Spice of Life Laboratory Investigation 1- The Antioxidant Properties of Food
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Introduction:


Reactive oxygen species (ROS) such as the superoxide anion (O.2-), the hydroxyl radical (.OH) and hydrogen peroxide (H2O2) are the natural byproducts of our own oxygen-requiring metabolism, and play important roles in our cells’ abilities to grow, proliferate and to fight infections.  Nevertheless, they can also do serious damage to our DNA, proteins, cell membranes, and lipids.  Excess ROS have even been associated with increased susceptibility to cancer and cardiovascular disease. As a result antioxidants, which are chemicals that can inactivate ROS, have become increasingly popular as food additives in the United States.


But do these food additives work?   Well, that depends on how you define ‘work’.  As summarized in the figure below, (from Harold E. Seifried, Darrell E. Anderson, Evan I. Fisher and John A. Milner.  A review of the interaction among dietary antioxidants and reactive oxygen species.  The Journal of Nutritional Biochemistry, Volume 18, Issue 9, September 2007, Pages 567-579) the overall health of our cells depends on a delicate balancing act between processes that generate ROS and those that remove them.  In fact, our cells already have many enzymes that destroy ROS as they are produced.  One such enzyme is catalase, which catalyzes the reaction H2O2 ( H2O + O2.
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Fig. 1. Cellular oxidative interactions.





So… if our cells can inactivate free radicals by themselves, does eating antioxidants do more harm than good? The answer is far from simple, and the jury is still out.  Some studies have linked the consumption of antioxidants to decreased rates of cancer and cardiovascular disease, while others report just the opposite.  It is likely that these questions will be clarified as scientists learn more about the interactions between our own antioxidants, ROS, and a whole host of modifying factors including underlying diseases, the types and amounts of antioxidants consumed in our diet, and the interaction of those antioxidants with pharmaceuticals.  For now it is safe to say that eating foods rich in antioxidants is still a good and healthy thing to do – but you should talk to your physician before consuming over-the counter antioxidant food additives.

Comparing the Antioxidant Properties of Fruits and Vegetables:


Fruits and vegetables contain a variety of antioxidants that include phenolic compounds, vitamins C and E, carotenoids, chlorophylls and flavonoids.  The type and concentration of antioxidants present in a particular fruit or vegetable will vary from species to species and from strain to strain.  It will also vary with a whole host of external factors ranging from how the plant is grown and harvested on the farm to how it is packaged and stored in the market.  Since many antioxidant compounds are pigments, a good rule of thumb for determining the initial antioxidant content of a fruit or vegetable is to look for deep, rich colors (greens, reds, yellows).  Unfortunately, antioxidant contents are also impacted by the way you store and cook your produce when you get it home, so simply looking for dark colors in the marketplace will not tell you how much antioxidant you actually manage to consume.


For the next three laboratory periods, you will compare the antioxidant properties of one fruit or vegetable of your choice with those of another.  You many decide to compare different species, or to compare the same species prepared in different ways, or you may come up with an entirely different question that I have not thought of at all.  Whatever your question is, you must answer it in a scientific manner (with well-controlled, replicated experiments).

Student Learning Goals:

As a result of performing this lab, students will

1) Increase their understanding of the nature of reactive oxygen species and antioxidants.

2) Design and carry out effective experiments to analyze foods for the presence of antioxidants.

3) Identify and utilize high quality scientific references to inform their experimental approach and to contextualize their findings.

4) Develop the ability to present their findings in a scientific poster format.

Procedure Week 1:

Step 1:  Making Extracts from Solid Plant Materials (*or Juices)

1. Prepare (cook, freeze, etc.) your fruit or vegetable as appropriate for your experimental design.

2. Cut 10 g of the prepared plant material into small pieces.

3. Grind the pieces into a fine paste with a mortar and pestle.

4. (*If plant juices are being used, weigh out 10 g of juice, and proceed).

5. Place the plant material into a homogenizer and add 10 ml of methanol.  Homogenize by drawing the pestle up and down in a smooth, gentle motion for 1 minute.  Be careful!!!  These homogenizers are very, very fragile.

6. Spin the extract at 2000 rpm for 15 minutes at 4°C.  Transfer the supernatent (clear fluid on top) to a new tube, wrap the tube in aluminum foil, and store at       -20°C until next lab period.

Procedure Week 2:

Step 2: Analyzing total Flavonoids


Background:

Many flavonoids react with aluminum (Al3+) to form a pink or purple complex as seen in this structure that results from this complex between Aluminum complex and the anthocyanin cyanidin-3-glucoside.  These complexes absorb light at 510 nm..
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Image from Anthocyanins as pH indicators and Complexing Agents by Peter Keusch

http://www.uni-regensburg.de/Fakultaeten/nat_Fak_IV/Organische_Chemie/Didaktik/Keusch/p26_anth-e.htm


Procedure:

1. Add 1 ml of your extract to 4 ml of distilled water.  

2. Add 5% sodium nitrite solution (0.3ml) and mix briefly.

3. Add 0.3 ml of 10% aluminum chloride solution and mix briefly.

4. Incubate for 5 minutes at room temperature.

5. Add 2 ml of 1 M sodium hydroxide.

6. Immediately add 6.4 ml of distilled water and vortex to mix.

7. Read the absorbance at 510 nm.

Step 3:  ABTS Assay

Background: 

The ABTS (2,2’-azinobis-(3-ethylbenzothiazline-6-sulfonic acid)) assay is based on the ability of antioxidants to interact with the ABTS•+ radical.  Since this radical absorbs light at 734 nm, any interaction with an antioxidant will decrease the amount of light it can absorb.
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Image of ABTS from Sigma-Aldrich Catalog


Procecure: 

1. Add 3.9 ml of ABTS solution to 0.1 ml of your extract.  Mix vigorously.

2. Stand at room temperature for at least 6 minutes.

3. Read the absorbance at 734 nm.

Procedure Week 3:

Step 4:  Analyzing total Phenolic Content


Background:

Phenolics are chemical compounds that contain an –OH group attached to an aromatic hydrocarbon group.  
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The Folin Ciocalteu reagent reacts with phenolic compounds such as phenolic acids, flavonoids and tannins that are commonly found in plants.  


Procedure: 

1. Mix 40 microliters of your extract with 1.8 ml of Folin-Ciocalteu reagent.

2. Let stand at room temperature for 5 minutes.

3. Add 1.2 ml of 7.5% Sodium Bicarbonate.

4. Let sit at room temperature for 1 hour.

5. Read absorbance at 765 nm.

Step 5:  Statistical Analysis of Antioxidant Activity
1. Calculating the Antioxidant Activity: 

Record your antioxidant value as the percent inhibition of absorbance at 734 nm using the following formula:
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2. Is the average value of one experimental dataset really different from the average value of another?

a) You can determine this by calculating the average for each dataset:
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b) Next, calculate the standard deviation (s) for each dataset.
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c) Finally, compare the two.  We will consider a difference significant if the averages ± one standard deviation do not overlap.  Don’t panic, there will be an example calculation at the end of this section.

3. Is there a correlation (r) between a) antioxidant activity and total phenolic content or between b) antioxidant activity and total flavonoid content?

When you calculate a correlation coefficient for two dependent variables, you are determining if a change in one seems to be related to a change in the other.  In other words, is a change in antioxidant activity related (and if so, how) to a change in total flavonoid content?  Note that this statistic does not assume cause and effect – it simply describes a relationship.  Correlation can be calculated as: 
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Where covxy is the covariance between variables x (antioxidant activity) and y (total phenolic content or total flavonoid content), sx is the standard deviation for antioxidant activity and sy is the standard deviation for either total phenolic content or total flavonoid content.

So how do you calculate covxy ?
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In this formula, (
[image: image13.wmf]) is the difference between the antioxidant activity of each individual sample xi and the average antioxidant value for the entire experiment (
[image: image14.wmf]), while 
[image: image15.wmf] is the difference between either the total phenolic content or the total flavonoid content and the average respective values for each of those datasets.
And what about sx and sy?


     Now that you know all of the terms, this will be fairly simple:
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4. Please, please tell me there is a computer program for these calculations?

a) Gosh, yes.  Microsoft Excel will do them all quite nicely.  Simply set up a table with your data in it as shown below (use your own values, of course).  Now you are ready to start doing some statistics!
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5. Is the antioxidant activity of cooked asparagus really different than it is in uncooked asparagus?  It looks like it might be, but is it different enough?  In order answer this question, you must start by determining the average antioxidant activities of the cooked and uncooked asparagus datasets.  Then calculate the standard deviation for each. 

a) To do this click on any empty cell of your Excel spreadsheet (I chose B14), and then under “Tools” click on “Calculator”.  You should see something like this pop up:
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b) Click on the “More” button to get the full array of possible calculations

c) Select statistical from the left menu and average from the right menu
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d) Click ‘Ok’.

e) Next, tell the computer which cells contain the data to be averaged by typing the first cell and the last cell separated by a colon (:) as shown below.  In this case, the calculator will determine the average antioxidant activity for cooked asparagus (in cells B2-b5).
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f) Click on “Ok” a few more times to confirm that you want to do the average on that data, and that you want to insert the answer into your chosen Excel sheet cell.  Your table should now contain the average value in cell B14 (or whatever cell you chose). 

g) Repeat for all of your different experimental treatments.

h) To calculate the standard deviation for an average, simply click on a new empty cell, bring up the calculator, and select ‘statistical’ and ‘stdev’.

i) Define the cells just like you did in for the average (B2:B5 for cooked asparagus antioxidant activity) and click “Ok” until the computer calculates your standard deviation.

j) Two averages will only be considered to be different enough for this class if they are separated by more than one standard deviation.

For example, my calculated average for the antioxidant activity of cooked asparagus was 37.75 % inhibition.  The standard deviation was 6.8 % inhibition.  So, the average value for cooked asparagus plus or minus one standard deviation is 37.75% ± 6.8% (30.95% – 44.55%).

Similarly, the average value of uncooked asparagus is 80.5%±9.0% (71.5% – 89.5%).

6. Making Sense of the Data:  Since the largest value for cooked asparagus, (44.55% inhibition) is still less than the smallest value for uncooked asparagus (71.5% inhibition), the two averages can be said to be significantly different.  That is, cooking did lower the antioxidant activity.

7. Is there a relationship between antioxidant activity and total phenolic content in these samples?  To determine this, you must calculate their correlation.

a) To calculate the correlation between antioxidant activity and total phenolic content, click on an empty cell (I chose B12), and then under “Tools” click on “Calculator” and “More” again

b)  This time, select statistical from the left menu and correl from the right menu:
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c) Click “Ok”.  

d) You will now see a window that you must use to define where your data is.  To correlate antioxidant activity with total phenolic content, type B2:B9 into the Array 1 box, and C2:C9 in the Array 2 box.  This tells the computer to correlate the data in row B to the data in row C (B1 and C1 are column headings and contain no data). 
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e) Click on “Ok” a few more times to confirm that you want to do the correlation on that data, and that you want to insert the answer into your chosen Excel sheet cell.  Your table should now contain the correlation in cell B12 (or whatever cell you chose). 

Table 1: Antioxidant Activity, Phenolic Content and Flavonoid Content of Cooked vs. Uncooked Asparagus

	Sample
	Antioxidant Activity (% Inhibition)
	Total Phenolic Content
	Total Flavonoid Content

	Cooked
	31
	10
	2

	Cooked
	42
	12
	18

	Cooked
	33
	9
	10

	Cooked
	45
	18
	6

	Uncooked
	67
	25
	23

	Uncooked
	85
	35
	4

	Uncooked
	86
	37
	18

	Uncooked
	84
	33
	6

	
	
	
	

	
	
	
	

	Correlation Between Antioxidant Activity and Total Phenolic Content
	0.99025077
	
	

	Correlation Between Antioxidant Activity and Total Flavonoid Content
	0.158487973
	
	


f) To calculate the correlation between antioxidant activity and total flavonoid activity, simply repeat the steps, but use the column D data in Array 2.  You should get the numbers shown above in cell B13 if you use my fake dataset.

8. Making sense of the data.


Correlations describe how two variables change with respect to each other.  Their numbers will vary between -1 and +1.  A positive correlation means that as one variable increases, so does the other, while a negative correlation means that an increase in one variable tends to be associated with a decrease in the other. As you can see, both of the correlations above are positive.


The magnitude of the correlation is also important.  The closer the correlation is to a perfect -1 or +1, the stronger the relationship between the two variables (although remember, correlation never determines cause and effect, and cannot be used to predict outcomes!). In this case, the correlation between antioxidant activity and total phenolic content is much stronger than the correlation between antioxidant activity and total flavonoid content.
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xi = each individual value for your dataset and n = the total number of values in your dataset
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