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INTRODUCTION 

Diets containing large quantities of starch have been found to enhance the 
formation of dental calculus when fed to weanling Sprague-Dawley rats 
( h e r &  Thi te ,  1967). In sonie of the experimental groups ranipant dental 
caries was ohserved. The purpose of the present investigation was fourfold : 

1) to determine the ability of various starches to inducc dental caries, 
2) to determine whether pregelatinization of the starches influences their 

cariogenicity . 
3) to determine whether aniylopectin, the insoluble fraction of starch, 

or amylose, the soluble fraction, is the most effective in inducing dental 
caries, 

4) to determine whether there is a correlation between calculus forma- 
tion and dental caries experience. 

I. EFFECT OF DIFFERENT STARCHES 

MATERIALS AND METHODS 

The experiments on calculus formation have been described in detail by  
Raer & White (1967). Eleven groups of wenriling Sprague-Dawley rats of 

Received for publication, June 16, 1971. 
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Table 1 
Diets*) 

Unmodified starch Pregelatinized starch 
(66 04) (66 %) 

Wheat (a) Wheat (a) 
Rice (11) Potato (c) 
Arrowroot (b) Tapioca (d) 
Tapioca (c) Amioca (d) 
Amioca (d) 
Potato (c) 
Cornstarch (e) 

*) In addition, all diets contained 32 2) skim milk and 2 yo liver powder 

Sources: (a) Hercules Powder Co., New York: (b) Morningstar Paisley, Inc., Clifton, N. J.; 
(c) Stein Hall Co., New York; (d) National Starch & Chemical Co., New York; (e) 
Clinton Corn Processing Co., New York. 

both sexes, containing 60 animals per group, were fed a powdered diet 
containing 32 per cent skim milk, 2 per cent liver powder and 66 per cent of 
one of the commercially available starches listed in Table I. Distilled drinkirig 
water was administered ad libitum. 

Usually 24 animals in each group were sacrificed after a 30-day experimen- 
tal period and an additional 24 per group after 60 days. The remainder were 
kept for study of calculus formation only arid were not available for caries 
scoring. Upon termination of the experimental period the animals were 
decapitated, defleshed by the use of dermestid beetles and the molar teeth 
scored for calculus ( h e r ,  Stephan & Whde ,  1961) and for caries (Keyes, 
1958). The total number of carious enamel areas was determined for each 
animal. 

RESUI.TS 

After a 30 day experimental period there were no statistically significant 
differences in the total number of carious enamel areas between animals on 
the regular corn starch and those on unmodified rice. Animals on unmodi- 
fied amioca and unmodified potato starch had a tendency to have higher 
caries rates (P < 0.05). (Table 11, Fig. 1.) 

After 60 days (Table IIIa) there were no statistically significant differences 
between the animals fed the regular corn starch and the unmodified wheat, 
unmodified rice, unmodified tapioca and unmodified arrowroot. For the 
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buccal-lingual proximal 

I - fissural morsal 

I I 

Q Canstarch 

Unmodil. wheat 

M arrowroot 

,, tapioca 

I, amioca 

II potalo v 
Fig. 2 a. Bar graph showing variations in the pattern of smooth-surface and sulcal caries in 

rats fed various unmodified starches for 60 days. 

I 60 days 

Prewi. h a t  

amioca 

1.1 . arrowroot 

,, lapioca 

potato 

Fig. 2 b. Bar graph showing variations in the pattern of smooth-surface and sulcal caries in 
rats fed various pregelatinized starches for 60 days. 
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uninodified amioca and the unmodified potato starch diets there was a 
tendency towards a higher number of carious areas (P<0.05). 

Animals on all the pregelatinized starch diets (arrowroot, potato, amioca, 
tapioca and wheat) had several times more carious enamel areas than those 
fed the regular corn starch diet and those fed the unmodified starches. Tlic 
differences were significant or highly significant, (Table IIIb), except for 
wheat for which there was a strong tendency (Figs. 2a and b.) 

11. EFFECTS OF AMYLOSE AND AMYLOPECTlN 

MATERIALS AND METHODS (A.) 

Four groups of weanlirig Sprague-Dawley female rats, containing 20-25 
aninials per group, were fed for an experimental period of 30 days, one of 
the four diets shown in Table IV. Other experimental conditions were the 
same as in part I. 

RESULT5 

Animals on the corn amylose and the corn amylopectin diets (Tahle V) had 
more carious enamel areas than those animals on the high amylose corn 
starch. For arnylopectin the differenre was significant on the 1 per rent 
level. 

Aninials on the corn amylopectin diet had more carious enamel areas than 
animals on the corn amylose diet, but the difference Has not statistically 
significant (P>O.lO). The calcnlus scores are given in Table VI. For addi- 
tional information about the weight gain of the animals bee Baer & White 
(1967). 

Table 1V 
Dcets*) 

~~- ~ _ ~ _  ~- ___ ~~~~ ~ ~- ~ _ _ ~  

Percent arnylose or amylopectin 
contained in each starch fraction Diet*) 

(55 O L )  Amylose Amylopectin 
- - ~. ~~ _ _ ~ _ ~  __ ~ - 

a. Regular cornstarch (1) 28 72 
b. High arnylose cornstarch (2) 70 30 
c. Corn arnylose (3) 100 - 

d. Corn amylopectin ( 3 )  - 100 
-- ~ _ _ ~  - ~~ ~ 

*) In addition, each diet contained 32 % skim milk and 2 % liver powder. 

SourLes: (I) Clinton Corn Proces5ing Co., New Yolk; (2) National Starch & Chemical Co., 
New York; (3) A. E. Staley Mfg. Co., Decatur, 111. 
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Table VI 
EjjeLt of amylose VF. amylopectcn on calculus scores 

Calculus 
Scores - 

L)1c*t N X S.E. 

Corn starch, regular 40 4.48 .41 
High ainylose cornstarch 40 1.45 .30 
Corn arnylose 40 0.65 .18 

~ - ~ 

Corn amylopectin 37 2.89 .37 
- .~ - __ 

The difference ljetween groups on the regular corn starch diet arid those 
on the high amylose corn starch diet was not statistically significant (P >0.10). 

MATERIALS AND METHODS (B.) 

Groups of weariling Spragne-Dawley fernale rats, containing approximately 
20 animals per group, were fed for an experirnental period of 30 arid 60 days, 
unrriodified potato starch, potato amylose arid potato amylopectin diets, 
respectively. Other experimental conditions were the same as in previous 
experiment. 

RESULTS 

Anirnals on the potato amylopectin diet for 30 days had sigriificantly more 
carious enamel areas than those on the potato amylase diet (P<0.001). 
(Tahle V). After 60 days there was still a difference, hiit this difference was 
not statistically significant (0.10 > P > 0.05). 

Animals fed the potato arnylopectin diets had significantly more carious 
areas than animals fed the unmodified potato starch diets (P<0.001). 

There was no statistically significant difference in the number of carious 
enamel areas between animals on the potato amylose diet for 30 days and 
those on the unmodified potato starch diet, although there was a tendency 
for anirrials on the amylase diet to have more caries. After 60 days the differ- 
ence was statistically significant (0.01 >P >0.001). 

111. CORRELRTlON BETWEEN CALCULUS FORMATION 
AND CARIES EXPERIENCE 

MATEHIAL A N D  METHODS 

Since group means for both calculus formation and caries experience were 
available for some of the different dietary groups, a study was made of the 
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calculus scores 

\ 

.\ A Ad’ 2 
\ 0 
\ A x ’ x  

2.0 0 

3 . 0 1  / I \ X 

/ 

X / 

0 
I 

5a 10.0 15.0 20.0 2s0 3ao 35.0 40.0 

caries scores 
Fig. 3. Distribution of group means of calculus scores and carirs scores. 

1. Unmodified starches. 2. Pregelatinizcd starches. 
0 unmodified starches 30 days 

unmodified starches 60 days. 
pregelatinized starches 30 days. 

+ prcgelatinizcd starchrs 60 days. 

correlation between calculus formation and caries experience. A t  the tirrie 
the scoring of dental caries was finished the scores for the iridividual values 
of calculus formation in the different ariinials were not available. Thus, it 
was not possihle to carry throngh a detailed statistical study of the correlation 
between calculus formation and caries experience in the individual animal. 

For those groups in which group means for calculus formation arid caries 
experience were available, a correlation diagram was set up. 

RESULTS 

No clear correlation was found between calculus formation arid caries expe- 
rience (Fig. 3). In general, those animals fed the unmodified starches had 
very high calculus scores and very low caries scores. However, in experiments 
in which the animals were fed pregelatinized starches, there was a tendency 
for those groups with high caries scores also to have high calculus scores. 
Thus, those groups fed the pregelatinized starches usually had high caries 
scores and high calctilus scores. 
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DISCUSSION 

Since all the diets contained 32 per cent skim milk, which contains lactose, 
the lactose content of the diet may to some extent have contributed to the 
caries experience of the animals. Lactose, however, is considered to be only 
moderately cariogenic, a belief which is confirmed by the experiments with 
the unmodified starches. 

Pregelatinization, however, caused a significant increase in cariogenicity 
of all the starches tested in all the experirnental series. This finding is in 
accordance with the results of N(i(lfy (1967), who showed that cooked starch 
caused a considerable decrease in pH of dental plaques whereas raw starch 
did not. His results have been confirmed (Frostell, in press). 

Amylopectin, the insoluble, branched constituent of starch, was generally 
more cariogenic than arnylose, the soluble, linear constituent of starch. The 
cariogenicity of amylose was of the same order of magnitude as that of 
pregelatinized starch. 

Thus, the results tend to show that the processing of starch increases its 
cariogenicity considerably and that this property is mainly ascribable to its 
amylopectin content and to a lesser extent to its amylose content, since 
regular starch contains much more aniylopectin than amylose and since 
amylopectin was somewhat more cariogenic than amylose. Since in these 
experiments no polysaccharide production from sucrose was possible and 
still considerable plaque accurnrilation on smooth surfaces occurred, the 
question is raised whether arriylopectin - which is not completely hy- 
drolyzed by alfa-amylase and which chemical composition resembles that of 
the bacterial deatrans - may replace bacterial dextrans and favour plaque 
formation. 

Acknowledgement. The authors wish to express their gratitude to Dr. R. Larson for valuable 
help and advice. 

SUMMARY 

Groups of weanlirig Sprague-Dawley rats were fed a diet containing 66 per 
cent starch, amylose or amylopertin. Twelve different types of unmodified 
or pregelatinized starches were studied. The diets were administered for 30 
or 60 days in most experiments and caries ar id  calculus were scored. 

There was no statistically significant difference in the number of carious 
enamel areas between animals fed the regular corn starch control diet arid 
those fed unmodified wheat, unmodified rice, unmodified arrowroot and 
unmodified tapioca, whereas animals fed the unmodified potato starch and 
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unmodified amioca had a tendency to have more carious areas. Animals on 
the pregelatinized starches (arrowroot, potato, amioca, tapioca and wheat) 
had several times more carious areas than those on the regular corn starch 
diet. 

Animals fed corn amylose or corn amylopectin had sigriificaritly more 
carious areas than those on unmodified corn starch diets. Animals on amy- 
lopectin diets had more caries than animals on amylose. For potato amylose 
and amylopectin the difference was highly significant after 30 days on the 
diets, but not after 60 days. 

No clear correlation was found between calculus formation and caries 
experience. In general, animals fed the unmodified starches had very high 
calculus scores arid very low caries scores. However, in experiments in which 
the animals were fed pregelatinized starches there was a tendency for groups 
with high caries scores to have high calculus scores also. 

R ~ S U M ~  

CARIE DENTAIRE CHEZ DES RATS NOURRIS AVEC DIFF~RENTES F ~ C U L E S  AU 

COURS D’UNE ~ T U D E  SUR LA FORMATION EXP~RIMENTALE DU TARTRE 

Un rCginie contenant 66 yo de fCcule, d’amylose ou d’amylopectine a Ct6 
administre h des groiipes de  rats Sprague-Dawley venant d’&tre sevrks. 
Douze types diffkrents de fkcule non modifike ou prCgClatinisCe ont. CtC 
BtudiCs. Les regimes ant CtC administrCs pendant 30 ou 60 jours; la carie et 
le tartre ont 6tC enregistrks. 

I1 n’y avait pas de diffCrence statistiquement significative dans le taux 
de la carie entre les animaux ayant requ le rCgime tCmoin h la fkcule de mais 
ordinaire et ceux p i  Ctaient nourris B l’amidon de blC non modifiC, la fdcule 
de riz non modifiCe, la fCcule d’arrowroot rion modifi6e et la fCcule de tapioca 
non modifibe, tandis que les animaux nourris h la fCcule de pomme de terre 
non modifiCe avaient un nombre significativement plus BlevC de  zones ca- 
rieuses. Les animaux recevant les fkcules prCg6latiniskes (arrowroot, pomme 
de terre, amioca, tapioca et blC) avaient plusieurs fois plus de zones ca- 
rieuses que ceux qui recevaient le rCginie h la fCcule de mais ordinaire. 

Les animaux nourris h l’amylose de mais ou h l’amylopectine de mais 
avaierit un  nombre significativement plus Clevd de zones carieuses que ceux 
qui recevaient le rCgime B la fCcule de mais ordinaire. Les animaux recevarit 
les rCgimes h l’aniylopectine avaient plus de caries que les animaux recevant 
I’amylose. En  ce qui concernait l’amylose et l’amylopectine de pomme de 
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terre, la diffkrence Btait hautemerit significative aprits 30 jours ail regime, 
rnais pas aprPs 60 jours. 

ZUSAMMENFASSUNG 

KAHIESBEFALL VON HATTEN DENEN VERSCHIEDEN STAHKESOHTEN GEGEBEN 

WURDEN U M  EXPER1MENTEI.I.E ZAHNSTEINBII.DUNG ZU STUDIEREN 

Gruppen von Sprague-Dawley-Katteii, die eben abgewohnt waren, wiirde 
e k e  Diiit gegeben, die 66 Prozent Stiirke, Amylose oder Amylopektin ent- 
hielt. Zwiilf verschiedene Sorten von iiichtmodifizierten nder pregelatini- 
zierten Starken wurdeii untersucht. Die Diaten wurden den Tiereri wlhrend 
30 oder 60 Tagen gegeben imd Karies nnd Zahnsteinhiltlung wurden regi- 
striert . 

Die Verschiedenheit im Kariesbefall zwischen Tieren, denen die nicht- 
niodifizierte Koiitrollstfrke (Maisstarke) gegeben wurtle und derjenigrn die 
Iiichtinodifizierte Weissestiirke, riicli1modifisiert.e Reisstlrke, nichtniodifi- 
zierte hrrowrootstiirke uncl riiclitniodifixierte~(1ifizierte Tapiokastiirke gegehen wurde 
war nicht statistisch signifikant, aber Tiere die nichtmodifizierte Kartoffel- 
stirke iind nichtniodifizierte Aniiokastarke hekommen hatten eineri Tenrlenz 
nach mehr Karies als die Kontrolltiere. Tiere, rlenen 1"egelatinizierteri 
Stiirltesorten gegeben wurde, hatten vielrrials mehr kariierte Zahnflichen 
als Tiere der Kontrastdiatgnippe. 

Tiere, denen Maisamylose oder Maisamylopektin gegeben wurde, hatten 
sigiiifikant inehr Karies als Tiere tier Kontrastdiitgriil,pe (High amylose 
corn starch). Tiere cler Airiylopektintfiatgruppen hatten mehr Karics als 
Tiere der Amylosediatgruppen. Zwischen Kartoffelarnylose und Kartoffel- 
aniylopektin war der Unterschied stark sigriifikant riach dreissig Tageri aher 
riicht riacli sechzig. 

hen Zahnsteinbildung und Karies- 
t)efall firideri. Tiere, denen nichtmodifizierte Starkesorteri gegehen wurtle, 
wieseri starke Zahnsteinbildung und niedrigen Kariesbefall auf. Doch weiiii 

Tieren pregelatinizierte Stiirkesorteii gegeben wurde, farid man bei Gruppeii 
rnit starkeni Kariesbefall auch eine Tentlerix starker Zahnsteinbildung. 

Man korinte lteine klare Korrelation x 
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