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Survey of the Literature. 

A component of the saliva which has been most widely studied 
is the starch splitting enzyme, amylase, in earlier literature often 
known as diastase or ptyalin. Salivary amylase has been exam- 
ined from the point of view of secretion and digestion physiology, 
of its chemistry and in relation t o  the caries process. The litera- 
ture in this field is therefore somewhat dispersed and not easily 
surveyable. The first part of the present work represents an 
attempt to collect together the more important data on salivary 
amylase, with particular regard t o  intra-oral carbohydrate de- 
gradation and caries. Where no reference is given the informa- 
tion has been largely derived from BAMANN and MYRBACK (1941) 
or HOPKINS (1946). 

Salivary amylase which is essentially derived from the parotid 
secretion, is a-amylase, and thus breaks the a-glucoside bonds 
of starch. In  its effect it has proved to be identicai with pancreatic 
amylase and a-amylase of malt. According to ANKER and VONK 
(1946) B-amylase also occurs in the saliva, but this is contradicted 
by MEYER (1950). Salivary amylase has been shown by prepara- 
tion of the pure substance to be a homogeneous protein (MEYER, 
1947), more specifically, of globulin type with isoelectric point 
about pH 4. Its starch hydrolysis passes rapidly through the high- 

' This investigation forms part of co-ordinated work on dental caries sponsored 
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molecular amylo- and erythrodextrins to  achroo-dextrin, and 
proceeds more slowly to  maltose. (Erythro- and achroo-dextrins 
have of course been named from their colour reaction, or their 
absence of reaction with iodine.) Only to  a small extent does 
the process go to  glucose. The degradation seems to  cease at  a 
state of equilibrium when about 80 yo of the starch has been 
converted to maltose, provided that  no further fermentation 
removes the maltose formed (EVANS, 1912). The optimum p H  
value is about 6.8 (in the presence of chloride ions, otherwise 
lower; MYRBACK 1926). a-amylase is sensitive to  high hydrogen 
ion concentrations and is rapidly destroyed a t  pH 3.3 for example; 
certain metallic ions, e .  g. Cu and Hg, also inactivate salivary 
amylase (MYRBACK 1926), while F ions have no apparent effect 
(MCCLURE 1939). In  salt-free solution amylase is inactive but 
the chlorine ions in 0.05 M sodium chloride are sufficient to activate 
it. The optimal phosphate concentration is 0.005 M. It is striking 
how well these experimentally determined optimum values agree 
with the average concentrations of the saliva. On the other hand, 
the optimum temperature of salivary amylase is reported as 
46" C (EVANS, 1912) or 50" C (SCHNEYER, 1950), but in the im- 
mediate region of the body temperature the divergences from the 
optimum are small. The optimum starch concentration has been 
given as 3 "/o (EVANS, 1912). 

The determination of the amylase content follows the general 
principle for the analysis of enzymatic activity - the measure- 
ment of its rate of action on the medium, in this case a starch 
solution. As an approximate measure of the rate of hydrolysis 
use has been made of the time required for the disappearance of 
opalescence (CARLSON and CRITTENDEN, 1910) or the time for a 
given reduction of the viscosity of the starch solution (MAYER, 
1929, et alii). The commonest methods of analysis are however 
based either on the disappearance of the blue iodine-starch colour 
or on the liberation of reducing sugar. In  both cases the saliva 
must be used greatly diluted so that the time of reaction is suffi- 
ciently long to permit a reliable observation of the digestion of 
the starch; the speed of reaction is proportional to the enzyme 
concentration. 

In  the iodine test a small quantity of saliva a t  body temperature 
is allowed to react with a starch solution whose phosphate and 
salt content, pH value and temperature have been standardized 
in the region of the optimal values. At equal time intervals samples 
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are mixed in a fixed proportion with an iodine solution. The 
time necessary to  acquire a given shade is noted. The shade most 
easily defined is the reddish-violet erythrodextrin colour, which 
corresponds to a degradation of less than 30 yo of the starch, 
chiefly to  maltose. There is a linear relationship between digestion 
and time until about 30 yo of the starch is split (EVANS, 1912). - 
Another procedure, deviced by WOHLGEMUTH (1908) and widely 
used, implies the mixing in definite proportions of 1 per cent 
starch solution and progressively diluted saliva. 1 Wohlgemuth 
unit (W. U.) is the number of cubic centimeters of starch solution 
that according to  the iodine test has been transformed into 
dextrin by 1 cc saliva in 30 minutes. 

The most accurate method of following the effect of the amylase 
is however to  determine the quantity of liberated maltose. The 
common methods of analysis for reducing sugar will here of course 
give an error on account of the small amount of simultaneously 
liberated glucose and the slight reduction of the dextrins. The 
reaction rate in the saliva-starch mixture with approximate 
optimum conditions of temperature and ionic concentrations may 
be followed by determining the reducing capacity either in con- 
secutive samples taken or in a single sample after a fixed time. 
In  the latter case the time should be adjusted so that it falls 
within the linear part of the reaction curve. Various modifications 
of this method for determination of the salivary amylase have 
been described by BERTRAND 1906, EVANS 1912, WILLSTATTER 
and SCHUDEL 1918, PRINGSHEIM and GORODISKI 1923, DEL- 
HOUGNE 1927, WALKER and SHEPPARD 1935, PABER 1944, HAWK 
and BERGEIM 1937, BLRANY 1947, HESS and SMITH 1948. 

The amylase content of the saliva varies over a wide range, 
not only from one person to another (see below) but also for the 
individual. The amylase content rises with the rate of secretion 
and is thus higher after stimulation for example by chewing 
(CHITTENDEN and RICHARDS 1898, CARLSON and CRITTENDEN 
1910, WALKER and SHEPPARD 1935, BAUER and MARTIN 1948). 
KOCH (1943) gives the range of 8--8,192 W. U. in slightly stim- 
ulated morning samples; 78 per cent of the cases were between 
64 and 1,024 W. U. Stimulants as pilocarpine and Neu-Cesol 
(Merck) also increase the amylase activity as well as the flow 
of the saliva (GERNHARDT, 1933). The total protein content of 
parotid saliva rises in the same manner with the rate of secretion 
(CARLSON and CRITTENDEN 1910, BRAMKAMP 1936). BRAMKAMP 
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gives the range of variation of 11 mg protein nitrogen/lOO ml a t  
a secretion of 0.5 ml/min.-58 mg/100 ml a t  2 ml/min. The total 
salt content of the saliva also increases with the rate of secretion: 
HEIDENHAIN’S law (1868). 

Under constant conditions of stimulation the variations in the 
salivary amylase of any one person are said to be rather small 
(BAUER and MARTIN, 1948). Compare N~RBY’S observation 
(1935) that the amylase content of the serum is fairly constant 
for and characteristic of individuals. KOCR (1943) however found 
great variations for the individual, and no correlation between 
serum and salivary amylase. It is interesting t o  note Bosco’s 
statement (cit. from KOCH, 1943) that smoking a cigarette greatly 
decreases the salivary amylase. 

The amylase content for infants is considerably lower than for 
adults (MAYER, 1929), and in a group of people with an average 
age of 81 years MEYER and co-workers (1937) found an  amylase 
content of the saliva that  was only about 3 yo of that in a group 
of 25 year-olds. It has not been possible to confirm any quantita- 
tive connection with carbohydrate supply with man nor any dis- 
tinct qualitative relationship among the higher animals: primates 
and rodents have salivary amylase whilst many herbivorous ani- 
mals have not, e. 9. the horse and the goat; and carnivora also 
probably lack salivary amylase (CARLSON and CRITTENDEN 1910). 

What is the real importance to  the digestive process of the 
salivary amylase? Although the action of the amylase is very 
rapid, the digestion of the starch is but begun in the mouth. 
The continued action in the stomach is dependent on the secre- 
tion of hydrochloric acid and its penetration of the food. BERGEIM 
found (1926) that on the average 76 per cent of the starch in 
potato flour and 59 per cent in bread had been converted to  
maltose before the salivary amylase was inactivated by the 
hydrochloric acid. Certain earlier information (ROGER 1907, 
ROGER and SIMON 1907), according to  which the salivary amylase 
is reactivated by the pancreatic secretion in the alkaline reaction 
of the small intestine, is firmly contradicted by BERGEIM (1926). 
On the other hand, the same author holds that it is possible that 
the salivary amylase has an indirect effect on the protein digestion 
of the stomach: MAXWELL and NAKAGAWA (cit. from BERGEIM, 
1926) found that the protein hydrolysis of the digestive juices in 
vitro is delayed by starch but not by its hydrolysis products, 
probably on account of pepsin adsorption to the colloidal starch. 
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Pathological conditions are capable of reducing both the total 
secretion of the saliva and its amylase content. Dryness of the 
mouth in fever is a familiar occurrence. KOROPOW (1934) found 
in experiments on dogs that experimentally induced fever checked 
those centres which controlled secretion by conditioned reflexes; 
the direct reflexes were unchanged. CARLES and DELMAS-MARSA- 
LET (1924) discovered that the amylase content of the saliva 
diminished in infectious and cachectic states; the production of 
salivary amylase showed, further, an obvious parallel with the 
secretion of the digestive juices. PABER (1944) made a comparison 
between the amylase content and total protein of rest saliva in 
the normal case and in the case of xerostomia of various origins: 
congenital glandular aplasia, epidemic parotitis, chronic sialo- 
adenitis, pernicious anaemia, etc. The amylase content of xero- 
stomia patients was found to be strongly reduced but the protein 
content increased. The protein content was calculated on the 
basis of nitrogen determinations and it is possible that these also 
included submaxillary mucin, of which the content increases 
with reduced rate of secretion. The reduced amylase content in 
epidemic parotitis has been confirmed by WOLMAN and co-workers 
(1947); a t  the same time the amylase content of serum was 
generally increased. 

In  the case of persons with normal functioning of the stomach 
and intestines there were generally no disturbances in digestion 
of starch accompanying the falling off of the saliva (STRAWS 
1924); these would appear only with simultaneous intestinal 
hypermotility or certain dyspepsias. 

The conception of some connection between the amylase con- 
tent of the saliva and the caries incidence has been inspired by 
the knowledge of the part played by the enzymatic formation 
of acid in the caries process. The principal media for this acid 
formation on the dental surfaces are the starch and sugar from 
the food, and several investigators have for various reasons as- 
signed the chief r81e to sugar (BUNTING, 1934, JAY and collab. 
1936, WILSKA 1946). PROELL (1939) and WILSKA pointed out the 
striking parallel between the increase in the consumption of sugar 
ever since the beginning of the nineteenth century and the in- 
crease in caries incidence during the same time. The incidence of 
caries was, however, appreciable long before sugar became more 
than a rare spice, and the rapid conversion of starch to  sugar and 
lactic acid in the mouth has also been proved (VOLKER and PIN- 
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KERTON 1947, NEUWIRT and KLOSTERMAN 1940, STEPHAN 1940, 
ERICSSON and HELLSTROM 1950). It is true that the oral bacteria 
have been proved capable of directly fermenting starch without 
influence of the salivary amylase (WOHINZ 1935, HANSEN, FOS- 
DICK and EPPLE 1937) but this coniponent can nevertheless be 
assumed to play the pricipal r61e in the starch degradation. 

Attempts to establish a relationship between the amylase in 
the saliva and the caries frequency have however given very 
variable results, which can be seen in Table 1. 

Tnlilc I. 
Reported correlation between salivary amylase activity and caraes 

incidence. 
~~ 

I 

Positive Negativc No correlation 
I I 

FLORESTANO and collah. I PJCKERILL 193.2 

TURNER and CRANE 1950. 

1950. 

! 
SVEJDA and Br-osaovrc~ , 

SULLIVAN and STORVICK 

19.21 

1944. I 
I 

1 HUBI~ELL 1933. 
DEAKINS and collab. ~ 

BERCEIM and BARNRIELD ~ 

B A R ~ N Y  1947. 
HESS and SMITH 1948. 1 

1941. 

1945. 1 
Moreover, the experiments of TURNER and CROWELL (1947) 

indicated that the high caries incidence was correlated to slow 
reduction of the blue starch colour but rapid dextrinizing. 

Original Investigation. 

The purpose of the experiments presented here has been to  
throw some light on the amylase activity of the saliva and the 
intra-oral splitting of starch of some subjects, and thus to con- 
stitute an introduction to a study of the part played by the 
salivary amylase in the caries process. 

For the determination of the amylase activity the iodine test 
and analysis of liberated reducing substance have been used. 

I o d i n e  test. At a temperature of 37" C, 1 ml saliva reacted 
with 100 ml of a solution of one per cent analytically pure soluble 
starch and half per cent NaCl in 0.005 M phosphate buffer of 
pH 6.8.  At half-minute intervals samples of 2 ml were taken from 
this digestion mixture and pipetted into test tubes containing 
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2 ml 0.002 N iodine solution in 0.2 per cent potassium iodide. 
The time required to attain a fixed shade of wine red (erythro- 
dextrin colour) was noted. This shade is passed through most 
rapidly on the breaking down of starch and can consequently 
be used as a distinct end-point. 12 determinations in succession 
with this technique and with saliva of average splitting capacity 
gave a standard deviation of about 6 yo. 

In  a later version saliva, diluted 1 : 3, was added in the same 
proportion to  the same starch solution, and corresponding reduc- 
tion of the rate of the reaction obtained. 9 determinations in 
succession with this technique gave, with an average digestion 
time of 13.8 minutes, a stand. deviation of about 4.8 %. 

Reduction test. In  the above-mentioned mixtures of saliva 
and starch solution the content of reducing substance was deter- 
mined after a given digestion time with the FOLIN-WU colori- 
metric method (1920). 1 ml of digestion mixture was pipetted 
into an  ice-cold mixture of 8 ml water and 1 mlO.1 N hydrochloric 
acid, thus arresting the enzymatic process and giving a 1 : 10 
dilution. Of this liquid 2 ml was neutralized with 1-2 per cent 
soda solution, after which the POLIN-WU technique was applied. 
The readings were taken in a WEKA compensation photometer. 
10 determinations in succession of a solution of 5 mg glucose/100 
ml gave a stand. deviation of & 0.022 mg. 

Comparisons of Iodine and Reduction Tests. 

I n  38 experiments where 1 ml undiluted saliva reacted with 
100 ml starch solution in accordance with the above technique, 
the reduction capacity was determined on the appearance of 
the erythrodextrin colour. An average value corresponding to  
99.58 & 4.84 mg glucose/100 ml was obtained in this way. Con- 
verted into maltose equivalents this is an average value of 189.2 
mg maltose/100 ml. Since the starch in the original reaction mix- 
ture corresponds to  over 1,000 mg maltose/100 ml the hydrolysis 
a t  the erythrodextrin end-point is thus less than 20 per cent on 
the average; this iodine test falls in the linear phase of digestion. 

In  30 of the above experiments the reduction capacity was also 
determined after 1 minute digestion periods. The results are 
apparent from diagram 1. The correlation coefficient of the results 
of both these test methods has been calculated a t  0.78. There are 
grounds for assuming that the later applied method with a 
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30 

20 

10. 

GLUCOSE ECjUlV 
AFTER 1 min. 
mq/lOOml 

b 

- 

5 10 15min  D I G  
TIME 

Diagr. 1. 
Relationship iodinc test - 1 minute-reduction test. 

1 : 3 dilution of the saliva before digestion gave a still closer 
correlation to the reduction test through the reduced deter- 
mination error. 

Examination of the Possible Effect of Oral Baoteria on 
the Digestion. 

It is conceivable that  the bacteria of the saliva influeiice the 
rate of splitting through their enzymes, especially in the stimu- 
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lated saliva, since paraffin chewing gives rise to  a dispersion in 
the saliva of the bacterial coating of the teeth. On this account 
some tests were performed to determine any contingent influence 
of the bacteria on the salivary digestion of starch. As an anti- 
bacterial agent, toluene was used, this being effective - although 
not 100 yo - and without notable influence on the enzymes of 
the saliva according to WEINMANN 1938. Some cultivations on 
blood agar from saliva with and without preliminary shaking 
with toluene also showed a practically complete elimination of 
the aerobic flora through the toluene. 

I I a t  erythro- 
I Subject toluene after 12::;: ~ dextrin shade 

after toluene 

mg/lOO ml 
shaking. 1 shaking, 1 shaking, , min. I min. 1 

Method. 

1. Paraffin stimulated saIiva was diluted with water I : 3 
well mixed, divided equally into two, one part of which was 
shaken for 2 minutes with an equal quantity of toluene, and the 
other shaken for the same period without addition. The iodine 
test was performed with both saliva fractions and, in addition, 
the reducing capacity determined on obtaining the erythro- 
dextrin colour. 

2. The same as above except that  the iodine test was carried 
out with only the untreated saliva fraction; the reducing ca- 
pacity of this fraction was determined a t  the colour change, 
and with the toluene shaken fraction after the same digestion 
time. 

Table 9. 
Salivary amylase activity with and without previous shaking 

with toluene. Method 1. 

a t  erythro- 
dextrin shade 
without tolu- 
ene shaking, I 

mg/lOO ml ~ 

~~~~~~ ~~ 

I 
I Iodine test Glucose equivalents i ~ _ _ _  . ~ 

I Y . E  . . . . . .  1 B . J  ....... 
1 8 ... 
1 0 ... ' E . E  . . . . . .  

E . 0  . . . . . .  
I. H . . . . . . .  I L . S  . . . . . . .  I L . J  . . . . . . .  

13 j 13 
4v4 4 

29lI2 , 2811, 
28 28 
3 3 

I 1 
101/2 
4 

15 j 131/2 
9 ' / 2  

9' /2 I 9 

135 1 148 
137 133 
106 108 
101 I 103 
139 1 142 
138 ~ 142 
73 48 
60 68 
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mli)it! 3. 
Salivary amylase activity with and without previous shaking 

with toluene. Method 2. 
~ 

Glucose equivalents 
~ 

Iodine test' s t te r  toluene without toluene 
shaking, shaking, 

mp/lOO In1 1 nig/100 ml 
min. Subject 

.- 
B . J  . . . . . . . . . . .  15 81 93 
L . S  . . . . . . . . . . .  5 
Y . E  . . . . . . . . . .  7'i, 
E . 0  . . . . . . . . . .  6 

108 
70 

109 

102 
77 

115 I 
I. H . . . . . . . . . . .  5Li2 115 115 

The results of these experiments are given in Tables 2 and 3. 
It is apparent from these tables that the toluene shaking was 
not accompanied by any definite changes in the starch digestion 
capacity of the saliva. Variations in the digestion period are not 
so great that they cannot be explained by the experimental error 
of the method itself, and this is also true in the majority of the 
reduction tests. The bacterial flora thus does not seem to have 
any demonstrable effect on the rate of splitting as far as can be 
ascertained with these methods. 

I 

The Salivary Amylase of a Number of Subjects. 

The results of a number of iodine tests on the digestion capac- 
ity with saliva from 5 subjects are recorded in Table 4. The 
samples were taken from a number of laboratory personnel during 
the hours of work, some before and some after midday. All 
samples were taken a t  least 3/4 hour after the previous meal. 
The paraffin stimulated saliva sample was taken immediately 
after that of the rest saliva; each consisted of 1-2 ml and was 
diluted 1 : 3 before the digestion test. 

The higher amylase activity of the stimulated saliva is clear 
from the table; only in one case was the reverse the case. 

Variations for each individual are substantial, but charac- 
teristic differences in the different persons can however be ob- 
served. E. E. has thus consistently higher amylase activity than 
B. J. and G. T., which is also evident in the experiments comparing 
iodine test and 1-minute reduction which were made on the saliva 
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Table 4. 
Individual iodine tests, 

Digestion time, min. 
. Subject Time 
unstim. 1 stim. 

__. ~ ~~ .. - ~~ 

C. T. .............. I Before norm 39 
22 

25 
, - - - - - - - - - - -  

Y. E. 

17'/, 
22 

20 
- 

.. . . . . . . . . . .  Before noon 

B . J  . . . . . . . .  

E. E. 

_ _ _ _ _  
After noon 

. Before noon 

_ _ _ _ -  
After noon 

. . . . . . . . . . . .  , Before noon 
I 

E. 0. .............. Before noon 

_ _ - - -  
After noon 

- 8 
l i  
11 

w, 
9 

9 

34 
31 

- 
18 

5'/,-6 

10 
8 

5-5'1, 

6-G'/, 
~ . .  

I 9 I 9 ! 

of two of these subjects (Table 5). The experiments with saliva 
froin G. T. were discontinued when a single parotid tumour 
calling for operation was diagnosed. Connection between the 
tumour and the low amylase activity is not ruled out. 
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Tahle 6.  
Iodine test and 1-minute reduction on two subjects with widely 

differing amylase activities. All samples taken between 
10 and 12 a. m., without stimulation. 

~~ 

Subiect G. T. 

Iodine test, 
min. 

- .- --- - 

1-min. reduction, mg 
glurose/100 ml 

- 

28 
15.5 
17 
15 
33 
24 
15 

Iodine test, 
min. 

Subject E. E. 

1-min. reduction, mg 
glucose/100 ml 

84 
64.5 
- 
- 

Diurnal Variation in Balivary Amylase. 

Figures in Table 4 indicate a tendency towards higher amylase 
activity in the afternoon than in the morning. This observation 
gave rise to a number of experiments carried out to  show the 
diurnal variation of the salivary amylase of some of the subjects. 
Samples, first of rest salita and then of paraffin stimulated saliva, 
were taken a t  8 a. m., 10 a. m., 2 p. m. and 8 p. m. The morning 
samples were taken on a fasting stomach and the others a t  least 
3/4 hr. after the previous meal. The saliva was diluted 1 : 3 and 
the iodine test performed. The results appear in diagrams 2-4. 
The digestion times are consistently longest in the morning and 
fall during the day to  rise again in some series in the afternoon. 

Intra-Oral Splitting of Starch. 

Starch splitting in the mouth has been investigated with a 
number of subjects. As sources of starch two of the most im- 
portant starch-containing foods were used - bread (white bread) 
and boiled potato. 

First of all the time was determined between the ingestion of 
the starch-containing foods and the disappearance of the blue 
colour with iodine on the buccal side of the interdental spaces. 
The determinations were performed in the morning a t  least 3//4 hr. 
after the previous meal. After the persons had been eating bread 
or potato for 2 minutes a drop of iodine solution was applied 
with a platinum loop a t  equal intervals in the interdental spaces, 
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20. 

10. 

8 10 14 20 
HOURS 

Uingr. 2. 
Diurnal variation of salivary amylase activity. Subject B. J. UnstimuLtcd 

(-- ) and paraffin-stimulated saliva (- - -), samples taken on two 
different days (I and 2). 

D IG.-T IME, 
m n  

8 10 14 20 
HOURS 

Diagr. 3 .  
Diurnal variation of salivary amylase activity. Subject L. 8. The same marking 

of curves as in diagr. 2. 
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DIG -T IME. 
minL 

___- - . I  
- 2  

I 1 

- _ _ _ _ _ _ _ _ _ -  -.------- -- - - - - - - - - -  

14 20 
HOURS 

8 10 

Diagr. 4. 
Diurnal variation Of salivary amylase activity. Subject Y.  E. The Same marking 

of curves 8s in diagr. 2. 

Tiible f:. 

h t r a o r a l  iodine test. 

Subject 
Blue colour last observed, minutes 

Bread I Potato 

G .  E. . . . . . . . . . . . . .  19 11/,-2 3-31;, 

Y . E  36 40 2-3 1 ' 1 2  
E. A. H. . . . . . . . . . .  100 102 7-8 3 
I. H . . . . . . . . . . . . . . .  18 33 , '/$ 

B . J  . . . . . . . . . . . . . . .  4% 1;; ~ 2-3 31i2 
. . . . . . . . . . . . . .  

I !  
1 %  

where food remains were either observable or suspected. The 
time of the last observed blue colour was noted. The time inter- 
vals were 1 minute after bread and minute after potato. The 
iodine solution was 0.008 N in 0.2 per cent potassium iodide. 
Each test was made in duplicate on different days. The results 
are collected in Table 6. It appears that  the iodine colour could 
be observed in only one case more than 3112 minutes after inges- 
tion of potato, while in the case of bread the period was many 
times longer. After potato, moreover, the iodine colour was always 
very weak. The results of these tests are in agreement with what 
could be observed with the naked eye, namely coatings in a 
number of interdental spaces a considerable time after consuming 
bread but not after chewing potato. 

With the same subjects supplemented by four others the glu- 
cose clearance of the saliva was determined after bread and po- 
tato consumption in the same way as in the above-described 
iodine test. Before chewing, a sample of 1 ml of unstimulated 
saliva was taken; 2 ,  5, 10, 20, 30 and 40 minutes after finishing 
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Table 7. 
Reducing sugar in saliva after ingestion of bread, potato, 

and cane sugar. - 
Subject 

Glucose equivalents, mg/lOO ml 
~~ - 

Food I 

ingested efore I-- after 

12  min. 5 min. 10 min 
~ 

Y. E. 

B. J. 

Bread 
Potato 

3.0 ~ 

14.5 1 
53.7 
60 

43.8 38.8 

I-- 32.5 1 20.0 ~ 

51 48 

36.3 55 

~ _ _  
6.0 0 

~ _ _  ~ - - ~ ~  

5.0 11.3 
~- ~-~~ ~ 

28.7 1 32.5 1 

12.0 1 6.5 

Sugar 8.1 , 

1.0  
1.6 ~ 

0.4 

- 
32.5 

Bread 
Potato 

Sugar 

39 
63 

7.0 

E. A. H. Bread 
Potato 

11.0 275 1 112.5 ' 53.7 27.5 
91.:3 ~ 24.3 ~ 8.5 1.9 ~ 725 

Sugar 36.5 
- ~ .~ 

I. H. Broad 
Potato 

17.5 1 17.5 
7.5 ~ 15.0 

5.0 6.3 
54.3 60.0 

G .  E. Bread - 
1 Y'otato 1 23.6 5Y3 150 55.5 
I I 

39.0 
, - 

55.0 

36.3 

6.3 
47.5 

____ 

~- 

45.0 Sugar 0.1 

Bread I 1 . 2 5  

~ 

Potato ~ 12.1 

Sugar 8.5 

351.3 

287.5 
587.5 

69.3 

148.8 

141.3 
167.5 

50.0 
__ 

0 0 
27.5 33.8 

E. E. 57.5 
50.0 

43.8 

40 41.2 
47.5 1 33.0 

- 
49.0 ~ 34.3 

J. L. Bread 17.1 262.5 i 120 72.5 52.5 
Potato 2.0 87.5 ~ 62.5 57.0 53.8 

L. S. Bread 3.9 1 300 197.5 120 42.5 ~ 32.5 23.7 
Potato 0.9 1 412.5 115.8 29.0 10 13.3 14.5 

E. 0. Bread 11.0 175 35 46.3 37.5 ~ 40.0 22.5 
Potato 0.3 ~ 150 22.3 13.0 5.5 5.5  0 

~ 

Bread i 329.22 166.31 61.80~ 33.22 
Potato 430.00 148.36 43.46 36.20 
Sugar 138.62 74.32 37.70 26.62 

23.72 20.28 
28.32 28.42 
32.56 
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CHEW. 2 5 10 20 30 40 
2 min. TIME,min 

Diagr. 5. 
Ifcan values of reducing substance in saliva after 2 minutes supply of boiled 

potato (-----) or white bread (---). 

chewing 0.2 ml samples were taken. The saliva was immediately 
pipetted in ll/z times its volume of 1 per cent trichloracetic acid 
t o  precipitate the protein. After centrifuging, these samples taken 
after ingesting starch were diluted 10 and 100 times and deter- 
mination of the reducing substance performed on each by the 
FOLIN-WU method. The results, calculated as glucose, appear in 
Table 7. In  the table there have been included some analysis 
series which were carried out with cane sugar for the purpose of 
comparison; the same method was used but a piece of lump sugar 
was sucked by the subjects for 2 minutes. The average values of 
the determinations after bread and potato consuinption are to be 
found in Diagram 5. All the individual glucose clearance curves 
agree in type with these average curves. 

The content of reducing sugar is, as would be expected, al- 
ways highest a t  the first determination after carbohydrate in- 
gestion. It falls off rapidly during the first 10 minutes, slower 
during the next half hour and after 40 minutes generally remains 
at a level somewhat higher than the original. Potato has in most 
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cases provided the highest immediate concentration, and sugar 
in all cases the lowest; after 10 minutes the differences are to  a 
great extent smoothed out. 

Discussion. 

The results presented here confirm the observations of earlier 
investigators regarding the connection between saliva stimu- 
lation and amylase activity. The differences between individuals 
have also been apparent, in spite of strong variations between 
the different analyses from the same person. In one respect, this 
variation has been found to conform to a law among the persons 
examined: the amylase activity is lowest in the morning, rising 
steeply during the early hours of the day until, towards the after- 
noon, only minor changes are apparent. This shows the necessity 
for standardizing the times a t  which samples are taken in com- 
parative examinations of different persons. 

Behind the investigation of the intra-oral splitting of the starch 
in the two important types of food, bread and potato, there lay 
the conception of a possible essential difference between their rate 
of splitting in the oral cavity. In  experiments in vitro with these 
foods mixed with saliva, no definite difference in splitting and 
acid production were demonstrable (ERIKSEN and SCHULERUD, 
1941; WESTIN, 1949). 

Significant chemical and physical differences appear however 
between these two important carbohydrate sources. Bread con- 
tains, in round figures, 50 per cent starch against 20 per cent for 
potato. Modern baking technique with addition of bromate retains 
the gluten content in the bread (J0RGENSEN, 1945) resulting in 
a sticky consistency (WOHINZ, 1935; NYROP, 1943). Potato lacks 
gluten and has a looser consistency on boiling on account of the 
cellulose membranes from the cells. Theoretically one would 
expect a stronger adhesion of the bread remains to  the dental 
surface, a slower diffusion of saliva into these remains, and a 
slower and more protracted course of oral splitting of the bread 
than the potato starch. Observations of the intra-oral iodine 
tests thus also point in this direction just as do the high sugar 
concentrations in the saliva immediately after ingestion of potato. 
On the other hand, consumption of bread does not result in any 
appreciably prolonged dispersal of reducing sugar in the saliva 
than potato or cane sugar. It is interesting to  confirm in the case 

8-483110. S c t a  odonlol. Scandinav. Vol. 9 .  
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of cane sugar the strikingly low salivary glucose values after 2-5 
minutes, possibly depending on the slower splitting through bac- 
terial saccharase than starch splitting by salivary amylase, more 
rapid removal with the strongly stimulated saliva or a conibina- 
tion of both these factors. 

Summary. 

A survey of literature provides a resume of such knowledge of 
salivary amylase that would appear of particular significance to  
the intra-oral splitting of carbohydrates and, thus, to  caries. 

Reference is made to various reports relating to  a correlation 
between the activity of the salivary amylase and the caries inci- 
dence. 

The author has investigated the action of the salivary amylase, 
using iodine tests and determinations of the reducing substances 
liberated from starch. The two methods yield consistent results. 
The splitting of the starch has been proved independent of the 
salivary bacteria. 

The experiments have confirmed the observations of previous 
workers in respect t o  variation of the amylase activity between 
individuals and the dependence on the stimulation of the saliva. 
A distinct diurnal variation was demonstrated. 

A study was made of the clearance of reducing hydrolysis pro- 
ducts after ingestion of bread and potato - the two most im- 
portant sources of starch: comparisons were made, in some ca- 
ses, with the clearance after coilsumption of cane sugar. The re- 
sults appear in Table 7 and Fig. 5 ,  and are commented on in the 
concluding discussion. 

Zusammenfassung. 

In  einer Literaturiibersicht werden solche Data beziiglich der 
Speichelamylase zusammengefasst, welche von besonderer Be- 
dcutung fur  intraorale Kohlehydratspaltung und fur  die Ka- 
ries zu sein scheinen. Schwankende Angaben werden angefiihrt 
beziiglich einer Korrelation zwischen der Amylaseaktivitat des 
Speichels und der Kariesanfiilligkeit. 

In  eigenen Untersuchungen wurde die Wirkung der Speichel- 
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amylase teils durch den Jodtest, teils durch Analyse der abge- 
spalteten Menge reduzierender Substanz bestimmt. Gute Uber- 
einstimmung zwischen den Resultaten der beiden Methoden wur- 
de gefunden. Die Starkespaltung des Speichels war unabhangig 
von dessen Bakterienflora. 

Die Beobachtungen fruherer Untersucher iiber die Schwan- 
kungen der Amylaseaktivitat zwischen Individuen wurden be- 
statigt, wie auch die Abhangigkeit von der Stimulation. Eine 
deutliche Tagesvariation wurde auch gefunden. 

Die Clearance der Speichel von reduzierenden Spaltprodukten 
wurde studiert nach Zufuhr der beiden wichtigen starkereichen 
Nahrungsmittel Brot und Kartoffel, in einigen Fallen mit der- 
selben Clearance nach Rubenzuckerzufuhr verglichen. Die Re- 
sultate sind in Tab. 7 und Diagr. 5 zusammengefasst und in einer 
abschliessenden Diskussion naher erortert worden. 

L’auteur a revu les donnees de la litterature relative A I’amy- 
lase salivaire et d’importance dans le clivage intraoral d’hydrate 
de carbone et dans la genkse de la carie. E n  particulier, on cite les 
rapports concernant la correlation entre I’activit6 de l’amylase 
salivaire et la frequence de la carie. 

Les investigations faites par I’auteur se rapportent A I’action 
de l’amylase salivaire: elles mesurent cette action de l’amylase 
par le test & l’iode et  par determination de la substance reductrice 
lib6rBe d’amidon. Les deux methodes s’accordent bien. On a mon- 
tr6 que le clivage de l’amidon est independant de la flore bactB- 
rienne de la salive. 

Les essais confirment les observations d’auteurs anterieurs sur 
la variation entre les individus de l’activitb de I’amylase, e t  sa 
dependance de la stimulation de la salivation. Une variation 
diurne se manifeste nettement. 

On a examine l’blimination des produits reductifs de l‘hydro- 
lyse resultant de I’ingestion de pain et de pommes de terres - 
les sources d’amidon les plus importantes -, et on a fait, dans quel- 
ques cas, une comparaison avec 1’Blimination qui suit la consom- 
mation de sucre de canne. Le tableau 7 et le graphique 5 rassem- 
blent les resultats discutes dans la conclusion. 
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