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Investigating to see what effect temperature has on the permeability of the beetroot
cell membrane.

Hypothesis

I predict that as you increase the temperature of the water the test tube containing the
beetroot is placed in, the more permeable the cell membrane will become. This is due
to an increase in kinetic energy meaning the particles will have more sufficient energy
to move around at a faster rate increasing the rate of reaction. Thus more pigment will
leave the cell membrane. I also predict that when the temperature rises above
optimum, the proteins within the cell membrane will become denatured leaving gaps
in the cell membrane, therefore allowing more pigment to leave cell membrane.

Absorbency
A
Temperature (°C)
Apparatus
In my investigation I will be using the following equipment:
e Beetroot

e Size 4 cork borer: so that all the beetroots are same size, as I will not be testing
to see what effect the size has on the permeability

White tile: use to place beetroot on

Knife: to cut beetroot with

Measure the size of the beetroot

Water baths: different temperatures

Ice: to cool temperature down of some of the water baths

8 boiling tubes

8 thermometers for each water bath

Colorimeter to check how much pigment left the cell membrane via the dye
Cuvette to place into the colorimeter

Stop clock: to time each water bath for half an hour

Distilled water: used to put into test tube where beetroot will be

Pipettes for measuring 2 cm® of distilled

Small measuring cylinders to accurately measure distilled water

Procedure

1) I will first of all I will cut a sector of the beetroot using a size 4 cork borer. Eight
Icm length slices will then be cut from the section.

2) The slices will be placed over night in a beaker of distilled water so that excess dye
leaks out not affecting the final result.

3) The following day I will set up eight water baths of temperatures 0 °C, 10 °C, 20
°C, 30 °C, 40 °C,
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50 °C, 60 °C and 70 °C. A boiling tube containing 4 cm* distilled water will be placed
in each water bath and left for approximately five minutes until all the water baths
reach their temperature. One piece of beetroot will be placed into each boiling tube
and left for 30minutes.

4) The beetroot will then be removed and the solution will be shaken well to disband
the dye.

5) The colorimeter will be switched on and set to 0 to read percentage (%)
absorbance.

6) Set the filter to blue/green so the light can be observed more accurately.

7) Use a pipette to measure 2 cm® of distilled water into the cuvette and then place it
into the colorimeter making sure that light is shining through the smooth sides.

8) Set the colorimeter to 0 to read absorbance for clear water. This will not be altered
throughout my investigation.

9) I will then place 2 cm” of the dye (solution) into the cuvette and observe the
reading for absorbency. This step will be carried out for all the different temperatures.

My independent variable is the temperature and this is dependent on the absorbency.
Some risks that should be considered are to make sure that the temperatures do not
change when the beetroots are placed in the water baths, as this will affect the

experiment.

Results
The data was recorded in the following table

Beetroot Temperature (°C) Absorbency (A)
1 0 0.01
2 10 0.02
3 20 0.08
4 30 0.56
5 40 1.28
6 50 1.56
7 60 1.86
8 70 2.09
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Conclusion

Conclusively by analysing my results and graph it is very clear that my hypothesis is
correct due to the absorbency increasing from 0.01 to 2.09 (0°C to 70°C). As the
temperature increases the permeability of the membrane also increases allowing more
pigment to leak out. Due to this reason more light is absorbed with increasing
temperature when the solution is placed into the colorimeter. On the other hand there
is one anomalous result which is for the 40°C temperature as this value does not
follow the general trend. However as I mentioned earlier when the temperature passes
optimum the proteins in the cell membrane surrounding the beetroot become
denatured. This causes the pigment to leak out more rapidly as this leaves gaps in the
cell membrane not having any restriction on the movement of pigment leaving the
cell, which proves my second hypothesis of a large rise in absorbency after optimum
temperature. The reason why the protein becomes denatured is at higher temperatures
all the water molecules vibrate vigorously thus distorting the structure of the protein
(as the shape of the protein determines its function) and eventually destroying the
protein and leaving gaps or holes.

Evaluation

If T were to repeat my investigation I would repeat each temperature 2-3 times to get a
more reliable and accurate result. I would also use 3-4 people who have a constant
watch over all the water baths keeping them at their temperature and not having them
fluctuating. To carry out a different investigation I would use a beetroot from a
different habitat such as a beetroot living in a cold environment and then test to see
what effect temperature has on its cell membrane. In addition I can also test to see
what the proteins optimum temperature is. But overall I carried out a fair test and
think it was reasonable.



