Can One Apple Seed A Day, Put The Teacher Away?
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Objective


The objective of this experiment is to measure the amount of cyanide in apple seeds and to determine how many seeds would it take to obtain a lethal dose of cyanide. 

Introduction

The cyanide ion, CN-, is highly toxic to humans and can be deadly when ingested.  An oral dose of just 50 mg is enough to be lethal. The reason it is so toxic is that it binds to a protein complex, cytochrome c oxidase, which plays a vital role in the electron transport chain of living cells.  When the cyanide binds to the iron ion, Fe3+, of cytochrome c oxidase the transfer of electrons to O2 is disrupted and the cell is not able to produce ATP.   The end result is that the affected cells run out of energy and starve to death1.  
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Cyanide containing compounds, known as cyanoglycosides, are present in high concentrations in the pits of fruits like apricots, cherries, peaches, and apples.  Amygdalin is a cyanoglycoside found in these fruits and its structure is shown below.  When the pit is broken, enzymes hydrolyze (break down) the cyanoglycosides and hydrogen cyanide is released.
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In this lab you will extract the cyanide from a few apple seeds, and prepare a solution with the extracted cyanide. You will use this cyanide solution and a Cyanide CHEMets® Kit to perform a series of reactions that will lead to a blue-colored cyanide complex.  The intensity of the blue color will be proportional to the cyanide concentration in solution and will allow you to calculate the amount of cyanide per apple seed.

Pre-Lab
1. In your lab notebook, write your name and leave some space to write your lab partners’ names.  Write the title of the experiment, the date you will be performing it, then write the objective.

2. On a fresh page in your lab notebook, start a new section called “Procedure”.  This section should include notes taken during the actual procedure followed in this exercise.  If there are any modifications or changes to the procedure described here, you should make a note of it. This section of your lab notebook should include the type of apple used in this lab and the number of apple seeds that you crushed.
Apparatus
Chemicals
Ceramic Mortar & Pestle
5 Apple Seeds

Measuring pipets, 5 mL
Distilled Water

pH paper strips, pH 1-13
0.10 M HCl

Test tubes with beaded rim, 13 mm x 100 mm
5% Sodium bicarbonate solution

Glass vial, graduated to 4 mL

Table top centrifuge
Cyanide Test Kit:

Volumetric flask, 10 mL

A-3800 Neutralizer Solution

Disposable syringe, 5 mL

A-3801 Activator Solution

Nylon syringe filter disk, 0.45 mm

CHEMet ampoules

Pasteur Pipets and bulbs

Comparator

Procedure

1. Obtain 5 apple seeds and determine their total mass in grams.  

2. Crush the seeds using a mortar and pestle as described by your instructor.   You might want to quickly smell the crushed seeds.  Do they smell like bitter almonds?.

3. Under a ventilated hood add about 3.0 mL of 0.10 M HCl (hydrochloric acid).  Quickly grind the seeds really well and quickly proceed to the next step.

4. Add about 2.0 mL of 5% sodium bicarbonate solution, and check the resulting pH with a pH paper strip.  If the pH is not between 7.5 and 11, add more sodium bicarbonate solution until the pH is within this range.  Use extreme caution not to go below pH 7.0  because this could result in the formation of cyanide gas.  In your notebook, write down the total & final volume of 5% bicarbonate solution added.

5. Transfer ALL of the solution to an 8 mL test tube with beaded rim and use 1 mL of distilled water to rinse the mortar and pestle.  If the entire volume doesn’t fit into one test tube, use multiple test tubes.  You want to transfer as much of the apple seed extract as possible into the test tube(s). 

6. Place the test tube(s) with solution into a table top centrifuge (remember to balance it) and centrifuge for at least 5 minutes, until the solids have settled down to the bottom of the test tube.

7. Use a Pasteur pipet to transfer the supernatant to a 10 mL volumetric flask and dilute to a final volume of 10.00 mL with distilled water.  If you had to use multiple test tubes then you will need to use a 25 mL volumetric flask.  Cap it and mix well.

8. Transfer about 5.0 mL of the diluted solution into a 5.0 mL disposable syringe fitted with a syringe filter.  Filter the solution directly into a glass vial, marked to 4.0 mL.

.

9. Add 16 drops of A-300 Neutralizer Solution (containing acetate buffer) to the 4.0 mL filtered solution.  Cap the sample vial and shake it to mix the contents.

10. Shake the A-3801 Activator Solution (containing chloramine T ) and add 2 drops to the solution in the vial.  Cap the vial and shake it to mix the contents.  In this step cyanide reacts with chlorine to form cyanogens chloride, CNCl.


11. Place the CHEMet ampoule (containing isonicotinic acid and sodium barbiturate) in the sample vial.  Snap the tip by pressing the ampoule against the side of the vial.  The ampoule will fill leaving a bubble to facilitate mixing.

12. Mix the contents of the ampoule by inverting it several times, allowing the bubble to travel from end to end each time.  Wipe all liquid from the exterior of the ampoule.  Wait 15 min. for color development.  The color will remain stable for about 30 min.

13. Use the appropriate comparator to determine the level of cyanide in the sample.  If the color of the CHEMet ampoule is between two standards, a concentration estimate can be made.  Results are expressed in ppm CN ( 1 ppm = 1 mg/L).

14. Calculate the total amount of cyanide extracted from all the grinded seeds in milligrams and grams.  Keep in mind that not all the prepared cyanide solution ended up in the 4 mL glass vial.  In other words, you only used the chemicals in the kit to analyze a portion of the total cyanide extracted from the seeds. 

15. Also calculate the approximate milligrams of cyanide per apple seed.  Compare that amount to the lethal dose (oral LD50 = 50 mg CN-) of cyanide for humans.  How many apple seeds would you need to reach that lethal dose?

16. If you assume that ALL the cyanide extracted was released from the amygdalin in the seeds, estimate how many milligrams of amygdalin are present per apple seed.  What is the approximate % mass of amygdalin in an apple seed?  

Results and Discussion

In your lab notebook, state the amount of cyanide in the apple seeds.  Show all the calculations needed to determine the milligrams of cyanide in one apple seed.  Also show how many seeds would you have to consume to ingest a lethal dose of cyanide.  What is the approximate mass and the % mass of amygdalin per seed?  Your calculations should include the correct number of significant figures.

In a typed, essay-style paper, summarize what you have learned about cyanide in lecture and this lab exercise.  Explain what is cyanide and how does it affect living cells. In humans, there is a difference between the mechanisms of action of cyanide when it is inhaled and when it is ingested. You should research these two modes of actions and explain them at the molecular level. Will you stop eating apples based on the lab results?  Explain your reasoning.  Would you expect to get the same amount of cyanide by swallowing an apple seed as by chewing an apple seed?  Would you expect organic grown apples to have a different amount of cyanide as non-organic apples?  Explain your reasoning.  

When you make a fruit smoothie usually you use a blender to homogenize the fruit.  What recommendation would you make to a mother who is preparing an apple or cherry smoothie for their young child?

Suggested reading: article titled “Imported Bitter Apricot Pits Recalled as Cyanide Hazard” written by Dennis Hevesi for The New York Times ( March 26, 1993 issue ).  http://query.nytimes.com/gst/fullpage.html?res=9F0CE2D71630F935A15750C0A965958260&scp=3&sq=cyanide&st=nyt
3. Find the definition of the term  “oral LD50”, a term often used in toxicology.  In your lab notebook write what is the relation between this value and the relative strength of a poison?  In other words, would you expect that the more toxic a substance is, the higher its oral LD50 will be?

4. You might want to review the general biological importance of the electron transport chain, which takes place in the inner mitochondrial membrane of living cells.  You can visit the following URL to view an animated movie of the electron transport chain: http://vcell.ndsu.nodak.edu/animations/etc/movie.htm






















Amygdalin (C20H27NO11)


a type of cyanoglycoside








