
/ 

till PH!SIOLOGY 01" 'mE GJIIDS Mgw.us 

.A stucl7 Gt ne Metaboli 1111. ot Cerlaill Kaabera . 

ot the O.ua 1fe1llua ill Relatioa to 'Their 

.lb111~ w J'---.t Qluooae, cl--- ad 1-Arabiaoae. 

A '!b.e81• SUtmit"ted to 'he Graduate CoaaittM ill Pari1al 

J'ultillnl•t ot' the Jlequirtll8ta tor the Degree ot 

.mC'l'OR OJ' PBif.OfQPJIY 

la 

BADI'JJ:BIOLGGY 

Ia Charge ot ·. jor Woa Head ot :Deparaeat 

Dean ot A,ppl1 ed Soi ellOe 

Virginia Polyteahnio Inat1 tute 

Departmmt ot 'Biolo17 

19~ 



The mt'llor nah98 w ,•Jp~•• bl• 4>Pr•oia:tton ·• Dr • .,., s. 
O:rau" tor aaa¥ htd.Ptul au:ggaaUOJLa wbteh alded peaU7 111 ~ 

empl..U,oa .of' "hi• .,rk. 

, 



'TABLE OJ' CONTDl'l'S 

IatroducUoa 

Ob.Jec-t ot the .IDTeniga•io:a 

l;q>erim«l.1.tal. Procedure 

Results ot ·the Invee:'1ga*1oil 

D.laou.aa1011 ot 'the lleaul••· 

Interpretation ot graphical aa4 '*abular da:la 

D.iseuaion ot reeul's a gluooae 

DS.aouasion ot results on l•arabiDOae 

Di•ou•sion ot re8Ults OD 4-arabiaoae 

General d1 scuaa1on ot '*he results oa •usu• 

Reter•eea 

Page 
lfo. 

l 

151 

1'14 

179 



P.AG:l 50. 

I 'fhe Tari.OU :ambers o·t the genus Bacillus. auploye.d 11 nn 

ac•rcli.llg to eource:;. strain and 1ncubat1ou 'teDlPH'llture - ~ 
' 

r.99C»T6Jiea ·~ ~ - ~ • · - • ~ - - ~ - - ~ ~ - ,_ - - ~ - - ~ ~ 11 

Ill. oa.partma ·ot pH produced and nrboh7drate ailized b7 1'he 

·aembera ot .Q.e gaus !aeillus - ... - - - - - - - ~· • - - ~ fl 

IV Interpr•k*ion ot pH ·data trom three aourcea -to indicate 

disalmila,ion of gluooae, 4-!>arabinose ad l•&rablnoae - - lSI 

· V ·,& ._.,., ot nraia react1:0na as tiley appear to be of Talue 

tor apeotea 1dent1tica,1oa in in.dioa'Ung sugar di••1m11~ 

'1oa. ~S.U.17 ot :pH data ill figure• l-130 od Table• III 

ad IV •. ) - - - • - ·- - - - - - - -· - - - - ·-· - - - - - - ·~ 1.48 

VX A. po~ing ot the g91lll8 paoU.ly acooriing to the extant ot 

gluooae utt.U.zed and pH pro~ced in gl..ucoae-p:epioae media lU 

1lI A ~ ot the action of ~e 8&01111 tn l•arabilloae 

pepton:e :medium: pH .compared to pH produced in peptone 

medim - - - - - - - - - - - - - - - - - - - - - - - - - - 16• 

VIII A samHr7 ot the metabolic a:Ct1Tity 'o:r ihe genus Baoillua 

tn d-arabiaose media - - - - - - - - - - - - ... .... - - - - - 118 



'ftle tem gmua Ba.cillg .1• applied to a n.tlle:r large nuDibe:r ot 
• . ' 'I 

d1 Te:ree apeciea of bao•enel org&Jl1•• whoae natural. habi \at appear& 

to be $he soil.. fh• mon ou\nan41q oaara:ctenntos o.t thi• group, 

80 tar ... 1 • letn.oa, are the ability w produce •do...,Or•• •4 aro• 
1Jl fi.e preee.nee ot o,%78•1 thi• la,ter oaarao.tut.aUc dittereutiatin,g 

lt trom the aaeroblo apore-tomi.ng Oloart.dia .. 

·Cohll (18'5) wae ~. t1rat •uonomtat to 1aclude the geaus lfCillup 

in his elas8ift.,..1oll ot '11• small nuaber ot 111eroorpat8D'l8· kDOwn a• 

that lime t 2)., B;e, l.lk• .ill o'her earl7 iaT•Btig&Wra UD.t.il ~· 'Use 

ot Past.ur,.. was :prilWn1.ly a bO'lanist:. Vsing ntOl".PholQg!C.al eharan·_.... 

iet'1.oa a"B the sol.e basis ot relatioaship between microorgan1sm..1 he 

tJltl'Oduoed a erade ta:maoatc nmaeaelature whioh coa'Ctnues. to be Jl&lli• 

·!he. faet that 'bao'terta 111 gen•ral are, plqelologi.eall.7 apeelciag, 

U.aitoti entiil~e• ha.4 its U1oepUoa with ~e works ot Paaieur. Siaoe 

logical method.a for '\he 41tterent1ation o~ Ue members ot the. geau 

ra·UolUil q8'aa or dit-terentiation :tor described lllembers ot the genua 



Bacillua because of tile 1nadequaq of the data. Complete deacriptioua 

ot the I,D.orpho.le.pcalt cultural,. serological, 8lld phya1ological obarao-

teriatic• are l,.aok1D.g (1). Su.ch oharaoteristies aa pigment pl'OduotS.014 

gem1Jult1oJL• od colonial morphology are inadequate to deaor1 be and 

ditteren.Ua'\e members or this large group ot .nomal soil flora. The 

nrte.ttons ot , these cha.racter1a~ics with oon.stan~ly changt..ug environ• 

DumW conditi~ns, whether natural or ari1ficial., are too well. mown 
- . ' . 

to re,qµire turther. 8lllPlit1oation. As ~ reSUlt of the lack .,ot' adequat.e 

dal•_. .lt-e-rs•¥''s Manual of Det,minati ve Bactertol.017 . ll) he.s neceasaril7 

bued ~the :. difterenUaUen of the Du11abers ot the genus Bac\l~us 

primarily upon the aforementioned oharac~eriatics, ~T real1zillg 

MQr.pholcogical and cu.ltural· descriptions of the'. BaoiUJ. have 

pro,bably receiTed :more atten'1o.n than the other neoesary crt \e:ria. 

T.b.e literature perkintng to these charaoterisUcs .1,s qui~& large 
I 

and be,on4 the aoope ot 'his survey. Lameaa (20,, 21.) has reoenU7 

begun inTeat:i.gaUoJLs coJlcre:rnecl with the se:rolog of the so-called 

•:am.l,1• and "large..., celled species.. Sis da\a are too incomplete to 

be ,of mach Ye:l.ue at the present time. 

0nl7 a t-evr tnveet1gato.r.s ( 4,, 6, 9, 18., 19, 34_, 3?-'2) haTe 

. 

thi• reason auoh. physiological U.ta ere .1nooap1ete. Wt th few ex• 

oept1cma { 41 9, 3'7-39) aon.e of these has aUempted a nu.q of thi • 

gl'OQ as a whole but haTe confined attention to Widely separate 

speoieaz B, ro1!!!• (34), B. subtilis (6, 19, 41.), B. cereue (42)t 



B., m.egatheriWll (l~h or ~ speoi.al groups ~'Uch as those which a't'.$amt 

eal,oium a-butyrate, :0r oellulo.se and :xylen (l). •. 

'!he ap;pl1oaUon and use ot physiological characte:risUes aa 

a:PP11ed \o the olaa81.t'ica.tion or the genus Baoill1e has reoei Ye4 

a'\•entlon a seem1~J1611 llapha.zard 80rt of way., ·!'b.1.a •'\atenrm• is 

Jun~tied on tiie basis of' the taot the\ 1\mdailleu.,al swdies on the 

po-• aa a whole ha-re beau .laokin&• Probabl7 .~he mo•t J>.Otnorth7 

publiShed bo:sis. :tor this taot is manites' 1D. the work ot de Sctriallo 

(3'1•'59) ill an enensiYe att.Gpt to olaasif'y mo.re thu one-half of 

the b ·olll1 on the baais Gf morphological and Ph1s10l.oglcal descrip-

tioa#· h ~he. l.1 terature.. Finding deaoripUcms iudequata,. de Soriano 

·~,•d out e2tensi Ye ,phy81olog1 oal iuvestigat.tona o.t this g81lua in 

u e.'tita:p\ ·to esiabllskl: reliallle cri•ena of· ·di••iutia-. 

~·· an at.1empt '\o. clarity SQlUe or the -p:b.7tdolog1eal. diaarepaaoi•• 

exi•Ula& in the literature to date, Fitzgenl.4 (9) . began a aertee ot 

a\ad!es ldUoh led "'° the tllndam.ental investigations ot Oottee ( <i) on 

'h• plqSioloa ot this group., In geaeral :the works 01 'hese i•veni,-

.gatora contt:rm 'he tollowing atatei:aen'ta; 

l• Cellul.ar and oolo:ai~ :morpholo.gy mus\ regress \<> a leas importan:t 

poai t.ion in the d1ttere:n._iaUan ut members of 'the genus .l!a!ill:u. 

2. A. ntli:Wer of reactions au.ch aa n1 trate re4ue"ii«>.n an.d acet7l-mei!lyl• 

Cal"binol produc'tie>n Vary to SUcb 811 eneut• 'rit111n Sp·&OiliS thal 

. 11.hey lliaiat.aia lit~e \amnomJ.c sipifioance. 

3• So. tew ~eciea of bcillJ. fail to liquefy g8latia '11at th.is el"iterioa 

1s ot Ta.lue OJU.J whe COJUddered With o~er d11'teren:Uat1ng 

charaoteri &ti cs~ 



4. !he ettect o'f the orgu.ia 011 peptoD~, teyptone 1 s.nd proteo.se-

:peptone 18 such ~hat reliable obaenaUons ot the actU'U t7 ot *h• 

orpni au toward carbohydrate m:ed1 a cmmo't b.e made w1 tilout Dume:rou• 

precau'-10lla. Since the neeesai 1:7 ot th••• precadtona 1 s oft• 

Ullbowa to the ro,u'Une bacteriolodoal mrlter, any reactions he 

may- .obtain are quea\ionabl.e. 

5. Some 1Ddioator solutions, suoh as Axidrades. emplo7e4 rouUnel7 1.Jl 

bao•ertol.ogioal laborawries require too low . a pH betore color 

Ghangea are deteote.ble, and are not •••1 U 'Ye enough to detect 

ao1 d produoUcm b7 oez'kln ot the Bacilli• .Same ot th••• 1nd1 oator 

aoluticme appear to po••••• a banerlonatio etteoi. 

I. Baotil& ditter in their abil1 t7 w te:ment ~ and l• tome ot a 

•tn&le 8Up1". Thi• ol>aerw.·UOD probabl;r aeoounts tor d1sorepuo1e• 

reported. b7 Tarioua autilors ooncel'D.ing the abil1't.7 ot an orgeai• 

ta te:mat a panicular npr. 

'· 'l'he present method ot ola•aitication ot the genus !'Aoillus emplo7ed 

b7 Bergq• a Kanual ( l)., wb.1 cb. 1 s baaed. primarily on cul \ural aa4 

110rpholopoal oharao'terinioa and the pqsiologioal d1a.t1ne$1oa·a 

proposed by de Soriano .(3'1-39)., is ab.own to be 1118.dequate Wi'fllou~ 

further p117s1ologioal d•sorip,lon. 

The inTenigaUons ot de Soriano (37-39) are apparemU7 ~e t1rn 

enenaiT• pllJ'aiological studies ot the genus fsoillus. In spite .at the 

llWlY exoellct aontri'bu'Uon.s ot her inTe•tipUona, they migllt be ori 1'1-

otze4 ·( 4) beoauae .Andrade-• indicator was anplo7ed to deten the produo-

tion o~ ac1·4 trom oarboh7drate. Cottee ( 4) em.ployed brom-thJ]llOl-bllle 

and brom-cresol•purple in his inTenigations ot "1le termentab111 ty or 

32 carboqdrates. He points out that diaorepa:D."J' between results 



Ql>.-Ulied ·b7 ~. ud '&hose ot de Soriano (3'1-39)., might be du• '°'hi• 
ua• ot ae1d-:llldtoe:to:rs. Which emtbit d1•~1noi .o0:1or· cha11:ge per 0.2 pB 

wdt .~ PB· 5-.2' - v.,1, Gile Andrades iuQio«wr ahowa ao . color change 

·from pJi 5~4 - ·:t/,; 1. 

N:UiieJ.ooua 1Jl.Yentpwr.• ( +-7:•· lQo.U~. 16.. 82, :~32_, ~ · 45., '6) 

ha•• 4-.atra:,ed '\hat al\hoq:b. " used rouu11.el7 by '})ao•eJ"ielo.ai••···· 

aot.4-iJl:cliC..~rs: are· inade~ate to oi81'1l1.ne the u'Ul1.a'1011 o::t Qarbd-

lqtSrah ·~a ouboh7d:rat:e-pepto11e DLedi.Unt b7 .uum7 .orPJ;ll*8. 11'hia 

. .~- : .. ' 
tor •• ;peg$on•. et '\he meotua, Which ·-=etiJ;ae• 1'\e8Ul,._. 1:i1 a a:rkal.iu · 

cir· ••~r&l )II :reao'tion. ·•T• 'hough carbohydrate h.aa be& ~11,1 zed. 

• ,-_i-);a'* ot •apQl1:ng enioa• of carbohybate .tor pep'°_a,e has beea 

dtmon.dra$ed ,in aiudie• which C0111pared the pB pN•duced ia a . earbohJ'ch-ate--

pep1on.--•ll41um With 1b.• ut1Uzah1lit.7 of 'She oarbc>.l'qdra':e. tor the 

tollt>-ldll& ~rpni aa:s B, n)g• ( 3') ,_ the. geau ll7cobaoi.er1 m ( 28) ;. 

the ~erele bacillus f 14) * the. llydrooarhen 'be.derfa {l5l~ - ~e 

Pn!!lla (!5• · 26-. •i) od ceneJ.a misoellaneous organJ.•• (41>). 

Jl.aJl7 Wbvs or th• .g•u• j!olll]!•,, It 'tii:ey we!!'• oarned ou., at lea.at 

pan or · tile exidiag 'uonoaio ooaf\lsion m.1.ght be el1m11ta$-ed, aad 

aow1edge ot 1-b• :phfaiolo.a ot Ille 1to1111.. ill general, wo\l,l.d he a• 

pu4•4. 



OBllDf OF THE DI Vl!8l'IGATIOJI 

It 1• l!V~lD• bacteriological p:rooe4ure to coaa14er u. ao141• 

pJl r~tiaa. ·ak~ on a oarbob7d:ra~ .... peptoae JHdilDR 1Jl wh1 ch u. 

6. 

orpn1aa 1• ,grow1Jla. as eTI.clenoe that the bao'ter1m in quenion 

\Dill zea the oarbohydrate. In. a oarboh7~t9-p8pton.e :iaecU.111l ,aJl 

orpnla nil utiliz-• the euboqdn:te 111 reapiratioll aa aa energ 

BOV~e~'. !'he :pepwne 1 s attaaktt4 aa ·a SOurOe Of, CJ'Ofth 00Jl8'1 tuenta., 

Pep\QD..e ts l:li111zed a• aa energ; too<l only 111: the abaenee of ou})o. 

h7d:rii:te , b;y ~·8' llioroorpnisu. ft.ts meohanla ie re:terred. to b7 

baot"ertolo~-· a• 'th• •sparing a~ion• ot 4larboh.7dn:te ~or peptone. 

It ~--~·- llb.o• ,( 29, 31,. 32) th.at a l _aek of til9PariJl,g ao'tlOil" ot 
--· !.-

oarb0hf~$e tor pepwne b7 specie• ot the s-u• Bfoill!f!-IMk•• it 
-:' . . ' ~ 

fte obJeot ot th• preaaut ianftiption na to detemine 

Q.UJl.t1tat1 Tel7 th• extent ot gluooa• ad 0- ~d .l- arabiDOae ut111..,... 

Uon ia order w separate it troa the o'1lei- tm tanora 1afiu••1D& 

was determ.1.ned pot811111ometr1eall7,. using a glue e.ledl'Ode in or4er 

'that the pH p:roduoed could be oompared. wt th ~. met ot ut1U.zat1o• 

ot tl:t.e:se oubohydratea. Liltftl ae, the pB produced b7 th& Mlle l!OilH 

1• peptone alone ns de:le:rmined ao tha't 1 t eould be ooaparecl w1 th th• 

pH prod\lced in the oarbohydrate-peptone media. 



.,., 
!la• fmlia•W' 01-Mrfttlo•• eoaeel'lld With tlle ~11• ot 

th• &-SUS IJBlly '-.Jai CA JIUtf b& il-1 Ted tr. thi• dtlq} ..,. b• ot 

uiue in th•· k~• 14-ttnoattoa of' ftl'lou a-.r• at W• 

gto.Q ot oqant _., ad mlcbl lead w «>'1l-• 111iere.Unc CK'Qutlutou. 

~Al G• mda'°1ta. ot ~ ... orp111 .. ,la pre· Ubonto17 

4Ulnn •«al• ui m.sn olll~ s..· •• ut-.i ••ttat. 



8. ·, 

Oil• hUD.dred ud ·th1n7 stratas of the ga.ue Bfl'oiµ:u,a. repre-

•euting 41 speelea, were aiu4'..•d iJl these inTentgattons.. These 
i 

atniaa ud species are liated in Table I together With 801U indioa-

tiOll o'f th• 80uroe of each culture, where mown. 

Stock cultues o~ these organi.IDl• were pl'Opagat.ecl on Difeo 

stock CUlture Agar and stored at app:roxiaatel7 ·30c_ wha not ta use. 

Be~re an7 strain ot B!cillua was inoculated ill'lo '\he ten me41• 

1i ll&B tirst trantderred ti Te conaeautiTe ti••• on plain (sugar tree) 

11ut?"1ent agar, pB a .• ~'l.o. rua step is considered neee•lla1"1 ia 

Dete:m1na'1on flit pB was matte b7 using a Beckman potentiQme'ter 

equippecl w1 th a glass el.eetrode. 'lheae .hydl'Qge ion obserTatiolla 

•~re made on 1ndi'f1.dual strain• 1n each of the following media •' 

l... l~ peptone broth (Diteo),, pB &.a.v.o· .. 

2.. o.~ glucoa.....-1~ pepto.ne broth (Baker C. P. grade gluoon) .,. 

pH &.-S-'1.0 •. 

3. O,~ ~va.bin.oa...-1,C peptone l>roth (Ptuniehl Cl-arabiuae), 

pH 6,.,8-'7 •. 0 • 

.fr,. o.~ l-arabinose-1" pep'°ae bro'Ul (Ptann1ehl 1-arabi.noae), 



'!ABrd I 

'l'lle --.b•:r• of the CG.US Bacillus aaplo7ed in rua iDTenigatioJl 

are 11 &ted 111 ihe following table aooordlag w ,speed.es, strain,. 

!• albolact1a V. P:. I. 

i,. alboj.aot1• ttex. 

B. . ...,. al Tei A. T. c. 
B. - al.Tei If-ex. 

J • . ffT81 #612 Te:x. ·-· • !l;Tei #622 Lockheed, 

B. 811'8Q•1• Wia. ·-
!.• !J!thraeie Tex. 

.!• e!ba-01• ( w1 a.) !ex. 

Tex .. 

!.• Glh£ao1 a ( Sloo'th) Tex. 

l· . a$•Ef'"• #353 W1 a. 
.!• aterrtpa v. s. D. A. 

.!• 'brtyi• u. s. D •. A., 

JJ -· cereus #1 A. T .. c. 
B. C!£!!18 #2 A .. '· c. -
,!- oereua Tex •. 

!.• cereua (5'ock) Tex. 

3000. 

'3000. 

$'100. · 

s?Oc • 
s.,c>c. 

s.,c>c. 

3v°C •. 

370C., 

OOoc. 



B11 ·CU'fi.8 Wi a,. . -· .l• eerey A., .If,. c. Wis. 

!.• ·01,;£9lau A. '!. c. 
!.· collasen• #fHO r~ 
. ... . -~ 

· J,.. 4aJliau.a. 11. s. D. A. 

!• !p.tc~ #1 A. T,. c. 

. . 
.!• f'ltXWI V. P,. I. 

!.• tuJfOP!J 8 'le:.t. 

•· :rw.1tomta #3St 'Tu. 

.!-.· tuaj.t<>1'!!1• btght W1$. 

,L. i!Obig\1 .. j.. !_. C. 

!~ 119'14'& fsH fi•· 
' . 

I.• mT•Ae•. v. s.. D. A.. 

I.• FaTeol•• #615 !ex. 

I• gaTeol•u• Wright w1e. 

!.• la•J1 cola '!ex. 

. 
B. lao°'io #61.8 Tex. -

so0 c. 
30°0 •. 

.. 

s?°ci • 

30°·(4 
; 

·10. 

350e:. (:s70a. > 

-aoe. ( z.,uc. ) 

d>c~ ( e?°c .• ) 
·' 

SFC.{.S90C.) 

s'1°e. 

s.,Oc-. 
zir>c • 

37°0. 



!• lateroe:poru.a v. P. I. 

J!. .. . mao-eraus l1. s. D..: A. 

!• septhelj.um. · ll A. T. C. 

!• megat.heri\Dll #2 A. T. c. 
!• .l!i-ep.therium 'l'ex. 

!~ mese.theri'llDl 124/J Tex. 

~._ mege.the:rtura Wi •• 

!.•· mmjll.Ej.Wll A .. T .. C. lie. 

j .. me,satheriP Beb. 
I • 

B. mesenterioua A. T .• c., -
!• meaenter1 OU '1. S. D.. .A.. 

B. mesente:r! ou Tex. -
· B. -mesgteriopa >.,. T. c. 1'1•. 
~ ,. - - ' 

~!• aesent_eri.ous Jrost, Wt.a. 

!• 5.0senter1cus lab • 

. !• mzcoi des 1/1 V. P. I.., 

J.• :yoo1des #101 ·V. P. I. 

!,• m:fOQ1d_es '(haded) ',rQX. 

!• !JoOidea Ae 'l'. c. #00 Tex• 

· D... meoi 4es A. 2 Tex. 
~ -
I.• m.x;oo:t. lea A. 6 ·Tex. 

' 

!• meolde-a 165 Tex. 

!.• gicoi des: #4Jl5 'l'u. 

u. 

~.,oc. 

41IOC. f 370) 

z?°c. 

.z'l°c .. 

37°0 .. 

zooo. 
3'l°C. 

.. 
&Po. 



!• 9eo1 des #'10· .Tex. 

!• mzcoi de~ #4J. 'l Tex. 

!.· m.yoo~dea #4.m Tex. . 

!.•· yeoides #4;!1 ·T·ex. 

·.,!.· m,yooidea #422 Tex. 

l• gootua #415 Tex. 
• I 

B. &oo1des #4:26 Tex. - . ' 

!• 3001des · "62~ !ex., 

A• mycoide. ff'&} 'fe~ ·.. - . ' 

!• lllfCO\ des 1ript, . tile~ 

~· &~ide,a Neb. 

!.• .r.gco1des' (le~hand ~le•) Wis. 

k P.taer A. 'T.: c. · 

§.. aiaer #P2a W1a~ · 

!:• BAI~ •Old' Ila, 

!• P;1ser, ~ s• 'Ii a., 

!• ;pan.1.a A.. T. o. 
!.• :gania U •. S, D. A, . g 

J;. Pf>lmYB V. P. I. 

E. rotans A. T. c. -

12. 

3QOC. 

I 



~- rotan• (probably , Wis·.) 

.. ! • 1-uminatus '952 '1'1sx. 

· !• serosit1des Neb. 

!.·· ail ve.jious //957 '-'•s. 
~ · sim:pl •x Te.x. 

· !.• · s.a2l•x. #53!5 Tei.: 

.l· · .ephaeri CJ! :f548 ~ex. 

!· .&ubtilis .#£31 .A.. :r• c. 
,!i · .8uot111s .·2ex. 

.. -... 

B:t sub'tili s Mar.bUI"g Tex. _, . 
. ~ . ~ub'til1 s Gram. neg., Tex-. 

l,t subtiJ.i s . #251 Tex •. 

!~ $0.bUlis Marburts Neb. 

B. su'btil:is 'L' Neb. -.· 
~· liUl.lt:ilis ifiOO . Neb. 

!• sa'bti.li s V. P-. I. (IQ.lk) 

B. t\Peacen.s· #'n5 !ex. -
B:.. "11.lntus A. r. ·C,. - -

A· vulptus Heb,. 

.!!•· ~ga~Ue T~. 

A· globifP.1 '11 s·.. (Probably Vogel.} 

Delong strain peo$i1t :t'ermen.:ter, Wis. 

~oe9. 

,oooc. 

z.,Oc, 
:37°C .• 

sooc. 

30°c .. 



The reSlll. ts .ot tile hydrogen ion ooncentra'Uons were recorded w 

'11e n:earNt 0.1 pll UDi t• (The 1Ds11rment was Oapable ot greate:r 

were not reprocluo.1ble and had no meaning.) 

11. th t• ueep,1ona the 1:acubation taaperaturea saployed in W • 

1aTeattgat1on were. :those which were 001ae1dered optSJmm tor the growth 

ot ~· orpnia. !ho•• 8'.ra11u1 haT1ag 8Jl optiDmm gl'Orih temperature 

ot ft1PC. ••:r•, howeTer, incubated at S?GC .. 

The u'tili.satioa ot oarbe>h;ydrate waa detem1ne4 quu'1 ta'1 Tel7 

acoo:rcUas w 'the me:\hod ot SHles, ·Peter90Jl ad Fre·d (>IS). 'l'b.ia 1• 

la a taocU1.ate4 tube after 1ncUJtaU011. It J;a a modU'ioaUon ot "11• 

wlmetn.o techJ&1Q:ll• ot &matter ed Ha:r'blaJt.. ln p:rino1ple it eon-

•in•· of oxtdinq 1'1th 1ocl1Jle •• cuproua oxide tome4 b;y the sugar 

with euprio .aul.phate, aad titrating the exo••• 1od1.ae Wi\h thioeul• 

pha\••· Th• 1odo~oh endpoint 1• T.rf seaa1t1T•· and eaaU.y obserTed. 

1a'$el"ftla ot l; J, •• Cd ' dafa ot 1acubatiOB .., 001Jte1cle 111'11 tlte 
I 

tlm.e ot :\he pR ob .. J!Ta:UOD.•~ Bn• ot 8 tubes ot eaoh medium beia.g .,._ 

.Al.'thoUCh :\ht• aelllo4 .9t i:aooulation neoeaai tated more hmuUlag 

than a aam.pliDg pl'Ooedure, 1 t pre.olu4ed th• poas1b111 ty ot irregular 

re8Ul ts -t1'01ll ooa,aai.Mtioa alld enporatloa. The qwmt1 tau Te 
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4ete1'Jl1llat1ona per tube were made on triplicate aamplea. .All tubes 

ot mec11a were pipnted w1 th an automat1 o oYertlow pipette ao '1lat 

ea oh !5 ml. oon"'hiaed 25 mg. ot a pu't1 cular oarboh)"drate. 

J:ach da7 that sugar u't11.1zat1on detemiaat1ou were made upon 

inooulat-'9Cl tube• ot medie, a1mlar ·detemiJla"tion.a were made upoa 

1aoubated, ov.t Ulllnoo:ul.atecl,, tube• ot the uae mrii •. These oont:rol 

4ne:rm1JlaUon• permitted: a reaord ot tile acC\U'&CJ of the 4e,em.1na-

t1ona each ·da7 .ead at tae 8-e ttae aened aa the baa1 .a tor caleul.• 

ticHl o'f '11.e aJDOllll'l ot earbohydrate ut1.l1zecl by an orpnia at aJq 

parlioulu perlod ot lnoubatioa .. 

.I. ~ ot the aonra.q ot tile dally control 4ete1'!11Jlattone 

JU.7 be toud ill Table II .. 

Bo appreoiable dittumc•· waa noted: in tile pereenhge dailT 

re«>T•r.J' Of ·8117 ot the eonil'Ol carbohydrates ten-e4 4u.ring th• 1-"I 

4ay 1acubat1on per1ocl at 500C. or sVoc. Heither waa there aa7 

deteo.table change ia the :pH ot either the aiucoae ot 1-arabillO•• 

aed1a. A ohuge did take plaoe 1• tile :pH .ot 4-arabiaoae duriJlg the 

1-'1 4a7 incubatioa period. In general the pH o'f rua me41Ulll d.roppe4 

t:roa th• tlli.tial Tlll.u.e ot· 6.8-'l •. O to a low ot 6,5. There waa a allgb.'1 

cheace 1Jt ~·pH of 4-arabino•• after eter1llsat1.o• at 10 lbs. praasure 

tor 15 ld.JlU'\••• 'l'hi s ollange beoaae more pl'Om>\Dloe4 during 1ae11bat1on. 



~ar..:s ll! 

A Surmury ot the .Aoouraq of" ~·e J)ai.L7 Cubotqd.rat«t Control Reooveri•• 

R\lll>e.r ·1J »all7. ,, 
Carboh74n.•• Rt00'Y8l"J · 

Gl•oo•• 
76 

AVllWJ..JI,: 

" -.. 
·•• 10z~.1 

98 .. 7 
lO:!·,.O 
ioa·.9 

99 •. Q 
99.6 

''···· 99.,S 

''*9 100.9 
10-l•O 
100.0 
10-l.-9 
uo.e 

. ioo •. 1. 
99 ... 6 

ioo·.9 
t .9.8: ,,.,., 
15 •• 
91.,0, 
91 . .,1 

'°·" Ll 
99 .• 8 

i-Anot:ao.. ., 10_ -•_·-,e 
'' ' 10.:.l. 

' .10•·-l 
91·.9 
.9~ ... 9 
9f~I 
89.:'1 
9 • .,$ 

. ''"° 91 •. 0 
91,.0· 

100.I 
100 .. 11 
101.0 
ioo •. a 
100.1, 

99..0 
9'1 . .A 

. 98,41-

•••••• 
4-A:rabi110ee 

f.I. 

DetlJ 
RetoYltrf 
Coatrol• 

81 . .t 

··~ ­M.-8 
as.a ao •. , 
81.-1 
&l.-<9 
81.9 

SS.,.6 
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im)un·Uee or to denructlon 0ct "bh.1&· oarbohfch-ate during nertliza.. 

tl~. 

Ketb.od !! C!J.aulaUon arJ.d Ia!enre!atioa et. Car:bo&dra!t 

ft1Uzatio~ 'D&\!,: 

lh·e aY~•· peroeutage reo<:>Yery ot the contro~ dete.m11ul1iiOll.a 

mad~ ~n 1,. 2, 3, ad 'I daJ's ~t t11ou'ba'Uo11 wae use_d as a baaia te·r 

calou.le.111ng the. extent 0f carboh1:d.rat~ u$1llza\1?•• !lJ.e. t\lll01ring 

tab'\\lar tom. illustrates !he· DUmller iii whieb, ·the -ta· repJ"e•eutlag 
, 

laaub•lUoa 
Period 

Total ... 
Glucose Det•n. 

. j'•l' Tub! 

Total mg .(Queoae 
p•r !Ue b7 Wt. 

~ GluQO.. Da:te Det•a. 

!fy•L 
l 
I 
I 

' ATe&ge· 

M.18 
24.92 
U.92 
u,.E 
U.83 

B. al.bele.oti• fex. --- . . 
Iaeub•·Uoa 'l'o'kl. mg. 

Glueoee Det•a. 
. per Tube 

19.80 
18.08 
l?.28 
ll.90 

81.01 
!eeOl 
25.0l 
25,Ql 

Ave. 4 ~e 
Ooa\rol Glucose 
Det•uet hK•} 

hooirei7 Kade 

98.'1' ,, .• , 
g:g •• 
99,t$ 
99.$ ' 

~ .. Gl'J.OO.M 
tn111z:.-ct 

5.U 

'·"' .,, ... 
u .. ts 

•25-46 
~.,.. ... 
&-2'1"""6 ....... 

' Me 

8-15-U 
2-M•U 
.io-2-'I·"' 
3--i-U 

'. 
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To 4e"tem1».e "-'h• et1'eot of ae~a'bolio product.• produced by Baoi:Y.\ 

grold.Dg U' paptoae b:ro'th upon lf a2~, ueed in 1'1 t1'atltlg exoaas lodiae, 

a OQllpari.eoa was mad• of the total .recN.ct1oa ot. «>J>Pttr b7 cul\Urea 

c:ro• <>ll this medt.un... '!he renlte, 8UBDU"ize4 11' ~·· table below, 

1ad1o•te "'1lat ~e&.utitlg eubstancas were .no1i prochie.ed, 1:a quat1·u .. 

auttt•ctent '\<>. recluoe the eopper re&gent • 

.' 

111..,;lfa,ton M.o.. "ube• Bo.. Rn.la• 
Period. t i :tra:ied :represe:o:te4 

( da.r•l 
, l .,. • 

. ., 7• 2$ 

l 62 11 

I &l 22 
.,, ·Gt -

ATe,. titr. AY•• Ti:$rr.. '.Ht..r. D1.t1'. 
mues oo. Yal.U,ez 40. cc 0.005 • 
Ha~si hoct. li•!8>zt 
Peptoae Bn'UI Uatao8.P.B. H•2'4>s 

22.-&'1 Ji-• .-0.09 

a.'1 22.et:SO +0.11 

1:9.-Si 19.IJ;. .o.oa 
19.'10 19-.75 

19.'ll 19.al 

the 1denttt1oaUon ·ot all the redUei11g Sllbai.ancH· PNdUo:e4 •a• 

outside the s.oope ot 'thie .etucl7<. A cCOJl;Pe.rlaon ot the titra"tioll Yaluea 

ot peptone broQ i.D.Ooulated. Wltll •'1 drains ot !f!ill1 ud lmiJlocul-.ted 

p-e:pto~e b~th re-reu a 1J8Ximma .a:Terage -cli.tferenoe. ot O.I ml•· o~ lie.~3• 

' ' 
or a a11GUD.t • Q:uiTal.eD.'.$ to o .• 41 mg. ot gluCCJse... !h;u.s, all. 1401111_ 

which utillza· more •hu o.46 mg •. ot glucose are OODBidend poa1tive 

utili ~ere ·of' glucose under con di "ions o~ the experiment. 

AU sugars do not reduce oopper to the qme enaat 1 t .1 s re4uori 

by glucose. '!'he raUo ot Ws re4Uo~ion. to 'the redncrUon 'by gluco•e 

Tariea witil eaoh sugar. With 'lhe exoeptitoa :ot maltoae and laoto••• 
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'the redllotag power ot ~ o°'4U" au.car• 1 • ao, nearl7 equal to tha'.\ 

ot gluoo•• that 111 mon baoter1ological work ,h.e 41tter•o•• 111£7 be, 

aea).eoted. (.:5). In thia 1Jlye·8ti1at1oa, th••• ditf•renoea tor cJJo.. ad 

l.•uabllloae .haTe be• tak• inw eons14erat1oa in detem11ltag th• en•t 
ot their utU1.U1cm. The ratto 1.06 tor arabtnoae was 4etemtaed b7 

the author• ( "3) ot the procedure uaect. 

' ' toUowa tha' after appl.J1na the ra'1o tor arab1DO•••· 0.46 q. 

ot gl.uoo·•• 1• equ1Tal&t to 0·•48 mg. ot either 4- or l•att)iaoae. !!i:ue 

all o~ '4• lao1111 whieh utilize more 1!wa this .., .... ot arabinoae _. 

be aaaume4 to be poa1t1Te ·UU11ura of thi• oarboh7clnte. 



l'he resul$s ot '11• PB ad oa.rbo1l7drate utili za'\ioa de:term1.nationa 

are ·reec>rl•4 bl Ta9le lil and ue giYc. graphically 1a ftgu.rea 1•180 • 

. In '!'able· IV Will be tou4 an tnt.erprn•·Uoa of •he p.B Talue• 

reeo:r~ ia. 'able III toge'11er Wiih COJJP•rabl• data from the 1n:Yeftiga-

'-1ona ot Cott•• ( •) ,. and the naotioas from -o'11a lt ie:ranre .lined 111 

Berg~• lllmual (1). Plus (+) marks ue ampl0;ye4 w 1n.d1oa•e aaidio 

JB ft.Lue•.. Hep\iT•• alkaline., or neu•ral pB hlU•• are recorded a• 
- -

bble 1' presen.•• a amm.ar:r o~ the data in Tables Ill od IT ad ia 

aaou1.1 m.plo7e4 are 8'1Dl!l•rize4 1ato a rean1on e.p:paren'tl.7 oharae:t.ei:-

1ft·10 of th• apeo1•• reprea-.ted. Olil7 those reaotiona which appear to 

hoe t~lt.CDic Tal·ue are l1ate4. ta this tabLe. !'he· •legend• :tor ·the 



oraa:d.• h•b•'tlc>a 
P•rlod ( 4Q8) 

B. t.dhall'tn.• l 
~T~C! . • • 

j ' 
B. aol . 1 
U1tS•Dtl.! 

8 

' 'I 

B•: al &o't1t 1 
~.P.I .• 

I 

s 
'1 

T.ABI.1 Iii 

OOmparlaon ot )ll Pl'O~otid. end Carbohydra'• 

u-.utnct 'by 11.a\>•r• ot •h• a.im• BaoUl!!f 

:PH 
Po•• Gl.UOOH' d-.Ar&l>luH (el••>· pa II& pti .. 

" ·UtUS.zM: U"tlll.M4 
'l!O 5.a 3., '1 a.=> 1~3 

'1,// 5.! '·4 6*9 -
'·' 15.l *·' 7.o o.6 
8!$ t;~l 2811 a.a o.s 
. '-•' 5,'!5 4,1 6.J. o .. 7 

6 ... 15.1 ,,.o ,_, ... 
6!·'' 5.l e ... 6.,G G..l 

'1.4 15,4 9.2 ,_,, 0-.4 

'1~1 .. ,., .... 6 .. 5 i •. a 
'1.4 5t0 6.1 .,.2 -
'l,a 5.0 a..7 '1.8 a.a .. e.G .,,. 8-..• ~6 

.. 

l,..,J.r&bbou 
J>H mg 

U"tUize4 

'·' i •. ir 
:5.9 S.&· 

6.l5 •• ,a I 

6 .. 0 5.6 
' ' · 

6 .. 1 o.'1 
e .. o 1.0 
l.'1 1.1 
5.6 s.o 
,,o 0.1 
., .•. 1.0 
'1.4 o .. e 
f ,8 J...O 

:J • 



TABLI Ill ( eon-t&nue4) 

pR - .. --

Orgml.ia ~auba'1o• Pfl)wu.• · Gl.uoo•• a,...,Arabluo .. 1-.U,e.blno• 
i"·•i'iod ( daJ"•J (al.Gae) ' pH ag JR ·' .. pH ma 

.. .. ,., . l1.1fii-4 .Utilt_.. l,1'lUz.M 
:a., al'bolao"1 • l -. G.t &.I · 5 •. a &.I . 1~• ·- 6 '& . . 1..:0 
Tex. ., , 

~ ·, I 
. '·' 5 .. 1 5.V . 7 .• 1 

~-· o ..... . -' .. 
,, " 1. . '1.1 .. ,,, s.~ '·l .a.o .,,.. o.~t 

" 

' . a.o 5.0 l.7.l . a,1 1.4 "·' o.t 
. . . - .. - . :e. al.Tt( ·1 6 •. 1 . . 1 .• 1: i .. '1 

._ ·_· l.i' o.a l..O ' . 6 .• 4 . . 
A.'1''.0• " .. 

' . ' "."1 . • •• 
. '·' · · s~a '3 .• l. ?;.O ' 6..4 . o •• .. • :, .... 

' 
~. ' 

• ._ '·\7· 

• ' t~~ / 

I 7.7 5~2 .... 7,2 lel. 7 .• o 0,1 
.. 

' ••• s.1 3.6 . e.o l., 6 ,, .. '°·' . ' .. :a. elvd l 6.0 5.D 2.2 6_,, . l -!il- s.a 0.9 
Tex. < 

• . 7.0 "!O' 1 • .• 1 •.• • 6.,15 ~·.~· . 
I '1.1' ' . 5.-i 2.0 . 7,a 1.1 7.1 0.2 

7 ••• 5,5 1.1 ' 1.1 2.4 a~o . '· l;..'1 
... 

I• , .. . . - . 
- -

ti • 



orsut• 

B. al"-l. 
#618 Tex.. 

B • . al-tel 

.I 

#681 Loa1Ehea4 
l'U. 

B~ &a•lind.• 
Wl:a, 

TABL:I IIX ( OOll \tnu..i) 

I 
JB · 1 · . . -- l - -~ 

:lnoubeU.c.a. · P4Wf11etae Glueo" . . cl-.Arla.:b1noH· . l .. ~ho• 
.Pe~d (4.a18) (-.1.0li~ 1'll , t ma ._ PB · I 1111 .. pH f II& 

tT1W•4 UtUizm . u1111.z.a. 
1 6 • .1 5.,4 2.1 I 6 .. a I l.J. I 6-..& I o .• 6 \. 

8 I v •. o I 5 •. , J 2_.;7 ?.l. ... 6.,0 I o.s 
I a I ,.,5 I 5.t I· z.4 '•' 1*5 '1.,4 I .~ •. 5 

'1 I 8,.,5 5,,fj O,Q ••. 2 ' 'f a.i I '1.:9 I 0.1 

1 l a.:e 5*" ··o,-e . 6.l i l..5 r s .. 0 r ()~9 

• I 7.,0 5 .. 7 s •. 1 v.2 I -: I 6.6 I .1.0 

a I , .. ~ 5,,7 . 1.7 '1+6 ' o.4 . 'l.,5 .o •. e 

? ' I ·~5 J 5.,5 '1.7 •··· ).,.,? ·1 7_,8 I i .. ~ 
1 -- -~.-----r----,,, .• -.-,--o.:.I_ T__ - --~;z -·1 o.a ...o.a 5 •• I 0 •. 1 

I 6.4 s,,, .,,. 6,., ' •1 & •. o I o .. a . 
• 6.0 5.,, a.'1 6.,6 o .... 6 • .fr o •• 
'I '·' 5.4 ... 7 .... o.,a I 6.,'f I 1-1 

,. 



-

l 
"' ·oa ... . 

1 ri 0 
IQ • 0 

... . ... •· .. ·• 0 0 0 
G • 0 

.. to-. .. 
0 .o 

. .. .. 
• • 0 0 ; : 

!_ ..... _____ +-----.-+--------
·~ . 
.... t;t • 

Ai IQ 

'I 
N 

a~ 
• ·I~~ • • 

rt •· co 

0 • 
""" 

·• . .s· ·.r 

• • .. 
0 

0 ·• tO 
0 ... .. . ... ., 

ca • I' ·O 

1~1--------.......... ---------+---------
! 
.& ttt. .. . A d 

li 
i .. 
0 

• 
. ) .... 
I .; •• ·rq !of 

• .... 
'° 

0 
·.J 

• •• '° 

.. 
• • • • '° 

IO • co 

•• 



'l'ABLI lQ ( OOnUllued) 

PH 
0rpn1·• ' ln•ba~loa P•wn• Gluoo• 4-Arabino .. · 1"-.Anl4Do ... . . fe.rJ.o4 (~) ,~.} )R pH )ll JD& . ... ma . 

UttlizM Ut111Z.._ . Ulll.lz.a 
B. authnol • l 6.-'1 5.4 4...2 .15.d ...Ot'5 ~9 .o. .. :a 
( .ilDOOth) Tu. 

~ ... o .2 5,.~ 4.1 6.5 .. O.l o..~ 

i a,.o 5.-7 !S.-4 S.5 1..-1 ~- 0-.6 

7 ..... 1 ... 1 S.I 7,. .. 5 .2.-0 7¥'0 0•3 

B. •'•ri1.Dlu• l 6~·· ~,:s .a.1 7..,_5 - 1:., .. 6.1 .li5 
#IU Wi•. a ~,:l 5 ... !5 0.2 "·' .... : a.2 a.2 

s t ,.l 5 •. -e .... •~1 1 .. ·? a.1: '6-. 
7 a,e o.$ 15,rJ •·s 1 • .,, ·4..-V ia.·1 

B;at~a 1· 6,6 5.f> ... ~a.a o.-o B,5 o.a 
u. s. n • . A. ·I l 

I 6~1 5,6 '~' 
,,,6 .. 1.-2 4."0 

• '1,8 ... 
J 6fl0 '··· 1.1 .5.~1 ••• 

' •. , 5 •. 7 ll . .:6 .... 1··5 '•' •. '. . 
- . 8r. • 



TAlU l:ll ( CO. Uau.cl) 

pH 
Orpni• '· Incuba'i1oa P9P~• Giuoo• Q.Arabtno .. l•Arab,b.o• 

.:Pertod ( dQa) ( almurl pH Jig pH &a. pH .. 
UUli Ut11tu4 U~f.U .. !l!M * &. atenlmu• - 1 6.'1 5.5 6.'4 '1.-0 o.o &.l , _,6 ., ... 11•· 

I 7 .. 1 5_.fi 9.1 .,, •. .,, ·- 5.t a.-• 
' • a •. o ~G a.a . , .• o •.• 6-.0 10.-1 

\, -

,_ ' ••• 6,,0 11.,.,G 8.-2 l-.8 e.e l.8 •. 0 

B. e.itr1'l:mlle 1 '··· 5 .. 5 5 .. ? ,,,,l -- o.e . '•:l 1.1 
R. c. ll1•. 

i ,,.,, e.o 10-.2 '1.t ... 6.e '·" a ••. 2 1.6 10 .• 4 8,Q o .•. s 6--;4 v •. o . 
' .,, 8.-4 &.a 16.'l a.a 1 •. -t 6.5 i_e.e-

B. cen'l• l -.,, .. e 5.l 1~~· 6 .... - o.a 64r_8 ..;.o. a 
A A. T. e, 

2 'l.7 5-.0 il.L? .,,, - ' ·•:G 0.4 ·• ' 

I ?.6 5.-l 13.0 7.4 l.• "··" 0.1. 

7 •• 3 rs.1 22.7. ..... a 1-4 '1,·f 2 •.• 
... 

p 



-' ! • s -

•• .. 
~-

'° '° .. ·~· ... ._ 
0 ri " 

'° IC) .. .. 
~- @ / 

.... 
~--

a • .. .. 
a" o -· 

-~ e-. .. . 
.....- o · 

• .. c,.-

t 

0 
d 

• • 0--

.;of. 
• O ' 

~ .. 
0 

0 • .&0 

, ' 

' : 



'l'.ABL1 Ill ( con ~lnu•oJ 
--

1R 
Orpzij.lll Iilcub•t~oa l'•p'ffa• Cll.u••• -, d·.~b.~·· 1-.Anb u.. .. 

Perl.od ( d.q•) ' . ( .e:J.one) . pR 111& pH i'lg . . pH , ' mg 
u-•u~z.a. : . U-ti11-HCI: -U:lia-4 

B-. e.-.r&Ua l 'lii4 ~,1 
-- 7i0 6 •• o.=s s.e 0.2 

NOJ:i<ll4QO~U.e Tex. 
, 2 ?,.4 5i0: 9.fl 11.a .... .a.·• 2 .• 0 

' 
a 'l•' 5•0 a.e '1i-2 o.§ '1.4 o.o 
? a.1 5;1 lt.o a .. 1 o.is ,,.,. .t.6 

,1 

--
B~ ce:t·.u• 4 -- ? .• ~ 5;.l 5.;2 - 6•1' 0.1 7.o '>•:S 
#144 '?ex .. 

a V.4 ;-.1 6.1 7.8 - 7·.,o o.e 
$ 7•5 5114. '7 t> $. 7,..3 o,s , .,, .. o-_. ss 

'I .. , 5··· U.9 $.8 l•• .. ,, • 'I o .•• 

B• oereu• - l '1~~ 5.l 17,;,.'l a.,, -· 
o.~ 'l•O e.2 

OJ.ea 'Tex. • ,,. 'I e .• o· 15 .• 5 ' '·•l ... 7,.0 ••1 
I ?•·• 5•.0 17•8 ,,., o .... '1 •. !5 o~s 

'I til 5.i2 15w:O 8• f) 1 .•.• , .• 1"6 
~ ... , -.. ~ <· • ' •• . ·, : 

:I .. 



TABLJ l:tt C ConUnu•4) 

pH 
.. 

Orgu.la Inoubattoa f.P:km• GJ.uoo• · d-.AJ'a'btno .. 1-Arabinoae 
Perlo4 ( dq8) . (aloa•) pH ma JR mg ;pJI mg 

.. tJUltUI l1•UtU4 . UtillzM 
.B. oel"IU.c; l """ s.a l.'1 ~·, 6.1 " ,.,. 
Neb. 

I f •. D . e.1. u.e '·• 2.1 ' 

I '·' e • .i . ·~ '1113 o.a 

' e.z, 5.-z 12,0 a.o o.t 
.. 

B~ o•ni.ta 1 .. 'l.eO 5~9 : l.4 6. '6 . 0.1 6 .. 4 l.S: 
&d.th-'l'bml 
'l'•S. a 1.1 5.7 4.9 7.0 ... 6 .• s 3.-1 

I ..... · 6.a ·~~ 7.1 o.6 &.-i \ 5.1 
' 

' 'l a.e 6 •• •••• a.2 o.t a.a ,, .• 6 
., \ 

. 
B., ce~ l &.& 5~2 6.5 6.8 0 .• 4 &.e o~a 
Wt.a .• 

2 v.o S,() 6.8 7.'l ... 6.0 0·.9 

a· 7.JJ s.1 · &.$ 6.8 '·' ~.6 1.9 
., '1-..5 5 .. l 9.J "'·" 2.1 5.8 4~6 ,, . . ' ~. . . • • 
-



T.ABLI l.U: -:( Ocm°'in~•4l. 
pH 

orpnia houbatioa ' p-_, ... QlliOI .. d-Aztflblnoae l-Aral)ino• 
Pedo cl ( 487• J ( .:i.one) . pH mg pH ma pH .. 

. Utillz-4 v~.,, .... . U•lllztMI 
B. certQ.t . l f .5 . 5'q . 7,,// 6.t .;.a.a 6~· o.~ 
A. T. ·o., tie-. . e ,,.,. ., 5,·0 e,.6 ' 'l.3 ... '1;.I l .• 5 

• • 1.a 5.0 ·10.6 '1.,4 ' o.:; .,. .. , o,7 i 

7 1.3 . 5.1 · 16.l. • • a . 1 .. '1 '1.5 o.a 
. .. 

B. breTS..• l . v .• .s . - 7.J, 1.5 -7 .. s o •• '·' l _.2 
#f!l)4i A. T. o. 

a a.o 'l .•. 'l . 1,.,3 •·l . - '1.5 - -
• ••• 7,9 - a •. 4 1.6 8.l 11-i 

.. . 
'l .. ,, , a.a .s.e a-.t l.8 •. , 2.t 

S~ bN'tl• 1 ,, .2 . '1.2 · i ... o- 7.a - l.-0 6~1 l.6 
u. s. D. A. ' 

I ., • '1 7.,6 8.6 · a.1 ... 1.a e_.o 
s '1,8' 7 •• - : .. 5 1.0 ?.5 o.e 
7 8.7 ••• s •. a ' 8.7 2.0 a.a 1.1 

- ' .. 

8 
ii 



OrgU.S..-. 

B: · ctrtN.lau• 
At T .. 0. 

.s;-eob•nn• 
#MfJ 'T~ 

'! .. 4-nt.aua 
U~ St D4! A. 

'l'iAlU Ul ( Cou-t'1lu4): 

Gluccus• d-.Arabb.os• 
. pif 

!nou.b$-tl• 1· Pqton• .. 
Peno~ ( Cle1•) . · ( ai.on.-) .. f JIB ·• 

pH ttvUtifd. 
pn I q 

Utllize4. 
l f ~-~r:: ·1~1. 

" . a.t r o.a 

• 1 --0.4 6-,6 f .. 
& a.7 o.a - 6,..0 r o .. s 
'I 7.6 s.1 i..• '·' s.o 
l &..• -st ... 4.7 &.• 0.:1 

2 7 .• 4 ~'7 "1 tl . 7. 6 • 
:s I ,,,,.,, :I &6 ... 7.7 1.a 
"1 I 8.4 I .5.9 l.S.I· .. ~ ~,.o 

~ ' I ' - ~· . 

l I S.7 ' .. , 6•1 . ~-e 6~1 1~• 
.a 1 9~0 l "" •. .... .,.8 -
8 I , .. , S..$ .. IM I J!.-.4 

'I I .. , I 4.9 ·S.:I . ••. 5 ·a.1 

1 .... Are,bU&:J•• 
·»lt l ma 

u:W.£z5 
'~' r 1.e 
t>.6 a .. • 

·~.6 0 .. 6 

5.5 J.•1 
&~6 . .a..•· 
... 3 .• 1. , .. 3,8 

s.1 16. .• 0 

-&..a I .. 
,f541 6 1.1 
. 5.9 I o .•• ,,., :&.:' 

' . 
• 



~ lU ( OOnt1n\le4) 
. 

ltH .. -
Orgu.iaa tll QllbaUou P•tcm.• Gl:uoose " (.\!..Are.b_~j ' .. 1-Anbino .. · 

Pulou (dqe} (al.on•) PH .. pH II& pH .. 
J ·U'tili-4 ; -

u,,,., _ _.. Uttl.:tz ... 
B. danioua l 7.0 5 .. :5 0.2 

.. a.e · o.,. 6,1 1.,. 
#&. T. 0-. a ·?.a e.e 'A' 6.'1 • . 15., 15 1,.1 

, I 

' f.5 $ .•• a • ., 0.2 .5.5 
' ~·· •· ' . 

' a.a rs.,4 11.1 e.a 0.2 Q. •• ~-· -
l5. . t1 l!IBl' l. 6.7 6.i 0,.7 ~1. O.t5 ~.a o .•• 
U·i. s. De A. t 2 "-1 s.1 Q .. 6 6.9 .. ~-fj 1117 

a '1.3 6 •. 1 .. 6.5 47 ~.,. 6 0 .• 1 

'} "·• '1 6.1 .e.2 '1.ll. L5 '··s 1.6 
.. 

B. n.em·a .. 
l . e.,, $~5 ·0.5 

.. . 6 .• t ' .. o.s· · t> •. s · l.5 
V, P. I. 

2 ?,4 6.5 l.8 6.8 .... ... 1.1 
s '1.5 6 •. 5 ~ ~.l 0.5 6!>~ -'>•1 
7 '1 •• 6.3 2.,? .,.,, 1-a t .• 6 Q:t5 

: 
.. 

. . . .. r • .• • • 

•• 



1'.AlU Ul ( ooa~uu.a.) 
- - .. -

pl{ 
O:raan1& . hcmbatt'* Petone Qlucso" d.o;:ArablJlo• l•ArablJlOH 

Paiol (clqa {al.on•) pB .. PH .. pH .. 
·• l)Jt'1!.ie4 . - :Utilt.Ht . .. UMU·•-a - . 

B.- trewiclltint~l 1 6.1 6.5 -~4 , ... 0.-'1 6.-? -o ... 
~ 'I' .. c • . 

J I 7.1 6.$ .a.? t.o - 9 •. l. o ... 
' . •\ 

$ 6.t '110 ,.. ?.l o.7 6.9 0 .. 2 

" a.o ... :1..1 7.!i: 0.4 , '1 . ..l La-. 
.. -

B .. .tu.ettolldl - 1 '1 .• l 7.2 -0 .. 7 --6.6 1,.3 .o.a o .• i 
A. 'l+ c. 

• a "· 5 
''I.,, 6 1.J '114 .. ' . 1.6 

. . 

" ? .• 6 '1.8: .... 7 •. 4 la5 '1.7 0.9 
, 

r1 a.1 a.o a.7 s~o l:. 3 .,,,, 8~6 .. 

B. . .tu1¢:tonni-1 l. ,.·a 7.2 ..;.4.4 . 6~5 
.. o.6 . 6.t o.t : 

Te:L 
' .a ?,.6 7.5 2.0 v.o ... ~ 1..-.5 

. J '1.t ?·.'} ... 1--1 1.1 'I-.? o.a 
9 'lei a.1 l.f a.1 1 .. 1 a.2 1.s 

. 

• • 



·TAIU· IU .(eon Unued) 
.. 

}lH 
O:rfpml• Illouba~oa PfJP1loa• Gluoo•• ~Arabho .. l·Arablno•• 

Period ( day•) (alone) pH .. .. »H ma pH .. 
lJdlJ..-4 . U'lll,ze4 UUllH4 

B. 1'u.-1toJ.ml.a 1 '1.2 6.9 -o.• ~ •. 5 o .. ~ o.I o .• a 
#IS Tex. 

I 7.5 '1•2 -1.2 6._t • 7.a. 1.-7 

' 7.6 ., .• .. 7 •. 1 o.7 7.t -o.a 
'1 7 •. 9 1.a ~ ... 7 •.• l .• 6 7,.7 o.s 

B. tu~dtoimi· ··· l 7.0· 6.9 0~6 &.:'1 0.'1 &.I l.-4 
Mp.t 11. .. a '1.5 7.5 1"8 &.7 • 9,.5 ••• 

• 1.a 7 •• ,J,,.,t 6 .. 9 1.1 'I. 6 2,0 

7 8.-:0 e.o 1.e ·e.o 2.,0 '1.f 0.6 

s. gl.obl&U l s; . .- !5.-i . 1.a a.a o.o s.s 1.6 
J.., .,. c. 

• '1.0 5,.fi ' 1,0 6,~ - 5.,.5 l..7 

3 '1.1 &.4 1.a 6.5 i.a ~6 o .. 6 

7 '1•3 5,4 1.1 'l .• o o .• '1 ' 5~4 o .. a 

• .. 



T:.AJLI IU ( ~ 'ti."-uedl 
'_, 

pH 
Organia Incuba111.oA, P•))to•• Gl.uooa• ci-Arab&Jlo•• 1-.Arablno•• 

Perl.od ·( dQ'a) ·( alOae) pH .. pli - pli ma 
' _ UtUl:MKt, ut.filz•4. . . Ut.lll:-4 

B. globkU l. ,, '1 .. 0 5.6 
. . 

2.7 I 

#Mt wt~ . 
'• 2 .,,.4 ~-~ 4.i 

I '1 • . 6 5.w'l .:s •• . ,. ., 

"I S.1 5.t ••• 
B. gr&TeOlma l 7.0 5.5 1.5 ' 6.V o.o 51r.t 2.1 
U. S., D •. A.. 

1 '·· 5.15 ~9,8 7!1l~ '!'" 5..9 Ll5 

' 7.'I 5.7 .. 7,.4 o,e e.'1 2 .. 1 

' ,.,. &.J u.,7 ,, .. i.~~ 5•7 6~ 

B. gl"linol .. m• l. 6.8 s.e 
#6115 To. 

L~ 6.4 1.0 .& •• 1.1 
I '1.6 5.4 6.1 ''liO ... 

···~ 
a.y . 

a ,, .. 5 •.• ... 7•1: o.a s •. a .a.a 
' .. 

9 ••• 5.4 '1 .• , S.Q o.a 5-..8 "'•' -
..... ~~ . ·' . ' 

Ill • 



T.ABLB IU ( Coll tlia'li•d) 

' . Ill 
Org.n1a tnou.battoa . P·Q•• GlUOQee 4·A:nblnon 1--ArablllQ •• 

Pe~od. ( 411•) (-1••) pH - pH Ill pH mg 
; Utill-4 Utt:llH4 ~till•e4 

B. ·.gnveol•• ' l . 7:.5 ' .5.1 . rJ.2 7 •. o -o.t 1.1 
. l.·' . Wriaht lft.1_. .. . · a . 1.0 15 .. 0 a.J. · e.o - v.a l.'1 

' · a ... 1 &.e . . .... ' ••. fr 1.1 '·· ~-1 . . 
'I 8.6 5.0 1e .. a 8-.'1 J..t "·" .. i .... 

' " 
~ . .. 

B. graftc>lea· l 'I.I . 5~7 "·~ 6.t 0 .. 1 6.5 .... , 
leb. ' • "·· 6.8 ·is.a ••••• - &.,I ., .. 

• a.i 6 .. , ~ e.,o 0.1 a. '1 U.4r 

I ? 81115 8.3 ee .. 1 :s, .. 5 1 .• 5 8'-'0 g>,,$ 

B. · 1ao-.lo0la l 7;,,o t;~i 1+5 7~0 ... -o.a , , .. . o.& 
'l'ez. ' 

I 'l. 'I &.1 4.-0 'l ... 'I ' . .;. 'I.,, l.S 

I 8•0 :1 ts~1 .... • .• 1 0.3 ,,, •. ••• 
'I 6.1 5,1 ••• .., 1.1 ·-·" 3 .• 2 

' . •' 

a: • 



' o~-. 

B; lao'lloola 
'#8'14 're~ . 

B,, ·i:ut1• 
#61.e!JP. 

I~ . Uter0-Qiiiia 
v~ '· x .. 

TABLB Ul ·( oon,uued)· 
. . 
pR 

Xn~batioa ·1 ~owa• 1 Gl\loQd 
P•iiot ( 487•). { .elOJL•) . JR •• U\filze4 i -- - -.. -·· I ,-•• ···r 5~1 •~tl 

a I 'h'I I cs.1. ! e.,1 
a '··· 5,8 ... 
'I I 8.t.4 • s.1 7.0· 

l I - --,~-, - -=--- ~ •• &$ -612 ·~. . . 

'I I , ,,5 · 5 •. a . . . &,,.5 

.$ 1-.3 0.1 • 

' 8"-.6 5-•. 1 e.e 
1 &.. '1 .. 5.7 ••• 
• I v.a Oi.l &.I 

• "'~·· o • .- . -
'1 I e.-a 5.1 84.? 

4---Arabbou i,.u..buo-.. 
pB I II& pB .. 

U1llllt.• _ V~l'1izetl 

'·' o.o 7cfS . ' i . t 
, .• • "'··J ••• 
"·· o.6 8til ' I' 0.1 

••• o.t 8.,2 a,& 

7~2 o.s ,,. .. .., 
7.& - ,_,, 2.a 
7.9 o, •. a "·' i.o 
t:.7 .i.,.a 8•1 .2~9 

"6.a. 0.1 6f$ 1-~f5 , .. () ... •·:· ~· ·· , .•. o,t f,l. ' .. ...... $ 

•••• .. 0.2 ·1 '1. '1 ., e •• a 

~ 



~'w <~1&Jme4} 

Jll jlQ.' 

Oraani• . lncuba~<nt P•toa• Qluoo• d-.Arablllos•:· l•Anbtnoff 
P•$4 ( dan) · (el.one! pH me :pH . II& lli mg 

_U•Uf..H4 Utlli.zet . Utlllzecl 
B • . lm1A41 · l '1.118 a.1 · · 6.l. . . '·' i .• o 6.1 4wl 
V, P. I, • e •. 1 5,9 lt.o ., __ , - a.e ,,,, 

I a.a 5.i ' .... 1 .. 1 l.t 6.S "·' . 
'1 L5 &.2 24t0 .... 5 1·6 e.o 12.-4 

. . 

B!' !U.aU"&• l. Gt• !5 .• a 2.$ 6.1 ~ 

1.6· 5.2. 2.a 
U. S. D •. A. 

2 6-.8 s.o !-.IS 6.0 .. ts.2 2,5 
• ' • &.,? 1,,0 e .... 5.f. 1.6 5.1. i.9 

7 '·1 a .. o,, ~I a.1 5.,6 ~.o 2.6 

B. ntg athUIJlill l, . . 6, '1 -61tl, · 0-.1 6.0 1.0 5.a . ..;o·.1 
u,., s .. D. A. 

2 '1.0 r>.s $..0 6 •• - 15,4 2,1 

. a 7.1 :s. & .. , '·· o ... 51t .. 1.t 

' ' '·· 1.4 1.1 'I, 'I i..a 5.a 4.5 . : 
. . 

·I • 



i'ABL·I Ill '( Ocm'iltu84J 

Orgai.mi 
-~ I ·1 ·,a ' . . 

In011btt10f. P .. -... 
Period ( day•) · ('alone} 

4-.ArabJno_ .. 
pH I SC 

Gl.lHOH• 
.JH I. ms 

l ... Arablnos• 
pH I •e 

Utilized 
·n, -••P.•hii"f• 
A A. T·. O.e 

lh aesathtriUli · 
#I A.ii T• C.-

B. m.g&"thlbl\D 
'lU.· 

U'iU:ized 
l - - - 1~.TJ 5-7 1 . 1~2 

a I &.,a 1. 1 I e.·e 
' 1· 6.6 5.-G ·. .1.5 
7 · 9 • .a I 5• 4 I 4, 8 

l -.. ~~.---·~4~··--:;-1~~5 

1 1 &.7 I 5.5 .I ie 
8 t 7.0 .5.~ I a.!5 
7 I '1118 5"4 J ~ . .-t 

l 1·· JI,., Ji .... 1-· - 2. .. :4. 
I 6_.·I .5.1 '90 

8 I ?.o 15.,.1 s. t 
? 1 !1-.t 5.1 J e.a 

6.J, 

6.8 I 6 •.• 

7 _.'I 

6.t 
6. '7 

e.a 

''· 7 
I 

6 • .6 . I 

6118 :I 
6 •• I 7 .. 6 

U1i1llz.e4 
-4-8 e,..e 1--• - - I i .• s 

'•' 5.,6 a.:'1 

1.e ts ... '5 ts •• 
.. o.t $_.i- 0.5· 

- "" ~.o 

0 .. 4 5,.fi 2.4 

.l. .. 7 5 •. ~ 4.4 
" · 1.0 ,. 6.8 0.2 

- I ... I i..t 

1 .. 2 1 .5.4 I o .. z 
0.1 I 5,.5 I ,_ .. 

" 



'l.ABLJI IJ:l ( Co1' 11tnu•4) 

pH 
o~ lnqubatlcm ' :Peptcm• m.uoo•• 4--Aftblno• l·Ara~POM 

Pt1t.Od ( dQ'a) (alone). :PH Jig pH mg . pB .. 
tJilll* ' UtlU.M4 u•s.11ut 

B. •eca"he#.• l - 6,7 6.0 l.,,. 6.1 0.6 6,1 .1119' IMD ,._. 
I . 6.0 5.4 ... .. ., ,,. - 2.9 

I '·' 6t1 6 .... 6.t o •. o 6 .• 5 5.0 

'I •' '1.6 o.a ••. o 
'· 6 

1.1 15•' a.t 
B, ••-·heri\Jlll l 7,4 -

=s .. a 1,9 6.1 a.9 7.,l. a.a ... 
a 1. 6 5.;2 1.'1 'lr.6 ... - 4.l 

a 7.1 . 5.l &.4 7.fS 2.1 ., .• $.6 
I 7 8.l 5.1 a,. 6 e.o ·1 •• e.o a.c> 

B10 a•aa'tb.•r.lum 
. . 

l 7.S 5._l a.a 7.0 2.5 '1 •. 1 ; i.t 
A. T •. C~ Wl•• 

2 7.5 5,1 '·' '1.6 - • ~-· • 7.3 5!1 6,4 'I .• '1 1.6 7,'l 4.5 

'I 8.3 5.1 i.t a •. o o. '1 7 .• 9 2-.7 

8 • ~.' .:.: .~ 



• 

TAllLJ III (con i'*21'1•4l 

.tR_ 
Gi.uoo•• Organtau. lnO\lba-tlou i'ttJrCp•; d-Arab1no,. 1-ArPlno•• 

p_,,~d .( d&Pl (alone) pH lll.S pH 'JU& :pH me 
U'wJ.zad ' Utlltzad. u,n<I ... 

B. m.•p,he~la 1 6 .• '1 5.1 1 •. 3 &.~ 0 .• 1 6.D ., o.a 
Neb., 

2 &.t s.~ 1 •• 7.~ ... - 1 .• 7 
'I 
: 

I '7.1 ·5.l l.· .... 7 .. & (h9 ?.a 2.1 

7 . "'··' 5.l 2,.a •• . 6 J...8 s.o 2.2 

B_. ••••••n.Oll• 1 . &. '1 '·· 1·, __ 5 6-..1 o,e 
A. T. C.- a 6.,f o~~ 1.t , 69'0 1.2 

8 '1 .• z s.o 2.0 6:,1 a.s 
'1 '11i 'I 5.J 5,f o.o 2~ ·'1 

. . 

B .• me••--•rt~······ l ' '·' ' 

5., ·1~.a · 6.1 ' o,.o 6.-1 1+• 
U• S,. D• A. a ,, .. , 5,.0 •. , '1'118· ... 6 .• -6 1.e 

s ,, .. 5,6 4.,0 s.1 -o,a 6-8 6 •. 1 

'I ••• '·' t.e •·e 0.2 "·" a.a 

~ • 



oraat.-. 

;a. ····--·d;O\l_lf , ... 

B;u••t•rfeu• 
A+ 't.11. o, .... 

!l •. -aeaeu\eilou• 
11'0•" •l·.•• I 

, 

tABL-S· W ( OOil 1'1lu•4) 

pH 
lnCJU.ba•ion f Peptone l Gl.uooe• d-A,ftb~ .. 

P.-lo4 ( daY•) ,. ( aloti.•l . j>li I mg pH. 1111 
u~ ·.~ · Ot , . ••4 1- ~~--- .---r --.. -c-~ -~- -- - . · · ,_.a 5-7: a. t : 7.-t l . O. 

I l '-· I a.o 1 4.8. 8~2 • 
I I ••• l & • . 2 I as.ts S.4 I Q,,.6 

'1 I e,.·5 I '1.6 I U .7. I a.& .. .. 
'v,:O .I 1 · -, 

11.4:. - .. ,T&., ~· 
I .I v.5 I 5. 5 ~n v.a. -
I I '7~7 5.7 1.1. ,.a o.• 
'I I a.2· &.3. 11.6 , ,,.6 .1.1 

l ' I s~a· 51-i a.a 6. 4 o.·1 

• I 7,4 5.5· ••• I ,,4 .. 
8 I· "·· .:s.'1 a.t . 1 .. :1 7,. 4, 

'I I 8-.l l &.Q . I l.t.i I t.I l,,.;7 

l•Arabb.oM 
pH .. 

Utlliz.d 
fil;Q· o..a 
&.,Q· 16.'l 

I it• I m..9· 
7 .. 9 11.1 
& •• . - o~o 

v.o f. 2.e 
v.o I 6:15 

'~s . I 6. 6 

-6.~ o., 
a.e I 2.9 

'6,;<6 I 8112 

·?.2 ·1 20. 1 

~ 



TA1U m (eontlltud)· 

···-· - · PH· I . . . . I 
Oraan1• t J:nou. · be;tioa ( P9»•=,• Ql14ooa•. .. . d,.AJ:'ablno. ... · . . .. . I 1-Arabmoat 

.1n'U4( da7•} (alone) · pH I II& . . . . pB ·I mg · pH I mg 
Utlll-4 . . UU.l.lz-4. _ · J JU11ze4 

B. m,tool4iJI 
#1 v. p, x. 

B., myco14•1 
#1.0l v.. p. x.,. 

l 

.a 
I 

'1 

l 

! 

3 

f/ 

l 

·a 

• 
7 

I 
I 

I 

[ 

V9 4 

e .• e 5t'C> I 2.0 

••• 5 .. 0 8-0 

e;a 5,G 1.9 

6.,4 I s,e . • 1 
. 

'· ~ ·5-~ ... 4 

7. 4 5~0 ... 7 

e.o 5 .. 1 U .. 4 

a .. o ... I LO I .1.a 
8J.. 1118 I e.a I ·3.0 

8.6 1.0 I 8-..4 I 4-9 

6--i8 I ... I &.6 I 3.?. 

7.-4 .l.8 . ,,..a 1, 9 

'1 .. 5 I Oi l I 1.:s I s.a 
a.,o I 1.$ 1 •·0 ~ .• 1 

'1~.Q ... 
'1 ~1 1 .. 2 

"1 •.• .e.,1 
.,_,, 0.1. 

I • 



!ABt& ,lXl t Oon~uu . .ct) 

:PR 
Ol"pnia In•'battoa P"I>toa• GJ.uooae 0-A:rabll\OM i ... A:ra1'lno ... 

Pcf.o4 ( de78) (al..on.) pH 
' 

.. )H .. pB .. 
. . . . Uilll~cl .. uint•• ' Ut.ll.lie4. 

B. jqool4•1 
.. 

l 7 •• 5 .• 1 ~).- '/,Q -
Beac1e4 Tex. 

I .,_, e-1 4cl. 7 •. $ le.$ 

I 7.& 5-0 3.;8 '1.:5 ' ' 0 •. 1 . 
1 I ., .. 5'.1 3--.'1 '1.8 ·o.6 ' 

B~ !Q'oold•• . l ·7 ~ 5 '-5 ~a · 

A. T. Ct. #60 
'l'eXt .a '7.,6 5.o 4 •. 7 .. 

a 7.7 t>t1tO 3._4 

7 ?.t 4.i 4.0 

B. eyc0ldc• 'l 71k.5 ·5 •. 0 l..e . 6:-.,6 -- :~ .' 

1 .. 7 
.. " ' ... 

A 2 Tez. 
2 7-.,5 5.G 4,3 '1 ... 2 1.s 
I 7._5 · ei ... o 2~7 '1 .• ,6 o.:t 

j 

7 7 ... 9 5 •. o 2 ... 6 '·' .1 ... 
. . 

~ • 



pH 
O:rganilll!l In.ou_a._.lOD ' ,., __ . 

Pfitbd ( dQit} . ,(eloU) 
. .- • 

B. DJicc;>lde• .. 1 r~~ 
A 5 'lex.. 

8 7,6 

$ 7,5 

7 t.l 

B. Jatoo14•• 1 "·'· #28 '!'U. 
I 7.6 

I 7-.7 

7 9.1 
B. JQ'OOl ciU . l '·" #6! T$x .. 

2 "· v 
I 7,5 
,, ., .. 

. . -· · ' ~ 

' .. . . 

·7A.BLB J:ll ( COJL~SAue4) 
. . . 

Gluco•• 4-Arab~ .. 
>H Jiii ' pH Dl& 

uiu1ze4 . . UttllH4 
$.l . 1'+7 . ?•O ... 
5 •. o $.9 7.4 o. '1 

6.0 2 •• 'I-. IS 1 • ., 
; 

5.0 . .... , Ll. • •• 
5~0 l,7 . .. 

5.0 2 •• 

tS.Q; a.a 
5.0 ... 
Bi.I 1.a G,'1 iii 

5!'1 o. 'I ' 'l.2 .. 
5.1 i,Ja 6 • . 6 o.a 
5,.1 O.f ,,,.. i.'1 

. . 

l•Arabil;lo .. 
pH mg. 

UtU1zg 

6 •. a a.a 
6.9 ,l.-8· 

"·" s.1 
?.,lS 1.9 

. 

, . .. 

-



T~ lU. ( CODtb.ueCl) . 
. . .. 

pH 
Organta In cuba~S.oil '' i'41pi0ll• ' ' Gl.uco1• d-Jnbbo•• . 4•.Aral>ko .. 

P•dod (days) (el••) pR ina pH 118 pH ilg 
UtU1z•~ :OtU1.zod Utilt~ed 

a~. IQ'~&.~•• 
'· . ' l . 7,.,3 :s.~ ' 1.•P ' 1111'3 -

a.~ 7 ... -#405 ,_._ 
2 '1 •. 5 .5 • .,2 l.._9 7._6 -l •. 1 ' .,, .• i.is 

8 7._.5 e .. 1 4._$ "1 •. 6 111-,6 7,e 1,6 

' •·~I 5.p a.,6 •·l. 1 •. 7 s.o !!3 
-

B,_ myooide• l 7 •• - 5.-_2 !3~ 6 '!. 2 ... 7,3 2~? 
·."10 , .. 

2 '11 .6 $.:3 : 4.1 'l .• !$ o • ., '··' ••• 
I '··· 5._R s.t 7.Js 1 •. 6 '1.-.4 1.15 

'I 7 •. 'l 0.2 '1 •. o 7.t ( 1 .• :1 a •. p 1.9 
- .. 

B • .,-co$de1 l ? ..... p.l a..s 7J. 5.0 
'417 1e;ca, • 'l-. 'I 5 •. o a.• 7.,.1 8 .•• 

I ? •.• s • .l •••• ,._&. 2.1 
' 7 ••. 5 C..l 4._c ••• o.s . . 

- . 

If 
~ 



TABLt JI1 (Oout.tnued) 

.jll 
Orgen4,a laoubatiu :P•»t•• Gl,u,ooe• d•.Al'abl:J)oe• 1-1'...re:binoa.• 

Period ( dQ'S) ( alo:a.•l pH Jig )H Ill& pH .me 
Ut1ltze4 Ut.illud ...rnt.~4 

B, -*YM(clu ' l 
. , . .,,., . ~.2 . · ... a,.e ·· 7.2 - 1.1 l.9 

1420 'J.'ex. 
I .a '116 1.1 ."'. 7.,2 1.0 7,// ...... , 

I 71.5 5111 S.6 ? .. 4 1 ... e 7 .. 'l $.5 

' a .. o 15~2 a.t e.o o.f a.o 2.4 
, : . - . -a. JIY0014•• 

. . . ,. 

l .,,$ 5.,1. l~fi ... v.i 6,t 2,.0 ... 
f 4Zl ·i;r.x. • "·" :s .. t a.• 'I.rs 0.2 '1.5 ... 

' 7,f e~1. z.e '1.~ 1 .. 9 7 .• 'I s.1 
'l ·a.o !SJ, 1 • . 5 '··· 1.0 8 .. $ 1.4 

- 1.J. ~ :e .. myco£ 4•• l . '1-,4 5,.l ~· t - 6.5 4,2 
#4·22 '1'$x. • "· 6 

5,3. 2 .. a '?.5 1.2 '7..-4 4.l 

a .; 7.-• 5., .S.2 '7 ... 4 o •. s 7 .. -t- a.7 
,, 8.Q 5.-l. 2 .. 1 8!'0 1.5 7 .• t 211 9 

~· 



'l'AIU UI '( QOn1i.nu.cl) 

JB I, ·JIA 
Organ.illl Xnoaba,1oa P@tOD.• Gluoo•• dr.oAra'bbo .. 1•.Ara'blaoae 

Period ( kJ'•) (-1.ou) PH mg »lI Ill pH ... 
ttt:Uiza4 Util1ze4 . l.Ttt1lmM 

B. m1',0ld•• 1 7,• 5 .• 1 1.9 ?.l ... '1.,l 1 •. 1· 
#415 'lex. 

I '1. 6 5~1 a,·5 'I +2 l.2 7.6. 2_ •• 
' ' I 7.5 5.;1 a.a '·' l.? 'l.-5 a. '1 

'I '1.7 6,2 2.a a.o o.e "·' 1 .• 9 
- ' 

B. 117oP1d•• l ?~a 5.0 a.5 6.f .. ? .. l 4~1 
Id• Ta. a '1. 6 5,e l.1!5 '1.$ o.t ., ... 2.t 

' 

' 7,.5 5.1 ••• '1.4 .o. 'I .,.,. .,_, 
., 

"~· 
5 .• 1 1.1 '1 .•• -0.1 '1.6 0.9 

B. myo014•• 1 '1,1 5i l ' 1.5 '1.2 ... 7.1 a.o 
f4t'I TU:.. 

8 "·· e .• 1 1.6 '·' l.10 '·" 2.1 

I ,,, a 15.l 2.6 '1.5 1·• '·• 1 .• 7 

'1 11 , _ l5.0 1.5 
,_. o.5 e • .i l..f 

' . ., 
. - , .. 



PB 
Orpal.aa " In CNbatloa Ptlltton• ' 

P•d.o~ ( claya) (al.one) 

B. ·JQ'oolu• l - · - ' 

'1~ 95 
#4.'ll> 'u. 

I "•' 
' '•' 
'l '·' 

B~ inyooi.d .. 
. . 

l 'I ~'1 
Wr.lah• Wi•11 

i ,, .. 
.. 

' 'l.-5 

' "·' 
B. 9,70014 .. l. '1.~:5 
Beb.11 

.a ?.5 

a '·" 
, 7 LO 

t.AJLI Ill. ( om tU.u•4) 

Glllao•• 4-ArablnO .. 
PH - pH ma 

tT1ill~e4 u•ill-4 
5.S 1.6 7.0 ... 
5 •• a.l 

' '··· 1.4 

5.a J... 6 ?.4 t.a 
ts.I •·l "·' o·.e 
a.a a,o 
e.a ... 
5.1 ... .., 
5.l a_.a 
5.,1 1.·9 ·7,._1 -
5.1 ' Z.,1 '1.fS 1.5 

s.1 <Ll 7,,, 1.9 

t5.1 4u6 '1 .. l l.·• 

l-Anbbo•• 
pH . ma 

U$lli"4 
s.'1 

~·· ,, .• a l.8 
'1.e & •• 

'·' o., 

'·' s..e 

'·~ .... 
· 7.S 1.0 

"·' o.a 

• ~ 



WU~ {Con~") 
·'· ' 

PR 
O:rga.1• In 0'1ba1li.oa , .... Gl.UCOM· 4-Ara~ULO• l·Arab ~JU)-

P•lh~ t daJa:> (alone). JR . mg PH mg pH mg 
uiutz.4 . U•ilf.zd UUlizel 

B .. mye0tdee .l. ~· 5.0 .. . 1~5, ·f.o· - ''l.-0 s •. s . 
Len-Benet 
Sarl •• Wi.•· 8 'l .• }l 5.,:0 ~- 7,..o i..1 ' f . 5 t.'3 

.. 
~ 

~ V~ 6 5~0 1.1 '1 ,,5 l.e5 "'·· :S.5 

'I 8J11"$ ~t• ·~-· ••. a l-.7 a.e 5;0 
' 

~. 

B. ni,ger 1 71!2 ·5. ·9 . l -.. 1 6;.8 - ·G-.1 o.e 
Ai. T, o. 

e '1~_6 6-.0 4:.l. " '1 •. .1 ). ..• ' 11.2 l.1 
a '·•· l5 ' ll. 9. 1 7·.B i.o. I '1 . 13 s.t 
7 •.. , ' .5 •• 1t.~6 .. , 1 4.2 7 •• 7.t 

B .. llig•~ l t\~9 · e .• v: · ·· 0~8 6. :'1 ... . &.a t> •. e 
U~ S;t D. ._ 

.. .. 
2 '1 .• 1 5-. '1 ...1 '1. 6 1.2 6. V 1.4 . 

a "·•·" o •.• 0.1 '1 itl '1 0 .. 1 • &, V 

' .... 5.,7 Q.O. •••• l . 1 "·" . ..... 

E • 



TAm.Jll XU ( OM._S.•4) 

1fi 
01'8&1• Inoub.a11CJa P4W.e Glu••• ~ArabUoM l•An)ko•• 

P•J.1oo4 ( dq•) ( el.011•) »fl , ma :PH - pll JI& 
taili-4 UUliacl Utll1.ze4 

:s. nigo 1 l'/,O s.t l.·l. 
' '·' - 6 .. J 1.,2· 

, .. wt .. ' 
a 

"" 0 
& .. ·o. a..o '1.4 01'6 ,, .. 2 .. 1 

• '·· &118 '·' "·"' o.e "•' 4.0 . 

' a.4 5.'1 18.0 •. , 0.1 '·' ll.O 
.. . 

Be nj.gu 1 
- -

'1~3 5.1 l~O 6.,9 - &.'1 0..-9 
•01ct.wt•' 

;I '·" &-.1 4+1 ?.s o.• •~ .... o .. '1 
. ' 

• v.e &.:.? '1.2 '1.5 1.e '1.1 l.9 

v 8.l 6,2 21.9 a_.a i.a . '·5 ~.'1 

:e. n.ts•J> ··1 7.,2 . ·&.o o.e . 6 .. " .;. 6,8 o:r2 
• ~ Yl11h 

I ,, ..• i.l 1.6 7,.l 1.0 ?.-3 l.. 'I 

& 'J.,JI 6,.0 lQ.& 7.-'l <:>.9 '··· 3.7 

7 ·9,4 6.0 J..9.9 8+3 o.a '·' 10.9 
.. - .. 

!' 



1 a ... ""' IF) • W) IO Q ... • G • , . 
. ., .. • • .. • • .. • • • • ,... .... • ~. 0 0 0 ; 0 .... 0 0 : :ra 

i 
~ • QI ~ IO IQ • ,... • ... .!t1 • • .... 

.& • .& • kJ •· c: J i,o " • • •• IO cO ., IS 

1 
ii 

.. ... '° • Iii .... e ·ID IQ • • • • •· • • • • •· .... .... 0 t 0 .... .... • ~- 0 0 

1 
! 

-·- .. ::. a ... 
! -... t=. 

s 
~ 

... • • tlit • 2 0 ' I:- IO I:" • -b i;g • ~ 
,. J , .. • • ., .. •• A (I) ll"o U)' ~ JO • '° c:-

1 • Cit • Q IO lQ ·Iii ... 1$ tQ 1$ .. ~ 

-# ... • • •· • • • •· .. • • " 0 ~ lQ I:'" ' ' , Oil 0 ~ .... 
• Ii:> .. 
8 ; 

Et, 

=' ' 1t) IO I') It> (4 '° &>- "' • .... '1 8 tES °' .. • ·• • .. d • .. d d • A IO IO IO IC) '° (Q \I) IO ID 

·-1· ..,. 
~ lit i °' 0 ~ • • 0 0 0 • ...... 

d ... • " • ., .. c::. tJ •· d •· 
A t "'il c:-- !D ·I> '° I:'- e:-- °" CD 

o.-
' 

" < .. If =-
.: 'd ..... Oil lQ e.. H Oil ... t-.. ..... • • c-.. go ..: a. - Ile 

·<· 1 • . .. ·& r.1 ... i~ i . L I Af.I Prell 

~= ,q· < '4d 0 f:Q, .. 



1 
ri 

IQ> • 0 ·O .. • • ..., • c.. • ,.. • • ~ i • .. .. i d ·• • .. 
. "" t,O ,a) ..... Ol ... 

••• 
.... 

! 
1 

~ • 0 .. .. .. ..... .. IQ 0 !.1 0 • " .&· vt J d j • • • • " ~ IQ . ., c-- I:'- I:'-- CD 
. 

1 •' .. 
ri "'· • IQ •• ... . 

"' • • • .. • • .... 0 0 '. 0 ... .... 
I 
! -., j ,... 
1. 

tolt . ·• ,... OI -~ •• ... J,, ~ . • • .. • •· • • • .. - tO co C'- Cl- '° t,O co eo. 

I - 1 • •· .. .. ~ • " ti- IO It) .. '° 0 ... • ..; • • " ·"1 i i • • • ., 
I' 

.If) • .at ~ .... .ri ..... 
• ... .... 
• I::) • ::f 

~ .. • Q to- • ... .... l'J· • ..... 
·tf '1 e-. 

'.f d • • .; ·~ 
.. •· • • d • ra co IO ~ 0 It) fQ ·IQ 

.. ·-' J. • "1 • to. IQ " .. Cl' 0 I) :t,0 Q 

I, ,~ .. .. .. .. 
~ •· •· • •• • • co ~ 'l;'i- ~ co '° U) ~ ~ ~ • 

fat.-

...... 

•i -
1#-id . . 
P- "1 .... .. .. ~ ..... .a .,. "" ..... QI: " c:-

!t 
At 

.. ... 

}. I 
lf 

I i • I &~ . 1d fi 
"'.4 

~.: ·PS e-. • • 0 j:Q ~ 



TA.IL& Ill ( Ooa•tiiued) 

pn 
·Q..ArablUO•• Q:rgal• incuhaU• ,.,~. Glµ.oo• l ... ArabinC>H 

Pe$d { dari.) · (alone) pH mg pH Jig pH !08 
Uti.llMA UttJ.1ad, . Utilized. 

~, l'O~ur . 1 .. 

6~4- 5 .. 1 ?,2 6,1 6.Z . 1.0 -
#946 T•:i.o 

2 6:.l5 5.0 ~.e ~.& o.7 6.t l.. 'l 

z 6.t 6.,0 : !.,5 ,,. l.2 'l. ~ 2.z . 
7 ,, • 6 ?·l j,.3 , .. o 1.2 'l.5 l·l 

' 

B. ro"ans l '1.i 6~8 . 0.2 ~.'l ,.;. 6.9 -1.1 
4. 'l• c_. ' 

2 '1.5 7.-.l 0.4 '1,1 1.-,1 ... -o •• 
5 '1.6 ~ •. s : 0.5 ., .1 o .. & - • 
'1 'l,.8 '1.6 l.t ,, .. o.'1 7 .• ~ .-o .. i 

a. ro'\eua " l - 6.t e.• ~~1 6 .. 5 · 6.·a 2.2 -
Te~- , e.a 6.6 0.1 6.8 l.l .. '""°•" 

& 7.0 6 6 ' . ' 0.4 6.9 0.6 ... ... 
7 7.o 6.8 lal 7,.4 ll • .$ '·' -0.8 

~ • 



·T~· W (. Qon.tbued) 
" ... . . -O:rgqla tnou.bailoa p_,._. GluO!t .. d-Arab .... l.~Arabl.i.lo .. 

Pert.oti ( U,W) (&loue) pH Ilg pH mg pB .. 
Utlll-4 ' UtUJ..-4 trtW:-4 

B. 1'0tea l. · 7~· 6.6 ""°··' e.o ... ,,. •; r 4iofl ,. . ' .. 
(prob•bJ.7 •... , I I v.a v.4 ... 1., .0 11 .• 1 l.-0 ' .... . ..0-,1 

' . 
't.? 

,, s '1.5 o.6 · ·v.s 1,.l. .. .. 
' " 

' a.o s.1 8:.i· 7.1 1··7 .,'i'. &.2 
.. 

B. l'U'.llh•"1• .}, '1 .. 8 5,3 ' l-i6 a.t • .. &-.. o 0.5 ,.., .. ' 
I v •.• 5 .• l ' a.a G.7 0.'9 ' &.6 <h$ 

a '•7 5110 ., .. 7.,0 ' i .. 1 G.8 , .. , 
' '·'.· . s.a • 5~· ,, .. i.o '•' 6i8: 

B. --•ttGU l .. ,, .... 6i' ' ·""'°. 8 . ·, 6.1 - 7~1 · · · o-.e 
Neb., 

8 7.3 7.// -0 .. 1 7; 4 o,.·t 7.8 o.~ 

I 7.5 a.o 0.2 7..,$ 1.a ,,.1 iii 

7 •·"• • • 

•. , . $-; 3 Sil ~o .... .. , 
'' ' ' . 

g 
• 



TAJU. XU (eon·.i,num) 
·-

JB. 
Orpn1a IJlcp,ibattcm .Pt1P'loa• Gl.uooA ~ArabllO•· 1~~btllo.• 

P•l'i,od ( d.Q's) {etlon•') pH ma pH .. pH mg 
U~llizecl U~Uize4 vw.t.t 

B. ·au. ....... l &.8 6;,0 l.S ~· 
... 6.1 1.6 

'#93'1 tu. 
J e .. t 5.1 a.v 6118 1.a LI. l•? 

I '1.l. 5.1 '*' 'ld ().-7 s •• a.a 
'l ,,_, s.a 

··~ 
'l.6 ~& 5..4 LO 

i-. ~G 1 · '1.1 6. '1 o.e a.1 ... 6..8 0.5 
Ta. • '·' 6~'1 o.e 7.0 Ll. v.•o •l...el 

I ~,.. $.& o.,6 7.1 o.e ,.,1 ,.o •• 
,, '·' 6·• '·' "·" 1. 1 '··' i. •. e 

B. d11»1• 1 '1.1 6.i8 . -1.0 &.• .. 6.,t .o_.o ,.. ., .. ' 

•• ?: •• 6•9 ""°•'I 7 .• o 1..8 '1~ •• o •. 9 

·- f .S 6~7 18.6 ?.O l..J. '·' o.i. 

' 'I.,, e.e a.a '1 .••. l.I 'I.• o_.'I 
' 

-· 

r 



TAl'L• IU .( COJl Unue4) 

;a '., 

Organl& baubatt.• P•Wll• Gluoo•• d-ArabUO• 1-~-P.no4 ( 4879) ( a.l.ime) pH .. pH JI& . pH ll& 
UUUMt . UtilJ.-a Uil1lz.a. 

.B, .Qhaedou.• · 
#Mii .Ta. 

l '7.J v.t ..o.:e· 6.5 .. ' ·~· ·c.t 
a ?.6 6•7 -0.1 '1.l 0.,5 ., .• o .. ·a 

-• 7. 'I .$.9 1 •. 1 , .. o •• '·• 0.0 
. . 

·• . 
'I 7.,t tS •. e a.1 7.,8 1 •. 1 ?.'I .... 

B,. a&)'llU· l 6 •.• &.,9 ..... '·-· • ··a .. ts o •. :a 
fall A.'l'•C• 

:a 7,,S t).,, a.a 6.,9 J., •. 9 .6.f 1.1> 
' .. , 

I "·· 6.4 , •. 1 7.8 o.a 7.J. SJ. 
I 

7 a .. .i 6 •• 16.1 a .. .s lA8 '1 • .5 1 • .a 
. 

B. ab'llU 1 6.9 6.8 . i.a 6.,, - ,6.,5 '1.-1 
Ttx. -

2 6"~' 5.5 2."1 7.0 i..- 6.8 l.e.4 

a '7.0 .5.o '1.2 '1.& o.v 7,G .... 
''1 •• .ft e.o 14.t ••. 4 1.1 ., .• lL.$ 

.. . " - · . -

~ .. 



' 

T.A.m.11 III { OC.m:til1.ued,) 
. , , . . 

.• pH 
01"'*111• IAO'lb••to.'1. j P.Ptoa• . W.u.oo" d.-Al'Qj' IM>•• l4ii:Ara;bl.U .. 

!'•$4 ( 41)'8:) ' ( &l.Oll.•1 P.'l ma pH ma ;pH ·ID& 
Utili.At UdllZ4tt u•lll•94 

B. aubtua,Ai ' . . 1 
6~."I 5~6 ' 2.4' s.~ - 6.5 0 .. 1 ' 

Ko-..NO·YJ 'l'A a 6,.S. 6 ... 7 - 6.f l..-7 6..8 ••• 
21 '1.-0 5.,5 '·' 6 •.• 1.1 '1.0 S.t 
'1 a.1 ' 6~4 16"• ·a.a o.a '·' 1 •• 

. ) ' 

a. inbtill* · 1 6.,.,7 ~. -,, o.f . 6,1 ... ~.!1 o.s . 
M:obuT& '·~ 2! 6.8, f\~ 6 o .. t '1.t o. '1 6.7 l.9 

' 

s 7,.8 fl.8 ... a 7~J i .•• v.1 1.9 

7 ... 6.e u.t· ·8.0 0.1 "·"' " 10.s 
. ' 

B a~U-.• .... 1 '1.2 5.9 2.7 6 .•• 6.6 014. 
. 

• l! . . ... 
G;rm ff ea. Te~ . 

2 7.6 5.6 5.7 '1 .• o 0.'1 6.,. &.6 

3 I 7,,7 5. '1 0.1 7.2 0.6 
" 

'1.l 5.S 
7 8.3 ~ .. u.o s.1 C>. 'I a.o 15,'1 

. ' . . 

ii 



'l'ABLK tn '{ eontf.nuad) 
- . 

lfi 
Orpuln In~ba~ca , .•. Gl.uoe>.M d-A:r.6b&ao .. l-Are.biD.O•• 

PUlod: ·f daya} (~oa•) pa ma pR .. pH II& 
l1''1ll-4 · U"tlliu4 u,w ... 

»~ .llU'btt,J.l• l 6·.,7 ti.a : 2 ... 0 6 .. 7 
-·· 6.f -0.2 -.. 

#8$. Te~ 
7 .. 0. 2 5.6 6.,'$ 6.8 0.9 "6,7 J..6 

I 7,. 'I 

"'~· 
10 • .,, ?,.I o •• 'l-.·2 i-.e -

'I ••• i 6.,6 : l.5,6 a.2 l·I 'l.-6 .u ..... 
B,. a\bftU• - i - ·7~1 6;0 ·o,? .6.I -· 6.6 -o-.a. 
llartnirc Wl#-' a 74'5 5,.'l ·4-4 7.l. o,.e ' ·,.:l 2.2 

I "·' .5,1 . .... , •. a 0~6 7 ... 5 4.8 

'I 
·~· 

6:,,1 .it.a 8.1 o.7 a .. e 1.5 .. 1 
- . 

B, 1111ll~• . - ·- 1 6.? .6 • . 1 . l..:a . . ·7.0 6.6 0.:3 -~ 

~CN~T~ 
2 7 .• a 5 .• 4 6,_5 '7.1 2!,5 '1.J. St! 

I '1 •.• 5,1, «U.-,J ., .. . i~a '·" •• o 
i 

? 9.! '·' 1.9,Z 8.,$ 0.-7 ,,,o J.6..8 
.. 

. 

8 • 



TAB&.• ll! ( CO&illm•d.) 
.. 

. ~ ... " . -
:PH - -

Organi_a SncubaHOJ\ P4JP'too.e <auoo•• ·d-A:rab~ 0.0 •• l•Arabl.nO .. 
P•r1o4 t da1.8) '(alone> plJ 11!8 pH ag pH ma 

\Jtll1z..i .. uwi.i1..--.. . Ut-Sl.lJ.tHl 
B. su.b"til.is '"l . 7 .. 2 5_.9 2.0 - 6.6 - e.;1 o •. a " . 14arburg '.I 4J,b,,. 

2 7 •. 1 
~··· 

A.9 7.2 o..t &.•· J.6 

s 'I, "· 6 
5. •.• •.• a 7-.7 o .• a a.e. v . .-o 

' 

' .... s $ .. -0 .19.1 8.l -Q;.,S .'1 • . 5 1.3.16 . 
'B .. · .UbttUa . - 1 

. "·' . 
0:.-0. 2.t ·7.3 . - 6•'• - .J...2 - . 

tL" Neb~ 
a - 5-.,-.fr ., .. "·" 0.'1 6.5 ~I 

I I '·•· ~· t.:5 7.8 L.0 1..6 ..... 
'1 l 1.2 5 •. 1 1a.1 .,4 1-.• ,.. 6 .. 1 

·a. · subtU.l• ). '1 .. 5 5.0 J. .• e 'l-.0 .. ''1-•! o,.o 
#600 Neb .. 

2 -'l. .. O ...... 2i'I '1-.l . l..a. 'NI . -0 .. 1 
' 

-~ 1 .• ~ :5,-0 & ••. 7_,., 0.1 1/;4 ..Q_.6 

'I ~a 8.1 u~.1 e.o 6··· S.'O. 1."G 
. - -

' • 



1 a C> °' a-.. .. If) 0 """ IO U) ... ~ • • •· ~ • • • • • • • • .& ' ..... C> ' 0 0 0 0 ... • 1 I~ 
! 
1 IA • .. .. •· I) .... i. • .. ... t .. .... , • • • • "' .. •· • • /d • .. 

'° • C> to- ... ~ • IQ 1)- IO 

1· 
,~ 

.... "" .... co C) OI '° • • .. .. 
~ ;' •· • • •• •• • • t <t• f."'!f. .... 0 ..... • 0 . .... .... 

: p 

a ..... 

1 ... ·t-- '° 0 .... ... ,, • • m ~ .... to-

i ~ • .. .. • • • • td ... • • U> I>- • ~ !)- I'- • ~ '° ,... 

1 . a '° in 0 • ·'° • • '° • • -.... 
,.; • • • • • .. • .. • .. • ... • • .... ..... ... ~ ..... • ... ·t'o 

1 l ·G . ,;f· 

8 
~ • • • .. ~ ... .... .... • • .. ID 8 R.1 ' • • id .J • .. • -id •· • .. • 
~ 0 IQ IQ IQ ., IQ IQ IQ O · 

·-,1·1 ~ 0 .., OI ... .,, .., ... • 0 .. .... 
"1 • .. • .. .. • . . . . .. •• ., • 

. ..., I:'- ~ • I:'- ~ ~ • '° ... I> t-..__. 
-• 
·~ 11!. • • • ,. ,0 -0 ..... • ~- .. .... OI • it-- ... .. •1 a . ca. 

-4 i ... ... . -- lf • • s~ ~ I ... j 1 =~ ·~ d ". 0 ~ . isl .. 



TAIU UI (.Contlnu.U 
., 

»B . . .. . -
Orsuta· :tnoubatloa PQtOIL• <au••• d-ArabbO•• l•ArabiDO•• . 

Pe$4 (da;t9) (al.on•) . pH .. pH .. pH .. 
UUl.lH4 ui·nt..a Ulllls-4 

s·. tual••o•• ·.1 6.5 , ... - ' ··...a .• :. - ·&.a .. 6.1 ·a •. o 
f995 i'U. 

·I "7.1. 1.2 . ...o .. 'l 6 •• .. 1.1 5 •• J:~' . ·• 7.'0 a.,.a 0.1 'l.I 1 .• 1 e.t 1.1 
-

' -7 a.o 5-·• ••• ••• l..? 6.1$ ••• 
L "Nlptwi ·l e.t - 5.1 2 •• 6. '1 ·• ... a .. 1 ... 
A.. '!. c. - • "l.e s.t "· 6 7 .. a 1.a e.1 ••• . 

· I "·' &.• l;0.7 '•' 1 •• , .. ·'·' 
' ' ••• '1.8 J,4.6 ... 1.1 ., .•. .eltv 

B. 'N.lPtul .l 6.t 1.0 1.0 - &.5 ... t.·a a.'1 
tJ .• s. n. ~ 

I ? .• o o. '1 6 •• 'l .• 1 0.9 '·' ••• 
I v.e &.a . ••• ., . ., 1 ... 1 '1.0 e.'1 
,, ·-·' '·' l-'.8 ••• i.s '·' '1.5 

- . -

= • 



~1 lU ( Con1lnue4) 

tH . ' .. ' '. 

Oraa.1.• ·b.euba'1oa. ••••• · ~uo •• 4-tJ.raWpae 1-AJ-abi.ne• 
;;. P•l'lOd ( _.) . (alon•l pH 118 JR Ilg pH .. 

U'.UlizW. UUll-4 uuu.a. 
B_. wl.gatua ·· l ,,, ' 5.9 i .a s,:s· ... a.~ '•" ••• a '1.? . e,1 '1.-5 ., ... o.o &.• 1-.l 

J, 7,7 11 .. 1 9.,1 7.9 l 11i 4 'ltZ· •• ts 

' ' S.4 6·• 16.5 a.s l.? 1.e .... 
th 'ful.gatu1 · 1 61.:S s.a • 6!16 .... 6+& o-.• 
Tex. 

2 6.9 6~6 - '1.8 -o.t 6.'1 1.1 

8 ., .. , 5.7 ;;, .,, 6 i .o 6.t ~.2 

'I ·~4 6.Q ... •• 2 o.o 7eS 5,.1 . .. 
B. globiail 1 '·• 5.9 . 
{Proba'bl.7 vostil ~ 

. 1.2 ·e .. & ... ' 6.,~· 1.s -
W1•· 2 '1-. 6 5,7 5.9 1.1 o •• 7,4 a .. a 

I .,.., 5~7 8116 7.9 1 .• 1 7+'1 ._. 
,. ,, ••• 6,.1 .· 8,S 8.4 1., ,,,9 a.,., 

-_. 

F 



TAJIJI Ill, ( 00nt1.Alol•d) 

PB 
.. 

oraet.a houl>aUoa ... 1tPto.a.• GJ.uc0•• d--ArabiJ Q ••• l•Aral bo••· Period ( 48:1•) ( al,(me) JR Ilg · pH .. pH Ill& 
U'till-4 ' UU.l.lze4 . tlllllz-1 

i::.t...n.g Pectu l ?."I 7 •. 1 -o.• 6~6 .. .. 6.-7 0.1 
J'enaent•r ... 2 ?.S 'l .. 2 2.&· 6 ••. . l.l. 7.o 1.-l 

8 7.5 7 .. 5 4.~ 
' 

'l·.-l l..4 7 .• -1 1.,.1 

7 a-_.o '""0 a.a ·8 .. 0 1 •. a 7.6 2 .. 5 
.. -

r • 



UPLAN.ATIOB OF 1IWRJS 1-lSl 

'fhe graphs in F.itsun• l.•1:30 az• iatend•d ta e~reae the da\a 

rttc0rclt!d la Tabla ll. The plI values re..U ting tra;n th9 actl."t'lty 

of a part1oular Baclllua in pQtone alone, gluooae-pepWn.e, and. 

d- aa:Cl i.~ arabinose-p•~ :med.ia are gl vc in °'1n'e• 1.n t~ upper 

halt ot •ell :tt.111r•. The au.nu whl.ch Ql>NU the eblli ty ~ each 

orgauisa t·eate4 to utU1za these carboeydn't•• as too4 to-r cero 

are 1n th• l.olr•r half ot each :rtguH. 

.AbbreT.f,aUOJl tor gluocuie-pceptOae aedl'llL 

• • d-uaMnoa.,.p-,'km-e medtua. . 
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1 31. 

'!'.ABLE IV 

Interpretation of pH Data f'rom Three Sourees to Indicate 

Dissimilation of Glucose, d-Arabinose and 1-Arabinose. 

LEGl!ND: 

+ pH within the range 6.0-6.8 

++ pH below 6.0 

either the pH value did not change f rom its initial 6.8-7.0 

or the reaction became more alkaline 

? pH produced just slightly below 6.8-7.0 (Peptone)or, in the 

case of carbohydrates, pH difference compared to peptone is 

not great enough to be certain that the acid produced was 

derived from the carbohydrate. Data taken from Coffee ( 4) 

listed by that author as !.· Data of present investigation 

does not differ by at least 0 . 2 pH units. 

The reactions from Bergey's Manual (l) are listed for species 

only. The reactions obtained by the author and by Coffee (4) 

are listed according to both species and strain. 



TABLE IV 

I nterpretation of pH Data from Three Sources to Indicate 

Dissi.milation of Glucose, d- .Al·abinose and 1-Arabino s 

I ti ga.ti ona I th:ati UUl:I Reaoti listed 

- - . --

~ Cl) C> e> Ol ft) Ol 

~ g ~ 
0 g R 0 41) .... .... ID co ... (I) G) 0 § (Q 

~ .0 g Ill 
~ .0 R (i} R 0 5 8 ~ 0 8 .... .p (,) 

~ ..... 
~ ..... 

~ g. ::l gi ~ ~ ::J 8 J, I i1 I 8 Pi r-1 ~ rl Pi 

B. adhaeren.s + 

A. T. C. - ++ + + 

B. agri -
U. S. D. A. + ++ + + 

B. al bolacti s -
V. P. I. - ++ + -
Tex. - ++ ++ + + ++ + -

' 

~ 

~ • 



TABLE IV (Continued) 

Investigations 
by the 
Author 

: 
\l) Q) 
!IJ t.O 
0 0 
~ i:i 

Q) Q) .,... .,... 
i:i IQ .0 ~ 0 g al ..., !! ~ g. ::t 

8 .,!, ' P4 M 

B. alvei 

A. T. c. + ++ -+- + 

Tex. + ++ + + 

#622 Tex. + ++ + + 

#622 Lockheed Tex. + ++ + + 

B. anthracia 

Wis. + ++ ++ ++ 

Tex. + ++ ++ ++ 

(Wis.) Tex. + ++ + ++ 

Rall. Te:x:. + ++ ++ ++ 

~oth Tex. + ++ ++ ++ 

Investi gations 
by 

Coffee 

Q) 
a) 
0 
s::i 

C2> Q) ..... 
~ !ti ~ 0 g ~ +> 
P< a: 8 ,J,, 
~ 

+ ++ + 

+ ++ + 

+ ++ + 

+ ++ + 

+ ++ + 

+ ++ + 

+ ++ + 

\l) 
rn 
0 
~ ..... 
~ 
~ 
' M 

? 

+ 

+ 

+ 

+ 

+ 

+ 

Reactions listed 
in 

Ber2ey• s Manual 

Q) 
CIJ 

\l) Q) g 
~ IXI 
0 g ..... 
+> ~ p. ::s 

~ Q) a ~ 

- -

... 

...... 
tN 
UI • 



TABLE IV { Continued) 

Investigations Investigations Reactions listed 
by the by in 
Author Coffee BeraeY' s Manual 

I!) CD (I) CD 
0) 0) (]) 0) g 0 0 g (I) 

i;:j ~ O'l 
(I) (I) .,.., .,.., Q) Q) .,.., .,.., Q) Q) 0 A (fJ p p A !XI ,0 .0 i:i UI .i;:i 
0 8 lU Qj 0 0 Q1 Qj 0 0 .,.., 
+:. F1 ~ ~ () 

~ ~ 
.µ 0 .0 

@4 ;:; <lcj A ;:i ~ ::1 ro a I I Q) a I I a ~ P.. 't1 ..... P.. 'O ...... P.. 

B. e.terrimus + 

#353 Wis. + ++ .. ++ - ++ - + 

u. s. D. A. + ++ - ++ 

Pesek if!i s . + ++ - ++ - ++ - + 

R. C. Wis. - ++ - ++ - ++ - + 

B. cereus + 

#1 A. T. c. ... ++ - - I 
#2 A. T. " + ++ ++ ++ \J. 

Te:x:. + ++ + + - ++ - -
Stock Tex. - ++ - - - ++ ... -

;-> 

~ • 



TABLE IV (Continued) 

Investigations 
by the 
Author 

<I) <I> 
{/) l)'j 
0 0 

<I> (I) 
:;:i 
-rl 

R ..... (I) 
s:I (fJ 

~ .0 s:I 
0 0 ro 0 
+3 0 ~ ~ +a 
Pt ;; g. ..i .-! ~ ' J:4 0 ..-! P.1 

B. cereus 

Non moti le Tex. - ++ - - -
#244 Tax. - ++ -
Clark Tex. ":' ++ - - -
Neb. - f'+ 

>:!ll.1 t .b.- 'l'hom 'l'ex. - ++ + + I -
Wis. + ++ + - I -. 
A. T. C. Wis. - ++ - - -

B. brevis 
#604 A. 'l' . C. - - - -
U. S. D. A. - - - -

Investigations 
by 

Coffee 

Q) <I> 
t!l tO 
0 0 
i::! ~ 

1) or-1 •r-l 
Cl) ,.Cl ,.0 g cr.i G.1 

J..t <~ ;::$ <I; 

8 ~ I 
.-1 

++ - -
++ - -
++ - -

+ - '( 

++ + ++ 

++ - -

Reactions listed 
in 

Ber£ev• s Manual 

Q) 
:.0 

Q) Q) 0 
i:1 {/) s:I 
0 0 ..... .._, C> ..a 
~ :::$ al 

8 ~ P1 

+ 

..... 
c,1 
C.11 • 



TABLE IV {Continued) 

Investigations Investigations Reactions listed 
by the by in 
Author Coffee Ber.aev' s Manual 

Q) Q) Q) Q) 
Cll Ol Ill Ol a g 8 g Q) 

l.Q 

Q) Q) .... ..... Q) (J) ..... .... 4> Q) g 
"' Cll ~ ~ ~ Cll ..0 ..0 ~ a) 

0 8 0 0 Ill I'll 0 0 .... 
~ ~ !! .... () 

~ !a ~ (,) 
~ Pt ~ Pt ~ °' ~ 

(I) 8 .l; I (I) s .l; I Cl) 8 ~ 0.. .... 0.. .... 0.. 

B. oirculans + 

A. T. c. + ++ ++ ++ 

B. cohaerene + 

804 Te::x:. - ++ .., + - ++ + -
B. danicus 

u. s. D. A. + ++ + + 

1 A. T. c. - ++ + + 

B. finnus 
u. S. D. A. + + + + 

B. flexus + 

V. P. I. + + + + 

B. freudenrei ch11 t-J 

A. T. C. - + + + 
~ . 



TABLE IV (Continued) 

Investigations 
by the 
Author 

CD Cl> 
a.I (/} 
0 g ~ Cl) Q) ~ '" S=I (Q 
~ ~ 0 g ..p 
·~ ~ Pt p 

(j,) 8 .b I 
Pi ..... 

B. :t'usiformis 

A. T. c. - - + -
Tex. - - + -
33~ Tex. - - + :-

Wright Wis. - - + ... 
B. globigii 

A. T. c. + ++ + ++ 

Vogel Wis. - ++ + + 

356 Wis. - ++ 

B. graveolens 
u. s. D. A. - ++ + ++ 

615 Tex. - ++ + ++ 

Wright Wis. - ++ - -

Investi gat1ons 
by 

Coffee 
Q) 
fl) 
0 
i::I 

Cl> Q) ..... 
~ fQ .0 
0 0 4\i +> c> !! 0. ;:j 
Q) & ~ P1 

- - -

- ++ + 

- ++ + 

- ++ -

Q) 
00 
0 
~ .... 
~ 
~ 
I ..... 

-

-

++ 

-

Reactions listed 
in 

Ber,qev• s Manual 

Q) Cl> 
R tO 
0 0 +> () 
p, ;:J 
'l) 8 111 

... 

+ 

+ 

Cl> 
Ill 
0 
R .... 
.n 
a1 
~ 

-

I-' 
Ul ...;, 
• 



TABLE IV ( Continued) 

Investigations 
by the 
Author 

Cl) (I) 
U) co 
0 0 
i:2 1:1 

O> G> ..... ..... 
l:l Cll ,0 ..0 
0 0 ~ o.1 
+> ~ ~ !( 
~ :::S 

8 ~ I 
Pi r-1 

B. gr aveolens Neb. - ++ + -
B. l act1eola 

Tex. - ++ - -
876 Tex. - ++ - -

B. lactis 
618 Tex. + ++ - -

B. laterosporus 

V. P. I. + ++ + + 

B. lautus 
V. P . I. - ++ - + 

B. macerans 
u. s. D. A. + ++ + ++ 

Investigations 
by 

Coffee 
(1) Q) 
11) U) 
0 8 i:i 

O> Cl) ..... ..... 
s;:I Cl) .0 .0 
0 g w '" +> .!{ 11 ~ 

;:j 

8 ~ I 
Pi r-1 

- ++ - -
- ++ - -

Rebctions listed 
in 

Eer e:ev• s Manuel 

G> 
al 

Q) Q) 0 
i:t IJ) i:t 
0 0 ..... 

+> 0 ..0 
P. ;; cu 
Q) 8 ~ fl.I 

+ 

+ + 

+ 

+ 

+ + 

t-' 
~ 
to • 



TA!3LE I V (Continued) 
_,,,_..--

Inveatiga.t1 .)llS '1r:vestigati ons Rcaetione li ~ted 

by the by in 
Author Coffe~ Berj&'.t::l' s ~anual 

Q) Cl> II> Q) 
m l1l tll (I) 

~ g 0 0 Q) 
i::s i::s 6'l 

G) Cl> .... -M Q) ID ..... ..... G> Cl> 0 
s::i (Q ..0 ~ i.:it ID .0 ~ s::i {I) l::t 
0 0 1\:1 0 g a:! 0 0 .... 
+> () 

~ 1 +" ~ ~ +> 0 .0 g. ::I ~ ~ ·~ ::;! al 

8 '~ .-1 ~ I !J) 8 ~ !'.); rl ~ r.; -l ill 

B. megatherium + + 

u. s. D. A. + ++ + ++ 

#1 A. T. c. + ++ + ++ 

#2 A. T. c. + ++ - + 

Tex. + ++ + ++ - ++ + ++ 

#240 Tex. + ++ + + - ++ + ++ 

Wis. .. ++ + - - ++ - -
A. T. C. Wis . - ++ - - - ++ - -
NGb. + ++ .. + 

-
...... 
~ • 



TABLE IV {Continued) 

Investigations Investigations Reactions listed 
by the by in 
Author Coffee Ber2ev' s Manual 

ID Q) Q) Q) 
Ill at Ill m 
0 a g 0 Cl) 
~ ~ (Q 

Cl> ll) ...... ...... Q) Cl) ...... ..... Q) Q> 
~ ~ m .0 ~ i::if Ill .0 ~ s::i ID s 0 Qj 0 g (lj 0 g ...... 

() 
~ ~ +> ~ ~ op 

~ ~ ;:.1 g. ;:.:$ ~ ;:.1 

8 ~ I 8 ~ I 8 ~ Pi ~ p.. ~ p.. 

B. mesentericus - + -
A. T. c. ? ++ + 

U. s. D. A. .. ++ + + 

Tex. - ++ - ++ - ++ .. ++ 

A. T. C. Wis. - ++ + + .... ++ ? ? 

Fro st Wis. - ++ + + - ++ ? ? 

Neb. - ++ + + 

B. mycoides + -
#l V. P. I. + ++ ? + 

#lOl V. 1?. I. No Pepto:ne data, t herefore cannot interpret results. 
I ....... 

~ • 



TABLE IV (Continued) 

Investigations Investigations l eactions 11 eted 
by the by in 
Author Coffee er2ev's Manual 

(I) 4) (I) II) 
l'll IQ tQ IQ 
0 0 0 ~ 

Q) 

R R s:1 Cl) 
Q) (I) .... ..... Ii) Q) •rl ..... Q) CD 8 R 11) ~ ~ R IQ ~ ~ R IQ 
0 0 .s 8 0 0 ~ 

+> 0 ~ ~ ~ !1 +> 0 l gi :::I ~ ::I ~ ::t 
8 ~ I 8 ~ I 8 Pi ,.... Pi rl Pi 

B. mycoides + -
Beaded Tex. -· ++ - ++ - -
#417 Te:x. ... ++ 

A. T. C. 80 Tex. - ++ - ++ ? -
#"2 Tex. - ++ - ++ - + 

#A6 Tex. - ++ - ++ - -
#23 Tex. - ++ - ++ ? -
#f,5 Tex. - ++ ? + - ++ ? + 

#405 Tex. - ++ - - - ++ - -
#410 Tex .. - ++ - - - ++ ? -

~ 

#420 Tex. - ++ - - - ++ - - ~ • 

#421 Tex. - ++ .. - - ++ - -



TABLE IV (Continued} 

Investigations 
by the 
Author 

a> (I) 
w U) 
0 g ~ 

(I) (I) ...-1 ..... 
'"' IX) 

~ ~ 0 0 +> c.> !< ~ a. ::1 
Q) 8 ~ ' ~ .-1 

B. myooides 
#422 Tex. - ++ ? + 

#425 Tex. - ++ ... -
#426 Tex. - ++ - -
#427 Tex. - ++ - -
#4W Tex. - ++ - ? 

Wright Wis. - ++ - -
Left-Hand Sarles Wi s . - ++ 

Neb. - ++ - -
B. niger 

A. T. c. - ++ + + 

1}228 Wis. - ++ + + 

U. s. D. A. - ++ + + 

Investigations 
by 

Co:f':fee 
(I) 
IXl 
0 
i::; 

(I) Q) ...-1 
s::I Ill p 
0 0 «I .... 0 ~ ~ ;::$ 

8 ~ P1 

- ++ -
- ++ -
... ++ -
- ++ -
- ++ ? 

- ++ ? 

- ++ -

- ++ -

Q) 
w 
g 
...... 
~ 
!! 
I 

r-l 

-
-
-
-
-
-
-

-

Reactions listed 
in 

Ber~ey ' s Manual 

(I) 
IJl 

(I) (I) 0 
R w !:I 
0 0 ...-1 
+> () 

~ A ~ 
(!) a !! Pol 

+ -

- + -
~ ... 
~ 
M • 



TABLE IV ( Continued) 

Investi gations Investigations Reactions listed 
by the by in 
Author Coffee Ber.!Zev' s Manual 

¢1 41 Q) :!) 
Ir.I 11'.l Ill 11'.l 
0 0 0 0 ID 
i::t r;I ~ ~ I'll 

Q) e ..... •.-1 Q) Q) ..-1 ..... Q) <D 0 
~ ID ~ ..c ~ 1:1) .0 .c fit Cl) !:I 
0 g ~ 0 0 al Uj 0 0 .... 
+> ~~ ~ ~ 0 !t !! +> 0 j ~ :::! $' ~ ~ ;:$ 

8 ,i!J ' 8 .b t 8 P; r-1 P; r-l fl.! 

B ... nigel' - + -
'Old• Wis. - ++ ? ? - ++ - -
' S ' Wis . - ++ + + - ++ - -

B. pallis + 

A. T. C .. - .... ++ + 

U. s. D. A .. - ++ + + 

B. paraal vei 

Tex. + ++ ++ + + ++ ++ ++ 

B. polymyxa + + 

V. P . I. - ++ + ~-+ 

Tex. ;. ++ ? f·+ 

...... 
~ • 



TABLE IV (Cont inued) 

I nvest igat ions 

' 
Investigo.t !:::ms Reaction s li sted 

by tha by in 
Aut hor Coffee - Ber z e;y: ' s Mar. ual 

. G) (i) w Q) 
Ill (I] UJ O'l 
0 0 0 0 Cl) 
i:I ~ ~ s:l 11.l 

Cl> CD ..... .rf Cl) CD ..... .rf CD Q) 0 s::1 CQ .a ·~ ~ O'l .a ~ ~ iJ) 1::1 
0 8 ~ 

0 0 Ill 0 0 •M 
~ 

~ ~ 0 !1 ~ +> C> ..a g. ;:$ 
~ ;::J 1 g. !':l 1:11 

6 .b I 8 I I B .!( ~ r-1 P-1 'O ,-l fl.. 
.......... ~ 

B. prausni t zi1 + ... 
Neb. - ++ - + -

B. robur ! + 

/1946 Tex. I + ++ ? ++ + + I 
.\ 

B. rot ans l - -
A. T. C. - .. - ? 

Tex. ... - + ? + + + + 

\'as. - - + - - - - -
13 . ruminat us 

#952 Tex. - ++ - + ? ++ + ++ 

D. serosi ti dis 
Neb. - - + -

I-' t • 



TABLE IV (Continued} 

Investigations 
by the 
Author 

Q) a> 
f1.l Ul 

8 ~ 
I) G) ..... ..... 
.::i en ,.0 

~ 0 g «1 
~ ~ ~ :3 

& ~ ,.!. P-1 

B. silvaticus 

#957 - ++ ++ + 

B. simplex 
Tex. - ? + -
#'335 Tex. - ? + -

B. sphaericus 

#348 Tex. - ? + -
B. subtilis 

#231 A. T. C. - ++ + -
Tex. - ++ + -
Koch-Novy Tex. ? ++ + + 

Marburg Tex. ? ++ + + 

Investigations 
by 

Coffee 
a> 
flJ 

IP Cl) 

0 

'"' ..... 
A al ~ 0 0 
+:> () 

~ ~ ~ 

8 .J, tl.t 

- ++ ? 

- + + 

- - -

- ++ + 

- ++ ? 

Q) 
ll'l 
g 
..... 
~ 
~ 
I 

r-1 

++ 

. 
-
-

+ 

-

Reactions listed 
in 

Ber«eY' s Manual 

Cl> 
fl) 

(I) G> ~ s:t I'll 
0 8 ..... 
~ ~ ~ ;::$ 

8 !l P-1 

+ 

- + + 

..... 
If>. 
()I • 



TABLE IV (Continued) 

In vestigatione Investigations Reactions listed 
by the by in 
Author Cof'f'ee Beri?ev"s Manual 

G) Cl> Ill Cl.> 
l:Q ;:Q ti} G) . 
0 0 0 g Cl> 
1::1 R 1::1 II.I 

Cl> CD ..... ..... <I.> Ill ..... ..... Cl> Cl> 0 
1::1 l1l ~ .a § Ol .0 'aJ 1::1 Ol 1::1 
0 0 \ti 8 al .s 8 .... 
+> c.> ~ ~ 

..., 
~ ~ .a 

A ;:; 
~ 

;:; 
~ ;:; Ill 

a> 8 ,lJ I a '~ I 8 !! P-t ~ P-t r-f P-i 

B. subt111s - + + 

Gram-Neg. Tex. ... ++ - + - ++ - ? 

#231 Tex. + ++ + + + ++ ? ++ 

Marburg Wis. - ++ - + ? ++ - + 

Marburg N. Y. + ++ - + 

Ma.rbu.rg Neb. - ++ + + 

'L' Neb. - ++ - ? 

#600 Neb. - ++ ... -
V. P. I. (Milk) - ++ - -

B. tumef'aei ens 
Tex. - ++ - -

B. tumescens 
Tex. ... ++ ++ ++ + ~ 

t 
#995 Tex. - ++ ++ ++ - ++ + ++ 



TABLE IV (Continued} 

Investigations 
by the 
Author 

Cl) Q) 
(/) ti) g g 

Q) Q) 't-4 't-4 
i:I (/) p 

~ 0 0 <O 
+:> () r-i ~ 

~ ::I < < ,..,. 
~ ' Pol 0 ...... 

B. vulgs.tus 

A. T. C. - ++ + + 

U. s. D. A. - ++ + + 

Neb. - ++ + + 

Tex. + ++ 

Delong strain 
Pectin Fermenter Wis. - - + + 

In.vest1gat1ons 
by 

Caffee 
Q) Q) 
lll Ill 
0 0 
~ i:I Q) Cl> 'f-4 ~ 

s::I '11 .a ,.Cl 
0 g d Gl 
+:> !! ~ ~ 8 ~ t 
"~ ~ 

- ++ ... -
- ++ - ++ 

Reactions listed 
in 

Ber~AV"'s Manual 

«> 
I'll 

Q) (I) a ~ Ill s g ""' .0 p. ::1 ;j 
\l) 8 ~ p., 

- + -

...... 
~ 

"" • 



148. 

TABLE V 

A SUmmary of Strain Reaotions as Th ey Appear to be of Value 

for Spaeiea Identif'ication in Indicatin ~ Sugar Dissimilation. (Summary 

of pH Data. in Figures 1-130 and Tables III and IV.) 

Legend: 

Glucose media: 

d- and 1- Arab1nose 

media: 

? 

+* or -* 

to be of va.lue trut .:>nomioally the pH of this 

medium must be converted to a pH of 6.0 or less. 

Plus ( +) marks indi oate such reactions. 

pH values have tu:>nom.ic importance only when 

peptone is tested concurrently. Plus (+) mark s 

indicate a d11"fer€n ce of acidity greater than 

0. 2 pH uni ts lower than that pro dueed by the same 

organism in pepto11 e medium belo~ 6.8. A&ni ttedly 

a scheme of interpretation such as that employed 

for this media is open to question. Evidence for 

such an interpretation may be found under 

~Discussion of Results.w 

Reaction of l.j_Uestionable value because of strain 

variation. 

indicate disagreement w1 th the results listed by 

Bergey's Manual (1). 
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TABLE V 

A Summary of Strain Reactions as They Appea- to be of Value for 

Species Identifica tion in Indicating Sugar Dissimilation. (Summary 

of pH Data in Figures 1-130 and Ta bl es III and IV.) 

Orf!anism Gluc..Jae 1-.Arabinoae d-.Arabinose 

B .. a dhaerans + + + 

B. agri +* +* +* 

B. a.lbolactis +* -* + 

B. alvei +'ll 

B. anthraci e +* ? 

B. aterri.Inlls + + 

B. breVis 

B. cereus +* ? 

B. circulans + + + 

B .. cohaerens + + 

B. da..'lliCUS + + + 

B. f'i rmus + + 

B. i 'lexus -* + 

B. freudenrei ehii + 

B. fusiformis +* 

B. globigii + ? + 

B• graveolens + + 

B. laeticola + 

B. lactis + 

B. laterosporus + + + 

B. l autus + + 
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TABLE V (Continued) 

Organism. Glucose 1-Arabinose d-Arabinose 

B. maeerans + + + 

B .• megatb.eri um + ? ? 

B .. mesenterieus + +* 

B. mycoides + 

B. niger + + ~ 

B,. panis + + + 

B. paraalvei + + 

B .. polymyxa + + -* 
B. :prausni tzii + 

B. robur + 

B. rotans +* 

B. rumi:natus + + 

B. sero si ti dis + 

B. silvaticus + + + 

B. simplex + 

B. sphaericus + 

B. subtilis + -* ?* 

B. tumefaciens + 

B. tumeacens + +* 

B. vulgatus + + + 
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DISCUSSION OF RESULTS 

Interpretation .2!, Graphical ~ Tabular ~ 

There are several ways in which the data in Table III and Figures 

1-130 may be interpreted. In order to facilit ate correlation of' the 

extent of carbohydrate utilization with the pH produced in carbohydrate-

peptone media, it is possible to s eparate ~he Bacilli into various 

groups. A grouping devised as the result of the actiVity of an organism. 

in one carbohydrate medium does not necessarily hold for the other two 

carbohydrate media; therefore, the basis f'or these groups will be dis-

cussed under headings for each carbohydrate investigated. The practical 

value of these group s i s undoubtedly open to G.Uestion. 

Glucose: 

The grouping of the Bacilli on the basis of their acti Vi ty in 

glucose-:peptone medium has been devised first upon the extent of pH 

change from neutrality, and second, upon the extent of glucose utiliza-

tion. 

If the utilization values of the Bacilli for glucose are plotted on 

a scattergram (Fig. 131) Visual inspection cannot determine a boundary 

which could be termed the dividing line between high and low utilizat ion 

values. The distribution of the organisms plotted against utili zation 

appears very nearly uniform. In order to establish some arbitrary 

boundary upon whi ch to base a discussion of two degrees of glucose 

utilization (high and low) it was decided to establish a discussion 

boundary a t that amount of glucose used by at least 50% of the strains 

of Bacilli investigated. .Analysis of the glucose utilization data of 

Table III indicates that 50% of the strains utili ze more than 6. 2 mg.; 
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therefore, t he arbitrary boundary upon which to discuss tv;o degr ee s o:f 

glucose utilization and the pH produced within each degree is established 

a.t 6.2 mg. o:f glucose. .A grouping of the Bacilli according to thia plan 

may be found in Table VI. 

The advantage to a grouping o f this t ype may b e illus trat ed in a 

comparison of Group l (p!I more t.b.un 7.0; gluco se utili zati on less than 

S. 2 mg.) and Gro up 3 (pH less than 7.0; glucose utili zation less than 

6.2 mg.). The pH difference between these t wo group s i s difficul t, if 

not i mpossible to exp1ain, particularly since studies concerned with 

the nitrogen metabolism. were out side the scope of this investigation. 

A comparison of the pH values produced in peptone and glucose-peptone 

medi a (Table III and Figures 1-130) by any organism. in Group l reveals 

that for all practical purposes, they are i dentical . A similar com-

parison for the o rganisms of Group 3 reveals a very broad difference 

in these values. The buf'fering capacity of the medium cannot account 

for these differences between the t ll o group s , since many organisms in 

both groups were run concurrently on the sam.e "batch" of medi a . They 

may be due to a fundamental difference in the metabolism of the 

organisms i _n the t wo group s . 
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TABLE VI 

A Grouping of the Genus Bacillus According to the Extent o f Glucose 

utilized and pH Produced in Glucose-peptone Media. 

1. pH glucose-peptone more than 7.0; glucose utilized less than 6. 2 mg. 

B. brevis #604 A. T. c. 
B. breVis U. s. D. A. 

B. fusiformi s _A. T. C. 

B. fusi fo :rmi s Tex. 

B. fusifo:rmis #3~9 Tex. 

B. f'usiformis Wright Wis. 

B. rotans A. T. c. 

B. rotans Te:x:. 

B. rotans Wis. 

B. serositidis Neb . 

Delong strain pectin 
fermenter 

2. pH glucose-peptone less than 5,5; glucose utilized more than 6.2 mg. 

B. adhaerens A. T. c. B. graveolens U. s . D. A. 

B. a.gr1 U. S. D. A. B. graveolens Wright Wis. 

B. albola.ctis Tex. B. lactis #618 Tex. 

B. albolactis V. P. I. B. lacti cola Tex. 

B. al vei #622 Lockheed Tex. B. laetieola #8?6 Tex. 

B. cereus #1 A. T. c. B. laterosporus V. P. I. 

B. cereus Neb. B. mycoides #410 Tex. 

B. cereus Clark Tex. B. mycoides #1 V. P. I. 

B. cereus lfan-motil e Tex. B. robur #946 Tex. 

B. cereus Stoek Tex. B. silvaticus #937 Tex. 

B. cereus #244 Tex. B. subtilis "L" Neb. 

B. cereus A. T. C. Wis. B. subtili s #600 Neb. 

B. cereus Wis. B. tumefaciens Tex. 

B. graveolena #Sl2 Tex. B. tumescens Tex. 



T.ABLE VI (Continued) 

3 . pH glucoae-peptone less than 5.5; ~lucose utili zed les s than 6. 2 mg. 

B. alvei A. T. C. 

B. al Vl'.\i Tex. 

B. t:inthraci s lhooth Te-x. 

F. e~thracis Rall. Tex. 

B. anthracis Tex. 

B. ant hracis (WiR.) Tex. 

B. tlnthracis Wis. 

B. ~ereus #2 A. T. C. 

B. circulans A. T. c. 
B. globigii A. T. C. 

B. macerans U. s. D. A. 

B. negatheri um #1 A. T. c. 
B. megat- eri um Neb. 

B. ;':lega t h eri um #240 Tex. 

B. mega.theri um Tex. 

B. rnegatherium A. T. C. Wis . 

B. megatherium #2 A. T. c. 
B. uegat.h erium U. s. D. A. 

B. m~gatherium .is. 

B. mesenterious Neu . 

B. mesentericua A. T. C. 

B. mycoides Neb . 

B. mycoides A-2 Tex. 

B. mycoides A-6 Tex. 

B. mycoides Beaded Tex. 

B. mycoides A. T. c. #f>JJ Tex. 

E. mycoides #23 Tex. 

B. eycoic1es #65 Tex. 

B. mycoi des #405 Tex. 

B. :nycoides #417 Tex. 

B. mycoides #420 Tex. 

B. mycoides #421 Tex. 

B. mycoides #422 Tex. 

B. mycoides #425 Tex. 

B. rn.ycoides #426 Tex. 

B. :roycoides #42? Tex. 

B. mycoi des #430 Tex. 

B. mycoides Le:ft-Hand Sarles 
Wis. 

B. myooides Wright Wis . 

B. parealvei Tex. 

B. prausnitzii Neb . 

B. rum.inatus #952 Tex. 

B. tu:nesce:ns #995 Tex. 



1 55. 

TABLE VI ( Continued) 

4. pH glucose-peptone 5.5-6.5; glucose utili zed more than 6.2 mg. 

5. 

B. aterrimua U. S. D. A. B. niger "Old" Wis . 

B. at e:r.rimus Pesek h s. D. nige.r li . s. D. A. 

B. a.terrtmus R. 0 . ~Tis . B. panis A. '1' . c. 
B. cereus Smith- Tnom Tex. B. subtilis Mar burg- Conn N. Y. 

B. cereus Tex. 

B. cob. erens #&40 l 'ex. 

B. dani cus A. T. c. 
h. aani cus ·-u. s. D. A. 

B. globigii #356 VYis. 

B. globigii (probably Vogel ) Wis. 

B. aubtil1s ilarburg Neb. 

B. subtilia Mt rbu:rg Tex. 

B • .,ubtili .s 1.iarturg "1s . 

B. subtili s #231 A. T. C. 

B. subtilis #231 Tex. 

B. subtili s Tex. 

B. graveolens Neb . B. subtili s Koch-l~oV} · Tex . 

B. lautus v. P. I. B. subtilis (Milk} v. P. I. 

B. mes en t eri cus A. T. c. Wis . B. subtili s Gram- neg Tex. 

B. rnesenteri cus Frost Wis. B. vulgatus A. T. c. 
B. mesenteri cus Tex. B. vulgatus Neb . 

B. niger A. T. c. B. vu.lgatus U. p A. o. . 
B. niger #228 Wi s. 

Borderline cases: 

B. simplex #335 Tex. 

E. 8iru.plex Tex. 

pH glucose-peptoue less than 5 . 5 within 2 days--more than 5. 5 

in 7 days; glucose utilized more than 6.2 mg. 

I;. mesentericus U. s. D. A. (used 9. 76 mg.) 

B. polymyxa Tex. (used 22.62 mg.) 

B. polymyxa V. P. I. (used 21 .86 mg.} 



TABLE VI ( Continued) 

The following organisms do not belong to any of the above groups. 

They are discussed in the text. 

B. firmus u. s. D. A. 

B. flexus V. P. I . 

B. freudenreichii A. T. C. 

B. sphaericus #348 Tex. 

B. simplex Tex. 

B. simplex #335 Tex. 

156 .. 
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Figures 29 and 30, representing t wo strains of!· brevis, illustrates 

pH curves for peptone and gl.uoose-peptone media and glucose utilization 

values typical of all the organisms w1 thin Group l. Analysis of the pH 

curves for peptone broth indicates that the organism has utilized the 

carbon of the peptone molecule a.s an energy source. Nitrogen has accumu-

lated in the medium, probably as ammonia, in a quantity sufficient to 

neutralize any a cidic products of respiration and an alkaline pH reac-

tion has resulted. For all practical purposes the pH produced in 

glucose-peptone is identical wi th the :pH produced by the organism in 

peptone alone. It app ears, therefore, that although these Bacilli have 

utilized glucose, they have also attacked the peptone molecule in such 

a manner that basic products, .such as ammonia, accumulate to neutralize 

any acidic products formed from the carbohydrate. Not all products of 

carbohydrate dissimila.tion are acidic in character. They may be neutral 

in reaction; however, regardless of the nature of these products, there 

must have been basic substances formed, or liberated, from the peptone 

molecule in order for the pH to be alkaline. It appears that in this 

case the "sparing action" of carbohydrate for peptone is not exercised. 

The pH values produced in peptone broth by the organisms of 

Group 3 necessitate diViding this group into two parts. Figures 75 and 

76 represent typical peptone-broth pH curves for all strains of 

J!• mycoi des w1 thin Group 3. Figures 5 and 6 (!!• al vei strains) repre-

sent typical peptone broth pH curves for all other organisms in this 

group. The fundamental difference between these 'two di Vi.sions is that 

the pH produced by the ~· mycoides strains in peptone broth are alkaline 

throughout the entire incubation period. All other organisms within 

Group 3 produce an acidic pH in peptone broth after 24 hours incubation, 

which then reverts to an alkaline pH upon further incubation. 
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The a.cti Vi ty of the ]!. aixcoi des strains in peptone broth parallels 

the acti Vi ty of the organisms of Group l in this medium. It appears 

that all other organisms in Group 3 utilize the peptone molecule con-

currently as an energy and growth source in the early stages of incu-

bation, since basi e substances do not accumulate to neutre.11 ze any 

acidic products formed . In the later stages of incubation, basic sub-

stances do accumulate and the pH becomes strongly alkaline . 

All the organiflfus within Group 3 produce a pH below 5.5 in 

glucose-_pep'\ione medium. Like the organisms of Group l, they utilize 

less than 6.2 mg. o f glucose. Apparently when. glucose is present the 

organisms of Group 3 use it as an energy source, and do not attack the 

peptone present except as nitrogenous substance is needed :for growthi 

thus, basic nitrogen does not accumulate to react With the acidic 

products of respiration to yiel d an alkaline pH value. It would appear, 

therefore, that "sparing action" of carbohydrate "for :peptone has taken 

place in this ease. 

It is interesting to point out that curves representing the pH 

valuen produced by many Bacilli of Group 3 in glucoae-peptone Ltedium do 

not indicate a change from the pH produced a.t the end of 24 hours of 

incubation even though the incubation period extends for 7 days. This 

might be indicative of the effect of a lo · pH upon the metabolism of 

the organisms concerned. 

The Bacilli included in Groups 2, 4, and 5 utilize f'rom 6. 2 to 

25 mg. of glucose. They are di Vi ded into t he r espective groups accord-

ing to the pH they produce in glucose-peptone medium. The pH resulting 

:from t he growth of the organisms of Group 2 is less than 5.5. The :pH 

produced by the organisms of Group 4 is in the range of 5.5-6 .5. The 
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organisms of Group 5 produce a pH of less than 5. 5 during the first two 

days of incubation but this pH becomes more alkaline before the end of 

the seven day incubation p eriod. 

It is impossible to explain this wide divergence of pH values pro-

duced by three groups of organisms which use com.Parable, or in many 

cases, identical quantities of glucose without definite knowledge o! 

the organisn' s nitrogen metabolism and the type of end-pro duets result-

ing from their carbohydrate dissimilation. 

In part this would be accounted for if some of the end-products 

of respiration were neutral . Thi s observation applies particularly to 

the Bacilli of Group 4 . 

The organisms of Group 4 are strong producers of alkali in p eptone 

broth alone. It might be that these Bacilli attack peptone in such a 

manner that alkali is released to react with part of the acidic products 

formed by respiration. 

There is practically no change in the pli p roduced by the organisms 

of Group 2 after the first 24 hours of incubation, during which time the 

initial pH is lowered to 5 . 5 or less. As ~~th the Bacilli of Group 3, 

this absence of pH fluctuation is probably a result of the effect of a 

low pH upon the bacterial cell , although the exaot mechanism of the 

effect i s unknown. 

Apparently the organism.a of Group 2 are less res istant to low pH 

than those o:f Group 5, since the pH of the latter agproaches neutrality 

by the end of the seven day incubation period. It is interesting to 

point out :f'urther, that the two .!!· :eol y.myxa strains of Group 5 utilize 

21 and 22 mg. of glucose out of the 25 mg. present. 

The diVision of the Bacilli into the above five groups leaves 8 
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of the 130 strains employed in these investigation~ un&ceoun.t e d f or. 

The data for one of these (!l• vulgatua Tex.) i~ incomplete . B. firm.us -
u. s. D. A., B. flexus V. P. - I•, Ji. freudenrei chii .A. T. c., !.· panis 

u. s. D. A.' ~- si mplex 'l'e:x: .• and ii· simplex #335 Tex. each used less 

than 6. 2 mg. glucose and produced a pH of 6 . 0 or above. lt· s,12haeri cus 

#348 Tex. used less than 6.2 .mg. o f glucoae and produced a pH which 

grew progressively more acidie to pH 5.6 after seven days incubation. 

The a ctiVity of t hese organisms is difficult to ex~lain . In peptone 

alone they do not produae alkali to the extent ot liklllY of the Bacilli in 

Groups l-5. The pH t hey pro duce in glucose-pe:_ptone is decidedly lower 

than the pH produced in peptone alcn1e . It is, then, adViaable to ob-

serve the pH produced by these organisms in peptone and glucose- peptone 

media concurrently f o r a period of seven ds.ys,. as recommended by Coffee 

( 4) before attaching taxonomic value to the pH they produce in glueose-

peptone . The pH o f glucose-peptone may not drop below 6 . 6 ; h0~ ever, 

according to the results of this investigation, t hese 5 strains of 

Bacilli should produce a pll at lea.st 0 . 6 pH uni ts more alkaline i n pep-

tone alone than they produce in glucose-peptone medium. 

The results of the glucose utilization detemination compared with 

the pH pro duced in glueose-peptone alld peptone alone by member s of the 

genus Bacillus em.ployed confi rm the following statements: 

l. A pH o f less than 6.0 :produeed by an e uti vely gI'OWing culture 

of the genu s Bacillus is indicat ive of positive glucose 

utilization by that organism. This pll is not in di ca ti ve of 

t he extent of glucose utili zation . 

2. No species of Bacill us tested produce a pH of less than 5.0 

in peptone medium alone. Those Bacil li capable of lowering 

the pH of pe:ptone medium to 6.0 produce pH values of less than 



5.5 in glucose-peptone medium. It would not, therefore, be 

necessary to check the pH of peptone and glucoae-peptone media 

concurrently before designating taxonomic significance to a 

pH value o:t less than 6.0 produced in glucose-peptone medium 

by any of these Bacilli. 

3. A few Bacilli tested produce a pH in the range of 6.0-7.0 in 

glueose-peptone medium and at the same time utilize glucose . 

In these cases it is necessary to check the pH of peptone 

medium concurrently before assigning t axonomic significance 
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to any value w1 thin thi s range. In this investigation, peptone 

medium has been at least 0.6 pH uni ts more alkaline than 

gluco se-peptone medium inoculated w1 th the same Bacillus and 

observed for a seven day incubation period. 

4. Some Bacilli utilize less than 5 mg. glucose, which is :not 

detectable by pH measurement of glucose-peptone medium even 

when compared to the pH of peptone medi um run concurrently. 

The Bacilli of Group l fall -~•i thin this category. 

5. These pH observations are in almost complete agreement with 

those of Coffee ( 4). The results obtained by Coffee were 

duplicated by the present author, in many cases to the record-

ing of exact pH readings, although a t wo year perio d intervened. 

Minor differences do occur. T.b.ese ditl'erences have been pointed 

out in Table IV. 

The pH and. ~ucose utilization values obtained from the strains 

of each speci~s tested in this investigation are in excellent agreement 

with each other. The most notable discrepancy is demonstrated by the 

failure of~· !.il ve:4 /f622 Tex. to use glucose, v .. hile the other three 
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strains employed used 1-7 mg. of thi s carbohydrate . There is also 

alight difference in the extent of glucose utili zation by t he various 

strains of 1!_. globigi1 , !!.• megatherium., _&. :mycoi des , and_&. subtilis; 

the pli produced by all these strains is, however, less than 5.5 The 

strains of!!.· mesentericus tested vary in both the pH t hey pro duce 

and in the amount of glucose they utilize. In a ctual values the extent 

of this vari ation is very small. 

1- Arabino ae1 

The Bacilli do not produce the wide diversity of pH values in 

1-arabino s e-peptone medium which they produce i n glucose-peptone medium 

{Figures 1-1:30). Neither do they utilize 1-arabinose to the extent 

that they utilize glucose ( Figure 131). The dat a concerned wt th the 

pH and utilization of 1-a.rabino se (Table III, Figures 1-130) does not, 

therefore , j ust ify the use of the grouping (Table VI) deVi sed to com-

pare pH and utilization values of glucose . 

In order to summarize the 1-arabinose utili zation data of 

Table III, the amount of 1-arabinose t hat each Bacillus utilized in 

this experimE>..nt has been plotted in Fi gure 1 31. From this scattergra:m 

it will be noted that 67 strains of Bacilli use less than 3 mg. of 

1-arabinose. The re:nainder of the Bacilli tested utili ze 3-25 mg. of 

l-arabino se. 

Table III and Figures 1-130 indi cate t hat regardless of the amount 

of 1-arabino se utilized 69 strains of Bacilli may pro duce essentially 

the same pH in 1-arabinose-peptone medium that they produce in peptone 

medium alone, i n the range below pH 6.8, remain neutral, or be converted 

to an alkaline pH value. The remainder of the Bacilli produce pH values 

in 1-arabino se-peptone which are slightly lower than those they produce 
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in peptone alone. These Bacilli yield pH values in 1-a.rabinose-peptone 

that are at least 0.2 pH units more acidic, in the range below 6.8, 

than the pH they produced in peptone alone . The extent of 1-arabino s e 

utilization does not appear to be the determining factor in th~ produc-

tion of a low pH. 





TABLE VII 

A SUmmary of the Action of' the Bacilli in 1-arabinose-

peptone Medium: pH Compared to pH Produced in Peptone Medium 

1. pH produced i n l-arabinose-peptone medium i s 0.2 pH uni ts 

more acidic, in the range below 6.8, t han that produced by 

the sam Bacillus in psptone medium. 

A) Leas than 3 mg. o f 1-arabinose uti lized. 

B. an t hraci s Tex. B. laterosporus v. P. I. 

B. anthraci s Snooth Tex. B. macerane u.s.D.A. 
B. cereus #2 A.T. C. B. megathertum /}240 Tex. 

B. ci rculans A.T.c. B. meaenter1cus u. s.D.A. 
B. fi:rmus u.s.n.A. B. mycoi des 1}65 'l'sx. 

B. :f'l.axus V. P . I. B. panis A. T. c. 
B. globig11 A.T.c. B. panis U. s. D. A. 

B) More than 3 mg. of 1-arabinose utilized. 

B. adhaerans A.T.c. B. cohaerens 1/640 Wis. 

B. agri U.S. D. A. B. danicus u. s.D.A. 

B. aterrimus 1/353 Wis. B. dani cus #l A~ T. c. 

B. ater rimus U.S. D. A. B. graveolens U.S. D.A. 

B. aterrimus Pesek Wis. B. g:rav:eol8lls Neb. 

B. at errimu s R. C. Wi s . n. lautus V. P . I. 

B. ceretis Sni th-'fhom Tex. 13 .• megatherium u.s.D.A. 
B. cereus Wis. B. megather1um #1 A. T. c. 
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TABLE VII ( OON'T) 

B) More than 3 mg. 1-arabinose utili zed. ( oon ' t) 

n. megatheri um #2 A.T.c. B. polymyxa Tex. 

B. megathGriuw Tax. ll . polym.yxa V.P. !. 

B. mesant ertous Neb. B.. ru:mina.tu s #9 52 Tex. 

B. mesent ericus Tex. Ii. sil vaticus #957 Tex. 

B. mesanterlaus A.T. c .. Wis. B. ::.iibtil.is ~"Nab. 

B. :m.ese:nt ertcua Frost Wis. B. tum.a.scans 'l'ex. 

B. niger A. T. c. B. tumesoens tfii95 Tex. 

B. n1ge1~ u.s.D.A. B. V'.il.ga tu s A..T. C. 

B. n1gs1• #2?8 \Us. B. vulgatua U.S. D. A. 

B. niger ttQld • Wl s . B. vul.gatua Neb. 

B. niger "$" Wia . 

pH produced in 1-arabinose may be essentially the same as 

that :produced by the same Bacillus i n peptone medium, 1n 

the range below pH 6.8, ra.nain . neutral , or be converted to 

an alkal i ne ;pH value. 

A) Less t han 3 mg. of 1-a:rabillose uti l i zed. 

l.albolactis Tex. B. an th.raei a (Wis .. ) Tex. 

Ji . albolactis V. P.I. B. anthracis Rall. Tex. 

B. alvei A.T. c. B. brevt.s #004 A.T.c. 
B. alvei Tex. B. brevi s U. s. D. A.. 

B. alvei #622 Tex. B. cereus Ill A. T. c. 
B. alvei #622 Lo ckhe~d Tex. B. cereus Stock Tex. 

B. anthraci s Wis . B. cereus Non-motile Tex. 

B. anthracis Tex. B. cereus #244 Tax. 
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TABLE VII ( CONT'D) 

.A) Less than 3 mg of 1-are.binose utilized. (cont• d} 

B. cereus Clarls: Tex. 

B. cereus A. T. C. Wis. 

B. frauildenreichii A. T. c. 

B. f\1sifomis A.T.c. 

B. fusif'onnis Tex. 

B. fusi:t'onn.1s Wrigh t Tex. 

B. fusi f'onnis :/}339 Tex. 

B. graveolsns Wri ght Wi s . 

B. lactis #618 Tex. 

B. megatherium Wts. 

B. magat her ium A. T. C. 

B. maga·the:rium Neb. 

B. mycoi des #4fJ5 Tex. 

B. my co1des #410 Tex. 

B. mycoides #41. 7 Tex. 

B. mycoi des #400 Tex. 

B. myooi des l/4ll Tex. 

B. myooi des #422 Tex. 

B. mycoides 1/425 Tex. 

Wis. 

B. mycoidas #426 Tex. 

B. mycoi das #42? Tex. 

B. myooides #4'l!J Tex. 

D. mycoides Neb. 

B. myoo id.es J.,o:ft-he.nd Sarles Wi s . 

B. paraalvei Tex. 

B. prausnit Zii Neb. 

B. robur :/1946 Tex. 

B. rotans A.T.c. 

B. rotans Tex. 

B.. rot ans ( p't'Obabl y Wi s .) 

B. seros1t1d.ta N~b. 

B. sim.plex Tex. 

B. aimpl ex. #-335 Tex. 

B. subtilis #600 Neb . 

B. tumefaciens Tex. 

Delong strain pectin fennenter 
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TABLE VII ( OONT' D) 

B) Mora than 3 mg. of 1- arabinose utUi zed. 

B. globigii (pr~bably Vogel)Wis. B. subtllis Ma.rburg Tex. 

B. l acticola Tex. B. subtilis Gram-neg. Tex. 

B. lacticola #876 Tex. B. subtilis #231. Tex. 

B. mycoides #1 V.P.I. B. aubtilis Marburg N. Y. 

B. s:phaericus #34B Tex. B. sub tilis Ma.rbu:rg Wi s .. 

B. subtills #231. A.T.C. B. subtilis Marbu.rg Neb. 

B. subtili s Te:x. B. su btili s (Milk) V.P.I. 

B. subtilis Koch-Novy Tex. B. vulgat u s Tex. 



Tabls VII summarizes the action of the Bacilli in l-arabinose-

peptone and compares the pH produced i n this medium with the pH 

the same organism. produces in peptone medium alone. 

It is di~fioult , i f not impossible, to state whether or not 

l-arabinose ttspares" the peptone of' the medium. In the case of 

those Bacilli which utilize more tb.an 3 mg. o:f this carbohydrate 

and do not produce pH values at least 0 . 2 pH units more acidic, 

1n the range below 6.8, than those produced in peptone alone, 

1 t sesn.s apparent that a "sparing action" has not been effected; 

or, the organ.i sms produce neutral , instead of acidic, products 

from respiration. On the other hand, t hose Bacilli which utilize 

1-arabinose and produce pH values lower than those produced in 

peptone medium alone appear to utilize l-arabinose i n preference 

to the peptone of the medium as a source of food for respiration, 

as i s eVidanced by the lower pH produead in thia medium. 

d-.Arabino se; 

The data concerned with the pH produced from d-arabinos.,.peptone 

medium and th utilization of d-arabinose does not bstantiat& a 

grouping of any type. The pH produced by many of the BacWJ. tested 

1n this medium is for all practical purposes identical with th• 

pH produced by than in :peptO:ne medium al.one (Table III, Figures 

l-130). A summary of the pH values produced by these BacUli, 

together w1 t h the exceptions, may be :found in Table v. 
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TABL.E VIII 

A Summary of the Metabolic Ac·ti Vi ty of the Genus Bacillus in 

d-Arabinose Media. 

Strain o:f Bacillus 
tested 

B. albolaotis Tex. 

B. albolactis V.P.I. 

B. a.lvei Tex. 

B. al vei #622 Tex. 

B. anthraois S:n.ooth Tex. 

B. bravis u . S.D.A. 

B. cereus Wis .. 

B. danicus U.S. D.A. 

B. macerans u.s.D.A. 

B. mesanterlcus Tex. 

B. subtilis #f:IJO Neb. 

mg. d-ara.bino se 
utili zed 

3.37 

2. 55 

2.37 

2.14 

2. 04 

2. 04 

2.0'l 

2.20 

5. 63 

2. 44 

6.60 

te.mnomic value 
of pH produced 

+ (at 24 hrs.) 

+ ( at 24 hrs.. ) 

+ 

+ 

+ ( at 24 hra. ) 

+ 

The pH values listed above are recorded as positive (+) 

if the pJ:I produced in d-e.ra.bi nose, in ·t;he range below pH 6.8, 

differs at least 0. 2 :pH u.TJ.i ts from that wld.ch the same organiBcll 

produced in peptone medium alone. 
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The s ca.ttergram. (Figure 131) den·J t in.; the cieg,ree o f d-a.rabin0se 

utilization by the ctrhins of Bacilli t ested indi cates tha t onl y three 

strains used more thrui 3 mg.: 8 strains used 2-3 :r~g .; end all other 

strains test ed used 2 mg. or less than 2 mg. Tabl e VIII list s the 

Bacilli vhich us e more than 2 mg. of d-arabinose a.long with the author's 

opinion of the taxonomic value of the pH :.p ro duced in d- arabinose- peptone 

medium. It will be noted from comparing the pH produced in d-arabinose-

peptone medium (Table III, Figures 1-130) with the degree o'f d-arabinose 

utilization and the pH produced in peptone medium alone that the pH 

produced 1n d-arabinose-peptone medium does not indicate d-ara.binose 

utilization for all of these Bacilll; therefore, if the pH produced in 

d-arabinose-peptone medium does not differ by a t least 0.2 pH units, 

in t he r ange belo ' 6 .a, from the pH produced by the same organi s:n in 

peptone medium alone, the pH value is not considered to be t s.xonomicelly 

signif'icant from the standpoint of indic.ating d-arabinose utilization. 

It is, therefore , necessary to test the pH of peptone alone concurrently 

w1 th d-arabinose medium. 

General Di s cussion: 

The results of the pH and carbohydrat e utilization determinations 

are recorded in Table III and are gi ve.n graphically in Figures 1-130. 

Table IV presents an interpretation of the pH values recorded in 

Table III together with comparable data from the investigations of 

Coffee (4), and the reactions from other literature listed in Bergey•s 

Manual (1). 

Table V presents a summary of the data in Tables III and IV and 

in Figures 1-130. In thi s table the reactions of the various strains 

of Bacilli used in this investigation a.re summarized into a rea ction 



apparently characteristic of the species represe:n ted. Only those 

reactions which appear to have t axonomic value a.re list ed in this 

t able . 

l '71. 

As n result of the extent of glucose utilization and a comparison 

of the pH produced in glucose-peptone :nedium and peptone medium <'! lone. 

it has been pos3ibl e to separate the ~1!. used in this investigation 

into the 5 groups listed in Table VI. 

Tabl e l.1II summarizes the a ction of the Bacilli in 1-arabinose-

peptone and con1>ares the _pH produced in thi s medium with the pH the 

seme organism. produces in peptone me · Ul.l1 alone. 

Table VIII li st s those Bacilli which utilize more than 2 mg. of 

d- arabinose together with t he author' J opinion of the t a:xonomic value 

of the pH these Bacilli pro duce in d- arabinose-peptone medium when com-

pared to the pH produced by the same organi su in :µe,1tone medium ulone. 

In order to interpret the data concerned with the pH produced in 

d- and 1- arabinose-peptone media so that it may have ta:mnomio sig-

nificance, it i s compared with the pH pr~duced by a Bacillus in peptone 

medium. alone and the extent of utilization of the two carbohydrates 

(Table III, Figures 1-130). Such a comparison of these data indicates 

that those Bacilli which l ower the pH of the earbohydrate-peptone media 

at least 0.2 pH Ullits more acidic , in the range below 6.8, than the pH 

of the peptone medium utilize from 0.48 mg. (p. 18 & 19) to 25 mg. of 

carbohydrate. Evidence for the consistency and reproducibility of the 

pH values pro duc ed by the Bacilli employed in this investigation, may 

be found b y com.par.ing these values with those obtained by Coffee ( 4). 

A difference of 0.2 pH units produced by a Bacillus culture in 

carbohydrate-pc9 tane and ~eptone media, is not large . The interpretation 



172 .. 

of such a difference as indicating the positive utilization of d- and 

1- arabinose is, however, according to the results of this investigation , 

justiflable. This met hor'l of interpreting these results enables a 

maximu.."!l number of carbohydrate-using orgeni srus to be detected. by pH 

measurooent. There ia no possibility of misinterpreting these results 

using this criterion since non-carbohydrate users did not produce pH 

values in carbohydrate-pe_ptone medium which were 0.2 pH uni ta more 

acidic, in the ranee belvw 6.8, than the pH they produced in peptone 

a.lone. 

Table III indicates very conclusively that although an acidic pH 

in d- or 1-a.rabinoss-peptone can be indicative of carbohydrate utiliza-

tion, it cw.not be interpreted in any manner to indicate the extent of 

utilization. An excellent example for this observation is cited in 

Figures 15, 64, 65, 111 (1-arabinosa); 3, 4, 53 (d-arabinose}. It is 

also important to point out that an alkaline pH does not n acessarily 

mean that large amounts of carbohydrate have not b een utilized 

(Fi gure 1 20 for d-arabinose; Fif;ures 121, 11 '7 f.or 1-ara.binose). 

In this investigation the pH pro duced in g.lu co se-pe11 t oni;i medium 
> 

by 40 speciee of the genus ~illus was determineri. Four of the species 

investigated did not produce reactions in this me dium vrhlch agree with 

those list ed by Bergey ' s Manual (1 ) for these species. Probably because 

of inadequat~ dat e, this manual does not list reactions for six species 

tested in glucose-peptone :meditnn in tlti a investigation. 

Bergey' s Manual (1) li sts reactions for only twelve of the 40 

suecies of Ea ollli tested i n d- tin d 1-arabino.ae uentone media. Tb.is 
~. _..._ --

manual mak es no 6istinction bet~:cen d- and 1- forms of arabinose. 

R~actions produced in this medium a r e :::aerely listed wder "Arabinose". 
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This l acK o f di~tinction is probably due to an absence ,)f dat a for 

d- and 1- forms of ar abino se . This may a c count for discrepancy between 

7 reactions for species used in the present investigation when compared 

to t he "Arabinose" reactions listed by Bergey (1). 

The results of tilitl investigation are i~ excellent asree:nent with 

tho s e of Coffee (4). Minor differences do occur in the extent t low 

:pH values pro duced by some of the Bacilli. These dit'feren ces are not 

great enough to interfere with the n ethod of inter~retation em.ployed 

in this investigation, vr that of Coffee, and may be due to differences 

in experimental procedures, or to experimental error. 

Robert& (34} r eport that glucose i s utilized by B. rote~s wi t hout 

acid prowictio~ is confi rmed. Koser and Saunders {19) report that 

~· megatheri um does not utili z,e d- or 1-nrabino se. The ·prese'.'lt rasul ts 

are in opposition to this r eport; howeve-r, other r esult s liat9d by these 

e.uthors have been confirmed, as have the results ot Merrill ( 2-8 ), 

Wed'.lill (45), and Wed~m and W~lker (46). 

Debord ( 6) re~ orted tha t the _?resence of gluco se in pe:ptone medium 

increased the r a t e. of _p ro duction. of amino nitrogen i n cultures of 

~· subtili s . He infers that a more alkaline reaction 1 s produced by 

!t• subtili s under these conditions. Coffee ( 4) has obtaineC. results 

suggestive of greater alkali _p ro du ction from peptone in t he presence ot 

d- or 1-a.rabinose by cert ain BaciJ:li. Su.ff'ici ent evidence to support or 

refute these results was not obtained i n t !li s investigation. 



The present investigation has b en concerned With the abili ty 

of 130 strains, representing 41 species, of the genus Bacillus to 

utilize glucose and d- or l - arabinose as a source of food for 

respi ration. carbohydrate utili zation was deteminad by direct 

titration of the amount of carbohydrate rEmaining after incubation. 

The pH of' the carbob.ydrate-peptone media enployad was deter-

mined potentiometri cal.ly usi ng a glass electrode and was compared 

with the pH produced by the same Bacillus in peptone medium alone. 

The amount of glucos uti l i zed by a parti cular Bacillus and 

th& pH 1 t produced in glucose-peptone medium was taken as a basi s 

upon which to separate the strains and speci es of BaoUli tasted 

into the following f i ve groups: 

l. Glucose utUiza.t1on less than 6. 2 mg •. : pH gl.ucose-pepton 

7 .o or above. 

Typi cal examples: B. brevis_, B. fusif'omis, B. rotan.s, and 

B. serositidis. 

2. Glucose uti lization more than 6. 2 mg. : pH glucose-peptone 

less than 5. 5. 

Typical examples: B. adhaerens, B. agri, B. albolacti s , 

B. cereus, B. g:raveolans, B. l actis, B. l act i cola, 

.B . laterospo.rus, B. robur, B. s1lvat1cus, and B. tumefacien • 

3. Glucoso utilization lass than 6. 2 mg. : pH glucose-peptone 

less t han 5. 5. 

Typical examples: B. alvei , B. ant¥'8-c1!> B. circulans, 

B. macerans, B. megatherlum, B. m.ycoid s , B. paraal vei, 

B. prausni tz11, and B. rum:lnatus. 
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4. Glucose utili zation more than 6. 2 mg . : pH glucose-pepto.~e 

5. 5 - 6. 5. 

Typ1oal examples: B. atterrimua, B. cohaerens, B. danicu,s_, 

B. glob1g11, B. l autus, B. mesentericua> B. ni ger, B. pani s, 

B. subtllis. and B. vulgatus. 

5. Glucose utili zation more than 6. 2 mg.: pH glucose-peptone 

less than 5. 5 w1 thin 2 days - more t han 5. 5 in 7 days. 

Typi cal example: B. ;pol~. 

The folloWing speci es di d not apparently belong to any of 

t he above groups: n. {innus1 B. fl.exus t B. · fraudenreichii, and 

B. sim;plex, because each used less than 6. 2 mg. of glucose and 

produced a :pH 0 1' 6.0 or above. B •• sphaericus used less than 6. 2 

mg. o f glucose and p roduced a pH which 0 rew progressively mor e 

acidic to pH 5. 6 afier seven. days i ncubation. 

Rasul ts obt ained f rom investi gations of t he acti on of the 

Bacilli in d- and l- arabinos&-peptone media do not pennit the 

use of similar groupings for those media. 

Tha resul. ts obtained :from the carbohydrate utilizati on studi es, 

and the pH produced i n carbohyd:rate-peptone medium and peptone 

medium alone further i n di cate that t he follo'Wing statanents are 

jus ti :t'1 ed: 

l . A pH of lass than &. o pl'Oduced by an acti vely growing eul ture 
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of the genus Bacillus is indicative of pos1 ti ve glucose utiliaa-

tion by that organism.. This pH t s not il1d1cat1 ve of t he axtent 

of glucose utili zation. 

2. No species of Bacillus tested produce a pH of' less t han 6. 0 

i n paptone medium alone . Those Bacilli capable of lowering 
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the pH of peptone medium ix> 6.0 produce pH values or less than 

5. 5 i n gluoose-pe:ptone medium. It woul d not, therefore, be 

necessary to check the pH of peptone ~d glucose-peptone :oedia 

concurrently before desi gnating ta:mnomic s1gnif1.oance to a 

pH value of less than 6.0 :produced in glueose-peptone medium 

by any of these Bacilli. 

3. A few Bacilli tested produce a pB. in the range 6.0 - ? .o 1n. 

glucose-peptone medium and at the same tim.e utili ze glucose. 

In thes oases it is necessary to check the pH of peptone 

med.tum concurrently before assigning taxonomic sigu1f1cance to 

any value within this range. In this inv-estigation pep'trone 

medium has been at least o. 6 pH uni ts more alkaline th.an glucose-

peptone medium inoculated with the s&ue Ba.cUlus and observed 

tor a seven day inoubat1on period. 

4. Some Bacilli utilize less than 6. 2 mg. of glucose tm.ich is 

not detectable by pH measurE1Uant of gl.uoose-peptone m&d1-um 

evan when compared to the pH of peptone medium run coneurrantly. 

The pH of these media either rua1ns neutral or becomes alka-

line during the entire incubation period. 

5. These pH observations are in al.most e01llplete agrean.ent with 

those of Ooffa.e ( 4) • The results ob ta:ined by Cof'f&e were 

d:up+1cated by the present author , i n man.y instances to the 

recording of exact pH r eadings, al though a t1io year period 

intervened. 

6. Sixty-seven ( 67) strains of the Bacilli tested for their 

abil1 ty to utili ze 1-arabinose utilize less thall 3 mg. of 

this carbohydrate. The remainder utilized 3-25 mg . of this 

carbohydrate. 
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7. Regardless of t he · amount of l-arab1nos e utilized sixty-

nine ( 69) strains of Bacilli, representing 2l species. 

produce t he same pR in l-arabinose-peptone medium that they 

produce 1n paptone medium alone. The r«neinder, representing 

ro species, produce pH veJ.ues tn 1-ar Rbinose-:pe.ptone which 

are a t least 0.2 pH units lilore acidic, in the range below 

6.S, than t he pH they produced in peptone medium a.lone. 

s. El.even strains of Bacilli, representin.g a specie.a, ut-Uized 

more t han 2 mg. of d- ar abinose. The rEmai.n der u sed less than 

this amount. 

9. Thirty-three strains of Bacilli repreEteuting 19 spe.cies, :pro-

duce pH values in d-arabinose-peptone which are a.t least O.! 

pH units lower, in the range below 6.8 then the pH they pro-

duce in peptone medium alone . The rsnainder, 98 strains, 

representing 22 spe.cies, produce i dentical pH values in both 

d-arabinose-peptone and p eptone media. 

10. Practicall.y all o f t ha Be.cilll tested wttre capable of using 

glucose and d- or l- arabinose t o so.me extent in their 

metabol.i an... 1m. acidic pH value can in no manner be indicative 

of t he extent of this utilization. The order of de-creasing 

utili za.bility of these carbohydra tes is gluoosa, 1-arabinos 

and d-arabinose. 

ll. The strains of the genus Bacillu.! used in this 1nvestisat1oa 

show diversity in the extent o:f.' t heir ability to utilize tbe 

d- and l- foms o.f arabinose. It is theref'ore reeon:mended 

that Bergey' s Manual (l) change i ts designation of arabinose 



llledia 1'rom "A.rabino se" to d- Arabinose and 1-Arabinose in 

orue1· to avoid confl i cting r eports as to the ability of 

an organism to utili ze a. particul ar carbohydrate. 
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AN ABSTRACT OF THE PHYSIOLOGY OF THE GENUS BACILLUS 

It is routine bacteriological procedure to consider an acidic pH read• 

ing, taken on a carbohydrate-peptone medium in which an organism is growing, 

as evidence that the bacterium in question utilizes the carbohydrate. NUmerous 

investigators (2-5, 6-8, 11, 12, 16-19, 20, 22, 23) have demonstrated that 

although used routinely by bacteriologists, acid-indicators are inadequate 

to determine the utilization or carbohydrate from a carbohydrst~-peptone 

medium by many organisms. Thi s fa ilure may of ten be due to a lack or "spar-

ing action" of carbohydrate f'or the peptone of the .medium. This sometimes 

results in an alkaline or neutral pH reaction even though carbohydrate ':las 

been utilized. 

A lack or "sparing action" of carbohydrate for peptone has been demon-

strated in quantitive studies which compared the pH produced in a carbohydrate• 

peptone medium with the utilizability ot the carbohydrate for the following 

organisms : B. rotenB (20), the genus 11cobacteriW11 (13), the tubercle 

bacillus (9), the hydrocarbon bacteria (10), the Brucella {14, 15, 24) and 

certain miscellaneous organisms (22). 

It hes been shown by acid indicator te.:.hniqt•es (16, 18, 19) • that a 

laok of "sparing action" by species of the genus Bacillus m.ake~ it difficult 

and sometimes impossible to determine the utilization or various carbohydrates 

as measured by a lowering of the pH. The resulting pH of the medium, where 

there is no ''sparing action,'' is dependent not only on acid produced from 

carbohydrate dissimilation, but also upon concurrent acid and ammonia produced 

from peptone decomposition. The change in pH, therefore, may result from 

factors other than carbohydrate utilization. 



2. 

The object of the present investigation was to determine quantitatively 

the extent of glucose and d- and 1- arabinose utilization in order to separate 

it from the other two factors influencing the pH change in the mediWll. The 

pH of the carbohydrate medi!:.: employed vrns de t ermined potant i wnetrically, in 

order that the pH produced could be compared u i th the extent of utilization 

of these carbohylrates. Likewi se , the pH produced by the srune Bacilli in 

peptone a.lone was deter.mined so that it could be compared wi th t he pH pro-

duced in the carbohydrate-peptone media . 

The methods for di fferentia t i ng the aerobic spore fo rmers or the genus 

Bacillus have been devised from jnadequate and often unre l iable data (1) . 

The fundamental observations derived from this invE>stigation concerned with 

the metabolism of the genus Bacil lus may be of value in the necessary re-

arrangement of the present taxonomic procedure. such studies might also 

lead to other interesting conclusions rega rding the metubol ism of t he Bacilli 

in pure laboratory culture and a l so i n the mixed cultures of t bei.r.nutural 

habitat. 

TIIE INV1!S'l'IGATION 

One hundr ed and thirty str a ins of the genus Bacillus, representing 41 

species, were used in these studies. Determinati~n of the pH resulting from 

the growth of an organism in peptone alone and in pept one conta ining glucose, 

d- arabinose , or 1- arabinose waa made after 1, 2, 3, and 7 days of incuba-

tion. A Beckman potent i ometer equipped wi t h a glass el ectr ode was used for 

taking the pH measurements. .At the same t i.lD.e pH r eadings were made, the 

amount of carbohydrate remaining in a tube af ter each incubation period was 

determined quantitatively according to the met hod of Stiles, Peterson and 

Fred (21). 



























All carbohydrate medi e used were measured by aut omatic pi pette to 

contain 25 mg. of a particul ar c&rbohydrate . 

3. 

A SWlUIW.ry of t he results obtained have been plotted gr aphically in 

Figures 1-41. These graphs ill ustrete the species of Bacilli investigated 

and were selected to represent the action apparently cha r acteristic of the 

strains of the various 3pe r. ies under inve ut igation. 

Figure 42 r epresent s the degree of utilizat ion of carbohydrate by the 

various strains of Bacilli employed . A study of Figure 42 indicates that 

the uti lization of glucose i s such thut it would be di fficult , if not im-

possible to ~stablish a bonndary which could be called the Jividing line 

between high and low glucose utilization. It has t herefore been necessary 

to cons ider a purely ar bitrary boundary at that amount of g lucose utilized 

by at least 50 ~ ot the strains investigated in order t hat glucose utiliza-

tion might be more easily compared with the pH produced. According to this 

di~ision it is possible when comparing pH with utilization to separate the 

Bacilli into six groups. The data for d- and 1- arabinose do not permit 

the use at such groupings. 

The data obta ined i n these studies subs t antia te the following statements: 

1. A pH of less than 6.0 produced by an actively growing culture of the 

genus Bacillus is indicat ive of positive glucose utili zation by that 

organism. This pH is not indicative of the extent of glucose utilization. 

2. No species or Bacillus t ested produce a pH of' less than G.O in peptone 

medium alone. Those Bacilli capable of lowering thu pH of peptone medium 

to 6.0 , produce pH values of less than 5.5 in glucose-peptone mediwn. It 

would not, t herefore , be necessary to check t he pH or peptone and glucose-



4. 

peptone media concurrently before designating taxonomic significance to 

a pH value of less th6n 6.0 produced in glucose-peptone medium by any of 

these Bacilli. 

3. A r~w Bacilli tested produce a pH i n the rcnge 5. 0 - 7 .0 in glucose-peptone 

medium and at the:: same time utilize glucose. In these cases it i s necessary 

to check the pH of peptone medium concur rently before vss l gning taxonom ic 

significance to any value within this r 5nge. In this investigation peptone 

medium has been at loast 0.6 pH units more alkal ine than glucose-peptone 

medium inocu Jated wi t h the same Bacillus and observed for a seven day in-

cubation period. 

4. Some Bacilli utili ze less than 6.2 mg . of glucose which is not detectable 

by pH measurement of glucose-peptone medium even when compared to the pH 

of peptone medium run concurrently. The pH of these media either remains 

neutral or beco~es alkaline during the entire incubation period. 

5. These pH observations are in almost complete agreement with those of coffee 

(4). The results obtained by Coffee were duplicated by the present author, 

in many instances t c the recording cf exact pH readings, although a two 

year per iod interven~d . 

6. Sixty-seven (6?) strains of the Bacilli test~d for their ability to utilize 

1-arabinose utilize less than ~mg . of th1~ carbohydrate. The remainder 

utilized 3-25 mg. of t his carbohydrate. 

? • Regardless of the a.mount of 1-arabinose utilized sixty-nine ( 69) s·trains 

of Bacilli. representing 21 species. produce the same pH in 1-arabinose-

peptone medium that they produce i n peptone medium alone. The remainder, 

represent ing 20 spec ie s , produce pH values in 1-arabinose-peptone which 

are at least 0 . 2 pH units more acid ic. in the range below 6.8, than the 

pH they produced in peptone medium alone. 



a. Eleven strains of Bacilli, representing 8 s pecies , uti l i zed more than 

2 mg. of d-ar obinos e . The remainder used le ss than t his amount . 

9 . Thirty-three stra i ns of Bacilli r epresenting 19 species , produce pH values 

in d-arabinos e-peptone which are a t least 0.2 pH units lover , in the range be-

l ow 6.8 than the pH t hey produce in peptone mudi um a lone. The remainder, 

98 strains, epresenting :~2 spec i e s , reduce ident i cul pH val ues in both 

d-arabinose-peptone and pept one media. 

10. Practically all of t he Bacilli tested were capable or using glucose and d-

or 1-ar abi nose to some extent i n the ir met aboli sm . An acidic pH value can 

1n no .manner be i ndica t ive of the extent of t hi s utili zati on. The order 

of decreasing ut iliznbility of t he se carbohydrat as i s glucose , 1-arabinose 

and d- arab inose. 

11. The stra ins of t he genus Bacillus used in t h is investigation show diversity 

i n the extent of t he ir a bility t o utilize t he d- tlnd 1- forms of arabinose. 

It is therefore recommended that Bergey' s Manua l (l) change i ts des ignat ion 

of a r abinose media from "arabinose" to d- Arab i nose and 1-Arabinose in 

order t o avoid confl icting reports a s to t he abi l ity of an organism to 

utilize carbohydr ate. 
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