Environmental Health: Science, Policy and Social Justice

Fall quarter 2008

Lab 4

Carotene extraction from milk

Environmental pollutants are found in soil, water and air as well as food materials, including plant and animal tissues. One of the main goals of risk assessment is the detection and measurement of suspected pollutants in the environment, including the above media. Needless to say a chemical pollutant is never found alone but as a mix with other substances, both natural and other contaminants. Analysis of environmental media as well as samples of human tissues allow for indirect or direct estimation of exposure, respectively (human tissues would give a more direct assessment of what a person has been exposed to).

The purpose of this lab is to demonstrate the extraction, separation and qualitative identification of a chemical from a complex medium (milk). The solvents and details of the extraction process will vary for different compounds, so the appropriate methodology should be researched for application to other chemicals you may be interested in.

We will use beta-carotene as a surrogate of a lipophilic compound that may be found in milk, so as to avoid the use of toxic substances in the lab. Beta carotene is a precursor of Vitamin A and is found in plant tissues, including carrots and spinach. 

All operations are performed under reduced light. 

In this lab you may work in pairs if you prefer to better handle the practical demands of the procedure. Make sure you each keep good notes!

Preping steps: 

a) Start a water bath and bring it to 45oC

b) Prepare your chromatographic column (you may want to have an extra one handy, so prepare two) using a Pasteur pipette (to save time, you may do this while you incubate your extracts in the water bath for 30min – see below):

- Add a small piece of cotton first and push it down to the narrow point of the pipette using a longer Pasteur pipette or a cotton applicator: this will act as a stopper for the contents of the column.

- Pack the column only when you are ready to use it (step 15)

Extraction of carotene

1. Each student (or student pair) receives a 1ml milk sample.

2. Add ethanol 1.5x volume of milk 

3. Vortex for 15sec.

4. Add 0.8x volume 50:50 (W/V) KOH-HOH (alcoholic potassium hydroxide mix). (Note: This causes saponification: milk contains a spectrum of retinyl esters and high lipid content; determination of total milk retinoids routinely requires saponification with alcoholic potassium hydroxide) 

5. Vortex the samples for 15 s.

6. Place in a water bath at 45 oC for 30 min. 

7. Vortex the samples every 15 min for about 15 s. 

8. Extract the carotene with 2x volume hexane

9. Vortex for 30sec.

10. Let stand for a few minutes to allow the two layers (organic and aqueous) to separate.

11. Transfer top hexane layer into a prelabeled clean scintillation vial.

12. Repeat extractions twice more with 2x volumes of hexane.

13. Collect each top hexane layer, transfer them all into the same scintillation vial.

14. Dehydrate the hexane extract by adding a small amount (~0.5g) sodium sulfate, mix and let it settle; transfer hexane extract into a clean vial (leaving the solid material behind) and evaporate the solvent using a hot plate.
15. Redissolve the residue in 0.5ml hexane.
16. Take half (0.25ml) and set it aside in a scintillation vial labeled E for extract. This will be loaded onto the TLC plate later.
Before you get started with the chromatography column, make sure that you have prepared the following solvents and have them ready to add to the column, with a clean Pasteur pipette for each solvent. Prepare extra to have it handy in case you need to keep the column moist. You will need (at least):

3ml hexane 

5ml of 9:l hexane-acetone v/v
A waste container (beaker)

Prelabeled scintillation vial to collect the carotene band (B for band)

Chromatography
17. Place a waste container (beaker or other) underneath the column

18. Prepare the column packing material, a 1:1 mix of magnesium dioxide and silica dioxide (premixed), as a slurry in hexane.  When your hexane extract ready, add the slurry to the column to a height of approximately 6-7cm, and allow the solid material to settle in as the solvent passes through (ask for help to pack the column).
From this point on, make sure the column is always moist: never allow the column’s top surface to dry but be ready to add the next solvent!
19. Transfer 0.25ml of hexane sample extract to the chromatographic column 
20. When all of the extract has entered the sodium sulfate layer, add 1ml of 9:l hexane-acetone to the column. 
21. Continue with elution until this solvent has all entered the sodium sulfate, and collect the eluate in the waste container.

22. Add 4ml of a 9:l hexane-acetone v/v mix to fill the column. 

23. Remove the waste container when the carotene band (yellow) is about to exit the column and place your prelabeled scintillation vial B under the column to collect the band until it is completely eluted. 

24. Evaporate the eluted extract in the scintillation vial to concentrate the eluates.

25. Collect the residue in 0.25ml hexane.

TLC analysis

Use a small TLC plate and a fitting jar.

Draw a line with pencil (not pen!) approximately 1cm from the one end of the TLC plate: this will be the bottom end. 

Load your extract collected in scintillation vial E (crude extract, step 16) and the eluted carotene band in the scintillation vial B (eluted from the chromatography column, step 25) as two spots on TLC plates, as demonstrated by SIT.  Briefly, pipette a small amount of each sample onto a spot above the line drawn at the bottom end of the TLC plate. Keep the two spots about 2cm apart. Allow to dry and continue pipetting until you load the entire volume of each. 
Add a small volume of a mix of 8:2 hexane-toluene v/v in the developing jar, enough to wet the TLC plate below the pencil line (try it ahead of time to figure out how much you need)

Place your TLC plate into the jar, pencil line-end down, and rest the plate onto the side of the jar.

Develop the TLC plates: allow the solvent mix to travel upward and carry along the two spots of samples. 

Remove the plate from the developing container when the front of the solvent has reached the top of the TLC plate.

Dry the plate and inspect it to compare the two extracts.

For quantitative purposes, the carotene’s absorbance is measured in a 1-cm cell at 436 nm and compared to a standard curve as you have done in previous labs. To save time you will not need to include this step.

At the end of lab you will be asked to turn in your lab books. No other questions are included. 

Beta carotene structure:


     Retinol structure:
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