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OBJECTIVE
The objective of this experiment is to quantify the concentration of natural and artificial blue food dye in commercial food products.  Students will learn to make calibration curves using standards of known concentrations.  Students will then apply Beer’s Law to quantify the concentration of blue dye in the commercial products.

BACKGROUND INFORMATION
Studies have shown a link between the consumption of artificial food dyes and health issues such as ADHD, cancer, hyperactivity, behavioral problems, and allergies in children (1). These dyes are found in breakfast cereals, beverages, snacks, candy, vitamins, and other consumables.  Much of the American diet includes processed foods which contain these dyes because consumers associate certain flavorings with color.  Manufacturers also use these dyes to enhance the appeal of a product.  If there are concerns about the safety of these dyes why do manufacturers still use them?  The U.S. Food and Drug Administration (USFDA) regulates the use of food colorings and has deemed them safe at acceptable levels.  However, consumers have begun to ask for more natural ingredients in products.  Consequently, manufacturers have been looking for alternatives to artificial dyes.  Historically, foods and other substances have been dyed with pigments derived from fruits, vegetables, or spices.  So, why not switch to natural dye sources entirely?  Artificial dyes are cheaper to manufacture and have longer shelf lives, so ultimately the decision is between cost and health.
In this experiment, students will investigate the concentrations of one artificial and one natural dye in food products.  FD&C Blue 1 was chosen as the artificial source, and phycocyanobilin from spirulina, a cyanobacteria, was chosen as the natural source. 
FD&C Blue 1 is a water soluble synthetic dye produced from petroleum.  The USFDA suggests a maximum daily intake of this dye to be 1-12 mg/kg bw/day, mg per kg of body weight per day.  For a child weighing 27kg, this would correlate to 360mg/day.  The structure of FD&C Blue 1 is shown in figure 1 below.  Of note is the extended conjugation of this molecule which can be seen as alternating double and single bonds that absorb specific wavelengths of energy, resulting in the blue color:

Figure 1-Chemical Structure of FD&C Blue 1 Dye
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Spirulina is a blue-green cyanobacteria which engages in photosynthesis without chloroplasts.  It contains a high protein content along with vitamin B12, vitamin A, and minerals.  Spirulina also exhibits anti-inflammatory properties and is easy to digest.  It is widely sold as a dietary supplement and is listed by the USFDA as generally safe (2).  The phycocyanin in the spirulina is a chromoprotein which absorbs sunlight from 500 to 600nm which is a region of the solar spectrum where chlorophyll does not absorb sunlight.  At this wavelength, phycocyanin is a dark blue color, but when unfolded/denatured, the blue color fades.  Proteins can become denatured (unfold and become biologically inactive) in certain environments (change in pH, temperature, or presence of a heavy metal).  Therefore, the applications for using phycocyanin as a commercial food dye are limited.  
In addition to its light absorbing properties, phycocyanin also exhibits fluorescent properties.  This fluorescence appears red in natural light.  However, when the protein is unfolded the fluorescence disappears.  In this experiment, students will look at both the absorption and fluorescent properties of the phycocyanobilin.  The chemical structures of phycocyanin and phycocyanobilin are shown below in figures 2 and 3.  


Figure 2 – Tertiary Structure of Phycocyanin from Spirulina platensis
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Figure 3-Chemical Structure of Phycocyanobilin 
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The dyes in this experiment were studied using spectrophotometry which is a technique that employs light to measure the concentration of a substance.  When a molecule absorbs light with specific energy, a molecule can move from a lower energy state to a higher energy state (absorption).  For each molecule, these transitions occur at specific wavelengths, frequencies, and energies.  When white light is transmitted through a solution containing certain molecules, the molecules absorb at certain wavelengths and our eyes see the wavelengths that are not absorbed.  Therefore, the color of a solution is actually the complement of the color of light being absorbed.  To the human eye, we can see solution colors if they occur within a specific wavelength range (380-780nm).  
A spectrophotometer is an instrument that uses an external light source to measure absorbance.  The basic components of a spectrophotometer are shown in Figure 3.
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Po= Amount of light applied to the sample
P=Amount of light passing through the sample, transmitted.

T =Transmittance- The fraction of light that passes through the sample with a range of 0 to 1
T= 
Percent Transmittance = 100 x T with a range of 0-100

If P = Po, then 100% of the light is transmitted
Therefore, the relationship between absorbance and transmittance is as follows:

Absorbance = log  = - log T

This relationship is expressed as Beer’s Law shown in the following equation.

A= ℇbc 
A= Absorbance
ℇ= molar absorptivity M-1 cm-1 (how much light is absorbed at a single wavelength 
     per cm of path through a 1M solution)
b= path length in cm
c=concentration in M

There are several assumptions that need to be made when using Beer’s Law:  1) Beer’s Law is valid only for dilute concentrations, 2) the absorbance of the sample being measured uses only one wavelength, 3) a constant path length, 4) concentration of the absorbing species is constant across the path length, and 5) all light entering the sample is transmitted, or absorbed by the molecules being studied.

In this laboratory exercise, students will utilize a UV-VIS spectrophotometer to investigate the relationship between absorbance and concentration using Beer’s Law.  A calibration curve, of standards with known concentrations, will be constructed with each dye standard.  A linear analysis will be applied to the calibration data points and the equation for the best fit line determined.  Dye concentrations in the commercial products will be determined by comparing the absorbance values to those of the calibration curves and calculating the concentrations from the best fit line information.

Standard curves are tools used by scientists to determine the concentration of an unknown compound.  The curve is created by measuring the absorbance of known concentration of the subject compound (or standard) at a specified wavelength.  Measurements are taken at varying concentrations to construct a mathematic “key” which can be used to determine the concentration of an unknown sample when only the absorbance can be measured.  An X-Y scatter chart with linear regression applied will create an equation which relates the absorbance of a compound to its concentration.  Beer’s Law illustrates a linear relationship between absorbance and concentration and if the standards used are greater than and less than the concentration of the unknown (I.e. numeric bookends) – the regression equation can be used to determine the concentration of the unknown with great certainty. 

Standard curves are commonly used to determine the concentration of several important compounds in everyday life.  For the sake of this experiment, it is important to remember the relationship between concentration and absorbance will result in an algebraic construct.  The best-fit line generated from your linear regression is the key by which you can translate any absorbance along the line into a concentration.  It is important to identify and maintain your independent and dependent variables throughout all mathematic calculations as failure to do so can cause inaccuracies in the creation of your standard curve and subsequent concentration measurements. 

MATERIALS
· Analytical Balance
· Weigh Boats
· Volumetric flasks-sizes 100 and 250mL
· Graduated pipets-sizes 1, 2, and 10mL
· Pipet Bulbs
· Disposable gloves
· Spatula
· UV-VIS Spectrophotometer capable of measuring absorbance and fluorescence
· Cuvettes and a cuvette rack
· Phycocyanin standard
· FD&C Blue 1 standard
· 0.1M Phosphate Buffer
· Computer with Excel™, Logger Pro, or other graphing software
· Commercial products containing Spirulina and FD&C Blue 1.  Products used to develop this exercise are provided in the instructor’s notes


Procedure for Phycoyanin Calibration Curve and Food Products Containing Spirulina

1. Weigh approximately 0.5 grams of phycocyanin solid.  Report the exact mass in the data section and use the appropriate number of significant figures.
2. Weigh a 100mL volumetric flask.  Report the mass in the data section using the appropriate number of significant figures.
3. Transfer the phycocyanin solid to the weighed 100mL volumetric flask.  Add 10.00mL of 0.1M phosphate buffer.  Add approximately 25mL of water to begin dissolving the phycocyanin.  Add water to the mark to make 100mL of solution. Mix thoroughly.  Label this as solution A.
4. Pipette 10mL of solution A into an empty 100mL volumetric flask.  Fill to the mark with water to make 100mL of solution.  Mix thoroughly.  Label this solution as solution B.
5. Make a series of diluted solutions with solution A using clean, empty 100mL volumetric flasks.  For example, solution C would contain 15mL of solution A, and solution D would contain 20mL of solution A.  All of the diluted solutions should have a final volume of 100mL.  Label your solutions accordingly.
6. Make another series of diluted solutions using solution B.  For example, solution E would contain 10mL of solution B, and solution F would contain 15mL of solution B, and solution G would contain 20mL of solution B.  All of the diluted solutions should have a final volume of 100mL.  Label your solutions accordingly.
7. Calculate the %m/m for each solution and record this value in the data table provided in the data section.
8. Set up your UV-VIS spectrophotometer and record the absorbance of a blank solution of deionized water according to your instrument’s instructions.  
9. Fill a cuvette with solution B and record the absorbance measurement of the solution at 619nm.  Repeat this step for solutions C-G. ***Solution A is not used for the calibration curve because the concentration is too high.
10. Change the settings on your UV-VIS spectrophotometer to measure fluorescence at 685nm.  Measure the fluorescence of solutions B-G at 685nm and record the values in the data table. 
11. Construct a plot of absorbance (y axis) vs concentration %m/m (x axis) of solutions B-G using Excel™ or another graphing program.  Find the linear fit for your data points.  Record the slope, y-intercept, and R value in the data section.
12. Obtain 3 commercial products which use spirulina as the source of blue dye.  The authors of this lab chose to investigate the concentrations of food coloring dyes and commercial beverages.
13. For solid/powder food dye, weigh approximately 0.25g of powder and dissolve with water in a 100mL volumetric flask.  Pour your solution into a cuvette and record the absorbance at 619 and the fluorescence at 685.  
14. For a gel food coloring, it will be necessary to dilute the gel.  The authors recommend measuring out 2mL of the gel and dissolving the gel in 50mL of water.  Record absorbance and fluorescence values at the wavelengths used in step 13.
15. For the commercial beverages tested by the authors, dilution was not necessary.  Direct transfer of the beverage to the cuvette was successful.
16. Record the absorbance and fluorescence values in the data section using the wavelength values given earlier in the procedure.
17. To find the concentration of the commercial products, use the linear fit information from the calibration curve and calculate the y value in the equation for your line.  Use the concentration value as your x value in the calculation.




Procedure for the FD&C Blue 1 Calibration Curve and Food Products using the FD&C Blue 1 Dye

1. Weigh approximately 0.003 grams of FD&C Blue 1 solid.  Report the exact mass in the data section and use the appropriate number of significant figures.
2. Weigh a 250mL volumetric flask.  Report the mass in the data section using the appropriate number of significant figures.
3. Transfer the FD&C Blue 1 solid to the weighed 250mL volumetric flask.  Add approximately 50mL of water to begin dissolving the solid.  Add water to the mark to make 250mL of solution. Mix thoroughly.  Label this as solution A.
4. Follow steps 4-6 in the phycocyanin procedure to make the diluted solutions.
5. Calculate the %m/m or M for each solution and record this value in the data table provided in the data section.
6. Set up your UV-VIS spectrophotometer and record the absorbance of a blank solution of deionized water according to your instrument’s instructions.  
7. Fill a cuvette with solution B and record the absorbance measurement of the solution at 630 nm.  Repeat this step for the remaining solutions.  The FD&C Blue 1 dye does not fluoresce, so there is no need to obtain fluorescence data.  
8. Repeat steps 11-17 in the phycocyanin procedure with the FD&C Blue 1 data omitting instructions regarding fluorescence.  

PHYCOCYANIN DATA
Mass of phycocyanin solid _____________________
Mass of 100mL volumetric flask with cap _____________________
Mass of phycocyanin + buffer + water + flask _____________________
Mass of solution _________________________

Phycocyanin Solution Data
	Solution
	%m/m
	Absorbance at 619nm
	Fluorescence at 685nm

	A
	
	
	

	B
	
	
	

	C
	
	
	

	D
	
	
	

	E
	
	
	

	F
	
	
	

	G
	
	
	



Phycocyanin Calibration curve
Slope of line __________________________
Y-intercept of line ______________________
R (correlation value) _____________________

Commercial Products using Spirulina Dye
	Commercial Product
	%m/m
	Absorbance at 619nm
	Fluorescence at 685nm

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



FD&C BLUE 1 DATA
Mass of FD&C Blue 1 solid _____________________
Mass of 250mL volumetric flask with cap _____________________
Mass of FD&C Blue 1 + water + flask _____________________
Mass of solution _________________________

FD&C Blue 1 Solution Data
	Solution
	%m/m or M
	Absorbance at 630nm

	A
	
	

	B
	
	

	C
	
	

	D
	
	

	E
	
	

	F
	
	

	G
	
	



FD&C Blue 1 Calibration curve
Slope of line __________________________
Y-intercept of line ______________________
R (correlation value) _____________________

Commercial Products using FD&C Blue 1 Dye
	Commercial Product
	%m/m or M
	Absorbance at
 630nm

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




POST LAB QUESTIONS
1. How do the results from your calibration curves support Beer’s Law?




2. Calculate the maximum daily intake of FD&C Blue 1 for a person weighing 84kg.  Calculate how many liters of one of the commercial beverages tested he/she would need to drink to go beyond the maximum amount.



3.  How did the concentrations of phycocyanin and FD&C Blue 1 compare in the commercial products?




4.  For the commercial products using spirulina, did all of the products produce fluorescence data?  If not, provide an explanation.








INSTRUCTOR’S NOTES
The Phycocyanin standard used to develop this experiment was purchased from Fischer Scientific and was manufactured by TCI Chemicals
The FD&C Blue 1 standard used to develop this experiment was purchased from Fischer Scientific and was manufactured by Spectrum Chemical
Each dye standard is very intensely colored.  It is recommended to use gloves and a lab coat when working with them.
The UV-VIS spectrophotometer used to develop this experiment was purchased from Vernier Software and Technology.  The model used was a Go Direct Spectrovis Plus
Commercial products tested in this experiment were:
McCormick Nature’s Inspiration Sky Blue Powdered Food Coloring with Spirulina
Color Kitchen Food Coloring Powder Blue with Spirulina
India Tree Liquid Food Coloring-Blue with Spirulina
Great Value Gel Food Colors
Betty Crocker Gel Food Color Classic Colors-Blue
McCormick Neon Food Color and Egg Dye-Blue
Mountain Dew Rise Berry Blitz
Gatorade Arctic
Powerade Berry Blast
Sunkist Berry Lemonade
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