla of

assimilatino indusirial wast?s as the

sal” source af corban were isolated from a wide verioty of

notural sources during

investination on yeast producticn by

enrichasn’ culture technigues end were purified by conventional

straak m2thod,

Newly isolatod ye:

.

gaied for

0
et

e

g8 koros:one olil and iz

ast streins along with stock culiures

thair affinity towards industrizl wastes such

szl oil of potroleum fractions, sulfite

yeste lisuors, hyrdrol or maize 'our! and molassecs s @ole source

of carbon. During cult
4.

subssrates, growth p

canczntration both guan

ivation of yaasts on the above montionsd

arame ters such as subsirate and N,
=

titative as uw=ll ags guelitstive, were

studiad. Their influence on tha biomass formaticnn, % yizld

sngd quality of biomoss

s has baesn given

has bzen reported,

Apert from substrats and N, conctntration specisl

to the availzbilitv of oxygen end its

influence on yinld of biomass.

Taxonomicsl atudis

o e !
isolstes included one s

os revealed that these new sixioen

train of Saocchsronvoes corovisiae, five
L ’




of ichia membranso

LTS

fscians, twe of Condida tropicalis, four of

C. nuillicrmondii,

1.

ons of fhodotorula

tuc of C. rucosa, ons of C. psrapsilosis and
D —— L

Thase industr

usad 5 zols source

inl westes were analysed chemically and then

of carhon.

ATter the charactorizstion of cultures and subsirate come

of Single Cell PFrotein (GCP). Growth parameters

composition, carbon
ond suprly of oxyg:s
The growth of
than that of Kerosao
wes chsorved in ces
with fH,C1 and fH

4 h
n

3
=
e
-
=]
o ;

|...|.

trogen

vaino diessl oil as

is the fermentotion stage in the production
such as madium

and nitrunen conczntirations, pH, temperature

n hove been studied in shak  flask experiments,

Concida parapsilosis

(H'DS) was much faster

ne oil., HMeoximum cell concontrstion of 8.1 g/l

e of (NHh)ﬁSUh when compared to 7.2 and 6.4 o/l

ruapectiv;ly while studyineg influonece of

sources on th2 nrowth of Candida lipnlytics

the sole source of carhbon,

Effzect of oxvygen availsbilitvy on the growth of Candida

perapsilosis (HmDS)

usinng diesel oil as the sole scurce aof

carbon showsd a remerkeble increase in biomass svnthesis with

a corrzsponding increese in the availability of oxvgen to the

culitus

i LTI S
SUDBUTETE

@ broth and thus rosulted in betiter utiliz

ion of the

The biomass obisined in sulfite waste liquor (SUL)

formpntetion uwere 3.

L, 2,8 and 7.4 g/l respectivelv in case of
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culturoes Csndida rugosa (A), C. tropicalis (B ) and C. parapsilosis

(H~55> ven the inoculum size was 0.8 n/l, The increase in
inoculum size upto 6.k g/l, improved the biomass formation from
3.4 to 6.0 n/l, 2.8 to 1.2 g/1 and 2.4 to 11.8 g/l respectivaly,

Biogm-ss formed ranaod betwzen 41,3 to 42,5 % protein and

=

G.0 tn 7.0 7% lipid, Maximum biomass formation was ohsorved in
Medium IT when compared to fedium I while cultivsting Candide
bdodo b

rucnsa (A) in diffcerent concentrstion of Sl

Effect of different cancantrations of NHhCl on the orowuth
of 8. ruacsa (A) using maize 'gur'! as the sole source of carbon
showrd that maximum biomass formation was obtained (12,72 g/l)
when nitranen level was 4 /1.

Biomess was found ta contain 37.5 7 and 35 9% protein in

cas? of molasscs and dglucose cxpariments with Rhodotorula glutinis

e

when the lipids were 22 % end 4B.5 7% respectively,
Biomass formetion wss increascd from 5.8 to 16.3 o/l after

120 hrs whils cultiveting C. ruposa with 6 % molouses. The yinld

of biomegs was calculsted to be 50 °% on the basis of sugar

’

cnnsum:d ond protein content was 45.4 %,

garding scale up studies with lsborsicry scale fermentors,
the Tollowing experiments vere carricd out in & 1 and 60 1
workine volumse formentors.

Bateh cultivation of Uandida lipolytica wes carriszd out in

L 1 working volume fermentor using diess=l oil as carbon source.

/4

diosiness incressed from 1.14 to 9.85 g/l after 96 hrs,
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The hiomass formotion was obsnreved while cultivating

Condide runosas (A) and fhodotorula nlutinis ( ) with 6 % moize

‘rnur! in a 3.5 1 working volume and found to be 9.5 and 11.5 g/l
regpzetively after 120 hrs. Yield wes calculeted to be 46§ an

.

h2 besis of supar consumad,

et

-
|

Effzact of different concentrstions of moize 'gur' on tho

nrowsh of Candida runosa under constant seration (11/1/min) showed

thet with the increase in sugar concentration in the medium, yizld
of biomass is decr2esing.
Biumass increascd from 2.0 to 20.8 g/l after 96 hrs while

cultiveting C. rugnsa using molasses (b 7 sugar cantent) in a

60 1 workinn volumz Formentor.

separding quelity of biowmass obtained From hydrocarbon
and molasses experinmcnte was anolvsed for protein, lipid, RNA
antd some gssential amino secids. Tho snino ceid profils of thesc

vizasts nrotein indicotes that it could scrve as a good source of

feod ant feod protein,
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INTRODUCTION

Food is an important basic need to all people. Approximately
75 orams per person per dey requires = supply of 100,000,000 tons
per yeer of protein to satisfy the world's protein needs for food,
Additionzl protein is needed for cattle and poultry feeding. The
future food supply picture is uncertain, hbut shortage of protein
already exists. The population of the world is increasing at higher
rates (es éhnwn.belum) than the food production, As a conseguence,

the difference between protein production and prdtein required

increases.
World Fopulation and Rate of Increase
Vokea Uorld population Rate of increase
. (in billions) (Million/10 yrs.)

1850 1 -

1925 2 134

1960 3 285

1975 4,5 1000

~000 6.5 1000

In 1955, the Protein Advisory Group was creeted to help the
Uorld Heslth Organization (WHGU) to advise FAO and UNIC.LF on the safotiy
and suitability for human consumption of new protein foods., The
Grouns! attention was first directed to the development of protein-
rich fond mixtures bosed on drisd skim milk, sova flour or locslly
availabls spureces of vegetable protein, Lataf, interest developed

in %hz notentiel of microbially-produced protein as an animel fzed
! VAl
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supploment and, possibly, as a humsn dietary constituent. The
globsl shortege now anticipeted is not merely of proteins but rathcr
of food of all kinds,

lany socio-cconomists have investigeted this problem and have
proposed many poussible solutions., Among those, one which most
investigators have agreed upon is the development of completely new
spurces of high quality protein.

Thz increasing demand ofvfoad products owing to the population
growth in devsloping countries, has motivated scientists and enaincers
from so2versl countries to state that the industrisl production of
single cell protein (SCP), might be a practicel solution to this
problem (Bhattacharjee, 1970; L=zine, 1974; Humphrey; 1969). The
development of GCP production could be sugoested as an additional
and/or complementary route to food conversion by domestic animals,
hut not necessarily as the exclusive way of solving the problem of
food demand and consumption. This is in agreemont with what has been
establiched by the Protein Advisory Group of the United Nations, that
“the protein from micfnnrganisms of the best hope for a new source
of major protein, independent from agriculturc and climatic
conditions®., Howcvier, the protein derived from microorganisms is
not in itself enough to satisfy the total demand; it is only a
complement to praotein derived from enimal anc vepetabls sources,

ficrobisl proteins msy be expectad to play a significant pert
in offorts to make good the protein component of world food shortages,
initislly &s a chosp and rapidly manufactured protein feed for farm

livestoeck such es cattle and poultry. OCortainly, the microbial



conversion of human non-accaptsebls substratos such as molassos,
hydrocarbons ¢tc. for use in food and feods, is a very officient
and rapid process beceuse of its high metabolic rate as compered
to plants and highor organisms,

Gingle c2ll microorgenisms, yosst in perticulor, have been
known for a2 long time to be concontrated sources af high quality
protoin, fecqntly, S0P produced by yeast and boctoria on various
non=:dible carbohydrates and hydrocsrbons has attrectod attention
as on: maans of mecting the demend for new sources of proteim. Such
prot2ing ohtsinzd by microbiolonical methods with the aid of living
orgznismg, prodetormines the high biolocical maorits of the product
and its affinity to animal proteins,

For the production of single cell proteins for feed purposes
fron industriel wsstes ond by-products, proprr selection of microbial
culture is most important. Criteris for scloction can be that it
should be .

a) cepzhle of repid growth on low cost culture media,

h) vyicld biomsss with a high protoin contont,

c) produce protein which is palotshle and non-toxic,

Yeasts have an advantage over bacteria in the fact that thoy
are 2esy to horvest by centrifugetion or filterstion due to larger
cirll dismuter. Yeast, as OCP, is psycholooicslly more palstablc for
hunan consumption. Althouch thoir useful protein contonts of
bacturio ond yeasts sre similar, bacteris bave a hinher content of

nucliic scids which is undoesirebloc to onimnls in large amounts.
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Ffter the selection of a desired culture and substrste for the
production of 0P, tho most importont step is the fermentation stege
whore thi rew motericls, sugar or paraffins aro consumed by microbos
rnd converted into proteins, Protein production for cettle ond
dir. ot hum=n consumption involvis both biochemical ond technological
prablims. On the biocheémical side the substrates, corbahydretes and
hydrocarbons, arc taken up by the living systoms from the medium
and cataholic as well ss anabolic rosctions teke place under
suitable cnvironmental conditinns, the microbes synthesize SCF,  In
casz of corbohydrates, the biochemistry is will @stoblished and
pathwoys for thoir dogradation and utilization by cells cen b2 found
in tuxt books of biochemistry. lol=ssses, both cene end boet contain
500 of frrmonteoble suners uvhich arc consumed by the microorngsnisms
a8 corbon and onerny sources.  Ususl yicslds of biomass are found to
bi: 50° on the basis of suger consumed, Thoe composition of such

proteins is reported to ho:

Froximnte Aneolysis of Food Yeast (Hinlosses)
(n/100 q dryv weinht)

Frotein 50
Fat 6
Moisture 5
fish 7
Sodium 0.3

For th: production of yeast from cerbohydrate substrates,
malaosses end neize 'gur' scrve nat only os @ source of furmontablo

sunrrg but olso of minerels like W, Mg, P, Zn, Fe, Cu; vitamins like

biotin, pontothenic neid, pyridoxin, thiozmin and of emino nitrogen
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mainly =sprronin, aspertic acid, glutamic scid. Be:t molesses is
rich. v in total organic nitrogencus compounds then cane, but hnlf
is betcine which is not ossimilated by yeast. Cont mnlasses is

sub .tontinlly richor in Hq++, Ea++r ond in vitonins like bhiotin,
pyriduxin, pantothinic =cid ~nd thiomin. A deteiled composition of
boet ond conue molosses is gilven bolow. The composition ond
propertics of molassis show considerrble degres of veriotions
csccording to geogrsphic rogion of its origin, procossing factory,

sensan ond econditions of storage.

Molassos composition

0 Avirrone value
§ Beet molnsses § U=ne molossis

Invart sugor (%) 57 59

Mon=formenteble (%) 2al 3.5

Ash (%) Bl .
P?GS f.02 o
Ca O .5 .
An 1 BRS Ba/
H?U 3.7 o5

Vitonins (mo/g)

diotin 0.08 0.7
Thicmin 0.6 1.0
Pyridoxing i P 35
Nitroe:n (50 1.6 Db
Batainag 0.8 0
fminn nitrogen Oole @345

From: Feppler, H 3, IN: The Yeossts Vol.3, ed. A.H. Rose and
dats Hﬂ an,  Acndemic Fross, po449 (1970).

1



From mitcholic noint of vicw yeosts con be divided into two

=

grouns i..:. formentstive ond non-formentotive. Distillier's, browar's
one brkor's yoasts helong to the first category, ond food ond feod
viosts come under the sceond e~irgery.  The sclection of o yoost
stroin dupends on its physiolonic=l compotince for the intended
applicatinon. For oxomple, o distiller's yoenst is sclected on the
bosic of its hich cthenol tolersnce and its mnximum conviorsion
efficivncy of suger-cerbon to ethanol; boker's yeost is judged by
its koeping guality, strbility, CD? producing charnocteristics and
its osmophilic noture; food and foed yeasts on the other hend should
heve o stoble serobic metobnlism so thet moximum smount of sugor-
carbon cuuld be convertod to hiomoss and it should hove high protein
=nd vitomin contonts ond high spocific growth rate,

The vtilizetion of verious hydroccrbons by microorgonisms hes
reenived o orort dosl of attontion during the last decade. (Milluor
and Juhnson, 19663 ilimura, 1970; tioo-Youno, ot al., 1971; cins:l:,et.a

1875

./

o +rrreffinic fraoctions of potroloum are ottecked by microbiol

wwpiecinlly by yiagsts end bzcteris. Cnirgy thus reloased ns

O
-
-]
prs
o
"3
e
=
% |

e roevlt of cnzvmotic oxidotisn is cstored in the form of chomicsl
enorogy ond used when roquircd by the livine systom for its normol
functinng ond binsvnthetic purpos:s. The toerminel eorbon otom of
~n nenlk-one underoces cnzvmic oxidetion. Fotty ecids thus formod
bv th: coction of oxygeneses ond oxynen cnter the encrgy cyecle of tho

livinn systom i.e. TOA ecyecle after gning through @—nxidutiun snd ore

&}

o

utilized for biomess synthesis (Lendbetior ond Fostor, 19598;

Feturscn, 1967; Dovis, 1956)., Hydrocorbons are selected as the
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subhstsncus of primory choice of LGCP production bocruse aof their
oveilability in lerge volumes, low price ond high cell yields, Crude
0il or gns 0il frectinns with 20-307" of medium chzin lennth hupﬂrnffins
whin wsed ns substrate yicld -n additional -dventage in thot gas oil
is upnrodad throuoh microbicl dewexing.

The rlkeones ~roe orgenic compounds of the genersl formula

G ne Th nlkaonis which heve been studicd more extensively

nH2n +

are thase between C and 0?1 which are th= less desirchle part

10
of petroloum and hiph queolity fucls. They hove melting points oround
rocm temporeture snd they ore poorly scluble in water ond thoir
sclubility decrecses os their moleoculer weight increcscs (Humphroy,
1961 .

In potroleum bosed sinnlz cell protein procosses, hydrocorbon
survis s the primory ccorbon and energy source for cell growth. It
occurs 28 on insolublo dispersed phose in the cguecus growth m«dium.
Cell growith occurs muinly -t the interface between the oil ond wotor
nhoses, Uthor chemiccls necesssry for cell growth include nitrogen

’ L A

troce wminorsls.  dxynen must e2lso be supplied. This is sccomplished

in the form of chesp MHY selt, HY Mo*t. cC17, 50,77, PO,”"" ond
P & ’ g 10 ’ 3

by mcchoniesl mixmns, i.c., coration ond agitation, It is distri-
butzd tu the colls vir contoct with £11 three phoses, i.e. aqueous,
0il =nd gos phases.

Amonnst tho technalogicel prablems supply of oxygen ond heet
remsvel from the feormentertion medium especiclly under temporote
climmtic conditions aore the two major foctirs which ~ffoct the

economy of the product to o remorkoble oxtent (Derlingtron, 1964;



Guenther, 1965), Solution to these problems have been reported in
findinn stroins which give high yinlds of binmnss (with bettoer

guality of protein) ond are copoble of growing st o higher
temparoture (Humphrey, 196€).

Joth brtch ~nd continunus svstems of cultiveting orgenisms oro
buing spnlicd in the industry. OContinusus system hss sdvontage over
boteh svetem beceusz the productivity (g/7l/br.) is increcsed to
abiut 3 times resulting in the czconemizotion of the process.

Pnkiston produces lorge emounts of industrinl wnstes ond by-products

as given below:
INDUSTRIAL WASTES AVAILAZLE IN PARRISGTAN

Yosto type Quontity

Molosses 10,00,000 tons/year
Mrize 'gur! 40,000 tins/yenr(opproxe)

ol . & ey qmG tL_Z 3 o ! -
ﬂUthln“ cubiatad liguor) Substontial ~mount
Corn steop liquor )

Fuel uil : 3,50,000 tons/yenr
lax 50,000 tons/yeor
N=optha ‘ 80,000 tons/yen

Lxtract (mixture of ~lphotic =nd
rrom-tic compounds) 50,000 tons/yeor

Kerusene 600 berrols/doy
Sui gns 20.7 millomill Efts

Th.s2 by-priducts er2 not fending -ny veluohle use excopt
thot thev ore uscd s fucl or dumped into the suil, thus cousing
pollutione With the incrcose in populstion ond expeonding poultry
and livestock industry, thore is o groet demand for proteinocoous

substonces which ~t presont ore being met from expensive fish-mecl
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and bloud mecl., Utilizetion of the chove mentinned raw moteriszls for

the productinn of SCP not only provides o check on polluticn but

nlse booeting up onimnl ond poultry production in the country.
Meoping in vicw the demond for proteinnceous substances end

the ovnilebility of lerge emounts of row mnteriols in the cvunfry

we undortook the studies on the production of GCF,  floin attenticn

has been given to the cher-cterizetion of microbicl culturss and

substrotes, growth parometers, sconle up studies nnd the quelity of

tho biomess.
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REVIEW OF LITERATURE

gince mid sixties after the publication of book entitled
"Uorld Food Froblems" from Uhite House, iashington nove gloamy
pictura of supply and demand of proteins especially in th=
devazloping Cauntries like India, Pakis.on, Orazil etb. Cfforts

were cgncentrated on rxplaorine unconventional sources df proteins.

Jinole-cell protein (SCF, as it is often called) is the
prote2in containz2d in micro-orgenisms capable of independent
existence as sinnle cells - in perticular, yeasts, hact-rie,
funoi ond slgac. The cells of micro-organisms contain carbohydr: tes
lipids, ainzrel and vitamin in addition to proteins. These
micrs-orpanisms =specially veasts are capable of utilizing
roadily available ornanic materials as their csrbon and energy
suhsirste, to covert cheap inorganic nitrogen compounds into
nuseritionally vsluable cellular protoins to replace the more

exponsive plant and enimal proteins uscd in animal and human diets.

The amount of interest shown in the production of SCP
hy varipus Conpenics, tovernments and Urganizations of the world
can be =sssesscd froa thoe following teble (floo-Young, 1976).

*
A Survey of 5CF Production Units in Uorld

Crocnisas flo. of Flant
Yeast L7
Bactzoria and Molds 18

Adrnging from pilot to industricl ucale
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Substrate

Hyrirocarban

fiethanol

~thanol and Acetic Acid

Miscellaneous such as
whey, Co., plant and
Loffze wastes eotco.

1 -

W

s clear from the table, veasts are preferred aorganisms

as comnarzd to Dact ria and molds. Henarding substratos almost

2ll types of rew matorials of carbohydrotes and hydrocarbons

S

have beon ussd.

For the production of 56 for food and feed purroses from

industrial wastes and by-products, proper selection of micraobisl

culturz is thr most important step. Yeasts which have simple

arowth roguiremsnts snd necd only a mixture af inorpanic salts

and en orgenic source of carbon (substrz

oy

is zusontie

1

that

readily available

ecanonicsl.

substrete for

important step is the

sunNErs or

g2

a

a1

After

the

2Ffin

4

substratos if

yrasts

should bo ablu

tha seleoction of o dus

nreduction of

3]

proteing, During the formentetion stone

te) =re selectod. It

to utilize chesap

a procoess for S50F is to be

ired culturz and

sinnl: cell protein, the most
fermentation stepge where the raw materisls,

aro consumoed By microbes and converted into

of th: proeces, optimization

of cultural conditions i.0. the physico-chemicel parometzrs such

as aerntion and soitaeiion, sterilizeation of sir, foem control,

pH, tempersture

2TCe

conversion of substrote into protcins.

)

are nocessary in ordor to meximize tha
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major, T. utilis. vor. thermophils,

In microbial protein production, the dosired cell composition

is hioh protein, low corbohydrate, low nucleic zcid, -low lipid.

The product hag to compete cconomically with plant-dorived

proteins and should tharefore contain fovourable balences of

lysinz, methionine and tryptophan,'uhich plant protcins often

lack, Before microbial protein product can bo uwsed in animzl

faods or as & human dictary constitucnt, comprehensive testine

is nezoessary to ensurz that it is dovoid of toxicitv or othoer

harmful 2ffcctse

i) Microbial Cultures for SCP

Many veosts can utilize cheap, inornanic nitrogen
compounds such ss ammonium salts for their growth, topother with
chesp cerbon and cnergy substrates, producing a biomzss of
useful praotein content. Lhite (1954) montioned that many

organisms hove been investigated, ond among others the following

(8]

spucics have hoon used: Saccharomyces Eorevisiae (many strains),

5. lesctis,S. lonos, cndomyces vernalis, Torulopsis utilis var.

T

. condida T. lipofora,

T. loctosa, Condide pulcherima, C. srboren, C. tropicalis,

Mycotoruls lipolytice, Hansenulo snomela, H. suaveolens,

Oidium loctis, =nd ithodotoruls grocilis. He also stated thot

somc OFf the orpanisms nowmed above arc sble to utilize a2 wider

varicty of corbohydrstis than Saccharomycus s carbon sourcos.

Also Fepplor (1970) stated thet scveral strains of the

followino visst specics: S. cnrlsheroonsis, 3, frogilis, C.
e - Y =Y anaalaisint am

linolyticz, C. tropicalis, and €. utilis. Ho also mentioncd thet



for production of fpod ye=sst by primery gulture, ususally in

molasszs media, S, cervisise is praferrad.
e g s R

23 Substrstos for 3CP

iinlassis is o by-praduct of thz cane and bect suger
imdusiry. These cerbohydrsates such as molasses and maize 'gur!
secrve not only as a source of formentable sugers but =lso of
minural like K, g, P, Zn, Fe, Cu; vitomins like biotin,
pantothenic acid, pyridoxin, thizmin ond of amimo nitrogen
mainly ceperagin, ospartic ceid, glutomic ccid. Beet molosscs
is richer in totsl orgonic nitrogenous compounds thon cane, but
half is betsaine which is not assimileoted by yrast. (Composition

of Molasscs olrecdy given in introduction). Cone molosscs is

syhstanticlly richer in Mg*™, Ca’™™, ond in vitomins like biotin,

pyridaxinc, pantothenic ~cid and thiamin.

The sulphite weste liguors from the peper pulp industry
contain suners derived from the hydrolysis of homicellulosas
in whod. Their composition verices cccording to the wood uscd.
Anciosperms give sulphite liguors containing 3% suncrs of which
some 70% =re poentoscs (principslly xvlose), where as gymnospersms
nroducz liguors containing about 2 suocors, some 75% of which
are hexoscs (principelly mennose). ~cid hydrolysis of wood

cezllulose jtself may pive 65-85" fermentoble sugars.
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The oxid=tion of glucosc to carbon dioxide ond wator
involves @ considerasble numbor of stepse A genercl schomz for

the derradation of glucoss is given below.

Glucose <E5{

nbden=tcyerhof
Fothwry

Fentose Oyelo

i
Triosc (83) L(/#/w’/’xfuntDSU (CS)
Pyruvste

CDZ

Acctyl (Cz)

UxoloncCtate (Cq)

Cifrate (86)

Tricorboxylic
Acid cyecle

co co,,

‘eof-oxnglutnroto CS)
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The history of hydrocarbon microbiolocy is o little
differcnt., It hod its begining in 1895 when llyashi obscrvod

that Botrytis cineren stiocked poraffins. But it was in the

early 50's thnt res:-rchors storted studying the mechonisms of
hydrocurhon ottock by microorgoenismse Until recontly the
primory industriel concern of hydrscorbon microbiology with
0il prosnccting, corrosion problems -nd the formotion of

microbinl sludgos in jot fuel tonkse In 1963, Chompagnet

stortd studving the production of edibls v.cst from oil

froocticns (Humphrey, 1967).

Gas 0il (crudely froction d Sochesss D trolcum oil)
contoins 10-25% of qu - En1 parcoffin hydrocarbons which ore
L ‘
those most cesily useble by aicroorgenisms. Hydrocorbons

hoving the genernl formuls GnH? o MY have lincor (normol)

n
or hronch chein - molecules (iso -): the latter -re degroded
viry slowly, if ot oll, by microorgonisms. In o petroloum

froction such os ons oil thore moy be othor hydrocsrbons

(cyclic poweffins ond cromctic compounds) which are usuolly loss

-t

readily .3 tnoholized. It is possible to product microbiol
Biomassz by growuth on o petroleum froction ond, ~t the somo
tine, m-ke use of ihe organisms's subsir-ote specificity. Thus,

she yenst Caondido lipolyticz mtcoholizes normnl peraffins only;

~fier its growth on o potroleum oil froction, o metericl
enriched in isoporaffins is left. Since the isopar~ffins howve

more dosircble propoerties as fuels, this is o useful contribution
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to the refining process. Alternatively it is possible to
isolsie2 the normal parsffins of gas oil by various physiczl
mezthods, such as molecular seiving and use the purified
material as substrote for biomass production.

Hydrocarbons have now hecome important as carbon and
energy sources for the growth of microorganisms, mainly in the
production of feed protein i.e. 3CF. fimong the yeeasts,
cryptococcaceac seem best able to use hydrocarbons; perhaps
their cell wall structure is resistant to the solvent properties
of hydrocsrbons. Species of the genus Candida, such as C.
lipalvtica, have given the best results from e2n economic point
of vicw. It can be seen that these yeasts do not assimilate

alkan2s shorter than O, and that the alkanes C,, and C,q

0 G

appesr to be most widely assimileted. It is possible that
alkan=zs of low moleculsar weight are toxic, ety
Essashesshaseradaisbepmesnimets , Do ing capable of dissolving
lipids, they destroy the phospholipid micelles of Cell
memniarances,

In mixtures of alkanes, those having the sharter chain
length are deoraded more rapidly. Hydrocarbons have both adventages
and disadvantancs as growth substrates, when compared with the
carbohydrates. They have melting paints around room temperaturc
and they are poarly solubls in weter and their solubility
decreascs as their molecular weinht increases( Humphrev, 1967).
Their low solubility in water makes it pasgibln to recover, by

centrifugrstion, any preportion or fraction which has not been

used for microbial orowsh. On the other hand,. this low snlubility



csuses problems with the transport of substrate from the medium to
the cell, It is likely that alkanes enter the cell both as dissolved
and dispeorand hydrocerbon, Cells of yeasts growing on alkancs

havz & characteristics morphology: the cytoplasmic memberane orows
thicker and shows numcrous inveginations, Trensport through the

cell wall is presweably, passive and only transport across the
cvtoplesmic membrane is an ective process requiring metabolic encrgy.
decausc the cnzymes involved in the first stages of oxidation are
loealized on the outside of the cytoplasmic m:mbhrane it is bolicved
that sctive transpart is of fatty scids.

The degradation of n-alkane is ususlly accomplishod hy oxidation
pf & terminal methyl group to form the corresponding primary slcohol.
This ppodupct is then oxidiscd to a fatty acid which in turn is
oxidised by the B-oxidation cycle lcading to formation of ATP

frow oxidstion of acetyl-CoA as shown bolow:

2

. EH3 ’

o
o

R. CH, . CH
fou

wls

R CH,,.CH,. CH,OH
~2H

. CHO

H

20

S5

R.CH2.

NN

gmme g o
+ 1

R.CHZ.EHZ.

]
\L@-Dxidation
R. 00, Ss: EoA
H
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TCA Cycle

COCH
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3) FPhysica-Lhemical Environments

In fermenteotion usinn hydrocerbon =s subsirste, microbial

axt

n2n denand is much high=r then whon carbohydrete is used as

raporied by mony authors (Einsels et. al., 1975; Miller and
Johnson, 1966; ilimura, 1970). Sufficient supply of oxygen for
microorganisms is a critical preblem for design or operation of
the fermentor. The culture system, which is composed of aqueous,
geseous and oil phases, and microbial Cﬁllﬁ,iu more complicated
than in the case of carbohydrote fermentation, becsuse of an
add’tional immiscible liquid, Growing cells have a strong
affinity for oil and aggregete in or on the oil to form flocks
composed of oil and cells.

Aeration and egitation mix the flocks with sir buh&@s
producing o peculisr mixture of bubbles, cells, and oil. Under
this condition, a smaller amount of hydrocarbon is dispersed in
anu2ous solution as fine dreoplets. Fiwch of it spreads betwesn
the <guecus and gaseous phescs rsgthin layer, Einsele et. ale
(1975) clzimad that microemulsifiszd small particles (0.1 to
1.0 Pm) of hydrocaorban zre formed by & surface eoctive agent

sometimes cover the whole cell

L

produced by the yeast cell en

sSUrfroe,.

Under these hetorogencous conditions, oxygen transfer
proczsszs wre more cumplicnted and cells are nresumed to
utilize a considerable smount of oxygen from oil which spreads
on §ho surfce of eir buéias. Supply of oxyoen and hoat romaval

from the fermentotion medium especially under tomperste climetic
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coenditions are the two major factors which affect thz cconomy of
the product to @ remarkesble oxtont (Darlington, 1964, Cinsele
and Fiechtor, 1971; Guenther 1965). Solution to these problems
have bezn reported in finding stroins which pive: high vields of
hiomzas and arz cepable of prowing &t a highor tomperature which

would minimize cooling reguirements (Homphroy, 1968).

fir contains microorganisms, mostly hactoria or fungal
spor:s, which may be free or bornz on dust perticles. In polluted
urbon arzas, where fermentstion plant is ofton situated, it is
2 " . : 2 b=t " 2,
nossible to find an eaverage of 107 - 10 vichle arganisms per

cubic metre of air.

Both heat treastment and filteration can be usod to
sterilize =ir, ThL two methods con be combincd: air is first
compressed, fhc host produced causing thoe destruction of at
lecast pert of the contomineting flora, and then portly
decomprossed heforc being posscd through filters.

Howzver it is more usucl o onploy low-pressu ¢ Tilteration
alonz, Fibre glaoss filtors, or fibre glass imprognatod with
rosin, are widely uscde They function neinlvy by cleoctrostntic
chorge effects and ore much more effoctive thon cottan filtors
which wers formorly used. ilorcover, thov can be eleanucd ond
re-uced, cre loss profe to packing offects during use and ere

resistan®t toc nicrohiol attock.

ion and coitotion in & fermentor moy

couse chendont fooning of the medium which moy averflow through

0
e
=3

cgress ond sempling ports, incroesing the pogsibility of
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contamination, Foaming aften occurs at a charatte-

ristic stape in a fermentation: early foaming is due to

medium constituents, loter fooming is usually due to microbinl
producis. Antifoom cgents such as vegetcble or enime2l oils ztc.

mayv bz sdced in response to the rising foem level in the fermentor.
Ain excoss of antifoam egent is undesirable, particulsrlv when

foam floteotion is letor to be used for seporsting cells from the

spent mediume.

The pH of the medium is gencrslly mode scid for vecsts
(Lo5 = .545) ond nolirol for bocterio (6.0 - 7.5). A low pH in the
ronge of 2,5 to 4.0 minimizes contamination problems in nanstorile
system when gas o0il is used as the sole scurce of corbon

(Chompngnot ond Filose, 1965; Evons, 1968).

.

The influcnece of the aqueous medium pil on the yenst growth
in . ma:dia containing liquid hydroccrbons as the main cerbon source
hos reccived little zttention. Miller =t. ol. (1964) studisd the
influence of pH on the cultiveotion of HD-5, s yeost closely

resembling Condidae intermedic, in nodio ecentzining pure normol

alkcnes, but they did not present the growth curve nor the
nroductivity obtoined in their experiments. Concone 2t. 2l.
(1976) studind the influence of the initial pH of the culture
medium in sheke-flosk experiments corried out with Condida

guillicrmondii Y-8 in medin containing drozilisn dicsel oil, but

th2 pH was nnt controlled during cell aorowth,

The pH values of the culture wmodic were choson between

approximetely 3,5 ond 5.0, but the a2ffect of pH on the cell growth
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was not studizd while stquhg the influence of vorious cxperimentel
conditions on the growth of microorgenisms in ligquid hydrocarbons
(Fil2t et. el., 1973; Mlimura ond Tekede, 1972; Rotledge, 1968).

The moximum valuss of the specific growth rote ond productivity
were obteincd 2% pH 6,0 and 7.0 respectively by Hiss et, 2l. (1977)
when he studied the influence of the zqueous medium pH on the

growth of condidc guilliermondii in media contrining diesel oil

s the mein carbon source.

All microorganisms disploy =n optimum growth temperaure,
which is usuclly close to the maximum ~llowing growth. The
optinum tempercture vories cccording to the stroin employed,

3 Gn nl‘\ Y K . = - 1, -
from ?8°C - 4L0°C. Many strains of yenst used industriolly hewve

L3 (a )
an optinum temperoture of sbout 30°C. Ueno et. al. (1973 studicd

thot Condida kofuensis 1iT-Y-8 grew well in o paraffin medium ot

&
37° ond pH 3,5 cfter odaoptetion trecztment and said thwtkis a very
important to select o yoost stroin which con grow ot hinh
tenpercture and low pH from the industrinl vivw paint of yoaost cell

production.
" i ‘s O
Hawever, thermophilic stroins, requiring 45 - 65°C, ore
of considerable interest becnuse such tempersturcs considermbly

raduce the risk of contomin-tion.



i

L) Mode of Cultivetion

Industrinl fermentotions moy be corricd out usuglly in two woys:

Batch liquid guityre
iAifter 2 portion of medium has beoen inocul-ted with micros
arganicm in boteh culture, o period of time normally elopses
before o constont reote of growth is esteoblished; this period
is czlled the lng phese. If the microorgonisms in the inoculum
are olrecdy adspted to growing under the conditions abfaining
in the {resh medium, then the logk phaose moy be shortened or
even discpponr camplotely. Although there is little or no
incrocse in the numbor of orgenisms in the culture during the
lag phosey it is neverthelass a pnriad of intense motcbolic
cetivity during which the orgnnisms bocome ~ccustomed to the
conditions in the medium in preper-tion for the period of ropid
arawth thot is to follow. Yuring the lag phose thzre 18 ©
consiceratle incroose in the contonts of ANA ond totsal protein
in znoch argenism; the DNA content howevir remtins approximotely
conetont, Thun;eﬂﬁu on cpprecincble incrunse in the size of mony

micrrorgonioms during this phnse of growth,

tihean o constant rete of growth hos been achieved in beteh
culture, the microorganisms cre soid to be in the logarithmic or
exponenticl phose of arowth. In this phose, the orpenisms are
growing o% the moximum reote possible in the porticulor medium,
ke zoch orgenisms reachos o certoin age, it divides to produce

two doughter individunols.
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During the cxponentirl phose of growthy which in batech
culture of microorgenisms in liguid modic lasts only o short
pericd of time, the nutrients in the moedium become depleted ond
woste products of metabolism cccumulcote, so that the modium
graduoly becomes less fovourcble for growths Ultimotely, the
culture enters the sintioncry phose of growth in which the
number of orgonisms in the culture remains constont, This phosc
can last for o considerable period of time but, sooner or later,
it is followed by the deoth phose in which the number of viohle

aorgonisms, although not necessoarily the totol number of

orgonisms, declines.

Cantinuous Culture

All continuous cultures start their existence ~s hoteh
culturos, in that the medium in the growth vessel is inoculctad
th microboes that proceed to grow in boteh culture, IF, during
the axponenticl phase of growth, fresh madium is odded to the
culture nt 2 rote suificient to maintoin the culiture populction
diensity ot o fixed value, lower thon g mox, then growth should
not ultimctely cease s it does in ¢ botch culture but continue
indevinitely. Ubvigusly, the rote of input of fresh madium would
have to incroose exponenticlly, with the increcse in biomoss, if
provision were not mode fur continuous remaoval of culture =2t o

rote coucl th=at at which fresh medium wes being nddade

Continuous system hos advantinoe over botech system bocouse

the productivity (g/1/hr) is incroeaosed o ghout 3 times resulting

Y

in the cconomizeotion of the process,.

©
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5) Nutrition and Safety

Extensive doto is now availechle on the composition of
various S0P products, including proximcote onalyses ond contents of
cmino ocids, nucleie ncids, vitomins; ond mincrsls (loslien, 1975).
Alse the nutritional volue of yecsts grown on hydrogorbons and other
substrotig hrve been cvolunted in animel species ronging from
rodents to domestic livestock including broiler chickans; layving
hens, swinz, ond cnlves. (Gow et. 2l., 1975; Litchfield, 1975;
Shekledy ond Gotumel, 1973).

Yoosts are not rich in sulphur = containing amino ncids
when comnered with beetericl proteins ond consnguentaly hove o less

binleoicsl value. Typical Biolegicol Velues (BY) for Candida

liponlvtics stroins grown on hudraccorbons ore 54 ond 61 respectivelys
prdt g \
After sunplemeniotion of the venst SCF products with 0.3 % DL-
methionine, tho corrosponding 3iclogicol Velues ore 96 and 91

] | 2 s [}
respectively, os compored with 65 and 97, respectively, for
savhiczn protein ond driced whole eog supplementod with 0,3% DL -

methionine (Shoeklady ond Gotumel, 1973).

For animnl feed opplicotions, S0F products give the bast
perfoermence in the ronge 5 to 15% of the ration. At levels above
15% -, significant docreases in performance occur in broiler
chickzns, @nd this level oppesrs to be the procticol limit for
use in swine roticns (Litchfield, 1975). As o milk replccer for
calues, 2 7.5% of C. lipolytica grown on either ges oil or
purificd n-olkones cppenrs t0 be the practical limit of use

(Shoekledy and Gatumel, 1973).
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The Protein Advisory Group (PAG) of the Unitud Nations has

-\

CP products and for covelustion of novel spurees
of nrotoin includinn preclinicel and human tosting(Frotein Advisory
Group, 1970a, b,ec, 1971, 1972, 1974). In addition to these guidlines,
ntory egencics in most countries hrve roquirenents for efficocy

) -
I

end sofety of food additivos that must be met by a2 SCP product

degtined for solw in o oiven country. For cxample, in the United

tho Food sno Drug administration has promulngatod regulations

for Tood yomsts and products derived from them (Food and Drug

e

Administration, 1963; Code of Fuderal Regqulations, 1976).

& 50i" product is to be added to food as a m=jor or even

sun tlomontery source of protein, thon the nucloic acid cont:nt of
microbisl eolls which usuelly contein 6-25 g nucleic acids por 100 g

¢ roduced to accoptaile lovels to prevent adverse

L:
.’.'1
o
&
[
o

h as the dovelopment of kidnoy stoncs and gout in

H
r)
1_4.
J
(D]
(4}
=
0

human consuminn these products as a sionivicont portion of the diot.

(Scriashaw, 1975). Procosses for raducing the nucleic scid cantonts
hiat shock and incubation for ondogonous nuclogse sction, and use
o Le N Al (o - t o]
of exagenous nucleases (Litchficld, 1977; Sinskey and nanfnuaum,1u75).
The FAG hes acceptod a 2 om por day limit of ribonucloic acid (RNA)
from on S0P product (Frotoin Advisory Group, 1972).
Gonsiderable attcontion has been cxpresscd on the safcty of

~e

S0P procucts grown on hydrocarbon substrates (Anonymous, 1973, 1976



]

The major guestions relate to the possibli prosconce of traces of
nolycyclic aromatic compounds or rosidusl n-alkanes in the S5CF
pracduct, Engel. (1973)has conducted cxtonsive dgtudies on rets and
mice to detormine carcinogenecity, mutagenccity, and teratogenccity
of SCP products grown on hydrocarhon substratos, without adverse
offeects bezing noted,

The PAG Adhoc torking Group on Single Cell Proteins has
rovicow d the status of information on n-slkane and aromatic

hydrocsrhon rosiducs and the prescnco of odd-carbon fatly acids in

"

50

-

? procucts ond the sefoty of hydrocarbon-grown 3CP products for
s in animel fooding (Protoin Advisory Group, 1976 a, b).
crnncluded that the low lovels of residusl nealkanecs proesent end

contcnts of odd-corbon fatty scids do not pruscent 2 hszard, and

I}

tha’t ssfe and nutritionally accoptanl: 50F products for usc in anim=ol
feoding applicstions cen be produced. Also, conditions used in
continuous cultivatinn of strains of microorgenisms uscd in S0P

-~

production would minimize the possibility of

7

mutants arising during
growth that might product: toxic substences. Furthirmore, incidontal
contaminsnts such as erscnic or fluoride may cntor the product
thraough mincral nuirients such as phosphsatus or thu water supply,
unless row materisls frec of those contaminants are used.
Folitical considerations slso entor into szfoty cvelua
Two larpz 30P production facilities in Italy arc not being opzratoed
because of claims of unsafc residucs in the product; these claims may

be politically mativated (Anonymous, 1976 c).
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MATERIALS #ND- MZTHCDS

Substrates

Industrial wastes such as diesel oil and kerosene oil
fractions of petroleum, sulphite waste liquor, maizé'gur'and
molosses were used as the sole source of carbon throughout

these studies,

i) Petroléum'Fractions
Diesel oil and kerosene oil obtained from National
0il Refipery, Karachi, were snslysed for their n-paraffin
contents by urea adduct method(Vosclov,1960) as shown in Tabk I,

ii) Sulphite UWaste Liguor (SuL)

SUL was obtained from Packanes Limited, Lahore. Its
chemical zhalysis is shown in table II4 For 'elarification,
SuL was heated to 100°C and air was passed through it in
order to remove the excess of SU?. After adjusting its
pH to 3.8 with conc. HQSBQ, it was sllowed to stand or
centrifuged so that the bulk of caotionic impurities are
remaoved,

iii) #aize Gur (Hydrol)

Hydrol or "meize rur® a by-product of corn hydrolysing
industries such as Glaxn, Rafhan leize Products was used.
Its proximate snelvsis is given in teble III. HMaize qur
was clarified throuoh double treathnent i.z. first with
lime to pH 9 and after removing the sediment to pH 5 with

concentrated H.50

274"
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iv) Molasses
Cane and beet molasses were obtained from Crescent
Sugar Mills, Faisalabad and Hardan Gugar Mills, Mardan,
Their approximate chemical analysis are shown in table IV,
Clarificntion of molasses was done with sulphuric acid

treatnent and centrifugation,

Isoletion, Screeninn gnd Purification of Yeasts

Yeasts stronnly assimiloting industrial wastes as the sole
source aof cerhon were isolated from a wide variety of natural
sgurces i.2. oil-sosked soils, waste waters, drain-waters esic,
during investigation on yeast production by ecnrichment culture
technigues., Approximately 1 g of solid materials or 2-3 ml
liquid materials was added @8epticelly to 50 ml of screening
medium (table V) in 250 ml flask. ~After incubating on rotary
shaker at 30°C for 7 deys, the cultures showing good growth
were transferred several times to the same medium. Selcctive
isolstlon was carried out by plating out on a solid medium
which was preparcd by adding 2 9 goer powder to the ashove
medium. The colonies formed within 24 hours at 30°C on the
petri-plates, were picked up and then sub-culturcd on the
slants of the sbove medium. The growth from the slants was
transferrod again to petri-plotes, by strosking or quantitative
dilution method for purificstion of the cultures. Further
purification of single colony can be confirmed by making
microscopic slides examinations. All yvaast cultures were

maintained on MYPG-agar (malt extract 0.3 %, yeast extract 0.3%,
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peptane 0.5 %, glucose 1.0 ™ and agar 7.0 %).

Identification of Yeasts

Texonomical studics of pure cultures obtained by the above
nrocedures were hased on the cultural characteristics as well
ns microscopic examinations. The results obtoined were referrcd
to "The Yeast, a Taxonomical Study" (Lodder and Kreger-van Rij,
1952) .

Morphological Properties

a) Characteristic of the vegetative reproduction: The cells

were cultivated for 3 days at 28°C on MYFPG-agar.

h) &Shape and size of the cells: The yeast on a young MYFG-

apar culture was inoculoted into 50 ml MYFPG-modium in
conical flasks (250 ml). After 3 days incubation at EBDE,
microscopic observation was performed by making permanent
slides and microphotonraphs were taken out. Cell size

was measured under a microscope using an ocular micrometer
as described by Yamagata and Fujita (1971).

c) +#scospore formation: Gorodkows cgar, potato pluns, acectate

agar and Anderson-Hartin (1975) ogar were used os media for

OC and

sporulation. The cultures were incubated at 28
observed ofter 7, 14 ond 20 duys by the Schaeffer-Fulton
(1933) modificotion of the Wirtz (19908) method.

d) Fseudoaycelium formation: Fseudonyceliun formotion wes

ohserved on Potato-zgar modium as deoscribed in "The Yesst?®
(Lodder ond Kreger-von Bij, 1952) ond microphotonraphs woere

=0

token out after 5 days incubation at 257C.

©) Ballistospore formstion: Bnllistospore formation wes
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examined by the mathod of Cermo-sousa and Phaff (1962).

f) Macromorphologicnl characteristic of the cultures: The

strieak culture and the colonies of plete culture on MYPG-

cgar were observed,

Physiolonical Froperties

a) PFellicle formation: Foellicle formntion was observed in

SYrG-broth ofter 3 doys at 28°C =nd finnlly ofter one
maonth at room tempercture.

b) Sugar fermentction: The Fermentation property of yoest

was exemined using @ Durhem tube containing 0.45 % yeast
gxtract, 0.75 % peptone and 2 %) of the sugsr to be testoed
(van der Waolt, 1971).

c) Sugaer assimiletion: Sunar sssimilstion was tested by the

zuxcnogrophic m2thod of Beijerinck and the results were
nlso compered with liguid culture method os both described
in "The Yenst" (Lodder ond Kreger-von Rij, 1952)

d) #ssimilotion of nitrate: Tha same mothods as sugar assi-

mil-tion test were emploved oxcept thot liguid medium
contained 1% glucose ~nd 0.078 5 K05 or C.1 7 (”HQ)OSUL
as carbon ~nd nitronen source inste-=d,

2) Utilizstion of othonol ns sole source of carbon:  Growth

in o synthrtic medium with 3 % ethonol =5 sole source of
corbon described in monogroph (Lodder ond Krooer-von Rid,

1952) wns exomined.

-
v

Snlitting of srbutin: The tests woro carried out ocecording

ta "The Yeast" (Lodder ond Kreger-ven Rij, 1952),
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g)

h)

1)
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Froductinn of ccids: 7fcid formetion wes detected by the

method of Lodder =nd Kreger-ven Rij (1957) ond by cleesr
zone estim~tion sround o growinn colony on =mn agar plote
(20 m1) in = putri dish (90 mm), consisting of 5 9 glucose,
0.3 % yeast extract, 0.5 % CaED3 and 2 % ngar. Thc celcium

corbonnte wes n~dded eof ter beine sterilized sepnoratoly,

Lrense test: Ureease nctivity wes tested by employing a

solid modium including wuren, peptone ond phenol red as
indicntor. The origincl pH is 6.8 and when urea is split,
the colour turns deep red (Christensen, 1946).

Production of Starch-1like compounds: The tost weos exomined

with 2 mediunm and a method describoed in "The Yeast!
(Lodder and Kruger-van Rij, 1952).

Fot splitting: The tests were carried out occording to

£ijkman's mothod described in "The Yenst® (Lodder and

Kreger-van Rij, 1952).

L, CZstimation of n-alk=nes

Uren=pndduct methad of Veselov (1960) hes heen uscd for

this purpase, n-=olkenss hos tho tendoncy to form complex with

enhydrous, well ground, ures in the presence of methenol and

other. Difference in woight of uren end complex will give us

the

chount of alkones.

5a Lstimction of sugors

a)

Molosses ond Moize 'Gur!

Foenredict's solution necthod has been used for the
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estimetion of reducing 2s well totsl sugars. This is o
modificstion of Fehlinn solutions ond consists of single
test solution which does not deteriorate apprecinbly on
standing. In the presence of reducing sugers, the copper
of the solution is reduced to cuprous oxide (Bznedict,1911),
For the ostim=ztion of total sugers, the snmplefsalutian
is boiled for ten minutes with 0,5 % cone. hydrochloric
acid.

Sulphite Uaste Liguor

To detsrmine the sugar content in sulphite wastc liquaor,

Fujita =nd Iwrtake (1931) mothod has been used.

REagants

X - 4 =8 B4 1 ' 4 1S =
A = h3FL(LN)6 + VZHPDA + h}POl+ + Dist HZD
G.6 gm + 70 gm + 21 gm + 1000 ml
D v e vy 5, 3
B = anuh“7HZD + HE&JGL+ + Dlst.HQD
50 gm + 70ml + 500 ml
C = 15 % KI (w/v) + 0.5 % N32803 + Dist.H?D(ZSD ml)
D = N/100 N 32b203.5H20
£ = Starch solution (Indicator)
e thod

Toke sample in test tube containing sugor not more
then 2.5 mg/ml. Add water to moke 5 ml (totol volume).
Then add 5 ml solution A ond hact in boiling H?D for

15 minutes, Cool under tap weter. Add 2 ml solution 8

+ 1 ml solution C., Titrate with solution D till light



vellow colour zppoars.,  Add one drop of indicstor £ ond
Y F

A -

agcin titrate till colour diseppoars. Note the volume

of Na?5ﬂ03 used. From blank, detect volume of Na

used for the sample,

5,0

2 3

Reactions

1. K Fe(CN), + KOH SXE28y ¢ Fo (o) + 2H,0 + O,

2, KI + H,S0

2 Wi,50, + 2HI

L

3,  2HI ————3» 21" 4 217

L, I? + Starch ——— Blue

5. ?_N328203 + IZ

8lue colour discppearse.

b No,, 5 oNn
2 No 8 0, + 2Nal

Costimetion of Ash Comtent

Ash content of dricd meteriels was determined by keeping
O 4
knoun amnunt of the sample at 500°C in o nuffled furnace for

5-6 hhurs. (RA.0.A.C. 1370).,

Estimation of Biomass

A grovimetric method hos heen used, 10 ml of the culture
proth is teken in 2 welghed sintered crucible, lnter suction
pump is used to remove the woter., The cell moss is weshed
twice with distilled water and kept in the oven at 105°C for
gvernight, Crucible is then kept in a desiceetor, allowed to
cool ond then weighed. The difference in weipht will give us

biomass of the sample,
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10.

1

Zstimotion of Nitroozn

The nitrocsn nresent in the sanple was estimated by o

Micro Kjzldshl Method using Se0,,:CuSD :Hpsou'(o.n?e1:9) mixture

L
(R O0,R404 1970). £~ factor of 6.25 was used for conversion of

nitroced into protein content,

Estimation of Lipid

For the extraction of fatty ccids from cell mass method
aof Bligh and Dyer (1959) was cmployed. To s suspension of
venst crean (known smount of cells) in distilled weter,
concentreted HC1 is ndded so that the solution becomes IN
acidic. This is then rcefluxed for two hours on low heat using
water condenser. Ulhen cooled LIHCl3 - BHBUH extraction is used.

Esterified feity scids form colour complex with hydro-
xylomine ond FazCl3 in #n =2lkaline =zolution. Colour developed
is compored with ¢ standrnrd curve prepared by using triolein in

ethonol @ ether (3:1).

Estimotion of axynon Availecbility

Oxygen transfor under the experimoents was measurzd by

using sulphite oxidetion method of Cooper et al (1944),

F

stimztion of Totsl Amino Acid

i) Prepozretion of samples

For the estim=tion of totsl amino acid content of
yeasts except tryptophen, 2.0 gm of dried and defetted

semplos were separntely hydrolysed in 2N HC1 by mutoclaving
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=t 115°C for 5 hrs. For tryptophan, the samples were
digested with 6 N NaUH instead of HCl., The hydrolysstes
were then nzutrelized cnd diluted to 100 ml with distilled
water., Finaolly 10 ml of this stock solution was further

diluted to 100 ml with distilled water.

Microbiosssay of Amino Acids

Totsl cmino acids, leucine, isolcucine, valine,
methionine, arginine, histidine end tryptaphan were

determined using the test orgenism Streptococcus

zymogenes NCDO 592 (Ford) 1962). The turbidity was

mensutred using colorimeter Corning-EEL Model 197 Spectra

2t 580 nm,

12, Estimotion of Nucleic Acids

i)

ii)

Ribose Nucleic Acid

Semples of extract (10-150 po of RNA) were made up
to 1.5 m}l with tap water 2nd were mixed with 1.5 ml of
aorcinol resgent (Schneider, 1957). The tubes were heated
for 20 minutes in boiling w=ter both and cooled, then the
absorbancy ot 660 nm was relnted to RNA cantent by o
stendord curve prepzred with yorst RNA hydrolysed with
N HClBh.

Dcoxyribose Nucleic Acid

One ml of nucleic acid extract wos mixed with 2 ml
of Diphenylamine reagent (Schmeider, 1957) ond heated for

10 minutes in boiling water both and cooled. Then the
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intensity of blue colour at 600 nm was related to DNA
by 2 standard curve propared with yoaost DNA hydrolysed

with N HClDu.

Medium and Culture Concitions

The medium used for the cultivation of yeasts has the
following compositions for different substrates such as
Kerosene oil and diesel oil of petroleum fractions, sulphite

waste liguor, maize 'gur' and molasses as shown in table V (a).
Inoculum

Three days old culture of yeast was transferred from the slant
to inoculate 50 ml of sterilized cultivation medium in 250 ml
Erlenmeyar flask and incubsted on rotary shaker 120 rpm at
30°C for tuwo days. Two ml of this suspension was used to

inagdtate 50 ml of fermentation medium.

Propaenation

Shake flask cultivation of yeast was carried out in one litre
Erlenmeyer flask containing 300 ml cultivation medium anc
kept on rotary shaker at e, Se=nmples were taken at an
interval of 24 hrs. and analysed for biomass formed, N2 cansumned
and chance in pH.

~For nitronen source selection, flasks were divided into
‘

three sets. In one set (NHQ)ESDQ (6.93 g/L), in the other

NHhCl (5.0 g/L) and in the third set NH ND ., (8,40 g/L) was

[
added.
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Heeping in view the importance of availability of oxvgen in
acrobic fermentation, two set of experiments were planned whzre
sunpply of oxygen va'%?d with the cultivation conditions,

a) Same flasks (capacity 1 1) with varvinn amount of salt

m2dium i,e,, 50, 150, 250 and 350 ml,

b)  Same amount of mineral salts i.0 100 ml in flasks of
different copacities i.e, 250, 500 and 1000 ml. GBatch

cultivation of yeast was done in a2 4 1 and 60 1 working volume

fermentors., The contents of the fermentor were well agitated by

a stirror and an air supply of 11/1/min.
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Table - I

ANALYSIS OF PITROLCUM FRACTIONS USED
A3 SUURCE OF ENERGY

Neme of Products “§ n-paraffins
Diesel oil 23,38

Kerosene oil 13,46

-h abstad

‘Table - II

*
COMFOSITION OF Suwk (Kahi Grass-Saccharum spontaneum)
Packages L.td.

Sugar 3.0 %
Dry wt. 1.0 %
Ash 30,0 %
Nitrogen 0.34

* Sulphite Ueste Liquor

Table - III

COMPOSITION OF MAIZE "GURW

Sugar 45,0 %
Moisture 15,38 .%
Ash 3.725 %
Nitragen o-a 0.16 %

Fhosphorus D25 %




Tahle - IV

ANALYSIS OF MOLAGSES

9 Total @ Reducing § pry ¢
Type I sugar § sugar § weight § Ash
§ (%) ] %) ) (%) ¥ (%)
Cane molasses
Crescent Faisalabad) 58.5 32.4 75.86 11.8
MiXEIj (Mal‘dan) 55.3 13.9 85007 15.8
Cane Molasses (Mardan) 52. 4 551 78,722 10.3
Be:=t Molasses (Mardan) 61.8 35.4 22,53 10.8
Tahle -V
COMPOSITION OF ISOLATION MEDIUM
»
Substrate Vst able
(Carbon source)
KHLPO, 0.4 %
. 5
HZHPD“ Do+ 95
/
(NHQ)ZSUA 03 %
] {7 o/
Tap H?U (To make up the volume)
pH 500"’5.5

* Maolasses 5 %
Diesel oil 10 %
S5uL =s such
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Tahle=V(a)

COMPOS ITION UF CULTIVATION MEDIA™

E Kind of substrate
Componant j Diesel oil@ T G.ULL* § Maize* § Molasses
o "(},_)“ ° or ) - suy 1 Ygurt” § ()
' g kerosene oild I II ¥ ]
i (10 %) E ﬂ a
K HEO, 0.7 Ok " - -
HHZFUQ - O.b - - -
Na HFO, 0.7 - - - 0.6
(NHL‘\),}SDL} - 0.3 - - 0.3
NHuSl 0.t - - - -
Hqﬁﬂq.7H90 0.2 0.1 0.1 0.1 0.1
NaCl 01 - 0.01 - 0.05
KC1 - - - 0.01 -
Tap H?D (To make up tho volume)
DH (L*QS - 505)

Temperature

(30 + 2°0)

* Concontration varied.

** Modium - 1
**% Modium - II

M Hydrocorbon was added after sterilization,

A%



RESULTS AND DISCUSSION

1) Isolntion and Scroening of Yooests:m

Yiosts stronoly assimilating industrial wastes as the sole
source of carbon were isolaoted from a wide variety of natursl
sources during investigetion on yesst production by conventional

strizek method,

Nuwly isolated 16 yeast strains along with 7 strains from
culture collections were testcd for their affinty towords industriol

wastie such 28 kerosene oil ond diescl oil of petroleum froctions

and sulfite waste liquor os sole source of carbon. For the
guallitotive study of growth of yeasts on hydrocarbons, the medium

(Teble V) wrs used. These observotions have bezn recorded in Tables

VI ond VII. I% is clear from the Teblos that sirains 84, G-y, C85,.
H-DS, 01, 0,, CLF, Dh and C have becen found to be better utilizers

of hydrocerbons.

Yeoets 53 and CLP were grown on kerosence oil and dissel pil
in on inorgenic salt modium (Toble V). Biomoss viclds from korosene
0il ond dicsel oil in shako flpsk experiments under uncontrollod
conditions of temperature and pH were 68% and 77% rospectively,,
Thie yinld may b improved by culturing the yeast strains under
contral conditions of suitablc environments.

Yeasts were slso tested for their affinity towards sulfite

wapete ligquor as sole source of cerbon using the cultivation medium

(V (a)). VYeosts were suh-cultured on slants znd incubated at 30°C



lable - VI

AFFINITY OF YEASTS FOR KEROSENE OIL SUBSTRATE

Strain 2 __Hours

No. gﬁf 2L L8 72 96 120 168 192
S-4 - - + + + o +4
5-5 - - + + + ++ ++
5-6 - - + + ++ +++ okt
5-7 - - + + + +++ 1
5-9 - - - + + +++ +4++
5-10 - - + + ++ +++ +4++
5-11 - - & + ++ +++ At
5-21 - - + + ++ ++ ++
5-31 - - + + + ++ ++
83 -+ + + + ++ +++ ++++
N-y + + ++ ++ +++ ++4 +4+++
H-D5 + ++ ++ +++ +++ ++++ +-+
C£35 (known) + + ++ +++ 4+ RS bt
sC " - - B + + + +
Iy “ - - + + + + +
NaC » - - + + + + +
Rh " + e ++ s ++ ++4 At
CH& " - + ++ ++ +4 T+ +4
D1 + ok +++ o s +4t++ +4+t
DZ + ++ +++ +4++ o+ ++++ S
CLP + F 44 +++ ++++ ++++ +4++
Dh “ ++ +++ +++ ++++ +++4 +t

g + ++ +++ ot et ot e+t




AFFINITY OF

Table ~ VII

L3

YEASTS FOR DIESLL OIL SUBSTRATE

Strain 2 faioe Hours >

Nao, ;g 2n L8 72 96 170 168 192
S~4 - - + + -+ ++ ++
5-5 - - + + + ++ o
3-6 - - - + + ++ 4+
5-7 - - + +4 4 T 44+
5-9 - - + ++ ++ ++F A
5~10 - - - ++ ++ +++ +H 4+
S-11 - - + ++ 4+ +++ 4+
5-21 - - + ¥ + ++ +4+
5-31 - - + + + ++ ++
83 + + +++ +++ +4+++ ++++ +4++
N-y + + ++ ++ +++ ++++ R
H—D5 + + ++ +++ +t++ ++++ 4+t
cEs + + +4 ++ +++ ++t+ ++++
SC - - + + + + +

1Y - - + + + + +
NSC - - + + + + +
Rh - + + ++ ++ ++++ ++++
CHK, - - - + + ++ ++
D1 + + + ++ +++ ++++ b
D2 - + ++ o+ +++ +4 4+ + ot
CLP + ++ +++ +44 4+t + 4+ + ek
DL+ + + ++ ++ +++ ++++ ot
C + + ++ +4 4+ +ob A+ ++
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for 5 days inordir to sce tho influence of pro-treetments of Sl
on the growth.

It 1s ovident thet majority of the yoast sireins studicd
gavz bettor growth when the concentration of SHUL in the modium wes

~30% (Teble VIII). Only Candida rugosc (A) showsd botter growth

on 50 to 705 concentration of SuUL. These studizs revealed that
stroins A, 83, H-05 and CBS had anater affinty for SUL and thus
were sclected for further studics. The poor growth of 2lmost all
the strains in highur concentrotions (70 to 100%) of SWL szems to
be due to toxic effect of 502 and nthor compounds such as
lignosulphates in the 5UWL. This fact is further supportod by the
obsurvetions that heating of SUL for 60 to 90 minutes showed e
positive offoct on the growth of yoasts (Table IX). A1l tho
stroins excent I-Y, gave better growth when the modium wos
~supplemented with SUL after hesting for 60 to 90 minutes end aftur
pzssing dry air. SWL used zs such (no treetment) did not support
growthe Thise obscrvations are in accordance with those repaortoed hy
Simﬁrd end Comecron (1974) who held that decrcase in SBE contants
of modium by dilution (1 : 2) hed = pasitive offcct on voast

gratsth,

Growth of yeasts were slso testod st various temperatures
with a tempersture gradicnt incubstor. It wss found that the
yuast grow over the range of 28 to 45°C as shown in Table X. The
optimum temperature range for majority of strains wos 28 to 37°C
but only few cultures A, SC, I-Y and NSC were unable to grow at

37°C. Some of the yeast streins i.e. §-5, 5-6, 5-9, 5-11, 5-31,



Table - VIII

EFFLCT OF DIFFER.NT CONCENTRATIONS OF S.W.L. ON GROWTH
OF YEASTS

w

]
Strain ) Percentage of S.W.L. in medium
NO. ¥
§:.20.% 30 % 50 % 70 % 100 95
5 ++ +++ 44 + +
++ +4+ ++ + +
9
+ + + + +
L
+4 +++ + + +
+ ++ + - +
+ 4 ++4+ ot ++
5 +4 +++ ++ o+ +




EFFECT OF DIFFCRE:

o b

Table

- IX

T HEATING TIMES OF Sallelss

0N GROWTH

UF YERGTGS*

Sl g § Minutes

No. g Untreated g 15 30 45 60 90
C8s - s ++ ++ 4 ot
H~D5 ++ ++ ++ +4++ + 4+ +4+4
83 + ++ ++ ++ +++ +++
NSC - - B - + +
¥ - - - — - =
CH,, + + + + + +
A1 + ++ ++ +4+ +++ +4+
S-b - - + + + +
Rb - - + + ++ +
5-5 + + ++ ++ + +
A + ++ b o+t ++++ ++

* The medium wes boiled for different time intervals by
addinr conc. HOSDA (D5 %),



NSC

+ 4+ 4+ + + o+ + o+ o+ o+ + + 4

+

s
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C, B, £85 and CLP were found to be able to grow at 45°C slsa.

2) Identificaetion of ycasts

Taxinomical studics were based on morphological and
physiolagicel characteristics (Tables XI, XIT and XIII). Those
studics showed that six strains were ascospore former and
belonged to the family Endomycetaccae, These included one strain

of cacchoromyces cercvisiae (Fige I). and five of Pichis

membronefociens (Figs. IIA and 1IB).

The remaining tén straiﬁs did not form ascospores,
ballistaspores or arthrospures. Those ara thoe chnraﬁturistics
of asporooenous yﬁﬁét i.c.,, fomily cryptococcaceae. MNine strains
hzd no ocoive shaped and no erthrosporzs but produccd well-
doveloped frue and pscudomycelia, hence closely resembled with
thu genus Candida. These werc identificd as two strains of Landida
tropicelis (Figs. III A and III B), four of C. guillicrmondii

(Fips. IV A and IV B), two of C. rugos: (Figs, V A and V B)

ant nne of C.parepsilosis (Figs. VI A and VI B).

The prosence of carotenoid pigments and negative fermentotion
in the l=st strein 5-4 showed that it belonged to sub-family

HRhodotoruloidoone and identificd as Rhodotoruls mucileoinosa

(Fig. VII).

3) Hydrocarbon Fermentation:-

Cultivation of Candids parapsilosis (H'DS) was carri.d out

in shake flosks (11) containing 300 ml of cultivation mocdium (V &)

containing kerosene oil and diesel oil as thue sole source of carbon,



Fhotomicronrsphs of cells and pseudomycelia of different
strains of yeoast

Flg., 1 liicrophotograph of strain 5-1

Cells in iYPQ after 3 days at 25°C.
Fig.II Microphotograph of strain 5-31

A. Cells in MYPG after 3 days at 25°C

3. Feeudomycelia ina slide culture on pototo-asgar
p 0
medium at 25°C.

Fin.Itl ilicrophotograph of strain C
A Cells in IYPG after 3 daysat 25°C

B FPseudomycelis in a slide culture on potato-agar
medium at 25 C.

Fig.IV iicrophotooraph of strain M-
i Cells in MYPG after 3 days at 25°C.

! Feoudonyecelig in a slide culture on potato-zgar
: SRR
m=zdium at 75 C.

FigeV ilicrophotograph of strain A
Cells in {IYFG after 3 days at 25°C.

B Paeudumycelig in a slide culture on potato-agor
medium at 25 C.

Fig.VI Microphotograph of strain H'DG
A Cells in HYFG after 3 days &t 25°C.

3  Pseudomycelis in & slid culture on poteto-agar
i 0
medium at 25 °C.

FigeVII Microphotograph of strain 5-4

Cells in MYFG aftzr 3 doys ot 25°C.
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Results zre given in Tﬁblee XIV end XV with kerosene oil aend

diesel oil respectively. As is obvious from tho Tables, the

crowth on dicscl 0il is much fastor than that of kerasenc 0il;

Poor growth on keroscne oil may b2 due to the presence of toxic
metzrials, branchid - chain and arometic hydrccarbons in the
commurcislly aveilable kerosene oil. These observetions are in
accordasnce with the findings of Shoda anﬁ Bas (1966), Tanabe ct. ale
(1966) alsc observed the utilization of kerosene oil by yeast

but with poor cell mass formation.

The influence aof different nitrogen sourecs such as

,C1 and NHNO, on thc growth of Cendida lipolytice

using dicsel oil as the sole source of carbon os in the previous

(NH,),50, , NH

exparinent during batch cultivetion wss shown in Table AVI.
Maximum cell concentration of 8.10 g/l was obscrved in case of
(NHQ)?SDQ when compnared to 7.2 and 6.4 g/1 with HHhGl and

NHLND3 respectively,

Rcsults of the effict of oxypen availability on the grouth

of Condida n':u%ilusis (H'DS) usine dicsel oil as the sole source
of coarbon were depicted in Figs. VIII, IX and X. Oxygen availability
in the range of 3 to 25 mmol O, per 1/min was obiained by

changing the veolume of the medium constont or by chaneing the

volumz of the medium usinn the some flosks. Those rosults show

a romarkable incresse in the biomass synthesis with a

corruspnndiﬁg incrioasc (in the availability of oxygen to the

culturz broth and thus rosultod in better utilization of the

substretc.
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Lk
168

192

0.02

0,32

¥ Sheke flask



96

120

L4

168

192

D0.02
0.35
0.70
1.65
3.50
5.70
6.70
7.28

T.30

* Sheaks

flask



Table KHI

SFFLCT OF DIFFERC®T WITRUGEN SulnCiS ON THE GROwTH
JF CANDIDA LIPULYTICA (SUBSTRATE = DIESEL DIL).

D g (NH, ) 50, 7 H,CT 7 TIH,, 05
cultivntionz 8io- g : ; BED- N _ ] g diD- J?A ; ‘
3 mass consumrd pH 3 meas consumed pH 3 mass cunsum d {3H
i g/1 g/l 3 g/l /1 § o/l 0/
0 0.02 - L.5 0.02 - L,5 0.02 - he3
24 .40 0.02 4,2 C.30 0.04 L,3 0.40 0.04 L,2
LB 190 0. 11 3.8 0.90 0.12 L.0 0.70 B8.05 4.0
72 2,70 0.24 3.l 2445 0.21 3.5 2.05 3.2 3els
96 4,90 0.35 3.0 3.80 0.28 33 3398 0s29 222
120 6.75 0 -0 2all 5,70 0.39 P L.60n 0.37 3.0
144 7.70 0.60 2.6 6e75 0.52 2.8 5.80 0o 45 2,9
168 8.08 0.66 25 7.08 0.58 2l 6.37 0.50 2.8
192 8.10 0.66 245 7.20 0.56 e 6.40 0.57 2e8
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FIG. KX EFFECT OF OXYGEN AVAILABILITY ON THE
GROWTH OF CANDIDA parapsilosis ON
DIESEL OIL.
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B8atch cultivotion of Cendida lipolvtico wes carricd out

in 2 41 working volume fermentor on @ minoral salts modium
containing dicsel oil as carbon source os shown in Table XVII.
Biomees increascd from 1.14 to 9.85 g/l =ftur 96 hrs. of
cultivation, Growth retarded with tho depl:tion of nitrogen

from the medium and unfavoursble pH of the medium,

snalysis of the biomass obtaincd from two strains grown in
hydrocarbon medium and their biomass was an=zlyscd for cstimoting
the protein, lipid and RNA (Table XVII (a)). It was observod that
'C. lipolytica resulted in botter % age of protein and lipid as
compared to C. rugosa RNA was higher in case of C. rugosa when
comperod to B. lipolytica.
' Analysis of the biomass wos also carricd out to cstimate
somz ecsential amino acids (Table (XVII (B)). It is clear thot
biomnss of C. rugosa containcd high amount of all tho essentisl
Aanino ocids as compercd to C. lipolytics. While comporing the
amino @cid content of the biomsss of theose two culturcs with
FAQ lovel, it was found thet only isoloucine and valine of

C. runosa arc compabble to some vxtent with FAD lewel,

dood quelity protcin can be obtained from paraffins containcd
in th: woxy frections of petroleum such as waxy lubricating oils,
Up-preding of the gas oil os o result of microbiological
diwoxing will give us a2 very useful by-product to be uwsed in

cattle aond poultry food,



Teble X\I7

GituTH OF CANDIDA LIPULYTICA DN DICSEL OIL
9 L F.H,}._’F;TUI\

Hours of © Biomess N, consumed

cultivation g/} RV §
0 1.1 - 5.0
24 2.83 D.11 L, 3
L8 8.b7 0.78 3.5
72 940 0.93 3.0
96 9.85 0.98 2.6
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Table - XVII (a)

ANALYSIS OF BIUMASS FROM HYDROCARBON UTILIZING YEASTS

Yeast strain Frﬁzgln ngid Ryg
/3 i3 3
L
A L8,3 ] 1 3
R E:
CLP SR 14,5 9.8
* C. runosa
** Co linolytica
Table - XVII(b)
MICAOBIGASS+Y OF SOME £G5-NTIAL AMINO ACIDS
CUNTZNT OF HYDRUCARBUN UTILIZING YEZASTS
T || 9 0 9 % |4 ]
Yeast § ~rgi-§ Histi-§ Isoleu-§ Leu- §Hethio-§ Trypto- § Va-
strzin 8 nine 8 dine B cine B cine 8111ne B phan 3 line
A 3.66 1,57 3,59 5,31 1,43 0.19  4.53
K%
GLEP Te52 0,38 ihte) 1,08 B. 34 B e 2o 60

i C. rugosa
bl llEDljth?
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L) Sulfite Uaste Liguor Fermentation:-

The growth of- Candida rugosa (A) on SWL is shown in Table

AVIII, In this ocxpeoriment highor amount of inoculum was ustd in
ordur to ovorcome the inhibitory cffocts of lignin end 50,
praosent in the SWl. Yhen lower inoculum (1.5 g/l1) was uscd undor
similer conditions, on increese in biomass of 5 g/l was observed

at 16L hrs =2s comparcd to 14.2 g/l in casc of higher inoculum,

The growth of different strains of yiast i.c. Condida

runosz (A), C. tropicalis (85) ond C. parepsilosis (H-Dg) on
8Ul. is shown in Tablc XIX. After 144 hrs., fermentation in shake
flosks, cull concentration wes ohserved ss 3.4, 2.8 and 2.4 g/l

respectivily whon the inoculum size was 0.8 g/l.

Rizsults showing the cffect of different medis on biomass

nroduction by Cendida rugosa (A) end C. tropicalis (83) in
diffurent concentration of SWL are presented in Teblis XX and
KATe Heximum biomess formation in both thoe ceses has buen observed

at 1005 SUL aftor 144 hrs. in ficdium II os comparcd to HMoedium 1.

The effuct of inoculum size on the growth of diffcrent

strains of yeest i.0. Gondids rugosa (R), C. tropicalis (B8,)

and O, parapsilosis H-Dg was studicd end is rcported in Teble XXII.

With incresse in inoculum size, a corresponding incroasc in Gho
accumulation of cell mass has hoen obsorved - maximum (16:0 /1)

being with Candidae rugoss (A), This scems to be the result of

grooter number of live cells due to imcrease in inoculum size

which resuléod in the production of incroescd biomass,
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Table - XVIII

*
GRC!.TH OF Candida rugosa on 5. W. L.

] 0 ]
gagzivg:ian g igggﬁmed g N2 g iomass
I 9 : o i o
0 - - 6.0
20 6 0.10 9.0
L 12 0,15 12.0
140 14 0.18 13.3
164 ' 16 0.21 14,2

* Bpiled SUL (7 hr) ; suger conc. = 3 %



k4 Sdie d - LA ¥

] q/l d
L8 1.39 5.20 0.12 1.1
96 2;50 13.30 0.24 1.8C
by 18.10 0.35 2.0

3.40

* Concantration of SiiL = s such and inoculum



Table = XX

EFFECT UF DIFFLRLNT CONDINTRATIURN OF SULPHITE URSTE
LIQUOR 0N BIOMASS PRUDUCTIUN BY Candida rugosa (A).

i ¥ ¥ 1
] i 48 h ¥ 6 h ] 1L K
SuUL ¥ Sugar § Biomass g/l ) Biomass g/l ) Biomass g/1
% g " gﬁ MI* g MII* g MI g MII Ag MI g NII
20 0.6 1,00 1.00 1. 20 1420 1.4 30 1.32
30 0.9 115 1.18 1.5 1.50 1.60 1.65
"y 162 1.10 1.25 1,60 1.686 1.82 1.88
50 15 1.15 1.29 1.69 1.76 1.96 2.00
60 1.8 1.15 1.30 1.80 1.90 2.12 2elD
70 2.1 1420 1. 40 ?.06 2,18 2.30 242
80 2ol 1.26 1o 42 2422 230 268 2e 7k
90 267 1..29 1.48 2. 40 2e45 -3.00 3.10
100 3.0 1.32 1.56 ?.60 2.68 i 19 11 3,45

MI* = Medium I ; MII** = bdedium II  ; Inoculum = 0.8 g/l



EFFECT OF DIFFLRENT. COND
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Tahle - XXI

CUTRATION OF SWL ON BIOMASS

PRUDUCTIUN BY Candida

tropicalis (83)

ki

I ] -

i 48 h . ) 96 h ¥ WY h
SwWL § Biomass g/l j Biomass g/} i Biomass g/1

Aol wre g owmmre §owroopowmmogpoom ;i

20 ‘0,90 0,90 .1.00 1.05 1.20 1.30
30 ©1.00 1.15 14420 1,30 1.30 1,46
40 1,15 . 1.30 1,30 1.50 1,45 1.60
50 1,10 1,30 1,43 1.60 1,70 1.80
60 1.10 1.30 1.50 1.65 1.80 2.00
70 +1.20 1.50 1.60 1.75 7.00 '°;20
80 1.30 1. 60 1.65 1.90 2.70 ?.30
90 1.3k 1.69 1.75 2.10 2,40 2.50
100 1440 1.80 1.80 2.30 7.60 2.80

* Medium I

*% Medium II



Tahle XAIT

CFFECT OF INOCULWLT SINL of BIGARES PROGUCTIOY UF DIFFIRCNT
STRATHG OF Yen8T LUHIN: CULTIV. TIJM LN Bil.

| 0 0
Yeast strain g C. rugosea (R) g C. tropicalis (83) g C. psrapsilasis (HOS)
3 3 2
Hours of 1 v o W b s 96 144
ultivetiorl 48 96 L [ e e L ]
J § §
Incculum ¥ 3 b}
size 3 ) )
g/1 J 3 ]
0.8 - 1.30 2.50 3.0 1.10 1.90 2.60 0.95 1. 60 2.0
' '
1.6 2.30 L,00 - 5.20 2.00 3.70 4,20 1. 90 2,40 2« £0 o3
o
3.2 5.80 £.60 10.50 4,50 7.00 9.20 3.60 5.80 6.50
t

Bols 12.00 14.00 16.00 10.10 12,05 14,20 8.50 9.60 11.€0
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Oiomass obtainud was Tound to renoge butweon 41.3 to 42,5 9%
and 6.0 to 7,0 lipids, The protiin contunts of biomass were

comparatively lower than those reported by Fochland et. 21, (1968),

Thus 70-75% of sugar contocnts of SUL heve boen successfully
utilized and converted to biomass which can be used for foed
purposes. Although highor concentrations of sugar utilizotion
have boon reported (1 Ivenyukovich ct. al., 1968), houwswver,
it may be due to the difference in chemical composition of
Sul.e Thi procuss can bo made economical further by supplementrtion

with molessus or maize 'gur'.

%) fiaize 'Gur! (Hydrol) Fermentation:-

The growth of Candide rugosa (A) and Rhodotorula glutinis

(th) in stirred, scratid fermentor is shown in Table XXIII,

Tha concentrztion of maize gur was 6% and the working volume wos
3.5 1. From thz emount of biomzss formod in both the cases i.c.
9.5 end 11,5 g/1 after 120 hrs., it is concludod that hydrol
could bc good substrote for yoast growth. In both the casus the

yield is about 46 % on the basis of sugar consumcd.

Effcet of different concentration of maize gur in tho
medium is shown in Fig. XI while growing C. rugesa. uith tho
increese in the sugar concentration in the medium, yicld of
biomces is decreasing. This can bt due to oxygen limitntion as
in 8l %he cascs rate of serstion was kept constant i.e. 11/1/min
or due to some inhibitory ions from moize 'gur'whose concentration

elso inecr:as2 in sunar content.



Table XXITI
EFFEET OF DIFFoiENT STHATINS OF YELST AN MaIZi. GUR
9 L F.RAZNTOR

Yeast Straing Candida rugosa (A) g Rhodotorule glutinis (k&4)
Hours of 3 Biomsss Sugar N, pH Yield gv Hiomass supsT Na nH Yield
cultivstion § o/l consuncd  con§umed o I o/1 consumed cinsfimed o
3 g/1 o/l ] g/1 /1
0 1.2 - - 5.0 - Fel - - 5ol -
20 3.0 6.0 0.12 bob 30 3.0 7.0 0.09 ok L3
L0 L,5 9.0 Bs15 L.0 37 bl 10.0 0.17 349 Ll
60 6.0 14.0 0,19 3.6 39 6.9 15.0 Ne21 3.5 L6
a0 8.0 16.0 0.25 3.2 L0 9,0 20,0 0e9 31 L5
100 9.0 20.0 8.32 2.8 35 11.0 2l 0.0 ‘.6 49
120 8.5 22.0 0.34 2.8 37 Tht 2540 0.35 2elt L6
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FIG. XI. EFFECT OF DIFFERENT CONCENTRATION OF
MAIZE “GUR™ ON THE GROWTH OF CANDIDA
rugosa.



~ffuect of different concentration of HHQCI en the grouth

of Condide rugosa using meize 'gur'! as sule source of corbon

during shoke flesk cxperiment wes shown in Table (XXIV). Different
concentretions of NHQCI wereg trivd and their cffeect on the
culture growth wos studicd. Moximum biomass formotion of Candida

rugisz (A) was obtaincd (12,72 0/1) when nitrogen level was

L g/1, There wes a distin€t relstionship betwetn concentration
8]

of @M, C1 ond biomass formation, Growth of yo~st culture went on

Lude

incroasing with incriase of nitrogen concentrotion. The possibloe

(i)

rceson of resulting guite satisfactory biomoss st 4 g/l was the
ionizntion end cosy availebility of nitrogon to the culturc from
HHbEl. It can be assum.d that if concontration of HHACl xcucds
b g/l, the biomess is greatly affocted beecousc of the culture
do.s not have the capability of utilizinno the excess nitrogon

present in the medium.

€) tiolass.s and Glucosc Fermuntation:-

hodotgruls olutinis was cultivsted in shake flasks using
’ variables of
commurcial glucosc ond molasscs as sole curban gource, Different /

(MH, )50, , commercial glucose and molasscs wire used. Results arc
given in Tebles XXV and XXVI. 3iomass was found to contain
37.5% ond 35% protein in cosc of molass:s and glucosc cxporiments

when the lipids were 22 9% and LB,5% ruspectively.

W
Th: grouth of Candida rugosa (A)Lcarried out in shake

14

fl=ask experiment with 6% molasscs as solc source aof cerhon. Biomoss

increased from 5.8 to 16.3 g/l afitcr 120 hrs., cultivation, .The



Table - XXIV

CFFLCT OF DIFFERENT CONC NTRATIGN OF NITROGEN SUURCE ON THE

GRU 'TH OF Condide runosa UTING MAIZE '"GURT %

. Concentration of NH,C1
Hg;;‘“ g 4 g/l i 3 9/1 j 2 o/1 § 10/1
Cultivatiop g Biomass g ggn:gn_ ggggfr g Biomass g NZ con- g zzg‘fr % Biomass % N? con- g zgg?r g Bio- Ly DDD-—g Su-
{94 §Ton Jawmga 197 g %Y gameal O UGy ougy pee y oineey one
¥ ¥ y g/ 13 - i o/ 3 i - i o4 ¥ /%y 9+ 3 Eope
D 3.116 - - 3. 16 - -, 3. 16 - Coad 3.16 - —-—
12 5.60 0.19 12 5.85 0.1k 12 5.50 0.25 14 5.32 0.07 12
24 6.90 0.33 19 - 6.70 0.24 19 6.S7 0. 42 15 5.90 0.1 17
36 7.80 0.41 20 7.02 0.28 21 8.10 0.b2 20 6.48 ND.18 22
L& 11.10 0.65 28 8. 12 0.49 24 922 0.56 33 6.80 0.18 26
60 2«72 0.77 38 10. 47 0.64 35 9.50 0.61 L2 8.00 0©.00 28

* Concn. of Malze Gur 5 %

(Shoke flask)

6L
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Table - XXV

PIRCLATAGL OF LIFIDS PRUCUCED BY RHODOTORULA
GLUTINIS UNDET CH.NGING [ 70UNTS CF GLUCOSE AND
(NH, )50, .

Glucaose (5% g Glucose (10%) g Glucose (15%) % Jlucose(15%)
o o = \ S
(NHL;)E"’DQ 3 (NHL,)?_‘DDL, ¥ (NHL,;);}‘JDQ ¥ ({'H&)ZJD
(D 3%%) 1 (0,.%5) i (0, 3%) I (D.qed)
16,0 17,0 28:08 48,5

Table - XXVI

PZRCLZNTAGE OF LIPIDS STURED BY RHCDGTORULA GLUTINIS

I A HEDIOM CONTAINING MOL,G6es AND (NH, ), SDQ.

Molasses (6 %) g Molasses (12 % g Molasses (12 %)
S0 o/ ] o/ (74

(NHA)EJLQ(Db1J) 1 (NHQ)ZSUQ (0.3 %) ¥ <NH4)ZSDh (0.3 %)
1355 18.0 228

Table - XXVII

GG TH OF CANDIDA RUGUGLA OGN MOLASSES*

Hours of g sugQar consu- g Nitrogen g Ciomass g Yield

cultivation ¥ med g/l } consuned ° /1 j %
0/l

0 - - 5.8 -

70 8 0.03 Beb 35

Lt 12 0s 14 o 2¢

=13 16 0.16 .5 29

72 18 0.22 10ed 36

120 214 0.33 16,3 50

* [ % molasses + minersl salts,



yicld of biomess wes coloculeted to bo 50Y% on the hesis of

L |

sucnr cansuncd, Tho protein content wos 4.4, Thise rusults arc
comparable with thosc generally found in litorature,

Bateh cultivetion of Candida rugosa on maolasscs (45

sugar contunt) was done in 9 601 working volum. formentor. The
canu.nts of the furmentor are well cgitatod (500 r.pene) and

an 2ir supply of 0.8 1/1/min. Rcsults arc shown in Table JNVIII,.
Biomzss incriascd from 7.0 to 20.8 o/l oftur 96 hrs. of

cultivation. 3iomess obtain.d afitir cantrifugrtion is woshed

with tep wotir and onalysced for protein, lipid, (N4 ond
gscentiel owmino ceids.

. ™

Two sireins of yoost such os Cendida rugosc (A1) and

Sacchcromyees cerevisise (50) were groun in molasces medium and

their biomess wes anelysed for zstimeting thoe protoin, lipid and
W (Tablo AXIX). It wos observid that C. rugoss resulted in

but SNA was higher in esse of [. rugosa as compored to S.
cersvisioce, C. rugosa responded in the modium satisfactory duc to
casentiel amino ocids and other accossory factors such as vitamins
prosgnt in the molasses. Howcwver, S. cerevisizce showed poar

growth 2s culture wes gensitive towords some amino ccids and
vitamins ihich were absent in the medium.

(o} )

“nrlysis of the biomass obtrin:d from two diffcreont stroins
grown in molessos moedium wes 2lso analysced for some cssential

gmino cecids. wesults aru ruporicd in Table XXX. It is clear
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Table - XXVIII

GROLTH OF CHNDIDA RUGH3AH DN MOLASSES
100L Fermenﬁqg

Hours of Ag Biomass g Sugar consumed
cultivation ¥ g/1 0/l
2.0 .
L 2.8 3.8
L.6 6e5
12 7+8 13.0
16 10.9 20.9
o0 15,2 e
A 20.5 38.5
8 20.8 40,0
Table « XXIX
ANALYSIS OF BI0OMASS FROM MOLASSES UTILIZING YEASTS
Yeast g Protein g Liptd g RNA
strain P o) (<5
] ¥ ]
A* 5z 2 7+85 41 52
s
5c L8,.0 e 1O 10, 40

* L. rugasa

** 5. cerevisline
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Table ~ XXX

MICROBIDLOGY GF SOME ESSENTIAL AMINO ACIDS CONTENT
F MoLAooes UTILIZING YEASTS (g/100 g dry yeast)

Yeast L ﬂrgi-o Histi«n Isaleu-—Q Leucinr_;1 Methiu-l Tryptu—ﬁ :
streins ! nine ! dine ! cine ! X nine ! phan kil
a8 ] I ] J 3 1
A% 3.72  Tohe 3.6L 4,92 1.23 el LeBlh
£
5T MU 2BE D8 345 B4E  BT77 - 26k

. Tunosa

. corevisice
—M
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that biomces of 3, cerovisice contzined high amount of srgining, .

histidine, isoleucine, muthionine and tryptophen cs compared to

C. rugosa where as valine and leucino were preésent in higher
concentrztion in the biom=ss of C. rugosa ss compared to S.
cercvisae. Uhile comparing the amino zcid contents in the biomass
of these two culturcs with FAO level, it wes found that isoleucine
present in both biomass of the cultufe w38 guite ncar to the
valucs of FAD level, where es others such as leucine, methionine

and valine were not upto the FAO lovel,



CUNCLUSTUNG
Hesulis uhirined so far regarding
of yessta, nutriznt
indicste that Single Cell Protein (3CF
cumpctitive price when compared wlth o
Ble in the fozd indusiry morket,
industrial wastus will result in

an additional minimization

nrowth characteristics

roguircaents, yiczld and quality of biomoa:

) will oe svailabls at o
ther protein supplements

GCP production from

Cerbohydretes such 2s molasses and maize 'pur' are the good
subetrs"s for S0F buesuse thzy conitain 50-55 % formontoble sugar
end these eaon be sasily rocoversd in the forn of us=2ful praduct

iede praotuin for feed industry,
Cxrorimonts with molasscs under nitrogen limitation will fornm
o base far =n aabitious hypothesis i. simultaneous production of
protcin ond microbisl fet. By manipulating the sddition of
itroren or corbon during feraentation, we can shift the priority

rotein production,

rotreatnrnt of sulfite weste liguor (SWL) is nzcossary in
ordur S0 romove inhibitory effects of 30, bofore wutilizetion,
Thus 70=75 ) of ithe sugar contants of SUL have been succoscfully
and converitod to biomass which cen be used for fecd
nurpasas, To neko the nrocess =conomical supplincntation of 5Ll
ith nmolosses or meoize 'Ygur' is guite necessary as this will hring
tho lovel of feraentable sugar to a sirenath whore meximun cell



mess production capecitv of the plent can be oxploited.
Good quslity prot2in cen olso be ghtained from paraffins
contained in the waxy fractions of peiroliéum such as waxy

lubricetinn oils. Up-orading of the gss oil as a rosult of

)

micrubiolonicsl dewaxine will give us z very useful by-product

to b= uscd in cattle and poultry fend.

SUCGESTIONS AND RCICOMMENDATICNS FO1 FURTHER LIORK
‘“

1) gecale up studics on a pilot plant (1000 gallon werking
capecity) are to be carried out for bulk production of
bigmass far a poriod of six months  wherzas the cell
mess thus formed con be used in poultry feed as a protein

sunplemant.

2)  Ixperimants regerding lipid fomoiion elong with protein by-

product could be tsken up on a larger secale and economicel
feasibility report be prepared as we are importin- oils o%
the expense of huge amounts of for=ion axchanoo
2) Frazsently we are passinn through s phase of encrgy criscs,
It is hinghly desirable for our scientists snd technolaonist

0 fevelop indigenous resources make altermate arrancencinia

dopending upon locol raw msterisl, One of these can be the

use of clecohnl gs a source af energy. This con only compaio

in %he market if it is produced st a compotitive price,

Caliuvlozic row matericls zlann with molasses will be the raw
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materisls, GSemi-onasrobic conditions will not only give

us alocohol but slso a wuseful by-product in the form of
prutein,

Continuous studics for new ciltures and their devalopmunt
will be cerried out so that cultures with better snd good
yizlds are added to our existing stocks., Hutents of yoeasts
with better amino ascid profiles snd low nucleic scid contants

will b2 most welcome,
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4)
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APPENDIX

Construction and Fabricatian

Some of the wmajor equipment and items added under the PSF

Project to the aslready existing facilities in the Fermentation

Pilot Plent are:=-

1)

(S

3)
L)

5)

6)
7)

Purchesed a fermentation unit for pilot plant consisting
of & fermentors (9 1 capacity) with controls from
Antibiotics' (Frivete) Ltd. Iskandarabad (Daudkhel) and
installed.

Construction of a room/shed (32' x 24') in the pilot
plznt building.

Hzavy duty compressor OF Osaka, Japen,

Desioning and fabrication of a 500 gsllons working capacity
formentor especially suited for heterogenous system.

Local fabrication of stainless steel filter press for
pilot plant (order placed with M/s. Steel Valve
Engineering Ltd. Lshore),

Mixer grinder.

Medium tanks, enpty drums and other containers for the
storage of medium and substrate,
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