
EXPERIMENTS WlTH VARIOUS FATS 1N A 
CARIOGENIC DIET 
I \ ’ .  Experimental Dental Caries in Golden Hamsters. 

IN’I’ROI)ITC7’10N 

It has  heen previously shown in :ininin1 experiments that  the 
presenre of f a t  in :I c;iriogenic. diet has the effe.c.1 o f  decreasing 
the incidence o f  c:iries. 

l?oschiir!y :ind Knrshnn ( 1939) found that :in increasing per- 
rentage o f  corn oil (froin 0.5 5 %> ) :idded to hoth corn ant1 rire 
diets resulted in :I decrease in caries incidence. They state th:i1 
this effect seeiiis to he exerted 1oc;tlly in the inouth rather than 
Ihrough nutritional or systemic channels. The  presence o f  fa t  111:ry 
possibly interfere with the iriil)nction o f  food hy its 1uhric:iting 
:iction, coating bath food lxirticles ant1 tooth surf:wes with :in 

insoliihle oily filni. It will thus limit the penetration of  oral and 
1):icterial enzymes into the food p r t i c l e s  :inti will also protect 
the tooth siirfaces :ig:iinst the action of acids 1)rodured hy fer- 
iiient:ition. 

Schiiwigcrt c t  nl .  (1946) have, in experiments with the rotton 
r:it, shown that :I diet containing 35 ”/o f a t  offered :ilinost total 
pro t er  t i on against wr ies  . This i nve s t i g a t i on w:i s , how ever, 1 )e r - 
formed with only 2 0 :inimnls i n  each experiniental group. 
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In their investig:ition in  1048 Grnntrdos (4 d. compared Lhe 
cnriogenic effect of a purified diet with and without dietary f a t  
( 7  They found :I lower incidence a n d  extent of c:irious 
lesions on the fat-containing diet but the difference was of :I low 
st:itistical significmce. 

It has heen suggested that the content of unsaturated fatty 
:icids with their vitainin character might give this effect. This  
suggestion has been studied in  an i1ivestig:ition by Gustnfson, 
Strlling and Rrunirrs ( l 9 5 3 ) ,  who compared the effect of in- 
corporating in :I purified diet three different fats a t  a 7 % level 
with varying contents of unsaturated fatty acids. 

The fats used were cocoa fat, which has a low content of these 
acids (iodine nuniher 8) ,  olive oil with :I iiiediuni (iodine nuin- 
her 86) and poppy seed oil with ii high content (iodine number 
130).  No difference in cariogenicity between the various diets 
could, however, be detected after :in experimental period of  110 
days. 

E:XPEH131EN'ThIA 

C'fJmIlCJSifi(Jn Of diets 

If the cause o f  the caries-reducing effect of fats is of a phy- 
sical nature there should he :t difference between fats varying 
in physical properties. In  the following experiiiient we have used 
arachis oil ( nielting point below body temperature), hydrogenat- 
ed arachis oil ( iiielting point 40--42"C. ) and lard (melting point 
helow body temperature). It was considered necessary to use :I 

fairly high content o f  fat in  the diets, although the chosen level 
of 25 $ may still be found in natural diets. Our stock diet has, 
for example, a fat content o f  21.6 %. 

One group without fa t  was also included in the experiment. 
The diet of this group contained, instead of fat, wheat starch, 
which has been previously shown to have no caries-producing 
effect (Gtiutcifson, Stelling and Briinius, 1952). 

2 74 soy-bean oil was added to all diets as  a vehicle for vitamins 
A and D. 

The composition of the diets is seen in Table 1. 



FATS I N  C A R I O G E N I C  DIETS 

Casein ....................................... 
Saccharose, finely powdered ......... 
1Vheat starch 25 .............................. 
Arachis oil - ? .i ................................. 

77 

Soy-bean oil "ADE": 

Vitamin A ........................ 1,600,000 I.lT. of synthetic all-trans vitamin A 

Vitamin De ........................ 160,000 I.U. 
Soy-hean oil to  .................. 400 g 
Vitamin mixture "20" with cystine: Choline chloride ............ 120 g 

Inositol ........................ 60 >> 

240 g 

dl-rt-tocopherol ............... I g  

acetate 

I-Cystine ..................... 30 >> 

p-Aminobenzoic acid ...... 30 >> 

Vitamin mixture "22": Thiamine mononitrate .................. 
Riboflaviii .................................... 
Nicotinamide ................................. 
Pyridoxin hydrochloride ............... 
Calcium-d-pantot henate .................. 
Pteroylglutaminic acid .................. 
Biotin .......................................... 
Cyanocobalamin-sodium chloride 

1 : 1000 ....................................... 
hlcnadiol sodium phosphate ............ 
Ascorbic acid ................................. 
Wheat starch .............................. 

1.50 g 
1.50 >> 
2.25 >> 
1.50 >> 
1.50 >> 
1.20 >> 
0.01 >> 

3.00 >> 
0.90 >> 
6.00 >> 

40.64 >> 

60.00 g 

Salt mixture "6": 
NaC1 ........................ 43.3 g 
M g  SO4.HZO ............... 76.5 >> 
Na HdPO4.HzO ............ 86.8 >> 
I<rH PO4 .................. 238.5 >> 
C U S O ~ . ~ H &  ............... 1 2 5  >> 

Ca ( Hz P O a )  2.H 1 0  ...... 1 35 .O g 
Calcium lactate ...... 325.0 >> 
Ferric citrate ......... 29.5 >> 
Ii.1 ........................... 0.125 >> 
hI11SO4.HaO ............... 3.79 )> 
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1)istrihrctioit cirri1 Experinteittul Periods 

U p o u  weuniiig, 145 aniriials froiii our stock colony were divided 
IS evenly :IS possible with regard to litter :uid sex :ind piit 011 

the different experiaiental diets. 'Three anirii:rls died during the 
experi iiient . 

As this experiiiieiit was considered to be of a pre1iiiiin:iry 
charucter we only used one exl)eriiiieiit;il period of 150 days 
insleiid of three (70, 110 :uid 150 days) :IS used in earlier ex- 
perillleiits. 

After this tiiiie the :iiiimiIs were s:icrificetl, ciecnpituted : i n t i  

l h e  heuds pluced in :i 9 solution of foriii:ildehyde till l h e  caries 
exaiiiiiintion could be iiiade. 

( ; row t If 
,. 1 here ;ire i i o  signi1ic:iiit tlifl'ereiices i i i  g ~ ~ ~ ~ t l i  l ) e t ~ ~ ~ i  the 

:iniiiials on the different diets :ind the growth for a11 diets iiiiist 

be considered noriiial. 

C'ccries B rcinl irrcl l iori  

T h e  incidence o f  raries was recorded arid scored according to 
[lie iiietliotl used in o u r  ewlier espeririients, which is ciescrihecl 
i l l  tietuil i n  ;I 1i:ilier hy f ; i t s t r c / . s o n ,  .Stel/in{l ; ind Brunius ( l!Ki2 ) .  

Oiily the iiiain poiiils need Ije mentioned here. 

I .  'l'lie outlines of Llie c:irious lesions are tlr:iw1i on :I sliecial 
scorec:irtl \v i l l i  photographic reproductions o f  the occlusal, buccal 
:iiid 1ingu:il s u r f x e s  ~f the liuiiister iiiolars. 

2. The c:irious :ire:i oil e:icli tooth is i i i eahi iret l  with :I plani- 
iiieter s o  c:ilil)r:itetl that il is possible to reml o f f  tlireclly the size 
of carious :ire:is :IS :I percent:ige o f  the areas that ciiii tie :itluc.ltetl. 
One carious unit thus indicates tli:tt 1 % of the total urea is 
:1ffected. 

3. Only three pairs o f  i i iolars,  the upper 2nd a i d  3 r t l  and tltc 
l u w c ~  3rd are used for registr;itioii :IS they have lieeri shown to  
lie represent:iti\e of the curies :ictivily o f  the  whole iiiol;ir set. 

4. T h e  figure for the c:iries incidence o f  :in exlieriiiient:~l groi11) 
t h u s  indic:ites in curious units the size of the :tver:lge c:trious 
:irt':I for riic.11 of the six teeth recorded. 
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Figure 1. Nurnber of carious uiiils for inales aiid feiiiales. 

Hes II i I s 
, ?  I l i e  results o f  the rwries-exaiiiiiiatioii are given in l'ahle 2. 'i'he 

scores :ire given for  iiiwles ;ind feiiitiles sel):ir:itely :is we Ii:ive 
fountl i n  our iiiateri:il th:11 there iri:iy be ;I tlilfereare i i i  wries 
siibceptibility helweeii llie two sexes, the ~iiales I)eing iiiore 

susceplihle tli:ui [lie feiiiules. A p i ~ ~ e r  oil this queslioii is uiider 

'l'he groups with  Ii1:rles :tiid the groups with I'eiiiales 1*;+11 IJ~: 
considered I S  two different parallel experiiiienls independent ol' 
each other. As the aniiii;ils :ire divided :IS evenly :IS possible 
with reg:ird to litter :ind sex i t  should, however, he pos~i1)le to 
coiiihiiie theiii in groups :ind in T:ible 2 and iri Figure 1 suc.h 
coiiibiiied values are also given. 

prep11 'il 1' l o l l .  
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Tahle '7 

Biimber of carions units on the onrioris dicts 

Mrtfes  trnd f r rnt t les  

Fat-free ( 1 1 7 )  

Fat-free 1147) 

The fat-free diet is :issociated with :I very high caries incidence 
both in males and in  feinales, whereas aniinals on the  fnt-contnin- 
ing diets h:ive ii considerably lower one. l'his supports earlier 
suggestions and experiments by other investisators. The differ- 
ence found here is particularly ni:irlted. A s  the number of :iniiiials 

in our experinients is sufficient to wllow definite conclusions, the  
caries-decreasing effect of fat in this type of diet 111;iy be taken 
:IS proven. 

There seems to be :I real difference in cariogenicity between 
the diets containing f:tts with inelting points lower than hody 
temperature on one side, and the diet containing hydrogen;ited 
oil with ;I melting point above the hody teniper:iture on the other. 

The differences in the iii:ile group :ire great wherens the dif- 
ferences in the feiiiale group are not s o  pronounced. l'hese results 
:ire interesting and fur ther  experiinents on this line :ire now being 
carried out. As st:ited before this experiinent was of :I preliiiiin:iry 
character with experin1ent:il periods of only 150 days' dur. 'I t '  1011. 



FATS IN CARIOGEXII: DIETS 81 

I'nsaturafed F a f t g  Acids  

The present investigation also completes the study of the r6le 
of unsaturated fatty acids mentioned ahove. The arachis oil used 
in  this experiment has a high content of these acids and  lard a 
very low one. The cariogenic activity o f  hoth diets was the same. 
This confirms the conclusions of the earlier study and  shows 
them to  be valid even for 2.5 % of fat in  the diet and a n  experi- 
mental time of 150 days. 

R a t e  of S o l i i h i l i f ~  of the Stirrose Constitrirnt of the D i e f s  

In order to find out if there is any real hackground to the 
suggestion that, on a fat diet, the film of fat around the food par- 
ticles protects thein to some extent from penetration by mouth 
fluids, we have made an evaluation of the amount of sucrose that 
is during a very short time dissolved by water from the diets 
used in  this experiment. We  found that, in 15 seconds, 86.7 % 
sucrose was dissolved from the fat-free diet, while a significantly 
lower amount was dissolved froin the fat-containing diets. 

The various fat-containing diets also showed differences in  this 
respect. Thus for the diet with arachis oil the solubility w ~ i s  
found to he 65.9 % and for the diet with arachis fat 61.5 %. This 
difference is not statistically significant. l h e  value for the lard 
diet was, however, significantly lower heing only 44.4 %. These 
differences :ire not parallel t o  the respective caries scores. How- 
ever, these solubility experiments are only preliminary and have 
to be followed by inore detailed investig. '1 t ' ions. 

SI'MMART 

The cariogenic effect of three purified diets containing different 
fats a t  a 25 96 level has heen compared with that of a fat-free 
diet. The fats used were arachis oil, hydrogenated uruchis oil 
and lard. The experimental period w:is 150 days and 34 to 36 
:tni~tials were used in each group. 

The experiiiient has shown tha t :  
1 .  The addition of 25 %, of fat Lo : I  cariogenic diet cxuses a 

2. This decrease is ahout the smie  for diets contnining ar:ichis 
very marked decrease of its curiogenic effect. 

oil and lard. 
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3. 'I'he decre:ise seeiiis to he greater for :I diet containing hydro-  
gen:ited imichis oil with ;I melting point :ibove 11ody teliilieratu1.e. 

4. This wries-reducing effect is not dependent oil the coiilenl 
of unsaturated fatty acids of  the v:irious fats. 

5. Solubility experiiiients ~)erforiiied in vitro for ;I very sliort 
tiiiie huve s l iow~n that ;I greater qwiiitity of tlie sucrose is dis- 
solved froiii the fat-free diet t1i:iii f r o m  the fnt-contuiniiig diets. 

0. 'I'he rate :it which the sucrose is dissolved froiii :I fal-con- 
t:iining diet seeiiis :ilso Lo de1)eiid on the lype of fat  1h:il is iii- 

clutled in the diet. 
7. l'liere seeills to lie 110 difference in c:iries-rediiciiig effect 

bet\\eeii diels \I ill1 tlie :iiiiiiiul :itid vege1:iIile fuls used liere. 
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coiilre d:ius ti11 rigiiiie coiitei1:int des graisses, I:i proportion tle 
sucrose clissoute l~eiidiiiit le iii21iie kiiips est netteiiieiit plus 
faible. 
(i. Lti (1u:iiititi de suc~*ose riissoule d:ins 1111 rigiiiie reiifer1iia1it 

des griiisses d6pend de la n:iture des graisses utilisces. 
7 .  11 ne seiiible pas y :ivoir de diffireiice eiitre les gr:iisses 

:iniiiiales el. vcigCt:tles utilistks d:iiis nos rkgiiiies, en ce qui  con- 
cerne le nonibre de caries uiusi produites chez le Hu1iister. 

KAHIESVEHSUCHE AN HAMSTERN MIT VEHS(:HIEDENEN F'E'YJ'EN IN 
EINER ZUCKE:RHALTIGEN KOST 

I)ie 1c:irieserzeugende \Virltuiig v o i i  drei liost:irteii, die ver- 
scliiedene Pette ent1i:ilteii ( 25 ~ 4 ,  ) ,  wwrtie i i i i t  der II'irlcuiig eiiiei. 
fettfreieii Iiost verglichen. I>er Ztirkergeh:ilt hetrug 45 '4'. Als 
Fette gelanglen 1 Erciiiussiil ( oleuiii :ir:tchidis), 2 )  gehlrLeles 
Hrdnussdl und 3 ) Srliweinescliiiiulz zur Verweiitlung. Die \'er- 
sucliszeit erstreckte sicli auf 150 'rage, uiid jecle \'ersuchsgruppe 
best:intl :ius 34 36 l'iere. 
Es wurde~ i  t'olgentle Hesultate erzielt : 
1 .  1)er Zusatz v i m  26 9, Pett zti einei. f'ettt'reien, zticlier1i;iltige~l 

Jiost ergat) eiiie deutliclie \'eriiiintierung der kariogeiien \\'irkuiig 
i i i i  \'ergleicli zu tler,jeiiigeii tler t'el tfreieii Iiost. 

2. Erdnussiil uiid Scli~~~eiuescliiiiulz 1i:iLLeii uiigefiilir die gleiclie 
lin r i esr etl uz ier end e \I' i r I< ii i i  g . 

3. Geliiirtetes Hrtliiussiil i i i i t  eiiieiii Scliiiielzl~uiikl, (lei. Iiijliei. 

liegt ;ils die 1iiirI)erteriil)ertiltir tles 'I'ieres, verursuchtc eirie 
stiirliere 1i:iriesreduktioii als ge\viihiiliclies Hrcliiussi.il uiicl 
Srl1111;1 lz. 

4. I)ie 1~:iriesretiiiziereiitle \\ 'irkung \v:ir iiiclit vou i  Gelialt tler 
liost ;t i1  tingesiit I igteii Feltsiiureii :il)liiiigig. 

5 .  Iiurzzeitige 1,iislirlilceitsversuche in vitru ergul)eii, tl:iss v o i i  

der fettfreieii Iiost eiiie griissere hleiigc Z u ~ k e r  uls v011 deli fett- 
Iialtigen liostarteii :it)gegel)eii wurde. 

ti. 1)ie I,iislicliIieitsgcscli~viiitliglieit tles Zucliers liiiiigt :iiiscIiei- 
llellti \'Oil der Art cler Pette d l .  

7 .  Z\visclieii tler \\'irkuiig tiiiiiiialer uiitl vegetaljiler Felte 1v:ir 
li. ei i i  Unterschieti t'estzustel I en.  

Die fiaries wurtle : i n  H:intl einer cigeiieii Metliode, iiucli cler 
die kariiise Pllclie berechiiet wird, registriert. 
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