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The influence of aiiinioniuiii ion and urea upon the glucose 
breakdown by oral iiiicro-organisiiis has already been intensively 
investigated. Kesel et nl. (1947) claimed to have shown that a 
combination of 3 per cent urea :and 5 per cent dibasic aiiiiiioniuiii 
phosphate was inhibitory to lactic acid production in saliva- 
glucose mixtures. Lactic acid production was accelerated in the 
presence of 3 per cent urea alone after 4 hours of incubation 
hut 5 per cent dibasic aiiiiiioniuiii phosphate alone was inhibitory. 
Jenkins L Wright (1951) stated that the ainiiioniuiii ion had no 
specific inhibiting property but claimed that a iiiixture of 1.2 
per cent urea and 2 per cent dibasic aniiiioniuiii phosphate was 
strongly inhibitory to acid production in saliva-glucose mixtures. 
In concentrations of about 8 per cent, urea strongly inhibited 
acid production in saliva-glucose iiiixtures but 16 per cent urea 
was required for the inhibition to be complete. Stephnn (1943) 
and Muntz L Miller (1943) found that 50 per cent urea was 
strongly inhibitory to acid production in dental plaque material 
in vitro. 

195 1 ), using the Wurburg iiianoiiietric technique 
found that the ammonium ion had no specific effect on the glyco- 
lysis of lactobacilli except ;I possible stiiiiulation in very low 
concentrations. Urea was effectively inhibitory towards glyco- 
lysis only when its concentration approached 4 M. Since preli- 
iiiinary results obtained in this laboratory concerning the action 
of the :iiiiiiioniuni ion did not confiriii Pecrrlmnn's results, a iiiore 
extensive investig:ition was perfornied using the titration method 
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elaborated by the present author. In this paper, "aiiiiiioniuiii ion 
concentration" means total concentration of NH4-t and NHs :it 
pH 6.5. 

MATERIAL AND METHODS 

Two strains of lactobacilli were used (La 5, Frostell and Larto- 
bacillus casei 4646, Aiiierican Type Culture Collection). They were 
kept on Rogosn's solid iiiediuiii (Rogosn et 01. 1951 ). Suspensions 
of active organisins were prepared in the following way: Material 
was taken from 21 plate to a tube containing Rogosn's iiiediuiii 
without agar and subcultivated for 24 hour periods two or three 
times in the saiiie iiiediuiii. When the organisins were actively 
growing the contents of a tube were transferred to a bottle con- 
taining 1 liter of Rogosds iiiediuiii without agar and incubated 
for 16 hours at 37" C. under continuous vigorous shaking. The 
hottle was tightly closed with rubber stoppers; the aiiiount o f  
air in the flask amounted to about 5 per cent of the total voluine. 
The cells were washed twice with 0.01 M phosphate buffer (pH 
6.96), the wet weight was determined (Frostell 19571, and the 
organisiiis were finally suspended in 10-30 1111 of the saiiie buf- 
fer at a concentration of about 200 iiig wet weight per 1111. The 
pH of the suspension was set at  6.5. The suspensions were stored 

Experiments were performed at constant pH and anaerobic 
conditions according to the titration iiiethod described elsewhere 
(FrosteZl 1959 b) .  The experiiiients were perforiiied in the stable 
phase, i.e. the suspensions were at  least 20 hours old (Frostell 
1957). The pH was kept constant by the addition of 0.01 N NaOH. 
Samples were taken in duplo or in triplo for lactate deteriiiina- 
tion before and after wine of the experiments. Lactate deter- 
inination was performed according to the iiiethod of Barker & 
Summerson (Umbreit et al. 1957).  It was found that the pre- 
sence of 1 M of aiiiiiioniuiii ion in a pure glucose solution did not 
significantly influence the determination of the glucose con- 
centration. Nitrogen gas free from oxygen us indicated by the 
Hnldane iiiethod was passed over the suspension before and dur- 
ing the experiiiient as described elsewhere (Frostell 1959 a!. 

Thus it was possible to determine the :wid production on the 
h s i s  of the aiiiount of alknli required to keep the pH conshiit, 

at 4-6" C. 
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:and lo delerininc the I:wl:it(~ I)rodiirlion froin the difference o f  
[he 1act:ite conrentr:ition o f  the suspension before :ind after the 
experimental period. This period W H Y  kept :it between 10 and 20 
minutes. The error of the deteriiiination of the acid production 
was calculated from the controls at k 6.7 per cent (variation 
coefficient). The error of the lactate deterinhition (mean of 
three determinations ) W:IS determined :it f 5.0 per cent (variation 
coefficient). 

EXPERIMENTS AND RESULTS 

Influence of the ammonium ion 

Six series of experiments were perforiiied with Ida 5 and three 
with I, 4646. The following solutions were pipetted into the re- 
action bottle: ( A )  2 nil of phosphate buffer (0.01 M, pH 6.96); 
( B )  Different amounts of NH4C1, 0.01 N NaOH and physiological 
saline so as to obtain a pH of 6.5 and a final voluiiie of about 
10 inl; (C) 0.5 or 1.0 nil of bacterial suspension, depending on 
the activity of the organisms. Since it was known that phos- 
phate is inhibitory to lactate production (Penrlmnn 1951 1 the 
pH was adjusted by NaOH. For the higher concentrations of 
NH4+ a few nil of 0.1 N NaOH was used, the precise adjustment 
of the pH being perforiiied by the addition of 0.01 N NaOH. The 
sodiuiii concentration was usually between 0.002 and 0.006 M. 
For the highest concentrations of NH4+ the sodiuni concentration 
was about 0.05 M. It was found that these concentrations did not 
significantly affect the acid production of the organisms. The 
final volunies of the suspensions varied between 8 and 15 in1 but 
in most instances were about 10 nil. As was shown by many 
control experiiiients the differences in total volunie did not signi- 
ficantly influence the results. 

Nitrogen gas was let in for approxiiiiately 12 minutes. When 
the temperature was 37.5 k 0.2"C., 1.0 in1 of a glucose solution 
(2.5 g/50 i d )  was added. 

In one series of  experiments a concentrated solution of aiii- 

iiionia was used, this being neutralized by hydrochloric wid. The 
volunies in this series of experiiiients were greater, the volume 
of the highest aiiiiiioniuiii ion concentration being 23 1111, while 
the others were between 10 and 15 1111. 

Ainiiioniuni ion concentration was sel at different values be- 
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Influence of the Ammonium Ion on the Acid Production of Lactobacilli 
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tween 0 and 2.85 M. If it was suspected that the activity o f  the 
suspension had changed during the experiiiiental day a third 
control experiment was performed at the end of the series of 
experiments. This control w:is not incorporated in the mean of 
the controls. Usu:illy, two or three control experinients without 
aiiiiiioniuiii were run in each of the series. 

For comparison, experiments were perfornied with different 
c-oncentrations of NaCl and KCI. 

The activity was calculated in 1111 of 0.01 N N:iOH per iiiiniite 
required to keep the pH constant or in niicro-moles of lactate 
produced per minute. The :iclivity of the control or of the iiie:in 
of the controls was called 100 per cent and the activity found in 
the different experiments was expressed in per cent of the control. 

The results are presented in Tables 1-111 and in Fig. 1. Acid 
production in the presence of the aniiiioniuiii ion was about equal 
to the controls at concentrations of 0-0.2 M. In the range 0.2 to 
about 1.2 M the acid production was stiniulnted in most experi- 
ments. Maxiiiiuiii stimulation was found :it 0.3-0.8 M. At con- 
centrations over 1.2 M the acid production was inhibited. The 
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Fig. 1. Influence of Various Concentrations of Ammonium, Sodium n r i t l  
Potassium on the Acid Production of Lactobacilli (La 5 )  

The different symbols refer to the results of the experiments tabulated i n  
‘l’ahles I, I1 and 111. The dotted line indicating the influencc of ammonium 

ion is drawn schematically. 
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results were confirined t)y the results of the Inctate determina- 
tions. 

No stiniul:ition was found with N:iCI nnd KCI. Acid p”)diiction 
was p:irti:illy inhibited ;it 0.3 M with these salts. 

A fourth series of esperiinents with I, 4046 will he reported 
in the subsequent section. 

Influence of urea 

Three series of experiinents were perforined with IA 5. The 
total voluine w:is kept between 7.0 and 8.9 nil :it the st:irt o f  the 
experiiiients. The urea concen1r:ition was set :it different \ d u e s  
hetween 0 :inti 3.9 M. 

The results :ire given in Table IY. At urea concentrations he- 
tween 0 :ind :ibout 1 .O M ncid production was :ipproxiiiiatelg 
ecpi l  to th:it o f  the controls. A t  higher concentrutions ;wid pro- 
durtion w;is inhibited. At  :in ure:i concentr:ition of  3.3 M, acid 
production w a s  (1.4 per rent o f  the iiieun o f  the controls. These 

Table IV 
Influence of Urea on the Acid Production of Lactobacilli 
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Table V 
Influence of Antmcnium chloride, Sodium chloride and Urea ON tlt r 

Acid Production of a Suspension of Lactobacilli 

St riii 11 

-. 
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I - -_ 
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0,:I:l 
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i n  per crnt of  

thr 1111'1111 of I l l C  
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results were confirined hy Ihe resulls of the 1:ict:ile de1eriiiiii:i- 
lions. 

I,;icl:ite production usu:illy :iinounted lo  : i I )out  NO per ccn l  o f  
Ihe 1ot:il ticid production in these experiiiients :is well :is in llir 
:I i i i i i ioii iu~~i ion experiiiients. 

In  one series of  experiiiients the effect o f  :iiiiiiioniuiii ion :ind 
sodiuiii ion w:is :tIso tested. The  results of these experinleiits ;iri> 
given i n  'J':ible \'. No stirnultition of ticid production by ;t i i i i i io-  

niurn ion could he (1eiiionstr:ited in this series. l'hc results i i i -  

(ticote, however, th; i t  this suspension w:is very sensitive lo  llic 
toxic. effects o f  sodium chloride :ind 1ire:i. Acid production wiis 

not inhihitetl hy 0.6 M of the :~iiii~ioniuiii s:ilt, hut  0.37 M o f  the 
sodiuiii s:dt w;is sufficieiil lo  exert :iii :illnost roiiiplete iiiIii1)ilion. 

1)ISCI'SSION 

The error o f  the titration inelhod w:is deterinined f r o i i i  tlic 
controls. In mtiny series of  expeririien ts  i t  11:is heen shown ( P r o s -  
t p l l  19.59 a, 1959 11) that  the :icitl or ;iIk:ili protluction ;idivity ol' 
inicro-orgaiiisiiis inay he deteriiiinetl with soi i~e degree o f  :wc.iir:ic.y 
hy the titrtilion riiethocl. If, however, the effect o f  wrio i i s  su1) -  
stances i n  different ronrentrutions is tested I y  this met hod I herc 
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will often be n great wriotion in results between experiments with 
different suspensions, the iiinin re:ison probably being hiologic:il 
\witition due to differences in the state of the organisms tested. 
The results of the experiments given in Table \’, for example, 
indicate that the micro-organisms of this suspension :ire very 
sensitive to the toxic effects of ;ill the substances tested. Thus 
the author believes that the f:ict that no stimulation of acid pro- 
duction by ;iiiiiiioniuiii inn could be deliionstrated in this series 
of experiments depends on :in extreme sensitivity to the toxic 
effect of the s:iiiie inn, which iii:inifested itself with incre:ising 
strength n t  higher concentrations. 

The results may be influenced by differences in the procedures 
leading u p  to the :ictu:il titr:ition experiment, e.g. differences in 
the length of the time the org:inisms :ire exposed to the subst:ince 
hefore the st:irt of the experiiiient proper. This is especially true 
when concentr:ited solutions ;ire tested. \’arintions in the results 
within the series performed with ;I certain suspension ;ire believed 
to depend on such differences which :ire not entirely uniivoid- 
:ihle. The result 61 % :ictivity at 0.61 M belonging to the second 
series in T:ible I is puzzling. I t  iiiay he t1i:it there is :I balance 
hetween the toxic :inti the stiiiiul:iting :ictions of the :iiiiiiioniiiiii 
ion, :inti th:it this hal:ince for unknown reiisons sonietiiiies ni:iy 
he displnced. 

I t  iiiust be kept in iiiincl th:it when the titrntion inethotl is used 
for deterinin;ition o f  the influences of v;irious substances on the 
wtivity of iiiicro-orgnnisiiis, the concentr:ition of the substnnce 
will decreme during the experiulent owing to the increase of 
volunie c:iused by the ndclition of :icid or base. This dr:iwh;irk 
iiiiglit he avoided i f  the substance in question is :idtled to the 
titrtition solution in the s:iiiie concentration :IS in the re:iction 
hottle. This, however, usu:illy is iinpr:ictic;il, since i t  would be 
neresswy to keep several different titrator solutions in the 

The author chose to keep Ihe experiinenhl period short in 
order to avoid :I high dilution of the substance tested. For ex- 
:iiiiple, if :it :in initial concentration of 0.3 M the :iddition of base 
to the renction Ibottle is 2.0 ial, the concentrtition of the substance 
will decreiise to 0.25 M (luring the experiiiient provided the t o t d  
wlunie was 10.0 1111 at the start. These rhiinges o f  the concentr:t- 

l;ll~or;l t ory. 
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lion are considered to he o f  minor im1)ort:ince when the :ictivily 
is tested over a vast range o f  ronrentrtitions :ind when the I h -  
1ogic:il wriat ion is  great. 

Control experiments showed that the presence o f  1 M of :IIII- 

inoniuiii ion in pure glucose solutions did not influence the deler- 
inin:ition o f  the glucose concentr:ition. However, in one of the 
series of experiments it was found thtit the rolour of the tulles 
used for the sl)ertrol)hotoiiietric deterniin:ition of the I:ictiite coil- 
lent r:ipidly v:inished in the saiiiples conklining large :iiiiounts o f  
:iiiiiiioni:i. For this re:ison one of the series o f  Inctate deterniin:i- 
tions in suspensions of I, 4646 W:IS excluded 1)er:iuse t he v:ilurs 
were iiiurh too low :ind sc:ittered quite irregularly. 

The results of  the present study lend no support to the opinion 
th:it :icid pro(luction hy I;ictoh:icilli is inhihited in the presencr 
o f  roiicentr:itioiis o f  :iiiiiiioniuiii ion or ure:i likely to O C C I I ~  i n  Ihr 
oral c:ivity under norni;il physiologiiwl rontlitions. However, 0 1 1  

the use of so-c:illed :iiiiinoni:ited dentifrices high roncentr:itions 
of those subst:inces imiy occur in the h u i i i t i n  oral c:ivity. 

‘I’he results of the study o f  the influence of the :iiiiiiioniiiiii ion 
on the glycolysis of luctohncilli :ire of great interest when coin- 
pi red  with the excellent study hy Pettrlmtrn ( 1 9 5 1  ) .  For o h i o u s  
re:isons it  is inipossii)le to illustrate the effert of :I single ion on 
glycolysis i n  :I single experinlent since positively :ind neg:itivelg 
chiirged ions will :iIw:iys i):il:ince each other. The  study hy Prtrrl- 
nitrn in fiict illustrtites the effect of  the phosphate ion hal:inced 
by :iiiiiiioiiiuiii ion or pottissiuiii ion. The  effects of the positive 
ions :ire iii:isl<ed hy the inhihition c:iused hy the phosph:ite ion. 
However, Penrlmrrn’s results indic:ite that the :iiiiiiioniuiii s:ilI 
is less inhibitory than the 1)ot:issiuiii milt. At :I concentr:ition of 
:ibout 0.3 M of each salt the :iclivity of the :iinnioni:ited susl)eil- 
sion is ;ii)out 180 per rent o f  that o f  the suspension with 1)ot:is- 
siuiii ion. 

When the ;iiiiiiioniuiii ion is 1,:il:inred hy the chloride ion, :IS 

in the present experiinents, it is cle:irly seen that cert:iin con- 
centrations of the :imiiioniuiii ion had :I specific stiii1ul:itinji 
:iction on the :wid production of  the str:iins o f  I:ictohacilli used. 
Since only two strains o f  1:ictoh:icilli have heen studied it i s  iiii- 
possible to draw more gener:il conclusions froiii this investig :I t ’  1011 

iwnrerning the ;irtion of the ;iiiiiiioniiiiii ion on the glyolysis  o f  



other lactol~acilli or other types o f  orgunisiiis. Further studies 
with other s1r:iins o f  lactobacilli :ind other org:inisiiis itre tie- 
cess:iry. 

The effect o f  the phosph:ite ion on t h e  glycolysis of  I:ictoh:icilli 
has heen studied hy the titration inethod :inti results closely re- 
seiiibling those of Pcrrrlrmrn were obtained. 

A stiinulating action of the :iiiiiiioniuiii ion on the glycolysis 
iind tr:insphosphoryl~itioii processes in  dialyzed extracts of iiiar- 

erated yeast cells w:is found by OhZme!yar & Ochorr (1937) and 
by Mirnfz (1947 ). The stitiiul:ition, however, occurred at low con- 
centrntions o f  iiiiiiiioniuiii ion ( 0.0002- 0.02 M ). 

Sllhl A1 A k Y  

Arid production experiiiieiits were I)erforiiiecl with two ornl 
strains o f  I;ictob:icilli according Lo tlie titriition iiiethod elabor:itetl 
by the author in order to study the possible effects o f  different 
concentrations o f  :iiiiiiioiiiuiii ion :ind ure:i upon  the ;icid pro- 
duction froiii glucose. No effect o f  ;iiiiiiioiiiuiii ion concentrotions 
hetween 0 :ind :thou1 0.2 M wiis f o u n d .  Acid and loct;ite produc- 
tion were usu:illy stiiiiuliited at concentr:itions hetween approxi- 
iii:itely 0.2 :ind 1.2 M. (:oncentr:itions o f  :iiiiiiioniuiii ion over 
1.2 M were inhibitory. Urea concentrotions less than 1 .O M were 
not signific:intly inhibitory to acid production or lactate pro- 
duction. A t  concentr:itions over 1 .O M inhibition occurred, hiit 
even :it colicelitriitio1is o f  11re:i of  3.3 M sollie :ictivity was preseiil. 

KBSUMB 
ACTION I)ES IONS AMMONIUM ET DE L’UREE SUH LA PRODUCTION 

D’ACIDE PAR LES BACILLES LACTIQUES 

P o u r  6tudier I’action possihle de diffi.rentes concentrations 
tl’iiiiinioniuiii et d’urde sur 1:i production ct’acide A pt r t i r  du glu- 
cose par les bucilles I;ictiques, I’auteur, selon 1:i m6thocie de 
titrage qu’il ;I iiiise :iu point, :I fait des expPriences de production 
tl’iicide, qu’il r:ipporte ici. Aucune influence de lu concentration 
tl’ion :iiiinioniuni entre 0 et 0,2 M. Les productions d’acide et 
cle lactate sont gCnCrdenient stiiiiuldes p r  des concentrations 
coiiiprises entre 0,2 et 1,2 M. Par contre. les concentr:itions 
tl’ion :iiiiiiioiiiuiii supdrieures h 1 2  M sont inhibitrices. Les con- 
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centrations cl'urPe inflrieures h 1.2 M ii'ont p i s  d'artion inhi- 
bitrice significiitive sur 1i1 production d':icide ou de I:ict:ite. Au 
del8, il y ;I inhibition, iiiais iiiCine h une concentration d'urce dc 
3,3 M, il subsiste quelque activitc!. 

Z 11 S A h.1 hl EN FA SS IT NC; 

UBER DIE EINWIRKUNG VON AMMONIUMIONEN U N D  HARNSTOFF AUF 
DIE SAUREPRODUKTION VON LAKTOBAZILLEN 

S~urel)rodul<tioasversuche wurden nach tler von deli1 \'erfiis- 
ser :iusge:irbeiteten Titratioiisiiiethode i i i it  zwei oralen Stiiiiiiien 

von 14;tktobiizillen durchgefuhrt. Die Absiclit war die Effekt von 
verschiedenen I.(on~entr:itioiieii w i i  Aiiiiiioniuiiiioii ocler Harn- 
stoff ;iuf die Siiureproduktion uncl die 1,:iktutprodiiktioii tiieser 
Organismen zu studieren. Aiiiiiioiiiuiiikoiiceiitr:lfioiieii zwischen 
0 und 0,2 M hatten Iieine Einwirkung iiuf die Siure1)roduktion. 
Siiureproduktioii und 1,:ilct~itproduktioii wurden iiieistens von 
Ainiuoniunikotizeiitr~itioiieii von ungefiihr (J,2 his l ,2 M stiiiiuliert. 
Hiihere lioiizen t r ;I t ione 11 1i:i t t en ei ne he I ii iiiende Einw i r k u 11 g . 
Die Siiureproduktion wurde iiieisteii nicht durcli Hnrnstoffkon- 
zentr:itionen unter 1,0 M beeinflusst. Hiihere Konzentrationei1 
von Harnstoff W e n  eiiie Heiiiiiiung tius. Noch bei Konzentr:r- 
lioiieii voii 3,3 M wurde eine gewisse Aktivitiit deiiionstriert. 
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