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Purpose 


In this activity we will perform a “titration” to determine the amount of Vitamin C in different juices.  The titration is a method for measuring the Vitamin C using a solution of known Vitamin C concentration to standardize the procedure.  A standardized curve will be produced using the solutions with known Vitamin C concentrations.  The juices with unknown Vitamin C concentrations can then be compared to the standard curve to determine their Vitamin C content.  A starch solution is used as an indicator because it turns blue-black in the presence of iodine but not iodide ion.  

Preparation

Vitamin C Standard solutions should be made no more than 1 day before they will be used, otherwise the Vitamin C content decreases and they will not produce accurate results.   The kit will contain a one liter bottle of the 1.00 mg/mL solution.  The diluted solutions need to be made from the 1.00 mg/mL solution by the kit user at the school site.
0.60 mg/mL Solution:

Use the 600 mL beaker in the kit.  Dilute the 1.00 mg/mL solution by adding 300 mL to the beaker and add water to the 500 mL mark.  Stir with the plastic spoon provided.  Fill 8 1 oz containers labeled 0.60 mg/mL about half-full.
0.30 mg/mL Solution:

Use the 400 mL beaker and the 100 mL graduated cylinder in the kit.  Use the 100 mL graduated cylinder to measure out 90 mL of 1.00 mg/mL solution into the beaker.  Add water to the 300 mL mark.  Stir with the plastic spoon provided.  Fill 8 1-oz containers labeled 0.30 mg/mL about half-full.
Starch solutions must also be made no more than 1 day before they will be used.

Starch Solution:  Dissolve a handful of starch packing peanuts in about 200mL water.  Stir to mix.
Materials for Preparation of Vitamin C Solutions
1 liter bottle of 1.00 mg/mL solution

1 600-mL beaker

1 400-mL beaker

1 plastic spoon

8 empty 1-oz containers labeled 1.00 mg/mL Vitamin C

8 empty 1-oz containers labeled 0.60 mg/mL Vitamin C

8 empty 1-oz containers labeled 0.30 mg/mL Vitamin C
Materials for Class

8 Ziploc bags (one per group), each containing:

- 1 dropper bottle labeled “starch”

- 6 toothpicks for stirring
- 1-oz containers containing 10mL of juices (OJ, tomato, and pineapple)

8 aluminum pie pans (one per group)

8 10-mL graduated cylinders

8 dropper bottles of 0.05M iodine solution (1 bottle per group) in a separate bag

8 well plates (6 wells on each)

Extra Starch Suspension

Extra Orange Juice

Extra Tomato Juice

Extra Pineapple Juice

Extra 0.05M Iodine solution

Extra box of toothpicks

8 data sheets

8 pieces of graph paper with axes labeled for Vitamin C
8 calculators

8 rulers

Things to be done while one person gives background (or just before class)

1. Follow directions under Preparation for making 0.3mg/mL Vitamin C and 0.6 mg/Ml Vitamin C solutions from the 1.00 mg/mL solution.
2. Use funnel to fill the empty 1-oz containers (labeled 0.3 mg/mL, 0.6 mg/mL, 1.00 mg/mL Vitamin C) about half-full with the appropriate solution.

Background

Fruits and juices are a primary source of vitamin C in the diet.  Since we do not store Vitamin C in our bodies, we need to ingest some every day.  The recommended daily value of Vitamin C is 60mg.  A typical serving size of juice is one cup (8 fluid ounces), so for a juice to provide the daily value of Vitamin C, it would need to have 60mg in one cup.  But are all Vitamin C sources the same?

When Vitamin C (ascorbic acid) reacts with iodine, ascorbic acid is oxidized to dehydroascorbic acid (it loses two hydrogen atoms) and the iodine is reduced to iodide ion.  

As more iodine is added to a solution of Vitamin C, iodide ion will continue to be formed until there is no more Vitamin C left in the solution.  After all the Vitamin C has reacted, the solution turns blue-black because the excess iodine can now react with the starch indicator. The more drops of iodine it takes to turn the solution blue-black, the more Vitamin C there is present in the solution.

A tiny change in the molecular structure of a vitamin can result in a compound becoming completely ineffective as a vitamin.  Dehydroascorbic acid is nutritionally useless.  

Part I – Standardization of Vitamin C Solutions 

Materials:

8
10-mL graduated cylinders
8
small bottles of 0.30 mg/mL Vitamin C


8
small bottles of 0.60 mg/mL Vitamin C


8
small bottles of 1.00 mg/mL Vitamin C

8
dropper bottles of soluble starch


8 
dropper bottles of iodine


8 
well plate (6 wells)

8
data sheets


8 
sheets of graph paper

· Place the well plate on top of the labeled diagram on the data sheet.

· Measure out 10 mL of the 0.30mg/L Vitamin C solution and pour it into the appropriate well on the well plate.

· Add a squirt of starch solution into the well using the dropper bottle labeled “starch.” Using the bottle labeled “iodine,” add the iodine solution drop by drop into the well until a blue-black precipitate is formed, being sure to count the number of drops.  (Make sure you hold the dropper pipette upright.  This will give equal amounts of iodine in each drop.)  Using a toothpick, stir the solution in the well after each drop to thoroughly mix the solution.  Sometimes the solution will turn blue initially, but once it is stirred the blue color will disappear.  If the blue color disappears after stirring the solution, continue adding drops of iodine until the blue color change is permanent.

· Record the number of drops on the data sheet.

· Repeat these steps for the 0.60 mg/mL Vitamin C solution and the 1.00 mg/mL Vitamin C solution.  Record all data on the data sheet.

Part II - Making the Standard Curve

Method

· To make the standardized graph:


- For the 0.30 mg/mL Vitamin C Solution, put one finger on the number of drops of iodine needed on the x-axis (horizontal axis), and put another finger on the Vitamin C content (0.25mg/mL) on the y-axis (vertical axis).  Move each finger in a straight line until they meet in the middle and plot a point here.


- For the 0.60 mg/mL Vitamin C Solution, put one finger on the number of drops of iodine needed on the x-axis (horizontal axis), and put another finger on the Vitamin C content (0.50mg/mL) on the y-axis (vertical axis).  Move each finger in a straight line until they meet in the middle and plot a point here.


- For the 1.00 mg/mL Vitamin C Solution, put one finger on the number of drops of iodine needed on the x-axis (horizontal axis), and put another finger on the Vitamin C content (0.75mg/mL) on the y-axis (vertical axis).  Move each finger in a straight line until they meet in the middle and plot a point here.

· Make a standardized curve by drawing a straight line through the points, or as close to the points as possible while still making the line straight.  This line will be the standard used to determine the Vitamin C content of the juices.

Part III – Testing the Vitamin C content in the Juices

Method

· Give each group a bag containing the bottles of juices.  Tell them that each bottle contains 10-mL of the juice.
· Place the well plate on top of the labeled diagram on the data sheet.

· Pour ALL the orange juice into the appropriate well on the well plate.

· Place a small squirt of starch solution into the juice, using the dropper bottle labeled “starch.”

· Using the dropper bottle labeled “iodine,” add the iodine solution drop by drop into the well until a blue-black precipitate is formed, being sure to count the number of drops.  Again, stress how important it is that they keep count of the number of drops.  Make sure you hold the dropper bottle upright.  This will give equal amounts of iodine in each drop.
· Using a toothpick, stir the solution in the well after each drop to thoroughly mix the solution and evenly distribute the iodine throughout the solution.  Add drop of iodine until the blue color change is permanent.

· Record the number of drops on the data sheet.

· Repeat for the other juices.

· Record the number of drops for each juice in the designated space on the data sheet.

· Determine the amount of Vitamin C in the juices by locating the number of iodine drops needed on the x-axis of the standardized graph, and place a finger on this point.  Move finger straight up from the x-axis until it meets the standard curve, and then move finger straight across to the corresponding point on the y-axis.  The numerical value on the y-axis is the Vitamin C content of the juice in mg/mL.

· Record the concentrations of Vitamin C for each juice in the appropriate spot on the data sheet.

Results

	
	Orange
	Tomato
	Pineapple

	# Drops
	
	
	

	Amount of   Vitamin C (mg/mL)
	
	
	

	Amount in 1 serving

180 mL (6 Oz)
	
	
	

	% Daily Value
	
	
	


Part IV– Determination of % Daily Value
1.  Have students calculate the amount of Vitamin C in 1 serving and write the number in the appropriate column in row 3 of their table.  (Give them the following hint if necessary – multiply amount of Vitamin C found from graph (row 2 in results table)

2.  The USDA recommends 60mg of Vitamin C daily.  Ask students to compare their results for the juices they studied with this recommendation.

3.  (Extra Credit) Ask students to calculate the % Daily Value and write the number in the appropriate column in row 4 of their table.  (Give them a hint if necessary – to divide row 3 value by 60 mg and multiply by 100).

4.  Tell them that 100% means the juice provides all the Vitamin C needed daily in one serving size.  More than 100% means the juice provides more Vitamin C than the body needs, and less than 100% means that one serving size of the juice by itself is not enough to adequately fulfill the body’s daily requirement of Vitamin C.

Analysis/Questions
1.  Rank the order of the juices from highest Vitamin C content to the least Vitamin C content.

2.  Are there any juices that provide more Vitamin C than your body needs on a daily basis?

3.  Were there any surprises?

4.  Based on the results of this experiment, which juice source would be the best one for you to get your 60mg of Vitamin C each day?
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Student Data Sheet

Place well plate on top of diagram, and place solutions in each well as labeled.

Record your data/observations on this diagram:
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