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IS* FM îifAfioHS pH kwrnmriokus. o(Mioi.y3i BI 
AlaieKsxuM HII£CS[IDS«»«.....». 

19* tffis misss m A^asiQH ciimm is omm ms 
mmmf quAsmms ou fm AMmjuc wmMmAfim m 
fm omHn smi'̂ smmism 3$ 

20. fm mmf m kmomm okwrnfE m pb^bgts* imiiTt 
km pu or fMBsst&fiGHS WITH 85 
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II# lHm®OCTK)S 

Gl̂ fesroOL hm not be«n î odtieed on 6 ocfflmrelal basis ligr t&rmniies-' 

tioB IJS oearaaX Maes «ith asgr g^rmt of eeoimie 8aee«ia« It 

ms mieoessfolly produe«d fsmentation in 0«cmz^« howm t̂ duriiig 

 ̂9@rM Ieo* of 2$24»1918 t&r uso in mzxufaetur* of sKî ĵ i-w^* 

a pTedtusMjiXQ ims neoowsazy f&p & mtioml wmrgienc  ̂ iih^« ̂  

 ̂jsatififld 'Qud @eans in spite the high cost of mmimiioŝ m 

 ̂OozuMFtoin and la&»ekt> (If21)(2$24) fomBnt&ticm promm in Geawtsî  

^KSMloeM gi3V9se&l ttm be«t sugar in preŝ noe e£ aadim sulfî * 

Aboat tventy f̂oixr faertories ptrodUiCMMl approjcistatol̂  o]:̂  thouaetM hxnem 

of gl̂ OMTOl per sxmth Isqr this rat̂ r ia«ffiei«nt proeess* dialler 

of gÎ fO«rol were p*odu<md in the IMted States follmiag thb 

soeoess of the Qersa^» but s(̂ i\ia cMurbonate was used in plaee of 

î itiB sulfite* This allcalixM feraentation set̂ KKl was patented oy 

Beff il̂ h IbOi andji thtft Coc t̂in  ̂ aisd. Ttlil ly CX922  ̂ pgpooess was 

tuwd to mm fflctessrt* It is sisilar to ths m^od of €««Ki8teibi aad 

that soditsa Msolf ite is e@plo3!«d along wl̂  toe sodit̂  

ŝ ilfite in «Rler to Infisrease the ^rieM of glycerol* It is claimed 

to be a inmis of producing pc^ustieally a theca'etieal yieM of glyc»Kr<  ̂

fermntation* 

In @Qfit of the ŝ oe Î fomentation peem^asm sodim salts are 

added to increase the glyeerol yieM. "nie relatively high solubility 
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of th«8« sodita î ts causes diffieultiea ia wmcmeey 

of gî o«rol from th« mash* fhe is not distilled 

ia the preŝ use of aueh salts vithout atsfm <l««Q î>ositi(m etibsH-Mt* 

tî  Ifere efficient reoovexy sMildioda have been cl«Piel̂ pedt ho«tv«rt 

i» vmm% yBSTBrn Gl̂ ^erol eKtraetioxi uffisoll̂  z%ther 

isnnsl̂ edy e8:pexisi'r% or ispraotiealo 

Xa ordcs" tm femteatetion gl̂ ^eerol to etMpete cm aa eeoaoaio 

basis with that prodaoed as a b^prodiiot of the soap the 

me îod of tormtlxm crfT th© glycerol mst b@ «ffi«i«ot aad sl«o 

the pme t̂are of TQO&mry mist aot require exeeŝ ivt mptism to 

opca?ate« pereeatage the avallaMe gl̂ iomol shouM 

be at lef̂  90 peroeat# fhe atility aM iralw of the tof̂ prodt̂ -fas 

swrt al3o be ooasid^edf as these sdght veil bs £aetors «hieh 

deteraim the euceeoe ckt failure of the prae«sa« E«sest !set̂ ods for 

nn ŝ -yieais of gl̂ c^  ̂fvm petrolsm p«t»dwsts appear to hsve 

pormiae of auocess. Qa the other hand, there are very large qaasy.* 

ties of Macskstrap solasses available as a soared sn t̂r for turmaf 

î tioa at "very lev ooet* Cora or eeam su  ̂night &im be pot̂ otiid. 

t̂rbslî rate soiinsee* 

Gl̂ eerol is a -my usm^  ̂ eomodity ia an «a£«^ptiQaalljr wid« 

-variety fields* Xt is produced aliaost «»elusiiradiŝ  the soep 

iaSastaey at pc'eee&t* Siaee thia prodtictioa is Hinted b  ̂ tl3« quaatî  

ef the eosp prodaee ,̂ gljre^ral ie aot iseed m videl̂  ia Ijad t̂ry as 

it night be if mm mre aimilable at a î ire re&mmWjt eost to tbe 
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"il"" 

eenstiiseKr* If a eonscBMr wee to use vexy large qtsy îtles tsS 

gly&ŝ l̂  wold m doubt desire practloaXly an qxismtity 

-to l:>e &irmllaKl« at a stable î iee Re trmiM net cmmX&m «K» 

pi»»si£«i Qi aa industry or pR>e«MSs which vmtM b# contaE l̂led bf Vm 

XSMted availability of one cc^ponent* Be oould m »ore a 

fixed aŝ iu3  ̂ of glyeercd the sim  ̂ indhietary*  ̂h6 wanted mm 

thEoi tt» emp ixî stry could au{̂ 3yt b« wotald, m doubter hsm to 

twm to either the fermentation processes or t© the ^atlsBtie pro>» 

eeseee* fh» price &£ his glyoon  ̂would then jnpolwibly incr^wie 

to stMsh aa (Httent iimt his process irjuM no laager be iadtts1arial3y 

possible without ecoaosie difficulties* Synthetic glycerol is etill 

in eKperl̂ ntal stage«i bat according to Williaî  associate 

(l$ )̂C394l) it can be s»de at a^aracKisiatel̂  mrket pdoe* 

Fe»eHtati<aa glyc«E  ̂is as yet too eKpcmsive for wid®®fffead warn*' 

factoring uses* Dfse as an antifreeze in autoaobilea w«$iM re(|iilre 

an insaepensiiPB |»wiiKjt» Tbm plastic industry could «iplĵ  ̂ p»ntiti«8i 

of glye«pol if it were available at a 3  ̂enough priLce. i gr^et 

n««t3«r of other possible naes are at imnd* Tl̂  p«tx l̂em in&iatry 

is dewalcflBg setl̂ da for the prodiicticm of ^uiin fat% 

tfsm pstaroleim hydroearbcajai aind it is d îred t̂ thsm adght ee 

^nswerted into glycesyl esters or fats to be tised in the food iniiiŝ rsr* 

tlimra Ms been a large s»ou3st of resimtth dom m the mibjeet 

®f the p»3dmG^«m €£ glycerol by f «Ps®ntaticBtt and it aight appear 

to so  ̂that the glycerol fexmentation has -s-ery little prospget of 
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iztdtaŝ rlal This tis&ais is eoneomed prinarily 8tadi€» 

&& SXy&BSc&l fex^ntations* Special attention ia giv®a to th« 

x«latl£»& hetween axd Mie jrieXds of varLems dissisilaticm iŝ Ojets 

of «»r%ol̂ r&tes i£t |»^«iiee or ftltosnoe e«rtaia 

fizisg ftgeats* Atteation is also paid to 'Uie di<»rsl;sp^9Bt oi gl̂ e&e&l 

f ersentatî B astluids vhidki should alio* ipr t̂ly simplif m^Ss&î  

of gll̂ eerol vmavtaj the fenaentatimi* 
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m* wnm m mmms immfWAmm 

A» 

S3jns«K»l« also i»tlled gl̂ 'eerl&et or prop«]i»l»3^3<«<^riU  ̂ 1» a 

liquid tshldb i« praotltoaLlly eolorlaiff and odorlemi* It is 

rmiim^P »M»ei ti«%isig and mj be iiied as a food* literatwe m tb« 

8ubj«Mt of glyoeeceL Is p3rausti<»ll7 all its aspaota htoi bMn ymef 

ably Qoemred xap to 192  ̂ is the acmsgŝ ph 1:;̂  lA«ri« Boeastao 

 ̂the airallabllity of this aosogr&pli* toî ea ard referese  ̂ to 

1928 «111 be aentioEwd very tnlefly or ositt«d altt̂ ether oalees tlw 

sabjeot mt«rlal i« wry p«rtin«gat to the imrestigatiostf tor 

thia The Irlef hlstcary In the folloirliig insaragrafb ms 

l̂ lcaa direotl̂  fr<xa lewrie (1928)* 

la 1779 S(̂ H>^e iirepared g3y^rol heatisg a oisctnî  c€ oM  ̂

oil msd litharge* Zater ît ijx 1784  ̂ be showed tb&t this mterial eoeld 

be oMaixu  ̂froii a trariety of oils and fats bol̂  of aaiBtaJ. a»d &£ 

irofetat̂  <»e>igiiw tlie pgra^edhxre of Schee3« ms abcmt tl̂  ma/fbsA 

of offisiMKreial production of gl̂ reerol for may î ars* 1823 (̂ bmwil 

pablished work nhloh led to allcallne hĵ drolysia of fats and oils 

as a neidiod e£ ig ;̂feerol {srodtK t̂imi* later it ims fooad bsf ftlgfawr>» 

i& 3J53| that if fats vere mia»d wi-Ui mt«r and heated vaa&xe pressure 

idL îmt stiMffii f«mati(m,mponifioation oeeurred altlss^h aUcalis vwra 
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pe<edia0t% fats «adi olX« tioiler io l̂ e natural <»ie8 hav# befiB p3<«<» 

paTad f̂ icm })e^ro3 îtia produets* 

fbe fa«t timt le a î nMloot of fKraeatatioB mm fi»it 

zi9ted Basttar He was pure eult\ir<s» in 

eoBseetion vl'tilt prodiMtitm of wines and beti% and on (|tiit« 

e»8ifil«te ataalysim of th« fteommted stasia* ba fo  ̂ about 3*5 

gPE^ws of glyoext}! ««re nozaaUy foxoed f̂ t̂  every 100 gpemt fn^ar* 

For <|it£ta a vhUe faet» though pabliaiiadt mda v^ry little !»• 

pr ŝlcm <m t̂ «&tlst8 la geoeral* It i%s not trntU about I?ll tl̂ t 

Vmikŝ eg aM hla e»««ork«rs bagan to piMish so  ̂of the raimlts «f 

their Iwestigatiooa on the problem of tto aleetolie fexi@aBtatle& 

9i»«baiai«B (1933) (1915 fbelr as to iSm 

aseitemlsa of iHm diesiiailjitloB are aiMTBzt in following mqpmti&mt 

(1> € H 0, - 28 0 QMQ {arnmyl glywsal aldoi) 
« f2 » 2 9 9 * 

(2> or 2m^m&m giyoxai) 

m  *  f L Q  • ®iV^^3 (flyeerel) 
OS I 

• a aoid 

(4) 6B^«|«C@0H -«««  ̂€0  ̂ • (̂ ^CB9 (aoataM^ )̂ 

(5) CH eocao • o —  ̂ca eooooa (î niKLc add) 

' I ' 
Q U O m  • a  c a  ̂  O H  ( o t l i y l  a l o ^ l >  

3 t 3 a 
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(1) &lBam ie loi&im as tbs ^a Îmme 

Worn (3) ime mimiafiarad as a conUismtifm oS tmn (2) iSieie^la 

caused t}» 6eet&ld«^de to tiade f̂̂ o tim Ckmsiss&m reaction 

to fmm Idle eisd aoetie aoM. Meemeloa and d&ta «hle& 

ea îtantlated Seuber^s eXaiae «tre &deqmt«Ol;f &qpms&»& ia l&wei,9^e 

aeae^pmpb 

Aeoozdiag to jka&eatmm Wsyex  ̂ocsî idered tibe foUoe* 

iag 3E^eti(Stis to eeear la the disaisilation of a hm&m fegp yeastt 

U) wmsm m îbiom&tm OBS CI OB mm 
I 13 I 

4 cms * 

CM 0; * msjFo OH 010 GE 010 m m om m 
4  I S  6  z  *  1 3 *  3 3 2  t s a  

(gl̂ peeintldelgr  ̂ CpbeNi]^©* 
pfcosjdjat̂ ) |&e»p t̂e) giyv^mt*) 

(B) mm ems sjo 
I • a 

tSBE® —«»• m ®o • 2 CO m 
m  ̂ * GK  ̂ ks 
a I t 3 3 

ftoM) 

ic) &M A ^ 
i 13 4 I 2 OH 0S} OB 01 I 
•  ~ . ^ 2 c a & M  — — L — • a c ^ a  

21ft BIO i m  Q f o m  ^  m o m M  
3  «  2 3 3  3 3 3  

Me '̂W^bof cxmiidered parts (A) aad <B) td be the "IMtieX iiteuMi"* 

aisd part (c) me tsoz»iidiarad as **3t&tioxiax7 C^»iditli»# iftidb «a« 

w^^poftsd 1m h6 tlie situation etUac tl» tmrmnt&Hm. bsd ŝ ir  ̂

tkren^h "iBltial aiad emttgh a t̂aXd^QFd* had f(»eaed to 
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^be of tl»e weight of the supur fooî  as gly&sto%$ 1% 

a 10 Qsm 9f glyicwrol ttm. lEX) ^mos of supur ia eoa®ideredi 

&a a 10 pex<î »t fiM&* Thet l̂ bdCKretî  ideM of glymsfel trem <9itl̂  

iSm allaalliig &t tba e»lfit« sMMsimniiiB is very close to 51 grass 

ttm ICO 0E«BS of lWKOS«# 

IJhtfoartumtel̂ f pH mluos of thas# iŝ dia «Kr« mt glrmu 

Thm mUmmxse of pH data be«i t;fpieal of a laz^e of 

Sines im% audi as tha î sphata ion  ̂ wp» iati* 

memgsM with tlM ev^ar tireakdowne, it is ratbî  me^rtala 

to lAiat «Ktent the eff«et« are (ioe to the al»»:»^&l lim «smmiatB.tijQmp 

and to vfaat eacU»s£ -̂ e effeote sure pH fanetlofui* 

It was fouM that at̂ oadarj isfeotioî  eaused d t̂aim 

eolties in tto alkaline fexsestatiossf ii0ir«v«ir» ia milfita fmrsma  ̂

tio  ̂i3m ttse of hl̂ h oosowitiratio&s  ̂soditta si£lfite irî î pad a îist 

nSIM 2 

f H E  m w m f  m  a j i m i h u s  ^ n m  s u j u r i m  
u tmm f̂ mtkTiom m oaon^x. tmm 

Itotg tgr rnisim  ̂
SeMvm SBn^eay ^ m mmr} 

40 
67 
ao 

300 
m 
3S0 
m 

wo 
WQ 
200 
200 
3J0O 
200 
200 

23*1 
24»8 

33.0 
34*6 
36*1 

(iUbî )Ft̂  trm Umei» (1928)) 
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0  ̂̂  infftetioiifr* fftble 2 liiows tibs effsot of iaeamsiŝ s eaoozits 

of sodte 8«tlflt» on the yield of gl̂ eeî X* 

For ftXfaaline fermsatatioag, S«tib«rg also %»ed. othi»r 

tbm thomt »ftEttioned above* So«e of his reag^aba are noted iMilenrs 

TikBrn 3 

mAmsm CAmma mmtf̂ s FXBSf AHU fHiR& MsamHisî  
fO OCCUR 

first mx& 

fmrSM V^^setfsSMm 
Sodim Gar%om>te 
Sodstetti Bl@B3PboB|fcte 

(̂ bomte 
Wteeodtotti Mearlxmat# 

Solitai llboeî te immaX) 
Sodltoi fhosĵ te VM^Tsdaz?) 
2S3sm Hl̂ dreadde 

(Mepted twm UaiHm (1928)) 

IMividtwl proe«s»Bee and pat«axt8 are tak«& vip iM the eecrttou 

irtiioli follow* 



www.manaraa.com

-22 

B* @};sneeroi 
Hetbodtf 

]̂ Ximiz»a7 •mrk em t$ie sulfite proeess of f ̂ nŝ ntatloa ir« 

awstioned ia pEtrrlcnie 96oti<H>»« 1!h« aottial |»>oee8@«ai< of vhieh 

wa« pftt̂ tedf acre item px^esented in greater dotaJLl* 

As was pr«wi<»i«l;f fflimti<»iftdy the (Somisteia and IMmSoB OSXf) 

(1922.) pro ŝs was tKurriad g& la Qexmŝ  during VorM War I 

in about tveirî foar faetoriett* and abovit ozst tIsousaM to»)fi of gl̂ oeoQl 

mam prtidvmd each isstith in this amoiî * After the mair tbo proesimi 

Has patented ija mmiapim aM tiie patent referene  ̂are no1»d 

ls«rle {1928)« Ilw following fiire olaias are sade ia their 

^oLiM States pateia^ (1924) t 

1* iei» process toap samifaoturing p^opaatriol which oooeiiats 
in aMisg alkaline milfit̂  Itiatil alkaline x^otioa) 
ttod ^east to migar aad then allowisg the iŝ bŝ sssm to be 
fermmt«&* 

2* She profi««8 t&r HsmifaoturiBg paropaiatrl̂  iMeh o(»3aists 
f r> aitdjaig allwtHrtfi StllfitiMI Tttotil alira'i reBCtiCS  ̂
and t& sup t̂ eamlng -y»i ffogar to be f«ra»nt̂  
ia the pr<M«ns6 of *iiir«Tfyu> sulfitesg, aĵ se t̂lBg 
^eoat and aiding the separated fmjst atsd alkaliiio r*" 
aotir  ̂mimixinmB to sugar  ̂ wlisreiiixm tlMi pg^oeamts is 
r^p<».ted# 

3* the prooess f̂  aamtfaetoriag propaatrlol wldoh eonsists 
in adding alkaline sulfites (mtil alkaliî  r«ustloa)» 
»s»1aral salts of mepmimt ia a higlMsr a^uiit thaa 
mmeamsw yeast mtrien  ̂aod to imfar» 
oaasiz  ̂ the sugar to be fexvieBted« 
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4* Tim ^^eofsmB for saiajfiuslaarlBg propEmtri<  ̂ «»»• 
sista in aMixig alkaline sulfites (laxtil allaline 
rsftoMcm) aod yeast to sugar* csaeisg a per^&a of 
iSxB fft̂ &r to be f«enented» addlsg i»v portioaa of 
mgar m& 4si.asii:̂  tbe soger to be fffiraeatei* 

5«  ̂pK^eas of prodcusing glyeestCly î eh eoŝ la  ̂
in PsimmMxsg a solstim o£ f«EiaezitaKlji soger ia an 
allaaliiw r«iioti»g 

It vm daiaed that neith  ̂the MM of sî ar mr the ysaei 

mriety had any afpreelable «££mt oa mt̂ aexsm oi the tmmnta  ̂

tim» Tbitt eisdM ma dispated lasf other imireetlgatcnrSf auoh m 

Qehle C1922) ajod Mdlicafnott (X925)« eapeeially idth regard to tlm 

Biandn &r mrii&tsr oi yea8t« IKM 

mmo imeatigBitiom in pt̂ Sermem to Seoc f̂ftfflllTlBIt SElZiiiflii 

straiî  although the tlliliWMlHf fanŝ tatlons warn s<H»B!iî t 

alstm'* 

Coiarurbein md. X«d^ce Cl9S )̂Clf24) olaimed hotli 

<arade &M reflxuid s«ga»it eM also aola«0<i»» flw î ie 

yeast trm <xm f«aiaeiitatioB to seed the next tor f«rMHErteti«B«i 

vith apparent sueeeee* ObjiwtlfflEis to IMs ne t̂od appeared sab* 

se%iMi3i'Uy« Ooasnstein sM Im&»ek» pre8«ated the f<dlaffiE@ data m 

the we of y^aet of om ferstentfttio& aa tiw isieealw f&m a 

f̂ ^UjQ«i»g fementationt 
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nsm 4 

iTPEOf OS QUQmioL jms or usiso lEk&s mm om wmmmnm 
AS ssm jm tm sm 

tmst ia \I»9& 

1 IM 
2 21*4 
3 n*f 
4 
5 22*3 
6 20.f 
1 W*9 
8 22«2 

tsMtie 

Itotails of the p!t>ee8s eir% for oxeuspSas t& tm lit«c« est 

m&ter add«i one ki|.ogrfiffi of and I<IO gmm oi fr«iAi jma t̂ 

ahemg «ith i8itri«at waits of potas8iii% pbosplioroiMi# a»@ti88iii% sM 

aitsrogiMa* Fiaally 4(X) gs«ss of aodi\m sulfite (aal̂ pax îs) wmem also 

The aediisa «BS eHoBkm qiaite well aM «&e iiumbated at 30  ̂

fea* 48 14> 60 hows* Zt nm noted tl̂ t th«e« tms sot a& 

aipre^Lahle imcreaae  ̂the all̂ dLinity of iAm msh sin  ̂ î trbcm 

disscMe mdi aeetald^^e reaoted* sî ifesedl̂ y with t̂  i»odlm 

aalflte to fom so  ̂aoditai Msarbomte asad alŝ  bisnilfitiM* 

aMel̂  ̂addition pxoduQt* The vt̂ tiles were removed bgr dlstilla«» 

tio% after ehich oaloiî  « îlî de and X±m imre added to the re* 

mining Bedim to isreeî tate the eulfltd*  ̂filtrate so obtaiaed 

ms '̂ I'eated with eoditm oarbooate to preoipitate the excess o€ eoluKUt 

mlciaa salts* The reaultiî  filtrate ms eonoenî ted hgr 
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and th« syrup -tJbus ol̂ tsliied vas ooat&lnlî  

fiMadlm ̂ bA î«3« aod acme other soXtiMe jaateriols* fito purified 

gl̂ tMrol was procured liy steara distill&tioiaw It vast re îlftrly 

&0^»d tbat as the smmit of sulfite ms iJOî &std  ̂ t)i« 7icQ.d of 

and ao«t%tM^3Q$nde Imoreaŝ t of the aX<H)faoX d#> 

eŝ SMid* Sinbsrg's first az!& ueootA weh«m9 both oeoar ixt this 

ppom»»* ]̂ qp«rimfi»it&l dal̂  subertestlated H«is.berg*c idbMA <pî  iraiXX* 

using ott̂ r salts î e sttdiedt %«t the gis'met̂  

yieXds wsofB Timer than those obtained the sulfite fenaeutatie^* 

BMuXiw aaN» sham in ISabXe 5* 

TABM 5 

ixsij} Of oiscmox. m frnmrnkTion vm VAEIOSS sku  ̂

W«dtgb% 
of «i») tm. m^ar) 

40 e.s 

M 6 X  
4 U$ 

liayQQ. Xf S.0 

fla m z • 
M m 

2 • 

\ 

U 

48 

34 

6.? 

8,0 

5^5 
60 XX.8 

F«SO  ̂ 90 ia.5 
f«m  ̂ USO 13.x 

Ai im } 
M *3 

AX (̂  ) 
t, •,3 

M (SO ) 

f^4 Ai im } 
M *3 

AX (̂  ) 
t, •,3 

M (SO ) 

44 XX*6 

Ai im } 
M *3 

AX (̂  ) 
t, •,3 

M (SO ) X3.3 

{F^b ZaMTie {X928} asd OoQBfiBteis and liideoka (X92X)} 
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Tbe abo^e (lata shoved th&t the acid reacting aeJLts {««g« 

tmevmia sulfate aM alttadsua sulfate) in inorea8i£  ̂eot̂ n-ĵ tiî e 

i»er»&@«d yieM of glycerol in «K>n^8t to the ides that 

«muBed alkaliM  ̂a3^ne increaaed ihe gl;f4»rol yields in the 

of saSfitese 

2, fbm goiOrinr and UIIy TMWoeaa 

GecMng and Mlly (1922) deivelx>ped a prcN^aa nhidb ma elai»  ̂

to pKK^m gist̂ rol according to second in pn  ̂

Really 1^eo9*eti«al quantities* purpose of IMs nork una to 

iŝ iawe tto ma^^bod of Oonnetein and liSdtt̂ e in ord  ̂to inoreaae tins 

glyeeŝ l yie3  ̂ It was eonsiieŝ  dmiirable to intxodtu» a emtiaiM 

<»t»entraticm c  ̂Msalfite ions in the î ediua obtaining sodiiai 

at the ŝet of the f«raentatiQ3a* DMs was done in order 

to fix the aeetaM^byde as it formed at the start of the fensimtî  

tion wid not to «ait until acids forced fersflHxtaticoi rioted «î  

the eodixBft sulfite to foris aoae biî illlLte* !EQfortuimteljr» laî * 

î tnxts of bisulfite Samt are «mde«lrabls duriĵ  a successfiil 

glye^rol f«n»»ttatJ  ̂lagr certain yî ts because of the antiseptie 

a î4si« CociEiiig and MHy found t̂ sodium sulfite aM soditm 

bisulfi-te eouM be used in cmbimtlons in tthlch the resulting 

solution ms nearly neutral "to litims» fhere was no serious 

antiseptic action* f!n»i the aM^^e ims fixed at a mch earll̂  

stage in the fermentation than occurred in the stilfite feraentatlon 
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of Ck»a8tei& a»d laideoke (1521) (1^4)* It dLeiaed that the tlse 

of fesrme&tatiosi t̂ lzig the aiixtxire of aoM aM mxtial sulfites ima 

aboi£t half the tiae of fer̂ mt̂ tion mhm the Borml ealfit« &im» 

m.» nm^rn flm ttaa of tl» feraentatloB mm about six dteiyat̂  

axid ̂  t̂ p«mtar« ms held at about 35  ̂ to 37*  ̂ o«mtigz^dkN fl» 

yielî  tssually approKtmted 45 pez^  ̂o€ the sugar «eight» 

It appe^ed t̂ the higl̂ r yields of ^ f̂meol mre aamodLat̂  «lth 

loiter tisiee of f®mentatioa« 

Tim work of Heuberg m soger feraentatlona by yeaats 1b 

presenee of sulfites «as ^mfirsed hy Oî e (1922)« fle a»t«d tlmt 

wltji iiî [̂ &slng sulfite ooxioentratioDS tl:»r» was an imreasiî  ebaî s 

la th© products of f eraentatioa, aad that the alteration px t̂if̂ kUy 

oeased there were about 60 parts of sodiim sulfite to ICX} lEHiopto 

of ou^* Sb also olKteryed that different types of yeffltst did not 

appreeiably affeet Idie qualitative aad quesititative dissiaHaticaiy 

although there vas a rather ootieeable diff ert̂  ̂In ths degree of 

resiataiMse of the -varioue yeasts to the sulfite* 

fiart̂  (1928) aade use of sulfur dioxide tor the aulfite f«r* 

aeatation* fo a isolassea oash was added sulfur diOKide prer«i«ms 

liaoHEmlation to t̂ e extent of about two gz îas per lit<^» ^Qie 

mah wm then seed  ̂aM f̂ wntation prooeeded nith the addition 

sulfited m&iva& oontintaously or intejnsittwitly in q î£ t̂iti«i not 
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to axhitdt exeessl̂  toxie effeets* Ute fmemv t̂im. 

ms ooŝ lete itself̂  asml & mm&% of giĵ ewrol 

ms ^m&rn Xt is inixartant to note that* in effect̂  an aold« 

solftmms &cid« Has used as an agent to laerease iA-m gl̂ eere  ̂

is & ĵ saet feraentation aî  sot an allmllne iaftteri&l*. 

Xt has been g«sQ«ral2y ooseî besE  ̂ that i& nest e ŝid aedim & mom 

or 1««8 alcoholic fermentatixm oust oeoar» ]̂ bet 

obî ixumi increased gl̂ erol yieldB ly the use of aa aoid add  ̂to 

a fesn^ntix  ̂oash* Actual jriî ds were not gî en bjr Barbet is Ms 

pateiit* 

^ere are m^roos other pat̂ ts oozneerslng tl» vtm of î dtSf 

Beatî  aod oth^rviset aloo  ̂vitli sulfites to prcduoe gl̂ nMro^U 

AeGGrdix  ̂ to Immim (2928) mim patents eilsimd that in aMitl«Ma to 

sodiua esxlfitfti about 0*2 to 1 p«Rr(»eiifc of -yie might of soger uhmM 

be adljded  ̂fom of salts of strongl;̂  reducing sulfur aoids 

such as " (̂f&xt̂ ulfiateB** eM ''sulfoaî latiNiu*' Shis aMitiim iras 

olaljied to gî e® glycerol ;̂ eMs greater tî  those obtaiz  ̂Isy tfae 

vm mo&ixm milfite alon  ̂ Ferrous eoA mtlfates «ere 

«^3Sld«croii "mtal̂ ts" to inoreaae glyoerol fcomtioQ* fbe addi* 

tio® mm nagBT to the naeh at its point of greatest fesraeatat̂  

activity wî  or without salt aidditions was also des® l̂»d# 

(ie îls are fomid ia the aoaoganaph of ][&«rie (292d)» 

Xu B«8si% Qolo^riu (1927) d«!»jribM a ferm^mtatioa using a 

biffiilfite* The fenanttatios «as coa^ete JJQ 48 hoixnî  a»d on the 
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atigar ««1|̂  iMsis jleMs of 20 pormoit glyeorc  ̂ 20 psremA 

al€K&o3f̂  8 pttrooBt aMta24)tft̂ e iwro elaliaed* 

and iXfn) oMaiaad a patont o& a aomto 

of 3r«f«ittiMstatlon fî Ubwing a distiUation the first ferneii%atio& 

!»idim» Tim toe^ax t̂ure «as heM at 30*  ̂ to 35  ̂eesitigrado for ̂  

days* MftgiwaiaB and otekel e îlfatea wore add« d i «  Mî t kltogvairai 

of ttolaaaee ^nre two kilograflis of raw gl;re«ro2  ̂or 9  ̂gx«aui of pitro 

glyowol* About 24 to 27 p«9PE«ftt of glyeorol ma otjtaiued l̂ pom pwr® 

st̂ tr* ftiaoda (1928) obsorv  ̂that in tl» prM îea of sodioB «alfite» 

1^0 aloobc^o aad glycerol fastrawttatiozis ooourred isarallel from 

start to fiMshm il&th^ t̂î  relations were sl-rngtm 

Paidcovski (1929) studiaS ̂  sulflta faniHmtation of ŝ ar beats 

aM obtained 20 percent gl̂ ewrol* 1?»5 perowit atheuaoly aM I pcHRMst 

aoafealdWliCTiia* la this jmr  ̂ Tonoda (1929) studied |̂ a valocity of 

the fermentation ia the presence of 8ulfite« Be also studied tha 

fomatlon of 2»3*^V3-ene glyool aî  aoatie aoid disring a solfita 

gly^^rol fementatioa* Î pezdal InitistzdiNi* XM* and lilly 

(1930) i»proved on the sulfite fer^ntation of ^urboî irdratMt aod 

aolasses« 

GlOTdani (1932) aada a theoretioal stodf of the stilfita fear-

nentation of Cosstein ax«i lM«ske» Be agreed î t Mjmlfitm in* 

erased glyoarol yields by oosMning with tbe aoe-teldahyde Hĵ st fwa-

ed in siaoh a way as to prev t̂ its further conversion to a«id and 

alcohol* A waxiffinm yield of 25 p<n?o«Qt glyc^rcd wt fotsnd wl̂ n farwmta** 

tion was carried &a% in î e presence of 20 pero«!it Bodivm bisulfite* 
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&a& As&i (l$33) studied both the mdfite asa aUaeliMi 

d^8ioilatioi»i isS ŝ ar bsr meazui of 23 varietieg of BcnmiUyt 

WBL8 peo&mŝ  to the extent of 3*8 to 9«0 peroent for 

assiadlated sugars ]̂ <oduetion was appimimately pex l̂Xidl to tbat oi* 

It was fouad timt the aMltion ot eodiva ite or 

î im oarbomte greatly iscomeed the glsr t̂erol |dtt2d» Tb» 

ooneeratî tione these finalts VKre fouM to b% respeotivelyt 6 

aad 4 pwcest* 13ie oorrespondix  ̂^eMe of gZ îBea:̂  were 2JU5 sM 

23*5 v^romit rmpm%S.v«3:̂  ̂ for i33» eesiadlatios of gluooimi* 

miy (l?35) (̂ sidrib  ̂a aetitiod for a fcnmetttatioii 

solxdsde aalfitee aaad bisulfites euch as Idie sodliras «BiIta w&m added 

to a ferŝ tation le^ditm la a rammer nlwllar to ̂  <»>l̂ iBal Ck>^kiî  

aad Lilly (1922) pweeeay ketiping "tibe stedifsn about tmitraX* Soaevsrf 

ttm  ̂were added to the fextaentiî  z»suih at iaterfmla eaall qiî ti* 

ties of re^esHimted «tlfite<>'blsalî te soXtrfcloit ocmtainlQg the 

of a |a>ef«lo  ̂disslsdlatloQ* 

ĵ uHiiaa investigatory îrbatom aod Shakin re* 

ported that tl»  ̂fised yeast of a sulfite fcamntatiim repeatedly 

«l-y}m£6 lo«8 of fermenting aetlvî » provided that a sulfiteHfree 

grair  ̂̂  a emlt̂ are is iat̂ riioeed betveen eaeh eolfite fextte& t̂lo  ̂

It waa re^cKseeoded that the yeast oells be se]̂ imted tvem ths imlfite 

awditm as SQO& as fatmstatiem is complete* 

Xmta (2936) reported on a prooess for obfealidag gl̂ t̂eio  ̂froa 

essm Jiii(» l̂ nM&tatiim* Hs added w&lts and a qtia&tity of sodim 
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Ovtti Cl93?)(2.93$)« StatistieaX and eeoii{»d.c referesioes 

Se eo&sid«red ppee«}<» of blo«e&l20ids snd l̂ e liiBi to of 

qttito itiumspeet̂  iatpor^unee is a diasdUaiXation so  ̂as the 

ftow»at®ti<Mi« Oireaa stated (1937) (1939)* 

It lias be«3i fottod " t̂ tiw eMltioa of idjoeate ifflouata 
of tisie flndijf' 41vid«d aad highly dlsperftod alamrbeaEt 
mt«rial8 elajT# b»ie»)3leu9a  ̂ftoMmtod earbeH% eto»y 
m% î »34̂ «mto tho rate of fesnaent&tloit ai 
T O f t S t ^  b a t  a l s o  p r o 7 i d «  o o £ i d i t i o £ a i  f o r  « e f e c m *  
mrsiim of siigaŝ  into alcohol i& solutions î iOMi dfssities 
or sopff eosiieeiitratiOQS voulil reader it S^posaiblo ia 
al̂ î oe of î»8e Mo«>@ l̂loida» 

IhlUt »G  ̂ta l̂aaations !»?« been advanced imt thie 
b6&ig& astion of these mha^me t̂ all &£ the imrestî tors 
Mm mmmred in th« opiaioB that ^aush of it la to b@ 
attariteî  to th» aotî tion of the t̂ ^drogen liberated ia 
the reaeticm, ajad its cossequestly aore effeetiire aetl̂  
in rsduolDg the a t̂aldeh;̂  to î ooh*  ̂ m far as 
this is tnae, it represents an ^ca t̂ly opposite ftiiMStifm 
of timm ^abstam ŝ to -tiiat of alk^ali tat lailfites ia 
iMiobllisiz  ̂the &eetaldeh3rde» mid tbsrebsr pmrentl̂  
its redixetioa to alcohol* and resulting in the f<»rmatioQ 
of glyeezta fvm the sugar siole<m3«* 
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0* Gljceirol the AUcalim F«r»eatati«m Hetltois 

Hui prodtiotion of V momm of ŝt fmamsi&ti&m  ̂

sugarii i& aa has not considered as & o^ ŝreial 

pd«8iMlit7 as JLoag &b bas ttws sulfite method# ^bui tmt ti»t 

pro&m  ̂assoeiated with tho glTeerol issade  ̂ allmlizie methcsii 

ars «^am3. @M aeetlc aeid» as oofflpared to ao&taldel̂ tt 

îXfIte sB-ytodf aî t ha^e great lafliieiBee m the resm «f the fez  ̂

Ord|jiari2;r» exd eoetie aeld are mem desirable 

l̂ as is aoet̂ Ldfl̂ dife An alkali&e pr^esd for the produstiioii of 

SermwMtim, glyeeroX vae developed Sn the t&Eiited States at»ut ̂  

tiae ef  ̂ir<»rM far X. 

1> ghe f̂f tffieeMfl. 

îri£  ̂ the Sorld War I the price of gX;̂ cegr  ̂ rose quite midd* 

to alioat eixtj eenfcs per pouod* Tbe loited States ftmsmy 

Qepartaent was notified AXOSUBO £• ttiat glĵ ^X was 

î3Q@ pro&mBd ia Seraaz  ̂ a fer^&tatî  sHithod* Soon 

gmmimmA Xabomtories starts research OB this prohXes* Wof£t$ 

mA Beŷ r il$19) discovered that the addition of emMmSM 

aXkaXim reagents to a fen^ntatî n medim caused a xmther Xarî  

ixiesemm in the aĵ unt of gXyeeroX fora  ̂fron a gives am«ast of 

sugar* leag t̂s used were soditsa and potassiw earbonates« 

e^bomteSf l̂ drosldesy and sof̂  other alkaline ^ .̂posuads* Moit 
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(1919) obtained a pat«nt oa glyotrol pFoductim a yaast forsoatB.* 

ti<m in m alkellne aediiis* He elalaed that abotit  ̂to 23 p«re«rt 

of th« fezmntable sttgar ms oom&ftBd into glyeerel* ils Hated 

aa otb  ̂prodiictB ao t̂io acidg etdtaiwly asd aoetone* 1!he oî ganisaa 

that be used mva pure eaXtxires of yeasts* Be attidied straii:̂  of 

bo-Mi  ̂stil  ̂el̂ dmed beat results 

by tl̂  of lfl'*fiT?8fff3i#ff!iar variety "Steiaber^y kamm as a 

Calif̂ mnKia nice yeaat. C^ptisnsa tec^Numture «aa stated to )m about 

31  ̂ oezrU.g3»d«* large soale fersteatations «ere run  ̂buildiM ̂  

iaoeî  fvm ffitsUer <»ies» oatjaiag ea<»h atioceaal̂  culture to be 

gro«a is a WB&m slightly allEaliae  ̂the reagent to be used 

for alkaliaiag tbe lax  ̂ fer^n'teticm* This î rooedura aaounted to 

aa &eeliaati«Lti«m of orgaaisa to the alkaliae fermntatloa 

eonditiona* allmli inas add  ̂£roa %ism to tiae« It «as rm 

tliat t̂  d^pree of alkalinity be saintaiaed at a poiat 

jttat î rt of tbe point of iahlbitioa of culture growth# It 

vae meatioaed t̂ aodiu% potaaeiu% and oalcim carbomteî  pitos-

pbateat and î frdroecidea say be iisedf sodiua carboaate «S9 pr^erred 

b^^use of its d:Leapieas asd availaMlity* i ^pi<%l medim vas 

a^e trm oolaasee contained about 11 peroeat total eugar# 

About 20 p^njeat o£ the eugar vae ^averted to glyeerol* 

loff (1939) stated that the glycttrol yî  naa proptnrbloaal 

to the aiaouat of alkali used up to the eadurame limit of the 

&F$Bixd.sm» He did aot aeatioa pH sjs being the coa'̂ lliag faetef* 
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He ghowBd •Kaat the optima tes®>®rattafe waa 30® to 32® centigrade 

In oontrast to 37® as he hocl girm prerlotisSy in his patent* fbs 

best sugar coE^ntratioa was stated to be 17*5 to 20 gims per 100 

oc* of aedits®* In his ssolas3<«r fcoiawiitatioiui the sugar ms caletfe" 

lated liy ^5© Fefiliag reducing ®3^r sethod* It ms sitofim that the 

actusl faiiaentable sugar was only 92 permnt of failing value* 

Ti» corrected glyeerol jrlelda '«®re then 19*6 to 27*1 percent on the 

l̂ sis of f©rE»ntable sugar# ¥&e eadi 100 parts of Cuban aelasaeii 

«©ed (47*8 p&ccmt ae iijvert 0ugar} there is&aM be produo t̂ 

It sffiy be noticed tlmt in the resulting aedium after al«»)ihsX 

for ewry ten parte of glycerol ^re were 4§«5 part# ei 

«9llde* Oasd l̂nallsf̂  on3y about 5  ̂perowsfc of glŝ &mpŝ  

present vas aetmlly reeo7)««d bgr direot distiI2Ati<»far Bowevery 

treatxmnt idth ferrous sulfate foUoffed by tto use of hydmted liae 

po»der oauaed a rather larî  pirt of the orgsxd.c mmmigma to be 

prmipitated» Bmpea*ation to  ̂percent glyeero3« foUowred eteaa 

dietillatlon wa&&e 'vaouGE  ̂ hsroî ht the glye«ral z îeo«ery to about 

85 to 90 pei«ent« aich a cXarificsEition fflsthod is x t̂her ooaftlyp 

as are aoms other aî thode* The procedure ha«|) hovererf wexigeney 

value. 

a33roer^»».»#....«. 
manol#»*. 
Aeetio seidy 

*•> 

Sodim oarbonate«. »« 
Organic aoa»sagars* 

10»04 parts 
17«21 (re^s^ed 

3.34 distillation) 
• 8*00 
. 15-94 . 22*m 

76«73 pert# 
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Goaaftsteln m& liadecka (1924) desoribed e&ttB.i& ether %pe8 of 

alkaline feroentetions* Most of these data my be foond the 

monograph of la«rie (1928)* Infozmtion on pH was iiot In^uied* 

voiforttmtely* 

leSeitsott IF in & note for Ia«rie*« mtiog^  ̂ (1928)f explaiaed 

hie -rievs oa ti% aolasses feTiwntatioa in of alkali to 

for® glyo^rol* HB stated that ordinarily trm ptt ^5 to $•$ tim 

Qa^Ixmme rm&tSj(m» or Seub '̂e first eqtia.tio% pirede«i»at4^« 

Wbtn the pH ranged fros 7 to 8*8t & gr t̂ inerceuie is glycerol 

f̂ ^mtion iras xioted in accordanee with s tMxd aqoatlxm* 

Be elaisied that the olmnge of hydbrogea}«4(m 

additiem of t̂  alkali oauŝ  a ofaaage in the reaotiim of tt̂  yeaat 

emfwm tm oto-bc îydrate being fcarronted* Ws noted t̂ lAiffire 

ms an indication in the literatxare that high »Etlt or si;̂ ar eomem 

tratimis alox» ®3^banee the production of glycerol* MeSenaott th«ei 

»mtioRed ^bat the n&in advantage of the use a molasses m&Xwi 

over other ŝ tdia ffxt alkalim fersMintations is that the siolassee 

acts as a hwffer for the added alkali* The J^plioaticm ms -ttrnt 

the better the buffer cyste% the bett«p the gly«3r©l yield* 

Mainteimnoe of constant pH was stressed* EcfwriaMxxtal data were 

given to show that iiu l̂asses mash buffer  ̂the pH of the aediua wh«3, 

soditm @arbomte was added intertaittently moh better than did 

•syathetie* aash* fh® pH of both aedia averaged about eightf 

thoti]̂  the of the iKtlasses raediusi was srach mm constant in 



www.manaraa.com

•38* 

Hhe glyeerol yields for the classes and *i?ysthetie* meM& 

meatB 16»5  ̂ pere®at and 15*24 percent reap î̂ ely* 

questiim might curise aa to v^ethî  inore ŝo in l̂ e 

gî feerol yield was oaussd hy the oonatam  ̂of tto© or to?" "tiie 

higher Qmii»ntaRBtion of solids ia the Bolasŝ  msh« tfe© eff«ot of 

Mo<* l̂l@ld0 as ŝ ticmed Ovm (1937) isî t î m i&to «ff«6t is 

the no3&0£HKS î sdi* 

Bemberg and Sobol (l̂ SO) raedo stadias on dec^positioai of 

&o&«gh |̂tK»r7lat<9d s«gar Tcr/ yeast with Idie f<maation of glycerol and 

pp!i3:9le î tid. Sshel (1931) ^uie studies (m ̂  foraation of 

iKileeular asK}ust8 of glyoea?ol and of piynwie aeid in aedi<^ree 

fenaentatioa# of glacos®* !R» effects of pl̂ idmtes aiid otber ioos 

vem studied* 

C83rothe(rs» Hill, and 7an Hatta (1934) of S. I. <ltt Pent de 

Ste»\irs and Gc ŝanyt obtained a l&dt̂  States pat̂ t on feineat&tioii 

glycerol trtierein the sugar liets fermented in an alkalins aeditM| the 

gl;̂ rol foraed was distilled fro® the feî nted produetif and this 

glycerol was Mde altoline with li®e* The resultiî  aisrture ikbs 

blotm with air in ord  ̂to destroy phenols î eh «ere p*esent» 

Basse (1935) noted that the msiimm rate of fenientat̂ m 

to sldel̂ e of an S»55 p«r<»nt su^er l̂ution in tt̂  presenŝ  of 

4»S7 percent sodixm hiearbcfflatey was rcKiohed in 2*5 iKmrs* «Mch 

ma 40 to 70 tiaes greater than the ustml fernentation rate* fl» 

aoetaldelî e produced was changed to alcohol and aoetio aeid* 
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Iqiml part® of ^eorol and acetic acid were toxmd* 

^be l(»dd«at8ehe i!ef«industria» km*Q<, (293S) a nethod 

«h^ei& tb« acids dvirlî  a femtent&ticm «er@ saola îsied 

liipteaiw eaz înata* 

A patent of possible importam% ima granted to Krog and Me t̂ansott 

(2$35>)» It was e^acMtî Mtd with the us® of l̂ srcoclda to eon» 

1a?©l alkaliKdt̂  of fimî ntetion raashea in ordar to prod^Ksa 

gl3^«3?ol« ia isq^rtant fact is that th© mmsxdm hî dmside in not 

a *fixed® msgmtf in that it is distillable it̂ lf̂  aM the fî >i3i«aa 

carbomt© or bioarbomt© timt no dcfubt for® are a3.so mt "fi»  ̂

axA naj be x ŝasmad on distillation# as the mmmSijm mrhom-te is 

qtiite 1^«m>l&Mle» m&n in solution* 

The purposes of this patent of Erug and i«£k»rasott are ymry  ̂

eloseJiy aU ŝ@d with SOB© of T^e purposes of this thesis* 

stated witji raî Lrd to the Sc f̂ C!I$3B) method t̂ ̂ vMle iRMSk soda 

Mih proeees paw>d«ces a very good yiî  of gloi'BOTOlt <•«"• ttae additim 

of large saŝ te of soda ash and the like intx^oduces difficult 

|n:*o1 ĵi»s in the recovery and pujrificatlon of gl̂ ^rol̂  pertitmlarly 

whm Mad t̂rap aolasses constitutes the souxtse of tits 

An mtmSai quotation from the patent of Srog and McBsraott 

Cl935)t *iw are assignors to E. !• da Pont dc Vi&mora and Qmpem f̂f 

shoald lend considerable weight to the teporteace of tite worfc con-

eemiî  glycerol fapodnotion by laeans of fen^ntatioso# 

The q-ootaticm folloisrst 
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the additioa of aaaieraiua hy<2rc«ide» Good ^oeml y3b^» WBPtt 

s«icm>oi« It «as laaentioaed that up to 19^ it tfem^ht % tfeoiw 

skilled in the art that "free asmnia* ccmld not b© used in jUsm 

of eoda ash witfa ^csMWwreially satisfa<st«a  ̂resalta** 

A mlM msb was pr«i»r6d asd inooulated with a at̂ iii of yeast* 

In about five to eight hours the faz^entatioo boceme activet at 

î ich tiŝ  ewioidtm biŝ roxide was addî  iM suc  ̂a qusuati%- as to 

Hak© the fenaenting l̂iim slight:̂  slkaliae* FerE®nt®tifHi was tlwm 

allfl̂ r  ̂ to proceed tiiitil th® m.eh had becojae nsaitral or aligbtly 

acid whereupoB Bore ammonit® ^roscid® was again add  ̂ to slight 

alkalistty# This parocedure ma repeated as often as ma 

to keep the raedita at the desired alkalinity# Various weaetb 

U!5®d, but je&st *!io» l6" of S&sBHffs«}tt waa Uttter emmdM 

gas or aiamaim tî roacide aolutimyi be en l̂ojed* £» iAm 

examples eited, coTOeroial ttM»iii«a l̂ ydtmide solatioa containing 

26 to 28 percent aEronia mm ttsed* She iiioabatioB teaperature *&» 

about 3^® <»iitigrade» 

About 0.75 gyaa of ataManlt̂  sulfate was added per lit®? of 

Bxsdasses la t̂m ooataiiaiBg about 16 to 17 grsias of invert sagar 

(caljailated) per 303 ee» of aedî # About 0*3 gmm of saeoadaiy 

affiB»niti» fiiosphate was added per liter of medim ia wem ea3^» 

Ihe tia® of fermatatioB me about 72 to 84 hours* pS 

degerlbed ustmlly oeeiUated between about to abcmt ?* S* It 

ms aeatioaed in sa getample that a pH of 7#2 to 7«4 pm&xmA 
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follawiBg ari awoniu® hydrcecide addition after shieb "ferEsentstic® 

mssm tm a slM>rt tisie#" Wh®a th® feinsiaatatlxm »revî î * 

in &b«mt tBo to thr©e hoars the pH ms tom& to have dropped to 

ahout 6»8 to 1»Q* The pH »as Eeesured eoIoriia«triea3J^« fhe 

sagar fermcaitM ms mentioned to have Iseen pmmtA in oi» 

case and |»srî nt in another* It was stated that "after f«r» 

ffliBtatlon the sash wiU contain frm about 6*0*4*$ percent hgr 

of al43ohc  ̂ and about 2*JO'̂ lS grass of glyo l̂ p«r 11  ̂ ee* 

fhis indicates a yleM on the total mî er (3^50 potiBids) in the aelasscHS 

ctf 15*8-18#5 pecpoent glycerol and 27»f*30*5 percent 

fhe aleohol me r^»ved in tlies ustial mmier aM f roa  ̂to 40 

pereimt of the aisraonia was reosv«ped % a suitaKLe soraJjber in tbe 

aX l̂̂ l m^T line* Vaomm evaporation the d^^holiî  

to a hiMswy syrup* gl̂ ^erol was r )̂oveŝ  fro® this sysvsp 

th© »Be of a totrer such as that irdioated ly Lawrie {1928)* 

Howsver* such a taw^  ̂ is not entirely necessary since the lew salt 

oowswatration allows the nse of the more usvml tyî s of distillinf 

eqnipfi»ent* 

A»&tia aeid ma fomed diaring the ferae itatioii and was 

ed bgr the usual Betl»)ds« 

Xn the ^osî les of this patent* it ms shorn that the mtio of 

glycî l to ajsfii ms about 1»0 to Q•̂  as compared to tdse smrmpoTuS?" 

iî  x%tie ltl«?l for the loff E»thod» IMs *as "a rwdxietion crif 

with respect to th® glycerol to about 40 percent of that 
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votiXd be obtained with thd SKsda ash proo08»«" Tim hawdlf ĵ  

of esmonla waa elispXer than the handlltig of stroî  eanstiesy and tbs 

m&mt C3f amonia required constituted a astloe^ble eoost̂ * Be* 

mfetT vm ®ieh sî Z«r and more feasible# 

It is wall to secrte that in thia patent larag and leB(Nraiott 

@laia®d întemnee of pH frm 7 to 8 although the des@:̂ ptiosffi 

hardlj nea l̂on TBl»e aore alkaline 'Umn about 7*3 <»• 7«4<* 

aish a value ms not alttays aaintained bat was x^^adied intexmltteat* 

I7 tiipon the addition of the aî nius hĵ roxide* aftî  iMeh the pU 

mmtimff fall to 7 or belo«« Xt appeared timt perbapg time ii»-

^r«ala of ferffieatstion in the aeid raî  have be«D neeeasar  ̂

tor a amceaaful fez^ntation smooxtoi viusi tiaed 

eontrol î e pE» fekomy (1913) zKrted a t(»cic aotioa of aasiofiia m. 

Teast* 

The use of amnoniuia l̂ sniragdlde reqtilred the fosmtloa of assaoidm 

aarbomte amonim bicarbonate or lx}th during the fenaentetion* 

•mm 6 
AM3HI0M SmROmm ADDITIOHS WITH RESPECT SO TIME 18 OHDSR fQ 
Km pH mm SETM IS A M7M mu^m mMmmxm m 

mm umB 

Dose ¥oluae Sours after 
maiber &a» seeding 

1 20 5tlO 
2 35 10155 
3 20 1**05 
4 $ 16«40 

ifrm Krug and %Beraott (1935)) 
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]̂ th salts mitm dterliried a weak base aM & v&cy €U3M« flMi 

presfom of euch salts had the B&mat&ge &t Imffer effect in th© 

volt̂ iaas of amsaaS^m î ;fdraxide solatî a (eontainlî  28 

pereent amcMEiiba) addwi to tluree liters of a Smnsi emm moXmBm 

sedltia eontai&iî  18 grass of intrert sugar (oalcol̂ ted) per 2  ̂00* 

of msdiias are lasted in table 6« 

A further discussion of the mmmixm biî roadlde fenaetttatioB 

method irlll be fotasd ia a later n^etioa of this '1^esi0« 
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A* Apparaism 

1> Meamsrim ImtrmmntB 

a,. Gsmeaeem Itetiar'* fhs pH mter me& ma a Caswron Meter «f th® 

^mUle smlo type which will give direct reading# ia «it6®r ailli* 

î lts or pi* It was aade tbe Eiseisdra  ̂tlemrial laboratOE^ea 

oi BBois% ffismmsia* and was obtaiztad  ̂this laborat̂ iy tern 

9illŝ 8*>A»&«^eoa K^pai;̂  &£ Ghi«ag% Ulinoia* It is a glass 

(̂ eotrode mtsr iî eh operates trvm batteries asd is lasa* 

port̂ tO  ̂ imraiaoh as a storage lî tteiry is tteeess«Qqr« Its qpnmtiim 

mm fflost mtiftf&etor;̂  vhm op»ratii]@ direetions mm toWammSi 

cmreftillsr* It was ad îsal::̂  to keî  all soliitioB» tised isi ^noneotiem 

with the wmsormemM at the same temperature as searl̂  as 

possible to e^UMmte mrom arising trm tesqp«E>&tt3re dM'fer* 

of the opi»>siBg half«eell̂  laa îateh as the ix t̂neiesit is 

wi<l«  ̂ î ied in industry and oth  ̂seientlî lQ fieldsy it will oot 

 ̂described f̂ rth  ̂as desired infor t̂ion my be obtaim  ̂fr&Bi 

smaî aeturea's or frc»s the distrî tors* 

h Mftaffl seter is siMlar to the eamerm 

Meter ia i»me respeots, but it is differeast ia tbat it is portable* 

It hes the î îple <mp contained in the laet̂  boK» tiMle tl̂  
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Cas»roa B«ter h&s a dCKteetor tmlt allo«isg mMlm to 

t&e tsap sM aasl.psIatio&» Bcnretver* «itlier i&s1»t»(̂ t 

is -̂oit# iwtisf&etozy £<^v pH aoasura^ats a glass e3«6^od« 

»Mu»ir«nsnt is d îrad* l̂ iis instrmmt is wedm % t̂ s Golem& 

Slse îe Qm ŝf of Msî insod* IHInols* It is a balllsti<eall7 &pM»» 

ftt«d isetr«»eati iMle the Gamrm Heter is not* tlie balas0« point 

of the latter Ijeifig a mU point o& a ^alvaneffi»»t«r« A pH î asi£r^H»it 

msy  ̂ be with either iostrua t̂ in a mtter of seeoMe* 

h. W>yg|> ftaiiiwitoc 

Iimfî iueh im it is difficult to ooa l̂ pH of tnaffers 

at all desired levelst a seans of very aeourate oontrol n&s diwired* 

A pmrmtmA r«<^rd of "Uie pH agalniit tioo ̂ s aiUo wiy dasiml̂ eo 

f̂ers "kmp the pH of a n^dim at aî nroximtely iSm eotî tf 

pî lmps wlthia Q*$ or 1 pH looit. Seeestlmes rather î t mn&mni* 

tratî as aî  xuBoessar^r for buffex9 to be aatiafactoryf but this salt 

sa^ idlter l̂ e p^ees being sttidied to m&h. a& eoctimt as to be uzi* 

a&tî actory* It mm desired is mm e»sm to op@ns.te fen ŝlatio«Hi 

eeiMtain reagents that oouM i» easily reMrsred at the oomî eticKi 

t2s© fersentstion# Som reagents are not t̂isfactory for buffe«i 

if ease of salt rerasirftl is to be oaintaloed* Such control 

ageBts ^pe c»Xoim l̂ roxide axsi amtonitm lî ro îde* Control &£ 

 ̂ inalfUr dioxide in the presezuse of e^^cmî os ite|, <mloiii£R 

salfit©» or nHigZMisiua sulfite «ere also eo&sid^red er ttsed* 
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€»rre@poiid«noe vas with wam^&etxasmm 

aM d®Kl®r@ M ̂  iBstnimwts op<a^tl^ tem & glm» eHrn^irniSmm 

t% ma tmmd that sach loatrusisnts aro quite mufy md 

rnprnrnirttm tbm pvioe of sucb an i^isevmmt vm found to be is the 

aftl#iborbood q£ |0LCXX}« With im.a £a mlnS soibo «er« aeS* 

idth eertais tube eismdte to sm if a oontn  ̂ Mght 

be biaUt «hî  voiild be sijaî er than the (Ksasereial ine^nsne t̂dy as 

msOUL as nsoh eheaper* Shorty after this iic»  ̂hsui been b« |̂»% & 

6(»î »rGdaX pH was obtain  ̂vMeh vm adapted eontarol* 

Bse»»se of aoqoisltioB, ftcrther work o& the d^eSofoseat of sissh 

an iBistruB^&t utm dieoontimed* 

t}M» f̂ uipffient seoure4 iras a (^meirm. pB Beocffda t̂ obtained trcm 

9il£a^as«Aad«S!8(m Co^^ryr in the spriJOg of 3.939* was m% up 

m& tested as a z^oorder of pii at first* Beoords were aade of pi 

î inst tlm for y ŝt feme&tati<^8 for the ba l̂aoetoaie fer* 

a«mtation« fim ciwmB obtained ««re exe^XXest* the siu^ne re»»E<d* 

ed the  ̂ for 24 hcmrs with lit'O# attestioa «icoept to 

o®ea î<»ml2y c^be  ̂potenti< t̂rjU» bal«9«e<» Hie reooî  tmm 30 P«M  ̂

to 8 kmVU ma espMsiaXJcf eomeMeot* 

After it was fousd that the iostrmtnut oiM t̂̂ ted iiatlî aet«rilf» 

the eireait «as adapted to eon l̂ op^ t̂ion» A sie^zietlsallii' «m!» 

trolXed Isrooid switch ma installed on ^e instraaeBt ia sBoh a wa f̂ 

that a msi$^aet rnvtsi in (K}njtmotio& with the ziM^pdix  ̂ pea <»»tmeoted 

to the ree®rding potenticmeter aarew* Fc^ th® details ti» ©p«ff®-

tiffla of the reoorder» one should see the operating direetio{» '̂ t 
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cmm irith tlia tho eimiits am also flMi 

tails of tte added eimiits of the ooniapol aeehanisias are eham be* 

i<o»| tbî  vere deveXo^^ed to a Isxĵ  «xt<mt in tlieso lafaeŝ torl̂ * S9 

attempt is taade Ivare to desctribe ismmteiMX inŝ nieieiit as it is 

SKOî ^UBglsr a»& is doserî  % tim mmfe^vet^m* Mmy of 

the veterm^n to parts ead contact mmbers and '̂ povheel posiMons 

mfm to the oado i;̂ ed in the sieuitifaoturers diagrams* 

foXlmrisg diagrami of cin f̂oits axad jparts are eoneei-Qsd oal̂  

ni'tii eostfc  ̂aeeliaxiism* 13ie first oirouit ismlvem the slî  ̂

ffispietieaXXy ope l̂̂  ll»rooid switeh nhieh e^une «iî  th@ instmasBt* 

It is »on»al2y eIooed» tmt a^p&m vaa&m' laa t̂io ioflueim* 31f»i mgsot 

is U8aall7 b<iMsd tho svlteli teepiŝ  it ops% thus keaping the 

mlw imperative tiliile the is at the desiredi Isval* Sfce co&tŝ  

eireuit is sboim in Fignre 1* 

It was fcRjjid that this of oin t̂ was mt ezrtrirel̂  m%iB» 

faisto  ̂siBoe ims naintaioed cmlj while the 0 of the sî itM 

"teBded to a^reasî  i««*» iMle aelds foaE^d as tlae ppoaseded* los» 

wpsTt tsuaxd the i»3d of &am t̂ e mditat bseasm less 

aoid* that iSf pH iaoreased* Stte eireuit ms desigi»d to add 

l»se as pH deoreased with tte wagmt pro^ediug to th© right 

past % of Figtare X* When the oa^oet to the ri|;ht of & short 

distaae% Sj dosest thus a|>eratiBg t!̂  -?alve which allows the ba®e 

to flxm until pH increases* fb« aagaet t)̂ B mm* ia the laft» 

hism op«QiBg «^ain asd shattisg off the solemid 'smlve* Bat; wh  ̂
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the t£»;raasee Srom the oo»^«lled pR mlti% "yiea tha svl'teh 

a l̂n ̂ aeisig the base to cuM m b^or«f az)d tl̂  mg&ftt goes 

fsrttadr &i«i far^r to the l&t̂ m Thie bee# adds irntH the \mm 

serroir li erapty* Control of is lost« oM the ©xperisî t Is 

spol̂ bede 

A mSety clrewit was ^esigcsed to correot for this 4iffi<»lty sm 

tlmt eoBt̂ X of pR nouM be laalistteiî  as î nml pB of 

meditm tez»l0 to ^reassi bat when it tends to ineareassy tiM» \mm 

&mmt be «M«d| a |d{ results* ^Riis sodified sSrcatit 

is shoim is Hgiixv 2» 

mgŝ t grates tmrmhy^ btixizid eauoe «i1  ̂ihm i»* 

stru»nt| ia this position the mdtch is "off* as noted ptmimsMlj 

in figure !• As the Eagr®t proceeds to th« ril̂ ht with d»^«asiî  ̂  

the switeh Sj ŝes tiais opemtiiag relay C -sihich then ope  ̂ tJje 

mlmmhi valire* Base is a^edg. md pH iztereases mtil opens 

ms^ixtrn But shoiild the occasion arise t̂ t th& mediim t̂ imes msxem 

basic thaa the ?alii® for ifi:iich th© oonî l is set̂  the î i|̂ et wl21 

prmmA. ixt the left of tbras musing the Ebidititm so  ̂

\mm for an instant* Hoveî  ̂ as is Srdjaoeat to the m4SpB% 

(joieidy tfeich operates relays A aa î B« a&vlng bem &p«p» 

et«it these relays do not allsw wo^0 base sedd siwse mhaj G 

is £K3w opm» lielays A* % aM C nill mm rmmin to. tMs positicm 

regardless of tdmt happens mtll eufficieEt aoSJity foras ia the 

myitis to bring the magnet back to the right to ̂  or -e ŝtil the 
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mm. If aedd fon  ̂eatislag ̂  ŝ i»t 

to î rre ballad Uj, thtis ofeBlxig that cozrbaeti all Fe3ji|« faH 

^1  ̂%& i»»ml |x»sitlG»i, end Borml op«xmt4x>tt «ill Kfaim 

til# itH i:̂ $x%M&S86 frcm tl̂ i pH ou^roL vidt̂  &î n im^ema of ^ 

mmmm§  ̂pr-oeedttre «ould be rapeateS* c^mtioa 

îiSs «»fet̂  edrooit was quite suecsoetfuX* The S| and î i mm 

tQ t̂bern the gr«ater is the aocuxiac  ̂of coatxt̂ * for a fesrŝ &tatSinii 

t̂ t aoiî l̂ mOy nore alkaline thsrc la tso ^miatol vlthiO  ̂

reviaiag the abo  ̂eircuit }3sr tmecsi:̂  the positiosui of axid Sĵ  

axid %(f plsoing aedî  ia the reamrf̂ ir instead of base* Bimts rela;fS 

A aM B Iceep theraielir<iM 43^^&Bed after opemt̂  ̂ it is me ŝmxf 

m% to Jar the% «a eon-̂ l ftill be lost if tbey are dp«QMMl % atî  

mmm otl«r tbas by 

It ms tmxxSL after several operatioas tteit so»ettai!« the bel» 

aasiî  we^aaMm 0£ the B0corier« wM.eh balamsea the |3otentio«et<»« 

mrnrf four Mmt̂ » ooa^aoed c^^a t̂ioa at the tine tbat 

iffiMS beiî  aMad* Vtx&n this is the oase» base is added agaia when tiie 

ti®«p 'fepip'-itoMl is i» position 1«4« fhis is beeatuwi of p^eyioas 

dc«l̂  of the iBStriBMHit iai»»7mrati»g an auttmatio sampliBg period 

dtirixsg iHtm four mittate time fhrougb the ad?iee of Î » 

aaotber rela  ̂ms install̂  as sbcnm ia Figure 3  ̂tlmt tiie solenoid 

mlve ©an sot a^pate ^ea the trip««heeX is in positi(m l-4» ft® 

ahoJiM be able to opeamte only during the ireoordlj:̂  e^ole* oi? 

«h«» î 9 trip<*flirtieel is in position 4» 
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MAGNET 
PATH 

I  lO V. 
60^ 

ioOBOil 

injwnnr 
25 V. 

•51.* 

TO 
TIMER 

BOX 

J L 

MOV. 
bO~ 

TO 
SOUeNOlD 

VALVE 

Ti - Transformer 
$2 ~ Mercoid Switchj Magnetically Opened 
C -2.5V. Vaivs Control Relay 

INITIAL pH CONTROL CIRCUIT 
Figure |. 

IIOV 60~ IIOV. 
fcO'v TIMER 

slumsj L  TO 
SOLENOID 

VALVE 

A, B and C — Relays , 25V.Coils 
S| ~ Mercoid Swi-tcK, Mag. Closed 
Sa ~ Mercoid Switch^ Mag.Oper>e<i 
T, - Tra nsf ornner 

SAFETY CIRCUIT 
Figure 2. 

2 3 4 5 
Q 9 O O 

6 
o 

7 6 <a 10 
o o o o 

Time Relay Box of 

Con"trol Cabinet! 

Inser't in Series with "tWe 

Solenoid Valve Circui't 

D - Pelay , n0\/,60'>' Coil 

CIRCUIT ALLOWING BASE TO ADD ONLY IN THE RECORDING 
PORTION OF THE CYCLE 

Figure 3. 
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It ms femztd after tk@ isstallatios of t&e rela  ̂D m iatiieatM 

%M Hgure 3 tb3.t op^mtioa of the aatls« ^ntrol mmhemim mm satis** 

f̂ etoî * flus only dlfflmiltî  <»ieoimter«i mm diffieultles «mk m 

W9m mused % m open eondsoser Ija iim fimiiemlmstaeSjt î l̂ifior eirc«ity 

m. oixt»adt in & dzy eelif mix Intbbles in tfaa aalt ladldfey an 

el«elrical leajc in a glass dLectrodei oeoaaioml lev oharge in the 

stcumge battex^  ̂ md a tm oHmr aitmtions* A relc  ̂spriî  

on <»Eie i]D& an instalment as ccmplex &» ia tids aml̂ natio 

pH Be(»»rd«aMkm'l»oll̂ f thwe are poasifeiliti®® for a a@ohanl<»l 

defeet to axlm* Opex t̂ion is ane ŝsfol# bat aadaiiMi mat be 

mtislied mther oar^^uU  ̂ in oinier to deteet if posidbiet 

î iuree of tsmAde if it arises* 

It was d«3i£bd to ftirther eK»s$>llcate tbe alrtead^  ̂m l̂m eirmXt 

 ̂adding neoessary eixmtt for antc t̂ieall̂  stizrisg the f̂ >» 

iMmtlJig wa îsi for 35 seeozida of mexy four ainu^* fhe tia» ooî  

rela;r opemted on the c^ole vhicSi vonld alloar this aontatol to 

Im atopted* flto remilting entire eontŝ l circuit la elKn® in figwe 

4* Hie is stirx  ̂15 seooads m% of four sljssiteey aliŝ  

dnz l̂sg the tiffle that the solenoid valve eontr«d la allĵ six  ̂ tbe base 

add to the sedixia* B^ch opermtioli ia iodepcsî nt ef the oî mt 

azsi there is no interferent̂  betv«»n eirmiits* 1!he final eirmit 

laade tise of the adtantageous parte of iawlcms eireuita with an 

iateî tt̂  stirrer oonlaral added as shorn in Figure 4* 

the elreuit diagramed in Figure 4 o|»srated quite eueoesiî full̂ -* 
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S, QIQ 
IIOV. 
60 ~ 

T, 
qsmsuu 

mmm 
25V. 

TO 
STIRRER 

TO 
SOLENOID 
VALVE 

TO POINTS 2 AND 3 
OF TIME RELAY BOX 

AS IN FIGURE 3. 

T?«laj^ E replaces Relay D 
of Figure 3. 

A, B, and C ~ Relays, 25V. Coils. 
E — Rela^, IIOV. Coil. 
3, — Mercoid Switch, Mag. Closed. 
•$>2  ̂ ~Mercoicl 5witch, Ma .̂ Opened. 
"Tj —Transformer. 

COMBINED SAFETY, pH CONTROL, AND AUTOMATIC STIRRING CIRCUIT 
Figure 4. 
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^ere ««m sechcmioal difflcrolties aoeh as the 

of a eppî  of a relay and ottier tfoeh aotlo;̂  iRit e£t&c & fm e®»» 

tPoSjs tlie diffleultlee «er« oinimised*  ̂s« î9d MOEBÎ  quite pto» 

alRiBg and MW»rai (̂ tool operations have be«a rm fw six day® 

iriitout troul:̂  edtimv Kith Idi© aaehiat 

m its adjimets* Ckmtrol ms maintaiiied with «as# to vilMii 0«1 pS 

tmlt of the doiKln  ̂ v»lue« Oocaalozml eh»  ̂ tiM» pS. m%&T& mT» 

ifiod l̂ e ro ĵrd of eo&trol* 1^9 pXaoe at vhieh cental of 1  ̂

1̂  ceased 9m vtm^9 tl»i pH beî  to inerî ao '̂ tratrd tho m& of mim 

Hdffprery this liusreaae ims usmlly m& 

graiiual* 
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B* t̂hoda of B«K>«d«re 

Tte of ferm t̂atioa was dimigmd to hm oarriod m% 

em m possiblo  ̂ and also with the f̂«atest p^etiî  

^U^ro« of «p<  ̂and eeeuz^u:̂ # Ttm Bmvae&cj is, ooursot priMarsr 

iopsa^ ŝ̂ l bcnswert where large mtstbers of detersilmtiosii «re to be 

It Is »03t deelx&ble to be aisle to vwa tl»»@e detemlmtioî s 

M *1  ̂acourate (Km1a?ol of B&al;rtl«a%l soasLitlio^* ^am of iSm 

mm% ecmcsi nelUtods for Vcm detearadrntion of rediaoiî  suptr is t̂ t 

of Sh»iff«r m& Bartaaim (]̂ 21}» ISm a^oimte of the reage&ts 

for a allele migar d«ter«dLnatio» &re Isdrge t$raa mkijag a siogle ie -̂

miBMrnks" f̂ pensl̂ e* The Biethod also ha@ tise dlsadbmnt-

a@e 9i tmirag rath«r iiioeKnrenle&t to use for large smbers of t̂ teul̂ ^es 

î aroltjaiecmgly* Mjosl̂ nts of copper z^duoisg eondlMoî  wist be 

wzy acev t̂e in m&eet to obtain reiKroduelMe reffiilts* î et glyoerol 

enalpiis se^bode ere vmf coopLfKC and tediowf thc  ̂iî raall|r de|>e»i 

OS ^e vmofml of psijim to aet̂  emlifsis. lb& 

mm isethode ^ t̂ere are days between the atari and the finish ot s. 

8iiii;]|« ETOB then, ti» aecwacy of the determimtltm la 

dooblsl̂ Eil* CeteziBla&timis of glyoenŝ  smm in pre-

s«BC» of sisgar mm of the î thods wouM sorely tsy ^be petlemte 

e£ evesi the mc t̂ p&tient amidst* la m33  ̂ easeî  it is veay 8d-vimt&-
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geom have tha glycerol reealt within a few hoimi at ®08t of the 

^9 ssjRtple is iuaJceSf thos rendering th@ 1  ̂amlTsis % t̂e 

if ano'teer more mpid arid ttccmrate is amilable* 

at, .ffii: wmx' ^ auaeroî  atigar anaaysis methods 

tiiat imj l» fownfi ite aost of -ttie standard t®ctboofcs ®B f<î  soalyfds 

and related \nt sost of the ise t̂ods are î ifieaticma of 

th« reduction pirooetiiir® of Hagedom and irnmm (if 23) 

<SKP of the origiml gr&vî larie oappwc* reduction a t̂hsd of and 

WalkfT (19M)» Hm aost eoOTsmly ussd xaodifieattoa of th« ŝmm sM 

lallsc  ̂method in this couatrj is ̂  volomŝ ie lasthod of ^bsff&e 

ttm Bsrteffis 

Th» fe3Tifî ;r%»i<ie miihQ& depsBas m Idhe r«ductio» of potasaitm 

f®siri<^®isida to fsawoyanid®* Modifiestljos of iM Hagedorss and 

3mmm t̂tood have mad® hy Blish aad Sandstedt (1933) »tti  ̂

30r« s»A Steele (1935')• Objeotiom to this »®thod haw bî o pointed 

oat hy S!mff«r ««d S@K>gyl (1933) and hy ScMa^  ̂ (Jf37)« A saiB 

was iSsB of specificity to stigar In eoateist to tlwi 

sî tdfieity shosn oopî r r^uetion ffl®tl¥Jd.s» The me^od of Shaffer 

HwptfflffiKi (1921) is R fflacio«-deter»lmtio% l»i«g rm t» ̂  

»pl«i®^»r flasks* It was quite Incorrvenieat to nm large si»^rs 

of de1^»imtioa8 i» a short tiiae hey- this met̂ KJd because of the mmt 

cont̂ l trnmssmj Atiring the copper reduction hr the s«gsr» 

mcts in the am^ îoal aethods weep& m&& hgr Stilus# lfeterso% aM 

Fred (1926) and leteTf as was mention  ̂pewiousljt hr Simifev and 
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Sesogyi (if 33)# aad atill later lay Somgstl (353T)* E«thod of 

Soat̂  iim) wm as the t»si8 for d«velop^nt a£ Urn 

ao^Ttinal mt̂ uids ns«d disrlî  this reaeerch. A aadifî  »e1^E  ̂

deseriljed in thesis of Gupnn (3.96?) m.s also %uN9d« 

Hi® &empoal%lon &£ the redwing mgBX reegest reasasaeodeii 

^ae^yi (193?) for deteminatioxus of aî 9 qmntitiea of sugeor ia 

yu»iwl |jt giirm in IklxLe f • 

ubiz t 

^LOGXI RM®LT FOR FHE COPPIR*IOS(MMIO MKRMIHIFLOK 
or ?HSX mii mmrs OF mm 

"brngmt 

uib^sg^^xmrn} 25 ̂  
Befell* î t 25 ̂  
(̂ |S94,* 5%6 4 g»« 
isIBSO  ̂ gp« 
iatS04 (ealî roasf eseCt̂ ieal grade) tOO 
m 1»5 gai« 
Kl&i 6*0  ̂1 B* 
Water f o a&ke 1 li1»r of «»liitl̂  

AemsdSĵ  %& Sm&gyi (1937) the sodiins sulfate bas t̂ e ^eet ̂  

sl̂ ldliaisg tto 0olisitio% eltoiiiatlBg self•̂ edootioa tbe rmgent* 

It also dt̂ E^^aeea the earbonate icmissatloay euod time the sBsBtMaity 

df the aoluticm* Sie î thod of preparing of  ̂resig<mt is ^pioted 

f̂ em tl̂  piles' &f Somogyis 

g£e.gftrmtla|B « <»url»imte and lodbt̂ Ue oeilt are dî olveS 
in jftbeat )l̂  ee» ot mteri 40 eo« a 10 pSE'O t̂ 
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aoliitim ttre inlarodaoed with stlrrixtg* ll̂ bls im faLXofiPsd 
liw aiiditl)»a  ̂of the Meartomtftf sulf&t% &Bd iodiis* 
i»»lntloa ie hoatc  ̂ to boiXisgf Iwiling for alsoat 

thlrtsr 8eoo:î 8t and after the Mditiim of "Ube 
UQ% msOM to 1 liter. 

ilasHBe etiari.oal% emn thangh. of 8ml;ftleftl gr^St 
eontain solid Isqptaeltiesy the n^gent requlx  ̂flli«»iti<m« 
%em trtftsAiU  ̂ tef a day or tiro bedTore filt̂ tlo% !»<» 
pdltles settle out as floeeolent pertieXee end mn bt 
reratmred sore emî etel̂  than if ike solution Is filtered 

Xt l̂aouM be ooted t̂ t fUtr&ticm of the above re^ înt 

sot be att̂ pt̂  throiigh filter i»per or oib&T CM^oloidLe mterials 

BiMm there ia mm hsfdrol̂ rsls reduoisg sugars nhie  ̂fdll ml̂ ir* 

aUî  affeet sobee^esit ŝ ar detexmLmticms h f̂  ̂the reagent* 

Ouproeis escide will gra#uftl3  ̂settle oitt m wtasdim* 

prese&ee of fisel̂  divided pertielea is the reagent re<iKidR» 

tioa of eaproBS asSM* these eff̂ ts exe dlsousmed  ̂Soiie^  ̂ (193T) 

aad Benediist (1933.) • 

^p6<»diirfi 1  ̂reeg t̂s used for the Edcro sugar deter»imtio£« 

i k )  tm  (Kî ^pwrHledoaietrie nwigeiJrt̂ * 

(B| £I«^6;̂ 4 reagent taMeh oon t̂tlm Z*$ pae&Bst of tmh i& 
mter* 

(C) 5 Bursal H^4 »»lfKtioa (Seep lUBsgr fxm raM>erit)« 

(S) HatSjK^ standj^ mlvMmi appraKisatel^ 0*0Q$ mrsel* 

!&e reaetion mm run in 22 x 256 mam fyrm ̂ t tal̂ s at first* 

IRto piet̂ ediire m^loye^ ms as follovst Tim stî  sampO-e to be dî r« 

mim& is Clarified with basic lead aeetate asx  ̂ en aljypot is lidddd 

to the test tube saeh that the ^>lution added shall ooaataln froei 
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0*05 ̂  0#5 sg« ef desKtros® or its equiimlent ia a witaw ©f $*0 

fo the 5*0 ffil» of sugar solution ia the test tohe is 

5*0 al» of reag®«fe CA)« ifter ataciigt the tu  ̂is pliM^D ia & boil* 

i33g iml̂ r for cŝ tl̂  20 mimtes as recmsm t̂MA 1:̂  Bomgst 

iim)$ after whieh it is placed ia mter to oo&l the ^nteBts to 

1%im 2 of (B) is adde  ̂ foUotied % 1*0 b1« of 

iKiIjiti3& (C)* 13ie r€^ulti2  ̂ solution is t̂ roo^huiy sised sad sUbsv" 

«d to staM for about five iaimtes at 30® sith o<»aasicmaX sheklzi;* 

file tdxitwce then tî t̂ed witibi statidard sodiua thiosulfate solutî m 

(B) «ith about six dr^opt of starch solution tised as an indicates 

k $ (St W stl* aicgfoo^borette is adviset̂ e for tl:̂  thiosulfate* 

tsolme 0g ^©sulfate should be esMmted to the Tsmstrnt O«0i ̂  

A sdumM be rm. with all su ŝr dete»aimtioris« Î ^e£%.b3j 

blasts î ouM be rus at the sane tisî  that the siig&r is det̂ r^Uoedy 

mA the sugar d^rsimtiozm shouM be run in duplioate# Xt was 

fouad, after a of deta3®imtions that a Ujsmr etastî a ŝnild 

be vsed for mXcmlatlBg sugar fvm tiae tMosulfste titraticm tmlue* 

Eqtmtî  (1) was fairly satisfactcny for tiM data obtained* 

g » 0«116 X * Q.01* 

Ik the e%\mtlo% is iBcpr ŝed as aiUigsms of d«stros@ sM % 

is the volaa  ̂of IMosulfate in milliliters obtaisî  V subtraoting 

tiiie esp îsental tî raticm value frtm the blaisk titx«tio& mluey and 

©SBrertiBg this voliaae to aiHiliters q£ 0#<X)5 »&rml t̂ iiosulfat© if 

reageKt is mt of that norsality* 
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It mj be noted that J is dtr«et3y fatqxartional to tJi» qaantlty  ̂

1  ̂ • 0*01t  ̂  ̂direotl;̂  proportional to the weight of mw^nm 

mSM fK^oipitated whloh is proportlcmal to the siagsr* % is  ̂

tbJUMiallkto tit3%tio& 'saltMi* 

remilts are girm in Table 0« Tim d«ECt̂ t!«a i ŝsd fat Urn 

atKodaa^dleatî  w&a Ffaastiefal's G»P* ejô ^droos deoctî e* It mm 

d3*ied em l̂ fur at UO  ̂ e»atî x>ade aad rotation was m<Mi«£rad* 

ip^ar las imtiafaotozT* k atmxSm  ̂ solution vas aede to oontain 

f&B£g 8 

sfASi&RDmfioii m THE soiSDca:! mom Mfw© Aminsf 
FOBS xsesmm 

MHigxfti 
Oe3rlz*o#e 

m v^vmt x îtlllgmm 
«i^ 0«005 s»1hbsc^m 

tMoi»04rat« fonnl 

StUî reyai 
!}e3ctif089 of 0»0C  ̂ s* rnsb^afmm 
Fi^nost thiow^ata fems, 

qrnqm q*%& 0*02 0*200 1*74 o.a2 
0*0  ̂ 0*08 0*01 0*^30 2*5? 0*3£  ̂
O,0|& 0.M 0.049 0*300 2*  ̂ 0*2?4 
q*m 0.̂  0*105 0*3QO 2*44 0*293 

0*106 0.19 o*m 0*400 3.̂  0*402 
0*100 0*82 0*J05 0*400 0*400 
0*300 0*f3 0.095 0*400 qrnm 
q»m urn 0*206 0*500 4*32 0*5X0 

0.200 1»?4 o*na o*5S0 4*16 0*492 
0*200 un 0*1B8 0*500 4*24 0*502 
0«  ̂ 0.1S4 m m 

@•3. î « of doKtaroî  per isl* of aolutioott Vblxoses mmmxe  ̂ tt&m 

a 5 si* 1i»xretta* lo Îstion vaa uaed ^oh v&s over 24 himes oMf 

siEuetft tiia growth of molds generalljr alters the soluM êta about 
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t̂ t 

fbm amXymtf m indicated in liable 8, *«r« mt all %h&% eeoM 

bo deslJ^* Ttmee appeared to be an enmp^raticm dwleg tdie hiAtii%« 

dating «9xteentr&tl(m of reageEtsnaiBi al»e the pe^mm 

nf tixŝ m of tlie adr sigbt ^af̂ ee reissidation ef the tstqa'mis rnsMm* 

Vmm$ it mm d«sL<l<  ̂to modif;̂  tbe above pireosNSiire emmlr^ 

test Imbea irith glass boll̂  during heatiî  ead jemima  ̂titra îcai* 

It »a» tlio«;̂ t t̂ t Issigtbendb  ̂ the tltae oi beatit̂  ad^xt also be 

«d9iUEitog^^* Af̂ r sose prelieiinary tests it mm decided to 

the f̂ ^Lloviiî  tsP9 aedifieations to tbe procedure de»^bed mhemt 

Cl| file lyiJMi of âtlBg is tlie «ater bath is iiUK êauied irm 

M aimit̂  to 35 sdcutes* 

(2) ^e n^etioa tubes ax« eovered ifith glass \s£L}m at aU 

MIE  ̂̂  to ̂  tise of titration with sodim tMosî ate 

It W&.S fmsemm!j to deteraiae a n«ir et̂ txatioB toir mgjajp &ste««!j»» 

atioas tî tions vith tbe iK»difî  @ethc4» BtpatiCHi (2) 

is the mm eŝ mtî aw Ihe definitioa of tsarais is the samst as t&t 

%mtioa I* It mŝ  be iioted tbat the eonstaxrt 0«001 is nearer aero 

wblb th& similar oonstant of Ipatioa I* 

<2) g « O»50T1 X • QmOOl 

the reagent "»» (a^SaGjO  ̂^o»M be ^Med so t̂ t it mmim 

m tbe mtiam of tl» aiKtEcre i& order t̂ t l̂ ise m it is fo»ed 

«ill have to go tbrou î po^ussim Iodide in order to escape m& 
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ulll. he diĵ ^ved tlws preventlog e8«^p« «hiXe pro« 

eeadff* typiml x ŝolts appear in fl&blfi % 

f 

mku^ BX THE MOBiFiiD mwmi qqwrn^mmmrm 
wmm 

Mfnfgwft«« Wkmh 1 liUiiPBc  ̂ linn 'ffrrt^nw KtiUULgrEtiM f X 8UH@P8ato 
BeortxeMt of 0*005 «• Ikasixom of <^005 1  ̂ Ih8Kt$XHW-
^P<SS#S% tlil®Ero3UBB%a VtmA ^0ont thl«»ia3i£at« F^BMS 

0«28 0*030 0*300 2.?9 0*  ̂
QmQSO ©•41 0*051 0*400 3.n Qrnm 
Q*m 0.93 0*201 0*400 3»Ta 0*400 

1*84 0*198 0*400 hn 0.4m 
Q^m i»m 0*202 0*500 4*51 0*492 
Q*m 2»I9 0*300 0.5Q0 4*56 0*491 

flto of 9 jbadieatd that ^^difjued mt̂ cA 

is quite s&tifldtMitersr pr<rriddd that qttaati%- a€ s«g«r in Vm 

dmm mt gemtlj mvmd 0«4 ŝ « Xt saŝ  l>e »9t«4 thftt tbe 

le« vala«« weire fenazid imixly aeoucmtelji homrmf ^ pemmtmg» 

mr&t with theiEMs assueta is gr t̂» IRie iBMin t© 

mHiOd is t̂ t a high dilution i« for mxsjjf texmn^&tlm. 

fttad^nes* 

th» 4«teansisatjUm «f has also bAes conal4«r«(l bgr otiisr 

|j»«stî t<»?s of tiiese ls.b(»<«iti;»iria«* 2a order to eOiMmto tl̂  

4il«tio  ̂ir»pir®l for sugar ddtermimtioas sach as v&m a®e«@ssiy 

in the f/emimxB aetbodls d«s«a4.bed, aM to re®)d®r tli® rm^mt aal 

results mam x^p^odueilday (I93S )̂ davelo]̂  î t is c^alled 
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dm ŝamSxiAtl&m idssm dilutlxm 

sr# aot m M#* Beproduetion  ̂x«imlts mui quite awttiiCaetoxy 

im^eqtt^t rc«g«nt8 laade i:^ :yi lOae mm utiy* Xt was te 

bi isdvimhlM to mkm tbe pi ctf ̂  rmgrnt ̂  fftetor 

mtte* timn th@ aetual sm3(̂ t« ei Isslo jreagffistts c îfile f̂sd 8i»e» tii» 

me ei Ailivrmt b&tehds of oheiaiosis a Siff aarasit |dl 

in the fiisal r^^&t« Btagest of Oa^^a is girea ia fel:̂  2lO« 

f&BU 10 

C«A»M»I0B0MSMI0 RMOMF «HI« PC® M BIS^HMTIOR 
m ssa4E 08 A mkm 

1&2@CI3 (ftnlî î rotia) 53 
JiaOR Abemt 31*4 

tlim is «uM«d to fil 9«48f iMx 
v«iiaSTea «dacRit 7*5 

(HesbOls salt) 125 m* 
(ftad m m bsmsm) 3?»5 m» 

U 3^0 gn. 
SIS3 3*J^? («3ca€t aa(9«est)» 
8ft2^4. 
later to % Mt&r fimX v&Imm* 

fbs proeedtxre of naldag tqj the reagent is as f« l̂e«»i fbe 

i3»rl»sate Be<diell« salt ore diesolved i» aî pc-oxiaate  ̂  ̂wHm 

of distil3jid imt̂  after which t^e ooppesr sulfate is aMed m m. 

ml3SLtix>n «ith sUxrl̂  so tMt emrtoa dioadie vill sot IMI 

eipolvisd* m9 of a ftmml mith its exit midm tlbe mttm  ̂of tbe 

(SWHrfecwate oolmtiwa is quite h®l|tfuL* After tMs tbe potaasim 
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Cfcfflsii®!. Cheatst# (1925^* IliweJUiy aboat 3CH} a2.« ©f 

sieditQii ««re distilled in the prmme» of esleiim to^rbomta ia oM^r 

to JcMrp voilUtile a«ids fsroa distilling* Sloldahl diatilla^oa aR«i»» 

tm «as aM 100 mLm of disMUate ««re oolleet̂  ia a ICK) si* 

folijMe'feEle flajslE* 'la© d«Bsil% of thia aolutioa mjt at 25® 

««iitî r^e a ohainoatatie Westp  ̂ \mJamem Slaxtdbaxd 

emmmUm tables ware eî p^c f̂ed to obtain the of othaiaol p&e 

100 of diatillata* 

I& emmt fthem aanoaia might distil trith the etMnol a»& 

a distillation was naeessairyt ttalfurio a«id beii% ŝ dî  bef̂ ^re 

tite didtiUation imtil aoid zmetion to a is@B<«eil<»^»lie iadloator 

was aetad* fsrt!m> analytieal dir t̂ione have bo  ̂givm bf 

imtu 

sulfite vm d«t«wî  by titamtioa 

trith iodino sol̂ ion as deaodbod Kiolthoff and Smsdî  (193?)» and 

Wma ®alf ita ms first titaratad in aaid i»l̂ ii»i» 

fl̂ ii m oMiMm &£ Boilvm Mcarbomte, the biffiilfit«iwald«^^a imm» 

liberating tha e(mMxMd sulfite whidi mm tinted 

«ith iodix» soluticm* This deterffiimti€H& is olosaly related to 

a@etaldirib;fd« datarsdnatioa* 

iff M  ̂aoatald^r  ̂ be astiiik ted 

m ij&SSjm^e daî rmimtî  of th« diffe^Bea betiwem tot«  ̂snal* 

fite aixi fix»d sulfite in the isdditm» fhe a l̂̂ tldehjî e Sixm the 
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"68" 

blfmlXitd in a qmntlty pitjpcnrtioiifll to th® qasnti-̂  of a«»tald©î « 

present* Tim fixed sulfite i« liberated  ̂aUmlisBtieB of tite 

detailed direetioas LAA  ̂ be fousod IJEI p&pera  ̂fî da 

(l?29) sM. aad Bspesel (3915)* sote ie tleo giv«a ia tlie 

s&mg^V  ̂of ^Aicrie (1928) • Other mthode were des®flb«l bf Oehle 

ftn 9f PiJgnMBfffil* glycerol was det̂ raiaed tsy «» 

aethod of fulmer* Hidicey and %Kii»4cî ner (1940)* IMe 

e^msiste of a deteralnation by a eopper roSttotion «etfeod folloî  

by a& cjacidation &£ both the sugar and the glycerol by 0«.l norml 

sulfate soXntioa* This analytieal acrthod was developed eapeoially 

for these stiaiies* fiOErther refenmc ŝ isggr be found is p&pŝ  

tioiiaS* ItaHKrous otlier amlytical Bfitfaods are gives ia ^e aoz«^7a|̂  

<si JkHTie (1923) and in the paper of Oehle OSSZ), 

It me desired to have a e»idi\m with vhioh to etuiy the glycerol 

fermataticm nhî  wemld be m iMirly n f̂sl̂ etio m pos3iU% aiad 

aleo iRmld have a sialaQia ainocmt of "fixed « t̂s"« ThB purpo£« of 

)̂ iî  SQoh a »ediu« was to ̂ e the e&aly&is of dî ired prodoel̂  

saeh m glycex%)lt simpler bM wixre esgpediest* in c«der to foUov 

the deaired inveatigatione vith more eae«« Sooh a mioSiixm w&aM IM 

tiî  only to develop or improve aet̂ iods for gl̂ ^rol p?odt̂ icai» 

Dextrose «a@ used for the iŝ eliatimry medina ia order to have m 
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1 p«(rmn% of resMml stigar. It v&a «stiaRt®a that the 4®®irabl» 

aaomt of ^ast estmct should be about 0»375 graias 100 of 

rndim* this imliae ms used for eabscqiiGait Im-î tlgatiaQs* 

f̂ LE 12 

mvws OF iMBf sm^cT GoscmimTioH OH imuoi. miii 

m&^st 200 vOm lasditm in ̂  sO* JSglmmsyeT fUmlm, 
ttediimt &Ktro8« etaoect in 11« cBOM t̂ fear ^mast 

@xlar&0t« 1  ̂» 5* 
10 Ibe* £or ̂  aiis* 

Jmmlmt 10  ̂d«ctro8e iagdU.«8i| 10 ̂  to f SiaoNS t̂̂ a) 
^aea t̂lonf 5 &t yir C* 

of 
X«BSt IXlb 
ill 200 î « 

Semit;f of 
(il«tinat« 

of 
Mlsaat̂  
fotal 

0#0 0*99a5 4*13 
0*0 0»99a4 4.19 
oa 0*ffq0 5»60 
oa q^mo 5*60 
0*2 0*9863 7*89 

0*2 0«f̂  u0 
o»3 0*9846 8*ff 

0.fS43 9.25 
©«4 0*9817 
0.4 0*9824 10*39 

0*5 0.9798 12*12 
©•5 0*9796 12»  ̂
0»  ̂ 0*9796 12*  ̂
0*6 0.9791 12*60 
©•T 0*9786 12*94 

0,? 0*9789 12*73 
o,fi 0*9793 12*46 
0*6 <i.9791 12*60 
i#0 0*9792 12.S 
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Wmiog dmii0rmin0d the optlmm ymst miaemet mtmeaiaestlmf 

mxt mt&^aX taken for stî iy ma assaoxdum cMoî 4e« A 0 î«s of 

fXî ]̂  ms pcmp&r^ is, & wamn^ amJLogom to th# of fal̂  

data ola l̂̂ dLsMî  sre given In &bl0 13* 

TABLl 13-

msGf or AMMmim cmmim coimmTitB mmmt mm 

flad^t 2q0 in $00 si* Wlmaa&ymt flasks* 
HeSlusf Sextroseiy 0*37  ̂ŝ eRSt extr&ot| oiim- mt@ria34i m in 

mue lit «£eept mm» " 5* 
StsrlHscatloat 13 lbs* for 20 aimtteg* 

20 dextt̂ se neMtŝ  iaomilatitHU 
Immtiaticsi 4 6t ̂  C« 

traaii f>£ fiwudt̂  ol* Ovcow &£ 
la  ̂ 4i8tlllfttdt 

is 4|| %tal 

0  ̂ 0*9  ̂ 11.91 
G«0 12*  ̂
0»1 O«f802 n«i5 
oa 
0«2 0«980t n-Sf 

0*2 0«?805 11*44 
0*3 31.57 
0,3 ©•?7f8 12*12 
0.35 0,f803 ll»fS 
0.35 ©•9811 11.25 

0.4 q*$m 11.SI 
0*4 0.f821 
o#5 O»f820 11.31 
0«5 0.980? ii.ir 
0.7 0*9b0$ 11*64 

Aa obtsrmtiofi of Ikble 13 iiadiiatw no optimal for 

«s»qinlud ehloridA* smm anoraiisa «alt« jpre^nt ia ymtft 
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«0Etract. Tbm fermentative aotlvity ms great«p» howewep, where «» 

appreeiaKLe 8:̂ imt of araoxiiiis ehloride nas present* & eoiumxÎ tloB 

of Q«25 p«r 100 nl* of î iim was issed in eubseqfteat media* 

the HBXt imiarient attidlî  n ŝ the phosphate* t̂assim a îd 

pî Sfbat̂ e w»re used nAmveln half of the salt was the primr  ̂and 

other half «a« tlie seeontoj salt* Bseults are shoim in faliilA 

200 atlv ifi ^30 "SsJjBmmsr&r f 3asic0* 
Me îtssi d«stros% 0*375  ̂ eKtamot̂  0»1  ̂ dtlier 

sateria  ̂as in 11* «£eept for pbospliate «lu»« 
-Use weight in e&oh f laal: me made tQ> oi î iaaxy audi 
§0  ̂see(ai»iary potassitm î sî tes* ae desigimted 
pe*> 

SteriMmtiont 13 for 20 nimtes* 
$0 isoeulatloiw 

14. 

t&BKS 14 

wisf m wtassxm acw coscmmtios 
OH wmmi ixms 

qxmm of Oenaity of 
4liatillate» 

Qmm of 

ia aoo sa* m  e^aaolt 
fseta 

0.0 
0.3 
0.1 
6.1 
o.a 

0.f7f7 
0.9714 
0.97^5 
0.9795 
0.9795 

12.19 
12*39 
12^32 

12.32 

0.2 
0.4 
0.4 
0*€ 
0.̂  

0.9794 
0.9794 
0.9795 
0*9799 
0.9801 

12.39 
12.39 
12.32 
12.05 
11.91 
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f^ism  ̂sot sQ«  ̂ ixt be orltioal is m t̂tixHerasat* Senis 

«ra so 4mtbt iHresest in the yeast «Kti!%st aUewim fex>» 

a»ntati«»!i with m other pN»^ t̂« added* Ohamrmtim. of the data 

and r^etjUm vig@r indie&ted tliat abcmt Q*1S 3  ̂̂   ̂

aised ŝpiates is advantageous* 

Bie «l̂ «et of imxTiag eoiuMml̂ timifi of nsî siiia ailf&te 

(%S04»1^ )̂ mm etodied wa  ̂ It wsLit noted t:̂  6oim6tein aM Xlsdecdai 

15 

mrm m macmibm suuta® coHcssmTioi m 
mnmih imm 

fsm^t ^ ad* jUi |00 ntu wexvamftip 
Hedimt 3  ̂d«stroa»« 0*3?  ̂ymat oc^ot,, 0*1J  ̂ 0*3  ̂

|3iH3it|̂ te ejbetydre  ̂ and o'tiier saterlalsi m ia IX 
eoEoept tme %SQi4-*7%0 aMoh is as 9h<m% h^m* pi« 

Stexllimti<  ̂ X3 lb8« tost 20 »izBXlie8« 
laoeiiltiKi 20  ̂Scsctrose ]Mdi£i%  ̂ixK^mJAtlcm* 
lŝ b6M.<Mit 4 dEgr» at 0* 

tas« of Dimity of OlPBffil of 
distillatot ®tilKB@X 

ta 300 hI« 
4? 

mal 

Q 0»97930 22.4  ̂
0 ©•f7?2X 2a«5a 
0.02 12*4$ 
6*02 o^mm 12.53 
0*04 0,97920 12»B 

Q«04 0,9f930 12*46 
0.06 0.979  ̂ 12*44 
0*06 0.9f922 12*51 
0  ̂ 0«9m5 12.;̂  
0«  ̂ 0.9792$ 12*  ̂
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(if 24) la tiMilr g3^r«arol fermentation werk tfeat mgrosli® eulfat® 

«as Iffiporbaat ae a feonaentatlon aceeOlerator. Hmk was dose 

other iirrestgatorsy \»it as their parpose vas sot to obtain a SMUdiiai 

«ith sinisasB euMed solldiiy the iB«9tirfdgatio& <l«Mieribed la 15 

ms mio* 

roipilts of 25 obrloual̂  are iŝ eemeliisi'To inuisifî  tm 

tabim 16 

WFBCT OF QAWxm GHMmmwi amomfutms 
m mrnmi nm 

l^MJskai 200 wJU in ̂  ml* Srl^amesrer flandoi* 
MtMmi 10 ̂tesctroewt OmSfS^ smat mxtrmtg 0*10 

l^tsmif^te £d3cts£M»t 0#02^ %90##t mid o^bsr 
m is !EatOLtt 11 mmpt Sar CaiSltiAitĉ  im tSycmn heUm* 
3  ̂" 5« 

Sterilimti^t 13 1^ feet 20 
SaoGOlmt 10  ̂dcectrosQ  ̂î eeidAtitm* 
iltemtetioat 4 dî  &t 30® G» 

(SE^USS of 
GaiSU im. 
200 eU 

fittsudty of Oraim of 
•TLLMQETOL 
totel 

0 o*9m$ 12.80 
0 (ufim 12.97 
0»02 0»f7tT0 13.18 
0»02 ©•97745 13.35 
0*04 0.97770 13.18 

0.04 0.97780 13.11 
0#0& 0.97820 12.83 
©•0$ 0.97850 12.63 
OVDS 0.97905 12.33 
0«08 0.97780 13.ai 

optlasa <^ne«i»tTatioa of @agmslSBSB sulfate is otmeemed* However, 



www.manaraa.com

-T6-

eixBermtiom <m the jrat© of feraentatlos iadî ted th® p-eaene® 

of mm of iAie salt is to be d«slred. She flaaks of higher vm^mslvm 

sulfate eonoentratioss irere quieaî nt ao&mr ttmn vere iixe flasks of 

Imer oosoeatmtion* A oonoentration of *02 greoe per 2jQ0 @2* 

Bedim m» used for sa^eqimt iswiia# 

effect of the coneentratlon of o&leitira ehlxHride m. the etheiî  

yield from, a yeast feraentation of destroae ims atudied noet# Mta 

found in Î KLe 1&* Team ti:̂  rmulta of lit it ma deeiA  ̂

to iise a eoEKiNsistx t̂lofi of 0#01 grsss of ealeim diltxride pes' liSX) vHm 

of 

So particular edvantage was found in Idie aMitioii of aa inm 

ealtt  ̂no iroa aalts were included in the final basal mediui* 

UBIM 17 

<mmm smî iHfHEfic ISDIUM fm MAXIM® imsox, PBiaD ŝioK 
nmzms A MISZMSM Qir ADDID SOLm 

leî  pm 
WO si* Medim 

l< ŝt Sstraot {Oifeo azdi« } ©•315 gs* 
Bl<03. 0.35 

Q*0t5 gn* 
XHafO# 6*075 m* 

0.02 §Bu 
Ca<% Qrnm pt* 
S t̂TOse tor <»rrying eulture 5*0 SB. 
fiextirase for izKmlssa 10*0 1  ̂
fiextoose for eKierlAeatal media 15JS pi* 

flte Oftiam ^Kiiua was tak  ̂to be as deseribed in lahle If* 

Th® «igar eoateat -varied aceordiî  to the pirpose of the seditau 



www.manaraa.com

f«p mm IUHII4 ia msdx^ tlie media* 

Tbi$ qu îtids of the is @adiaa 'neee m% 

Semad to t̂ieal in the experisental eeriesi fa»ae% the Ijasal 

sidiiM desc^bed in 7al3  ̂ IT ms chcmm for the salee of Oiso îeteiE  ̂

i» th« mrkrn 

3* fh> atimliaft dlftstailiittaB af daartawtaA fia? the i»«3ftgatifflB af alvem ,̂ 

ft» Ifff fft wmnlaw vm&gma m» me& 

Itefieswtt (l$35) ia tlM»ir p&teat as. the femestaticm «agar to 

gSyoerol.* tiaŝ  obtained 15*8 to 18*5 perî at gl;̂ rol h&m& on per<^xfe 

of ««gar »eî t» car 31 to 3$*3 i«rcent of tl» t̂eoretieal 3bree 

liters of ft laolaeses midlvm reqiaired a totel of abcmt î * mmsmf 

im !3@qilrtQcide (23 peroeat îoh ms added ia pcnrtloae* dils;̂  

Um «rf eet «»s not very greHut with that ewdl m added 

«aw3»la was edd  ̂at intervals to keep {£ mar aniitnil* 

the pfi wm ab  ̂T«2 or 7«3 imediate  ̂after asnc^da ad t̂ios, 

Ixit it sooa APPEM<^ED neutrality or slight aeidity » 4»8)* HCHFK 

sawsMda was tbea added* la T»ing aamsoaiat ae "fiaesd* sidts ma  ̂saM-

ed, and the glycerol «aa i»re easily recovered* 

S&m ^z^x^Ued feraeatations irere desired at -rariotMi jpK letels* 

It would be advantageous frcm a theoretieal poiat of r±m to be aMe 

to esipreas glycerol yield as a fimetitm of fhe Ckuei«n»a pSi 

]̂ u»ird«r«Gontroller is to eonitFol feame&tatioas at a desired pB. level 

by esitcH t̂ioally adding the base as reqtiired* fbB equiî ent vaa 
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stirred for  ̂seeotde of ev«irj imt KlmteSi, aid Bl@e 

ntum tb« b&e# aatcmtieally add«d« Th« pH wets tmsc after isoc^ula* 

t$jim§ l»it it w&a la^mght to &baut 7«5 O'srw a period tsi fX-m 

hours* «odksd escosUentJ f̂ but the fî ?mBiit&ti<m ms tmiBA 

to hmm mmmd itf%«p about om daj at l̂ io ^Sm ^ar not imltig 

mmmmsfi^ aad no bas« vm added* 

Mmiig reasons oonsldl«red for the death (£ th« eultore wm&t 

(3.) Imsk of 4MtcIiBati8&tlon of %h@ oiiXtore to tho alaaonaal. 

it} rslftt^ in some meo^r to the anmi«» i<m» 

(3) fî a^rorablA 

(4) foo r&i^ a ohange In "tiie begii»3di^* 

(5) GuXtars too week at t̂ Jte start of tise ewutrol p«rio4* 

A batoh of £»sdim was inî pared as abo  ̂which me to bs 

at « 4*B l̂ ^^dnscide (14 paroeat This mm Imsm 

m i^isx *w. f^^vi6s <«»fitrolloa at five for 12 hemen foUoKtsg 

i»oe»lati<m» figoroixs p^wth resulted* fhe wss gradoailj Isrought 

to  ̂ reqiiiriî  a feriod of about iiii» hmmm kt%m the 

mXimm ms ̂  hemm oM  ̂ e<»)troX was Scmsd to be WBme&amef- asd ms 

itot off îSiile aSJLoidLî  the reoorftiî  to pcxteeed* p8 had risen to 

ab®ifc T«3 aftir 12B imata* ffeis amm to be a typî  ̂ mammmmm 

k% % hmsrat aM at US hawm aboot 0»5 percent of tl̂  tî igi»(iX sngsr 

vas foimd %e pB was eheoked at intervals with a <k£^r«m 

jpS Hsten the vmceed was satlsfaetcsy. Amljses î to«Bd 13*3 grass of 

gljrie«Eii>3. aad g^pimat of etdianol obteined ttm. ICK3 grass of 
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<3®ctros% or 2T*1 pereent of the tiawretical glyo«w  ̂or 23*$ pm&mt 

Km -ttte sagar Mais. About 99«5 pmtMsaat of the m ŝft m» oonararaNU 

About pereerst of tlte desctrose was acscminted for  ̂ talking ©onsid-

eratioa tlie fact th&t soae etfcaiiol is fGxm& tb® tbird aquation of 

ateoawi'g,  ̂*«st tti® first «qpati{m (slfse l̂io)* fb® gl̂ ntecel 

yield ef tMs fc^cwmtation night be esqpeel̂  to be & bit Im&p thaa 

tdK>se rcfiorted and ileS@n»»tt tl$35) as tMe mm vm at pH 

6.® to give 13*8 percent glycerol m t̂e sugar, «Mle th«gr varî i %im 

pS fr«B 6*6 t© abcmt |»3 ol̂ ii3«d ismb to 1S»5 pesE^nt of lid» 

sagar as Aootber dliferer-ee ms that ihey mimmm 

insteî  of dextrose* 

fh» mixt trialy koovm as *Q% ms nm m b@f<»*e» o^eept timt smm 

solid caleitja eerbomste wa« to tte meOSxm to ke<  ̂ -yic pH ®ear«r 

lumtrel b&f£»?e control ms applied* î bosit 10 greas of ealcim 

oarbsnate sMe& to tlie tteree llteors of s»ditim* 4fte  ̂iiioeitl&tî  

the ooltŝ  grew luxwriaatly 24 houns before ison-tapol tBs# « l̂i®d» 

Bmm iaslaTiaeBatsl iiifficuitie® toad arisea* The s& o£ the aeaisa at 

24 iKmrs fdtfe csRlcim carboaate present m.s about 5*S* we.iMs' 

m&B addoti as ^ml for about six hoars to tafiag the -0 to f#1 fer tNi 

<^mpletioit of t)M fera«Qta,tio»» With swoh a stroî  staî t tee ferBjenta** 

tion well* Sb«« !̂!«rt feramtatioa ceased wit̂  33 

eeat ©f th© ewgsr mtouohed. 

flie asset trial, knows se *P*» waa mm in ttie îstml iray» Smi 

pa WU8 gradi»Uy laronght to T*5 very o«a«fully over a perî  of Mm 
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after imouljitioo* But this run vas ixMMted m ma  ̂

rest Qt i£»»i€e«8sful @3cperia»nts at high pS mlttes# 

fi'Ui siush G ŝasĵ t̂ t xmimccessful fexns&satatioasai at oontaiollfidi 

1  ̂-mXuee Qf̂ sr » ?f it mat tho t̂ tloit pert̂ î  the diffienil̂  e@aLd 

be assoeiated «ith the U8« of wmotdm tiqfdroKide i%tter tha& ffl itself* 

AisOf Mmg mid 3e^exiaott (1915)  ̂not de ŝribo fen9»inxt&ti(»ie «itit 

average pi more thaaa vhi<  ̂mr@ although 

thî  oXftloiHi the  ̂tmigo frm emm eî t to be deslmtiile* fbire 

henos bi«a tmmrmut mS^rtmstm to alkulim feiwimtatlons ia HW«* 

tsrey so ̂  &Ione is not emme of the laok g£ oiiap3«tioa ̂  

ism fermentations di» îbed shooe* Hue eo&t4ra»lled f#]:̂ Btfttiî 8 

*' Jfi through S3  ̂eo»p&red la 18* are sn ]̂%ed ia the 

of the conti!oll«  ̂pH -rftlv.̂ i« 

b> Stadiee with esamniaa aalt buffara* Beeease tbe remilte of 

iAm &hsfm mp&Hma  ̂ suod because of the faet that mslŝ  &m 

can h& tm at a ttoe m the instx^esiaxtt it ms d«» l̂̂ ied to sttî  the 

<if f eoî  of o^r afflaonî  ̂salts m '̂ le f erae»tatioii ia to obtain 

iî »t«»i of mmmsLmt î t "bGtiem «Meh eotild be tised to sta% iSm fer* 

at mrioue letn  ̂in ramemm flaelEs «bmltane^nas3f-« 

&n a0l4 rioting ara^&iim salt suoh as astsK»nim ^blerlde itS^% be 

used with as all:&liî  reaoting salt stieh as araa^nim oarbosate in 

mŝ mm ^ge&p&rtiom to aal» a bnff̂  series* fbe oarboaate 

«ouM tend to hF^dnĵ se sou^aihat foiling aema amonliii l̂ rescide* 



www.manaraa.com

»82** 

the pe«8«see of to sî ppress tlie disaseiatJLcm ̂  

tlxas sekitig tto ia effect more adl4« 

mom 18 

fSiM f̂AflOM WiWQ p[ ABSOmnGAIM GOBtaOLI® M AMiOSIOT 
MDBOXI&E 

msm 
5 lit«r» 3< ŝ»^£tdt «mtal&lBg 3 Ht̂  of aedliai* 

Msdimt Q0imm s«d-î tbstie nitii XS  ̂d«xtn>s«| 3 liter«| pS." $ 
ftt St«tXt» 

Stezllittfttioat 3Q nimtws at IQ Ibs» stî  
300 mk* of «mXttsa<« Hi(»« 43 is XQ  ̂dectaroiM nwMafwiiu. 

Immh&tim* 4 to 6 4  ̂at 30 to W Q* 
XsatiPBBaeittt n»aM>wy»  ̂

tm@mU Jmmim (14 pmrmst 
itlj!3 l̂sgt 3  ̂ see* eat of 4 and e& iuMttiea of 

frUX B^aael Besldt»X 
Xî  Stigar» 

 ̂esi m&ep  ̂on  ̂mtf«rau 

5*© - • • MeehanlcaX diffIsalties* 
Co&l̂ roX 2«MSt« 

.0H added 
î î nn l̂lii I I iiiiiini iiwiiii 

'"i6«8 ' 3^»î ' ' X3«8  ̂

X T*4 
te f *5 • • Offer  ̂ Me^cateaX ©p f̂atim 

esEesXXeaatw StleeijidJflF* 

?«5 •• • Over 5® î«aia3d.eaX 
«xe»lleiitf %ttt ^evartk 
ewaed. i« 

t.f - - 33 SeXid Cal»3 
MeehanieaX opemtl̂  
load tbe Xst da;̂ |; m 
t̂ t a»d£ta» a 24 
hgiEEr start ef p«o«tii« 
Bat after ims e<  ̂
tjreXled at t̂ T* gsowto 
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«&fi the faot«»r in f«gm0&t&tioz» of aeid pH axxi of irolatiire* 

high etmoaim t̂leriilo <»mGeQtrfitlon8t d«sir«d to Tmm 

typtt and tlio eacteat of effeetivoziess of Toriona vdxtxsem of awoaim 

^bloŝ o sad amosdUfis oarbc t̂a an boffers for possible tise ia f«r* 

a^rtatlcaw* fbe earbosata mmdi is all eaŝ  ms th« 

l̂ ndx t̂e b»t vaighta wore CNalcmlated em tbo aal:«|tLst»u; basis* MormX 

f ABI£ 21 

OF A^oMXw CH£JQRIBI-«&B^RIQM c k m r n n  u t m  
OS TSI pa Of SOIMIOHS <^SMT 

mmmm mt wsmm 
G*) 

OF (mh  ̂
SQSDIMSMXT % 

 ̂m f̂Sk 
PS et PS OF SE3STL< Î 

0*5 »• I» H«U 

00 VXi% 5.03 
X 99 
S F8 7.25 T.30 
4 % um 

m U7* un 
so 80 n*m 8.20 
m m 8*4I 
4G 40 8*43 8 f̂ 
m m 8«  ̂ 8*ff 
m 0 8»t2 8.FT 

of both îlorlde ^urboBat# vara 

p&T  ̂ in diatillad «&t«r* fiurious mixtures ̂  the two soltitioM wtam 

aeda «Mi:̂  rasultad la a CKtnstiuat aiasemltt ioa e&»(NBXtoatiQ»« bat 

witb tli« maix  ̂of equivalent pE^portioua* ftee of these 

solotioBS ms m&mKred at 2  ̂emitigmd» mmm of tlie 
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glass ilieo^rodie pR Aft«r these K ŝistarm^ats wmte aeyi%( 

imr« 4iltit«d an eqtial volm» of <ll8till«d mtftr* Sh# 

iNiMmltix  ̂ solmticms were 0*5 î rml la aiamB&m $mmm wmmxpe  ̂

seats v&te î dn m&m as before* flHi data ere given ia tible SdL m& 

fî xm 5* 

t̂a ia 1^bl« 21 î idi(%t« that emh sdbctmres of astoaivsa 

sal̂  sight bs satisfae'toir  ̂for bt̂ ffered pB ffiraentatiom if othii»r 

fao^re do m% mikm their m9 iî peaoticml* Olher asiKS&liai salts 

stid) as ̂  salfata shouM aet ia a mrmer sisHar to tho aetion of 

aiwaoniiai edilorlde in tmdi buff«ra« A fairly Mgh eoiMMSsU t̂ioa oi* 

mmmSim earbomte ahouM ba used so tl»it aeetie aeid l̂ t t&em 

duidsg fera^&tati<m twcmM eoxnrert oaly a imall fraotios of tiie 

oBorboamte to a«HBtato» 

& m&m to Imw soî  data regax îag izMbitiBg sheets 

ta rarlem eiaSma of astaoidm salts on al<^bolie f̂ E^ontatioas 

 ̂optlmea bafjig ste îsdt whare the ŝ t eomowstamtSoa ia 

ggmliBr tlwn mtri«at rcquir^ t̂sy tto fe£^»tatio£is deaadbed ia 

l̂ bla zt aM im figwm i irtiat salt est salts ssey be tised in 

^3M8ealtiPBtl®EM$ <qippeNB<shSjî  1 mmsex  ̂ It «î  î obs $m f abl« 19 tliat 

mmmixm dbloride o<mM mt be tisad la a»»(M3î 'yLoQ8 abo7« aboat 

©•?5 B««®etl wî ottt le«viî  mrs then 0»5 perosct of tfea sagar mn* 

£e»nest«d* fhe ehloride* eulfate« and nitrate were sttnliad î pez t̂̂  

an  ̂as sixttsnts* 

ffea reaults proved that aMonitaa sulfate waa l̂ r faar inoat 
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6. 

Effect of the Ratio of 
Ammonium Chloride to Ammonium 
Carbonate on pH of Solutions of 
Constant Ammonium Normality. 

(Temperature =25®C.) 

%(nh.),CO, 0 10 
% NH4C1 100 90 

20 30 40 50 60 70 80 90 100 
80 70 60 50 40 30 20 10 0 
Mole Equivalent Percent of the Salt 

Figure 5 

100 

80 -

Effect of Various Concentrations 
of Annmonium Salts 

On the Extent of the Alcoholic 
Fermentation 

Age: NH4CI Series, 7 Days 
- All others, 6 Doys 

NH4C1 
N NO, 
NH^CI 

pr nh^no. 

(NH )̂iS04 
NH4N03_ 
NH4Ct 

(NH )̂̂ S0  ̂
nh. no 

iNH î̂ SO  ̂

0.3 0.5 0.7 
Ammonium Ion Normality in Medium 

Figure 6 
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satlsfaetQcrx s&lt «£ tbose &a s(̂ r was 

eoai»««Ad* It wes edso shown that the amotdm itm w&a not 

inhiMttî  fa<rtor as t̂di as ims the dbilorlde ioB* Betli ^hlî Me 

aM nitrate were onsatisfactozy in eoseesstrationB te aboot 0«5 

Q@xml« while the sulfate ms satisfaetco?* Hixtiur̂  oi lihe mx±mm 

«tlt8 were not as asLtisfaetoar  ̂as was aamemim stilfate aloz^* it 

well to Bote that all ^ese fersentetioas were of  ̂stztd^ht 

aleoliolie '̂ pe# L*e»9 the pB was about three and sulfite WIUB absffisl* 

Waitme adxtures of asaonitBs carlx t̂e aM aa^ni«at sulfate s&suM 

he imtisfaet̂ y for studyl̂  ̂ the |>S effeet <ni gljmrQt 

sugar lareaMeims hijr yî st* with the amottlvm im. present* Zt 

should l)« reiffî bered that salts are desirable ratilMr than 

or potassiua salts because the oatim aa  ̂1  ̂r««K^ed %gr 

•folatUiiation aft̂  alkalisatioa* 

A ooî Lete seH-es of feraentations was dwired 1^2% pB is e@B* 

hf afflm îra salt bi;̂ f «rs wh«re the treM of a of 

feî entations sight he sttidî  at ene tiiae. Sueb studies 

talî  waeSx too loag a tijMi wi-̂  the aulMSffletie eontr̂ U«r iMch ma 

eon'î l h«it one fer^ntation at a tlisMi* Sismt it «ss i&oini 

22 that asmî um sulfate ocmld be used satisfaetorily in eom«î etM» 

tions sonewhat greatm* tisan 0*5 tuovmslf it was deeided te |̂ e|»£re a 

series of fementationa containlĵ  imrimis aixtiares of amaiolm 

sulfate and sraaoaiua fl«rbonate aleŝ  with the siaall araenmt ©f 

a£»emim îl̂ de added as a nutriest to the optisa  ̂msdim* fhe 
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to  ̂mmxdxm ioa eoiiie»zî ticm ms atad« to be Q»$ noiiml la all 

mees* 7be «xperiî t is d^erlbed In fable 21} the z ŝolts susd 

î î t̂lons say be ®ore easily obe^ved in ?i©ire 7. 

Qme a^&iQ it obrio  ̂that f̂ iaentaticms ŝt to 

ecMif̂ icai q\iite as Icsig as the feriacasting i»di%» a 

icmim It aî omimtif̂ * Aa soon as the  ̂«Keeeded Tt the rate 

of oonaamptioa fall off quit© rapMly aad th» growtJi was 

slu îeh* Although the raedia mvm not buffered at ^o&otly fixed pB 

val\ie&t the iF^ues for sost of the raedia v«fe nmr to a fixed 

m2»e m -yiiat ^esds ecftild be noted and ŝielusiom laiy be draMB 

vitMn reasonable Midta of error* 

Ihe teolmlque tised ims zast for the purpose of getting Meiana 

possible glycerol yieldst ŝ ther to stod  ̂ the ferwsntatiw tarands* 

The jitM iseare t̂ŝ  with the as al<K>hol d«@n^MSHid# 

%a> aî amsiiEfttely pH • ?» fbe more alMllse aedia ocmydsed higher 

resiisal a^gar then the aedia having pH îtes b^Lov f« 

^d^atly î iiethi£  ̂happeiied at about pH » «hen «î >nit« 

i»lt« «ere used i» relatively jUrge qtiaatitiest «M.eh ^used |jsl3ibit̂ i»i 

of disslMlatioa* ffais effect ms mt in the aUcalise femKata* 

tioss soda ash* ?%ie #iaz  ̂that seemad ob9l<  ̂as the 

appmohed mid thes passed f vm the very rapid fozmtion of mlMmSMSt 

mamimk vhioh is in equilil̂ im «ith ffioleeolar rnmeiMm 

ft̂  eatix« set of equilibria is as folloimt 

 ̂ T"  ̂ r H# • (̂sol»a> MjCgas) 
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SiBZ.! 23 

Awmtm BmmB o*5 mmmiL m Amo t̂m im mommfmni 
Tmm wEGf m i% osMmoh Am m SOGAE mnmsmoM 

leditni Optdinm vitli 15  ̂d«KCtarape« W9m aMm  ̂ m Bo  ̂salts mme ftdt&td to em* 
eentmt̂ d itodla as 3 soliitloias* All tim rnhs&i^ was &(M«d &t tbe utartf bat tbe 9srlK»»» 
at® me In portions imcdodA of tia« proportioml to the ammt to be added Cafteip 
i330«iiilatiott)* axk tlie oarbomto was Mdod the m& of about 24 hofom in flaake Q* % % 
and f* fl» timl mditw In eaeli $00 al» flask vas 3  ̂sil« of opttnw CKoept for tli« 
addftd salts of %im lmf£«r* fim (mmnim eo@o«i%tratioxi vm 0*5 K* mh»n tbe option K^Ol 
ftlreaajr tluiro 10 oonsM«rad« 

XnooiiIiiBt 20 tsl« of ll̂ dextroa# oolture of y^east M# 43* 
IncabatloBi 6 days at |0® C« 

. A# tywi WkO «%t} M12 «ikiap wJbTfPvirvJb I 
flAsk (m)3m3, (m}gm4§ m hrm 4^hr» d m 145 ^Oi TmaA torn, ^ 

al» 3 H« sic 3 lap* llwapy Sagwp  ̂of % ai!» * 
Theory fens* 

A 0 
3A 

3»  ̂ ^ • 3.41 3*34 3.39 3.29 n*3^ 5*f5  ̂80.0  ̂o.tl̂  
B 49 3A 3*58 - >40 3-34 3.2T 3i.33l 10»3 5*25 80*3 0.64 
G 49 1  ̂ 3*fO - 3*43 3.35 3^32 3.33 11*© 5.€o 80.1 0.T5 
D 3/4 49 3A 3*88 — 3.5» 3*42 3^43 3.42 10*9 5.55 81.8 0.6i 

d 2 48 4.f8 3*f3 3-a 3.10 3.t5 3*T2 11*05 5.64 .̂1 @»53 
1 4 46 5*34 4*28 4.12 4*1T 4.1f 4.14 12.53 &.40 19*0 0*61 
L 8 42 5*83 5#43 5.20 5»tl 5.18 5.29 15*52 7.92 74.0 0.53 
M 12 38 $•15 6*09 5*95 6,02 .̂19 •̂41 15*42 7.86 71*3 0*32 

M 18 32 •̂39 6*42 •̂39 ^*49 6«54 Umff 8.55 69.0 0.32 
0 25 24 •̂41 6.5? $*SL •̂T3 6M 19*1 9.74 67*2 1.42 
P e#49 &.f8 6*T8 6,82 6.8T 7.©3 20*0 10*2 60.9 7*25 
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Ixm icas not at faulty aor «aa the solfa1 ,̂ as ma 

sh0es ta fabls 22. Qarbcmte lozis mre sot at faultn as sode aah 

Semen t̂lom «ere successful* :̂̂ osia gas «ast of eomrsat out of 

the m&Lm itsslf • Tk& c^pouads Iftft for tb^& the oolee-

ixLsr Igî tacidey and ffiN3l£<mlar aimoonia in solatioB* eo&» 

ceatratious of thase sgmt» -msee p^bably not as m «er« 

'̂ le (̂ tad.eal sustiritias as îfined Lemis and Randall (l923)t or 

the eh^Bieal pot6ntljt3j« as are also knujim*  ̂

fthawti**! y«y%fw*4 t̂ tO baot̂ îolo  ̂hwft la&9& disSOSSeS hgr 

aM f̂ ilaer ClfJOa)* 

l%tt aetî  ̂of wtlficalar amu»iia« for «xa« l̂«» is pra î̂ ticmlly 

»î ligible at pB mltsM aore aeid tbmi ahmit pR « 6*  ̂iMls iy»i 

aotivî  bî ^Uis to aî psar and rise vcoy mî Iy as the pH passes ? 

and goes OB 8 mv<en» As pH » f is rsaohad and pe ŝed  ̂ the 

l̂ l̂ drosciie loa eî icentration. increases very zmpidly* thin aUoss tlte 

i&rmeMm of m&tm and aore aaeonitai h^dresdy  ̂so2«mil«i being 

i& î pilihritia «ith aimmia» increases activity &£ ac^eesilar 

emmaia*  ̂priUMmee of î ppreeiable <»no«ntration8 of amsontin 

»ilt8 at a given ]E  ̂ «ill have the «tfeot <%t i£U»reasiî  tto aotî l̂  

 ̂ mmmsd& over " t̂ activity or diesdeal pot̂ tial in jE l̂utions 

lenr eaffî oiiiB mlt oo»<»nt]̂ tiom> IMs Bd.ght be ooimMBrfld in 

SG«e respeets anaXc^^cnas to the increase in bacteaddLdal aetivil̂  of 

idieaQol iK^Untioss brought abcmt by added sodixsa ehloaride* fhe SiMed 

salt d ŝr î̂ es the solubility of the phenol, thus briî iBg re-

miltlî  soluti<m mmxixe to i».̂ tratlon» the ph îol tt̂ n haa a 



www.manaraa.com

-ff-

gs?e&  ̂^mmptag t®nd«0E«?y«» Bmh m signifies greater 

setl̂ tj OCT potoatiel* |̂ m»x>1 is« in «i!£mt§ ^Ivm 

mm toae^W^ into car^Euoisa* Likewise emoaia fnsuM be lfti» 

TOlî e ixi a soltiticm high mlt th&s is 

01  ̂ €f Im c^nseatratisa  ̂aM &@m>ida aetlvlt̂  w^oM be 

gx«eter* A fixed ecmee&tŝ tlon oi asmxds. moM bmrm a. grater 

&etl-ri1  ̂is & 2 mrasl eolation of mdlm mebmj&t^ thaa it wsuM 

in ft 1 aoxml solutioa of tite seae salt » eth  ̂faetcsrs »<• 

m&Sjds3^ ths aam^ fbo motlvity wmiM also be increased irî  aa 

imsr«ase to psu 

fbiM Vsmvy esspladm m&rj smmmSal m& ev@tj mamsmBei^ 

t&emmt&timi î entioiMed tima tm wfa«r» isMoxdua ê iMNiBtratioas &mar 

mtrî t t̂aatlti00 were used* of ŝ t of asoî im 

salts sbouM ellcm fenzKOtatioiis et @pe&t«r alkalislty those 

awKmiisB salts are prese&t* It sill be ooted 3&t«r tliat t̂  

first fefMstatlon oostrolled soda ash sas sa t̂eessfol at lil 7«|̂  

Iriig and lef̂ rmott (3.935) obtaiasd glyoerol jrjbeMs trm thei fer* 

»(»sl»tim of solasses W&SS& ^cMeh were l$*d to 1S*5 pero^at of  ̂

smptr «^bt» isSmrmM tlie majciimai obtaii»  ̂as shoss ia fable 23 wem 

about 10 praroent of the total sugar w^ht̂  or about 11 to lg«l pea<» 

« t̂ oa tSie fems&ted in flasks and Wŝ nmatf, tM 

avallat̂ e amioBiuB Sim oosoe t̂ratioii in th» ea^riffitmts of Sesg mM 

wm about 0.26 to 0*28 rmmlf irtdLle the ioeperia t̂e 

fable 23 rm in î ia tiiiĉ  ssFe 0*5 mmml is ermilable mmetoim 
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im. lî  pS » 7 imiefo of 1  ̂ Xmm mmX& be 

eosv«r  ̂to mlmmlbst amoa^m b^droadj&« aM amsEoî  «et3l̂ t|̂ t 

©r elŝ Bilosl potr«itlalfi of iridch woiald Imrmsa m & fvmettm of in» 

tmrnM^ sxd of iJKomaiisg axmovim or asraoî  

1^1  ̂ emsid& »oqM he grmtmi' &t a giv(m Is tbe 

«iq^§sl@mt» of f&b2« 23 than In f̂ rsantatioî js of m&. We^emeM 

»!£»]« mm^mn ijxm v&sm avcdlablo fî  cî M»xiiA f<mfi»tioii near 

fimx a Icmese  ̂ be x^qiiired fmr fermmiMtiom 

of amiX&ble aassî aia. i& <^«ar to de^E-eese activity ̂  the 

mmmiM mm^k m tbet i:EMMMm of @r«mtb ia sot pre ŝiSjiî  ffeam 

the M îiesr ^eMs vouM tssyt be cacpeoted in ^eOsle 23* Also Kn  ̂am 

Welksmoitt used aboot 16 to 18 gemm of isilesŝ  sogare per 3XK) oe* of 

mediiasy Î̂ Lle 35 gross v&r WO ELU were «e^oj»& in fftble 23* Tbe 

of the î ŝs«9 imy ha^e bad mm effeot alsof aoeoM* 

^Qg to ChMa (293?)* x ŝolts l̂ s f̂  aire peî ps z>eftsoti&bî  

mt iiilmitia&l* Mgher m^ar concentrations are ooadneive  ̂

gp«Rtir glyeerol f«amti<m according to icsBermott (1929)* 8® «dae 

n&ted tbat no2&ii9<Nsi fflsdia in t̂ e preŝ itee of l&x  ̂aaoimts 

of eedim ci&z^mte gave a slight precipitation along with 'Wifi t̂erelop* 

sk t̂ of a sU t̂ efiiaoniftoeul odor* The anmonia oofci'̂ 'it̂  is the leaslassee 

Bight IS t̂ the ipfixinas pR at «lii€& fexiŝ ntation woiald be c<m|̂ ete* 

®to odor of ewsffiiiia would be obirioas evidence of its preŝ ee sM 

aotliril̂ » 

An eKperinentf describe below in the section doling witai the 
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mmiaSjm salflta ffurther showed th» diffioultt®# 

D l̂ng rery high eGiKseixtraticHas of wmoMxia mlta ia fer©©Efefittfflrai 

vmr » f or ovew* 

It ms desiriî  to obtain wldenoe of a more qimstltatî  mtor# 

(©aacornli:̂  the toKic effects of free aoBK^nia or awBosntoa î roscldd 

in feî entatiom wedi&m Sev<eml series of ferŝ zrtatiaBS w&m designei 

to mhm th&t &t e^zistazKt the t̂ iclty iŝ sreBnea « ffsrtetiem of 

the isitisl emmilvm ion oonoentr&tion* ISie furies &Xm 

«l to 8ho9 that at eoiuitaBt initial a39ms£l«a S^n oommtse&tl<m 

tesxieity iimmMBS irith inareaaiag pH mid tMt pH » ? Is tbe ffiH.tî  

mXu9« 

A s«rai«^E t̂hetio mediua mis par^mroA «hioh ma liptism exeî  

tlî t & nitrogen equivaX^at of urea was aubaM t̂ed for aaencmitm 

fiMorid# in ord  ̂to have the arajoemiiiii eoneentratioa «q«Bl to 

It ms pr f̂isred in 3liK)<-sa.* fl&s&o meb tbat nl» on 

tc» 2!00 wlm wmiLd remit in a 35 pex%«at d&ct̂ am mBsllim* 

Asmmixm sulfate 9a8 &MeA to each fXaak in W nlm &t Bicimm» eolati<m 

 ̂give the % îa tbs desired asrsonim imi o(»»»nt»%tio88« Sterili* 

action ms at 15 potxnls for 15 simtes* 1%e aediia of the imrious 

series nem ixxmulated vitli 20 ml* of ino<iulua gje&m ij% W p^ro t̂ 

deKt3»)«® aediua* fhe organise ma e^espmAaiAef Mo* 45* fM 

fmlturea were inmbatefi for 2XK) hoars at 30® oentigrade* Tl» 

ad jtist®®nt8 ««re ssade at fr^xxent intorfala lay additioaa ctf 9oliS 

TOdiw earbcmte* fiata are given ija fat̂  24 sad in Figure 8* 
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fO pa MB 

pB • 8»0 pa « f 
msernmtr of Wetŝ SQ* 

pep WiiMx 
B^riLdiiBl 
S«Ktro0% 
ga*yiCXWL* 

QreoHi 
POE  ̂ F3iydE 

m^AmUrn 

o»o 
0«3. 
Q*a 
0*1 
0*4 
0.5 

14,5 m» 
13*0 
8.4 
5*4 
4*t 
4*2 

2*34 
3*50 
f.fS 

11*36 
12*36 
13.00 

lui 
30*3 
3*e 
4*8 
3*4 
3*2 

1*25 
1*044 
T*46 

11*  ̂
14*  ̂
u*m 

(||%>2S0  ̂ Iffl » fmZ 3  ̂- f *0 
Qmm of î OO. 
Add«d p«r Î Hctrose* 

gS*>60^BLl* 

o««iHi of aftgOO. 
Mdod per fisai 

g^/^SXkiS^ 

0*0 
G.2. 
0*2 
o»3 
0*4 
©•5 

5*  ̂git* 
4.T 
4*5 
4*4 
4*1 
3*8 

0*50 gffl. 
0*05 
0»f6 
5*44 
9*24 

10*10 

3»5 g®* 
3*4 
3.4 
3.3 
3*3 
3.2 

0*14 gî  
o«i& 
d««L 
0*81 
3.̂  
8*  ̂

<ra»)tS04 f® * 6*0 pS » 6« 5 
Hca»llty Qmm of ^00. 

&M«d per f%m 
Ibsî taal 
)D«Xt¥08% 
giB*/!SUKkid» 

Qa ŝm ̂  
Md«d p«r gt<» «fr 

BsNBiiSiiajL 

0*0 
0*1 
0*2 
0.3 
0*4 
0*5 

2*1 ĵ i* 
2*4 
2.3 
2*3 
z»i 
2*2 

0*40 g&* 
0*ld 
0*19 
0*30 
0*61 
2*89 

0*98 1^1* 
1*03 
1.05 
1»16 
1.M 
1*1  ̂

0*12 0  ̂
0*11 
0*13 
0*11 
^14 
0*M 
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Sugar Consumption In 
Fermentations as 
Related to pH and 
Ammonium Concentration 

Initial Dextros8=15 gm. per 100 ml. 

/ 
i 

/ 
pH=6.5 

0.1 0.2 0.3 

Normality of (NH4)2 SO4 in Medium 
Figure 8 
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valae oi T#5 wa« hat no feraentatioa had to«©B ecn l̂tetefi 

stiesessfully vlth em aipr l̂able aspoolm is& pMHMUSt 

&% this A(̂ em of alfesllnity* 

IQires of laedim wen sterUised im a 

3Na îî  fMŝ  fh9 ecsî Tiisioixtal iata are giveii is IkHe 

foĵ witstioa pertiaHy dwioftbodl ia Sab3« 25 «&s 

aally &t :î  » 7«5 hy a sodlus mr'bamtm a&3.atljim 

iî  IS^ geem of the salt per liter of aol»tl€ai» 

mm t̂im. m» fairly rapid* fhe pH ms mtdaeediled &% 6*8 fî  aboat 

thfi fi3 t̂ SQ boforsy to allow a good grov  ̂of y t̂ to g«t Bffllwr 

«ŝ  î n the p& ma ohaxtgc  ̂ to 7*5 ov«r a peadLod of %»o hemra aM 

heM at l̂ t valos* Fiftiyozte borura after iaotmlatit̂  1^0 e£ 

t3io sl̂ ssLyimt solxiticm had been added* oorr«dpo»disg to 249 gra f̂fi  ̂

ĵ diuB <»irb(»tato» !nie total '̂ ui»3 in the fersientatî  flask mm 

rapidly eî proaohiBg the 5 liter flaii& eapaoity ty thia tlai» ISwra* 

f<Hr% ^K) al« of the M.xture K«a at this poî t* IMs pre* 

oaduî  mam& cmî catioŝ  la the amlytieal o<^p$ttatl«»pfi« & H 

iKKtrs a total of 1^45 nLm of the earbomte had been added mid the 

fsnasntatiî  mM ec î̂ ete* Eeepiz  ̂ the eodiim <»rboimte soliitî  

is a fzmdo&ted contaiî r allowed a iilsihile record of iAie rate of 

c^Qiamptî m of the Mdt aolution to be kept* 3%ie rate of o«XE )̂ffi|}tii»i 

CKMPn^ponded to the rate of f®raentatioB» 

fhe lo«r yield of gUyoerol is not rnxŝ isix!̂  t&s '̂ bis 

ti<m as the p5 was 6*8 for about 20 houra» Alwop the additicm of 
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tmixxm itee ̂  ^aiXutlm tm ̂  

%iid a ^aseixlxuticm of 0«5 sp* P«r nl* fl̂  first att̂ t m&»i, ia 

failiir« a broke and all af -tiie ba«» ia tJi« fwiwrfoiy 

«apti€d into tSie ferMsitisog î iiai» F«nfS«xlati@Ha ewsjwd* 

fhe sft̂ nd attempt mM 8uoe«Bifal* fti«ra mmP» •pŝ epemA i«5 

11-̂ rs 0Ftiiŝ  ŝ ««7iitl]iatie loodim oontaizdsg 15 iMir^eaat 4iKtara»a« 

St9X^ULia»tim van fc  ̂20 aimt«s at 15 prntnis atsm ptrasstire* Xi»» 

ocmlation ma witli WO ML*  ̂a 48 lM?ar cwlt̂ p® ef j^9% Ssn* 4 J, 

Sli« l̂ mliasi iKiiî  «Ba initially 10 pfotmut in ̂ asctoosa* 1%» in* 

fmbatiea tamp«mtiiz« ma 30  ̂ oeatigradkfo (H&e a of iix 

after î̂ aalatioiiy the was gredimllj imrmmei. to 8 1  ̂ hms&* fltee 

pH eoatspol was then set at |® * 8» At iHteafimla tl» ®oBta?ol «a» 

mt o«t aiiS the decrease in pH as î kwb oa the i«e®pi ma «a iadlm* 

ti«53tt of fenwintative activity. Vary little i«wshaisic»l dS îcsity mm 

ma/am3ŝ i&r&&* After aboat 80 boisers of fezwsEitatî  ̂  «att® ef tjosa 

©enmrnptism fell &tt italioattng Idsat the fe»eBtatioa ime stably 

«m|3.eted« At 216 bours the amtpol ms stop]̂  asod ŝ im m» 

83}al;̂ ^» the wltoM of ŝe ad îed atitowitî stlly ma If5 al« fl» 

total 'mlxm of x ŝulting B îmi was I8f5 aHm^ acQTOiti»  ̂foe betit 

the S2io0alsm asd aiM«d basic soiLaticKa* fba disstrose 0o»e^^mtioB 

izdtiallyii ettlctil&ted <m the baais of the fiml V(̂ II3M% ms 12*3 pt* 

pm It̂  b1« of medii»* Amlysia ahowed 2m$ percent residual 4i«Ktro«e 

iBJd a yield 22*8 parceixt on the an^ar weight# IRjia ma 

praotî ilXy tcrice  ̂glyo^rol Îcld fouaS in oont̂ aHed far* 

seiitaticm using a sodim carbonate solttti<m fm' costrol# 
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beec^eo tied to the aM îsrdie and «ai»^Qism «a¥t)o»at« <sr 

Mmrbomte r^sult^ tli»s jLneraasixig tbd pi* Sem^ imisvsc dlwsm^ 

w^M m9& la gr€»ter saaoimts l̂ ms aŝ acti&» 

prellatimŝ  ewoxjim ev^im aenol̂ jrdratd »&« 

prifax  ̂% romlE  ̂mlfor Mfiacldle into amei^m 

l]̂ ^3dd« solmtî a mtil the mmtdR odosf diaappeared* llum 4«aoa  ̂

aa^»^»a î tlroKido ms added to again lariî  about the odor of aneosia* 

5M8 pp&^vmm *as to reraovo th« possibility of Ma^Xit® tmmti&s* 

t&mm 

amumtukfim m nimmm IIRA AKJSM mwimt <mmtm ̂  

Maditnt  ̂Z$Q nl* flask mBtaisdiQg 3̂  sO* of a«diia% 
j0 sm dea^armm* 

Imealxmt W siU of euXtcô tt Mo« 43 ia 5  ̂dtK r̂amo aedim» 
Xsealmtiost 75 hmira at 39̂  G* 
Ammisdm enlflte addids added aa a eolidi 5 pa* 

over a period of 28 1/̂  Soars is I gŝ  partiea»« 

Tim 2f hr» #6 V<E to* T4 iar# 

pa 4*12 4«3B 6*47 

QaPOWth flsood flswa  ̂ ypil^irWW 

aMlidm of otbyl alcohol to the oMUed oixttEra x^ t̂ed in as 

eKeaUent yieM of pore î te crystela «hich were filti»  ̂aiad dŝ ed* 

7his imit wm prepared aioee nose was at teaad aM th& prepaxmtitm ^as 

In cmler to aeolimtiae the y«aat ctalttire 8o« 43 to tlie aolultle 
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m m» Maasc  ̂ Cl9 )̂i a tJueak 

dpM»3s was pmpered suod treated as d^eeribed in 

Xt ms foi»ad to ha seeessary to add the sulfite ia î nll fttsatitî  

as aMittoti of th» m%i3  ̂ tsmsemt ia om addit̂  gesnrall̂  ttlappfii 

^ t% iMSk noted ttet pS iixer^uMd vlth time ao<^Rliiig 

to Hm ejqperiaiKxIi of tkble 2&« A rery aotiips grov  ̂wm noted 

&hom mdivm ma uaeA ae aa imool̂  test fotar flaî  

wegpi to oontala mxylî  aacmsta of amoalta su3J t̂et* fo «&oIi flaiA: 

6<mtaiziit̂  ibX* 1$ jmrtsma daxtroî  aadUUis ma addiidi 19 ipnaui 

e£ aam»sim mil̂ lte* Tim pB of each flat̂  ma aeairazwl iMidfisre isi* 

eNSiilatioB aad W&B found to be 7*44* 30 rnlm of th« IAOQQIUS 

mire sMed to fla« |̂ the ;d{ me then fooad glass 4ŝ «iHsarod* 

to be T*;̂  At Hie «ad of fots* days of iaoubatioî  at 30  ̂ oantlipradA 

tlb ŝm vas foa»d  ̂be praotioaXly ao fere t̂etioa* Srov  ̂liaS 

mme&rn 

^Riis mpmrimw  ̂was attenipted before liMMtl̂  effeets of 

afflggRla vm&tep alkaXias pH oondltioaa were aoted aa S«i®ribed ia 

aî BOQî a t̂ NizmMe mffitioo* Hoveirert it ia tuieful aa ft»>th«r pŝ oof 

of tbe ixdaibitiE  ̂^azmeteristios of aoleeular aî »£iA or aanc ŝisi 

î dF&Kide in solutioa* Farther vork nssaijEia to be on fenpnata* 

tii»»s( vitb aaQoaiUB sulfite to î rove th« 'mXna of attoh a f̂ meat&tiUm* 

mrnvBT  ̂ it ma shown that y@aet wiH ferment dextrc ŝe ia t&e 

s«D  ̂of this sulf ite* 
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thus time liHreilvBd.# 

<^ct«aaiTe eaapl̂ ^nt of* x^agtsnita fflscih m ettleiisi mxa mgî «ii» 

fei»aentatlons produeljE  ̂ gl̂ r&eatdl has sot been :rop£Krted* 

ISm 1^# «f 0«ah XHKa^e«t« •mold Iwm lAe saiTOutage of m.g  ̂rmmmk 

frm fewaeatatios S«dla la eontnaat to the difflottlties Î QRPOÎ  

(̂m fiodî  sulfite m& bisulfite ere me&* It is gmmr&n:y aekaov* 

lî ed tjiat the Metulfit« ion 5m neaeseajy aeô tldel̂  ̂timMm 

is thes« f«tfmntatioiia» and it is x t̂ber  ̂M îlfitei 

em^^x%tlon in aoluti<»i be if an mmm &f mlsixm dr 

mstgmsSam miJtltm wma iEuM«d to & t&rma^tS^ fhe 

of the salfi't» be an itsport̂ t faetcar to consider* stB imll «» 

the «ffeet of miS.a fetrmA by termn%&%i(m m tl̂  solubility of the 

S£ ît#« The effect of oarbon dloodde on the «alt î oM be i»£pe»|i» 

ad to be x&ther anall is alî tl;̂  neiii aolatlisa &ii»» snlf̂ H!̂ ^  ̂

aelS is a, erl̂ »ger ayeid ia earbonitt aeid* Xt is &hiAm» tMt 

d««tmsiag tl» pH of Edxttare would ineẑ ase the bijmlfite hm 

c^et»tmtlo»» fhe id l̂ eittmtion wouM be sm  ̂th&t there «(ml4 Iw 

svail&l:̂  siffioient bisulfite lomi to fix all of the aeetaM î̂ # 

€a  ̂ î yjLl jsast mnaagh to eachibit t®d.e <&asaet®ristieflh» J® 

tî saM the ideal sight be wade hgr pi oontarol uaing aalfiar dioaeid  ̂

m tl« oontT l̂lisg agent in tite ;̂ &enoe ealoim or msgaesitn 

enlflte» ka ftold |€ should be mBds.1»9dtM»d* fise id îl pH mlw î mnil̂  

be @Kp»eted to be 0O!ie«imt different for i»Ieiim sM ŝgaeeisn 

stilfit̂  b«(̂ uee of the f̂ect of their diff®e t̂ jsolsMlities m 

the Msulfite iOB oonoentx%tien« ^e aol̂ aMlities of <»1^  ̂sad 
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vmBmaef ecmimredl «lth the methods nmmmsj nibm aoiim ^edtii asm 

IIms> ^X#^Pi.tiG8 of calcitia m»i oagnesius sslflt«ii in 

fatOs ZJ wtsre not m tmctimm of ̂  Xt mn 4mm& 4mSssiiklB 

to detesradss the aoliMlities of th&m tt&Its m fmetSem 

eince are to be vm& m1»i«qu«aiUjr tJnder wsetom pB 

of t«)th l̂ ]rale*s ealoltm ettlflto ®ial 

fs«ehly jpŝ ipltal̂  ealeitia sulfite were as fu&otl̂ * 

at e«atigz«d«» Satsmte  ̂a^ous soltitioas mve prapHrod w6mm 

pfi wmf adjusted mmm of sulfaaclo aoM« slaetisrts 

TABZ.E 28 

Î UfBXUmS m BlDMflD MD ABBXmOim OAZiCm 
MRMS AS FOTCTIOHS M PH 

&3bbsf^mm O«0&3 l̂ iratod qsag% 

na* of 0#3. s la Omm per 106 Ml* of ^1 M  ̂
CkHMMsed o£ MMOÎ  Îmtl̂  Ooitiaa piar 300 

1^ tr 3L0 Iia« of Sal* «d OftiSi pH tar 20 sl» of wtU «f 
f ItO StiitttS.®Bhii (itoleQlsted) Sa2f ito Mftsolî  

«a 

3.55 3*  ̂
3*95 

i$*n 1*002 
3.T8 12*44 Q«r46 

3*  ̂
3*95 ?»ti 0.m 

4*06 8#ft 0*5  ̂ 4.^ $*m 0.3(̂  
4mlz f*44 0»44« 4.tl 2»$6 ©•2  ̂
4.29 5*66 0.152 M5 um 0*0^5 

4«4f 4,|0 0,210 5*81 0«4S 0.0  ̂
4»ia 0.233 6«44 

f.68 
0.28 0*01f 

4«n 2#a© ©•132 
6«44 
f.68 0*04 O«0  ̂

5«4a 0#?8 q*<m » m m 
6*42 0.15 q*m m -4# 
f.^ 0*003 m •m 
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at i&te»r«al« m«t a period ef %m va!lxi«i 

9  ̂#etei%iia«d by leimm of the |€ Mrtaf* fl* d2jM»ire4 

fiti ma 4ftte>xisined i^lffl^tarieall;^ til^ting 20 nUm mmplms 

î # eoltttiosfl iBiî  & 0*1 ŝ ^aal iodiiie mXvMxrnm Staî  

soSxitilm ims tiiMKi 68 «n iiidioat̂ * sillilit«r of 

iediia» o^utioa is minXmXmt to 0*{K  ̂gsm »alfit» 

a€»»»diB{g to the 

<^3  ̂%0 —  ̂ * m 

IIh» d&ta fOT vm soltMlities of eaXoioa sulfite gî  ̂sM 

SaKLe 28 aiod is f ig«ro 9* 

of wtg^80bixoi SUilf ita 1IE19 CtMUUdlfid ft8 ft £vsb&^$j6^ 

of pH is s mamr msHogmB to the setbods xme& for (nletim ealflta 

de1^3%i9atî »&8» Sulfuric @.oid w&e tu»d ft̂  ŝ iartaE ŝctSt mA 

pH Kis wsametd at ̂  e«atigmd# aa bî fore* O&e milliliter 0*1 

ioiixMt ŝ ntion is etpî ^ent to gxws q£ 

îlfite {WgSO^}* lbcp«riiwntal soItiMlî  data are gtrm in leiKls 

eoad i£i Figure 9. 

fS  ̂ sl«nm in fbblea  ̂a»d 29 aad ia Figuire f »hm a 

shî  i& soInMlit̂  of caloitm sulfite as the pB. 

40&tmm@a Imlm aljfy mad in a siiailar inarmtm In the «>l«M.llt3r @t 

nagî eim stalfite W£u3 noted at abcmt pS » &«5* It ma emeiderei 

tt&t as the î t beXoK tbeee ineraEualag afi»^d t̂̂ rtde 

fibmtion wavM o&Gwr almg «ith inoreaeed teecieit̂ * Sata mm giiren 
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Relationship Between 
Sulfite Solubility and 

• Anhydrous Co SO3 

o Hydrated Co SO3 

0.8 

0.6 
Q. 

o> 

Co SO3 = 0.4 

w 
Q 0 . 2  

Figure 9 
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sn ŝqpmrtily î lated to this eonsidejraitioa*. 

It ms thi6i;̂ ht timt perhaps tbe p'̂ eiwe of i«cntM 

i]MmuB« the aoluMlitj of oaloim sulfite bemuse of  ̂fernatiQa 

las ^ tts»tftM«S]94e«^LEm3int« oon|»l«K* So®e qastitltfttiire ^me" 

imli & xt̂ ti€^J.p to 1  ̂me dissiarî  

oeeor is fei%esit&tia» mdi&9 ftiad it was hop^d t£».t acsssEii 

umim 29 

fas aaijSBZx  ̂m M&G^£sxm sou'im AS A rraoftoM m pa 

•m 

m.* u 
Solati*  ̂ f^sseemsia 
Ijgr IS Id* «f Sulfite 
SoSstiyn 

@£%a9 lyEID lal* 
of M8aol<«  ̂Mm%* 

21*60 1-t9» 
s*n X9*08 

20»S3 q.m 
4.f& f.3f 0*  ̂

0.383 
urn 0*  ̂
?«28 0.3ff 

ij^mmUm oî t be opined which wouM b« ef mlue in fer^nta* 

ti€«c» tor p?o< t̂i(»i* 

Studies wm  ̂ n&ie «î  î turatad ealoiiim sulfite selio* 

tî i In ^0 pp«8iiBfi» of ft fixed ®an«®stm'y.«» bat 

nith imryitm AqtSMous »>lutic«it ^ataî ng m exmrn of 

Mi2id ealdiina sulfite v«re prepared* ftmm sf̂ atdoss mem adjtstod 

to "rarimm pU !tev«l8 t)gr mmm (Kf emlfvctie aeid wai.ut$m* 
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"ma sdc  ̂to these solsitloz  ̂m mt aq^mom solatios m that thtKc  ̂

ma m tixml eonoenlxmtioa 0«?7 gn» of pmr JBI* of 

Oa tbe addition of aeetaM t̂̂  ̂the pR of the soltt* 

ti<«  ̂ ix^^eused isarkodly* tilt roae in one solution from $m6 to 

8»5t to iOmS in «ioth«ar «o2»ti£»)» ll3« &€wtsldî ft wb  ̂

doabtod]̂  ot̂ bined »ith -Uio available Maalfito ions thos îisia  ̂an 

iiMsrmse in the pB» 

the f̂ « sulfite ims dotearoinod bgr dix^ot iodino tiî iiim* and 

ewMnod sulfite i»a3 doterEdx  ̂ furt̂  î ino titrntioa tqpon 

the addition of m&ma solid soditsa Mmx'bomim to Him soltititso* JData 

exe givmi In 1 l̂̂ « and in Ti&aee 

13» reisnilts of f&hlo 3@ assa Figuro 10 iadimte a grm% im^eeam-

in th» solsMllt? of oaloiim sulfite in the of aoot̂ Me f̂tdte 

as to its solutdliî  in vater (see faULe 26)* It wxir 

noted  ̂ eî elally in Hgore 1% that aoetald^Qrdeî î tlfite tm^Umx. 

€mmmem to ĉce$iose with imreasiî  as ̂  pM 

4mS* l̂is fast indioated bgr the deora^Mt in flxî  sul̂ to 

miih an imsemMe in pH post 4«5'» 

A preHiidiiaay pH rwsQeniing «as sm 1*̂ 5 Utem of 15 

p^cent deactrose meditm «i1& 160 go* of Mare ŝ 

sulfite added* Inocolmt «6s 1  ̂al* of 20 peremt deKtroo* eoltiare 

of ym  ̂No* 43* F!UI initial pK tacts 6*4* At 24 hoax« ^e «MS 4*5 

and at 4® iKnirs the ms 5* At abcKit 57 hcmrs there ms a sharp 

î te of pU ohange and pH » 6«5 «as shortly rea«Aied« At f S hmsts 
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•lis* 

the ma 6,9m Analysis slMSved 0*8 peroesit refiMual desî oae 

a yieM of 8*81 of the dextrose ireight as glyceeoX* Wheai 

pR nea ? (KT mr»p the &3isr of aeetaM^^e was quite appurent* 

X&BIS 30 

mimmsx m GALSZSM smFBt AS A SMFID» m 
FmufCE OF k mnmrnT coMGiMmfxoK OF 

UL* 'eC '̂ 1 's* Ml* of Qml S.' Ml* ^1 iL frm msiU QmMm& 
pB Xg for ¥rm la f̂etal 0eS&3* Suitiî i sb 

±& t̂lfi-tw in biiUNai S îte Qm* per 1<K) 
10 vhm of 3tO uPL* of la 10 al* «f »1* %• IMT 1  ̂

Se^xtMiOii Solnttifffli al* 

1*21 
3.22 
3*64 
4*19 

1*52 
1*  ̂
1*6T 
l.?2 

27*93 
3^*05 
23*02 
28*72 

26*41 
26*19 
26*35 
27*00 

0*091 
o*m 
0*106 
o*afi3 

u$9 
1*57 
1*58 
1*62 

4*33 
4*85 
5*38 
6*40 

l.?5 
0*62 

o«ai 

28*43 
27*05 
26*52 
24*87 

26*68 
26*43 
26*31 
24*  ̂

0*205 
0*037 
0*013 
0*013 

1*60 
1*59 
1*58 
1*48 

6*71 
T.18 
1*60 
8*60 

0*19 
0*15 
0*12 
0*06 

22*83 
21*27 
13*21 
8*48 

22*64 
a*12 
13*09 
8*42 

0*011 
0*009 
0*007 
0*004 

1*36 
1*27 
0*79 
0*51 

IspndLiM&te rm to eheok the statesie^e of Heubex-g and 

(l|19) that ftnehly larejoRred ealciaa sulfite wm better 

f<»r eoetaMî iiyde fixatios than vas the etHmerei&l ai3hŝ r<»;e salt* 

fezirantatioss vere conducted at various pH values to see if 

there «ere varistitms in g^^oerol î rodtMrtion at different levels 

for the different types of fi«tloi\aa sulfite* 
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2.0 

! Total Sulfite 

Combined Sulfite 

Q. 

Solubility of Calcium Sulfite 

As a Function of pH in the Presence 
of a Constant Concentration of 
Acetoldehyde. 

CH3CH0=0.77 gm. per 100 ml. 

ro 

CO 

O 
0.8 

0.4 

Free Sulphite 

Figure 10 
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Optism s«Bi«»syBtbetlo m&iixm waa i^ropaz^ eontainl^ 15 per* 

cmt d6Kt£t»s6« Tko hu&dured ml* of ibis Bundim veire pl&t̂  la «aG  ̂

of 10 irleme^er flaska of ^00 al« espaoit̂  stwrlliaed ia %\m 

ttsttal w^* isl* of 10 pwreeat d«actroa» iiao<mItis of yaest So* 

43 ismrm aM«d to tmek fla^* Gftleitm sulfite was aM«d as cOKaiKiaL 

in Salslee 31 inereased 8<^utiOQ volmes in &ble 32 

over ^e volio^e ia fable M vcnre due to the ^ust that the added 

î eitim milfite of fable 32 was da&i|>* Xoouhation ma for fo  ̂

TASM 31 

MWRNF or pH OS QLXCKOL MM AUD OM SB(MR coHSOMpfIO8 IS 
FM®MTIOMS IM IHE MESEKGE OF AMFFIBBQUS CAYSILIM SOÎ IFI 

ps 
fo  ̂Bexiira'se Weight of Final f̂ ions Bsrecmi 
Ittoltxiixig £»» (kSOj l̂ mslosive of Besidml 
i»@ultjmp 1  ̂Flasky Solidt Usaetrose 

Qes^ Oram HI* 

Olsmespol 
$ m Sm> 
tp€m 
OtoBfltSsBd 

»^ m 
Sfftal 

4.0 13 220 24,7 4*79 
4»5 33 20 220 3M 11»00 m*u 
5.0 33 2  ̂ Omf4 10.33. w^m 
5»5 33 20 m 0.̂  20*  ̂ 20*  ̂

•̂0 33 220 0»54 10*3t 10*31 

d  ̂at cimtigiî bde# flasks veare tmim&iily ŝ en haad* 

Tim pH Has adjusted at intermls sulfurie aoid ad t̂icass* 

^be Insults indicate that aiah^dr(̂  mlMm st̂ flte is not as 

eff̂ titre as is tdie h3^drat̂  salt in a<;»taM^bg^e IBmm 

obseraaititms verify the observations of and fieisf̂ irtli (1919)» 

It ms also oh8«nred that decreasing pB in t!:̂  range stt̂ ad ̂ 1  ̂
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aa^yteme ealeim aailftte did not appreelalO  ̂affeet g:̂ «MKrdL 

of eaqp©ris»ots in the siigar w&s eoaawawd f«jUr  ̂etwiklet#-

1^* 1i9WB!9»r» the l̂ dxuted s&lt m» tm&t an î ss'sRae iM 

mm lustfld with dearaasiijg |iU 

MISM ^ 

WM^ M pH o« aixcsiOL xim ASB M SUO&R GCMMMFSIM M 
fMraatlONS IH THE PRESIDE OF SJDMfS) 0&LCOT SDfltm 

Bex^M W«dght of NML FMMXK 
pi l£@ltaiiiiig la» OaSOj per ISSMLMTM ^ Smiiilaal % M dtse* % M 

OGttlis% FLBSKF &&» DTBITSTM 
biŝ roue MOU 
BiMd.% I/EMM 
Qtsm 

4*0 33 20 245 34*6 Z%N 4*45 
4.5 B M 245 1^*4 3*ft 
5.0 B 20 245 14.2| 14.1 
5-5 33 20 245 U»M U,M 
6*0 33 M 245 0.5?4 ii*39 MN 

It is -very |robfibl« tl̂ t emtlmsima agitaticm aivl the vms ta 

larger quantities osloium sidf Ite mmM ^"09 in>î €«ta«l tbe 

yieMs# 

the eesperî tkts di!»(»ril̂  la H «uad 32» it is ttotewiSQrtfcgr 

t̂ t a î barp deax^ase in the stî ar ocHonmptioa oeî usTed m  ̂ma  ̂

ttm 5 to 4-*5 belov* BjUmlfite ioa toxieity «&e m doabt the 

eatise of these remits* 

A MSHTTPIS stirrer ma a(»^uir  ̂vhieh vas of stirring 

^e media of six flasloi fdsmitaBeduel̂  aad eoŝ î iasl̂ # k die* 

adv®Bt8ge of the stirrer was the fast that it i«5t be {dat̂ id 
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to eoaiplfitloB 8BKiolSi3;sr« IMe o^^rvatioa M^ht be eo&sidtr* 

EFLILE]3£« timt fBM l̂iffiatis  ̂ jmBt VUL grocr in soî  & wmH^b 

i£ siv«& Auffiedttoet tlmt to get used to tbft eonditimis* pH tsas 

adjusted iihen mmmmr̂  with 3JS mme  ̂ m t̂Svetio aoid« Tim 

î |£dired per f was segUglMe* 

It wan eoQsidered as poasibS  ̂d«iirable to filt̂ E* tlM» soUd eal* 

elm sulfite a ad yeast eultures tt<m the fen^nted aedle 

aM to tts# the resultifig cake aa inoealm for a etibaequent aeri<  ̂

«f fermntatiom« Siieh a eralture in direot e t̂act with ealoiisi 

wilfite inaoM be fteollaatised to the sulfite to sone eartent* 

 ̂mk» (MtQ'teiBing the eultwe ifae alsŝ s kept dss#» 

A Bmvim of five fXa  ̂vaa prepared oontainisf SOO of 

aediuBb  ̂ Sterilisatioa of the î iuaa isas Bot oonsidsred 

i^<»»eEttry* £aeh flaak was ioeoulat^ with ^eHTifth of tim sake frm 

tlffi %w& mmessfttl};̂  fez^&ted flasks deaeribed above* Mditiosal 

î drated ealeium sulfite was added suc  ̂ that the total imight of 'Uui 

mlt per flask ^eeas equivalent to 60 of the aî b^drom salt* fhe 

pH mlues studjUd were near the <sriti(»l pH range «h !̂̂  the Msolfite 

ioa î &^aiia?atlon be^glos to rise rapidly with decreasing p8. f&e 

je>emlt8 of the <»q^risent are gLvm in fable 33* 

Wma tl̂  da1»  ̂Tal̂ e 33 my emeltde that the gl̂ exol 

ylAld apî K^ehes a ^mstant ralue of about 10 p^emt of the dextrose 

weight pmotieaHy iiideiwndttit of mriatioas uad  ̂ the eooditioas 

deseribed above* 
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eqtdlilarim m» eomiAmm&t 

oa(is03)2 • MN^OM I—» QALMA^-M^QM% 

 ̂mt« of d««KX#osltiosi of the eomplex wcmM be ia* 

of the of mdoiiim Maulfite end aeetoldel̂ nle* 

rate @f ho»e?ery vcmM be dependent uptm the eeacNiixtsra  ̂

tl&m of eo»ix»iiids« As the eomeaataratloQ of <»»apIeK builde 

f&lLS 33 

GEmMox. ttmm mm msT mi®TAfiqhs if ommm 10 mms 
BSIM Qkmim SOARITE CASE FSOM mmims FSRMS^MTIOIS 

AS IHOGUIAIM 

mt®red Slynpfti 
I« Ve3mii Deactroset dextrose Qom per 

ŝ « gs» per % 100 sCU &eset3'̂ BWi 
liQO al« 

$•% m UmtZ 0«42 l»9* 10«06 
5a a o 6  1S#^5 0.J3 1.92 x o ^ c a  
4»9 WQ I8.f5 0.5a l.f5 20.03 

m 1M5 0*52 2.0& 10#05 
4»5 mo 18.95 f m  

mî  the mte of deemposltlozt vcmid im3:*«»8e thm aIlo«riag a gpr t̂er 

e®Beentratl<m of &oetald«h;̂ e to be pemmt thas aUming its grea.t» 

iar Qso^ t̂ie ^edtiotion to ethaaol and a oorrespoziding reduotion in 

gl;i'̂ e«r  ̂yiî « If these sî î itioas are l3ni% thoa diM^reaelqg 

the isiti&l sugar oo&eentratlom in the media should result is. is» 

ex«a6(̂  peroentage gl̂ cedrol ylf̂ e*  ̂lower stigar coneentratioiui 
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shamM gi?e less possible aeetaldofac^et th«oretî lyt mA th«8 th» 

eoaettnt̂ ti<m of t}» aMelî ewbisulfitft e<mpleK vould be lomr iM 

solatioa tto alloisiag a grmt«r pfflt̂ wrfeag® of tite ft«»t̂ Aelgrd4i to b» 

fixed# miis wmM result in higher glye«Pol yieMs* 

A series of aedte was prepiored to sttad  ̂ the î latticmship hettwwiit 

the initial d«Ktro0« ©owsentmtioa of the aeditm and th© glyoiatd 

yield ia tte ^mexm of %-drated l̂eim sulfit®* fb# imexCbm 

m@ the f iltex«d solid eslciua «alfit« oak« eont&ijxî  the yeast Bo* 

43 of jawious feraentetioras* Th» e&lclum srolfite pr^eent pw? flaidc 

MM equimlent to fe g»» of the aidaydnMaa salt* Us® WS&SM mm cos-

tiimotisly stlrredl at 26  ̂o«titig7iu^* The fime^ntaticm timi diserMtŝ  

with deermsiog initial deictrose oo»»eiitr&tio&| hovmm  ̂all sedia 

were alltwed to atam for fotir days before emljmm were rm» "Rje 

pH was not (̂ hl̂ lled accurately ia tha sedia* but all menbers of tlm 

scabies were tinted alike* Hie results of this investigatioa ex'e 

girm in ̂ ble 3  ̂ The isiplle&tione aey be mre el̂ arly ol̂ erveS 

ia Figures 11 asad 12» 

%e data of Tablo 3  ̂ prove eonclusively thet the pereeatage 

g3^oerol yieM increases with decroasisg initial dsstrose eoseinatz t̂* 

tion t2£eier the previously described conditioss* JK cmf̂ dLlary Î bis 

eoQoliieion is that i&e p«aroent of aeet&ldehF  ̂fixation deca?easeii 

with ixiereasing initial dextrose cow»intr&tiosu fkda 

supports ratheo* stzrongly the contentions dea(»ribed above eo^^rsitig 

the &detaldel̂ e«43igalfite equilibritai* fhe &oetaMel̂ ^de»^mtlfite 
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Effect of Initial 
Dextrose Concentration 
on Glycerol Yield 
of Fermentations in 
the Presence of 
Calcium Sulphite. 

°4 8 12 16 
Gm. Dextrose per 100 ml. 

Figure II 

Effect of Initial 
Dextrose Concentration 
on Resulting Glycerol 
Concentration in 
Fermentations Involving 
Calcium Sulphite. 

8 12 16 

Gm. Dextrose per 100 ml. 

Figure 12 
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f iaoatloB tMn oectirred when calcim sulfite ma hem% ft t̂̂ tcr 

fimM a t̂ouM be obt&l̂ d« fh« iaoeulua used ma a fUteî  

esleiî  irulfit« oe  ̂m dc»aribed prerlously* fhe iMtial 

pH of %oth ^dia after raagnesiisft stOLfite mj& Siddwl ftboiit mmnm 

On feraeatiĵ  about 24 hours the pH dropp«i to abewit 6#3» At clmt 

FMM 35 

H&IUMK4M FEiQsimfioNs XH TM FHESMOi W MMMWU 
SaiFItE WOT 

Initial %S03»iSt0 Veham , JftEWffl̂ /saA 
F in* pwr % pn mmrn 

, JftEWffl̂ /saA 
F in* pwr % 

Baĵ  pi* pss gtt» nlU pmt ISO al» &uc^n»9» 
100 100 IBl. 

7a»6o 8 50 200 0*04S 1*?S5 22*05 

8 50 aoo ©•0T6 l»m 22*2 

53 famo  ̂ t̂  ̂  !isu  ̂ -to 7*3. m& thh m^d& mm c îdrntmrntm 

kD&i^^s rm Sonar d&ys &fter iooet̂ t̂lom* Bo atte îpt ims m&B 

•to coat®©! tl3« pH i» th® îa» fte«ttXtii are glv^a ia 2SabJ« 3f* 

Ihe r®sttlts of febile 35 iMicst® toat taagiiestm sulfite Is 1® 

«ffieiea% a4i«taM«!̂ d fixing &gmt since abofut 22 p&cmnt gXymrfsl 

ms t&mni* Wia -mlm is afeout 45 pereeat of the th®«^«tii:»l yi<s^ 

Ttm fsrswntatloB tiise mi but & fraction of th® tia© raquirfifi in ^ai 

EXPIÎ iBeats ©f Heuberg and Reiafurth (1919)* Hwmw (lata -ttwtt 

mgX£;Si\S!i suli'lte is & Bor« affioieiit ^@taldeig^e fiadc  ̂ag0Bt tbas 

i» ealeit® salfite» dreatar glyc«Pol yields re«alt«a.̂  

Ix  ̂ tl» p^eviouB |!««dii3ti<m« 
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It wee 4miT9d to study- tim effeot cm ̂  ifieM of glyem  ̂

iM tmemmt&U&m in the of sagfieslm sa3Xit&* ISm immilm 

west the ftlt«z«ii mgneslm «!ilflt« emtBiMeg ymst Ho* 43 £rm 

tbe fearmntfttdoBS of 35*  ̂asdia wsre »ot ot̂ rHisfti*  ̂

aatiaeptie action of the stiigxMesiuB sulfite in sol̂ itcm me siiffieieat 

to lp&6|> «cmtaiaiiiati«n at e Xov ler^* fhe pH of eaeh mm 

aiSmited }ŝ  mmm of fjreqtittat euMitions of sonrex l̂ drops of 7*5 oom  ̂

&eid« fb» mdiia. wsro stirred ooatimtofuslŝ * Tbe tag^pet̂ tixr  ̂

was &bmt eentip!«ie* Vigcmm f erstentatioî  noted* Cw 

fcgmentati<m t̂ lae neus four ilay«» B«emlt0 are giv«n ia 7&lsClft 

UBIM 36 

fm BEUTIOK OP pa TO fBE QiatGIROI. XIMi) rafflPT&TK® 
18 m PSESESGI CfF MACaJESIBM 

SSSiKKSSffiiwiiw îlUSSSSSSwSSSSWSiSBWSBStBiB^  ̂
rnitmei Itotal laitial Fiael ^ape«r<  ̂

f® 7o2»»»« W«4 t̂ D«3Etjpo»®, pet % m 
iaaa  ̂ al* %S03«î B20 pu per gn* peat ml* Jkesfyeemt 

pat* 106 ai* 3J  ̂ sd* 

5*5 204*4 60 9*68 0«14 2*25 S3»3 
5.8 2®f*4 60 9*66 2*235 23*1 

205*6 60 %F$ 0*12 2*1$5 22*4 
4*3 ^5 60 •̂1! 0*33 Z»M 22*5 
$•$ 203*0 60 9*06 0*13 2*24 22*T 

m*o 60 9*95 0*13 2*3f 23»S 

IQto resyilts of ta^« 3  ̂ ix)di<%to that pH is jsot a <nritioal 

ftt̂ itî  in the stiidied and ttader tl30 eooditî as wnple^^* 

results ere similar to the oozrespjadiiig Î iriÎ  ia the studies 

ifith ealoiiSB sttlfite* 
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fhe iMSct mxusBrwed with of IMtiA 

m the glyeerol of f caraMKxta-yLa  ̂ Sm ^ 

jummmm ef sulfit«* ^^r«tieal oe«uiid«ntti«»a8 i«ierlb«d 

p*«7to3ĵ  toet tis« of oaleiw emlHts ta foraeî tioas «î p  ̂̂ >iali<» 

tati7»3y ia %h» imr t̂igatiimo nltb i«®Q«8itia »ilflt«« fbm 

IliBU 3T 

F HE »EOT CF DIXTROSI COMCESMFLON OK THS OUCMII. XHIA 
m fmwmknom m THE PESSMCI OF soif m 

.a:a'iaii!gara^aa':a;ss5r!-::':;ji!sffir;i::'r,I,rr\::̂ :''iv;.:'.iu.!'''i;isrs:it:araaai:"  ̂
fiml of Xidtial Tim to W%m^ msrn^r&m 
filti!®«d %^3*&feO arectre8% î wmnee, jhectasm* SgsbT  ̂

pffir f%»ak  ̂ |p»» pear hc f̂fii per ld@ atU 0(UEt3!t>M 
aX* pi# 3C  ̂ aO* 3M ai» 

220 40 4.54 35 0*lt7 i.6ff 23«8 
£20 40 9*08 3Q 0»0SC 2«0M 22*4 

40 i%*6t 40 o»odo m*4 
m «5 LT«94 >12 O.M 3#3  ̂ 28»F 
220 40 22«fO >?2 0»126 3.905 lf-6 

i»nd««3Qî tie aeditia vas used a bisia for 1^»e«e fffip^mtatlojis as 

SB wmima msp&vimmtB* %« ixiooalm me an asdOimtiseil of 

;:r;»yit lo* 43 provn in tb« lo-eeeists of tsfiSOASim sulfit« vt-yiottt pB 

adĵ t»«itt»* laseuXatioii waa 20 a 48 bo«r ca3.tm« of tMii 

^east im a. 10 pereent destrose Bodiui* The tmp«mttare ms alaoot 

27® ocoitigrsdeNt CmitljxEioua stirrlzig waa n^ t̂aised* The p6 values 

af the nedia vere uzieoiit3?GlXed» In all flasli» tite pS ii»e initisJUl̂  

about «ef9ea| at 48 botms the mas absmt 6»3t aad at f<3ur 

pB had again retuniied to sevezw 1!he eKperimatal data are gimt ia 
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ot &l>le 37 ideate that iacvm&î Bg the ioitljal 

^esctrose cNM^ntratioa eiaisas aa TMR&SM SM th« fiiml GLG-TMML 

«Hmtr&tieai aad & 4«sr@&8e in tSu) pereasitage of fills 

fmM 3S 

FM MLKNMMAF MMM URMM^AL MS MMWM 
tXBUJS <1" QUGWOH UDM WMMAFTMB IMQWIM 

QAJ£IM SUMN 

MTUX 
lne$3r@  ̂ 63760x^1 Ilfi24« M INarterea# 

»®P I 
jy  ̂ liRqperiBHmtsiI C f̂t3.<:322a1»A 

4 2@«8 mm4 
8 U*Q 
It 12.6 12.5 
li 9*8 M 

treî  is quite ftiailar to tb&t foiaid for f«rmesctatlon8 ist the 

@£ Qsl̂ 'm salfite* 

SL m&timmtixmX eoo îdemtioxi of dkta of TeMm 34 aM 3f 

8lM  ̂ pe^emt yieUd of g2,ye«rolt Jgi to be as «es|K»iffiEstiBl 

of th« initio oomentjpatiOB of dî ,r&s% jgy that ia» 

log ® ® » S • k 

file i!K|mtion8 for the ealoliiisi sulfite azid mgmaim t̂l̂ te 

î »paetiirelyi 

log « -©•026T t • 1#41? 
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JIj « -0*©07  ̂£ • 1^41t 

An the w^drnm fieM  ̂at a dtst̂ se 

6KMMSWEtt3P®ltdLOO g£ mp& gram per liOQ nX*!̂  to be ftbcmt tcsdir 

the î Mitioas <3i iim eaq l̂awstis* lomrrert whether «a «aetr&«> 

polAtlost is «mtirel7 J t̂ifi«d woiiM jms& to be sie^pertodl % iKiaitî »» 

al ia ̂  lavar 3»jQge» ef ma t̂ratioa daoctz ŝe* 

betvpen ̂  «ae:peri»eintal values isdai tto8« ealeu3&^  ̂

MMM Q£ tha AHOM «|ti&tiooi« is î bdm ia Tables 3Î  MS& 39* 

fABlf, 39 

fHI SSATIOHSHIP SLP ÎMHSmi. AHi) C&LOJUiSD imiiJS Of 
^axciEoi. WM» WMMMNOM MOI^IM MMATM MMIM 

^^Jro«ped Iiea<i» Berosat M Pwttr^nt 
iKpeFlisental CaXouXa  ̂

M 1^* 

4,5* 23»8 24.t 
9  ̂ 22«4 22*4 

13.̂  20*4 20»8 
lf.94 18#5 1$»3 
22,fO XT.$ 17.0 

Seta ^ere d«iinî  aoneeraiKg the success of ®it«ffls.ti« pB<»KS5JitMai« 

«d feweatfttions la the preswae# of solid cmgnesitBi ® ît®« Meî  

w«Ri prepared and the pH ms automticaUy controlled V &e«fcie 

ŝ eM solution percent tig- vduae^# She isocula is&eî  culttare® &£ 

 ̂̂ rgyiaiaa Ho* 41* 1%e atartiog ŝ dia m&te 1*5 liters of optiisua 

wm&iM eontalBing 15 p®rc«at desEtroM# Feanaentatio® teŝ par&ttare was 
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About 2  ̂ of aagmsixaEt ^dfi't® IM  ̂ Î WI ̂  

mek laat̂  lî ^rî oaitel earn ginnia $M I&MA 46. 

£&BLE 46 

omwmL IMSS mm fmsmmmm WITH kmomfmus 
pa iH THE FKBsmci Of @tn#m 

ffl Ae«Ue Vete» Sesctrose* l̂ oaetroM  ̂  ̂0® ' 
g»m p  ̂ ga  ̂ pop 100 at* SCBEM 

AMmS. Selida 1©0 «!• Wo mU troM 
al« • 

6*5 lt5»^» 60 IW 12.S2 ©•IZ# 3.04 23** 
13?  ̂
40x^roiHi 

6»2 %% 65 1565 14»38 ©.OfO 3#3J0 23»t 
08  ̂

fho x>e0ult8 of the ijx<rest%atiom of WsiU 40 imbatiiaacUate tltomi 

q£ fdxs»mt&tio£ts is the pr^amtm of mdfite !»»»• 

far as tlt« g3 f̂e«rol jieH i« com^rx»d* Tb  ̂ yielM of glj&eeeol t»ing 

pK eî trfil &% SB aei4 levî  a-pptmr slight3jr higlias' ^am tisane of iai» 

i»»itapolIed fd2^Btatl€»ui of eorreap^odlng ialtial 

ti£H»i <l«s<»ribM ia 1EM« 37* ?he MtS&mismn in yleMs are ladt mi%» 

staMiagt knrenrer* TiM» use of aoetio aoiid for oontaral is mt Meal 

BŜ  msam elnee aagiiesiiai acetate £atfm& vsoM l̂ae dlf£l« 

eoiltiea is the reeovefy* use of milfar dioxMe for 

autc t̂lo pH ooB^rol «ouM have the advantage of siî e rmaem  ̂m 

oe l̂etion of the f ̂ raientation* 

Oiae of  ̂proposed advantages of the wthod of faxnatioii of 
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giyeeml Its' ̂  of eXightly soluble m l̂flt«6 is the faet timt 

GQt̂ mi&B ma:̂  be easily preoipiteted V suitable 2  ̂adjastssnats 

and salmeq^^uitly l» e&sily filtered tvm the feraesfced lî tî * fl® 

ira8Ulti£  ̂ wB&lvm aay timn be dietiUed free fr<»a aolveaxts sni 

a l̂tlonal precipitate filtered* With sugar aod p^hape sntrients 

aMed, tlhe resoltlog iM>dii»i eould be refersested to boild tlie 

glye«Pol 4 t̂ent in <srdî  to mke ita rewvery sore fewAble eeeaacKaitt" 

ally* S&mm%KU&m are desoribed beloir* 

eolvastft distilled f̂ at preriomly fersested snadia i& 

the pre^nee ot «Qoogh caleitm Î ndroalde to keep tfete aoltiti<m slight* 

ly alkalim* l̂ ae reeultisg mixtures were thm filtered! dcKt3*e»ie m» 

added to t̂ e filtareitiMi ifeicb were tlj®n diluted to '̂ ir initial vel-

«raeft l»f ore dietiUatitm of the solvents* Inoeolatioa vas by mam 

of a ealeim sulfite eake oo&tainiag y<^8t Mo* 43 tvm & pr«irim» 

feriM&tatî  ̂ S ŝr®ffiitatioa oocwred at about 2T® to 3D® eeat%re4e 

«î  i&tex t̂tmit stirrix  ̂for about four days* Results are 

in Iteble 41* 

The relatively low yields indleat«i in TaKle 41 rntem probal̂  

partially due to i»n!«K}ontiimous stirriî  and possibly to the relA* 

tively wide pfi range fouM sinoe pH was not oon^^Hî  ScnnnFeri 

th© data show that mre than feimmtaticm ean be run on the i»ae 

Imsie su t̂rate with comparative ease* glycmvl cont«tt of 

n^ditesi wm iner ŝsedi mre efficient ŝ thods should Imcmme ̂  

glycerol yield significantly* 
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It ms d«0li'©i t® fiai whether a seooad f©meatatiea oouM alae 

he run xmlt̂  siagiMBsisBB sulfite ia p3,ace of calcltja salfit®# the 

initial glycerol coias«ntration of th© m&L-m employed ms 3«04 ga* 

100 isl» of elation# Tm htmired «!• were tafe»» and yml&tilm 

mmee described alx>v-e ifeere caleiua solfite ma iased» 

Sestrose «as Mded so that l̂ e resultiag itedit̂  dilutai back to its 

iattial volume mnild coataia 15 ga* pw  ̂ Thirtgr al* of yeast 

t̂uire So* 43 grown in 10 percent dsKtrose ^rasdiua were sdded as 

iBB«alQa«, 15» net dextrose eoac»ntamtion was th®ft 13*04 giEi* p$at 

al* assimisg all of the dextrose ms gone frm. iiioealiim* 

 ̂iaoculiaa <mtain  ̂0*12 gcu of glycerol* fbe tol̂  ixdtial glycert̂  

conesatratida ma ga*  ̂fioal gl̂ mrol conteat 

ms fotmd have heea 5*0$ gm per 100 lal* fhas» tl» imrease ia 

glycerol content due to the eeoond f«arfflentatio» wets 2»;̂  ga» per 1(X5 

1  ̂ Ihis eorrespoMs to a yield of 18»2 percent oa the deKtros© i»lght« 

though the coaditioas not neceasarily id©&l» this ea^rioeat 

eî q^sd that aoa*e thac one f©rEseatatioa ct̂ ld be ma cm iise smm basic 

md t̂rate usisag mg^shm colfito to buiM the glyc®  ̂ ooac t̂anM* 

tSjsm in tSm moAim tc3«e  ̂a desirable rglm* 
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smmM mi Gommsxom 

JL* f!M» pH of the fero t̂ixig »edl& ms folloved Ib  ̂ simts &lt m. 

Gsmmcm pB mipJjoyiLi^ a glass ^eetroda* AMitimtl sdU»miU) 

aad squliaasat msra devised to automildeally coŝ i tha at tha da* 

sjjred la?ela« 

 ̂ la$xmm»niM wnre laada in the r«duoisg««ugear dat«RalB&ti<m 

lû od of Son̂ jri «ldoh rasuXtad is sera «8»st and xvpraduelbla 

saliA* 

J* Aa optiwra »eni<" t̂hati«i naditm vaa dwt̂ iMd to mere aa 

a tjiMfKiL îoB for studiea 4  ̂ the fat̂ atations* the wedim 

emtedmd a Biatamm of fixed eoIids» that ia* aolida «aeh aa mlapiaiit 

aalta abieh ara difficultly roscTvaabla fre^a the iermeatod aadim* A 

of f Ixad solida ma an jts|x t̂ant reqvdrmmt Imemab as la^ge 

smnnnta of aaterialB «»u8a oonaid«raU.e diffieultgr in 8»^MMp«st 

glsrewrol rasBvery* 

J;* St«idi<  ̂vera oada on tha alkaline f ermntati<m of daststMiw 

V m@XM of breast xmijag mmmlim hydroxide aa the alkallsing agent* 

It lEaa fmmd tiiat fenutstationa mare taum ŝaasful «h  ̂m a|ipraeiaM.a 

£ara9«t»a eonfimtration cKiat̂  in aedia in «M.eh tha pi v&lua mtt 

atjove aaran. It naa eomludad tî it aolaeolar aam îa or i»s@nim 

^ îdipsside in solnt̂ tm naa a tasia 8g«at» The toxloity of  ̂a&laeEdy«r 
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aaraosia m asuaotiim t̂ tjbroxide is a fmiotion of eustiirit̂  <}f Xim 

ao2«0ii2sr cKHapo^« i»(miu» ions are rslatiire^y no t̂cscio* *£im 

aetiirity azid tcacieiijr of amemia or asmsl'm iQptexcid# is 

a famtdea of both pH and the available aiasoiii%Bi ooaeen^^x îtiocu 

Ckaiset'a '̂Uyy siim the toxioity increases î %a3rpl;f as iŝ reases 

pist ssveat the slkalisie fermmitation to prepare gl̂ eroX is sot -t&f 

satisfaotozTy siiic» greater alkalinity is oeoessazy high gl;fe«roI 

yiî ŝ* fhe advantege of ^e use of asmmim t&p pil 

c^atrol of ferBMSstatio&s wouM have its siî î  Tmm  ̂ t&Uem*' 

ifig f exiae»tati(»Bk 

Zeast sill f«rm« t̂ dssctrose in the presenee of tmooivm 

mXi±b$ pravided ̂  1  ̂of th& »edivttt is suf fieieiit3  ̂below seven 

to olmriate ^e t̂ axie effeets of amwniiu AeoliMitisatioQ of the 

eultDore to anraenitoi sulfite is nsoessary* ii>no»ium mlfite is set 

a *fixî  salt" suc  ̂as is soditm sulfite sizuw it my be rsKoved 

itm fermntsA mo&iA re ĵitively easily* 1%e i3se of IMs salt in 

fesMstatioss f&F ^yoerol production should be feasible* It is 

probaM.e that oontrol of the f eoraentiii ̂  »ediun by raeaas of imlfur 

would be adviflttibl#* 

It was shorn that satoiB&tio alkalixte plî eoatrolled fez^aeote  ̂

tSjom moM be rm usiag aqueous solutioiis of sodiw earbomte aad 

ŝ ivm igrd^»cide as Vm eosferoUit̂  ag t̂s* fi» use of the sodî  

l̂ dr@8lds soli;̂ ioa for eonl̂ l «bs loxre satisfaetosiyf hoserer* 
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X* Oaleitim sulfite can be used in fezieentatloas in cn^^r to !»• 

<sfm8« t̂  7l<^* An lapcNrtant «imnt8g« to tl̂  ti8» et 

esloim aulfite for the ŝ roduotton of gIjtMEQ»>I % ferŝ tatjUm is 

%h& f&6t that it be rmsyf9& frm the lisditisi f iltr&tic»a* M» 

J t̂»NSft of |)H before filt̂ 'atioa is advisa^e*  ̂solubility of 

eatlffiim milfite ia & fisietion of pH* InoreimiQg the :ibiitiiJ. diis* 

latom eozieen'̂ tion fex^entation aediisa deoreaî  the per* 

e«atage glyctKPol yield, the pereentage yî  of glyamil is an 

«g)OBe&tial ftanetiem of the initial dectrose co:̂ xitrationft 71  ̂

fen^Bt&tioa tSm ma fotmd to be relatively shor% tem a/m to about 

four ^mpmUxig on ̂  SMtial desctrose oonoî art̂ tioa* Filtra* 

ticm a fex^nted aediiia Oî EEteiniiig calciua siilfite iresults in a 

filtez  ̂ of solM &3ILELIM srolfite c t̂ainiug the oultvare of 

yeast* fhis cak» my be used §8 a very actiire inoosalufi for asilMie* 

qmat f(maestatioaa* CUmtasdnatiozi ma very rare* The mielMB 

gl;;fee3rol yi@M asfro& t̂»i 26 pesttent of the sugar ireî t as 

ljd.tial sttgar oozusentration apprcmdM>d ss«  ̂

§V Magn îisa etilfite vas found to at̂  ia a MMME sisailar to 

oaleim solfit̂  in f«mentatio&e for the ĵ oductioa of glycerol* Xt 

icae that the glyeerol yieM mas greater ia fermeatati<»:» 

ix» îring aasne îtai mtlfite than in ^«s «sployisg ealcim sulfite 

fwc ̂  î ar GOQBî taimtioae studied* lla«ever» the wmSxem glycerol 

yield approa^  ̂26 p<»reent of the supor «î ht a@ the iaiMal eogar 

«oneeiitratio& approached seiro| this ia the same l̂ tiŝ  value as 
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It sm that the a«0tsJ4el̂ «>»M8ulflte emt̂ Sm 

spssetmhm a mxiflsai <Km<^&tration in fersieatatlon aedia titilisisg 

m sulfite t&t Sixa-idm of a<MitaIde^r<to* As ̂  

at tl̂  empI«K insreasfiŝ  the oosneeBtimtlm ojt 

or Its equiv&lantf also ixK:rea8«% theosratieftU^* 

•The incx^aaM eoima t̂icst a? ae®feaM<^4e results la & gemtm 

prohaMlitj ̂  its x^uotion to ethaaoX meass  ̂

l̂ 8|dtate| ooBsequeirtily a dee:î sed yiieM of gljoemil woaM b© 

mpmteArn fh® f̂icien  ̂©f aeeteMelî e fiacation b® gr®aV 

est at the hfî iiinit̂  of the feraQntatioa before tiie 

bisulfite 0ompl€K <K>iffi©ntpatlon is ap^preeiable* A aetlMtd of emsi* 

tim/smlj remviag the acetaWehysie ttom a sulfite fer^nt&ticai 

^ditjs should result ia a greater glyeerjjl yieM* It my be possilî  

to rmma the aeetaMel̂ e frcm a oircul&ted portion of 

the f»£stentl»g aediua % & dlstlllati<3«tt SOT exmpJMp wedmt low 

{O'eamxre* An increase in wouM mre easily aJilm distillatiQm 

of the aeetaMe!̂ de frtm the aediuia* FoU^riag difttillat4o% the 

aeetaMeh3n îe«f;ree aeditm oouM be readjusted to ^e aoSd pH of the 

fez^&ting ^»di£K far further aldeh^e fixation smd gSjeerol foxm« 

ties by further feiroMitatioiui stsd distiH&Mons* 
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UtfmmE 

**^*1 ^©stŝ Ey# 
7li« WSHlim aM WUklas CNKq f̂U^y Baltiaaa^* 

Ansoeljitl̂  &£ (MTfieiftl Agriooltisral GI»B3alttt«* lfZ$» aadl 
-UistftM're m^hadn g£ aaalyals of thm As»>ei&ti(m ̂  
al C^eoĵ stBy Sad «&ltio8U kaacK t̂im of C f̂iel«l î ^eultnx  ̂
al €liail«tst WajOiiagtoa* S* €« 

1» A* & ppe«<»»9 f̂  the uti31s»ti<m of aleolae^e f«3>> 
B«Rl&tiim in to form laxf• of g3jreMes>liM lar 
t»« Brltiflii Batosit jaa* 5» 

S* I* 1$31* fbe of XI* d«t«r» 
of aM eS aamimxtSM mp î̂  

3* BloX* CiM«̂ t f2l3.4W9« 

BOLislb  ̂ S# Mid SaacUitoditt !U M* JL?33*  ̂iapro^  ̂setbod fc»E  ̂
 ̂ t%» mtlmtiosi of floiir dSftstfttio QmrntH Qhmmp 

Bit8hs^3B% H» &«y asd tm X* 3930ft* ^ ]^:^jr8ioJU^ as^ Mo* 
^b ŝts7 of Vo3.« IX* Umi VlUiUaw aad 1filMj»» 

BaltlxMKro* 

Btiel»ma» E* &, and ?ii2ia«ar» £• !• aai Mo-
 ̂ fol* ZZ£* fim WUJiaffiB MSMdm 

GMg f̂̂ g BaZtSasFw 

{krothers» 9* B»y lUl* Jt* ff*# aai ?ftn f • 1# {» 3$33» Setbod 
of aî l̂sfceturlE  ̂f«ra»Btatim g t̂̂ rnmsxilm Um S* latest 3^19^49?« 

C^o^ciî  A* S«« asd M137y C« 1» 22* ]hrodiieM,tm g3^^««ri]& Igr 
 ̂S« fifttcsî  1^425y83  ̂ A%» 25* 

C*eiaa8t«l% W*  ̂ and £• iib«r a3jf««riii«(k«iiiBSQp  ̂
<tereh G&m»g* Ber«« |2i23B5;*>Î ]U 

(̂ ia6t«i% W«  ̂ ssd lU 11121* l̂ nsoeas Smr aeuaEsfftOtiiFiî  of 
|aPop«â HU)l from Bo&aae* Ih S* Bat«mt Xf̂ »023* f»hm 8« 
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Saeli% & 2940* of gSyeeria f̂ roestatlĵ  Bm 
f&tex  ̂ F«b» 33* 

a* 8*t  ̂̂ei»ie% B« S* lf Z%* Zwf iiljkrolietttSnBz  ̂das 
H ŝae^Eifiri î tteXs firrljgnuiid* MISNAM* ZM 3.l5t46<^» 

He«8% f • E» 3$35« l̂ rodmrtdLoo of g3^8«ro2. fie  ̂ m&cem Isir* 
asu ŝr 7 aXo îB  ̂ 2j282«283* (̂ riglml sot Oit«d 

fx«ft 0. A» ptt789 (1936)* 

lapoial Xaamita^es* aisi MSJoTt B* 293S* QLJMTOL 
fmctmiijm Igr fira&ixt&tloa* y^%19Z» lan  ̂18* 
&• A* MsZOlO {1$32}. 

Imt&t f« 3536* foarsimtatioa prooess for olJ^ainiî  frcm 
«Bii0 S^mrn MpU QmU S^ar Ixpt* Steu*  ̂ W&mma, 
Mŝ  f̂ dgiDBl laot fteea* Gitot 2  ̂0* k» 
iimu 

•7aa3aM«t f*p sM lip»a  ̂P* 193$* l» dosage ̂  1' aeeteMek^de 
«t Bplritu«»x» Amu iais* 28t̂ 5«*335* 

Eebeig ll»» BM FGV^OMIDA  ̂ A* 1928« Uniting dwi 
Ziselcers m«li d«r s»eiten f«rs&ra f̂(»« mter dtra Tftnfluaii wn 
C«yhflwtwfi«wy«l!gfriipa.Rid lyî  
ImaUmrmig AeetaMefa;!̂  {E^«8«:*£iw Bio«l»Ma. E« l?9s 
^ZS$0 

Ioiba2« ll» 2933  ̂file MMaag aqulaiilidEeaArw liea@»o v&x (KlToaadii 
imd ISse^m^mn^mSsaafm bel swUfrttleaa fez l̂niag -wm WLvmm* 
Bioefacei. Z« a43t406«435« 

Eolthdff, X. I« B*, ana fwema, N« B« 3^2^* Volnaetritt 
Vol* 1]̂  Joto Wiley and Sosft̂  XaB«|t York* 

Im iUt &B& S^«n, S. B* 1937* f̂ book of quasUtatlim 
iad^aodle amlysSM* Tla» ladfllXan G^qpsigrt X<»^« 

fte* F«r| ^»f sjoiS !lQS^ernott« F* A* (to & I* dnl̂ t do Wmmsm 
mad C l̂ 1935* Î redtoistiea of gljeoxt̂  ̂  8  ̂ S* 
latest 1»990«90&» fob. 12* 

Kwlae^Sfv&i Q« Sw î̂  wsS ;̂ haki)Ei» A* S* I93&* feraentatt̂  
»3 t̂ie89 iXt repo&tied mtlUmtim of ŝ«t» BJyoidy l̂ĵ  

1145?"*^  ̂ %igisa3. Qot 8oon« Cited fjpon 0* A* ̂ tf0t 
iimu 
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<•(2,45** 

Iawi% %m (to 1* Z» de Seoonrs aad Qo*) 
Isgr foKimtatioa* S* B&tent 3«67Sf3  ̂ SVCLSR t4« 

XaiQri«» JasflO W* X928« Ol^effirt^ asd the gl^^ool^ imsstm 
Soe* lfei»3^ ŝ̂  So* 44* 

iMTijif Cki asd Baxidally KU 192^* TlManaoKS^Tiiaiaic^* Me@ra;e«iE01 
Bc»3|c eeapanî t las* lew Icork* 

M13 t̂ C» H* (to la^Tlai Ch««d.(%l Iniî trl«s« Î ) 2915* ^ î̂ reMsroX 
pt̂ bteriim Igr f̂ nwnt&tixm* S* Batent 3#98f«266» SMET* 8* 

aad H» 1929* Pt̂ deeiRs for tho ^rodtiotloa €£ 
S^^TTERIA* URN £U Patent fan* 35* 

I* 1933* (13^reeroI tigr f̂ mseŝ tioa* &ezmn Fktsnt 
6^047. AprU 2T* Cm A. 32t599t (1558)» 

as£)€a>mtt» fraxtk A* 1925* CS '̂e«roI sugar f«r» t̂atlim in m 
maUtm mdim* tr. S* latent 1*552»997« t̂« I* G* A* 
29t334f (39 )̂* 

HoSersottt f* A*f> S* X* da Bout de SMKSfurft mtd 2fS9« 
ft&d'mtlon of glycerol f̂ naosataticm* Q« S* B&teHEXt :̂ 72 î̂ 3* 

20* 

HftlloTt W« 193^» A eosprehenslre ^raatlae on isor^nle eM 
t̂ ia t̂JLdsl. obeiaistesr* Vol* Xf |ip* 282<«^5* Zimg îŝ E  ̂ ^re«B 
g&d Goii«uQgrt>  ̂lork* 

Wmamt Im aM IttlSoert P* 2* 2904* fhs oaificî timi q£ r«diioij}g 
9£^r SMtI»3i&i* JT* Aa* Chflii* Soo* 

Ibua t̂  ̂ 1932# &8Be aspeets oi the p^paratiost a£ l̂ymrim 
1 -̂ feiveatatUBii M Xalaox t̂ory ata  ̂EI f«r»eTitatic«s nslŝ  
€»»nr^Ua. jeaii'to aad MlAoted %9P»1;dlsbod B» $»., 
tlHM)i% of Peam l̂-̂ okLa* 

Heab«rg» Carl* 1913« Velttm ubar di« Mo^uEsdsc  ̂
Ussaodlm  ̂von Met̂ lgl̂ taGEa 13 Uledxaawa n@bst Bm<atesŝ m 
^er |̂|x> MllshwSurett in dear Sbtsir* 
Moo1i6»* 2* Î4a4»5^* 

6*« azsl #* 2919* Am ^mlsxti dsar 
Mxmg boi a l̂̂ iliseSier ll«aktl<m* XI* Cibrta  ̂ait hibm&eip 
S«fe in alkali»^«» li5svB^«a« Bio#i««» Z* 9Stl7î i02* 
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and J* 1919* Sle drltttt 
%WAMR&  ̂ BioeiMBu 20Ot̂ M*322« 

Qwf and filr»  ̂ aod Reinfortl̂  & 19IS&* drei 
IM ZMELKIBVAT ISSGEM 2iis8timeaBitito@e MSD Mlasai* 

BUTSIM* %* 305t̂ *536« 

S«ct1>e!r|̂  S»t and It* 19^« MM Z«rl«g  ̂voxt 3^  ̂pboa* 
p ^ M t y y i . { £ 8 f l 3 t e e r  d s s N S i  B e f #  u o t ^  Rf iAi«^g C3,yieegdLs 

Z* 229s44^54'« 

iliab«arg» 8*t 0«vtidy ff» I933« StiadiMt mb«r aetlgrlgtyaKalblldmg* 
Bioel»R  ̂ Z* 55t495*5&3* 

Kisiita  ̂CUt aad £• I9lS« Sktorlî e aad ersireaageŝ  
C%iMSiQ-MIIb2î  bei der 03Joo9)»li9oh«Bi Qftraase* BiieKHmtm %• 
92t234 ,̂ 

iemt̂ rgt B«l&iftiH  ̂ E* 1919* Idltttra latersaî iaxigffia ula«t 
die laŝ latiim BUbdxeog von Aestald^  ̂1;̂  gl̂ KMeria bedl d«r 
iNt̂ Eers|»Iti£  ̂ sM xwao B t̂riig« MAE TIMNAHA d«r aUeolî st̂  ̂
mernm* ier. 52tl6?T*l?^* 

6«p aad !• 1915* 7finr«ad«raQ|̂ a im jliUc@li&l̂ ''«iad 
jlMiil̂ n%iluia.t von Befen t»i dor Aufbenmlsnxim: Iwi d«r 
Aale2^«. Bioehsra* Z« ?iil26*132» 

tiordd«KSfen  ̂ BnTvisodtistsri* A*  ̂ 29^« ca;fe«r<  ̂% fffinneat&tioa* 
(l«r»a& Bateat 65^17f« Jas* H* C« A. 32t2683 (19 )̂» 

Sordd<Ri%<[i»  ̂ Bî alJBdiuitrls A* *Q» 193iS^* Slye^rol̂  tema t̂imt 
im* 29# €• A* 331320 (1939)# 

Oppm ŝadmiTf C*t aad Stenst  ̂ 3939* Bit̂ fieai iHdydati<m» 
B^aoaaii IhiMiiihtiig Cogq»2qr« lle» 

Oir«% ID* I» 1937* B2a«k8trap taolasses ae a r&w for Mî  
ehdaii<t&l Indmtirlas. Faeta abcmt ^ar 32«14a*-X44* 

Omm  ̂ WB» L» 1939» Ma<dc«t̂ p aoXaaaes as a Tax oataarial for Mo» 
db^aifinl ISDXAÎ M* Sossî  BalaflV* fabliaher* Bear 

Xm ld<^* ^od t̂lon oossta&te is glyt̂ ina dasa la 
figramatatioB alficx l̂qiie* Oc^^pt* read* acad* «cd* 46«S5?« 

Baatcori) Z* 3J8J0* Boomllaa ro^bsrcliea mat la faraantatioa 
aloooM<|U«» Ccmpt* rend* a^* 4?sa24* 
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•147*. 

(Bgreedii Aisreh O&raas* Chotu* 
53»7* 

fre»eot% SM Cf»« AM &iiB% QM C« 2$4Qm Iflditatriftl alONsliiQlieg^* 
Book Gm^e^0 Ia0» » Ban Wcak« 

Bft&» I* K*  ̂ 3$37« l̂76«ir«  ̂ fime ŝlatioii of miw 
(liaiî )* Psfim  ̂ See* BidX* Xu^Ui 2t̂ * (̂ eS^Lmil sot 
Mas* Git«d trm 6* A« $2^$$ (Wmh 

Steiltif A* Sm0 A1^% U and fr^p C« H« 2940* fbfe «ff6et of bios 
on the sUssNtgen mtebaJULm of 7«Mt* X* AsmxeAA mS. oarlnffiî * 

BioX* Cbm* X35t2^7«271« 

@aiLff«»r» P« A»« Hertmomi A» ?» X92X* fh» lAdtStterkie 
atiee (HT <ao]̂  ̂«nd its tuw ia sngBr «M^7S1S* IZ* S»thoa« fm 
I3M Att«9n»li»ti6«i «€ rvSoeixig is uris% adB  ̂
aed ether fioX«(&L«9»» !*« M<»X« cSm* 45f3S5*3^« 

ShaffiSTfr P« Attf ftod Soac ŝylt  ̂ ^933* G<^^p<»MjOd(MB«iadl«r re«g«ntii 
for ffo ŝor dUytasiiimtloB* MoX* X0Dî 5>^X3* 

S(»»)g^0 !• Xf 37* BMkg9nt for tlH» «>^p«r»iQi|«Mitrie <l9teziBimti@aEt 
of ms63t* J* BiciX* CSIiBBUi XX?i|ti»t7^» 

BarjorS  ̂ X93^« Busterial 8etaboli«% 2ad •ditloa* 
Qevea ffiid Go* Mwr Zm>k« 

StiX î, B* R»y Fet«r8e)% W* &•« axA Fr«% E» B« XfS^* A rapM 
mithod fw d«t«ralmtie»& of «ipar iit "bmimeiBX enltureft* 
3» X2i42f-4 ,̂ 

fsteihG^Mt t*t «z»& A««iy 7* 3933* Fcsrmnt&tioa prMuots of o t̂eor* 
2I1« î otootî  of spt.j&eml asd î e tdEf«et additĵ  of 
ftodlasi «&& eo&iini eKrb(»%te* 3M Agr* Soo« 
Japan. 91443^* 

fonod&y tm X928* Produetloa of gl̂ oeroX  ̂fismnt&tlcm* fX* 
:&)fl»M»ee of mgsT oox«tantratloa cm tlto yl̂  of Qiurnm 
SMM ISTFMS'M * 

fmfO&&0 t* 3^29• Profiaetion of gly©«PoX ligr foiwentatljfMa* VII* 
fkm -veloeit̂  faraontation in pmmmiam of ffaXfite* 
(fî sî tfld 3* SoG* Qlieii* (J^apui) 32t229«'303» 

fcraoday tm W2$* A eimî  aathod for tlw dat̂ isliiatios of 
aoafaa l̂dal̂ ^* 3* Soe* GHM* t̂7^77t« 
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dee frelen kmomSMlgs atif dl« i«te* 
Bit anSKraQi Basen* 2* Sî Lrltasiiti* 36»tll?« 

VerksirayQt G* B« 1$39* Baeteri&l dissiailftticm Q£ i»arb î|itete8« 
Ba®t» Ew. 31I8T-227. 

WiUiaaSf £* 6* 1?3S« Modem petrolfiiffli x^ese&x>ch« led* Ch«a», 
^rss M« }j6i630«633» 
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