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Experimental Procedure

Important Notes Before You Begin:

Be sure to read the Science Buddies Chemistry Safety Guide (http://www.sciencebuddies.org/science-fair-projects/references/chemistry-safety) before you begin. Follow the safety
rules, below, while doing the tests:

Wear disposable gloves and cover all skin to prevent irritation from vinegar, or the chemicals bipyridal and sulfites, which are in the iron indicator tablets.
Discard gloves and wash your hands after performing the tests.
Work in a well-ventilated area.
Wear safety goggles while working with chemicals to prevent liquids in the test tubes from splashing into your eyes.
Note that the iron indicator tablets contain a small amount of sulfites, which may cause allergic reaction in people who have asthma. Details about the iron
indicator tablets can be found in the kit manual.

Preparing Your Test

In this science project, you will test how quickly iron in almond flour dissolves in solutions of different pH levels to model how the iron dissolves in a control
environment, a full stomach and an empty stomach.

A first solution will have a neutral pH (pH = 7). It is used as a control solution, to show the baseline for this science test. It will show how quickly iron dissolves
if no acids are present. It is interesting to note that this is also an environment similar to the intestines. Distilled water from an unopened bottle has a pH of 7.
When left exposed to air, distilled water will turn slightly acidic.
A second solution will have a medium acidity (pH around 4). This models the conditions found in a full stomach. You will dilute vinegar with distilled water to
obtain this solution.
A third solution will be very acidic (pH around 2.4). This models the conditions found in an empty stomach. Pure vinegar will be used for this.

Copy the following table into your lab notebook. You will use it to record your measurements.1. 
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Amount of Iron
Dissolved in the Solution

Trial 1
(min)

Trial 2
(min)

Trial 3
(min)

Average
(min)

Control
(pH around 7)

.5 ppm

1 ppm

5 ppm

Full Stomach
(pH around 4)

.5 ppm

1 ppm

5 ppm

Empty Stomach
(pH around 2.4)

.5 ppm

1 ppm

5 ppm

Table 1. Table in which to record the amount of time —expressed in minutes (min) —that it takes a certain amount of iron (expressed in ppm) to dissolve.

Set up your work space:
Choose a table or work space that will not be damaged by any accidental spills of water or vinegar.a. 
With the permanent marker, write "C" for "control" on your first test tube, "F" for "full stomach" on your second test tube, and "E" for "empty stomach" on
the third test tube. Note that the kit contains one more test tube, which can be used in case one breaks.

b. 

Set out three clean, empty drinking glasses, identifying each with a sticky note (≈ means "approximately"): one should read "pH ≈ 7 - Control", another
should read "pH ≈ 4 - Full stomach," and the third should read "pH ≈ 2.4 - Empty stomach." These glasses will be used for your tests. You will need one
more glass later to create a dilution of vinegar (see step 3, below).

c. 

Put the corresponding test tube in each glass (tube C in glass "pH ≈ 7 - Control", etc.), and add a skewer to the drinking glass, as shown in Figure 4.d. 

2. 

2 of 7 9/12/2018, 2:19 PM



Figure 4. Drinking glasses hold the test tubes that will contain solutions modeling an empty stomach, a full stomach, and a control solution. The skewers will be used
to mix the solutions. Note that the test tube for the control is not present in this figure.

Dilute vinegar with water to create a liquid with a pH that is approximately 4.

To make your work during the testing easier, you will create a liquid that contains 1 mL of pure vinegar mixed with 39 mL of distilled water. Scientists call this a 1
to 40 (typically written 1:40) dilution of pure vinegar.

3. 
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Use your graduated cylinder to measure 9 mL of distilled water. Transfer this water into the fourth, unlabeled drinking glass.a. 
Use your graduated cylinder to measure 10 mL of distilled water. Add this to the glass.b. 
Repeat step b. two more times so the glass contains 39 mL of distilled water.c. 
Use the pipette (medicine dropper) to add 1 mL of pure vinegar to the glass. This solution has a dilution of 1:40.d. 
Swirl the solution in the glass to mix this solution well.e. 
Put a sticky note on this glass reading "1:40 dilution of vinegar - pH ≈ 4."f. 

Optional: Measure the pH of your solutions.

As the pH values we have quoted can differ slightly from the actual values in the liquids you use, it is best if you can measure the pH of your samples using pH
strips, and quote your measured values on your science fair report. Details on how to measure the pH can be found in the Science Buddies resource Acids,
Bases, & the pH Scale (http://www.sciencebuddies.org/science-fair-projects/references/acids-bases-the-ph-scale).

Measure the acidity (expressed as pH) of the distilled water.a. 
Measure the acidity (expressed as pH) of the 1:40 dilution of vinegar created in step 3, above.b. 
Measure the acidity (expressed as pH) of pure vinegar.c. 
Write your measurements down in your lab notebook. Note: Your measured values may slightly differ from the quoted values in this description.d. 

4. 

Testing How Fast the Iron Dissolves

You will need to perform three trials to gather enough data to make reliable conclusions. Before you start a trial, be sure you can make observations during the next
2.5 hours.

Create the control (pH ≈ 7) indicator solution.
Use the 10 mL graduated cylinder to measure 10 mL of distilled water.a. 
Transfer the water to the test tube marked with a "C."b. 
Add one iron indicator tablet to the test tube.c. 

1. 

Create the indicator solution modeling the environment of a full stomach.
Use the 10 mL graduated cylinder to measure 10 mL of the 1:40 vinegar dilution created in the Preparing Your Test (#preparing) section .a. 
Transfer the vinegar dilution to the test tube marked "F."b. 
Add one iron indicator tablet to this test tube.c. 

2. 

Create the indicator solution modeling the environment of an empty stomach.
Use the 10 mL graduated cylinder to measure 10 mL of vinegar.a. 
Transfer the vinegar to the test tube marked with an "E."b. 
Add one iron indicator tablet to the test tube.c. 

3. 

You just created three indicator solutions of different acidity levels. Wait 5 minutes to let the tablet dissolve completely in each tube. Use the skewer placed in
the same glass to stir each solution a couple of times.

4. 

Rinse your graduated cylinder several times with distilled water and let it dry.5. 
Important: You will need to add the almond flour (an iron-rich food) to each test tube (as described in steps 7–10, below) as quickly as possible, once the 5
minutes are over, and start timing so that the almond flour is in each test tube for the same amount of time, so remember to work fast for the next three steps.

6. 

Scoop out 1/2 tsp. of almond flour, level it with a clean skewer—as shown in Figure 5—and use your clean funnel to transfer the almond flour to the test tube
marked with a "C." Transfer any residual almond flour sticking to your measuring spoon or funnel to the test tube.

7. 
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Figure 5. Leveling the content of a measuring spoon with the flat side of a skewer or knife allows accurate measurements.

Repeat step 7, now adding almond flour to the tube marked with a "F."8. 
Repeat step 7, now adding almond flour to the tube marked with an "E."9. 
Immediately start your stopwatch.10. 
After a little less than 30 seconds (sec), compare each test tube with the color scale:

Stir all three solutions. Always use the skewer that is sitting in the same glass as the test tube.a. 
Let the almond flour settle a little.b. 
Perform the following for each solution, one at a time:

Compare the color of the solution to the color chart by holding the test tube in a well-lit space in front of a white background, as shown in Figure 6.i. 
Determine if the color in the test tube is identical to the color calibrated as .5, 1, or 5 ppm. If so, record the time in your table like Table 1. If not, it
might need some more time and you can go on to the next step.

ii. 

Put the test tube back in its corresponding glass.iii. 

c. 

11. 
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Figure 6. The concentration of iron in the solution is determined by comparing the color in the test tube to a calibrated color scale.

For the next 5 min, repeat step 11 every 30 sec. Remember to stir all three solutions and to let the almond flour settle a little before you compare with the color
scale. Record the time in your data table if the color in the test tube is identical to the color calibrated as .5, 1, or 5 ppm.

12. 

For the next 5 min after that, repeat step 11 every 1 min, again recording the time in your data table if needed.13. 
After about 10 min, you can increase the time between comparisons to 5 min for four comparisons and then to 10 min for the remaining time. Continue checking
on the test tubes for a total of 2 hours after you added iron to the test tubes. (It might take 2 hours or more for a full stomach to empty.) Do not forget to stir
before comparing colors and to record the time in your data table if the color in the test tube is identical to the color calibrated as .5, 1, or 5 ppm. Note:

Your solutions might never reach the 5 ppm level, which is fine. If you prefer to change the test in order to increase the range of your measurements,
consult the Frequently Asked Questions (#help) for advise.

a. 

You might see one solution change color quickly while the others take a long time. These are interesting observations. Note them down in your labb. 

14. 
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notebook and move on with the test. While you are analyzing your data, think about what these measurements might mean for the bio-availability of the
iron in the food. Hints can be found in the Frequently Asked Questions (#help).

Optional: At any time, you can take a picture of all the test tubes. Remember to show the labels on the test tubes and/or glasses in the picture. You should also
consider adding a time indicator. You can then use these pictures to illustrate your science fair display board (http://www.sciencebuddies.org/science-fair-projects/science-

fair/science-fair-project-display-boards).

15. 

Once you are done with the observations for this trial; empty your test tubes in the sink.16. 
Rinse all test tubes well with distilled water. Check the test tubes well for any residual almond flour sticking to the glass and clean it out.17. 
Use paper towels and a skewer to dry your test tubes.18. 
Discard the wooden skewers, as they might have absorbed part of your solution.19. 
This completes one trial.20. 
Repeat steps 1–20 for a second trial, and then one more time for a third trial.21. 

Analyzing Your Results

Calculate the average time it takes to reach a specific concentration of dissolved iron for each solution you tested.
Start with the measurements for the control (pH ≈ 7) and concentration .5 ppm. To calculate the average, first add up the measurements for each trial
and then divide the result by 3, as you performed three trials. Note the results down in your table like Table 1.

a. 

Continue with the measurements for 1 ppm and, if available, for 5 ppm.b. 
Repeat steps a.–b. for the measurements for the solution modeling a full stomach (pH ≈ 4), and the solution modeling an empty stomach (pH ≈ 2.4).c. 

1. 

Make a line graph of the average time it takes to reach a concentration of .5 ppm for the different environments (i.e. the control, a full stomach, and an empty
stomach). Put the environment on the x-axis (the horizontal axis going across) and put the average time (in minutes) on the y-axis (the vertical axis going up
and down).

You can make a graph by hand or make a graph using a computer program.a. 
Remember to add a title and label each axis.b. 

2. 

Repeat step 2 of this section for a concentration of 1 ppm and, if available, for 5 ppm.3. 
Look at your data table and graphs, and try to draw conclusions from your results.

Do your measurements support the statement that iron dissolves faster in an acidic environment with respect to a neutral environment (the control)?a. 
Do your measurements show a different rate for different levels of acidity, like the very acidic environment of an empty stomach with respect to the
medium acidity environment of a full stomach?

b. 

4. 

Looking back at the Introduction (#background), your research, and your data, try to answer the following questions:
Do you think the iron in almond flour eaten after a big meal (such as in a full stomach) would dissolve as easily as when it is eaten on an empty
stomach?

a. 

Knowing iron can only be absorbed by the body in dissolved form, would having the almond flour after a big meal or on an empty stomach make it more
or less easy for the body to absorb the iron?

b. 

5. 

Frequently Asked Questions (FAQ)
FAQ for this Project Idea available online at https://www.sciencebuddies.org/science-fair-projects/project-ideas/HumBio_p043/human-biology-health/iron-rich-
foods#help (http://www.sciencebuddies.org/science-fair-projects/project-ideas/HumBio_p043/human-biology-health/iron-rich-foods#help).
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