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The secretion of saliva has digestive functions and is stimulated
by (chemo)sensory input from food (Epstein et al., 1996). The

amount of salivation can be an index of various psychological
and physiological conditions. For example, hunger, palatabil-
ity of food and eating disorders have been found to affect sali-
vary secretion (LeGoff et al., 1988; Epstein et al., 1996). Also

emotions like anger and fear can influence salivation. There-
fore, measuring the amount of salivary secretion is an impor-
tant tool in a wide research field.

Several techniques have been developed to measure saliva-
tion. An easily and frequently used method is the absorption
of saliva by rolls of cotton. The weight of these rolls is deter-

mined before and after the measurement. This method has
proved to be valid, reliable and sensitive (White, 1977). How-
ever, some adverse aspects of the procedure can make it less

suitable. It is not appetizing to keep dental rolls in one's
mouth, it is always necessary to interrupt the experimental
procedure in order to insert and to remove the rolls and, fin-
ally, just the pressure of the rolls on the salivary glands can pro-

voke a salivatory response, thus affecting the reliability of
the experimental data.
Another technique is to measure the frequency of swallows.

This can be determined by counting peaks in the electromyo-
graphic activity of the musculus digastricus. This technique
allows effects on the timing of salivatory response to be mon-

itored and it is not invasive or reactive, as is the cotton roll
method. Experiments show that data collectedwith this techni-
que correlate well with those obtained with cotton rolls, pro-
vided that certain precautions to prevent movement artifacts

are taken (Pomerleau et al., 1983; Nederkoorn et al., 1999).
An interesting alternative methodmight be electrophysiolo-

gical measurement of the activity of the parotid gland (Davis

et al., 1990, 1996). An electrode is placed on the cheek, to lie
over the parotid gland, and is referenced to the mastoid pro-
cess. A peak in activity in response to lemon juice has been

reported, with a latency of 2.5±3 seconds, the highest peak
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around 3.5±7 seconds and recovery between 13 and 25 seconds
(Davis et al., 1990). This response was reliably higher than

that to water, and the initial report suggested a correlation
between the recorded potential and salivary flow. However,
further validation of thismethod is lacking. Since this noninva-
sive procedure may provide more than one index of the pro-

duction of saliva, it seems worthwhile to test its validity and
sensitivity.
The experiment briefly reported here was designed to test

these three methods and to compare their results.
Forty-eight subjects participated, 24 women and 24 men.

The participants were instructed not to eat anything nor to

drink coffee for three hours before the experiment. None
reported having a cold or any trouble smelling the stimuli. Sal-
ivation was measured with three dental rolls, one placed sub-

lingually and two placed buccally. Physiological recordings
were sampled at 500Hz. Swallowing was measured by two
Ag-AgCl electrodes, attached 1.0±1.5 cm from each other
under the left jaw, below the anterior part of the musculus di-

gastricus. A reference electrode was placed on the left mastoid
process. Epochs with artifacts like coughing were removed.
All signals were visually examined; after removal of any cues

to experimental conditions, the first author counted the num-
ber of swallows. Parotid activity was measured by two Ag-
AgCl electrodes, attached to the right-hand cheek over the

parotid gland, also placed 1.0±1.5 cm from each other, with
a reference electrode on the right mastoid process. Raw elec-
trophysiological activitywas recordedbetween 0.01 and10Hz.
Each measurement lasted two minutes and was made

twice. Salivationwasmeasured first with dental rolls and after-
wards electrophysiologically (in counterbalanced sequences),
because the two types of method interfere with each other

(Nederkoorn et al., 1999). Between each measurement, the
subject took a sip ofmineral water and a 2-minute break. Base-
line measurements were made at the beginning and end of the

experiment.
The subject received four different stimuli in succession: a

freshly cut lemon, chocolate, lasagna heated in a microwave,

and chips of wood. Each stimulus was presented on a plate
covered with a dish, which was removed at the start of a meas-
urement. The order of the four stimuli was counterbalanced
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Figure 1. Measurements of salivation (means with SEM
bars) during the initial baseline, the four exposure periods
and the final baseline. Upper histogram: increase in weight
of cotton rolls. Lower histogram: swallow frequency.
**p< 0.01, *p< 0.05, #p< 0.06.
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across subjects using a Latin square. In total, 12measurements
of 2min were made on each person.
The electrophysiological data of six women and one man

were not recorded properly and are not included in the ana-
lyses. The differences between stimuli were tested by ANOVA
for repeated measures; when the overall effect was significant,

contrasts with the first baseline were specified.
In the recordings from the parotid gland, a peak in electrical

activity was expected in response to the salivation-provoking

stimuli. However, the signal oscillated around zero and did
not seem tobe influenced by the stimuli. Because nopeak could
be measured, the mean activity was calculated for the first
30 seconds (during which activity was expected to rise and

fall). No significant influence of the stimuli was found,
F(5,36)� 0.6.
In the dental roll method, the salivatory response was

significantly influenced by the different stimuli (Figure 1),
F(5,36)� 5.9, p< 0.001. Relative to the initial baseline, sub-
jects salivated more to lemon, F(1,40)� 13.3, p< 0.001, and

marginally less to wood, F(1,40)� 3.8, p� 0.057.
The swallowing frequencies also showed significant varia-

tion among the salivatory responses to the stimuli (Figure 1),

F(5,36)� 7.0, p< 0.001. Compared to the first baseline, sub-
jects salivated more during exposure to lemon, F(1,40)�
16.1, p< 0.001, and lasagna, F(1,40)� 4.8, p< 0.05, and mar-
ginally less to wood, F(1,40)� 4.0, p� 0.051.

Weight gain of cotton rolls and number of swallows were
tested for correlations between the differences from initial
baseline. The correlation was not significant during exposure
to wood (r� 0.11), approached significance during exposure

to lemon and the final baseline (r� 0.30, p� 0.062; r� 0.30,
p� 0.067) and was significant during exposure to chocolate
(r� 0.33, p< 0.05) and to lasagna (r� 0.39, p< 0.05).

Thus the signal obtained by electrophysiological record-
ing from the parotid gland did not match the descriptions
of Davis et al. (1990, 1996) and was not influenced by the

salivation-provoking stimuli, although the other two methods
indicated that saliva was produced. To check if Davis et al.
(1990) described a peak in a rectified and integrated signal of
higher frequency, instead of the raw signal, recordings were

made with band pass filters between 10 and 500Hz, rectifying
and integrating the signal; no parotid activity was revealed.
Therefore it can be concluded that electrophysiological mea-

surement of activity of the parotid is not a reliable or valid
method of measuring salivatory responses to stimulation
by food.

Both the dental roll method and the swallowing method
differentiated between the stimuli. The correlation between
the twomethods was not as high as in earlier research (r� 0.57

in Nederkoorn et al., 1999), but reached significance or nearly
so, with the exception of the wood stimulus to which there
was low variance because of general lack of salivatory res-
ponse. This experiment therefore reconfirms the validity of

swallowing frequency as a measure of salivation.
Choice between the two methods will depend on the experi-

mental needs. When electrophysiological apparatus is avail-

able and it is important for the measurement procedures
not to influence appetite, counting swallows is recommended.
When themeasurements are made outside a laboratory setting

or the subjects cannot sit quietly and relaxed, the dental roll
weighing method is recommended.
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