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Abstract
Previous studies have shown that there is indeed a sub-mandibular salivary reflex in
response to olfactory stimuli as well as evidence for control of protein release in saliva by the
human body. This study set out to determine if different olfactory stimuli will cause significant
differences in the presence of salivary alpha amylase in human saliva samples. In a withinsubject repeated measures design, 35 participants gave four saliva samples after smelling
coffee, honey, jalapenos, and pickles. Total protein in each sample was found using a Bradford
assay as well as quantification of salivary alpha amylase using immunoblotting and the software
imageJ. There was not a statistically significant difference shown between the area/µg protein
of each of the four different olfactory stimuli as determined by a repeated measures ANOVA
with a Greenhouse-Geisser correction (F (2.589, 62.145) = 2.434, p = 0.082). Although, salivary
alpha amylase presence was shown to be highest in the sour stimuli (pickles) and lowest in the
bitter stimuli (coffee). Alternate experimental methods are discussed for future studies to more
accurately determine if the relationship between olfactory stimuli and the presence of salivary
alpha amylase exists.

Introduction
Saliva is commonly overlooked as playing a huge role in the digestive system of the
human body. It is responsible for protecting the teeth, protecting against microorganisms, and
interactions with food and stimulating their breakdown in the first step of the digestive cycle
(Neyraud, 2014). Around 90% of the saliva produced in the human mouth comes from just
three paired major salivary glands: parotid, submandibular, and sublingual (Pedersen, et al.,
2002). It has been highly studied that taste is a main stimulant for formation of saliva
(Pedersen, et al., 2002). The taste impulses are carried to the brain by parasympathetic nerves
which then trigger the salivation response (Pedersen, et al., 2002). Taste has been traditionally
divided into five main categories: sweet, salty, sour, bitter, and umami (Neyraud, 2014). Studies
have revealed that the highest salivation response is seen when stimulated with a sour taste,
followed by salt, then sweet, and bitter; umami was not tested in this study (Pedersen, et al.,
2002).
Although there has been much research done on the effects of taste on salivation
responses, the scope of olfactory, or smell, salivation responses and their effects on the content
of the saliva has not been studied to the same degree. The University of Winnipeg concluded,
by exposing subjects to food odors and non-food odors, that there is a human salivary reflex in
response to food odors only (Legoff and Spigelman, 1998). Therefore, there is an olfactorysalivary reflex. Another study by Lee and Linden in 1992 took this information a step further to
find out where exactly this reflex comes from in the oral cavity. Saliva was collected from the
submandibular gland after exposure to six different odors of different types of food as well as

exposure to distilled water. A significant increase in saliva was seen in response to all stimuli
except the distilled water (Lee and Linden, 1992). From this information, Lee and Linden
concluded that there is an olfactory-submandibular salivary reflex in humans. In addition,
studies on the effect of stress of salivary protein alpha-amylase concentration have shown that
protein levels in saliva are regulated by the human body (Nater et al., 2005). From this research,
one can conclude that there is indeed a salivary response to olfactory stimuli and the human
body does indeed regulate protein levels in saliva. The goals of this study are to identify and
quantify salivary alpha amylase in human saliva samples, as well as understand the relationship
between olfactory stimuli and the presence of salivary alpha amylase in human saliva. Alpha
amylase was chosen as the protein of interest because alpha-amylase breaks down
carbohydrates and thus should be very abundant enzyme in saliva (Behringer, et al., 2013).
I hypothesize that upon exposure to different olfactory stimuli such as spicy, sweet,
sour, and bitter there will be different amounts of salivary alpha amylase present in each
salivary sample. In addition, I hypothesize that the sour stimulus will yield the highest amount
of alpha amylase and the bitter stimulus will yield the lowest. Although much research has been
done on the presence of a salivary response to olfactory stimuli in humans, there has not been
studies performed to determine if these salivary responses differ in their protein
concentrations upon the stimulus of varying scents.

Materials and Methods
Saliva Collection
Prior to the collection day, participants (N = 35) were asked to confirm they had no
allergies to the food stimuli in which they would be subjected to. The food stimuli were coffee

grounds, honey, jalapenos, and pickles. Each one of the stimuli were selected because of their
typical taste that differentiates them into taste categories: coffee grounds – bitter, honey –
sweet, jalapenos – spicy/hot, pickles – sour. Participants were also asked to not consume food
one hour prior to the scheduled collection time. Four collection tubes were labeled with
participant number as well as each different stimulus. An oral cavity wash was performed with
distilled water before exposure. Each participant was exposed to their own cup of coffee
grounds for a 10-minute time interval. At the end of the time interval, participants offered a
saliva sample of at least 1.5ml into the corresponding collection tube. Another oral cavity wash
with distilled water was repeated before exposure to honey. This same process was repeated f
or the jalapeno and pickle stimuli. Samples were then stored at -20°C until analyzed.
Each person offered all samples in one sitting and all samples were given in one of two rooms in
Voigt Science Hall on the campus of McKendree University.
Bradford Assay
A Bradford Assay was used to quantify the amount of total protein in each of the given
samples. This technique is simpler, quicker, and more sensitive than the Lowry method of
protein quantification (Kruger, 2002). The Bradford assay, in comparison to the Lowry method,
is also subject to less interference by common reagents and nonprotein components of
biological samples (Kruger, 2002). The assay is reliant on the binding of the dye Coomassie Blue
G250 to protein in the samples.
In this analysis, a standard curve was created using 1mg/ml BSA concentration. A
dilution scheme of 11 standards were made ranging from 0.0mg/ml to 1.0mg/ml by adding the
appropriate amount of BSA and distilled water to equal 100 µl total volume. This was added to

3ml of Bradford Reagent. 100 µl of each saliva sample was also combined with 3ml of Bradford
Reagent. The absorbencies of each of the 11 standards and all samples were then measured
and recorded using a spectrophotometer set at 595nm. The slope from the generated standard
curve was then used to determine total protein in each sample.
1-D SDS Polyacrylamide Gel Electrophoresis
10 % polyacrylamide gels were used during the 1-D gel electrophoresis. The Smart Dual
Color Pre-Stained Protein Standard from GenScript was used as a standard in each gel. This
standard was selected because the pre-stained proteins ranged in size from 14kDa to 100 kDa.
The protein of interest, alpha amylase, falls in the middle of this range at approximately 55 kDa
(Iontcheva et. al, 1997). Each of the 7 proteins present in this standard are at concentrations of
0.4 µg/µl. Using the total protein determined from the Bradford assay, the maximum amount of
protein per individual was loaded into each well. This means within any one individual, each
well containing samples from the four stimuli would have the same amount of total protein, but
there would be differences in total protein loaded between individuals. 10 µl of the standard
was loaded into the corresponding well. Two participants samples (8 total) samples were
loaded onto each gel. The gels were run at 200V for 30 minutes per the Current Protocols in
Cellular Biology handbook (2007).
Immunoblotting and Immunodetection
After the electrophoresis of the gels were complete, a Western Blot was performed on
each of the gels to determine the presence and quantity of the protein of interest, salivary
alpha amylase. The proteins on the gels were electrophoretically transferred to nitrocellulose
membranes by creating an immune-blot sandwich and running at 20V for 2.5 hours (Gallagher

et. al, 2011). After the transfer of the proteins to the nitrocellulose membrane, each membrane
was submerged in 25ml of blocking buffer (1X Tris Buffered Saline with Tween and 5% w/v nonfat dry milk) for 30 minutes on a rocking platform. . The blocking solution was then discarded,
and the membranes were subjected to 10ml of a 1/1000 dilution of Anti-Alpha Amylase
(polyclonal Rabbit) primary antibody for 15 minutes on a rocking platform. The membranes
were then washed with 50ml of 1X TBST. An incubation with 10ml of a 1/200 dilution of AntiRabbit secondary antibody was subjected to the membranes for 10 minutes on a rocking
platform. The blots were then washed again with 50ml of 1X TBST. A final incubation with HRP
(Horseradish peroxidase) substrate produced color development that was recorded by picture.
Quantification of Protein
Digital images from the immunodetection were further analyzed to quantify the amount
of salivary alpha amylase in each sample. The software “imageJ” was used to quantify this by
using densitometry to measure the intensity of the bands of interest. This software used the
area underneath a curve representing the density of the bands as a means for quantification.
After each band from all samples was analyzed, the data was normalized by calculating the area
per µg of protein loaded. It should be noted that only 32 of the participants samples were able
to be analyzed to due to budgetary constraints.
Statistical Analysis
After the collection of the data, outliers were removed. The data sets from the Bradford
Assay and the Immunoblot detection of salivary alpha amylase were then analyzed using a oneway repeated measures ANOVA, respectively, by using SPSS. The repeated measures analysis of
variance (ANOVA) was used to determine whether there are any statistically significant

differences between the means of two or more related groups using a critical level of 0.05 (i.e.
amount of salivary alpha amylase between the four different stimuli). The Mauchly’s test of
sphericity was performed to test whether the variances between each group were equal. A test
of normality was also performed to test if the data followed a normal distribution of a bellshaped curve.

Results
Bradford Assay
The data collected from the Bradford Assay (total protein of each sample) was analyzed using a
One-Way repeated measures ANOVA to test for differences in total protein concentration
between the four different stimuli (Table 1). There was not a statistically significant difference
between the total protein of the four different stimuli with a Greenhouse-Geisser correction (F
(2.258, 76.789) = 0.508, p = 0.626).
Table 1
Results from the one-way repeated measures ANOVA for the Bradford Assay. Noted values are
highlighted.

Immunoblot and Detection

The blots resulting from the 1-D electrophoresis and sequential Western Blot were analyzed
using the imageJ software. Figure 1 shows one of the blots that were analyzed to determine the
density of the bands representing salivary alpha amylase.
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Figure 1: Immunoblot of two participants (19 & 20) along with two identical standards in the
first and last lanes. The eight middle lanes represent the detected amount of salivary alpha
amylase in each sample. The molecular weights of the standard lanes are labeled.

The means of the area/µg protein between the four groups of different olfactory stimuli were
calculated then analyzed to determine if there were any differences. There was not a
statistically significant difference between the area/µg protein of each of the four different
olfactory stimuli as determined by a repeated measures ANOVA with a Greenhouse-Geisser
correction (F (2.589, 62.145) = 2.434, p = 0.082). Samples from the coffee, honey, jalapeno, and
pickle stimuli had means of 2690.1 (n = 25), 2938.3 (n = 26), 3592.3 (n = 29), and 4023.0 (n = 27)
respectively (Tables 2 & 3).

Table 2
Descriptive statistics for each of the four groups of different olfactory stimuli. Noted values are
highlighted.

Table 3
Results from the one- way repeated measures ANOVA for the Immunoblot detection of salivary
alpha amylase. Noted values are highlighted.

Each stimulus was plotted vs. the mean area/µg of protein for each. Standard deviation bars
were included to show variance within groups (Figure 2).
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Figure 2: Graph showing the stimuli vs. the means of the area/µg protein. Standard error bars
show high variation between groups. Stimuli labeled with the same letter are noted to not be
significantly different from others with the same letter. Mean values are reported underneath
respective stimulus.

The data collected from the Immunoblot detection was also subject to a test for normality, the
normal distribution of data points, as well as a test for homogeneity of variance, whether the
variances between each group were equal (Tables 4 & 5).

Table 4
Outputs from testing for normal distribution of data points. Significance values form the
Shapiro-Wilk test for normality are highlighted for each stimulus.

Table 5
Mauchly’s test for sphericity or normal variance. The significance value is highlighted.

Discussion

The aim of this study was to investigate the production of salivary alpha amylase in
response to different olfactory stimuli. The results were unable to show a difference in the
means of each group by statistical analysis using a one-way repeated measures ANOVA (p =
0.082). There was no relationship seen between stimulus and the amount of total protein given
in a sample (p = 0.626) as given by results of analysis using a one-way repeated measures
ANOVA on the data collected from the Bradford Assay protocol in the research study. This
would lead one to conclude that different types of olfactory stimuli (bitter, sweet, spicy, sour)
do not have an effect on the amount of salivary alpha amylase produced in humans.
These results contrast the main original hypothesis that was based upon evidence of an
olfactory-submandibular salivary reflex in humans (Lee and Linden, 1992). The results from the
following test should be noted. The test for sphericity of the data, or the normal variance of the
differences across groups was not statistically significant, p = 0.309. This allows for the
acceptance that the data had normal variance. In addition, the Shapiro-Wilk test for normality
showed that only the data collected from the coffee stimulus and honey stimulus followed a
normal distribution (p = 0.282, p = 0.062 respectively). The significance values for jalapenos and
pickles (p = 0.005, p = 0.010 respectively) rejects the null hypothesis that the data is normally
distributed. Although, lack of normal distribution does not immediately lead to invalid results.
An ANOVA requires only approximately normal data because it is robust to violations of
normality. This output does not take the same weight in interpretation as other statistical tests.
Post hoc tests using the Bonferroni correction revealed that there was the most
difference between the means of data collected from coffee stimuli and pickle stimuli (2690.1 ±
1482.7 area/µg protein vs 4037.1 ± 2483.4 area/µg protein, respectively), but was not

statistically significant (p = 0.086). Although not significant, this data combined with the means
of each stimulus group does correlate with an additional original hypothesis stating that
samples from sour stimuli (pickle) will have the most salivary alpha amylase while samples from
bitter stimuli (coffee) will have the least salivary alpha amylase. This hypothesis was based on
previous studies about salivary responses to olfactory stimuli (Pedersen, et al., 2002).

There are a few design elements of the study that could be potentially affecting the
results of this study and could be changed in further research on this topic. Each person gave
samples in all four of the stimuli data sets. This violates independence of observations, which
means that there is actually a relationship between each group because each participant was in
all four groups. This requires the use of the non-parametric one-way repeated measures
ANOVA. If this experiment would be repeated, having more participants and each participant
only smelling one olfactory stimuli and only giving one saliva sample could be suggested. In
addition, no saliva samples were collected before smelling the olfactory stimuli, thus there is no
control to see if total protein content in the saliva changed in response to the olfactory stimuli.
In future experiments, a control should be added to confirm that the salivary response due to
olfactory stimuli is indeed present as indicated by past research. Further studies should
investigate if these changes in experimental design have an effect on the significance of
olfactory stimuli on salivary alpha amylase. This research could help in providing possible
causes of many disorders and diseases relating to saliva. Saliva is a key component in taste
sensitivity (Matsuo, 2000). Taste dysfunction disorder is a taste anomaly that deals with sensory
functions that affect health not only through effects on intake of food, but also because of the

loss of morale accompanying the loss of an important source of pleasure – taste (Bartoshuk,
1978). Salivary proteins also play a huge role in protecting the oral cavity, so with a better
understanding of salivary proteins such as when they should be present and in what amount
could be helpful in treating those who have disorders that have diminished their oral cavity
defenses (van Nieuw Amerongen, et al., 2004).
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