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INTRODUCTION 

Previous experiments with hamsters and rats (Frostell, Keyes c97 Lnrson, 
1967; Frostell, in press), revealed a great difference in caries scores between 
groups of animals fed sucrose as compared to those fed a starch or a hydro- 
genated starch derivative, Product 6563, Lycasina), diet. The latter product 
is used for production of candy, and is believed to be of low cariogenicity. 

From previous experiments on calculus formation in rats (Smith et al., 
1963) it was known that animals given different starch diets often developed 
dental caries. Although starch is generally considered to be only moderately 
cariogenic, considerable dental destruction by caries was sometimes noted 
in these experiments. 

Unmodified potato starch (raw starch) is known to cause insignificant 
changes in pH of the dental plaques (Nef f ,  1967; Frostell, in press). I t  is 
believed that the reason for this is that the large molecules of starch diffuse 
only slowly into the dental plaques. It is known that acid production in 
suspensions of dental plaque material in the presence of raw starch occurs 
rather fast, to an extent of about 80 per cent of the acid production in the 
presence of sucrose (Frostell, 1964). Neff found that cooked starch caused 
considerably greater pHdecreases in the dental plaques than raw starch, a 
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finding confirnietl by restilts of an investigation going on at. present in this 
laboratory. 

Pregelatinized starch is available as a white powdered product. The pre- 
gelatinization process is believed to break utl the starch and to straigten out 
tlir twisted arnylose molecule chains making them more available to amylase 
enzymes and more easily fermentable and digestible. Neither raw starch nor 
pregclaiinized starch contain low-molecular sacchriatles as revealed by c:hro- 
matographic studies in this and other laboratories. 

In the present study a comparison was made between the caries promoting 
capacities of sucrixe, unmorlifietl potato starch, pregelatinized potato starch 
and a hydrogeriatrd potato starch derivative (Product 6563, Lycasinc=I). 

M A T E H I A T .  A N D  M E T H O D S  

Feiiiale weanling Sl)rague-I)aM-ley ral s Mere used in these exlierimerits. The 
ariiiiials were 25 10 30 (lays of age when the cxperirrieiit hegan. They were 
housed in wire hottometl cages, one or two per cage, and received tlistilletl 
drinking water, ud Libitum. They were weighed once a week. Seven groups 
of weanling female Spragne-Dawley rats were fed powdered t1iet.s containing 
32 per cent sltini niilk, 2 per cent liver powder and 66 per cent test carbo- 
hydrate. The following carbohydrates were given to 4 groups for 30 (lays: 
sucrose, pregelatiriized potato starch, a hydrogenat.et1 potato starch derivative 
supplemented with 0.5 per cent calcium carbonate. Three groups were given 
the following diets for 60 clays : sucrose, unmodified potato starch and pre- 
gelatinized potato starch (Table I). 

At the end of the experirnental period the ariinials were weighed, killed 
by ether anesthesia and tlecapitatetl. The jaws were clefleshed by the use of 
derrnestid heetles (Hall di. Kz~.sscZ, 1933). Thcy were hleeched with 30 per 
cent H,O, arid clrietl with acetone. Caries was scored according to Keyyes 
(1958). 

It ES C LT S 

Results are given in Tablc J.  All animals kept or1 the diet containing the 
hydrogenated starch derivative developed diarrhoea. 

Three animals out of 26, which were fetl the hydrogenated potato starch 
derivative for 30 days, tleveloped sulcal caries only. 
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Tahle I. Numher o j  I ~ C I Z O U S  eriamel w e n \  In the dzetnry groups 
~ _- ~~ ~~ 

Total Per 
no of cent 
carious \s 
areas control 

No. of Rucco- Mor- Sul- Proxi- 

Carbohydrate group am- Days CT lingual sal eal ma1 
mals L 

Sucrose 20 30 5.2 8.6 0.2 3.2 2.6 14.6 100 
19 60 10.5 34.3 0.6 13.7 11.9 60.6 100 

Pregelatinized potato 12 30 7.8 22.4 2.0 8.1 1.8 34.3 235 
starch 23 60 9.5 13. 2 3.8 13.7 2.2 32.9 54.3 

Unmodified potato 

Hydrogenated sacrha- 

Hydrogenated saccha- 

starch 22 60 6.4 6.6 0.2 9.6 1.2 17.6 29 

rides 26 30 0.2 ~- 0.3 ~ 0.3 2.1 

rides, CaCO, 42 30 0.8 ~ - 1.0 ~ 1.0 6.0 

CT = wriiiuh teeth per animal 
E = numlier of enamel areas 

Six animals out of 42, which were given the hydrogenated potato starch 
diet with a 0.5 per cent calcium carhonate additive for 30 days, developetl 
sulcal caries. The animals, however, were riot in good physical condition, 
and the experiment was not extended beyond 30 days. 

Seventeen animals out of 22 receiving the unmodified potato starch diet 
for 60 days developed caries. All animals had sulcal and hucco-lingual caries 
and seven animals also had proximal caries. 

All animals, which were on the pregelatinized potato starch diet for 30 
days (la), developed caries. All had sulcal arid bucco-lingual caries. N iiic 
animals also had proximal cavities. 

All animals (23) that were on the pregelatinized potato starch diet for 60 
days developed caries, which often penetrated into the dentine. All animals, 
except one, hatl sulcal and 1)ucco-lingual caries in many teeth. That one 
animal developed hucco-lingual caries. Sixteen animals also hatl proximal 
caries. 

All anirnals given the sucrose diet for either 30 or 60 days developed 
severe dental caries of all types. Deep lesions penetrating the dentine were 
found in great numbers in animals which had heen on  the diet for 60 days. 
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DISCUSSION 

Previous results with sucrose, unmodified starch, and the hydrogenated 
starch derivative were confirmed in this study. In  spite of the fact that the 
pregelatinized starch did not contain glucose, maltose or other low-molecular 
saccharides, it was considerably more caries-inducing than the unmodified 
starch diet. The results indicate that even a comparatively mild processing 
of the starch increases its caries-inducing properties. 

Only sulcal lesions were found in the animals which were fed the diets con- 
taining the hydrogenated starch derivative. These lesions were confined to 
the enamel and no softening of the underlying dentine was observed. If the 
animals had been on the diets for periods of longer than 30 days, other lesions 
would probably have developed. 

Since all the diets contained skim milk powder, which contains lactose 
fermentable by dental plaque material, it cannot be ruled out that this sugar 
did riot to some extent contribute to the development of dental caries in 
these experiments. The hydrogenated starch derivative diet was not con- 
ducive to smooth surface caries but sulcal caries was found in 10 animals 
out of 58. 

Accurate records were not kept of the animals eating patterns and food 
consumption. However, since some groups of animals gained weight some- 
what more slowly than others, the results may to some extent depend on 
differences in eating habits and food consumption and not only on differences 
in the caries-inducing properties of the diets. However, the almost complete 
absence of soft deposits on the teeth and the excellent status of the alveolar 
hone gave the impression that the diets containing the hydrogenated starch 
derivative were not conductive to formation of dental plaque. 

The addition of calcium carbonate was reported by Gustufson, Stelling 
& Brunius (1964) to reduce dental caries in animals or humans living on 
an otherwise calcium deficient diet. In  these experiments calcium carbonate 
did not exert such an effect. Since all the diets used in these experiments 
contained 32 per ccnt skim milk, they were certainly not deficient in calcium, 
however. 

In the previous rat experiments (Frostell, Kcycs &- Larson, 1967) the ani- 
mals were infected w-ith fecal flora taken from animals with rampant dental 
caries. In  these experiments the animals were riot infected in this way. I n  
spite of this, dental caries developed in  approximately the same way and to 
the same extent as in previous experiments. However, a group on pre- 
gelatinized starch for 30 days surprisingly developed much caries which 
may be due to the presence of an unusual bacterial flora. 
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SUMMARY 

Seven groups of weanling female Sprague-Dawley rats were given powdered 
diets containing 32 per cent skim milk, 2 per cent liver powder and 66 per 
cent test carbohydrate. The following carbohydrates were given to 4 groups 
for 30 days : sucrose, pregelatinized potato starch, a hydrogenated potato 
starch derivative and the same derivative supplemented with 0.5 per cent 
calcium carbonate. Three groups were given the following diets for 60 clays: 
sucrose, unmodified potato starch and pregelatinized potato starch. 

At the end of the experimental period the animals were sacrificed and 
dental caries were scored. 

The caries scores of the groups decrcased in the following order: sucrose, 
pregelatinized potato starch, unmodified potato starch, hydrogenated potato 
starch derivative. 

Animals on the sucrose diet developed rampant dental caries on smooth 
surfaces and in the sulci. Unmodified potato starch and pregelatinized potato 
starch also induced smooth surface caries and sulcal caries, w-hich penetrated 
the enamel and softened the dentine, but considerably less than the sucrose 
diet. The hydrogenated potato starch derivative, which was given for 30 
days only, was not conducive to smooth surface caries hut sulcal caries cow 
fined to the enamel was found in 10 animals out of 58. 

It was concluded that both unmodified and pregelatinized starch may be 
caries-inducing, that pregelatinization increased the cariogenicity of starch, 
arid that hydrogenation of a starch hydrolysate considerably reduced its 
caries-inducing properties. 

HI% UMC 

ACTION DL SKCHAROSE,  DE LA FCCULE ET D’CN PRODUIT DCRIVC DE 1.4 ~ i -  
CULE HYDHOGCNC 

Des rCgimes eii p o d r e  admiriistrhs 2 7 groupes de femelles de rats Sprague- 
Dawley venant tl’&tre sevrCes contenaient 32 % de lait CcrCmC, 2 yo de 
poudre de foie et 66 yo d’hydrate de carbone expkrimental. Les hydrates de 
carbone suivants ont CtC donn6s pendant 30 jours li 4 groupes: saccharose, 
fCcule de pornme de terre prCgPlatinisee, un produit dCrivC de la fCcule de 
p m m e  de terre hydrogCn6 et le m6me produit additionnk de 0,5 ”/; de 
carbonate de calcium. Trois groupes ont recu pendant 60 jours les rCgimes 
suivants: saccharose, fCcule de pomme de terre iion modifiPe et fCcule de 
ponmie de terre pr6gklatinisCe. 
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A la fin tle la pCriode expCrimentale, les aiiirriarix ont Ptb sacrifiks et lcs 
caries dentaires ont 6tC enregistrkes. 

Les taux tle carie allaient en diminuant tlaris l'ordre suivant : saccliarosc, 
fkcule prCgClatinisCe, fCciile de ponime rle terre noii rnotlifiCe, produi~ (16- 
riv6 tie la f6cule IiydrogCnB. 

Les animaux recevant le r6gime contenarit tlu saccliarose prksentaient line 
polycarie 6voliitive sur les faces lisses et dam les silloris. La fkcule de ponniie 
de terre non niodifiPe et la f6cule pr6gklatinisCe provoquaient aussi l'appari- 
tiori de caries iles faces lisses et des silloris, pCnCtraiit 1'Crnail et rarnollissant 
la cjeritiiie, mais nettenicnt moins que le rkgime au saccharose. Le produit 
tl6rivC cle la fCcule de pomme de terre hydrogCriC, aclministrk peridant 30 
jours seulement, ne prowquait pas de caries des fa( , mais des caries 
des sillons IimitCes h 1'Cmail ont 6tC trouvCes cliez 10 des 58 animaux. 

En conclusion, la fkcule non modifike et la fitcule 1JrPgClatinisAe peuvent 
provoquer la carie; la 1"PgClatiIiisatiori augnientait le p n v o i r  cariopPrie 
de la f h i l c ,  et 1'hydrogCnation tl'un hydrolysal tlc f6culc iliniiriuait coiisi- 
t1Arul)lerrient son Imuvoir carioghe. 

ZUSAM RlEN E'ASSUNC, 

EINWIRKUNC- \'ON SACCHAHOSE, S T h R K E  LiND EIN HYDROCENISIEHTES SThHl iE-  

DERIVAT AC.F DER KAHIES;HEF.AI,L I U  DEK RATTE 

Siebeii Gruppen, zusammengesetzt aus eben abgewiiliiiter wei1)liclier S1)ra- 
gue-Dawley Ratteri, wwrden verschietlene pilverisierte Diiite gegeben, (lie 
32 Prozent Magermilch, 2 Prozent Leherl)ulver nnd 66 Prozent Testkohlen- 
hydrat enthielten. 

Wiilireml 30 Tagen erhielten 4 Griippen folgende Kohlenhydrate : Sac- 
charose, pregelatinisierte Kartoffelstarke, ein hytlrogenisiertes Kartoffel- 
stiirkederivat und (lasselbe Derivat init 0,5 Proxent Kalziuniknrbonat supple- 
rrientiert. Drei Grupperi hekarnen 60 "age lang folgencle Diiite: Saccharose, 
nichtmodifizierte Kartoffelst.iirke untl pregelatinisierte Kartoffelstiirlte. 

Nach abgeschlossener Experimentperiode wurdeii die Tiere getiitet untl 
tler Kariesbefall wurde bestimmt. 

Der Kariesbefall nahin in folgentler Ordtiting ah : Saccharose, pregelatini- 
siertc Kartoffelstarke, nichtmodifizierte Kartoffelstarke, hydrogenisiertes 
Kartoffelstarkederivat . 

Tiere, (lie Saccharosediiit erhielteii, entwickelten hochaktive Karies an 
glatten Flachen iind in den Sulci. Nichtrnodifixierte Stirke inid pregelati- 
nisierte StLirke induxierten auch Glattfllchenkaries und Karies in den Siilci, 
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alter selir vie1 weniger als die Saccharose. Das liydrogenisierte Kartoffelstzr- 
ketlerivat, welclies den Ratter1 nur wihrend 30 Tageri gegeben wurde, war 
nicht glattfliichenkariesinduzierend, erzeugte aber Emaillekaries hei 10 von 
insgesanit 58 Tieren in den Sulci. 

Folgentle Schlussfolgerung wurde gezogen: nichtniodifizierte Starke und 
pregelatinisierte Stirke konnen Karies induzieren, Pregelatinisierung stei- 
gert die Kariogenitgt rler Starke und durch Hydrogenisierung eines Stiirke- 
hydrolysates wird die Kariogenitit wesentlich reduziert. 
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