
EFFECT OF C A R B O N  S O U R C E  ON RATE OF A C I O  
P R O D U C T I O N  BY S T R E P T O C O C C I '  

T h e  lactic acid ferrcent,ition by 1iorno~errnent;:tive strcptococci h,is rccciv- 
ed the attention of various workeri  ( 3 ,  4, 5 )  because of its iiiiport,incc in 
iiiilk and d'iiry products, and also I:ec,iii:je of its pre:;ervntivc ,ictioii in otlier 
food products. 

T h e  prcsent s tcdy w,,s done in nn ;it:ctiipt to dc:erii?inc the cffccts o! 
lnctose, gliicose iind fructose nt diffcreri: coiicectr,itions o11 tlie ratc of .icid 
production. 

Tlie W a r h u r g  apparatiis ( 9 )  was used in tliir, xvcrlc to dctcct thc ;iiiioiii~t 
of carbori dioxide liberated by thc rcactioii of calciiiiii c<irhon;ite u i t h  tlic 
;icid prodiiced by either Str,-ptococciis 1ncf:s or Sfrcpfococciis cremorls. 

Huckcr ( 3 )  foiind that low ;%cid prodiicing lactic ncid streptococci gen- 
cr;illy ferincnt leviiloic a t  ;i f;isier rate thnn gliicose. According to Rahn,  

c.; ,il. ( 5 ) .  tke rate of acid prodiicton is inclepciidcnt of tlic gliicose coticcn- 
trzition wheii it is prcsent to the extcrit of 0.2 perccnt of the ciilturc tiicd:uni 
niid if thc pH docs not dccrc,ise. Siii:th ;ind Slicrriian ( 7 ,  8 ) ,  inociilzited 
wnshed cell.; of S. 1nct:s o r  S .  crcnior:~ into 0.5 perccnt glucosc aiid n phos- 
pliatc biiffer rriediiini. T h e  resiilts ii1d'c;itcd thnt thc 96.6 percent of glucose 
\vas coiivcr?ed to 1;ictic zicid hy  ,S. Í;:cfis niid 93.7 percent hy  S. crcrnoris. 
Mizuno nnd Jczcr,lci ( 4 )  :;lionvxi ;in iilcrc,isc in acid prodiict:ori hy  S. crcnioris 
and Lc~iconostoc spccies by ndding 2 pcrccnt gliicose to ,i i~iilk ~iiediiitri. 

M A T E R I A L S  A N D  M R T F I O D S  

Mnriornefric T c c l ~ r i i ~ l ~ c s :  T h e  voliiii~e froiii the Warbiirg rcaction flask 
to  thc refererice poin; (150 niin.) on thc rii;iiioinctcr \vas found with the tiid 
of riicrciiry. v+zhicli was used as n ca1ibr;itiiig fliiid, follou~ing Uriihrict's, c t  
'11. (9), iiistr~rctions. 

Prepnr;3f:orz of Rcnycrifs: Lactore. gliicose ;>lid fructose lcvels urcre: 0.5, 
1.0. 2.0, 3.0, aiid 4.0 pcrccnt. T h e  riiol,ir concentr;itions \vere c;ilculatcd for 
cach lcvel of thc threc srig,irs. (See Tahle 1 ) .  
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0.5 2.8 x 10 2 2.8 :: 10 2 1:l x 10 ~2 

1 .O 5.6 x 10 -2 5.6 x S0 -3 2.8 u 10 -2 

2.0 11.1 u 10 -2 11.1 x 102 5.6 S 10 -3 

3 .O 16.6 x 16 -2 15.6 x 10 2 8.3 x 10 -2 

4.0 22.2 i: 10 -2 22.2 x 10 -2 11.1 x 10 2 

?, Ihi, <;;i,;n:ity cf i<ilc:y:ii e>;-!;~iin:c i i x d  wr.; 0.0;-;.1 inolc; per iitcr. 
T1i;s xv,is e:j::;ii:itcd to he t\v,ce thc ;iinouiit iiccdcd lo ncutr,iIize t!ic 1;iclic 
zicid produced. 

A :;oliitio:~ of c;ilcii::ii ch!or:dc v:as prc!;ai.cd siich th.it the final con- 
ccn:r,iii«íi o l  snit in ihc rc,ici<o:l ii,islc w;is 0.0144 ni«!es per I'tci. 

Pr,.i,;~r.,:.'<>~!:j cf cc!,':: s:r.iins cf ,C. 1ncf.s 2nd S .  crcr~(>riS (CCC T c i l > i ~  11) 
;if:cr bciiig idcii;ified ;r-, ::i!cii, ( 2 )  Tvcrc cCirr:cd iil l;ti:;us i~iiik. Tli: ciiltiircs 

wcrc tr,ins:crred d;iily. A luoiiiul of a 12-l:our 1iti:lus iiiilk ciiltcrc of tlie 
crg,iii,:;i:1 to l:c ~ir:cd in tr,;ilr; thc íol!ov;i~ig dny u:i.s irnnsicrrcd iiiro CI tube 
containing 5 inl of c,ir!?ohydr,ite 1;ro;;i. 'Tiie carholiydrnie broth coii!airied 
1.0 perceiit pro:co:;c-pel~tonc, 0.1 licrcerit hccí e x ~ r u c t ,  0.5 pci~eii :  sodiiiiii - 
ciiloridc ;iiid 1.0 pcrcciit of tlic te:;t sugnr. i his ii~cdi~iiii u7as sterilizcd at  
121°C for fiftccri riiiilii:cs iii a prc-healcd stcril~zci-. 

Af:cr 12 hoiir.; of inciih,ii:on nt 32°C the vzi~o!c I>roth ciilti!rc v;as trans- 
ícrred ¡rito 2C0 ir11 of 111c test s::g;ir ~r;cd;ui:i ircviously describcd ,irid niter 
inociilntioi~ it \v,is inctib:iied at  32°C for 12 hoiirs. 

T h e  cclls xvcrc 1i;irvcs:cd in sicrile ccn!rilcgc tubcs hy ccntrifugntion at  
2.003 ripiii f«r 15 iiiiniitcs. Aficr rciiioviilg tlie ::iipcrnatnnt hroth, th- sed- 
iiiieiit \v;is rciuipc.iidcc! i i i  stcrile 0.85 pcrccnt sodi~itii cliloride soliition and 
the snliiic sus1-;ci1sio:i o i  cells w,:s cciitriliigcd a t  2,000 rpiri for 15 riiinutes. 
T h e  v;,ishiiig procedure was  rcpc,i!cd. 

A stock cell :;ii:;pen.;io:~ v:as prcparcd by re;ur,;;cndiiig thc washed cells 
in 10 ni1 o: Llic ~ ~ i l i t i c  soliilioil. Dili~tions for thc stniidnrd plale coiint \vere 
ac:cririincd hy  clicckiilg thc opticnl drnsity of thc stoclc ccll suspension in n 

B;iii:,cli zind Lo~iih Spei;roii:c 20 ,it 6:O ~iiil!iiriicroiis. 

T h c  dilutions for the stock ccll siispei~s;ori x7~,cre 10 % iG- ' - ,  10~7, aiid 10~:. 
All diliitions wcrc in;idc usiiig 99 1111 of sterile, pliosphatc-hufiered distilled 
xvcitcr (1). 

TIie ür«,inisiiis \ i c r i  p1;itcd i i i  Difco B,icto pliite coiint agar,  iilcubated 
'it 32°C lor 48 lio~:rr, aiid thcii coun:cd. ii:iing n Qiiebcc colony coi111 er. Si~iciirs 
v;ere rriade irorii 10 ., 10-:', 10~7, 2nd 10~h dilutions and stained with a drop 
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of  diliitcd cryst,il violct st,iin. T h e  nuiiibcr of cclls pcr cliain wcre counted 
to ciilciil;itc tlic frccliiciicy of cclls pcr cliiiin. Tlic nuriibcr of cclls in tlir 
Ilask iriociiliiiii \vas cstiiiiatcd hy iiiultiplyiiig the iivcriigc irciliiency of czlls 
pcr cliziiii hy thc niiiiibcr of colonies on thc pliitcs. 

Lncfic Acid Assny: Tlic W,irhiirg Ilaslís iriid iiianoirictcrs xvcrc niirribercd 
iit r;indoiii for c;icli trizil. E;ich coiiccntration of siignr \vas tcstcd in diip1ic;ite 
\vith cach org,iiii.srii. Into cach rc;ic:i»n flask, 11 iiig. of c;ilciiiiii carboil,ite xvcrc 
xveighcd, thcii 1.5 iiil of stcrilc distillcd w.itcr coiit,iiiiirig 16 iiig. of calciiini 
ihloridc ~ v c r c  addcd. T o  tliis iii.stiire. 0.5 1111 of stock ccll sus~:cnsion ,in,i 1.5 
iii l  of tlic iippropriiitc :;iig,ir soliition \\.crc addcd. iii,ilciiig ;i total vol~iiiic of 
2.5 1111 in e;ich fl;isk. T h c  siig;ir soliitioris xLZere prcp,ired so  th,it thc final con- 
ctntr,itioii in thc Wiirbiirg fl;isk i;.oiild hc 0.5, 1.0, 2.0, 3.0 or -1.0 pcrccnt cnrbo- 
hydr'ite. 

Foiir fliisl;.; \vcrc iiscd ;is thcriiiob;iro::ietcrs. E,icli of thc control fliisks 
coiit;iincd 2.5 1111 tot,il voliiriic ;ind thcy wcrc prcp;ircd cs;ictly like tlic test 
Il;isks cxccpt th,it une cont;iincd no c;irbohydratc. .iiiotlicr 110 c,ilciiiiii car- 
I)oii,itc. ;i third cont;iincd no cclls ;iiid .i foiirth coiit,iincd oiily distillcd \v;.tei. 

T h c  in;iiioiiic:ers ~ v i t h  tlic fliisks ;itt,ichcd ;ind stopcoclc opcncd xverc pl'iced 
oii tlic Warbiirg apl)ar<itlis iind allowcd to cqiiilibr,itc iit 32 C iintil no  fiirthcr 
pressiirc cti;ingc \v,i5 noted. T h c  first rc~iding rccordcd ;is zero tiiiie was 
iiiadc prior to iiiixiiig thc si ig~ir  xvith tlic fliislc fliiid, ;ind siih:;cqiiciit rcadings 
\\.erc iii,idc iit 15 iiiiniitc intcrv,ils. A t  tlic cnd of eiich trial the p H  of the 
contcnts of cach f1;isk \v,is detcrrriincd. T h c  ciirhon dioxide rclcasc r,ite \vas 
calciilatcd iisiiig thc d;it;i obt,iiiied diiriilg the first 45 iiiiniitcs of each trial. 

Diliitions of tlic fl,isk contcnts Tvcrc plntcd ;ind incilb;itcd iit 32 C for 
48 Iioiirs. Siiic,irs of thc contcnks of cach fl,rsk wcrc 111,idc ;ind the niiiiiher 
c>f cclls calciilatcd iising thc procedurc describcd for thc stock cell suspension. 

R E S U L T S  

M;irromcfr:c T~c1ini~tic .s :  Tlic c;ilciilatcd voliiriic of cacli rc;iction Iiiisk nnd 
ii~z.ri»inctcr to tlic 150 iii i i i  iiiark on thc rri~iiio~iicter is sholvn iii t;ible 111. T h c  
voliiiiic of fliiid in cach matched sct \\.as hcld constant ;it 2.5 nil. Aftcr each 
cxpcririicrit thc pH of the reaction fluid in each fl;isk w,is uscd to dcterniinc 
the flask constant. 



T A B L E  111 

C A L I B R A T I O N  OF W A R B U R G  FLASKS A N D  M A N O M E T E R S  

E f f ~ , c t  < ~ f  tlic I l  ffcrciit Sirg,rrs <>i i  tlic Rntc of Acid Pro:iiicti<~ii: Tlic c.irbon 
d;oside prodiiction froiil tlic rc,ictioii of thc ticidis) prodiiccd 1,). S. crciiioris. 
with c;ilciuiii c;irbon;itc (ace ttible I V )  indicatcd th'it fsiictosc \v;is iitilizcd 
at  ;I highcr rnte thzin glucosc or  lactosc. T h c  ltirger ;irii«iiiit of c,irboii 
dioside iiic,isiircd pcr ccll per iiiinii:c froiii friictosc \v,is 7.65 tiiiics liiglicr 
th,iii th;it of glucose ,ind 10.5 tiriies liighcr tli;in th;it oF 1,ictosr. 

S.  I;,cfis feriiicntcd gliicosc a t  the liighcst rtite. T h c  iii;isiiniiiii ;iiiioiint 
of  carhon dio:;idc lihcratcd pcr cell pcr iiiiniite froiii gliicose \v,is 4.05 tiiiies 
more than that from fructose and 6.15 tiiiies more tli;in th;it froni 1,icíose. 



T A B L E  I V  

R A T E  OF C A R B O N  D I O X I D E  P R O D U C T I O N  

P E R  C E L L  P E R  M I N U T E  

.5 1.33 x lo!) 17.7 x IO~!' 
1 .O 1.42 x lo-!' 18.46 x lo!' 

Glucose 2.0 1.43 x 10 !' 18.58 x lo-!' 
3.0 1.37 x lo!' 17.97 x 10" 
4.0 1.33 x lo-!' 17.72 x 10-9 

0.5 10.95 x lo-!' 4.58 x IO~!' 
1 .O 10.33 x lo!' 3.89 x 10 $ 1  

Fructose 2.0 6.7 x lo!' 3.53 x lo-!' 
3.0 6.6 x 10~:' 3.80 x lo-!' 
4.0 7.3 x lO~!i 3.37 x lo!' 

- 

0.5 
1 .o 

Lnctose 2.0 
3.0 
4.0 

Effccf of the Diffcrcnf Concentrnt:ons of S i i ~ n r s  on tlre Rnte of Acid 
Prodriction: Table IV also sliows the general results cxpressed in microliters 
pcr cell per iiiinute. S.  crcnloris sho\vcd a slight increase of its fcrnicntation 
rzite whcn thc conccntr;ition of glucosc was  increased frorri 0.5 pcrcent to 2.0 
pcrcent. At conccntrations of 3.0 aild 4.0 percent, the ferineritation ratc 
decreascd gradually. T h e  fructosc feriiientntion r;ite u7as highcst at  the 0.5 
pcrccnt conccntrat:on of srigar. It dccreascd slightly a t  the 1.0 perccnt leve1 
and dropped rapidly nt the 2.0 pcrcent levcl. T h c  chnnges wcrc very srnnll 
at  the 3.0 nnd 4.0 pcrccnt of friictosc concentrations. Froiii thc 0.5 percent 
to the 3.0 pcrcent concentr;ition of lactose, S .  crcmoris showed z i  slight in- 
crease of its feriiicntation rate. A t  the 4.0 percent leve1 the fcrnientation 
ratc decreased. 

Tlic ratc of feriiicnta:io~l by S. lactis and S. crcmoris increased at  tlic 0.5. 
1.0 aiid 2.0 pcrcent levels of glucosc, but at  tlie 3.0 and 4.0 pcrcent levcls, tlic 
rate of  frrmcntation decreased. 

W h c n  tcsting the 0.5, 1.0 and 2.0 percent levels of lactose. there was  a 
grzidual incrcase by both organisriis, followed by a decreasc at  the 3.0 percent 
Icvel ;ind zin incrcase at  thc 4.0 percent levcl. 

Infcract;ons Bctiuecn Or,c~nn!sn~s, S i i ~ n r s .  and  Levcls of siigar: S. crcmoris 
zind S.  lncfis wcre sirnilarly ziffcctcd hy 0.5. 1.0 and 2.0 percent of glucosc. 
However, thc ratc of acid production by S. lacfis was much higher than that 



o t  S. crcmoris. Tlie highest ariioiint of c;irhon dioxidc per riiinii;e !>er ccll 
of S. lscfis w;is 18.58 x 10 !' iiiicrolitcr in 2.0 pcrcctit of gliicose. S. crc- 
moris, under thc saiiie conditions. liber;itcd 1.43 x 10 !' riiicroliters. In 
friictose thc highest feriiieritntion raics of both org~inisriis occiirrcd in tlie lo\vcst 
sugar concentration. 

Iri hoth lactose and glucosc the highcst feriiiciitation r;itcs occiirrcd ,it 
thc iiiiddlc (1.0. 2.0, o r  3.0 perccnt) c,irbuhyclrate conccntr,ition. Thcrc \\-,\S 
also inlernction bctxvecn thc organisiii aiid ihc c~irboliyclr;itc: S. crcrnoris 
exhibited its highest r,itc of feriiieiitation in fructosc hiit S. lncfis cxhihitcd 
its highest ratc iii gliicosc. 

D I S C U S S I O N  

M;inomcfric Tcchriiq~rcs: T h c  pcrccnt of error ;it 95 perccnt confidenic 
liiiiit \vas 110 grcntcr th;in 0.082 (scc T,iblc 111). Aii aicur'icy of 1.0 pcrceiit 
is considcred satisf;ictory in iiiatiorrictry. according to Uiiibreit. ct '11. ( 9 ) .  

Effcct  of Uiffcrcrif C;irho/i{jtlrnfes on tlic &"itc of Acitl Prot1iicf;vrl: No 
inforrii,itiori \vas foiind rel,iting to ihe iiict,ibolic products rcsulting iinder the 
conditions of this invcstig,ition. It xv;is ;issuiiied th.it 1,ictic ;\cid constitiitcd 
thc rii,iin cnd-product; howevcr, thc ziiithor prcfcrrcd to cxprcss thc ratc of 
fcriiient;ition by iiienns of carbon dioxidc pcr cell per iniiiiitc. 

T h e  ferriient;ition r;ite cxhihitcd by S.  crerr~oris wcis highcr \vi tli friictosc 
thati with gliicosc. This  ;igrecd with thc geiicr;il st,iieiiient ni;ide hy  Hiicl:cr ( 7 ) .  
Lactose ,ippc;ircd to be iitilizcd at  a loxvcr r;itc thiin \v;is gliicosc, biit the 
diffcrcncc \v,rs siii;ill. T h c  diffcrcricc l-ict\veen thc fcriiicnt,ition riite of fruc- 
tos? and thiit of gliicosc ;ind 1;ictose \vas co~isidcr~iblc. This  is slio\vii i i i  

Figiirc 1. Diiring thc prop;ig;ition of cclls in friictosc broth. S. crcr7ioris 
cxhibitcd ,i loxvcr optic,il dcnsity ,it 6-10 inillirnicroiis, thaii xvlicn gro\viI in g11!- 
cose or 1;ictosc poss:bly, tliis \vas diic to its r,itc of fcriiicntz.tion \\liich in i i  

short tiriic rrizide possiblc the ,iccuiiiul,ition of enough ;icid to force ,i dccliiie in 
;:S growth. 

TIic l~rcfcrcricc for siigar by S. crzmoris xv.i rlot ihc .s.iiiie ;is tli,it of 
S. 1;ictis (Scc  Tnblc I V ) .  T h c  ratc of fcrincritntion of glcicose by S. 1;ictis 
\vas the f,;stcst, .ind friictose \v;is Icriiicnted iiiorc r;ipidly tli'in 1,ictohc. Tlic 
diffcrence betxvecn the gliicosc feriiiciit~it:oi~ r;ite aiid thcit of fructosc or 1;iciosc 
\vas vcry 1;irge (Scc  figure 2 ) .  T h c  r'ite of fcriiicnt;ition of tlicsc orgaiiistiis 
;ippcarcd to lir rc1;ited to thc cnzynics synthcsized diiring the propag;iti«n of  
ilie cells licc;iiisc thc niiinhcr o f  cclls did not i i icrc~sc diiring tlit fcriiientiitio:i 
period. T h e  higlier ratc of fcrriicnt,itioil of gliicose coi~ip;ired ~ v i t h  the rnte 
of fcrriientiition of friictose and 1,ictose dis,igrccd ~vitli the fiiidiiig o f  Sh;~hdni 
nnd Viikil ( 6 )  who concluded thiit gl~icosc. g;ilactcisc, ;ind lactosc \ver? 
nietnbolized ;it nliriost thc s;iiiie r;itc. T h c y  also siiggestcd th;it S. lnctis 
iitilized the c;irbohydratcs partly throiigh thc Einhden-Mcycrhof p;ith\vay ;ind 
partly throiigli thc hcxose inono-phosphnte patliw;iy. This  iiiight cxplain the 
difference in the fermentation rates of glucosc, fructose and Iiictose. 



Effect of Different Levela of Each Carbohydrate on the Rate of Acid 
Production: The gradual increase of the rate of fermentation of S. cremoris 
,xd S. lactis at 0.5. 1.0 and 2.0 percent levels of glucose was followed by 
a decline at the 3.0 and 4.0 percent level. (See figures 1 and 2). Thi 
diiagreed with the report of Rahn et al. (5 ) .  However. the difference be- 
tween the fermentation rate in the 0.5, 1.0. and 2.0 percent levels was very 
srnall. When fructose was used, the fermentation rate of S. cremoris reached 
its maximum at 0.5 percent leve], then a slight decrease was registered at the 
1.0 wrcent level of this suaar. When the concentration of fructose was 2.0 w 

and 3.0 percent the rate of fermentation dropped sharply. It appeared that 
the increasing levels of fructose were slightiy inhibitory to the celis. 

The difference in the rate of fermentation between S. cremoris and S. 
lactu at 0.5. 1.0.. 2.0. 3.0 and 4.0 percent leveis of lactose was negligible. 
Nevertheless. the 3.0 percent level exhibited the larger fermentation rate for 
S. cremoris while at the 2.0 percent level S. lacfh showed the larger fer- 
mentation rate. 

lnteractions between Organisms, Sugar and Iavels of Sugars: The 
analysis of variance indicated that there was significant (P  ( .05) inter- 
action between organisms, carbohydrates and leveis of carbahydrates. ( S e  
Table V ) .  

The figures 1 and 2 show that the changes in the rate of carbon di- 
oxide liberation were different between the two organisms when metabolizing 
the different carbohydrates at various leveis studied. The significant inter- 
action indicated that the main effects were not independent and therefore would 
not justify testing of the main effects for significance. 

TABLE V 

ANALYSIS O F  VARIANCE 

Organismr 1 329.5 144 329.5 
Sugar 2 605.8424 302.9 
Levels of sugar 4 8.1718 2.0 
Organisms 

x sugar 2 1 188.8709 549.4 
Organisms 

x levels 4 4.0514 1.0128 
Sugar 

x Levek 8 17.1285 2.141 
Organfsms 

x sugan 8 8.679 1 .O85 
x levrb 

Error 30 11.7918 393 
T o t a l  59 2 174.m 

* Llibiliornt at flre percent lerel. 
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