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plastic tube to the air filter attached to the compressor.

A hole was made in the container and a thermometer was
inserted to control the fermentation temperature.

This was the apparatus that we were able to construct. The
apparatus that we think would give better results would have a
different design, which will be discussed later.
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rapaeity was 15 liters. luply cpace was negded in oxder nob %o
, sone of the medivm. A heater of on and off type was used.
It took sboubt 4 hours to besb the medium from the yoom beupe-
rabture to fermentabion Temperature. The @“"ﬁ%%g the temperature
dm* ng the experiments vas not constant. Yhe Ltemperature versus
time grephs of the experiments gre glven in the sendd
The process was discontinuous in o Ji £ the oxzperiments.
"he operstion time and the bobal btime daba of the iﬁ%&?ﬁ;&%ﬁi%
are given in the Appendix.
cneral Urocedures The nediun wag prepared by welghing the
7eC zémﬁ amounts of salts for a 15 he‘;ﬁ? medivna ;
wors dissolved in 6 liters of sterile
dinbilled wabter was sterilized by B@ihﬁu at ginmospheric pressurps
soncentrabed mediuwm wes %ﬁﬁzﬁfﬁ?ﬁ*&é to the feraonbor. iloh
ter was then gdded o make % to 15 libterse The
tion of hob waber raiged Ce

SNy warn shaphod

% Bk

w

fom m*;z;w -
d"“iﬁé"} Henpe pature.
j%é w%ﬁgﬁa&é& B "ﬁggig & S E R o e 1o ;1 7k il ;', < L %g;{, &

solub e prepared by weighing U.5

L]

: , &2& k
53 % a5 gD £ <y T2 ¥ o oy & ‘.
dis x.@iﬁ%g’; miﬁ amound in 100 ol of sherile wabter. “he solublicon |

vwos left stending ovemnlpht. 4 ?;% nl portion of the solubion
: gt{éﬁé to the modium followed Ly the af |
substzobe kerosene. The mediun was inogu

Afber 25 houws of @E&ﬂéﬁzﬁfﬁg ‘ﬁim
nper 1«1&*@1‘* of subgtrabe

Sy

«;'_k.e,@ .&iamm:aygmim uged vag Candids 1inolyl
he inoonlun was secded iﬁ pebypd dishes ab the
spapbnent f Igbanbul University. The cells were

B

' harvested by ”‘ﬁ@aﬁ? a s2lt solubion in o the petrl dishes. The

J




PAGE

THESIS
ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, ISTANBUL

Y
o

it

Y

weulung

¥

The L

o I
wug G

£
«ﬁe

E

&
i«
o

&

il

Ther &
eont

%

}E"‘EE‘ ¥

&

fnue

)




THESIS
ROBERT COLLEGE GRADUATE SCHOOL ‘ .
BEBEK, ISTANBUL PAGE &2 |

were btransferved bto the mediuw of Bxperinent 3.
‘The air providing system of the apparstus was different.
iperinents 2 and 3 were carrvied oub ab the same time, and the

compresser ¢ould not provide sulflficient suount of iy for both
expepvinents. There was g:@ other compressor ovallableg *’ammwzmi
& vacuum pump was connecbed Ho the alr outlet of the &E&g@&i’mﬁ&%g
It was thousht thab this a&ﬁaﬁgﬁ.@a@ would work orovided that
the leaks are minimized. The inlet of air was a rubber tubing.
The end of the tubing was kept higher than the liquid level in
the fermentor. The resull was not bade Two veowus prmps %1:*&
used, in alternotion, in order %o decrease heabing. "

The medium was the sane as in Ixperiment <. Yhe substrabe
was a mixbure of liouid pareffing. At the beginning of the expo=-
pinent, 50 Bl of substrate was added to the medivm. o &

addibion was made, because a visusl inspection showed that a
sufficient asmouwnt of subshrate was z}r%é&zﬁg At the fermeontstion
temperature, the loss of substrate paraffin was negligible. The
yield after Tilt rabion was 2.1 e | ]
Pxperiment 43 The apporabus used for this expevinent was the

previous nicro-organian, the Ferpentor

£
s g e LR ! - S B BaT on g e s
some ag The one used in the previous o

- Yhe first incculun w
composition of this wedius ;

gr or trace
& s

£ ﬁ»ﬁi’ . {?;f? {E;E“Ef@ gﬁf‘}
daber 1800 mi

i
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{n the basig of the expsrinents darried oul, we can syrrive
at u conclusion sbout the perforvmance of the spparatus desizned.
11though it was the best we could design which served its
purpoge, it coulid and should be auch Bors refined for further
zﬁagérlﬁéﬁﬁg-ié the fubure. | |
' The fallowing changes could be susse
&3 a?@ Termenbor we used was nade @f

i’bv

nging the naberial is
is;ma«,lg presoure is bulls dnside b beos use @f L&e
the exit sbream. i@ﬁ@gaﬁ,@m is not wvery hapd

inflates the vessel,
; 1 gealed Jjoinds greater
we covld net pub **"’;{&’f&’lﬁ? heater %o 1;*

ﬁ%::i;“ TG

& B4

stand the acidic comditi ons without any
consideratiohs make stoinless cteel Ghe
fermentor vessel. |
' b) As noted before, the micro-organisn used in Our oXpe-
riments ig sercobic. Therelore, o sulficient enount of oxyp
- ghould be mmrm@%ly imvm&a s:» the nicro-voppanisng becsuse
o

the oxyren 1 the llquld nedivn of fermenbation is of a very
anall omount. Ivery ecell needs substrate, nincral salts, srowkh
fachors, and oxygen in solublon in the agueous or

adequate growbh. This reguires proper mixzing.
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deneo by bublling air throusgh the medium, the aswount of air needed
is increased. -
Ve did the mixing by bubbling ale in, and ‘s.%z 5 Oobserved

thet this was not s&.ﬁi&f&aﬁﬁry@ The rate of air has %; be greaten
for betber resulits. -
ldeally, we should have an emulsion of tho subsbrate in the

agqueous medivm, and air bubbles should be as snall as possible
50 Ghat o uniforn asration required for maximun possible growth

rate i obbained. _ >

This can be done by passing a large mmdunt of mix @iﬁfmgi

a eircular steel plate with %ﬁﬁh boles all over. Lnobher

if@g%a%lé design could iavolve a " bhe solubion so ‘
vigorously that the ’&ﬁb&iﬁs’; comi m the bobtbon of the vessel |
sre broken into smaller ones |

‘*%zéggﬁﬁ@m,, the g}mg@@%ﬁ é%&im should be ome whi oh would
@mﬁﬁ% a greaber ancunt of air bthan wos avaellaeble in our
expsrinento. This couvld be asccoomplished by using the dsvico with
ao many snsll holes as possible vhick could be placed a2t the
botton of the bank, and, ob the some tine, would nix the nedium. |

The zmg%a;img of sir would moke the mixing nowe 5, and
the sereblon wuld be more wniforz.
4 powesful nizer cupable of turning o big propell
mg; vom would be necogssary.s A %&i‘zm f;i“fé&" would gl
miforn nixing. The pixer pod hos to be “’%&;%, Lf;. in the vessel

in such a Y ‘iu&f{? laskepes do not ogour,
have the oublet avcund the mixing rod. Such o deviee
needed, becouse it is 3{‘5};%"‘?5 %:z} pags all of

throvgh o nessuring Jevics.
{3:} A 1% con be seen i#i}:
during *%‘:s:z@ e@@mﬁaﬁtw @aﬁg &z
out nerabure for the growtl
orgenisn vhich is 30%. .
- With the g\ag&'%;&x we bhad, it was possible bo control the
| tenpereture ab 50°C when this temperature was veached. However,
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V.

b A
@

o 4::2“

} hours g é&ﬁr% for more then hslf of %
WS 2 *%; ower bemperzsbure than the feo
fb‘i -
congiderably.

In fevorsble sondltions for growd
the mebtabolic reacvions of the nicro=0x
%o be removed (o keep the tempsrature

pointed out in the literature (9). :‘é,fs: wag not observed in our
experinents. Ve always had o supply hea iuz oo
never removed heet from it. This was pe
1@@@ because of the tempevsture gradisnk bebween the sure aﬁ@iﬁiﬁ?
the Termentor vessel, or more probably, %0 the fact thab

the rate of growth, henece, the rabe of
- from ideal.
i

in the ¢ ;a;z;:gﬁeg i other sxperiments are periorned, the

Tran o T un o ¥ g b ‘ A Ty o el geds o
heabing sysben shovld be changed. Iz view of She Lact that we .
G

%g?é%:ﬁ‘%@% the fermentor

a vortion of the medium, end heabing

o L e e a3 . U S,
Qi Then aLaing it boek bo the medivm.

guieck way of heating the medium, butb we do ¥

nethod has any adverse effects such as

gells due to excessive heat during the

E;if::g;zié £0 tho medium.
water Jockeb sysvem arouad the
s

be the most efficient and guick way of
;ﬁa‘*&i@ﬂ t&ﬁfé}z* abure. Ly pubting s high

z'r;. 3

could heat the medium guickly, and u%i&ﬁs Ly connecting the
Jacket to a2 congtant temperature weter bath, we could z‘;ésﬁsz?ﬁfi
the Lomperature b "sizi,s value. duch a gysben could work for
beating, cooling, or keeping the medium st consbant ber eyﬂi;wm

e

ook 4 « 5 hours o heat the medius from room bempersburs
to the fermentation bempevabure. Since we could work sbout

his mﬁa&%ﬁ the amount of the product and the rotec &€ growth

bBis period, the nediwm

8

o g ifbee o o ety gn st o B tee, o
ermentation temperature.

¥ o o5 =1 g Dk S T
Ly heat iz penervsbed Uy
vgenisn, and thls hest has|

conabant. T This= has been

{'u?

32 P T o B g ; F9
erhans due o bhe head

1 L NPT W ey
heat penerabvion, woes fap

continuosusly, & uore

oy o $0 9 ey o e
méhzwga:y ‘af&w»:% *,%.fh

fermentor vessel geens o
. o 3 T2
controlll
.-;« . - e 77 & g ey
temperaturs Wﬁm@:&%ﬁ% we

g5




THESIS

ROBERT COLLEGE GRADUATE SCHOOL :
BEBEK, ISTANBUL _ PAGE 2B

d} In 2ll five experiments, we could net prevent leakages.
This resulbed in the loss of substrabe, especially when the

substrabte was kerosene, by evapopsbion. Iz the £ifth experiment

- o

in ghioch o mixing device was used vhich pencbtrabed inbo the
fermentor vessel through a hole ab the Lop, so thab the oublel
wag open Lo the etuosphere, the loss of substrabe kerosene vas
very greabs | »

v in a more slvanced design, all the exit alr has to be

collected and passed through a device that measures the asmounk

| of cerbon dioxide in the sbream. This is necesssry, because the
lamount of carbon dioxide and its rabte of change ic o neasure of
the rate of growbth of the micvo-organism. 4 recording type

corbon dioxide measuring device could show the growth rute, seo
that one ecould spot the labent phase, the exponential phase, ang |
the stationary phase diring the experiment. This would allow oune

o stop the experinment before the stabionsyy phase, ovr at the

3
3

k)

beginning of this period. This woulld increase tvhe aversge growth
robe. Such a device would also be useful in bthe trensier of cellg

T

transfer at the exponential phase.

s,

L e - v v iy g
¢} In cur experinents, the pl ¢

B v oy o g on 54 g F b ey FES NS 3 £
to madnbaln 4% et ibs opbinus value

| & " 3 g eln . -1 o o Kol T < TR
was made ot intervals, deviatlons from

congentration occured during the fermentalio

© Por a maximum growbh rate, en aubomabic pd
connected 0 an armonium hydrozide source is ,
device would be more helpful if a recording type instruscnt that |
pecorded the amount of somonium hydeoxide used versus time wag
alse svailable. the supplied snmonium hydroxzide sccouats for the |
|nitrogen used by the micpo-opgsnisn for growth, sad alse 1%
neubralizes the acidie compounds prodused by the cells during
growbh. If the amount of base used versus btime is plotied, this
1oiot would give the rate of growbh of the nicro-syganism. The
enount of smnondum hydroxide used is proporticonsl to the zabe of

lerowbhe
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moberial. Therelore, these meterials shouldd be tried before

using stainless steel. It is also possible o us '

of synthebic polymers. Our experiments showed that polye

vessels couvld be used on lsborabory ascale. The possibiliby of
£

o
gﬁ
b
T
o
43
&
0
&
ot
&
i3
]

wsing the sone kind of maberial oo a larger scals offers sone
problens, mainly thet of heat transfer. Hevertheless, the

material needs o be considered. wf§%3&$§§ made of glasss can be
used with success in the laboratory bub act on 1

Zeactor desiens Heactor in a mierobial g
FTernehbor vessel, and the first sbep in fepmenb

egtablish Lhe brsic @yﬁ@ and configurablon.

processes uwsually use the standard oyiindrical st
& height o Jdiameber ratic betwesn ?ji and 4/1L. &ince desizn has

o
&
e
B
£

mize coplibtal investnents obhsr configurations have to be

It is veporbed (10) that some Tecent yeust plents have beea
designed which bave & series of cubical comereibe cells. Four of
h celis &@ a pingle reachbor. The maberisl flows fron one
guccesgive ¢ell is léwer then the

.
g @@iie

s on the type

N et i
a fepmentor in o LioPde

2

&f ﬁ%@ﬁﬁi@ﬁ and the agitotor povelp

ol
o]
2
i
x4

aiﬁ fgxﬁaaiar ve v“ﬁl in

=

.
lefficient and economica l way is an impo f%u&% Tactors Jn this :
mmiseible loyers (peb broloun fraetion=

o

&

rocess, mixing of the two :
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waber) is also iuportant. 1t would reduce the cust combine
the two operations inte & sinzle one. This could be done Ly
mixing the medium by aseration. It has been veported thot at
Lavérs {(9) such o ﬁégiﬁﬁ is used.
| Hesb transfer problem is anobher fachor thet affecks the
design of the fem @ﬁ%ﬁf vessels The rescblon in the fewxmentor is

ustally an exothersle reaction. |

g 3,

ot T SR Sy 8 i
ot of the pr

egses in micros

biological industries have to be corrled oub ab a:ﬁ&ﬁ%bﬁﬁi
teonperature. This offers heat renoval problensg.
tonperabure iz usuvally close to roon benperabure, 8o the &

rabure gradient between the =

%

1a~§% volunes of waber vhich means high pun

E3

=

WO § e ﬁﬁﬁ% Lowsred.

ﬁ%ﬁ aip

“”r'*é% iy s A
nicrobio 1@?&@&& g@@ggms plants

0 = tion should be
the loss in ?i%iﬁ ﬁﬁ? to working i
" . .
5 E+]

to the oost of ﬁ%*ﬁ&léé& iﬁaﬁ Thi
) N -
(3]

Z

- In the procoss thab
gberile nek ?@E&

edium by Qﬁ?ﬁ@lﬁﬁg the operaticn cost due

desisn could be made that would male it pos
Fw o

The

1282

ivn e be cooled and
is omall. Bfficient cooling hﬁ*@&%&g cireulation would reguire
‘3«@5“
“he provlen ol hogt transfer in our process

?ﬁﬁfa aﬁﬁ an advenbage.in that the process nes

% «-i-
apiiing

V:f,.

A

are required. L fﬂ@%$z~ %@?iﬁ@ E@ﬁ»ﬁﬁ@@i&ﬁ working

e
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TS
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Inot be gresb. In the process considered, it is poscible Lo use
non=-gterile process.
Iaw meberiaiss 4 singularity of a microblological process
iz thab one of the raw msterials is a living orgpenism. (ne mush
consider the way o gather the micre-—ovganism in amounts ﬁsz.é,
vegularity required for an industrial seale 3 DROGEESe

Cther fzoborgs Storage of the };}é‘i‘uﬁf uet iz ano ‘.f.@z:? factoxr o
be considered. 3ince we produce foed for living beinge, the
product stored nust not lose its nutritive properties.
; The process in coasiderstion requires o conplete g*zg*’%'é.ﬁa&‘;i
of theoproduct which means thab any trace of the medium in vhich
|ehe organisn grows must be removed. Since, in our csse, there
ic petroleun fraction in the medium, this §§ﬁi§&@d@i§§ is
ioportant. ‘
Cons i@.@i&g the fact that the amost inportant row maber &:%3. in

i1

he process is gos 0il, bhe choice of the plent site should
@ﬁ%ﬁﬁ%ﬁ% eagy accessibility be this raw nmobe m i : 3;;‘% f%zz%

should be nesy a refinerny. This io alse favorash
oroduction of protein alse p it :
vyenroduct gould be ﬁ*@%a@a@ 0 the velinery.
of the raw mabterisl toe the islaﬁisg and of the by
i@‘”“‘&%a in this vaye
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It can be ses 'fgag the data given for the somposition of
the medium in ¢ifferent experinents bthat the composition used
wag shout the seme for all @ﬁg@gﬁ@%@ﬁa@ i ﬁ%i?‘%%&ﬁﬁ%ﬁ yore
in the concentrabion of the yeast extract, ond in some experinenys
tab waber was used. The composition used was taken fTrom the
patent given to EP (9). o

Ho investigation wes made on the influence of sny neballis
galbs Q@'tgﬁrgzg%tg factors on the growth of bhe nicro-orgsnisfe
ve know that without the growbh factors present in the mediuwm
in the form of yeast exbract, the growth doss nob ocour. The
@?%iﬁﬁﬂ concenbration requirved was not investigatedd since we
had no meaas of measuring the growbh rabte aceurabtely. inother
reason for not investigating the inflvence of any other fachor
present in the mediun is the fact that such an investigmabion
would require g comparison of the rabes of the two Tormentabionsd

= Loobor, except ongs
£

32
in order %o do this, we had Lo keep every

I S A srepers ST gn e R ® o %
LHSTen B oand vary the one 40 see bk im

CS . * e s orn s, R N o o e g i i g

ALt SO0 O the bobal BTG whiie This won o

could not kecp the necessary fasl

o

-

oy o0 B B e B R e g P
3L DAS DRTnuse e

SOn PESULLSs WE

3 i3 i 5 ory, we could

could not keep the pli and the b :
not conbrol these facbors accurabely enough for & sound
the ghowth rutes.

Ususlly, in industiy and ved
ag pubstrabes.
grperinent, but

seunsed Lobep.

g T O £ o i g, il iy iy il oyt

in fovr of the omperinents, we

" & . 4 4 o « e T i Pt B et T e e | j § 3 Fa]

 In an industrisl scale resesvel, gas oll would be used, because
o

"
3 47 ’ 3 E % 2 i ooy 3 X & bo'B s ey v"‘, RS 5 iR
Tueh would bhe less expensive and bthe produst pee il would

a

. B s simnas T Fy ey o Lo ok wmdyasr e Tepmayd o
have bebber cuality than the raw waberds:
BT

- % - iy TP 8w Fo n R T o By " S et g
nove been deporefiinabed. In our case, bhe cconomies of the
- o

w
i
w
i
it
ot
i
£
)
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protein ﬁiﬁé{ﬁi@f@aﬁrgaﬁigﬁﬁg 8¢ kercsens was ??%f%ﬁf&ﬁ to gas
gil. The f%&%@&,fé? the preference of kerosene was that the
separabion by fllbtrsebion and the purificsbion of the oproduct
would be much ““iey i

Tue to reasons discussed before, complete sbterilizstion of
the Teyrmenbor was not made. The sir streas, vien COnpresse
&t@@aﬁ% Sank was aseﬁg was passed Lhrough & filber Lo romove
dust parbicles. However, because the same cperabion ig carrded
on industiial scale where complebe sterilization is nob casy .
and on the besis of cur cobservations of fevorabl
can conclude that sberilization is not very important. The celds
sticking bo the vwalls of the femmentor were sbill alive and
they constitubed the incculum of %h% &éx% fermentobion, even

Fe nd spen for about

§§§§ %@gyga Sinee aﬁé %%éz&ﬁ,is *gﬁggai$§ nrepared Tor the
growth of the yeast we used, contenination is not probables

is discussed a&ﬁﬁggﬁ the gf&p@ﬁ rate of the cells was algso

g g 5 & T
8 pogulbs,. we

1imibed by the insufficient s non-uniform mixing in OUD CaSG.
The smount of /”f¥‘in*=yw“-**4 ﬁ#%mﬁiﬁ on bthe anount of

s An order o
iiber of
the anount

sing with a

of awliw g@gzl@ in about Two
nultiple amowsd & sa&l&&;gggzﬁ

the ﬁxﬁﬁﬁzﬁﬁﬁ?% e ¢

zoduct © %mlﬂ%ﬁg We thoweht ab th

difficulty could be overcome Ly nolking aib T
but this was ot sb, as indicebed by the fack %ﬁﬁ% %&@ !
ghabtlonary phese was resched in aboub 20 bours of operatiocn.

 Comtinuation of the eperation did not increase the amount of
product cousiderably. This was due o the poisoning of the
medius by bthe conpound produced by the cells during grovwbhe.

f we could havvest the living cells from the Termentation
veasel ond use this smount a8 inoculum for aﬁﬁtéﬁx’fﬁﬁﬁ@ﬁﬁatiﬁ&;

oot
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his is true, a w‘im for o continuous operabion is possible.
in such s design, there would be two containers coaneccbed to the
Ternentopr vegsels z%f%@r 10 hours of fementation, fresh nmedium
would be added to the fermentor :ﬁ‘mﬁ oung of the conbainevrs, and

av the same bime,

&

m

foref

op

he %@é mediur would be trencferred o the
gbher conbainer ab an experiusntazlly determuined rabe. The 1
galls in the @i’f‘i‘i@“a’%% would stay in the Fermentor.
suld be obbained by the mil'ﬁz‘*ﬁ?iﬁﬁ of the drzined 32%{':‘5’5@?’%
conbinuousiy.
Buch a design would gi%? & gongiderably hicher

S

and o larmer tobal smount of product becsuses
a) the operation being continuvous, the late:
only cecur ab the beginning of the opers %i{mg

b} the poisoning of the nedium due to ki
mnounds $ov ‘ﬁ%ﬁ during %;f*ss mets f“}‘;:;i&@ oo

) '@gﬁy ‘:ﬁ%*e dead %33. 1! sﬁmzé %:f% ?3?2@*5@& Tving cell
£

would stey in the nediun. Thusy the rate of iﬁi@‘?‘*ﬁ%
& Gl et P . ” el o o, 5%y
with tine untlil reaching a censtant value. rate connes

- N o o o — % - A A S SRR P
increane @t}fﬁzm-ﬁa&%"? 7y but the final amouvnt of living cells
wrpna e E T G s S . & mmn o o £ 2 2 2y
would be considerably greater than in a discontinucus case such

we
¥ 2
goke mnd gﬁ&ﬁ’& on mf;: filter 3}&; ) * )

”‘%i“ :@ eould be ineresed x::'%“*
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“hen we compare the smounts of products we oblalin
five experinents, we gse thet w ‘
2y the yields are aboub 2=3
eld was 28 gr. This seemed peculisr ot first conslderation,
but it can ciearly be explained.

In the Tirst experiment, the incculum was nad
mediun, and the subsbrabe of the oxperiment was kes

£

the oxperiment vas finished, the cells sticking o
constitubed the inoculun of the second experiment. With the sane |

subsbrate and in sboub the same opersiion time, 15 times more
produet was obbained in the second esperinent. Then incenlstion
was made on é@?@?iﬁ&ﬁ% %y with the cellsg fron Ixporiment 2,
ugding liouid peralfin as substrebte, the smouwnt of proedust was
only about 2 gre
The reason for the high yield ian Experiment

gells thet vere the inoculum in Ezperinent o
fxperiment 1, so the nicre-organisn was adapbed 6o

. R - st g
bis resulbed in croased

e o, By
subabrate.

i
o8
ok
g
5
{:ﬁ»
Fok
i
s
&
%
;]
g
Y,

&

CO PN . N T Ry T e e g F
he thipd ezperinent, the yield

P
b5
. rogr o - A oy P & ? . e e e
subsbrate used was not herosene, snd the

T S SRR % Sy T, SR B8 SRS e gnopy Sy e e
i the fTourth and L£35%h experinants,

N el Aelies  ard BN R R I Ty
used, snd the yleids were sbout the gonme

& and 5, the incculabtion wag made using cellq
edium (5}, o that the cells were not sdopbed

o prowth on the kovosens substrate. Ve can safoly assume thatl,

4f an incculation was masde frvom cells grown in Experiment 4 vo

another fermentation, the yield would hove been much greaters
Some of the product fron Bxperiment  2,and all of the _

>eoduct from Experiment 5 were used in onalysss for sminoeacids.

Tixperiment 5 wes done to analyze the fresh product.

ot
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The products from all of the experiments were tested for
protein by burning and dying with a protein dyej both tests were
positive.

There was a slight difference in color between the products
obtained from different experiments. There was even a difference
between products obtained with the same syrain of Candida '
lipolytica. We assume that this is due to non-identical operation|
conditions.

After filtration, a slight odor of kerosene remained in the
product. The odor disappeared with time due to evaporation of
kerosene which left the typical odor of the product behind. The
product was preserved in the refrigerator for about 6 months

 |without any appreciable change. Itmumwmn
m.ummmﬂu
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2 &
‘W Suir &
Wik e

compared bo the ones previcusly used for this purpose, the yield

xw*r Fixt
ﬁ&»&w

several troonsfers of iasculum fxgﬁ.gag fermentvabion to another
using the same substrate.

-

"g"-'\

A Gy e

mentabtion is ?@@&&Eﬁﬁa

gells in order o separabe the eell walls and the orotedn it
containg.

1l. If a conbinuous operabion iz not possible, a bobber
heating device is “@%ﬁiﬁﬁéé

't

il
of production of prétein by the micre-crgonisn was hig %@% :
other means employveds

lavpe s 1@ operations are 32&&%@%35

o
ange of celor of the aquecus nedium is due to the
ssence of cells in 1%, 20 this medium hop H0 be filteved.

1X. CUICLUSLION

On the basis of the experiments performed, we can conclude
1. Althoush the pppsratus used was musgh defectbive es

zood with respect o the operational conditionss

2. The yisld ecculd heve been improved ﬁy oy oub

Tvern under the conditlions of our experinents,

4. The growvth rate could be ineressad by
2} meleing transfers of imoculum,
b) baving sn accurate conbrol of the fermenbtation
conditions,

&

o) makivg the operabion conblnuous,
4} incréasing the smount of
Bs %@%ﬁ;igﬁﬁﬁiﬁﬁ iz not necded

f@g%gﬁﬂﬁgm'ggg@ under 4

Se IF growth pabo comps ?igam is te be made, bebber inghry-

10, A& powerful centrifuge is necded for the hydvolysis of the

12, Purther work on the sene regsaveh ghonld ﬁﬁﬁﬁ“% trate on
cation and the anelysisz of the product.
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fermentation time (hours)
Plgure 7

Temperature during Fermentabion
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