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THE CARIOGENIC EFFECT OF VARIATIONS 1N 
THE SALT MIXTURE IN A SYNTHETIC 
CARIOGENIC DIET 

STERS. XI. 
EXPERIMENTAL DENTAL CARIES IN GOLIIEN HAM- 

Esperiiiients carried out on rats and hanisters during recent 
years have indicated that certain phosphates, when added to :I 

cariogenic diet, iiiay cause :I decrease in caries incidence. Thus. 
McClzire in 1958 observed :I Inarked caries-reducing effect of 
N:i,HPO,, and this observation w a s  confirmed by McCZare c t  d l i r l -  
Zer in 1939. JIcClrrre found in 1 9 G O  that bread in :I bread-glucose 
diet prepared with :I flour containing 1 % Nu,HPO, reduced the 
caries incidence, on :in average, by 51 yi. If used in the saine w i y  
(NH,),HI’O, WYIS even iiioi-e effective. A caries-reducing effect 
w a s  also achieved by additions of ( : : I ( H ~ I ) O ~ ) ~  and C:i3(PO4l2. 

In 1961 StrBZ/or,s published results from investigations with 
Ca, (PO,) in bread, and CaHPO, and Ca ( H,I’04) iiiixed in the 
diet. His results are in :iccord:mce with those mentioned nhovc. 

Harris Nizel (1959) found that the cariogenic effect of :I 

natural diet was reduced by G O  % when equivalent :iinounts of 
the diet were ashed and added to the diet, thus doubling the 
:in1ount of salls. 
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Kdnig, Mnrthnler & Miihlemnnn (1961)  have studied the effect 
of various phosphates both s e p x t e l y  and in coiiibination with 
fluorides. They found :I significant caries reduction by adding 
sodiuin meta-, pyro- and orthophosphates to :I cnriogenic diet. 

Even if it has been stated that additions of certain sodiuin and 
calciuin phosphates may reduce the caries incidence, the me- 
ch:inisni is in no way cle:rr. l t  h a s  not been possible to show that 
this increased supply of iiiiiiernls results in :in increased content 
of C:i and P in the teeth. 

That some changes, however, take place in the enniiiel surf:tce 
layer, which iiiay be attributed to the action of caries-inhibiting 
phosphates is evident froin the experiments by Konig et nl. (1961 ) 
already mentioned. They hare  compared the en:iinel surface solu- 
bility, by measuring the phosphate remov:il by phth:ilate buffer 
of pH 4.0, in a control group with that in the groups with caries- 
inhibiting phosphates in the diet. The phosph:ite reniovol was 
significantly lower in these latter groups. 

Studies on the C a :  P ratio of the diet (e.g. by W!ynn et o l . )  1956, 
Hrildi e t  nl., 1959 and Harris c t  Nizel, 19.59) have not afforded any 
exp1:ination :is to the reduced caries incidence. I n  one of his ex- 
periments Strdlfors ( 1961 ) suggested the possibility of an exogen- 
ous effect with cnlciuni phosphates. 

In this connection :ilso the buffering capacity of the phosphates 
has been mentioned a s  a factor. Gnsfnfson, Stelling, A brrrmson c t  

Brunius found in 1855 that addition of buffering substances to a 
cariogenic diet decreased the caries incidence significantly. 

Several other experiments with niinerals have been carried out 
showing wrying results. As too sni:tll a nuiiiber of aniinals has 
been used in these experiinents, they will not be mentioned here. 

In the experiments now presented (carried out 1960-1961 1, 
the aim was priiii:irily to study the effect of a large reduction of 
the salt mixture in one of our synthetic cariogenic diets, and se- 
condarily to study the effect of omitting the phosphates only, re- 
placing them by other salts. 

To prevent inobilization of the body phosphates through the 
\.itamin D in the diet, this vitainin was excluded fro111 the experi- 
mental diets. 
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EXPE 1<IAl E S T  .A 

Experimental 

At we:ining 102 innle hamsters were distributed into 4 groups, 
(60  A,  60 13, 60 C and 60 I ) ) ,  :is f:ir :IS possible with regard to  
litters. The experiniental time was 150 days, after which time the 
:tnim:ils were sacrificed and exnniined for caries. The numbers 
of the :iniiiials were 34, 31, 28 :ind 29, respectively. Twenty-four 
of the aninials in group 60 A had litteriiiates in both groups 60 I3 
and 60 C, :inti 29 of the aiiiin:ils in group 60 1% had litterinates in 
group 60 D. 
Group 60 A wits fed the synthetic c:iriogenic diet 328, the coiii- 

position of which is given in Table 1 together with 
the other diets used. It served as a control diet. 

Group 60 U was fed diet 329 which was identical with diet 328 
exrept that  vitnmin 1) was excluded.;’: 

Group 60 C received diet 330 which w t s  different from diet 328 
in  so far  :is vitaillin I) was excluded and the :iinount 
of the salt mixture reduced to ‘,A. 

Group 60 11 received diet 331 which differed froiii diet 328 in 
that  \~itainin 1) and the phosphates of the  salt mix- 
ture  were excluded. 

All groups received distilled water and food nd libitum. 
Table 1 

I ) i  e f s  
Casein . . . . .  . . . . . . . . . . . . . .  
Sucrose flour . . . . . . . . . . . . . . . . . . . . . . . . . .  
Araeliis o i l  ADE . . . . . . . . . . . . . . . . . . . . . .  
.Arachis o i l  AE . . . . . . . . . . . . . . . . . . . . . . . .  
Cellulose flour . . . . . . . . . . . . . . . . . .  

Salt mixture ”9”. . . . . . . . . . . . . . . . . . . . . . . .  
\\‘he:it starch . . . . . . . . . . . . . . . . . . . . . . . .  
Vitamin mixture ”20” . . . . . . . . . . . . . . . .  
Vi t:i mi 11 mixture ”22” . . . . . . . . . .  .. 

60 
16 1 (i 16 
4 4 4 

59 1 
400 

1300 

1 1 0  
6 0  

75 

1 6 
4 

> 

2000 2000 2nno 2ooo 

:$ X’e a r e  aware  that salt mixtures ”6” and ”8” are not quite  identical, thc 
Cu and 1111 sulphates i n  ”6” being replaced by citrates in ”8”. As the con- 
centration of Cu and hln  is the same in thcb two mixtures, however,  t h e  
dif fe io ice  should not have :iny re1ev:iitce. 
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An analysis of the casein mid the starch used showed that the 
casein contained 225 iiig C:L and 1020 iiig P per 100 g, :ind the 
starch 19 iiig Cn :uid 59 iiig I' per 100  g. 

Thus the contents of Cn and 1' in the diets were found t o  be: 

Dirt "4 c . 1  7; I' 

328 0.3 1 6 0.609 

3 2 9 0 . 3  1 6  0.609 

:130 0.1 1 3 0.30 7 

33 1 0.314 0.204 

The buffering capacity of diets 328, 3 3 0 ,  :tnd 331 WIS deter- 
iiiined in the following way: Twenty grains of each diet were 
mixed with 20 g distilled water, increasing aniounts of ( a )  1 M  Inc- 
tic acid, (h )  1N HCI, and ( c )  1N NaOH were added to the w r i o u s  
mixtures and the pH 1iie:tsured with :I glass electrode. The 
amounts of lactic acid or HCI which were needed to decrease the 
pH froin its original value to 3.00 were niensured (Tables 2 and 
3 ) .  I,il<ewise, the :imounts of NaOH required to  increase the pH 
to 7 .00  (Table 4 )  were deterniined. 

Tohle 2 
~- ~ . - -  

nil 1JI lact ic  acid 
~ 1 diet  diet  

9:10 331 

I 
~ - -  1 ~~ - ,- 

~ - 4.i3 0.0 
4.65 0 . 1  1 -- 0.0 

4.50 0.4 0.1 0.2 
4.57 0.2 ' 0.0 0.1 

1.1 1 0.4 I 0.65 

1 3.50 6.35 3.65 4.65 

2.15 1 .o 1.33 
3.73 3.65 I 1.95 2.55 

3.25 6.0 8.2 
11.0 

24 - dctct  odonf. sctcnd. 1'01. 2 1 .  
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diet  diet  diet 
328 : I 3 0  , 331 

0 0 
0 2  
0.2x 
0 .:j 
0 . 6 2  
1.1 
1 . i  
2 . 3  
2.9 
3.5 

- 

- 0.0 
0.0 0.18 
0 . 0 5  (1 2 
0 :I 0.5 
0 .(i 3 1 .o 
1 .o 1 .(i 
1.4 2 3  
1.9 2 9 
2.3.i 3.5 

Table 4 

I l l 1  IN N I O H  

diet diet diet 
328 330 3 3 1 

.~ 

0.0 
0.2 
0.G 

1.2 
1.9 
2.1 
2.!)  
3.3 
4 2 
4 . i  

0.0 
0.05 
0 2 
0.35 
0.55 
o.ti<7 
1.2 
1.55 
2 .0  
2 .i 
3.1 
3.6 

. .  

0.0 
0.15 
0.35 
0 . 6 5  
0.95 
1 .3 
1 .6 
1.8 
2.1 
2.35 
2.3 

T:ibles 2 mid 3 show that the huffering capacity of the diets is 
definitely different, diet 328 1i:iving the highest capacity and 3 3 0  
the lowest. The buffering c a p c i t y  u p  to 7.00  (T:ible 41 is of 
interest with regard to the fact that the pH of hamster snliv:~ is 
reported to be 8 or inore, and it is  not li110wn to what degree this 
is nhle to increase the pH of the originally acid diet. 
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After sacrificing the :inim:ils :ind dissecting out the jaws, the 
ex:iniinntion, recording : ~ n d  scoring were perforined by our  usuol 
method, (Giz.stn/"son e t  aZ., 1952),  which gives the percentage 
c:irious :ire:i of the teeth. Only three pairs of teeth :ire included in 
the c:ilcul:ition of the caries incidence. 

Results 

1 1 1 ~ ~  ~ " 0 1 1 ' 1 1 1  

The growth \vas the same on diets 3 2 8  ( A ) ,  329 ( B ) ,  :id :%:31 
( D )  ; on diet 330 ( C ) ,  however, it was inuch less (Fig. 1 ) .  

In the an in ids  on diet 330 t he  j aw  bone seeined to lie more 
brittle than in the nniii ids on the other diets. In  spite of the 
absence of vitaiiiin D, l iow~e~er ,  no signs of rickets could be ob- 
served in roentgenograins of the long bones. A histological in- 
vestigation of the long bones failed to show extensive changes 
which could be referred to a vitaillin deficiency. 



Carious units 

14.0 * 2.5 
18.6 * 2.8 
79.1 3.0 
l!).O f 3.0 

~ -. 

From the caries ex:~ininution (Table 5 )  it is  evident that ,  

(:I) tlie exclusion of vit:iniin I )  f r o i i i  the diet did not significantly 
iiifluence tlie caries incidence, (Groups 00 H/AO A ) ,  

(b)  the exclusion of both vitnmin I) :ind the phosphates f rom the 
salt mixture did not signific:intly change the curies incidence, 
(Groups 60 D/60 A ) ,  :ind 

( c )  the tlecre:ise in the cp:intity o f  s:ilt mixture in the diet caused 
an increase in  the developinent of caries of inore than  five 
times that of the control group, (Groups 60 C/BO A ) .  

Disrussion 

In  the light of the experiiiients described :ibove, which indicate 
:i caries-decreasing effect of the addition of phosphates to  diets, 
one would he inclined to  ascribe the high curiogenicity of diet 330 
to the decrease in phosphutes which has taken place with the re- 
duction of tlic aiiiount of salt mixture in this diet. This ideii, how- 
ever, h i s  to he :ibandoned :IS the :iiiiount of l’ in diet 330 
( 0 . 3 0 7  76 ) is inuch higher than that  of diet 3 3 1  (0.204 % ) .  Diet 
33 1 did not show any increase i n  cnriogenicity. 

m:iy be 
a possible caries-producing factor, :tiid this factor will he the 
subject of coming experiiiients. 

It 1x1s not been possible, so far, to go further into the role of 
the differing buffering cap:icities of the three diets. It inay, liow- 
ever, be mentioned that  diet 331,  when ~iie:isiired up to  pH 7 . 0  by 
titration with NaOH, w a s  found to  have only about half tlie buf- 

The extreiiiely low content of C:i in diet 390 (0.1 13 % 
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fering capacity of diet 329. l‘his decrease in buffer action, which 
is due to the absence of p1iosph:ites in the  salt mixture, did not 
lead to :in increase in the cariogeiiicity of the tliet. ‘I’his fact is 
ohviously not in  h:irniony with the view, held by several authors, 
that  the niechnnisni of the caries-reducing effect of phosphates 
iii:ty be related to  the buffering effect of the 1)hosphntes. Further  
in vestig:~ tion s of this fact arc pl :i nnetl. 

Experimental 

In Experitiient A the  second and third tnolnrs of the aninials 
on diet 330 (Gro~ ip  60 C )  were aliiiost coiiipletely destroyed by 
caries. The first ~no lars  too were often hrolten down, but  ap- 
parently this w : i s  not d u e  to caries only. ‘I’hey seeiiied to h a w  
cruniblcd off under the chewing pressure, possibly because of :I 

high brittleness of the enaniel. This could be a result of the low 
mineral supplies which :ipp;trently resulted in the high 1)rittleness 
of the jaw hone observed when the jaws were dissected out. 

It would he of interest to  find out if :I shorter experiiiientnl 
time would give soiiie inforinatioii :is to  the role of fractures for 
the large lesions, and if :i non-cariogenic diet with the s:ttiie 

inineral content would produce teeth with signs of fractures or 
with enamel which w a s  i n  m y  other w:iy iiincroscopically :ibnor- 
i n d .  ’ h e  following cxperiiiient was therefore carried out :  

Fifty-four inale hnmsters were, a t  weaning, distributed into 
two groups, 6 1  E :ind 61 F. 

Croirp lil E consisted of 20 aniinnls which were fed diet 330,  
the coinposition of which is shown in ?‘:ible 1. 

Groirp t.’ consisted of 28 :iniinnls on diet which was 
iden1ic:il with diet 330 except that  the aiinount of sucrose w j s  re- 
placed by a silnilar amount of m-heat starch. 

The experimentnl time was iiow restricted to 100 days, after 
which time the animnls were sacrificed. Examin:ition, recording, 
and scoring w a s  carried out a s  in  Experiment A.  



Results 

Only the aniiii:ils on diet 390 (Group  A 1  E) developed dent:il 
c:iries with :in :iYer:ige of caries units of  54.1 * 4.9. ‘ h i s  value is 
to he coiiipnred with that of 79.1 after 150 days in Experilllent A. 
Out o f  the recorded 6 teeth in each :iniiu:il 55 % had :I carious 
surface o f  50 ”/; or inore after 100 dnys’ esperinient:il tinie, which 
corresponds to 85 (4 after 150 days. A n  increased predisposition 
tow:ird fractures c:innot be deduced froiii lhese figures. 

The teeth of the :iniiii:rls in the non-c:iriogenic diet group 
(01 F )  sho\~etl n o  fractures, ;ind the surface of the en:iniel \vas 
of norin:rl :rppe:irunce. If the enainel on this low 1uiner:il diet 
were of inferior quality this is apparently not dciiionstr:ible. ‘I’hc 
latter experiiiient :i lxo shows that even under the conditions of 
the esperinient the  starch is not c:iries-coiiducive. 

s t*MMA It\’ 

The effect o f  :I large reduction in the salt rnixture i n  :I synthetic 
c:iriogeiiic diet was initially studied. Subsequently, the effect of 
oiiiitting the phosph:~tes, these being replaced by other salt.;, to- 
gether with total deprivation of vitainin 1) in the diet, w a s  in- 
\re s t ig a t ed . 

Neither the exclusion solely of \.it;tinin I),  nor of h i h  this 
vitamin :ind the 1)hosph:ites froi i i  the salt iiiixture significantly 
altered the caries incidence. 

The reduction in the quantity of the salt iiiixture i n  the diet 
caused iiiarlted increase in the tlevelopiiient o f  caries :IS coin- 
pared with that  of :I control group. 
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a ensuite C t P  ex:iiiiinc'.e. Ni I'exclusion de I:i seule vitamine 11, ni 
l'exclusion de la vitalnine D et ties phosphates tlu iii4l:inge saliii 
Ii'ont :ipportP de riiodific:itions significatives A I'incidence tie l a  
cnrie. 

IA reduction de In qu:intitC de ~iidlange salin c h i s  le rcgiiiie :I 

p r o ~ o q u 6  Line :iccentuation ni:irqiihe du progrk  de l u  cnrie par 
coinp:ir:iison avec LIII groupe de contrfile. 

DIE WIRKUNG VON VARIATIONEN T)ER SALZMISCHUNG IN EINEK 
SYNTETISCHISN KARIOGENEN KOST 

I<AfilES\'ERSI'CHE A X  (;OI,I)HA;\ISTEHS. XI. 

Zuerst wurde eine Untersuchung betreffend des Eff'elctes einer 
IcrCftigen Reduktion der S:ilzinenge in einer synthetischen lmrio- 
genen Kost durchgefiihrt. 1):inach wurde der Effekt des Aus- 
schlusses von Phosphaten, die durch andere Snlze ersetzt wurden, 
u n t er  sue h t . Die se s ge sc ha h u n t e r g1 eicli zei t ige r Red ulc t i o n YO n 
D-\'itamin in der Kost. 

Weder die Ausschliessung Yon 1l-Vit;iiIiiii noch die Ausschlies- 
sung Yon sowohl I)-\'it:iniin :its auch Phosphaten h d e r t e  die 
Knriesfrequenz. 

Die Reduktion der S:ilziwnge in der Iiost hntle eine st:irlce 
Steigerung in der Kariesentwicklung iiii I'ergleich zur Kontroll- 
gruppe ziir Folge. 
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