A nutritional application of the biuret test

Now that everyone has done the biuret test, everybody knows how to use this quantitative colorimetric procedure to measure the protein concentration of solutions.   Most people discovered that even the simple dilution problem presented at the end of that exercise was not easy;  in fact most people would have lost points on an exam for inability to reason through that calculation.  Clearly, dilution problems, which were introduced in one of the first lab's guidesheets, need more attention.  So here's a chance to check your understanding.
The chicken egg is an excellent source of high quality protein.  To a biologist, "high quality" means that the protein in the egg is complete protein.  If one is trying to measure dietary calories or quantity of protein in the diet, for instance, it's necessary to know how much protein is in the egg.  If you're told that you need 40 grams of protein in your diet on a daily basis, would one egg satisfy that requirement?  two eggs?  

To simplify the task, let's separate the egg white from the yolk and focus just on the egg white.  Analyzing the yolk, which contains phospholipids, cholesterol, and other components, is more complicated.   But the "white" is egg protein (a type of albumin) dissolved in water, with some ions.  That is, the egg white is an aqueous solution of egg albumin.  So, the question now is this.  How much protein is in an egg white? PRIVATE 
 We can use what we learned in that biuret exercise to get the answer.  Here's how it was done by Dr. Rawn, using your biuret test procedure.   
1. One large egg was separated into white and yolk components.  The yolk was discarded.  The viscous egg white was poured into a graduated cylinder; the volume of the egg white was 32 mL.  Of course that would vary from egg to egg.
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2. We need to use the biuret standard curve to determine the protein concentration, but we don’t know at the start what the concentration of protein is in this 32 mL egg white solution.  In other words, this egg white solution is an "unknown," similar to the unknowns that you worked with in the lab exercise. 
When we perform the biuret test, the degree of color development must be such that the absorbance value falls within the linearity range of our standard curve.  
In fact, if we added the blue biuret reagent to this egg white as is, our absorbance value would be far too high.  Interpretation?  The protein concentration of the egg white is much greater than the values shown in our standard curve graph.  

What do we do?  We need to dilute the egg solution enough so that the color development will produce an absorbance value that falls on our standard curve.  Then we can read a value for albumin concentration from the graph.  
3. Recall that the bovine serum albumin (BSA) solutions in the lab were prepared in 0.5 M KCl.  The 32 mL egg white doesn’t contain that KCl.  Therefore, we need to dilute the 32 mL egg albumin solution with KCl solution.  The dilution factor chosen was 1:10, which is easy to work with.  That’s one part of egg albumin solution + 9 parts of 0.555 M KCl.  Notice that the egg albumin solution will reduce (dilute) this KCl concentration by 10%.  Thus,

0.555 M KCl  X  90%  =  0.5 M KCl.  Then, 

a. Let the 32 mL of egg white  =  1 part  of the new solution that we want. 
b. Then 9 parts of 0.555 M KCl = 288 mL.  Total volume of the new egg albumin solution = 320 mL.  Its KCl concentration is 0.5 M, which is what the biuret test requires.   
4. When the biuret test was performed with this 1:10 diluted egg albumin solution, the absorbance value still was far above the highest value on the standard curve.  Obviously the egg albumin solution was still too concentrated.  
5. The egg albumin solution, which had already been diluted 1:10, needed to be diluted further.  So, a second 1:10 dilution was performed.  That’s 1 part of the already diluted egg albumin solution + 9 parts of 0.5M KCl solution.  The specific volumes  chosen were 10 mL of the egg protein solution + 90 mL of 0.5 M KCl.  Note here that 1 part is 10 mL; it could be more or less as long as the ratio is the same-  1 part: 9 parts for a total of 10 parts (written 1:10 or 1/10)

6. When this new solution was tested (5 mL egg protein solution + 3 mL of biuret reagent, just as in your biuret test procedure) it gave an absorbance value of 0.235 in the colorimeter.  That absorbance value did fall on the standard curve.   0.235 absorbance corresponded to about 0.76 mg of protein per mL on our standard curve.
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7. So, what was the total amount (in grams or milligrams) of protein in that one egg white?

   That 0.76 mg/mL is for the 8 mL assay volume in the test tube.  And all of the protein in that 8 mL assay volume was in 5 mL of the diluted egg white solution before the 3 mL of blue biuret reagent was added to produce the purple.  

    Therefore,    0.76 mg/mL  X  8 mL/5mL  =  1.216 mg/mL.

Since this protein solution was a 1:10 dilution of the previous 320 mL egg white solution, the original 320 mL solution had a protein concentration of 12.16 mg/mL.

Then the total amount (mass) of protein in the original solution must be:

  320 mL  X  12.16 mg/mL  =  3891.2 mg  =  3.89 g of protein in that one egg white…. about 4 grams.

Is that correct?  Checking sources on-line shows values between 3.6 mg/mL and 4.6 mg/mL for an egg white.  Close enough.
