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l.1'rOteilis~ 'bo{~~th~r O\~>itll ~~oot,t;.}-urat~s constl:*Uot, 
mamtt'dn" op0'r«!rtflt th~ ~.J~. All sub;:ri!i!;.~.fJie$G unde:rg.o 

~~la;lcal ehmlges vtitb,in lrWlltlc.n sy~'tem r~nd ~ eonvorted into 
mlergy. Th9 body is built .sueh tbat it ~DI1. store ~bo-
ll;yoJ!ates wad f.s:ts but not :Pl"ot~:Lns. TherefoZ'~) * COllstaon't rlll!l@v;al 
of protein from ~.Jl outsid~ so'V.:rca is 

P%>oteilll 1e r-~qttir~ to' sua~n 

to ~ dlft$~~t k'lnd6 of J}rot~lns 
eel1s_ All prot~ins ~~ 
ae'i~. Qf th~s~ alll1nor'~ac1de eml b"'~ 

this 

ot'·thfi: 

the digasti 't~ 

a~t'~ reco~1b~ed 

tJP~s 'OJ! 
m~no;/' 

aheJ~iet' 

tlu;it the 
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WGuld, . r~S'Ult in gr~atel" 

thus. '1Vul~~ increas8 th~ yield. 
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It 1s cl~ that thewGrld nutrition :pl"()bl~~l iaess~ntlf,il~V 
a (lU0$tr:iA)ll p~tclnQ:. Ap!jr~~lat.Gl;r half of ~rldt~} 

gro\~h. 

C;t11ori$}s. 

of 'pro:t~ill 

£ourt&~n ~111ion we~e 

flne 01111,00 

r~ix m111ien tOIlS ~:t"e 

of th~ und$mQ",.relep~d cQUll:tries. 
.11"1 vrd~r to. feed l)l.~pe~ly th~ p~:ptl.latioll 
in the 

~-;''''l0 't .,..r;t i-: .... . U_._j;;i!$~~ uoV-

, 1;h~ ~p;('eduetion of' 
l&;e<.;st GOmilliOll .. ""',""',-..':> 

c'3;lor1{)prot~ln.. H%.tw1n{s 
-I)1"'oductivll of """, - , 

'to 
l):l;:t)tein 

-that 
b:ll.1ion 

soould 

pl:oducts 
tb~s$ 
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eflrl)Oh:rdt"'tl'tes to prodlle~ v5.t~ and pr(.rtei;a. 
"'" .~. ~~ ·t- ,. .. pro",,~l,!l prOv-ue;10n by y&!~SljS l.S 

c6:mmoneomp!~lsol'1; (:~) is a. 'bnlloos; 

th~ Bartle -tinle, same wei€;h:t of 
ra.te dO~$ not appl;r to ~v~ry 

but it gi~.sml idea .about the 

to d0:paraZfL~ate 
it V¥fLsobserved t;:t~1i 

11I"'ote1n .... l:'leh 113.1cro-organisms w¥ere prodllC~d ",. 
d.ep~-e.f:rinat;1on tiC} 

qlltim:ti t,. af food 
t;{j~~~ it is 

~. 

C) 

d) 

.,,~hA"'1';b t",1¥'I'l1l> 

.. " ..... ""''''''' '" .• ,J;,~ ... , 

prod:u(rt;::t on l:"t.lte 
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pDSS3SS nOehlol.'>opb~111 .. 

b~et~la.and h1sh~r f~~S1 

<l:>.''\ F~'I?l~ .... ,"';11 .• ~ -Q~~Jiit:":;'"'"*'V vV",*. ,... 

al'i11a;ys oe..~ t!S Sb'l~)l& ee 118 .. 
i~asts are 1t~ide~ aif;;1;r;i,b1CGed 

include the ttl)!1'e:r 

m~ltter of pl.an't origin ~10re 
a.rt~o~i~d lnto 'the with Q't:u5"t .or l')y 
vd:;de1;r d1st.ribut~d •. 

do 

YealJt; (;$1113 (5) ~ t.~'Ulilt.v 6pl:~r:1cal~ 

a;re fl(~t' 

or old cells., 

lloX'mal (}o!lst·it'Wllll't·S &'f t~ .. ture J\'~11 f!! .' 'fiS·'I}Cci ~ ~lv v . .~ .~. ~ ~ -';Ii ;::;r~"""Q 

~~l:'\dation m J~~asts i,B 'the b~.fSi~ 
& :tunetiQll in ril~kL.~g of 110W l:tybrids. 1 t 
mai.:rltait1ing the v"1a.biU:tYQ'!~ c-e Us 
t;b,e e:nViroJ.l.:;s~~t .. 

l1e b~t'lf~el1 

s1~e 

O'v&.r 
or 
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&"pttruL~tlo.n :Utitiat~ti by a d~f1.cl~ey in 
auppl;r ~ltld t~aeeUll:u1e$1on af tone "'!l!l It ~·l· '¥: .,.'1"" .... i~ '~'14, • ._...-v __ 

proceed If ooooltiOl'l.S are not favorable. 
}f~e err'J'iro~tf;ll faotors af'f'eeting tIw t::t-e1'tivit.-7 

01!'g:an1~ G!m be ~t)UJ:!~ as phy.s1e(il alV.1 

1.s . all inte~latiollship b~~en some 
:tact;O'rs .. ,rsl'Win!:; one factor C~ 
~.f1;'~\i:am 'lie otl1e~ factors .. 

" .",.,.j-

hind~I' t;h$~owtll flf> 

~ffee't 'tmatsoeve:r on the IIl1ero-organ1:mn .. 

enV'irt:U1J11en't4i!,1 
of .a,n 

or 1 t; O~Wl ha.ve no 
is e.Jl &:t~;'a~ple of 
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~rru!],:"a~ro~:pe, the lU.~gen suppli~ to' th~ 
:p.t'"tZf'srred 'to ~ in· too 8~ form. 

IN)!,''tt-,dtl:tc 'Pl10S1)!1.~lt$S &~ ~sential. fo:t" 1\",;.- -- ,,.., ...., 

is pl?es~nt in 'tIle nde~-ol;~,J11snl 

La(",.l.~'l}:rgan1sms take. ~ sttL~ 
ion .. In ld~ga1li~..a" ~ul~ 

of -2 ella is f'Cflllld in m~~.1)taYl 
<k 

Ct)nVeraiCllof eul:fa-r; :f~n tllfg Qn(l~ti¢n 
ion to -2 ill .i~re&l)'tsn i.$ ~.oriX!b as. 

PAGE '1 

is 

{lll!lVil:OnTnent &$ 

is ~ozi-

(f"i?i-~ 
Xlle lfroe~s 

the 

a:t'a 
f'> 1->ln "",.'Ij."",. ·V..i<J.~ -_v~~~ .. 

ol)tain~d frora th~ en:v1romnent Md !'lt~lll ll(}att ge,n~rcrtet.i du.rhlt; 
lrlJiJfbf:tb01i·Stll. 
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Wi1crobial s;Oi;ivity 08nc..~g~ 
'»h"<l!''''' .. ' ~ ."">.f:~. '1",;1":;; "'~+~:. .... ~ ,-I" 'h"" .ol'Jl,\t>U".t ?>"",,,,,<r. '!'> . 9"" of" 
.l.4i~J~"~"""'~ &'f#¥~;J$<U ~-~ \:jo1!~v ~.!..~~·~~w 
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'Wtlrk on~"lbOl"l!r:t&l;V sef11e W~{..~ 

'Using Plmi$hv~~c~bona aS$uootrat~w 
tJauchoud~f~a:tlnl~:nt $ c41.d L~~6~ (<4). is OIl tlle 

.~ 1.2 gJ;'t 4.0 gr £11860 >l ~ 1 
. "'¥. 

(l:lit'eo ;yeast e.\~'raet;)~ and. 1 11tel'!oi' 
s~111~at1on't 'the pI! of the !1t$d1um was 
t~pe:rat1lreof :l:e;rm~:nta'tio:n was 
VigoNu..~ ;&gltat10D. ... 

':file QUt-hOl?43 (l,}) se~~atMt~C! ~lO'Jd;~sruld 

to C1· t:: .. (;'~!lcltti1d,oz:;:r. 
.t) 

a.~rfibioctllysll 

tlle gro\vth l:'fc1ta of 

to Oj$>." f~~~th 
-{~ 

tIle len~tl1 G".f t'h~ alkru'le ehfd,n .. 

PAGESi 

oo~~. 

'7-.0 €W 

fr.f>e6ie~ 11):1: 
~:tll)ma 
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15::15 rpm. wus OOet1. 

daOlt~t ~und 

l,llJ;1t;hi;n 0 •. 1 utii t of the set ~'Qmt., 

Miller and Johnson (8) in\J'~igeft~d 

PAGE 10 

1mp$11~~Gf 

~l iJat~~'I' 

gt'o\~h oJ? a mlm:o­
or~an '1N~u.ch they called Cult\~& 4· ·ou """'-.~.&"",.,<;;''''''''''''~ lttedium 

l~~Viet~s studies(' ) ttS:Eld ~md th~ fe:rmeitol?' "V~~ th~ S!tiR. as in 

(;rQ\f1thOll solid. bylU;oc~n$ 'Je~ st~e4.b3tlZ'Oeul)(ra 

ii~~ s:olubil1.~ed in highly ~~hed b3~Oeal'bon13,. Sh"1C& h!g):Uy 
brancl~dt;('ydl::oowt.'O:as ~. not asailailt"rt·et'{ mic:t~r~ism .. 

In tM re~~ e~ied c.utat (ltt2~.;;,9)~ 
is !Q~tJ:t1nuo--u5 mld ott aix-1U't 

1··~· ' .. ~ 

is ~~oulat~d to 
liter of ~(litm1 pel:' liunute. 

InO-l.'*e ~s oil is introd:u.eed. Addi tio;n r~tt$ :is 
o.'fl tIl€.;; basis of the ~heoretieal yield at' the 

~;ttld~d* 

.r"~"'l' ~zl "'''' ...... li~~...-,_·_~~~ 

.l,:i1,G:t(\'l;r 

of base 1~ 
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Yield 

continu~d each hQu:e un.t:11 the amount of' 
gi~ per ll'te~. In 15 bo~at a eellulJ;a; 

11 t@1." is re8<.ched ... 

PAGEU 

~t"h~ ef:f'luEtit of :th~ ferme;a:tG~ if&. all OOlUlsion of tr~ ;Y~$;St 
oell$ ~d (;as oil. :i.il the lD"t$(l naeilium II> Upon c~n:t;;rafufl';ing t:td,s 
e.mtllsi--Ol1:. a cr'eam of y~mst "j!th i.n"ac(!soi: oil . ~ld ~Jl 
emulsion of ~s Gil mwat~ ~ e~b1idaed.. yea,at ~am is 

1 

gi:va~ laG'Ol1oon:trat.ed 
tlSed 

or at~z~",., 
the 

"'~~~". ''''+. -~--!L-~i"r~~W'~ W! 
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prote:in p1"odtlte:t1on by 
suitable carbsn $,nibs'tJ:.i~d;;e$ a1"~(3) t 

l'4iquicl nQrmal alkalw~ 
J)'1st:t.llat~ of paraff'h'l c.ollt.a:;ta1~lg l:~Cd8 

:;. l~&th~llie and ~{;,\t'tmu e;as 
I;iquit1aormal paraffi.Jls ha:V& btl~n obj~Qts 

111 rll~' eov.llt'r1es (t!-.6.,7.~:n .. These 
purity.. rsethodo£ :t~ent~lt1on ot: 

(llffarent from that of YGast~Oll 

fJt,1bstlJat~ is Cax-:,J,$:mlM entirely 0;7 tile 

procfjdur~ t'hat ua~3 't~ diS't111at~s 

o,il~ :'bl 

PAGE 12 
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Hydrooarbons {io not h~ axygen:tn their mol{!!cu.le, so tlU'~ usc oJ:. 
a h;ldrGear~hon 'te ma1;;es the required aTnom,.rt of: c)'gygen for' 
ficlequa'te gro\\"th of' tll® yeasts th1.:ee timeslaI'gel.'> th;~"1 the t)mOUt"1,t 

neeessars vJith EP.Jgar subst-rat.es .. HOi,Yever. l.lSirlg bydrocarb')llS as 
stibstl"ates llns an adve.n.tage, be:cu.use the qU8xltity of yt1fiSt 

profluced as eOml)a~cl to the cons'U!.tled. su{;l.s:brate is t'W,!l.ee the 

ar.llGtU'lt 'Obtained when sugar substrate-s ~t"e uS(:;;d .. 
.fermcntution is carried out at OOn(rt[itt1.t terapere:t'I.U:e .. I.."l 

(:'f'l'uilablc 

solutton or a.mmoniwd acid phosphate .. 
{lots b\S [1 bllfi~el~. 

." ..,,0 -,",0 
~;;v -ltV C 

C~'}!ldida '<ii._ ..... ,.-" .. _~_~ 

t1""'~:" -;:~f,Of.'" 
,\,§f'ki.t.O ..if<fV v 
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is ~rU:~IJli~d 
iI'On~ 

with hydrochloric acid, which :i.iS:~ ['1,180 

ion", 

GompositiOl1 of' 

salts 

V:ltamin 

abotrf; 
r,Pable 

:pO<t~lsSitilll a,r,ul 

cou,~enta:ations 
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.gila,pc of eel1a~ lout}} oval -t;O' Glorl.gat{~, a~so short oval 
Size of cells (aftGr .> days on malt e:'rtJ,"act): 

(2......q· .. .5) x (4-22) miCI'C1US 

l~'ermentatloD.on sug8.rSI 
.Assi.milatioIU 

-
Glucose + 

or very littl& 
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:1 glass fermeutor of about 1 :liter capacity Vlas a.vl;;~j,lable4 

~Jince it 1'1'0.8 pl&"1..fled 'to ~.v()r1t at a l'&,glwr eapru:}i t;y~ the glass 

fermen:to%" was not used. 
It V38.S tho1.tgllt that a I}ol;jretp..ylene C9ntainez:' coultl de t.h.& 

Job. 'The pol.yethylene containel'l;s availab10 in the rUt'otrke't; were of 
liter eapaei1;y .. 

pl'osent experiments. 'ro have this :t~0quired CDl)CHJity, one 
eOl:xtt].iner 19M going to 00 s~led th"'1 top of a.l'l{rther 'byellO~ 
cement. Thl.s d€isign would have the desir(~{l ea.pac1t;r uf' liters 

result 

a 'wo-rking 

of dea15'l'l 

would halve atl advel,"OO eff:ect 011 

~~"uld 'be lo,;/veroo ~ alld since the 

tho eontalller 
so lution wOllld 

¥ins l1.ot h;1gl1t '!;be air rate could be lovil01,'{xl to an inmlf':ricient 
omotmt. 

t1011J.rl 

ni:nce 
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]?olJrethylen0 is not stif',f eno!!f;h "to ~d,tl1Stei.'Ud the 'preo~~19 of 
the liquid it contains 'Ii'?<ithou:t deformation .. r.J$a1:ta~s would 
:probably o.evelop an a result of these d6f'ormutions. 

" bef'or(~ pro~eed1r.tg \)'ith such a dElS:i.gi1t a s:tnglG c():ntw..ine 

test desigtl V.'¢W used. '1'.'68tS on "the single ecratainer Dho'lJ'le('l that 
tIle u..~tG,tion cB:userl by bubbling e.1r tllrO'lJ.gh mecliv.m was not 
ei"i'~eti~'le eIlol~h .. Theref"ore. the idea of two eontB.ul~ra was 

contniner could 
knew that VIe cou~d not ol::}@rate th~ ;t' C;~:(1€1iltor continuous • 

:rh1~.reforet '!,'Inert 'the 1: ermenta:t;ioa Vias $ttu::~ted eVfJry mOming" we 

~emelltation temperatu:t't:t.. :Phia ','\;uuld requi.'t'c u he&:.rt;L"lg device .. 
:first .d~eide(l to hea.t the irlCami!lg ili:t" (rtx'ea.m by a 

temperaturet1 to obt;sdn 'the raq:u:il:'ed 
heat loss of a;il~ stre~ would be 

if' the close to 

st~it!}l to' t.h.e eSl1tral system... ti eA)utirold.®1r1C:~t. 

we could adjust,the ~l;rJ.ount of steam ill the eO'11. tITUS eOllt~ 

~;i pI'ooi~H~ 'con:tTOl. of' thete:rllperaturc tij;'a,s not eatsy~ be~~use the 
cou:trol to be manual.. lU'lother diaadvall:t~,ge t"it.lS -tlta't t if' a 
continuous and cOlllplete mtx:L.~ was not .hlt~1ntairlt;d.!I t;he {:k~a.tll Qf' 

the faicro-o:t\-;anif.llP-s 't;.ouehing the hot .metal su.r:ftlee ~'JOti.1cl low@l.'Ic 
the yield.. (?';ave up on ttdBdeaign becauBe of' tIle filb,}ve 
<11sad:vml.tages .. 
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t;1:u:m th{;l height of t.he 't1edium in the oolltai.ner", 'rIle teuwerat~ 
of t;ile metilu'I11 (;o1-lld be :precisely aon:tralled by puti;Lwtg a tempe.."-­

rature gradient betvleen the containel." and t;he bath. Havi:ng a 

positive 0.1" llegatlve grad.ient? we COu.ld heatQ1: cool 'the l11edium, 

also keep it at a COnff{;anU temperature" ~011e 'temper<ltl:n:e of 
J,:;hc 1Iia.te1.~ berth 00111<.1 be increased by placing Iloa-till€; CQ11~1 in 
the bath ... :l:he design was abandoned on eeooondc 'b~'iSis", The 
l'eq;u1red he.aters. and 'the water bath larGeenoL4sh to co:ntam 

fennentor would have a high cost~ 
Finally, we thought of heating the medium by aqua.rium 

orgatliktJns a:t~~liv:ttlg, thus reduce the ohance of" death of miero­
ox'gfJlli81lls by :hea.t .. 

To reOJICe l(:;alrage l)Ossibill ti~s ~ i't v.tar:; 'u!.Klesirabla to have 

mixers "be:L~e; ,:;r"..ra11able t ii'lt1 triad 

same rod to mcr~ase t:rH.~ 

operatlonof 

holes 

was possible .. 
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plastic tube to tbe air i"ilter attached to tbe co pressor. 
A hole S IIl8.de in the container and a thermometar 8 

inserted to control the ~. tatian temparature. 

PAG~9 

This _0 tbe apparatus that •• were able to construct. The 
apparatus th t .... tbink would give better results would have a 
di~~erent design, which will be discussed l ater. 

J'1gure 1 

The Appar tus 
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VII,. 

PAGE 

took almut it, P.£HlrS to heat the mediU!i1 fr"")m the rooZfP, taliipe-
rature to ferraentation t~mperatl:tre .Tlwrefo1."& t ten'lperature 
dm"'illg the experiments V'~U3 110t constant. 'tem:peratur~ versus 
tU!u g:;l"'aphs of' 'the experments alJ'e fb1.vell ill the Al?!Jendi~. 

are f1;iveD. in the Appendix. 
~nera.l I:TOCedure:The medium waa pr~p~&a by we1.ghing the 

rQ(luired aJ;OOUlrGS of sallls ;for a 15 lli;~ medj.tu1i<i< li'he~ie ;salts 
'" 

{tissolvad 1n (5 liters of' st;erile distilled t'later .. 
sterilized by bolling a~t atnno5,Pher1c presr::rur <!' 

eoz:u:.sn.trfltied I!led:i:~ml was ilrans£~red to tho f~:r!amtol? .. 1101; 

COtllpreSSOl." were 
-","'A""',,~= "~~·'''H,,, • .!l·''~ .tll.~-~ili~ ~C'l~~~V4,...liti,., 

1;) 11too:s. :l,~he 

heatex' 

waH lef-t stemrling ovemlg11t., 75 ml ;p0Z"l<ion o<f' 

1119.53 added to the medium. follov;ed t11e 

.' "1" Yl.e.!.(l 

:J1~'1)erimQnt 1, ~1:he micro-o:r:),g .. ooism used was GC'3::l.did~l lil)OlY:tiea. ~1 b . -' t "'.:..-a e il 1 . . J t .- iIM'(.Ij'i' _.:...- T _fp 

1094 '" :i!he iuoctUlw was seeded ill lH:;tl.'4i dishes at t;h() 

Iiochemistr-y Departme:nti of' l:stanbul t~niv0rsity. :£lhe cells were 
ho,rtrosted by pour:l.nt?; a salt solution :l,nto tIle l)etr:t dishes.. :l:lla 
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by eV~lpor-atl00, a 
~()t.:irS~ of f·~!tilr~at1vn.1:o 

PAGE ;::;"tl 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

were transferred to the medium: of lTIxpariment 

PAGE 22 

The air prov-iding systenl of the appflratus \was tl1ff'ftrent4 
:gy.per1ments ;? and 3) were e&.rried out at theStllil<9 time f tik"ld the 

com;press~r ~ould not pl."'ovidesuffioient l~fl(}Ullt of uil.~ for both 
0A~:riments. There was 1'10 othel." compres8oravatn~ablei th.erc:ror~. 

a vacuum :pump was oarulected 'to the air outlet the apparatus ill' 
VlaS thoU{slit that this arrangement would \'JOrk provided tlmt 

the l<!taks are mi""l:i:rni sed.. :!:.b,e inlato:t" air was a .1"UliL'er tuoiIlg .. 
Tbet:1lnd of the tubing was kept highe-r tllal:1 the litlUid level in 
the .i"ermentor. The reslut was not bad. Tfro vaCU:Uh'1 pumps Vle:t"'~ 

tlsed 9 L.~ altel."ni3.tloD:t' in o::t'd.er to decre~lS0 h~atll'l€>' 
fI:he medillLl vias' the sa.'1le as in Ex:,Pex'iment ,~.. j!bestibstl"ate 

&'lIf:flcient aulOUll:(; of substrate was :presen:t. f1:t; thi3 f'ez"51\onta:tion 
·t!Jll~De:rat'Ul:e, the less of substraiJ(; ,P{u;>ati"in 1Ilr'aS l1egligible '" ~111C 

yield [;l£te:t~ filtr~rtion t;~taS 2.1. gI'. 

""~",,".'-" ... "'J.-' "', A (t:1f:f~rent 

.0£ Ct)lld1da 11P.cl:'1tica t'laB· used. 
"=ll;ip . j] _.. II! de _ ;1\_ 

of tl:le 

pr&"Viou..s miero....or~;~mism.., the fe:Clll$:Iltor 

(~Z(lI}ek-f s r:[ed1 um. (:5) 

Huerose 100 

1.0 

!rCl 

15 gr' (~2 .... ;;:O gl'» 

ml 
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):four ctrops of' grovJtl1 faetors~ 'tha:tI is yeast extract., ~1as 
add.OO- to each petri dish to be inoculat£"Ci .. 

Cztt.pekts LI~1d:i:u:m was prepared end boiled. fol,' half au oour. 
the uetri ... dishes .. 

medium was in tbe up~Der ,>. 

water to fe~ll on the 

made in th~ SaEro t~. 

f>"'l ... """ -""'''~'·''m ",~,,,,,M"'.I .t..*~~ ~V\.."{,.·4Wl..k ~~"':;)~ ... u t 

euring the stops 
pttr'])ose.. USil1g: the 

p{l.rt. Tl118 prevGntecl 'the 
micro-organism.. 

de'treloped", ,,\ se:cOLJ.d 

~ .... ..t .. on 'r;He pet:iI.'l. 

the stock 'l,Vt1S 

'\.';eI·ek~pt at 
tl. .... mlsf'oI· was 



n.,!t' 
v.!. 

added. 

I. 
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VIII 

On the basis of the expex·imen:tsCKt":t"iett 
at a eonelt~io:tl aoout the pex>£ol."'m£:;.fice of t;he 

PAGE25 

AlthoU[5l:i it ~'tiS the best we coul{l design which served :i.t.s 

l}1}rpose. it could and should be much more ref>i:i1ed rOI: furthar 
~x-pe~riment:a 1.:r1. tile fUtltr@ .. 

lJ:he fallovdng ehang~~eotll(l he 
a) The fex:mentor we used wa.s made of :polyethylene"li 

ma:terial that could not very well otwlfl the 
sterilizatlou~·:i.f' sterilization is need~d. 
tIle neeessit~y of chm1~;ing 1';h(-; ~.terittl is 
bubbled into the vessel. praOHUI"e is b"uilt; 

so this pz.~etlSUl."0 ill-flutes. the ve~j~3el t 
leakage tbro\:!gh sealed joi:n,ta gr(}ater& 
weoould .not Imt ~nothGl" heater to tho 

•• 0. .- '" '" '-" ~.1>'l ·'",e'" '>'>. "".',t"'. lJ.tk; !i,Yuros ~avl.C JI..z:er...,,,:H:t~.e v 11 

to be 

o:f 

consideratloDs mt'ike Ertainlese steel tile 
fermentor vessel~ 

b) As no·ted. 'befox'0" the micro-or~1:[m~,sm. 

riments is a€~robi-c. Therefore, 8, S'lti:'j:icient of o:z;rgell 
should be continuously provide~1 to the ,micro-org&"lism~ lJeeausO 

the oxyg~n 111 tb£' liquid: !a.ecliwl1 of fe:t"I1U~ntH't1,on is o:t a VfifJl.<y 

SImlll am.ov.nt", Every eell needs S"uostrate, 
1"0.01:;0:("8, and ol\rgan in solut:i.on in the aqueous 
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dQ.tlO by bUblillng fUr tl'lrO'Ugll the ms(lium It the amount of air needs 
is increased. 

V\i'e did tile mixing by bubiling a1r U"J." alld it was obaerved 
that this tWItS not satisfactory. 'rae rate of' air has to be greate 
for bett~r resul:Gs" 

Ideally. we should I1:"lve em emulsion oj:' 'ur:HJ fj'Ubstl. ... ~xte in 1.>11$ 

aqueous med.ltlIJ., and a1r bubbles should be as am.fJ,ll as 110asible 
no tlla:t a uniform' aers:t1on required for n&"Unltw possible f~'Wth 

T'ni.s CDA be done by passing a .larg0 tlltl01.'Ult of dr t..l:ir'ough 
a cireul:.u- steel.' plate "nth ~ll holen al1- GTV'e:t> * iUlot;ber 

Jiiossible design eould. involve a miXing of' the s()lution so 
vigorously tllat the bubbles eoming from the of" t:h~ vessel 
fJJ'!e: b~k~n in:tio smaller ones., 

Therefore~' the prc.pesed de~!gn shQuld 00 on~ v"hich W'Ou..ld 
provide So f:~at~~ amounp of air than Vias available in om: 
eXfral"ime.n:ts. Thiseould be aeeo~l:tsh(~d using the der~1ce v,rltll 

ail ;m[~small ll~les as possible wbichcould be fAt the 
bottom G;f thei:>f:m1~. ar.td.. at the SlMn0 1;1£<1e, 

l,'ltlbbliug of air would t~)~t1 mi~~lf~; ruo;t"e 
'the aeration \'iJOuld be mO:l~e tL"lif'orm. 

A powarfitl I1Ltxer eapable of turnir;;.g a 
lUgh %'1=)151 would be neeGsse.ry .. A baffled tallk 
~ ·~-t,PA""',"K "'.iIl""~iTH'" (" .. ,,).~. ",.'''',.<''1>'''''' ::'!'. r.-'if.~-.~.. 4~''''' h ... ~": us.,!,,,,,,..:; v.o.;~. t:' .. ~&~.. _4.<:;."':-.,.. .!..''''',",. .rv -~ 

medium. 
l,f;'~:t'(JrtllS t llntl 

v~sael 

could 
ha.ve the otrtlGt a"t'otll1d. 1;he f'llixi.l1g l.~d.. be 
need~;~i" because it is desir{~~tl to all oi 

tionahip of tIle ferme:nttltii;:~n ·te111IJel'B1;U4~e t;o operation ·time 
dwing 'the 6XiferiL'lents. only a Pt1J:"t of the QD(f}ratlnn is carried 
out at the optimum temperattu"e :f'OI?' the g:ffo";.rGI:! o:t: th.e micro. 
".,. ~"'"'.~.n ~ <f"m ."'!,,," '1-" '.. .?",o{,'i 

v:.t'6 ......... ~::li~~. \i.J .... ~CU) :us b:;!lV ":"'.. • •..• 

i;l.:t.n the h~afJer W~ beta, it vms possible: to control the 
tem.pera.ture 8.t 30°0 v1hen this tenlperatUl."@ Vias ree.che{l. .. H{',rrrJ$vol."'t 
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it took 4 - 5 hours to heat tIle medium :from roanl temperaturs 
to the t'ernl~nta:tlon 't~m.perature.. Since we could worlt about 
8 hours a dey. formoX"e than half of this :period, the medil,'llJl 

'~vaS at a lower tcmparat~ than the f'er.rllent,z;rtim:l teIll1?el."ature. 
This reduced the o,,1l0tlnt of the product Bllct 
considerably. 

In favorribl~ conditions for gl?o·~vth, .0'.t:>"1'~~''''''l''-'''''~ '1"\,~1 ov~."-.. J(.;''''"""",, ... ~ 

this heat llaS 
to be ret moved. to keep the temperatm-e cons't&lt.., This 11 .. 1.8 been 
pointed. out in tlle litera~ (9). This not 0 bse~J'ed in our 

loss bec~lU:se of the temperat'llrs gradien:t 
a.'1d the f"er!!1entor v6ssel, or more probably, l;o 

the :r:e.te at g,;l:,ov."t;h. hence t the l"ate of' heat gen(~l.'a"'t;ion. l'Jas .far 
from ideal. 

did tlus in the last 
a '9"Ql."'tion of thE; mc~tlilWlt heat1:t'},g it to 

and 'chen adding i if back- to the a 

cells due t~ exces!li ve hestt during thi~ 
liq~1d to tho medil~a. 

A 'fJ'Iflter jt1aket system arou.nd the fe:r:mentot' seems to 

bo tho. most efi:'icient and quick WfJY 0:1: contrcll:tng the f'er11len-

, tatioJl temporatlll~e. If.r puuting 
could heat the IiH:,'>dlum qtliekly_ 
jacket to a oonstant tempex'ature water bB:th t Vie could cO:n;t:t'ol 
the tsmperrd;tilr6 at this value.. Buch a· systet'l CQuld work for 

nea:l1ing. cool:1ng,or ke':!l)ing the med11wat oonst8Jlt t;empera:ture .. 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL PAGE 2B 

d} In all f1 va axperments $ lJ~ could. not prevellt leakaga.s,. 
Th.i.s l.'esulted in. 'the loss of~ subs·t;x>ate,. especial!.y whon 'tlle 

'1_"' , h ;L • - t' [" .~' . +. auos,,;ra1;e \V&S l'terosene. u:! eVtwo:ca~J.orh J.,n ne kl.,d,.IoJ.tl eX,perlJ1l011t> 
• 14"" • "y.t ~ • ~ -,. ~ t' ~ ., , ~ 
211 W~ll.C.i1, 4\ Ull.ALngaevJ.ee \vas usen Wlll.Cn pon.e ~I":rr(;(3U :ul'VO 'tne 

fermentoI'vessel throu.e;;h a hole at the top, gO that the 011'tlet; 

VIas open to th{;1 atmosphere, the loss of' st:to:::rtra:te kerotJene was 
very fi~at .. 

llln more alhranood design, all the exit; air to be 
collected and passed thrGugl,l a device t,hat measures tilt} ~llD.Ol.mt 

of ca't'bon dioxide in the stl;-eam,. CI!his ikJ necesse.:r;y~ because the 

amount of' C:..l:roon diondf.t and its I.'ate 01' c1:u;me~e a m\!ll~laure ,of 

thfii rate 'of' g:I'Qwth of the mierO-01."ganism. l;~ recordirlg l;J'pe 
caroon dio:d.d.e measl1.r'ing deV'lce could sIl0,\!') th~ growtl1 ,l't3!:te, 80 

that oneeoold spot the laten't j?MSG 1C. the eXIX>l1ce.n:tiil?,.!. :phase. and 

tho strxtiont1:t"J' )!haae dlkri,ng the eF4Jerim~rlt. Tl:-ds Vt:ou~it allow on~ 

to sta}.) tl'le experisllent before tha stat1onoo::y phase 11 OJ:' a:t the 

ooginn:ingo:e t;.his pe:c:iOd,. This 'Would illCre1lU30 -the .average gl:O¥vth 

COllcel:rtratiol:l oC~;~rt'ed dll.l~~ the 

Por ama.xitilllm growth :t"'t!te 'I ~m 
cor.rnected to all l,h'TIm;oniumhjldroxide sourC0: is 
rl,@v:lce \'Voulcl Jlloz:~e helpful iia r~ooroillg 

~ec()rd,ed ·the amount 0:1:"' aI11.TiJoniu.iJ1 hydroxide t:u~ed. 

COlltrol 

also it 
neltGrallzes the acidic compoU!lds produced bJr the o~lls ~.luring 
grovJth. If the a-nountQx' base used. versus time is plO'tted .. , this 

'plot lI'1(}u:ld give 'tho rate of gro?1:ih of' the m1el:'O-or'gtlni~", t"£'he 

amount of ammonium J1.ydro:rlde used is p:t~oPGrtion8.1 to -the rate of 
g:rowth. 
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f~"~A}~ :;1. -Or-.{. {z::tN~~ m.a .... O'·l~"~~~.< ~?"'\~i! "-:n ')':'""U"':r"",\~~";~"""~'i>"""+ ~9 
"' .... ""- '"" J,. ... <.;,~",..'" h_."" .... ,,~ ........ "'_ ~ J~'''''"l.f~..k..w.!.l'~''J>:.t .. :;;, 

observed that the fi.gurfJ; giving the 'to-tal t2'&10th"lt 

PAGE ';:'9 

and it 
of 8:m1l10ni urn 

l1Ydl:>o:;ti{ie added to' medium versus ope:t"ation t :tme shov/S a similar 
.pattern t;o g-rowth rate curves ... It r..a.st.hX'(JC s~,pal">::il,te ph~iSet;,~ 

corresponding to. tIle lt1tent i ex:ponanti~~l;i.:m.(l statioXlfil:Y j?hailcs 
of e;rO"11 i.;h. 

would be L'1c:t'ea6~d .. 

In 1.lSil.1g micro-organisms to solve of 
t"''l-.,...,~ 4", ..-h.. .. ~ ~""':'h -'l<-"A-"V~ld oV'!. -- ..,~ --',f"""" n t~--<o~. ~"'~~ ",."g.>-,'':l! .,,~~ QUvrt.>ug\':l J..b. v~ C 'fi'Jv.'_·, ..... ~ J. o....;e,o;> 1.1.~,VJ.. O,,)~t.f;~m 

equiJ)fJ1ellt desle;,.l'l. This l?l.'oblem arises 

CtUl divide 

costs: 
1 • 

. }.. U'tl11ti(is 
4. overhead 

ind:u.str-ial 'scale, stainless s·teel is the 
an expellsi vematsrilil . and sl1,Qu.ld be Elvoided 
red:uce the plant cost .. It is bOVill (10) that wooden vessels ha"V"e 
been used for antibiotic production \1rl:th success .. It is (llso 

noteet thatspeciallyf'inished eCU1CI'Il.;te is a' very at;tI'tlcti ve 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL PAGE }O 

rr~teriale Therer~re~ thesemateri~~s should be tried before 
usi.ug stainless steel. It is also pos!.1ible to use vesstals mad~ 
oi's:Y'11theti(! :polymers 1& Our f:1tpe:!'il'llents showed that IJolyetllylene 

.possibility of 
1).Sing -tIle B:2Jm~ kind of" material on a larger seale O-ffe.rs somG 

:problema, mai.nly that; of" heat transf'oz·. Nevartl1eless.,Ghe 
ma'cerial needs to be considered. ..A.pparattlS of glaf;JE3 (}.aIi be 

'Ii'!ith success 1..'!l the le}J;JQr~\tory but not, 011 lro. .. ger scales .. 
Heactol:' design: Reactor in a mierobial nroeess is the 
~'Pii" __ <&0 

is to 
establish -the ocH3ia t3Pc t~nd coxtfiguration. i}::icroh:tological 

processeE) usually us~ the st~.m.dard cylin.drieal stir-reo. tank \d:till 

to minimize oapital. i!nreat;ment $ oth.Gz· configuro.tiol1fJ have to 00 

a.lso consider'eel. 

(10) t.b.at some Ncent yoast pl.ants h",~ve hem 
a series of' cubical coner-tErtia cells.. it~Qur of' 

C1.fb:t'~ cellkJ in series is 
f acilit;ies of' (.\,fle 

I:rotem It.i:odu.cbicn fro.m llY{u~ooarbGnspI·ese.n.t in l!~rl;roleu:m 
requires , so ael."a:tion of the £erlaontol:' ves~lel 111. the most 
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'\i~;ter) is also inlpol.'"tiant,. It 'WOul(1 r£!lduce tlle cost to combine 

the tv70 operations iIttle. a single one. 'I'h1s could be dOUG by 

:un:x1nf.~ the- medi'L1fll by aeration. It he"s ~en reporte:d "that trt 

I£l.Vel'a. (9) such a <'lesifI)l1 is used. 
Hea.t trall.Gfer prob1em is a.nother factor -t;ha'c s£f&ets tll(j 

design of th-e f'ermento:t" vessel. :t"'e~tction the fez'luexxtor is 
usuallv an 

'if 0Jrotlltll."ltl:d.e reaction jJ iiiOst; of ·the nl:'oceas~s in micro-... 
biolog1cal indlW'triGs have to be car:rlfid out a consta.°;:di 
terlll)e:ra~e. flhis offers hest r&"1Ovs.l problems. :f'emQnt~dd.on 

temperature is usually close to room tel11paratu2e~ so 'the t$m:p~­

z"atm"t':ll gradient between the lledium to be cooled Slll.(l outside 
is small. l;;£f"ielent eool~; by water cU:cul{1.tiOll t';t'}uld ~qtlire 

it possible to cool 
the mecl1u11l b:y aeration, the opera:ti0l1CCH3't due -co 

v,,'Ould be .much Jl()v~cred. 

61ieril.iz~;d;ion is tllso usuall:v retluired I:liC:1."¥()b:iological 

proc@5s pla~"'ltalll' :s:rterlllz~lt1Qn is C(i!l1mOY.t of 

Dossible... sterili~;;Jtion shnuld DO aveld~d~ ~ 'Orle 
I!;o.c -,fI 

the loss :ttl yield 

the 1?:t"oeesa 'thtlt we consider, sberi.le air" kTtol':ilc water, 
steri~e l)etl'oleum fractioll$ an(1 also Gte!.~ilizDt:tOl,'l of lilte react; 
are require(l. A facto~ favoring non-ster11e working eon~litionS 

~,!; b-1io ......'* 4t r""t ~ <"11 ;<;l 4!J. ,... 1 is t:.dlatuilt7 medl.1.lm l.S S1!ee:l:t2e{.u.~ proparGu ,l.orone speC1U 

lncro-orgallism. So. one eXDeets that eontsIIl,i:t1cl.t1011., if any, w1.11 
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Haw .. ma.te,£\als; A singularity of' a microbi()logie~11 l)l."OCeSS 

is that one Qf the raw ma'terials is a living organism", Vile must 
consider the way to gtltl'leJ:' the mim:'O-o:t~g,~lniSf[! i:&1 omooots and 
X"G€';ularlty required ;t(u:· an industrit.tl scale p:r'oees.s. 

Othel,~ f'a(ytors: Storage of the product is £lrAothe:t" f~C't~rto 
be eon.,q!dered. ;3ince W~ produce food for liVing beings,. tho 
uroduct stored IDt'Wt not lose its nutritive propert;1es", 

The process in eonsiderat1on requi~~e$ tt COrtIl?letepu.t*ificati·· 
of th~L.protiuct vlImoh means that ~ trace of themod1um in whieh 
~." """." .A t t...... "p..." .t, ~. tine O.i..ga..'ll.Sl1l gz'vWS moo· u(; ·removea. ;,jl.nce, Ul our cf:;\Se,$llere 
• is petroleum f~act1()n in the medium ~ tl1is 'p1lrii'ioat1on il13 

Con~~1derillg the ff'tct tru:{t -the most iUll}Ol. .. ·cant z'aw material in 
process is go.s oil. t11$ choic.e (It 1;110 site should 

of prot(:;:in also produces depara;t:t'iJ10~te~1 
;)y-prod:uct could 'be returned to tl~ l,"li1tfin.ery <1 

.... '1->'" 7>.:£"" !\.",;:il.1'.'.""·l"'.t S?~. 'l.. ~~~. 4~~,:;, "'''l •• n+- #"'rlf'! {If'' !..t .. ".,;" .:.."'~ .. _,-_"""-4~t..!. YU .... u.""' V ~u, <:'~_"". __ 

pla.!i'1.t 
(Y-3C&U!;;e th~ 

{St:lS Oil .. 'xbis 
costs 
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It can 00 from the data g:i:vell for the eOml1os1t!onof 
too rascliulIl in dlf:cerent exper:L~~"lta 'that the eo~vositiQn used 
we.!!; a.bout ·tihe S~le for all. experim.ents.. ouly Cl14Ulg~S vrere 
. ill the concentration of the yeasjiextraet, Lmd. in someexperimen: s 
tab wa:ter ¥JaS used. lrhe composition used \~~S taltenf'rom the 

He inv~stigat1on was made on tlle influeneeo-fT (,\tlY llle'tElllic 
Sf;t~ts or tllSl grovttb fact:ors on the f~O\iyth of' the micro-."'irgaaism. 
\'fe know that wlthout the f?;l"OvJthfaetors l~rBat~nt in tbe medium 

in the form of yeast extract, the gl~ill'tth does not occur.. Th~ 
optimum concentra.tion reqUired was 110t inv®stigatedlj since we 
had no m~rulS of mGas~llg the groiflth rate elccnratel:y. 1:\llothar 

reason ::tor notinvestlga:ting the 1n:flueneeof ~my otn$t" factor 

irlOUlil require ~ cOJ~par1son of the rates of tria twof·Grme.l!li;~ltigna 
order to do "this ~ we had to keel! evel:~r .factor ~ except on~. 

not control :factors accurately 
cPTIl:rn .. 1.rlSQfl0f the (~owth rates", 

our sole 

on the gf'Ov;th 

f}OSfJ:ll)j.;t;~- b~~aUSe· \ve 
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protein rich micro-orgal1i£ms. so k~rosenewas preier:red to gas 
oil.. 'l'l1.e reason for~ tIle preference of keros~e was t1:':IB:t the 
separation by filtration el:ld 'the purif'icati<)!l of the product 
'Nould be nlucheasiel.',. 

Cfu"'l eoncluo.e tllat sterilization is not 'ffery i,lilportant.. !J:'he eelis 
~5'tick:ing to tha walls Oft!l~ i"$l':h'1en:tox- Vl<l1r'{;; still alive end 
tlletby oonsti'tut~l tlle inooulum. of the ne:h.>tfermenta:tlou" even 
,thoue::h 'the ;f&rm~,ft;G1." vessel. was lef't erupt'y and $I}M for abQ\'tt 
four hours. Since t11e medium is apeeially pl~el)<§~(l for 't11e 

gl">Owth of' the yeast we used,cont81:linatioa is not prob~;:£ble. 
di,sc:ussed before, the e;t'o\)i;h rate of -the cells was also 

lim:ited by the insuff!eien'cancl llon'"*U.-'liform. mixine; i:n O\lr caS$ .. 

cells pres~nt at 

multip1.e am.oUtr'G of eells as ii~:loeulUlfi :iucrea.St~ f:bl£J.. 
BUl0'tL"lt considerably. In tIle expeJ;"iments W~ out;, the 

di:ff'iculty could be overc.ome by mclting 
bttt tlus Vias not s~ 9 tl~l :Uldiet;rtoo~ OJ" lihe 
E;rtej .. ion~fpllaoo vIas retlch<!d in a.L"OlAt 
Con:t:inuat1on of tl1e operti.'i;ion did not increa.se the smount of" 
[}l"'oduct eonsi(le1.~ab13 .:I'1:'..:1s \:Vas d.ne to the pOis{)uing of th~ 

Ii:" we could harvest the living cells f:.r:oJ!i the ferl11entatio!l 

veilsel ant'l use tilis t:illlOWlt as inoculum for anotl!er i'ermen-tation 
J' I 
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yield would be Vff;'l1Y much increased. ·!J:nere a:t~~ tV~l} ref1!Solls 
:.for 1;1118: 

1) the yield wotlld incr~8s~ since 
is greater, 
the yield would incr.ee.se beem.we inoculvlll is 

m.ade Ii so 'the cells VlToul,d 'beadapted·to 
t:l1.ree o:f' expel.>lme:nts~ the iI);Oculu.m 

g.ro'\;1t"Il on f301id med.iu.m. and. it was ollservetl thE>.t this 

adverse eff"ecN' on the :final yield .• 
In one expe.rlmelrt t the sul')S"itratte WaS liquid 

is 
lned:l, urn. 0% 

* It 
thought t'bf~tthe 'yield would be higher :Ul this easttl. Ho\Vev~r 

a b~tter yield was not obtained probablJ~ ~10culv~ 

was Blade by- using cells g:ro\\Illon ka-rosenG substrate$' so they 

we:t"e not adaDted ·to groll on a d:l£ferent sUb~trate11>. 

tJ:_b:~ ope:r-ation starts again, there i~~ t:J t;ime lag 
to co:n;ti:n:t1G their norw.t:ll growth .. 

cells 
time the 

layer was filtered to obtain the lXt:od.uct.. it wa:;:;; decided to 
t11ter the agueouslayer as well, because it was observed tr~t 
the color of"' the aqueous la.yer in ,{,;.he end was d.ii'fer€fnt i":r."Ol!t ,the 

. 1 t '"k b .... ~ ...f~' 4.-'*- 'r-~--$: t' .. l"l 
"I; co· ox' a. .·t;ue -"cgJ.nn.mg OJ: \ina oper-!tvl.on. ,;1'l.l:Gl?a"l.on y::1.I:; (L(l(l a. 

cO!lslclera ble fM11()UUt of· i!:.t'od:uct OOlUPi?trOO to' the t.fchel." substrate 
lay~r .. 

think ·that while the 11 vine; oell.s Btay ill the uppe:t' * 
oubstrate layer, the del;.~d cells e.l's in the tHlueous ph~tse .. If 

'f I 
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this 1s tl.'Us-t tl clesif?;n for a cont:f...n.uous ope:r?&tion is :posr~ible., 
In SllCh a desi{iJn, tbere vIOuld be two contalllerS cennected ,to ti)e 
fe,mentor vessel. Afte1$ 1'0 11O'UrS of fe:mentErtion g frii:1sh :medil!il1 

would be a.dded to tbe x"el."mentor from one of 'the cQllt~d.nera $ and 

at the same time t the used m~dium would be tl~atlsfe:twed '[;0 t;he 
other container at an experimentally (t~tel"lnil:1ed rate", :rIlle living 

wvul,:l be Otrtai..l1ed by tl1,e f'iltration of the c,:x'ai!lQd med:i,tl.i'll 
"" .... ~ 'i~ ill"" ~ .. .m. '>i 0 'i-V" 'iI;;..~vuU',J.~a~'t.~""u~~ .", 

Bueb a dest@'~l would sive a consideraclJr :t'ato 
?",'.1(1 @ le.rger iH:rtal e.ml)u.nt of product b(}~c1.us~U 

a) ·the opertlt1on being c()ntL~uous f the would 
only OCCt:l.l" ~xt the begimlingof the operation, 

b) the pOisoning of the :m~di:um due to cone~nt;r!),tiollS 

of' corupo'lli"1Gs fQI.~ed d:uring the metabol:tsm eoul!.:1 Etvoide(l so 

that the opel:'s.t1021 wo~d not reaeh a sto.tiona-ry 
c)Ol.lly t116 dead cells WOllld be rem.oved the~ 11 \r1 ng cell 

'Ilhis ~&:te caulelba ineresed 1ilthenf'iltel: 
t;he:f'ilj;;:l~ation r~rt0 v1J~lS alO'.i'led ti~;}frll~DJ0" 

riTI10nt~ 

e~,u.sed a 
f~j,lter papar ~ and ~ with 

lcr~s increr1sed lJ too '" 
we uef;;:l only one filt(~r l?e;pt'}l" tt.'ld wOT'keti. 'tvlth. SlCl1J1 filtrat10n 
rates .. 

of 

but 
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this 'VIa.s !lot donesinee it' 'WaS 110t practie~11 to 
t.hf:!ll 1S l1.ters of' medium ill test tub~s .. 

f;1(;,,;roion if; possjJ:;le l~r wasIli:Ct.g or by solvenlt (:xtraction, 
fal1ow!.i.~d by .filtration or c€iJ,""li;rifugatio!l* 

PAGE";? 
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:;~l:i,en we compare the St12ow'lbs of products W~ obtai-ned from 
t.he five e~q:;erimelrtSt vIe see that witll t;he excopt:lon of EX'pe-

riment 2, the yields are about 2-31 gr.. l~:1{:perill1ellt; 2, the 
yield waD ~28 gr:. ':I'his seemed peculiar at f'irst (sonsiderat1on, 
lJat it OOll clearly be expltdned .. 

In :;;110 f:l::rst e2:,."P~ll't t the 1110evJ.um Wti'tS an. a ,s!')l1d 

medium".und the substrc\te of the experime:n.t was kerosene. When 
the ~xpcrimont was f'1nishetl~ the celu~ si;icking ,to tlMS walls 
constitu.ted the inoculum of ,the l~eeon(l e:x;perimant .;Jith the same 
substl."'ftlte and in abou.tths same operation t;1me, 15 timHS more 

only about ~! gr. 
reason £O!~ tlH~ yield in 

1 t sot;he !liero-oI',t;{.mi~:lil t:~lji,;;::; 

l-;.eslllta'l in an illCrO&aed 

lo:te!l't :pha,s{t t 
t;hi:r{1~ 

to 

tJ,G hl l!xperimoots 1 and3l that irz, i;h~y WtSl."{i) low. 
Iu lt~eriments l~ a.nd 5. tile inocula,tion il{!.iS tlS:Ulg cell, 

g;t"O'i1.i!l on Czapektsi~jedJ.Ul'l (5), so that the cells were l'lOt; ad~'tetl 

to grovJth on the Itcl."osens Sl.1bstrate.. can safely ilssum.e 'b'hut, 
if (Ill ineculat10n Vias made fI."Onl cells grO\iJn':ul ltJxpt:riment ll· to 
a:n.other· fer'ill.mtation I 'the y:i.eld wo'U.lfl have been mucb f';re~:;;:tE'?,l,>. 

Some of' ·tIle prod:uet £:r"Om R:h.-pe.rimont., 2 "alild. all of the 

l);t'>od'Uct from El.."Periment :; were used. :in ol.l,aly§es IOx- an'ino-aeids .. 
E1q>cr1ment :; Vias (lone to analyze the f'r6:sb prodoot'l> 
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The products ~. all o~ the exper~ts were tested for 
protein by burn1llg aDd c1;r1Dg with a prote1n qe, both t.ats were 
posltl .... . 

There was a sUght difference in color between the products 
obtained froJa dUterent e:a;per1JaeDta. There was even a difference 
between products obta1ud with the Qra1n of CandidA 

Upol.ytlc. e aaaume that thi.& is due to nOD-ldent~cal opere.tl 
cODditions. 

Arter f1ltratlon. a sUght odor of ku'oseDe r--'n d in the 
product. The odor disappeared with t1Jae due to evaporation ot 
keroseD. which left the typlcal odor ot the product beb1 nd. The 

product was preserved in the refrigerator for about 6 months 
without azq appreciable chaage . It can be better preserved if 
frozen, as 11&8 observed lat .... 

Figure , 

The Products 
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1", Altbcttg}l tIle ppparat'U.$ used V£f8,S mu.eh de:r~ct1v~ a,s 
compar$'d. to the one.$ :prenously used :f<:;i.~ 'this p1;Ulpoe:e. the yi~ld 
'\.9!$;$ goo(1 vdthr~ap~tJt to the operatd.onal. CQ.nd.:UJ10,tUllili 

2 ,. y1~ld could have be~n ir.apl'o'\1'ed ef~;;ring out 
s{f5:v~ral i:rf"fmsfers ~f' il1t)eulum fr()111 one :fenn~ll:t~tion ~motl1&r 

the $,:?.J'1l'li: subst!'ate Il 
tUltler tIle conditi.oas of ~~ e:irp~~I']Ll4l~~a:'I!;S 

Qr prtte:ln b;y the micro~!,g&"iS$:l1 
othil!lI'" 

4·. 

me~~a employed. 
grQ<~'Vth rate eould be inClt>ltlaf!:H';;<i 

a) tralls;f'@l"S of ucculum. 
b) hav1Ut~ 8ll ~\ee~ate control. of tht} t~ment8,tion 

eondi'tions ~ 

(t) Ul¢:t'tasing the 8!9.0u-"1t 

~~,.. Stel::1lization is 

of' of aqu~Q'U.S 

of itt so tbis med1tmt 
If' growth l:>atQ e~m.p~)~t'isQn l.,S o(t 

mentation ia :t."(i1qui~\1.Hi . ., 

10. PQ\~rful centrit\~e is n$ed~d for 
cells :tn ord.er to iJlttl)ars.te the eell \~alls ~.nd 
contains. 

11. If a cO.Ettd.nuQus ope~at10n. is not 
device is rti~auiroo,. 

, ~\ 

1211>. t"'Urther 'lr~ry'! Oll, th~ $sme r&se~oll 

'the p\tCificat1~ll t7.nd t:tle \;Ula.!ysis of th.e pl."'Oc1.uet ~ 
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~,;ll~~[J(:;itg~lj~1J t <1> It ttl~g'!i8:hl t»O@ !,@t~10t.:.t'i f~~, ~~leAt~q 

a~l:fiCeJlj ii.U(i!~) $ 1;}...) .. 1(10/35) " 
.HlII t 't!:a1ie~i !lii'lGoiq\1& (1"";; }\J~;~t!:;i.tiQlati51 'Olq:S 

PetlL'I:)l:e~ t .ril.1i:;;::0lt,;'VWU,~$_~_~~~~~J;~,l';:;.'I:I;.{f:j~"''lrf'1,;;:~1~a~C=' ';:;l~;.,:;:ulii.i"t!J,:i~' ~ifl' 

J!!~~~.l?.J! i 

Caucl:u::nJ.d-:e~aUUlontlJ ~ 

tt~l?QiS£~"l'$~ d0 2iBt...~iS'f 

org8111amatf
t ~l~~93 !;33? :tJ 

( Clas£.d.tie~.tiGn 

'" (Editor) '" Global Ua2aa1s ,0, ~f, g ~, ~.f*-'.i It:o ;1;:;; -. *~f' -,. ll:¥i[I. 
A])!;)11$d fiiel'O-

L tit. "§,t t~ .n 

J;}iRl.ost~ JGhn ;30ns U:lc .. , 

~-=---=~=""""'''''''''=='''''''''---------,-----.... --------------' 
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" -
Opera.tion 

ii\'iO .... tri -Ii il~ me 
'>.l "..,. --.~.~~<'J ~,~ 

-total time 
t=O 
t=} 

t::l7 
t=lO 

t~lO 
t~12 

0<0 

10 

I. 

PAGE 
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Op&r~tlon Time VISlX'''SUS 

t~ working t :l:PJ.e 
total 

t=;:L~~ 

~b=,lO 

t=;~O 
t=25· 
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r 

(. 

fermentation time (hours) 

]'igure 7 
Temperature during Ferme.r.'1.tation 
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