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Abstract

In this experiment I will be looking at an unsolved question of: “Does the concentration of |
amylase affect the eating speed and beverage intake of an individual while eating?” My Z v
hypothesis is that amylase will affect it. The eating speed is defined as how long the individual
takes to eat one slice of pizza. The concentration { amylase pertains to the general amount of
" amylase in that individual’s saliva. Beverage intake on the other hand, is defined as the amount
of beverage drank while eating the slice of pizza because of thirst. I will be explaining further in
this paper the general concentrz;t;m amylase and the beverage intake. 1 have produced a
procedure in which I can test this. A summary of the procedure is picking out testers to eat a slice
of pizza, and while they are eating | will be timing how long it takes them to finish a slice of
pizza. As soon as they have finished I will take their beverage, Crush Orange pop in this case,
and measure the remaining with a graduated cylinder. In the lab I will be using Benedict’s
reagent, some starch soluble, and my tester’s saliva to get a color which will tell us how much
amylase was in the saliva. Then I will be comparing each tester’s saliva solution color to
determine who has a higher amylase concentration. In the end, the result came out to be similar
to my expectation, the amylase did have an effect on the cating speed and the beverage intake of S

an individual, but the way it affected it was different. Thus I concluded that amylase alone had

no effect on the eating speed and beverage intake.
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Introduction

During our lifetime we eat many things: bitter, sour, salty, sweet, or a combination of these.
We sometimes eat these alone, sometimes with our families, friends, strangers, and bosses or
with others. While eating with other people, we sometimes notice things such as eating habits,
preferences, or eating speed. Most individuals generally notice other people’s eating speed in
relation to theirs. For example: let’s say Mark and Eric are sitting at a table eating. They would
both be busy eating their own food at first. Sooner or later, Eric finishes his food, and looks at
Mark and notices that Mark eats slower than him. This would be a typical case when eating with
another person and happens more than often in the school’s cafeteria. Everyone would be eating,
and someone finishes their food first, and waits for everyone else. It becomes clear that this

person eats really fast.

Situations similar to this have happened to me. In school, we would be eating, and all of 2
sudden everyone around me has finished their food. I’'m one of the slower eaters. The faster
cating people would point out that I'm eating slow by saying something like, “Peter, you eat so
sfow”. I’ve heard this many times. Although it does bother me sometimes, but 1 like to enjoy my

food and savour the taste of it rather than just shoving it down my throat. 3
Bl
L

and beverage intake of an individual while eating? Amylase is ;:;;;;me ;hat exists in our saliva.
It breaks down starch (polysaccharides) into simpler sugars (disaccharides and eventually into
monosaccharides). When an individual ingests food and chews it, they are adding and mixing
amylase into the food they’ve ingested. This will allow the amylase to react with the starch in the
food and convert the starch. This would allow the individual to emulsify the larger starch into  ~

smaller pieces of monosaccharides, which would be easier to swallow.

Amylase concentratmn is determined by genetics (Hjorth). Aithough it is determined by
genetics, it fluctuates over time (Hjorth). If you eat starch hea u food then your body will
automatlcajly start makmg more amylase to digest that starch. Since amyiase is also made in the
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increase is very minute, while the increase in the pancreas is high compared to the changes in the
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saliva. This is because amylase from the saliva is only used up until the amylase gets denatured

__in the stomach. After the @y@e enters the small intestine, the pancreas injects pancreatic fluid.

This would eventually make all starch into monosaccharides and doing this would make the
starch small enough that the cells are able to absorb it,

As I have said before, amylase concentration is determined by genetics. For salivary amylase
the genes AMY 1A, AMY1B and AMY 1C determines the output. There can be more than 1
copies of this gene. Depending on the amount of the copy, it determines the amount of amylase

you produce. It is thought that this gene is copied again and again because of past ancestral diets
(Perry).

The saliva secretion rate is a whole different matter. It fluctuates greatly at different times.
When you’ve worked the whole day and go home to see your parents preparing a delicious meal
for you, you start to salivate. Certain smells can also increase salivation, but this usually happens

when you’re hungry.

[ think that since the digestion happens quicker if you have more amylase, which would mean
it would increase your eating speed, and this would also increase your beverage intake while
eating. The beverage intake I am talking about here is the thirst created by the food being eaten.
This thirst is usually created by a lack of water in saliva which I will explain soon. Going back to
my hypothesis, I think that if you have more amylase your eating speed would increase because
the amylase emulsifies the starch making it into small pieces, and this allows you to swallow
your food more easily. A good analogy would be eating Rockets (round pieces of candy) or
eating powdered Rockets (same candy, except crushed). You would have to chew the normal
Rockets to make them smaller and then swallow, whereas the powered Rockets will simply mix
with your saliva and you can just swallow your saliva. From here, | can explain the reason why
having more amylase would need to increase the beverage intake, and heighten your thirst.
Saliva is about 99.5% water (McCloud). This would mean that about 0.5% is things other than
water. Amylase is one of those. This means that if the concentration of amylase is increased, then
there will be less water. Having less water would lead to less water mixing with the food. There
will be less water to lubricate the food to make it go down your oesophagus. In the first steps of
digestion which is making a bolus, the mouth chews and grinds food until it is broken enough to
make a ball. Then it is moistened with water (saliva) so that it will lubricate the bolus and help
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the bolus go down the oesophagus (Turner). So, you would need to increase your beverage
intake while you eat to make up for that lack of water in your saliva. Therefore I think that
having more amylase would increase the speed of eating and increase the beverage intake while

eating. This should also work vice versa if my hypothesis holds true. N»rﬁi’*f pﬁ
7’ A r*\
Apparatus and Material W )

The apparatus and materials you will need for testing this question are as fol lows: M

1) ‘X’ number of testers (\K (o™
2) ‘X’ number of pizza }W’K
3) X’ number of Crush Orange pop

4) A stopwatch

5) Benedict’s solution

6) 3 Beakers (250mL)

7) Two droppers

8) *X’ number of Test tubes

9) Test tube rack

10} lodine solution

11) Starch soluble

12) A hot plate

13) Water or distilled water. (will make no difference)

14) Graduated cylinder

Procedure for Data Collection and Possible variables Affecting the Procedure

The method of collecting the data for this experiment is to get some human test subjects. I have
chosen 9. I thought that 9 would be fine, because it’s a number that would give me a good
average if I picked the people randomly from a small population such as the people in IB in
grade 12 at our school (roughly 20 people). To lessen the factors that would affect this g/
experiment I"ve chosen people who are around the same age and males (I am not being sexist,

but I do have a deadline). Once the subjects have been chosen, chose a food they will eat. The
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food will have to be roughly the same size. I’ve chosen slices of pizza. All of the ones my testers
/ ate were roughly the same size. As for the beverage, I’ve chosen a 355mL bottle of Crush orange

f pop because of my tester’s preferences; otherwise, any soft drink would have been fine.

|

; Once you’ve chosen the food and testers, all you have to do is to give them a slice of pizza and
!

\ | " pop and let them eat it, but remind them to eat it normally, otherwise they’ll mess up the data by wé@
% Y it

trying to eat it fast. While they eat, you’ll need to time them from their first bite until they’ve

3
1

. shown you their mouths that they’ve swallowed their food. Then measure and record how much
1

pop they’ve drank. This will indicate their eating speed and their beverage intake while eating. @V

Once you’ve acquired the eating speed and beverage intake, yvou’ll have to get their saliva,
Before you get their saliva, it would be for the best to wash their mouths, so that “other things”
will not hinder our data. It would be even better if you did this part of the lab before the eating
part. Also make sure that they have had nothing to eat or drink for two hours prior to the

collection of saliva. Getting about 2~5mlL of saliva should ensure a good result, Now, to the lab.

For the lab, you will need a hot plate for heating the saliva solution, some beakers and test
tubes, Benedict’s reagent, and starch soluble. First of all, you will need to gather the materials
and apparatuses of the lab. Set up a hot water bath with the hot plate and a beaker and let it boil.
While the water is heating up, mix the starch soluble with water to make a starch solution so that

it will be easier to mix with the saliva. Then mix 2ml of saliva with 2ml. of the starch solution in

a test tube. Mix well, and hold it in your hand or keep it warm for about one minute so that the
amylase will react faster wm{‘;h the starch. Then add about 3mL of Benedict’s reagent and mix
well. The color should be clear blue, and the solution may be a little bit transparent at the top.
When the water is boiling, put your solution in and leave it for 5 minutes and no more otherwise
you will get a false positive result. As you wait, there should be a color change. Afier 5 minutes
are over, mix the solution a bit. Then note the final color, or take a picture. Repeat this process

until you have completed this with all of your tester’s saliva.

Depending on the color it changes to, the solution will tell us how much amylase is present. If
the Benedict’s reagent remains a clear blue and there is no precipitate, it suggests that the starch
has not been converted to sugar, so there is very little or no amylase. If the color changes to a red,

then there are high amounts of sugar present. This would also signify that there are lots of



amylase in the test saliva and are working on breaking down the starch. Here is a color chart to

explain the effects of Benedict’s reagent on glucose:

Table 1
"""" 0 | *Ble e
+ [ Green Some
e E Yellow 'E More :
++ | Omange | Much
_H-H; IIIIIIII Red ; Most
E Color %SYﬂ?bOl %Description %Amoun’t of Amylase Activity
;

i : TEe i
] '* blue = 0 (no precipitate; no color change) |
] i
Fable izken from http:/feaamson.keancdu/~breid/enzyme/enzyme html, the tab procedure is alse tak

from there,

Although the concentration gf amylase cannot be determined numerically, we can roughly
judge by the difference by color. This color change happens because of the interactions of the
Benedict’s reagent with glucose. Certain sugars are called reducing sugars because of their
ability to reduce and act as a reducing agent. Here are some examples of reducing sugars:
Glucose, Fructose, Lactose, and Maltose (Wikipedia). Since Glucose is a reducing agent, it is
able to reduce the copper in the Benedict’s reagent, which is represented by the “plus” signs in
our table. The more “plus” signs means that more copper are getting reduced and that there are
more glucose in our solution, this forms a precipitate containing copper. This precipitate is what
makes our solution redder and redder as there are more glucose, and by extension, as there is

more amylase, because amylase is what is converting starch into glucose. P‘-«m
[N

This procedure works for the data collection for my extended essay topic because I need a
general measure of amylase concentration in human saliva along with time required to eat
something (pizza) and the amount of beverage drank while eating. With these values I am hoping
to find a general pattern where higher concentration of amylase would yield faster eating times
along with more beverage intake. The general amylase concentration would mean, in this paper,

that we have a grasp of who has more amylase and who has less. We do not need a completely



accurate measure. We only need to know something like this: A has more amylase than B, A eats
faster than B, A drinks more pop than B. We can conclude from here that since A has more
amylase, it increases his eating and increases drinking whereas B has less amylase so he eats
slower and drinks less. This table helps us with this. It basically says that the redder the selution

the more amylase you have than a guy with a bluer solution.

The control of this experiment would be a solution containing only the Benedict’s reagent,
starch and water, The solution is a clear blue before and after being heated. It is a bit like the
solution before heated that‘s presented in the Data Acquired portion, but it is clear blue with no
white at the top and there are bits of un-dissolved starch at the bottom.

Also for the sake of simplicity I will be using letters as the names of the individuals I have used

for this experiment.

Data Acquired and Processing




An example of the solution containing Benedict’s reagent, saliva, and glucose before heated:

Figure 1

This is what the solution should look like before heating and a color change. This is the solution
containing the saliva of tester A before heating. It should serve as a guide should you want to
testit.
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The results when the solutions are heated and mixed:

) Figure 3
Figuie 2 : K

T

Tester A Tester B
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Tester C Tester D
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Figure 6

Tester E
-Figure 8
Tester G
Figure 10
Tester |

_Figure 7

Tester F

Figure §

Tester H
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Table 2

Tester Letter | Time Beverage drank | Final color of solution | Description of final col
(minutes :
seconds)
A 7:29 13ImlL Orange green
B 7:18 79mL Kiwi green
C 18:43 274mL Orange
D 11:06 288ml. Dark orange
E 14:25 336mlL Orange
F 17:53 268mL Dark Orange
G 12:59 355mL Light orange
H 8:35 253mL Dark Orange
I 5:55 152mL Dark Orange

In this table of data we are able to compare the final color of each person’s solution. The way
to interpret this table is that the time would indicate how fast a person will eat a slice of pizza.
Then there is how much pop they had to drink because of the thirst created by eating pizza. Then

there is the color of the solution. The color of solution can be read that the redder or browner the

o ™



color becomes, there is more amylase. As I have explained above in procedure, along with table
1, that the glucose reduces the copper in the Benedict’s reagent, which makes the isolates the

coppet, and thus exposing the copper and making the solution red.

By using table 1, which I have included in the procedure, I will highlight some of the ‘extreme’
cases of amylase presence of lack thereof. In my data, tester A would have very low amylase
contents in their saliva. This is proved because we did a test and their color came out to be a mix
between an orange and a green but more so and the green side. In table one this would be close
. We can see that not many copper has been reduced by glucose. This is because there

B R
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wasn’t enough glucose to make this solution any redder than it is now. In this case, tester A has

‘more’ amount of amylase activity, and this is because tester A has ‘more’ amylase.

Tester B has even less amylase than tester A. Tester B has a Kiwi green color. Looking at table
. Here, very little copper in the Benedict’s

1, we can say that his color is closest to being [€fSa8
reagent has been reduced, that is why it is green. The amount of amylase this person had was not
enough to produce any more glucose to reduce any more copper. This would mean that tester B

has ‘some’ amount of amylase activity, because he has ‘some’ amylase.

Tester G has moderate amounts of amylase. He has a light orange color. Looking at table 1, we
His amylase converted enough starch into glucose

—— ., e ——
——— "

can say that his color was closest to (@GR
that the amount of glucose converted was able to interact with the copper in the Benedict’s

reagent to make an orange color. Tester G has ‘much’ amylase activity, which leads to having /

/

‘much’ amylase. ;.
i
!

Finally, Tester 1. This person had the reddest solution of all. This person had dark orange, and ,.J'

was very close to red. This person’s color was closest to a [{§8% in table 1. That would mean that L

his amylase has converted a lot of the starch into glucose allowing those glucose to interact with

the copper in Benedict’s reagent. Tester I has ‘most” amylase activity, which leads to having

‘most’ amylase.

As you can see, most of the tester’s amylase falls either in orange or red other than tester A and
B which I have mentioned above. If you use the method I used for the 4 people above for

classifying, the order from least amount of amylase to most amount of amylase is: B, A, D, G, E,
C, K, 1, and H. Seenr 7
o dea ﬁ) a4



With this data we are able to set up a time vs. beverage drank graph. The x axis representing

time and the y axis representing the amount of beverage drank:

Graph 1 (Drawn with Microsoft Math)
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In this graph we can see that there isa deﬁmte correlation between eating speed and beverage

it

see that D, A, D, G, E and C went up as amylase content went up. 1 HandF however ere ){]f

random and did not follow a pattem. We can say that these are random errors. “Therefore, we
[
conclude that, as the concentration of amylase goes up, the eating speed goes up, and so does the 7

(
amount of beverage drank. Aﬁ-f
S
Of course this is not true in every case, but I am speaking in a general manner. If we put a best
fit line, the line would have a positive slope. It would generally look like this:
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Graph 2
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‘The red line is the Best Fit line

We can see here that there is a general positive relation between these two variables. The slope

o ]

of the red line is obviously positive althoughjéﬁdiﬂicult to de%gﬂmww
; Al Lo :

slope of the function. The important thing is that the slope is positive and that there is a positive
relation between these two variables.

Analvsis and Evaluation

Salivary amylase, called ptyalin, is constantly being produced by the salivary glands. It is an
essential enzyme where it hydrolyzes starch into smaller sugar compounds such as maltose or
glucose. Amylase is an enzyme that exists in almost every mammal (Encyclopa:dia Britannica).

It is THE enzyme used for the breakdown of starch.

Amylase is one of the most important enzymes in the human body. Without it we would not be

able to break down starch, into small monosaccharides. Since most large starch is insoluble, we /"
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would not be able to transport it throughout our body. We need sugar in our brains for it to
function properly. It is tested that sugar is needed in our brains when we use certain parts of the
brain (The Franklin Institute). We need a constant supply of amylase in order to breakdown the
starch that is consumed; otherwise there will be a build up of non soluble starch and will just

pass through the digestive system rather than being absorbed by the cells to be reallocated to the
. g i e o it g“uq iy
brain or other parts of the body. P bl A e SR P Espladtt

If we take a look at the data we can see that there is a general trend, as I have mentioned before,

!

{ of the amount of beverage drank being dependant on the time it takes to eat. So, as a person takgz

. . /L» i
\5/ \ longer to eat, they tend to drink more pop. | W G cu:/{— N

et ‘44-561-‘2/3 P S
N As | have explained that the trend of the amylase content has a direct relationship. Since we

(1\ N i treated I, H, and F anomalies, we are left with B to C. They had a distinct relationship with both
% wf” ‘ of the variables mentioned. This meant that as amylase concentration went up, the eating speed
; ,/f | went up as well as the beverage drank. This would suggest that as amylase concentration goes up,
/

i
a

%
L
H
H

everythmg else goes up as well. Because of this, my hypothesis is ineffective.

A possible explanation for this is that amylase actually slows down the eating speed. This
could be because lower amylase concentration in saliva gives yield to a higher water
concentration. This water would mix with the food and would make it easier for the mouth to
make a botus {TurnerDelia). This would make it easier to swallow your food, which would add
to your eating speed. If you have more amylase it means less water. You would lack water to mix
with the food to make a bolus. This would make you drink water (pop on our case) so that the

water would mix in with the food to help make a bolus, thus making up for that lack of water.
gf,;/f,’:f,%' i { f ) et Fher

Conclusion

With the data collected and a rejected hypothesis, I set out to do another lab such as this with a
- new hypothesis. In the end, my data did not match my hypothesis. It came clear to me that the

amylase itself had nothing to do with the eating speed, because salivary amylase does not impact
a whole lot short term wisewé soon as we swallow food, salivary amylase can have no cffect on

our eating speed no matter what. Because one bite of food remains.ifi our mouths for 2 minutes
tops, amylase does not have enough time to work on the food. is why amylase has no direct

- e



effect on eating speed. But, it can affect the eating speed by simply existing or not. As I have
explained in my hypothesis and my analysis, more amylase means less water and vice versa.
Water is the thing that directly affects your eating speed. This is because water lubricates the ¢
food and makes it into a bolus which makes is easier to go down the oesophagus (TurnerDelia).
This is still only in its hypothesis stages; therefore there will be more testing in the future about
this.
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UMMI r\.({— éj"" D knowledge and understanding @ 4
M E reasoned argument E 4
| F analysis and evaluation n =
‘/;1& M 66 ﬁz‘» G use of subject language ) 4
‘ | i 1]
H conclusion 2
ok, Cak™ _ -
pm,) LS P2 I formal presentation ’Z 4
M Oflﬁf J abstract E_J 2
(e U

]}’_ . P T K holistic judgment
Apar %ﬂﬁﬁ
L Total out of 36

. ﬁ'&
P

Name of first examiner: Examiner number:
(CAPITAL letters)

Name of second examiner: . Examiner number:
(CAPITAL letters) *




