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Citric f!ttC1d is ~e 'Of t'b.e v~1.d,@ly ~rl.\ployed organie acIds 
is fOtmd in vf<~lous SOllr'Ges ill. natn.me, most; 13' in citX'U$ 

:fl."U1'ts. It i~ 1'l!\Ul,ly lkwQ. in .~~ food itlduatry", l'ts tdgb 

aol:ubi11t;v't mild ~ taste ~d pal!iirability it use~.;U as 
an &cidul~"'1t in m:ufbolla'ted bev~g~s~ aatllS. jellies {md othel? 

V;1!:iere NafJ":/ &~bil&b:tll t-y ot ei trie e;,cid 1 t ~ls~ul 

bui"fe:f: in the ma.:tlut~et~ of d.t:t"lld;es e:ffcl"V'cooent 

indtlatry;l el'tric ~.eid is used as a 
as a ~()nat:l tU~:Q.t in pltiWtic indus't:rJY ill, 

~ t\'l0 methods .of' l'Jl:'oouei1lg 
on~ 1s t11e ,precipltat!onoi eitric tlcl{l 

cale:f:um salt f'l:'om ,;juioes o£e!t~ f~u1:ts. 

i$ an exp~.1v~ Droeess'l) 
also vel!y " 

e1trieacidf~. 

of' e:ltIl'ic 

e=~port 

n,; p'; 4"';6~.~ f\1'h""'~m.'f'""",_. "'-''''''''''~~''''''''~ "iJ'"" Hii. i~,·~ .• i ... _,. ~- ..... ~,. ""'~ +",~. __ ""v .... iijl·' ~.","Vv.;.,"",,,,~o ..... """"4;_~ 

to 
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f'O.t' this l:-$~enta:tion p:roeeas", 'f{i!£i1S done at 
Cb.etdeal 1~1:li~~ei:1ngl.~'boratGrle$ of' {lood 

yieldso:f 6it~ie 8D1d ~~ obtained m vtl.~io'ut} eXl,eriMnta 
etlrt"i~ out. 

OanS'lWl)tiO:fiof ;sue~~ $lu, l!io.l.tlsaes for p£'ttdllOtion of 

oi't;rie acid vd,:U. create a ~. ettt1~t fo~~ the${~subst;8nC~lG. 1~lle 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

O!"f;ri.e ~cld (;;.2-b;il'droxy-l,;~.3-propautrtricarboX;tlie aci(l) 

is a I!O~yf'u;;'1.ctiollal acid wi.tht-he st.Fuetm'ul fO;t'lllUlta.: 

crys't:all!ZfiiS from cold aqu.~ous 
rq'"lrat"0 "- monollyd:t"ate crystals'i 
rh(Jl1ib1c SJi''''Ster:l, are colorless ~ln£l t;ranslueent ~ 

it~ stable iIi ai:t" o-f 

to a!lhJi"arous 
citric "" ..... -... "'~.;;,,"" '" 0.k3~tl"".U;;> 

~ 

of 

:no plezG-

CitI:ic 
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:~~irstt eou.\lf~erCiiral oitl:"1:e ~lei:d 

»1 lJ56tJ. f'~omca16iUlll citrate imported 
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'b~'f in 
'\,'ll~ ~'l 

L~ le~O st~1ng nth~et:ri.cd dlchloroacotona cbtamed :fx'Om 
gl.yeertJl·,. 

1 
So1li(bi11 t.,y of {litrie 

iJ:emi!£alturfi(OCl .ljN$'ii .. _li_ .. _ _ _ 
10 

40 

60 
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~"""Od:.Je~ e:lt~1o ae:itd~e mol~.of' the 
div.islon of~he :p-laa1i: kjagitom !mO\_ .~. iI;i:ud.lopr~ta. They do llGt 

:po$~seehlort\pr~11. t:f!1.~y are widfjly distl:'1buted in. nat~e •. 
6spee.l.allJ illso.il. 

~por~", !fh~ 

!j. which ~e 
i;:}:>~ead-likef'11~:ts of prctoplasm1> t~".Phae f'we 'Of two m£d.a 
types.: f'el':t11a ~~~, \\111d:}; ~ <:Ocneemed the produetion: 
of reIlroduetlve 06115* th$Sl~~S;1i ;ttlld. vegetat1v~ ~pt'~e1l the 
function .ot' \vhich ia to $ee-~nutl?lel1t 
solutions. 

grOll 

cells ill 
~$Mlt)ll of 

l)~~ of w'· . 

~;ll'a~J.S't!al1.Y full. of de!l;~~G t.1ytopl;;-a." but 
vacuoles re!W:r;ve.;ft}o4, matel:utlfti t 

gl¥OO{.{;el'l it c~ll walls ~f' most 

tlle st~~dpo1rJ.t 
t$a~rgb1·e 

or galutj .. ol"iS 'liTl th 
rnay 00 

OCC'lW as :relj;~ed ltl~~tS~1!S 

llttcrobitllo ~ • 
'Olit 
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:in the third e,~t>3't;Olr'Y are eub.sluiin'fleS 
silioo ~el tlilat ~ used to sol1d1;f:w ~w ' ~ 

dGfin-ed as ~.p()lm~ that &-e n~ded 

the flledla~ Imtr1$nta are 
& :m1c:ro,...orgauia:m ill 

:caw r~,;t(~ials alia for el':um!7_ 
~~i~tel;.~ aeccu;ats to!: ap~:lr..1me.t~17 

~~, <:i"",a 4,"""< __ 
J,"""'~'''''''v ~ 

li:vl.ng {)l~ganit~ requlT"e e...'laq~us el'l't1-ix'Oluu;e:n:tl therefore f 
\¥atter must 00 ava11a:ble bl tll'e ."r;1romuan:t it ol-gallism is to 
g;t'owaud re»~uce. 

{Jlci<~oon. l'Wdl"t)g~nt £m.d ol';;ygen' al:f>e £j;'equ,entl.y mada aVail&b16 

to the 'laQld in the fo~m of onC1:~poUlld.. tli.S 

D1.UE: of' tbe tb:.7 _1ght o:f 'the nloldS. is 
a utilizable eoml)Q~ con'taining these ele1Jle1'lts 

a"V"lc111able 1n theen~_t in r~1atiV~l;r """""-'<:""""_#< 

't:rmmll;i one to f:lve' l--~.r e$i1t; by _i$ilt <I> 

Obt;(:l'U! t~ir en~~g esS'&tiailly 
Comp01.;lldl;~ such asc~bolWd:eat~s.,.alc;oho16 t, 

i$ll~~.ated Wll0'A eO!i:~plet~ 

to c~trboo dlG;D.(le and 

'O'ndation state 'll'lbich is 
a1;0$11 is lnet}:t"oorated " .- " --+ . 

to c~ke p~eet 
be 

t)BpcciallJ~ for Asp~:t--gillus liligeJ:>, '" Minel':~d el,emaIi:ts fU!1ctionin 
?C'>iIW'if.r . 1fiilIJiJI_ _ >. e 5-- .... " < 

the lUiero-organism*smicl."Qb1al metaoolisn! ,as activators 
of' variOtiS enz;J"l~s". Z~jE4~es:tUt~ is of more interes:t'JQ s:l~ee 1..11 
addition t:o 8ctlv&t1ng certain en~es, it has the .lJl!lportant rol 
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i:r:lt0!.'l'ial f'Vllet1011$ of' a (';;(;11;» 

ut;:ilized uJ,duatnally ~-e 
to ft~"letion pl"Operly .. fJmall 

PAGE? 

cult'tU"'e'f t~j~ aii-mGsphe:t"'ic luted 
stu:fae~ Ii\YcE}ll'Wlil ar~ suf~iel$nt :fe::rJ g..~wth Qf' mQlds~ 

because they' ilQ rEH'J:at~e la.rge EtU!ouuts of for this 

,,"l .. 'l "Hi .... -.""',-41"l?'t:~ .. "'.;· !'~r"I"'.J 'f'Jo,f1;"ll~ "'"'itl!; t:l."''\>· ~_,," .. ~ ___ .v ... ~ ~w~.;.~;:)~~~~_ .. ~~ .... ~'"& . ~..{,~,~¥ ."'.'<-..'V" 

gro't"ith.eoneentrat';ions 
hi~~ eoue~ntratlQllSJi tile. ;".or! ean have a t;4;1::.d.~ efi:ec:t on tIle 

aci,l conditions 

p!~$ieal &nvirollmental 
!n:J.el!o-or~..n18ms 

reeip.6t but 
lfdrliluum 

fo1l' 

Nt trate(r;rruro.7') " .. '" ., ~ .. '" .., 
;J; 

licid l?hosphate 

(I{~>H.fr(Ja). " '" ...... If 
"-><-. e-

1 .. 0 
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f~tas~i~ Chlorld&(KC1) 
.::iulf~c'ft$(}feOOt~ ,. 
. I 

) 

••••••••••••••••• a ••• 

PAGE S 

the industrial fi;i;~~o1flt" s1?e(.ies 01' tbe genera UlllCo;e 

~ .. e:nd Pe~'1;icl11~ a,re tbe ~J;ost 

sept~t:e 

be 

1\ift\Q"~ ~\ .. t\~ah 
5a.o"cl~~ ~\er\~Ma;O and. 

'l€S\c. \e :fQO't'; 

__ "e~'\a"h"e e.et' 

~t c:.c\\ 

or clusters 
'there ~t'@iO ~~1e$.' of ~~:rte!,4 ;:'>.'f;'lf,~i: .. ").. +.01, ~ .• ~.'(;;-«~.lSo ....... Q,'~ ~" ~ 

J 
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eell division. 

a~':!~t;llg:eu:l.011~.t.~. colo:!" t: 
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rastric'ted the l.~i;~On immediately­
lk'01ds~e ~o\m in st;atic liquid 

fo:t'ms a ;U>~t on 'th.& f}~lr.faea 'Of' th& IlJ;erJJ;um. 

PAGE 10 

'tip or ape::,,_ 
'l'lJfve-."", l.t"t'rn> 
~k'#-V~~~· 

, " , 

\ 
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I;Ver !1l,aee the j.naustri~,lappl:icationa of i'eImrenta.tiJ)ll 
incre~, in;t~re'St h all :r~rmeatatiO!i 

illllustr!ea ha,s1~d 1;!i ext~lve rese~ :hi.' 

l1tel:~lAtur(; is ;t~icb. m i:nf'ormai,;ion a.bout: c1tl~lc tl(~id l?~tletion 
tt4>t)~~ fermentation. 

G1tri.c til,eid as a. product of ~ldf~rment!\.\tion W£::tS f1r'St 
if~liO rAolds", 

Cit;rQT'.ff:j."'cecS l)t'fe~f'l:.:"alriQl4u..~ and C . .iit:::rom;;vc. es. *:;l~.'lb~.~"" .••. in l:'el~tiQll to sr-, -. --.., -. F:Atiz»jJ :,1 '~g Rl? ..... , '7RI't" iI'Ol'i - • 'J Ii I!,;tl;lj.. • 

~j~~rilif t:ieIh."'tie'111'um l\d;~um atld llt."uco- D1rit'o,rmis·. --""~'-"~$ w. '., j~J '. JIl'r~": ;::;-" < • :Iii LJ!L .• FD ~':).$ijj - :w;ltrr.§,iinu -"~Cti."bi('MiII( ajl"1tJ.Sil ' 

Currie (2) published results Gll productiG.r1 of'cit:r.io ac 
farmt;nt~d solutions in 

conditions i'or f.!irvo~ble: 
,b1g:h ~(}n,(~entra:ti.oa$ oj:' ~UCl;"(iS$, 

"'.'iJ * ". *.~ .,.. '" '10. ~ "" . .,.;; ~ " 1 
Armnonil:ml -Ni tra:te "'., l> * .,..". 

of: tIle Solution 
of the sol1!tiou -was a<ljuwted 

-"1l;'li'l. ''''' ...... n1', ,}.,"" -
""'- .>\U ... c;.Jt' ,,;;~,~ ,,_ 

;torr4\; of' 

gr/llter 

cono{.mta:).atlon V~'aG ~..n i~lpo~ani# taet:o'v in fe:exJlent!~'t;1on Sll£l tbat 

t~"tlrocl'.J.o.!'ic aoid. yieid~l def'L'litel:r b~tter- re~ttlt.s tl~"" (:rther 
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e~~erim.t;n:ta "'lfle~ 

f'lask$", 

.reportecl that; 
;{Oo,"? '~At·· ",,,,,.;::I.::><"l. 
#?--~ ii: ... >J At. Q ~"'t,J.. YtV~~. 

l?sq:dix>~d for 

PAGE ];;~ 

Otd:; in 
i::reseo:tt (5) 

~..hQve 

tEft101U~,. because enzymic ~.i""'~::4. 'i~i ~v _V' "'~ '#. =~ u ... · 

,'.(" '" 
l :0 

D<;),:)b 
.... "" ... , 
,$ 

( ".) .. :;> 

solid matel-'1aL'1" sue:h as 

ean 
in contact 

enl tVI'lS1 Vd"l~:11 it~lDer~;:,;i:llus rrl~::e~.,*. 
";! _.UiWI _. M:i!; '. _ - ..... 

cr-ude .sucrosesolutiollS arId 

neaj.e, ¥'lhieh was not eIIU?lQ~yeii prevlousl:;y '" 

t10t1~Ce for ei:trie~nid fe:r:m;entRt1o:ns.· 

t.b;e mat is 

I'etel."'son (6) :ill 1~Y+6 ~ctudit.'de1trie acid J}:t'ocluction. 11:'0111 cane 
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:tha aif:f'ic41U;US ~llfiOl.ln'tered. 1.."l llfJ,e fe;a.1f,m,ts.tiOll o;foe-ne molasse 

that t't u'UIDloolZ'of $'tr-.c&ms of JlsRe~H;* ll;lW 
~;1~11,tii \fer.e able to fe~l!l4'i4t):t cmle sat1s-

~~~~~~~~~~~~"".'.HO_ 

.'?,o~:-liUfil suppr~$sce{ithe f'or1lla;t;ion of oltf!lie 

extent' t;11¢~ that of e.ltric acid. 
eonc{~tratior~ had vec'Ci! little 
wl:d~.l~ th,e n1 trates au etft;H~·t 

ei":fort-s to lXt:'odtlce ei'tJ;:'ie aoid 
J:lcthods inv~witl,bl:rr;et1ult~d 1.,"} :ftdlure. :t1elds 
rnctl10d 

L 

'"1.' \- ... 
culture 

th:ls 
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for1!!aticn.. conoentrations of' t'he nutrient 
resl;;r.<ieted. to ~l !'\l!ni1!nt>~.,barel;.v sutj::i.ej.e.,~t to 

:m;rcelial 
medi llJ;r}.. ~Ph(J.r also ti"Jl,Qw~d til~ 

into t'1;O distifj;¢l; pl1asasl m:t lru. tial t:)~t~th 

PAGE ).4, 

AS)~r-
~ .. . t\!f 

fEJ~;n-

{~~satly* 

mustoe 
mycell 

o'f' the dtJro 

ill ·tile 
.1-1 ... ",4 i~~4' 
~,L~·~~'M'-"\J... 

(1/ ) 
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';d~."'~,"""''''''& IJul."lll{:5: t~oo in.tt1alt::;t'(yw,rth~ Vlf;;IS 'ut;iliz·ed 
pNduetiOIi. ~~rou3:11Ont d<llla 

,]olmson (l/~) ~ "the average of citric acid. was 
"' .. ~ ~:"'_h 
1.7<;;.1.. \;~Y. 

tat ions wera carried out i..'"1 bo:t-Qsilie;~lt~ 

O:x:J'C'gen '" j~.:vera5e fe:rmentatlo11 perif.idw~lS 

kllovm so t"'ar. 'but it ba(t title great 
ties of 1!;I:1rJ2'gen. 

11 'col!rgle'te murve;y of' U:t,;e-rature c.n: 

1.'1'$l"e 

ms'thod 
aolasses 

011 

up 

'to 
{lone 

in 
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V~'""~lt)"'!~ fe~~~s \yer& CtfliUi1t:lde1!ed lJ:l e:flQ(}s:il:lf7c: tll.e~XD:~rl-~ :~,lV . "'.o;~ -_ 

.mJ;~'l,t:al m&thod ur':;>('<>ii .in tta\l l)~Sellt\\1)l;~ ~ ~ie1d is tlSually 

J?rodueed eltl~ b;, _~~~ce _~~~.u..re_l!"~~~~~tiatia.l:lf.LJ:)r b,)r _J3Ubre.~l:·'g;«t 

~'Ul~~ f~mt.a~ Tbit formtlx.> s:t~~e lisa fo%" the 
lalrterc;o ~'n~e a S'deoos1d'tl1 te11m&ntatlon bas been aerdJi'lved bir tIle: 
f'l~t r~~th'~ .• it tf$ not dlU!.cu1t 'to proe~d 'to ~the _ooAd 
m~thod :fo~ftmth~r Jaotiiti.estioM ... 

~lture f:&lmleatat.if}B p;roeed~e v~as not eOM1de~ed 
beet:luse of tu lTigh eost ·of $qlJ;iJ~)I!IMV f'ernlt)nta,tion proees~h 
.Aeratl~$ esp~~ supplying ox;rgen-,# an im:<~{)~tlllt: 

fo~auee~sf'ulf'e.!'a~t~rtioItlS _tuile~ooslve.-

In addi:tlo11., L'lScause tl1.e solutiQn U~e :fer~ea-

t;at1one h~~"3 tl ~tgb~~ 'tllan that ·of tht.t cu.:1t,,~ metl100,~ 

th& 
m&d1~.$ 

f:ea:ae:t,..ta:tlQn.~ .Qn laoorat'or-g sCiBJ,,,e 

e'~ttpmGB;G .", 

i;lre slgrdf'1(?~t t~~~'(}tors 
sele'Ctlng the I)reaent expe:rim&ntal 

tile histli.'i~ic 
a l~ge l;t\ml.!tJe;r of 

eit-rie e,eid", flomeof i;hef''U1l€~l 
s,)m;e x)roo:uee 'lllldesirable subst&lle~s:~ 
,their LlllSt~ibl.l[l ell! tllral.·· ""l'lf.;-h"'''~itel'!·-t f!t;i (l "1 

< v ~-;.~.~Jk~- - '~~ -;r.;4-'~,~. 

fQr useona COll.l;11erel&l be.;f,:.dg .. 

,rel.~'l' j,tilp{i):rtL~t factor·. 

Of' all 

~.' ... ,. " .... ~ 
ab.ility to 

''''~"&<;;;<;,>h'''~''''';; 'Jo1"felds.f' 
~(~C'otltll{J·. of 

.4 .;} ,l~?) " 
ror 

this f:~tlP ~'Xf 
1110 lrl.s 'orod:t1('~"" h~ fl'n ,,4 g:,.·lA~.. '~~e-r;t~ ",""",4 ""'"'}:Y.'" "."."" .,~1 ~A.~.m '~~\'1 A£>t6~""'i· ""w. "l . .,;...- . - ' .... ·""v ~.t.J"'I'~;t"<""" v;t..~- iU"~" J:lV~ ~~...- ~,*,-,;."'.~~ ~J..~-1J4-,,"~ ~~tiV'~*\t:~: "V~ 

cht'u:act;erist.iea~ tu;<aeasily eult1v8.te4.t, p:t·,}d'tleO veY!J' little 
Ullc1eGirable products .. 
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.£Ql!1fC~"ape. ~o.Ul"st; .f!~ o1~;(dde subGtannest- l~btdlY~ly 

S-ugars. 111.'73 b& ge~i4Et!dj~ t~, p~d~ citric ac:ttt~ UsuaU:Y'J 
~um J"1~1ds Sli!~ ~bba:t.~_ from$ucros~. ~101a.sses can ~ls(t be 
lli'l~ satis::te~Qto:c:tlj., In gen$1"al. a high eOll~t~ation. Qf' ~"Ucrose: 

is "tIUirtitd to :p~.iuce hleb. ;Y.i~ld$ o:t c1trie tie:td., St}lut;LOlls 

o:&yg~ $llPPU_~ 113 tbe~a:ebt-4~~'t~" nl>ttt'ogEm.~ I·M@trussi:\UI1, s~ 
phosph~U$. a:Gd m~es:iunl ~e i.tld1Sptfllaabl.e m 
.m~JitD.. As f'Qmd 07 lX:Iel£,~and .'Presce1rt (:,'l), a: 

U6~~an1:e aal:ss ~nst 
, • "~ " -,0' '. 

be tltil,l:zoo 1norder to 
·Vl1'tll s11f;bt spoJnl1:Q't10a VJhiQh p.l'}Gduc.e. "'''~E'''''' 

ferm_t~t1ort 

~UtlulltamG'Wlt 

ol!4;ain thm mat's 
f;)j' ei t:l:lc ~1d 

\'iith .a\()l:£'~$t;;S '" Qf t'l~&f'f'ect.s m: 
5t~lts\~s verJ!' (iif'fieult $$0 of 
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1iv11g Cl611a th.at: ll!ake ~1!. the mycelial 1,11&;;;. 

e5~$'is into t,bf} aells. wb11e t1:\8 acid diffuses 

PAGE 18 

pruss~.a OJ' 
th...~ughi7he 

cells. The r~1;t~ ~ihi6h 'tlle enzj~,.J.e atlddj~ftus1on pr~(tes.ses 

:proceed 1;'llll. dat~1n& th~ length of the fe~.nta:tfqn pe:t!'1od. 
ObViously *ina d~ep. ves.sel Qontrd.!:d;!1g a. val;1.1me~. 

'£or 'be ralat1-valy 'Pro~s30f l~:i~d f~tlon vdil 
"~.... ~~ 

sv.rf~ces.rer~o:r the mat ldU be 

X'!lY4;le1l1llll1 1s e'-~$ed tt) a :::el:a:tivel;y ~b~.l:Lov; Qf medi1.lm a!l(l 

eonv~aion (Jf SU€:~ to ed:tr1c acid pr"OO:et~ds l:!u{';h mor-e retpidlY .. 

of 6itr:1eaej,d dt'(t"mg 'th.asbllrt.~st fer11l~ta1;lQn ~periodm.ust ·be 
{fmplOj"ed. tlminUll:m't ~t,m.t ·ot: renlain 

by 

c·i 

,~{El i:ne:t~.ased 

:<') ""A!"\hn~f:'4! if""~ J;!~. ·~F,-.i!"~~·.V~_¥~ 

tr~ 

VtJ.:ri~~d br.rti.'EK'~l.l 

(~:ult~J.ra 

CO~l'ilw1;e ill '7 1;0 10 aays. 
is 
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C43d~~h 'Of th&exj;)e:r~nta ~:t~fOl."l1le,;\~ 
of jJ;s c~1lCentl:'atio:tl, l''ltas 

rota:ti.Olll' [ot] f Qf' ~ o-ptioo.lly active 
to the observed rOl;cirttioll 

In tbe above eq,tlation. [Q.)~ is the $$l)t)(!;1:f'ie 
",,'fi" ~.'-"'. {'.',!5.'t't'..· .. ,'1.~ ..• , = _J~ tamp~ratu:t'e t uaitlg the lUle v ...... _~t.!.-~",,~ V'i u Uliil:l.4;.I{.#(;; 

J:'Otati0'31. C .is th~ CQllcw:};ta,:~a;&iQJl 
lis 'tlla 

{)onc.<'frn'trt:t'tion e:tf sucrose 1s (let:l!l!l.?minetl 

Gine's e1trieaei£t trdld oxa.lic ae:Ul ~J:>0 

PAGE 1:9 
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In o:f'!de~ to d;~t~rm1.ae 'the a.cidit"jr of' t~he 
soltllJl~'a$ts~~le$8rt,p; tl:i:t:r;a1:t~d w1t:h 1 

, "'. ,~& .' . .1\. .t.'h,', 1s.., " .. -". . ... $ . ~ 4,.'l\". . --sO.;tU!J-.lGn at, tNlit:e vegl.:n!ll.ng ano. ill' g,f;j\e en-a OJ;, 

Ilfranelpi'ital&in &$th~ mdic~:rt;nr", phenol-
phtale1n eoversal1 th~e$ acid efJD$tBll'ts c1-tr.j~e ac1{'1. 

PAGE 

Paper (}hl:"ometo~phy is ~; V~~ s':1l1rp'!e ef'.:reetiv~ 

method fer d_et-el-"'m1nug 'the p~se.n~e Gf org~~le acids in tnt} 

mc-di'-im! '" 1 'tsl)l'lpowt~t awp.lttage t a~~f'rom 1 ts sl.mIlliei ty, is 
tJat:tt it is &:>gtre'flM,ly {1~11c;:,:rtetee t'bat (Jnly' s. fetw mt~l,"ar{1B &:t 
1:l Sl'l:bs1;!-me~ea 'be-etu.!.tily" detee-t~d 1.mde-rCQtld:J;ti-ons. 

In one -dimeftslol'J a1 pa:l'~e-2: 

r~olu:tit)n to be ~al'Vil~d is 'Placed '!lelll:' ~ ,"" .. '~;;o . ...,.. 



ae71ils!lt 
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v&r1.t!~ 'tttt'()"t:tgll 

o£ . e:l trieendo:Xlilie .aeiris Ctl!l 

~v."".it""' .. i'>·>::i' ,t'~Y1>i~-4:",)-t~fr 
·~~~,l ~·w_v-s.~J;,-!!,"'*" ~v,,*,i.!;.,U~~-4.~~,£# 

PAGE 

1 
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""'t"1,'rtl'l ''''If:!c,,,,,'h''"'l mh;l! ~ v- .f{'!'~~l . c,,,,, .... frV-~...:;;.~ff .. .1. ",.;,...-J..,.t.;;i sol:llticOn ~!$'aspr~,Pa2"'e{l 

lCtO :rtll of ethanol brolllotb;:,Tt101 1}111~ lJl 
'blue l;}Y' :b;;vd.rol<rl{1.~ '" 

spotrs" r')t'8nda.rd501utlo~so;f 
en"".,,..· ":>JlO·t;Of.~.;;-.. :.r .. ~,~l!!lg Ylere nrf-"'"Dt}l:'ei lyv ~l _ ,,,",.;'"*" '''"_ G'i #-J,'Z ... ~= l..t ~f;J' 

citric 

PAGE, 

of 
color to 
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tliffleulty 0nG(nmti~efl 
of 

SJ..:dt!lbl(! fOl: f'$:t~entat;lo11.S1:nee 

\m~ is{)lf~:t1Qn ~d. id~t:lf:!eatlrmor 

Sllitable mold :for ~ 
InlIJOrtillg Inolda {)l1 purrs luck. 

t).nd. tir;~e ~ltming JX1~aeooW!'e. 

r;''-.:'.>''J.!r.\.!.·::i';'''~ll.~l'" = ... ~ .. ...,<tm-. '."~:""" 1f!l"".~tilI 
'-<:3> 4-~~~t.~' ;~""~ ~~¥W",-;\j-~~~~'bl~ ·1<-'lr-i~~ Y 

b"i "'!l""!!': r.,r~!""a- ~~Y";l1i:n~ ~,~.tll·i "iI>. A gt~ik f·~ =;<o.~1'<~.n '"-~-~-. -~ .. .;-, .~~:u, 

st:raL~s felled to p~i:uce !l!l,;Y 
b.y 
citric 

PAGE 

otat, 
d(1)$nt1$ 

:leaoostly 

\m~ grmm 
.of 
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l:~'i.~er~· &l't);.mhll~ d'&e~;~t;affee:t tJl.e f·erl~e:t¥tat1on. 
PZ1)C(;~~ Vit-as t,b..,"ttld~lt~ beeal1S~ o:f tile leakQ.ges the Pfm.~", 

PAGE''''h 
ft!"iI' 

J~11~" ~r:1men:ts t~e c&J'!~1$d out in glaas Gr· ~:tt"C'Ul;~w 

(rl1pS, ~d. t.be vo~es ill tila .~d1a wr6 ~o~ell IJrovide trs.e 
la.r~est pG0sible rcat:1oot ~~ace &~ to vol.lU\L.~ ~ A l!ro(:'od,UZ'e 

wss·'tl1en d~i~~ :for furtll;~r elqierhlt?rlte to Obtt,dll 
31ehis ()f·eltrio acid i'$'ith the aVailable con;li'tj,ons·,. 

J 
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a,POl."ea, and -toadttpt the mold 'to th~ f'errnentatlon c~ndJ.t1ODa. 
2l1.Pores from t};;e six avamn to be ,emp.loYtir.1 ill. tlle ~~lm._tG 
V~l"'~ oo$t1ed Oll sterile ~t~idi$he,:$ en.n:tBL~ Oza;pekts 3i6ed1.w(} '*< 

'nLege ~t:JJ'i~ disn6s were kept .ia 811. ~.tlbat-Or £'01"'10 d~a 
Fresh SPOl"9S a1!pe~e'l ~.tt;er the f'f:fth. {l~", apo;r;es W$retlxea 
t:~5't~d m a neVI me4i\lm ~ntatnj~ ~lS: liter of 
e1t!r'1e: aeldin &dd1tiol'l to itb19' o:tbe~ !r~ed1ants Gf CzatP0k~s 

the surffaee of the new ~sd1Ulll. lf~~ve 

:l:m citric a~ii c0n'tent of t~ m~Ugd 
per 11te~to ten. ~~ f1&r l;tt,$:t' ~~l'UE:~13 

~t!ll m 1;lt.is !}r-cc~ ~~'9; to atiaI)t 
oon:tatn:tngci.~eacid,J th6rel:t'7 ~i:;;titl(~lJf1g 

~:rK»;11U1?t n1tl;"'"ate. 1.{)O 01: t)Jl~j~d:~~1l .mJ'i't~,~,g:;~:;:n 

m~~es:b:ma; eil.llffi't-e in one 

r-i~ experillallt's 1 tt,£l 
1(,'0 ml po.rtioaainto. 
plugs to pr~ent cQnt~atioa. 
gGalrili2!sd fo1!' half ?ll }1~ at t~, 
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in s_pl~a \t:~l:'~ 

l?:ept' 'there .{!' .. ~~. ~.4'>.*""".. ;;t", .. "!"fit:' 
_V>'l>l;.t~ """",J~. 

{)f~ incub~;tiol'l ~ 

ttt1t sJ,>'Gl?es did neff.> ;apJtear U'ltil tile lli'tlth .. . st@~rt ef tl1e 
s,poX'ula:t:i.oll was an indication that f:eR~rellt.at1.ol1 was cOJ,,}?let0:1> 
.i:d:'tel:" t;~n:uh dayt' tnfa' soltdd.i-ons taluru. out th~ men-
b9,to~ ~ ... ~d lJiErrG filte-~ ~·~t rid 0:£ rqeell1r«lJ; 
-was squ~$ZOO 1;6 ~"'Cove~ 'the m~im h')rtiona Qf' 

1211 f~~~ eaeh st::'..mple V\i&~ tl~tGd With 
aQltttii~!l -to {tet\i}rm.1ll~ 'the ~a$etn· a.eifll tv'1' l:he· f'LYlfiil SUCrGSffl 

eoncf1'.l!'t~tion. V1'as d.E)t~ed polarim()t;rically" 
~)les of ;2.5 and 10 mie~ramsf~);t 

aoltrtiO'llS '!fe:re pla~edel1 a. l~o.l f'11t-~r 

$l}(rt~l w.'0re'.r;rt the l)ap~ 
c:hr~QfliQ~~phW ~t:1binet in sueJ'! 9* 

color 'lf1e1 .. 'S 

c,f? eh:l:~mt:o~al)b;r we.tS 

the least> t5.1l!.ng 
, th$§ J!Ositicn 

d1t'6Itetf.~l." 

placed. on a 
wtil e;~lo:ium; 

~" i.t ~ 4 ,. . .. •• ,.,..J:: .... ~ 
.t.!"&cp~ ... ~ltll.o:n 1mlS (;~'1e4!to-U1.i ti!f.t. \;.il 

aI):pl"'eciH.b:te aYlWUll,ts of ei'l;rie t!icitl. 

calc:bm ~i t:t"trf.;e olrt;e.in~i was ~:b{ed 

on 
~leQFeat; 

l!1i..¥lUt~5 

'th"l:t:f~r.ly 

it 
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$'l;lJtrwcie ae1(lwas adde~ $lGl'il;y Ul1til the p;v$c1lPlt~:td.on of ea.1e1:r< 
sttltf~:t@ wae e~lllplet$.P#·{\H.,H1idut>e was e~I':1$d QtJ.t at t 

e~dc(tl.'tmt stUfate was :t~lte:t"~dl th$ elee3:' (t~cant~t~ Wta1S 

e,\N~l)O~~ted il:1a vacuum. d$ssiJ:ator i$ tllo~ ye;Uovi 
;"n eolol"~ j:t \VSS f:tlt~lle4 o:nee j1!O~ v$itlla(;:tivet,;~oo;oon betor~ it 

er"JsI'alli~ed tlltde~ t.i<~s~ ~it1on$" 1:n.e pcQd.not W$S eh~cke' 

,t£lth :melting point dete~a'b1(1:as .. 
,Moolfiea'tl~n,s (ill thl$ :pI'Ocad~e 'Vyere S$Ve:l":al 

.e~mpl~s :fer~~tad in MJ!\'·"s~~rtl~ conditIone l:rldte~.t~d that 
etel"!11~~;ttionftt~B net neee~lu'Jl~. .:t~~{!~ll;tai;.llIr!$ .l"<:) tll.an 
crxl:'~ied Otlt :in e1rct\lar- eupe o:t on-ec lite:r c..1.ptlcl1;7. Salhpl~!l ~1a~e 

plac~. tllesecup~ m 300 ml p~ti()n$·t Wf)~0 uov~~eQ. 

\',,'1tll .t::tlt:m'U.nt9 foil!> IJ'l tats wa:;r, it "as t~ te~i~nt 

q~a'),t,it1.es of aollitl~ns with voltnrw 
{'Stal~i;li'Zati{}n V-1a~ Sband(;}hed t and 

vtLth. th0 SPOlrfJx$ ,Qbtain~d f~:rQlll 

SWt;tilU] Vier!;) 

t;h1s el(~e3? ao lut;lon 'l!~eJa <u~'t;;1ermjLnjS'(t 

01: tb~in:l tial 
nodi 1:tL'1 hydr'Oxide to d.~'termlnG ixd.l;ia.l 

lead ~.e~ft:at'e is t.he. elari:f'yirIg 
used .. It f~"I"11'lE;H:l -the chemiealc0m.bi.ri~'ttl{'jn 

weX"~ 

p~ev1ous 

sU,P~:t"ior ia 

1 

A.-f!' v ... 

of 
1?ol"'(;;10 

)c;')t \\ttt!.l. l~,th~,lree, !'tJO .. 
t: .. of' lea!" acetate, 
11 tPi.'tre~e antI one liter of: Wf:;1.t~l?' are bol.led. t>o~ m,in. 
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liq\dd is (111ut~ to· one liter 
wa11~ .. 

Samples of mols-sses solutions (500 ml) Vl~e l1l, 
$l.l\ll'l:unum foil" circular cup~ of one lttel'ott,paei ty t~QV'el.~~'~l 

identiolll 1'11 th i;hi).VQt su:o;rtl$~ m~d,is, 

t~l:I,;1eIrt·a:tioll VJaseomplete, 5{) lat 
was fil1;;~red $-na tr~l!t~ted vlitl'l a~ EHlt'tf:tl 

e.c~t~;;t'te $Gl'u:tion., cle~ tlecantatt)~i$.8 

{;1et'~~"'latit)n of th(:l final $U.crQse 
~eQve~~d the r~ai~,' ng sol~aio4'l. 

e;};1Ce1)t10ll ~ 11ft e:t'" 

tiA~tl solutiQ 
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fi:t"S't eA"Per1m~nt,;stliare etar:i::-1ed out s'Q~se eQluti~ 

i,)yould yield f~r th~ ~ur.pose Qf det~~tn1w6 the Bt~ains 
mrur,JJliUJn a.mouatof ~i tr:ieaCid'll"r;! th miniralm ar~:Otlnll 
Tll~ :lne:teas~ j"",,"1 acid! ty ta,l{en a.s tIle 

A'P .... ~;. "t.~. <'~. wJ* ~.".~~,~~ 

f'o~~tt.o.u of e:i:tH{'} fM~1d. t'-iad theJ11eld QX' citl~'iQ ~e1(1 wae 
ealeulatedon the haste of the~e$l.£l:t$ Ci!l elwomotogl.:'ap;b;r. 

III 
1/1 
III 
1/1 
"l/J ~.,~ 

1/'£ 

) 

O~g~ tn !eld!t7 d~ to »~e~ftAentat1on 
!Ii. 0,. ·· •.. l,mn.·. ' ..• '1':: .. ' Olk"m.~.···· :": ...... , l;i,ci4it:'! 
"", .•• ~ . (,: 'j" ht:m f'~ ... ,,~,t;_ .. ·.'·fk 

l(X} ml 
lC{) ml 
100 ml 

100 
I t ''fl ". ;~j"",}-

lOG 

ml 
Inl 

100 n11 
100 lill 

-
-
-

-
--

-

-
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st .... Volt 
~3t-Volt 

:ro ml 
;0 m1 

lOOml* 
100 £ill 

50 ml 

stp~ Vol'tlm~ 
;;&1i > •• ' •• ' H _. 

ltT-Qnl !~d;;&nbul 

11l 
1/1 
111 
")/1' r, ...... _~ 

100 ~l 

ml 
l00!!ll 

!ttl. 
100 ml 

ml 

lOG ml 

s-t-Volt 100 
(~:lte t!1:'Mr in 't<bese ~stllta 

-0 
... n. 010 t\!' ~ •. 'o# .. , _~ 

...0.07.1 
-O.O~le 

.... 
1.,6 

.1 
'"'1 f:: ,.-, ~~ 

-
sea'il frQill the tabl~~ ,st.bQv~t Qnl;Jr 

1#fere su.eces~$:ul. :in p~dt~(::lng ci trie 
if O~tJtl1e was l1;Ot produced at 

follcr".1ng also giv~s ~1'1 1r!dj.eat1o~ 

1iI 
1/1 
ill 

100 ml 
~l 

!ill 

PAGE 

-
--

17 

(18) 

caaf3a. 
(;It" a1 tl~ie: a~i .. 
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1/1 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, ISTANBUL 

fll-l 

ml 

In. the f'e~enlled nwl~s$:a sol:ut:lonst the 
acid VinlS notd$t~ete41i! Irhe y1eldstf:tcitrie 
!:lQ~l:ty ~Z'$. given below. 

11l 
ill 
1/:,£ 

1/! 

Sti:.·ldl~ ... . . 

1/1 
1/1 

'#I;1it .. ,> '''',''1 .. 
""hV~ 

ml 
ml 

1 

PAGE 31 

of' o~1.1t; 
1noraase 1ll 

subject to .110 (1€3)",) 
QAleium ci'trat~VJas only pr~ci:pH;.$:t:E.~ froltl 
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7.l~ 

PAGE 

periQde):f' 12 da;J,tS 1::6 .S&e tl'~ mC1~aae 1n acidity 'W:it,b time. The 
rest:tlts are plotted uF1~ l~ below., 

0,1\0 

O'\bO 

0.\«1,0 

\l.IQIC) 
c 
0 

:.J;: 

.2 0·100 
0 

..J7 

........ 0.0-('0 
G 

.i! - 1),ObO 

'" ~ 
5 
~ O.oqo 

0.0.20 

& 10 
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.l?csult;s Qbtail1.Ccttlu:ough the same tJr1!'e '~f ex.par.imettil.a '" ~he~efo:l~ 
rosult;s OL1;ll t}:n1y ne&val.llat:edon en B:v-ere,ge '" Iltll'liel~'" otf: 

results. even tUlder appe~en:tly 
.,. b'" ."J'.~ A • A i\''\ *-. as S'sen IN:m <i;.tle reml>l..t<S 0'4 f7;g;p,(~;t':ulw:n.iiS'": ~;l..1hQu;g 

'~l.ld the tncuba1l;:ton t-eml~a't1W~ identie@:l h the 
ill' t~ Sf'fIll)les of' equal vollnJ!& i"e~ted 

·l;1.2ez:e was a V'aJ;:iat10!l ~:f ~3.oout 2 Cei;1:'G Ui 
*_ "t.-".,~."_ ;. .~ 

aC~Q1~y 1n eaen caae~ 
done utd,ng auu~a~} soltrt!.oinf:] as 

e):l:eetive;. These !rtraitls produced e;:ttr1(~ 
l'lee:llg!'ble af1l01.11lta o'to~o a'CldcIJ 

\tFclS a slight deere-age 
s'trtrlns 

produe~ appreciable 
lit1.th e:ttrlc acid .. TlleiPefo..re. it \'1$ 

only (u"l :inCL'ease in 
it was :not eeotto111ical 

1" even. 
WoO.S eon.'Sll1aed 
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:rtpft 5 
AlppBUly l!iIt!E 011 Csa,pU'. _...u. 

6 

'Perdllg lIle;s 1D L1 

PAGE 34 
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IttflQS int~est1ng t(} nOo't;e th& ll»~r!~ies o;t the J1Wz(;s fOrl.!1~ t 

al',ld theexti:ent of S',poruiat:1oasmce th~ gav~ an:inditJait::iJ}n.Q;t 
the f~r:.J1_t1ne abiUty o-t t_ m&ld. St~atn ill :fo~ed veY!¥t!'~ 

en. PtJre snC~S~l Mit ~h.&ses m&d1a..Spo~ula~i~ ~ vexw 
avpe:~ m 'th~ 1asttlwe.e da;.vs 0'1' f'e1!1Jlent:e:tio· '* 

L'lat: ''it~$ whiite sJ:t(l the f(i~ted SG:lutiQU :t'el1laUleU c()lJlrless. 
;~jtJ:,~dn 21! f:o_ea a 'f;ld;n ~at 'f4:tl! ~';.tl"!;J1ve spcrulatiz."Jn", 
s,pp~m."$devml 00 tM tt~4dq of' :t~'ta~ian.,. enlu:ti,on 
:r~ej.ned ef:Jlo~l&a .~ 'Gh~mat; wan wl'~te* St~a1ll :;/1. ro~ed 
·tluck whi:t;-e J,~i;s. bu1; spot'Ulertf.on as· searQ~. Strf~1u fo~~ 

thin :;yellow .. drs tmil spo:eulati-oa \Vas ~~!ve* t"ledium 
i'al2'm(jpeti al~ tllmM ~ellew$ft~:r' the£c~tll 0:1 :f~entati", 
St:fi~ C~g....~~ ff)r'iiied ve1:;f tlr-tiek ruboo~Uke v/Mte raats on 
~1ue.t:~ae sol.u-tt_s and thin mats on mola~s. l~ tliVO 

a('~e in oo1';h ~a 
of' f~~l'm'ta'ti()n. 

Tbel!"f't;fo~ :1 t 
QllBO&ations 

pa...'f'>t;$ 

'1·~''l:61~t.>~tT(}~ll~~ it wdsconcIU!.letl 
sevtlral ~tr!\~~ nooe ;of which ;;~''''''':~.o 

:t'~.re1entai;10J'1. 

Ii £'~~""'j'r'~ ~I 1,,;];"" 
:~~J; __ ~~{li{l,*~ ~ ~ti, 

',J,"1~,"" .rJ"'''''''lo';t ."".·l,Fl.)h ." .... "'~."1 <.~. ~.-'.' "·!l'>6.'i.~·J[> ~$t$~~<"".':""f"<{« _~('11'4.~- rim.;'." ""'P>'8 """"·'t"1< ... ·""""'''"~·i'''!~l .. ~Uv aa~ -u ~~~ ~ :t,...~.,J..~"'"-~ __ a&-V~~].' ~~~.£'.".t,~!I..1~~f.,;P.' 'L.t.!t,J~ t;;:J':~,.~V\f.~~f-~v., 

i:;.heae cha:f'aetel'lst!es on stH3l:"QSe 

< 8'1,1"2100 ~prOtluced. i~1:1e highest ~~"lVel:"s:1Ql1sto 
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ngure 7 
t tormed 1>7 th. st:ra1n Q!S-2 on SUcros Solution 

gore 8 
t; torrae4 b.T the Stra1A CBS-2 on le. • 

PAGE ~ 
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ia ('.;Qnverted.1;-o citric 

PAGE ::;;~ .... rr! 

Etctivity of tM m1cro-oJ:'gan1sm. The coItvesion Gce~i.'! onl,y Olit tIl 

irurtace bat~~n tIlt: ;mat and the .m~_. Theref'oN ,to: 
vollJm.e J:'41.tio pl,vsa vt!Jt:e)f 1m:po~a.nt; rel.~ in sueeilissl'ul feX'1t"tii111-

t;tt:aiQns. seen from, the .r~1ts~ great~ s~fa~e to voltL~e 
rati{};}"iel.d~d lugher pel!'ee.nt&ge o:feonvGrsion. Altl1Qtlgl);"tha 

ir ... itid. mett!a \~-we idea:tleal. SO ml ~l)lesresUltedill '-"""'b*"V~' 

G;<ld:ltloual acidity 'bha.tl.1OO m1 ~1ea when bG'th w.er~ :fermented 
inml JI,'rlel"l.mey~ flasks .. 

In all ·theexpe~_b. the ~ts ~inkled .. it u~€,;er surface 
~"Ontac-G f'or¥dbetwaen. the.' ~A1~ and the nlat 

wJ.?in!tling. 'rne ttt'in1tltng W4e observ~ up~e1alq in 
media '!rln&-ee the $U~ee COlltleDtrat;!oo was' much lO\,lie,r .• 

tredlBfer of ~res aloo played an. ;i.ll;POl"truJ:t 

~)Z"e-viQUS e:x:peiment wel:e emilloyedt 
. T .. " 4.h~ .J";h';~ .f"~_-n""""4-,,,,4.{_ 4.11.,~~ 
$: -~ V~,.i;~· v,~-~ ~~...1w~ ... :~~~t#~~t:: V~4Q-

aed1um. and functioned lI.!O~e 
w1.th aurt;;tce to vvll~eratio~ VIas &n 

incz"ease of the ;,.ieltl (If 

to fOOl: trana;.fers .. du;ring 
to the S~;fstem, f'"drtth~r 
traas£ erB ~itft't'e useful to 

SP04'lii'iS. eventhougl'l adapted t(,j the cou;:'l:i.tio1lS fe~:t~ 

we.t'e l~a eff'leiellt 'th~l frestl M6S i'f}rUlentat1.on~ 

feI~~n:tatioos ea;rl:1Gd. Q·ut in r~olas~les .q(tin we:!:"(1 
initial $LWcI"Ose can:eentrationoi: 

- 18.0 ~/l.iter alld ~mp~:ltj"es '1}re2"(~ 
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. Ptsure 9 
Oitric Acid Cr;ret.ta obtdlled frca SUcrose _Q,& 

figure 10 

Citric_Acid Cr.retala obtain ~ro. lasse8 

PAGE 38 
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of f'ermen-te:t.iO!lli'; .. Illcrease in feZ~;t'CcY011ide 
(leer~a£iUll~ 11'1 theylelds it i].the .nlocst favorable 

~tllt~. I~s t:~"Ul: this amOll.-,~t to 
uilfav&ll'abl~ .~v1t1es in tr!eclit'Ullt 1110>:t"e 

~~t had a ~one ~ffee'to:n. thest~ain Ii' l:u.~~QS~ 

{)l'l11tQl? to 0 .. 8 gr:/llteJR of £~rroeyaIlitlHin :m.t§c.ia 
wrlth st~~ III reaultri i:lla d~~~e·aaG :foo~ o*~,~o 'to 

o gr-1l1t.{)r.ln lledf.a femented 'l.l1t;h.· C'r~2 :t>e5ulti'llYJ U ~ln 

ftteref'~$ 1n addj,t;1ooa:l aci4ti:t7 f'~mO .093 to, 01>118 
:No differenoe. 'be-twea the t~~~hs were QOf>"erved as f'a~ 

·to 

ferl!1ooting ability was coneern~4 .. 
eo:mp~ris.Gl1s of initially 1dent1eal 

not 
blN".~ 'l' k"",,iI:!.U'$ 

== 

at 
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it is 
yosf3!ble '~O p~ueeci~1~ acid. :tHlit end auoros 
by :f'emen-t~\'ttnn p::fOceS~f;h Hc\tevelJ" 'th& :f~Gntt:ltr!\an of :!!iOhS£!6S 

ha~j $($v0t'&1 dia~~J'lt;ag~e. nrst. the low wc:ros~(}{)neeut::rratton 
of mol.asS$8 makV)s 11; lttf~ttve 'to pN(tee~ 18.I'g0 q~tntit1e$ of 

tl'd.3 substance to obtain ~!"~o:tabl~ a.'i10U;l'ue elt:f;llc acid. 
ll1thC'tllg'h looLQ$ses 1s VG:CY abtmd$ll't m:ndt,tl~~{l'Jto:t"e r®l~rt;iv{jl;y 

'£'~k'P~stlVe .b:t .~ltey ~ this ln~thcd would ~eqtd..N b1€~ f6~1e-n­
it~tlon Ulli~$ met l~r ~e~S$ing ,eqU1pnl~t;4 In It'tcl.:l:l'tiol:;l., 
L~ger q~ti:tr!e~ Q£ het.tt and ~nergr Wult;t be $p~nt to l1eat this 
.la't"ge ~sB..SecOladly l' f~~yan:!d.eompottnd$ axe raqtJ~d iA 

arn..:O'Unt;$ 'flhen large ~t!t1es ot l)oihm 
fe:rm-ented. These ctH!lllO'Qnds ~ $'~~siv~, so 'ifv()ttlet :T:a!se 
the eoet; 01: flitr10 lhNtluet1.Gn it to 

'!:;o1mpl'ove tIle p!.~odt1.ct;iQn of' 

ef'tcct 01:" 
th.~ eolutlon~ and 

to' {~itrie ~ 

t1;d~s wtlrlt, 1\1 g<)cd conversion 

A .. ·"'" ~"1""-r.~'" ""*""""""'i··~b . .il} "" ,f'I"'·.·.,,·.".<t..· ...• t.:.ij.'1'm.· •. vJ. W>"~14-·vif;.''''' ,..; ~ ..... ~ .. ~";'Y,., e4, ~~~,Ji.t • .,.~ 

is mainly 
is 

mold;1> ~rber~.f'etc&. U~Je f~" 

l:amOV;i!lg 4"'U~ib:i.te.l;f ions to fJllP:roV~ tlle;y"'1eldf3 WOlllcl r:i,ot~ 'be 

:::= 

oalcivJk1 
of ~GOO;Y 

inA! ""'.!l ~"t'l"l<!i" .~ """'~_ ~~i~f,;,;~,i$t. iilJ_~~,* ~i..--'U-d.i4i> 

:: 
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It't the pr~lseat tVl1$ , the l~&$t exp_.s:i:tra prce~ss te» obtain 
cit~l~ acid would ~ fUlllantatii-QJil of $'U~SS aolt!i:;iQluh 

OOlaerctal $uel?Ose is pftdu~~ @'xeessively in lJ:Ul"key. so the 
p1"1e~ of' .suc~e$ Is quite low. F~e!J.:tati(}l1; \d~th a st~a;1n such 

fl.s~i51,,!lU If,f..!I!a: 11I would give a ~Ol'lve!:Bion as h1f~11 as ' 
]}~!:' ceat W'lt"hQu:t apl)~C1a\fl$ +o~tl{)n ef' oxalle aeid. ~hS' 

1no~gan1c salts add$d to th_ ~dlum ~e co~p~ati?ely l~&s 
~Xj'i(!i,;nsiv~ l1h911 the te%"M~;r_1de: $alts $:nd a.1?G t.>~qtti~ed in ~1· 
mnotint$., :file p~ee:ip1ta'ti<m, oZeel.cla cl1tfia,,~ and tne ~eove'lf3 
()fclt~1c acid .~ $~ am qumltl'a1t1v... r;'te~111fJ&tton is not 
ne,c~$.s~3 be~ll$~ l;hei!~w of' C()At~~:tiQ111~ ~ery liti'le. 
v1Jll~l'l b;a.toh p~cea$ ~s ftplO'J'~, theequi;pmen.t n~ceasr.;t:t\ly is 
$~pl&_d iU~ll$:tve. :lihe pX*Ocess WO\l14 ~1St) p~QV1d~a S'OQd 
Qutlat to the' e'::mecess $ue~$e aYaikbl~ ttl. if V~atlon£;\ in. 

the rean11$s _1441 b. tmim~~t. 'lh,n t~ is'c~.rI~ied eut 
1n a largt;! scale ... 

lr'ess8.:lYch in the fie:ld of of "",-"~~' .... "",,, ... , 
'to cj:t~e acid sno'tlld con.eentrate on diseQV'~l~)" of 
llelli 12raIl'e4na o:t jlSJ:?~rBil~'t!~ ~ 'O!!ot1'uer \'iteuld 
1mpl."(}ve ;piJi'llds e'\l"'ell ta~it i~lao ~pll.ah"'is Of} giv~n 01\ 

uaBea. ~n $ubtae~flRi f$~enta;t:1on. 

""'_"'=r',> don{~ on tl~s labQr eav!1:~f:~ n,..'n~l!'i!i~·1tri. 

:f'el."'m."(~n:G;~t1on$ obsolete. 
li'0sru:tS c:bttd.n~d tba\loo~j..'tl~ut th'e 

v~re very hopeful. Rowev~-rt bef'01J'0 ~. aPe lnade tOj;v~d$ 
~lustr1al p~d:uetiont ·s,u inst:i:tute tOll! el~las1 .. tie9:tion 
oe~c1"~g &1: melds. ~uld be· foae([. Qne$ tIle ;ll1i~o-

organi_s e,.'ln b~ obtained $asi17, ei.b1.c a~id prodlJ.~t1oI1 ella. 
otb:e~' f$~I11~ntat!~ l"rQCesses eml :flott:tishln [:t"t~r!j.e:"l 
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and Othnler Ii D .~fJ.'.. ..Ene. Y. c.l.tlnet:lia of Qb~mieal 
< " w . g "'ij" , »~ 'j"8I."!l#$o ·-UIll~~il' . .T i\1K!!Il>e!i .. dlr:¥-. 

~e~flRsl,!Q-. ,The ,I1J.teftGienQ$ !ln~yel~p~d1a Co .. J 

N~Yo~k, 19~;:, Vol. 5. 1''' 5f~~5tt-Oi!l 

) CU't"'rte, if .141. ,ftC!:b:f'ie Acid !!"ft'M~ft1=atie!l eE .";,,,~;po~t"f.;11lUB 
~Iirngff "'""",,,,._"nJ: ""'1" fl!:'t;.. ..... _ .9'1 1"" .. '''1"7' (1" ~~1 '7) 
.&> .~::; . '~~j~.~."'1l4Vk ~ .... ~r.t. t ~. ,';?-;/ ·.7 .... {· .. 

(51) J?~e~eQtt.. H .. C. aud Dtmn .. O.O .. A.. In: .. dug.· ~.' ·+l.·~.:Ei.~.l .l'i!1ertib1Gl0f:.~.··· .... 
~ • t1' &'t7l··_.L~:w->!><r*,(·:! >i.II.,. ... ·'!lj'M.~·_ -~."" 

!~le-~aw Hill ~k 00., Iie\~-York, .51~~·1 

( it. )lllf~~hm~r j.e ort"ll'e;'te ~~ lB: !'fn.~;fJ;t7a;l1~o:a O!'·if!'!~luejt 11 

l3'Ul1.~*Olttra... ':2 t 7~2~7'O( 18'!1"~) .. ,. '1!r ..... 1:')' "I. f It If ' ,":',' . ~ . #' 

(0.11.., if2fl;8(1$9J»)!i ' 
n '''' .... ..;(t ~-.".AA""'.&. ,'" n nS:itft-, e.t e"";:1e::;;'''aelt"bitt1et.'''' .·.i '.' .,~1t ~~ ~i;,;lii:t",~~U~ f~.\it .. t' ' .. -7- C ",t.t>_ - ,i!.;;. 

IM.~ itOh~ .. , 26(11) #". 114~~-11 t;O(l q?4) ., 
. iiI:~_ 11-. ,,~*. 1 fIlI!i'I!'W:Qf4 ,'.=. .' """11- . , ( ~ ""J..<>-

Pel"~~fD.,. U'ta,D.il. a:ud h:t~s~.,tf.li" t ~Jf~Qt:,'rt:iQ~ of 
eitrie Aeii ~ ~~ l~:olas::;no~i! It l~reh.!a()ehem. .. 

'\" ~a* ~i tw. J,fIIU.'" Wij:I!iIMI"'#"P~i - . 

t (;il~~,~alw,:¥.:'!~~:q!~1.qe:z, .8,. 

) 

ejl~ieal f.'.iQ~ess lJ1dus-t~ie~~. 
~ •.•• - .' -:~ \t\!I .... Wf:~· IQ; «;t).t-qI .", ..... tll - ., .. il.f1 ,.. • obil\ii!Jtil' 

00 .. t ne~!orlf: f 19;"'~., .~ 

and~";~.ksmru1 .S .. A f' , f"l~.'e:~·g.f,El.it;t;'U;~(~)t=s· .:!:1:(;o:;.a· ;e;a.-"EO~ffo'-4:;C1iS;;t~ti:T·fr, ~t:iC7J -:tl~:::i'le~j;ib4f:t' . 
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(1.5) l:iiar't1n,g~U{. SlldW;aters 

ll~ i1'l'l:~~~rl 

tb$; . Su".'fi.··a:r.·· .s .. t U.S", OOPtt-ctXllan.t of 
1'<61 i;(' ! h' "';"":"IJJ ~ - c. "w;it·, .,,,,C 

K~at5~o.nal E~a'U; of 

("iI") Hl""'A't",~." <;;!."'l.r7i. l~·~"::""~""" .... J~i .. J.~ ...... 4\. i'\w~~'1~.""l·. A.D.~.' "Jo.! . ~c,. VQ,t\!.·f·~-~.VW> ",,",,-,A ~,IUW;:4;c·V"""",.h._~ .. -;;:::. .. ~~i4~ ,,':i',.l. 

It'an!:Y ~. d .. :rJar)~r .1.1:;:tectGnt..tQ;cesis "" 
l·'. jt_~ 'J?' 4 iii 1 ".)Ji!k4'lJi·*'] !M(j<f!'"Jrf7.L $II!'¥ 

IW$sa IIi.() 'II? f:few-York t 
1'18) Jf,~derGd ... E .... (fnr~oto~a!1h1e~ Vol.2 .. 
" ;,; ~. "100; .-' .If :-:pj'n _~ ~ ·(!I;l!f.'* __ t*:.~ 

;P~.,r:t S ~ 1950 t! P fi !i 77. 

PAGE 
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e~ied out.··· tlS~ .. 1i,au~~d;.llne !'l'ip'or ~H '",-!l - rJ • .. '7- ~.ilI! ',wnfW-'_ 

t']l~ Istmnbul Universii,7* 
~~r6f S~p1~$: ~ 

Initial wl~ •. lC{J~11 

Initial :S\\erose eOl1~e,ntr£'tticn,; l.t}\} 

Jnitial. aQid1t;y; () .11;;:: 

t'illl:"a"t.iGlu1.0 4~s 
;Samples ?Je~~ steilize4. 

4'\ 

Fina.l volum.e: 
FL'"lal ~~s~ co..q,~*:t 

" .... jW"l}iI ?t -

ml 
l?tV1. 

Initial :suerUSC~Otle",; 
Initial acidi:t)~~ 

s:uerose e~l;\e.:: 

aelcl1t--y# 
Jt«c1i t1ona1 aeidi t:3: 
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Figure 12 

Paper ChraMtograa fd a l.ut1oD: 
containing onl7 Citric i4 

1'1s .... 1.3 
Paper Cb:roIIo td a lutlon 

coata'n1ag C1~c Oxalic Acids 

PAGE 46 

A B . are two 1. .. be1ng te8ted ad C 18 the 8t ed, 
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:= O.l?;;ll . ~. 

gr/l 
citric ac1din 

r;:;olecv.l~.r ~1~;11t Qf' s'UelZO'[J0 t 

Molecula2 vreight t'lt (;lit-rie 
Assuraing 1 1Rolt3< of sucrose yielM ::; 

84 jf;'r f'i ~ -~tr'f¥-!l'J~~' . ,",~. -= ........... , ..... ""tii .. ~· ....... · ____ ""·· .... , 

X.=t 94.4 g'l"/1 eitric 
~ill tlle su.cr-os~ ~nsmlJ.ed. had been 

tiial !leidj,:ty~ O .• l;;ll:, 

WilU'e s'tl&ril1zed. 

A&litiolla! ~':lcld1ty: 

cons'umed~ 

,Paper ehromo·togTt~J1hy reveal~d only 
PUmlEruer' of f;t':;Blla!twd BP()t 11.1 em 

Diamete:e o£'. test S"il0i;; 1.7 em 
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Initial flzm.crose ~.nc.t 
Int t1ala:eid111'$: 
fi-amp1eg~$ nat $i;er1l1:~ed·", 

~"mal. vol.lWei 

F:L~8l. SU~~ COlle .. 1 

!i~mEUacidlt7i 

Additional acld1ty~ 

('> _.... ~ ~~" &. ~~ 

Ol; S~f;;I4.Qnrn S;pOli.i U 

of ta~t spot; ~.l ~'l 

:t1Sli 1>1t,:,\1 volume ~ 
I!)jJ;;1al GUC1"OS;r:t CQ1'lO.,: 

lill 
pll 

'~"'l'l'l'''' ~'>l f:-'~.'; .'H ~"'!: _ {) .U.·. ~ ,!!~.(!""",- {';'~-"~"'Vif--- ~'IIII" ~ 

Cll1.-..oulOto{9='<9.1)lV' revealed lloci~i~ 

~~ll!lent. V 
t'1~~d. ":)rt .... ~,~ . it- ,{,<"'.,~ 

1111t1a1 VGl1lme = ml 
In.:ltinl s"UorOSilt eone 6' ; 

Initial aeidj;ty.; O.lii-l 
ijamnles wel~ not ster-ltized • 

• ',,&. ;...... 

PAGE 
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'Volume 1 

Slleros~oo:ne.l 

aclUty: 

rf~Qfa~J?i1Ples:: "':;: 
:t.':lttlal volme~ IG'O 
ln1tlus:~oo c~ne.t 

In1ti~,l a~..idi'ty:i 0.124 
!~les 1i10:re sterU:tli!ied. 

Ftnalvolt.m&, 
J!:bla.1 suc~_ e~b;l 

an1dii~1 
n."..t..,~4~ .. 
~~'·:~*~·~Cf • 

of st:~d,a1:-d 

!J. 
') i £i~m;:t _f ·7 

o~ 'test e'it:r:!c; acid 
~::alic 

In:itiltl ae1dit7fO.13~1 fJ 

~~e not 
It, 
F-'4' 

. -I;--.,-·''''' .. ~ 

.;) rUl 

PAGE h9" ~~ 0 
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nIl 
i;go1dus0ti; 

l~nbel: (~f~plest 2 

Ini-t1al v:a-l~(}; 11al 
!n1:""iD:l SU~S$ c.Qne.: 
Initial e.cidi <i,;y~ 
!~p100,Jl.tere stel'.~I11~d. 

F~ e~eidii;y, 
i'r!A"'!ik" ."':t. ;Il,Ji"l'~ .ti~·."..l,":!ij1~4 ae£~~J t 

liU<lrose cOA~ed= 

EXl~l?im0nt 

used: 

mitial 

!~ 

611"/1 
0.150 

194}}e~1m(:tlfl;'t 1{ 

uaed~ CF.J3-2 
t%~vnbe~ of~"4'1rl)l~sl' ~~ 

Inil;:ial VGlum~t leo In1 

Ini'tial m~secone.·1 
j':'\'l!:ttal acid. eonCh 1. 0.1:;;;0 ]J 

S~lple~ '\fJere steJJil.lseQ. 

PAGE 50 
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Pinal v01tmlet 

l1'1ual SUCZ-oS& cone.: 
l?lllal a'O.1d1t'Yl 

l\ddi:tlonal aCiditj"# 
b1lel"OOO COl4~umed:, 

79 

:f'aper cltt;~m(}tograpl~re~aled 'Only citric ,~¢id. 

h~ge;r~~ent 

MQld~l: 0}:8-2 

lilumbex~of SanlI!leat ~2 

Initial volum~: mJ.. 
Initial sucrose' cone.; 
~ " :* '" 'ftc 1:- .. t~.ft,~ .uu.t;l.a e.o~t~~j": 

S~m-iiles \~re 1l6t 

Sf"JllR:les; ~: 

fiGld.us~d: £3t-\f'0;1t 
'~'~"'~ "":'1" "'1 "''h-",,':t''',''''J'\~. ~1..f.J;-"" ,I •. <:-\'., vV..L-';"'''''~ .. 

10'1 
ml 
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1i~~t 

l:k~0dl ilt-Vgl:t 
:r~'noor 'Of g~ples.t 

Ini{";ial volt~;ml 

:'fnf.:(;J.a1su¢~se eo~ •. ~ 150 
l,.ni t!al~e:1di 1;7' v,.,lC.;o 
f3ampl,S's i:e~e ~t ste-rilieed-.. 

,,~ 
~jJIVIM'5$1i: -H 

i~in1.Jl. vel'llme: 
li"ual s'U~. e~G:",'f; 

~u ae1d1t.,-1 
~S~O#S0 cOltw'W'ileda 

Pa;.per cln~tog~b7 NVea.led ~ ·""'''''"'v· .... &'''' 

III. lj~e~1nent's c~e4. ·out with ~k~aseff 
~_at 

LlQld 'U.,.~*ld t :Lt"l: 

lJlu~r of sa..~l~& 
""'S+'- ., 'li ~ l' ..... 1 . J...,lIll.lraa·· ··l/iO. twl&: 

It1itial. zu~~ eonc .. t 
:r :rli.~.t nl... ~.4<'~ ~~;; !~"';r .ii! . .;,!lO.4."~."...~:JU'-"J...,.~ ~-'~~~¥-~~;j:.'il" ... 

Fer-~cyan1de omr;en:t t () 

&?lrrrples ~~:re ;Q.ot 

Ij .. 
acidity; 

Sucrose CQn,~,,'*~ed ~ 

E:&p~1m.en1; 11,V 
Mold" tmed'~. 1/1 
NUtt1berof'~lest 

lUit.1a1 vo):ume: 
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ROBERT COLLEGE GRADUATE SCHOOL 
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;\ 
g~" 
~~ 

l?h"lal V01'llilMH 

l1',inal sucro~ cone '"'.~ 
I!1naJ. aeidity: 
1,.Jlcdi+·io""e.' lllt"",.t;.t~~iI< .r,lJi.j;'~~_U',_~\.J"'.t=_ ~V.L'_4""'",.' 

cOllSUf'<led: 

t1bromot:Cl¥,1?aphyrwaaled on.ly et'tl.t"'1c 

:m;i;P~1~'t };"l 

usedIC!&'3-2 
Number ~f ~leSJ 2 

, .... 

1nl 

I.n1 tial v31lml~l ml. 
Li1iii:.a1 su~:se CO!f;C", " 

,acldlt7't 0 N 
I?er'rocys.nidc 

lilXperill1ent 

usetu 

1!~1ti.~1 3ue.rose aone * ~ 
-lr,t,.l! ~~i""l 1 ".,. ..... 1 i''{4t, ..... 
~L . .:-..J;~, V .. \;;.~J~ ........... v _""'-':;('0.$-.:;, .:.J" 

f':~ 
~, 
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">"'i'~~~" ~A'" u .... tiQ' '!! 

iitldli.'ional acitlitya 
eDn~"Ulled :' 

~"~v~aled 

Init;ial. vo];t",ullt;'} $ 

Ch~ ~~..t 1 ,JJl:t lj;.ta·. SU~$~·· cone.,: 

Init:l<ll acidity: 
F~rroeyoo:ltte oonc .. :: (; 
;3arn;ple \¥as not 

1 

11 

() 

nil 
;~ gr/l 
{),,1'f14, 
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