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SUMMARY OF PROJECT


The objective of this project was to devise an effective method of extracting potassium from a banana, and then use that method of extraction to measure the K concentration of a whole banana using atomic absorption spectroscopy.  Our devised repeating procedure of blending the banana with water, adding HCl, mixing, centrifuging, and testing the supernatent yielded significant levels of potassium with the first two iterations, and then became insignificant as all the potassium was extracted.  On three separate days of trials, we obtained values of 4.472 mg/g, 4.168 mg/g, and 4.451 mg/g, respectively, by testing the extracted solutions in the atomic absorption spectrophotometer and back-calculating a value against a calibration curve.  Using these averages, our conclusion is that a banana has between 3.262 and 5.466 mg/g of potassium.

OBJECTIVE

· To determine the method of extracting potassium from bananas that can be used to determine the potassium concentration such that the literature value falls within one standard deviation

SPECIFIC AIMS

· Devise a method of extracting potassium from a banana

· Evaluate matrix effects using method of additions

· Determine the concentration (mg/g) of potassium in a banana and compare to literature value

HYPOTHESES

· Proposed method of extraction will yield potassium concentrations within one standard deviation

· Test solution will be diluted such that matrix effects are negligible

· Potassium concentration in banana: 3-4 mg/g (Tahvonen 1993 and Miller-Ihli 1996)
RELEVANT BACKGROUND AND METHODOLOGY

Although many references are available on the sources and effects of potassium in foods, only a few give information on a method for potassium extraction from bananas, as well as a quantification of the total potassium in a banana.  One paper includes bananas among other foods that were experimentally tested for potassium concentration, and gives a minimum of 3.25 mg/g and a maximum of 3.90 mg/g as the obtain values for the concentration of potassium per gram of banana
.  The Chiquita website states a concentration of 3.2 mg/g for their bananas
. These numbers provide us with reasonable expected values for our experiment.

Also important for this experiment is the details of the standard atomic absorption conditions for potassium that we used.  Used were a wavelength of 766.5 nm, a slit of 0.7/1.4 nm, a relative noise of 1, and a characteristic concentration of 0.043 mg/L.  The linear range for potassium used was 
6 mg/L.
Matrix Effects

A matrix effect is defined as the failure of artificial calibration solutions to reflect the complex properties of the biological test matrix.  In our experiment, the physical matrix effects were the most likely to exist, which would be systematic effects (i.e., a difference in the viscosity between an aqueous calibrator and the serum sample).  This would lead to absorbance readings less than actual since the matrix effect would hinder the nebulizing of the sample in the flame.

Method of Additions

The method of additions, also known as standard additions or spiking, is one method of matrix effect correction.  The procedure involves creating a series of solutions by first adding a constant amount of sample, then varying amount of standard in subsequent solutions, as shown in the Figure.  Finally the solutions are diluted to known volume.  Once the absorbance of these solutions are found, they are plotted, and then a correction factor is extrapolated.  If the correction factor is 1, then there is no significant matrix effect. 
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Nonlinear Calibration


Three standard solutions, containing concentrations of 6, 18, and 36 mg/L, were used in the nonlinear calibration analysis.  The nonlinear calibration equation is:

C = K0(K1A – K3A2)/(K2A – 1)

The coefficients K1, K2, and K3 will be calculated by simultaneously solving a system of three equations (as outlined in the lab manual) formed from the data of the three standard solutions used.  The three equations used in determining the unknown coefficients are:

K1 = -C1/A1

K2 = (((K1*A2)/(C2)) + 1)/(A2)

K3 = (C3*(K2*A3 – 1) – K2*A3)/(A3)

PROCEDURE

1. A Chiquita™ yellow banana and seven equal masses of distilled water are blended (1:8 dilution) until homogenized

2. A 25-mL aliquot of sample is removed and combined with 25-mL of 1N HCl (1:16 dilution)

3. This solution is mixed for 20 minutes on a centrifuge tube rocker

4. The sample is centrifuged at 5000 rpm for 10 minutes

5. The supernatant is diluted 1:62.5 for final dilution of 1:1000 and then tested in the AA Spec

6. If the potassium concentration is greater than 0 ppm, continue to Step 7

7. The pellet is resuspended in 12.5 mL of distilled water and 25 mL of 1N HCl.  If necessary a spatula is used to break up the pellet.  Return to Step 4.

· APPARATUS AND MATERIALS

· Chiquita™ bananas

· 50-mL centrifuge tubes

· 50-mL graduated cylinder (± 0.5 mL)
· Perkin-Elmer AA Spec

· Mettler PB303 (± 0.01 grams)
· 10-mL pipettes with electronic pipette aide

· Calibrated P-1000 air displacement pipette (± 0.5%)
· Spatula

· Blender

· Freezer

RESULTS


One of the specific aims of this experiment was to determine the concentration of potassium in a banana in mg/g. Calibration curves were based on absorbance values of dilutions of a standard potassium solution. All distilled water measurements were made using the PB303 Mettler balance in the 0-50 gram range and thus had a precision of ± 0.001 grams. In order to avoid error from assuming that the density of the standard stock solution was equal to that of water (1g/ml), all measurements of the potassium solution were made using the P-1000 Air displacement pipette, which was calibrated using the PB303 Mettler balance, and which is reproducible to 0.5 %.
 Seven original dilutions of the stock solution were made such that we had the following concentrations in ppm: 2, 4, 6, 8, 10, 15, 20.
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We knew from the lab manual that, although quantitative measurements in atomic absorption are based on the Beer-Lambert Law (C = kA), at high concentrations the relationship between concentration and absorption for most elements deviates from this law and is not linear.  The lab manual suggests an upper linear limit of potassium at 2 ppm, however our results, shown in Figure 1, indicate a linear limit of 6 ppm. 
  This calibration gave us the following equation:

Y = 0.10785x + 0.0027

where x is concentration and Y is absorbance. This is not in the form of Beer’s law; however, the manual noted that a calibration curve with a nonzero intercept was acceptable. The R2 value for this curve was 0.9999 (adjusted R2 value to take into account for the error bars was 0.9996) and a t-test showed that, within a 95 % degree of certainty, there was a linear relationship. The standard error of the y-intercept was 0.00465 and the standard error of the slope was 0.00124. Based on the confidence intervals, the slope, 0.10785 ppm-1, has a lower bound of 0.10168 ppm-1 and an upper bound of 0.11402 ppm-1.


After performing initial tests on Days 1 and 2 on the same banana,
 we obtained an average concentration of 3.42 ± 0.165 mg/g. When this value is plotted on the linear calibration curve it has an upper 95 % confidence value of 3.73 mg/g and a lower 95 % confidence value of 3.31 mg/g.
 On Day 3 we used a technique of rewashing our samples to confirm that we had extracted all of the potassium.
 In addition, we performed a test to determine if there were any matrix effects. The procedure for this test can be found in the “Materials and Methods” section of this lab report and the results can be seen in Figure 2. The matrix effects plot represents a failure of the calibration solutions to reflect the properties of the [image: image3.wmf]        
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biological sample. 


As seen in Figure 2, the linear regression line obtained from our matrix effects procedure is extrapolated to the x-axis. The absolute value of the x-intercept is used as a multiplicative correction factor. We found the x-intercept to be – 1.26103 ppm, with an upper 95 % confidence limit of –1.57954 ppm, and a lower 95 % confidence limit of –0.94253 ppm.
 Table 1 shows the average results from Days 1-3 before and after correcting for multiple washing and for the matrix effects.  All of these results are from the same banana. On Days 1 and 2 we tested 4 samples each day, and on Day 3 we tested 3 samples.

	Table 1

	Day
	Initial Concentration (mg/g)
	Corrected for Additional Wash (mg/g)
	Upper/Lower 95 % Confidence Intervals (mg/g)
	Corrected for Matrix Effects (mg/g)
	Upper/Lower 95 % Confidence Intervals (mg/g)

	Day 1

	3.546 ± 0.104
	N/A
	3.686 / 3.261
	4.472
	5.601 / 3.342

	Day 2
	3.305 ± 0.117
	N/A
	3.317 / 3.094
	4.168
	5.220 / 3.115

	Day 3
	3.425 ± 0.145
	3.530 ± 0.154
	3.523 / 3.297
	4.451
	5.410 / 3.228

	Average
	
	
	
	4.364
	5.466 / 3.262



As can be seen in Table 1, our overall average concentration for a banana was 4.364 mg/g with an upper confidence limit of 5.466 mg/g and a lower confidence limit of 3.262 mg/g. We tested this against samples from two other bananas (see Table 2). Three samples were averaged for each of the values shown; the values for each of these samples are listed in the Appendix.

	Table 2

	Day
	Initial Concentration (mg/g)
	Corrected for Additional Wash (mg/g)
	Upper/Lower 95 % Confidence Intervals (mg/g)
	Corrected for Matrix Effects (mg/g)
	Upper/Lower 95 % Confidence Intervals (mg/g)

	Banana 1
	3.425 ± 0.145
	3.530 ± 0.154
	3.523 / 3.297
	4.451
	5.410 / 3.228

	Banana 2
	3.078 ± 0.059
	3.214 ± 0.0721
	3.317 / 3.094
	4.053
	5.077 / 3.029

	Banana 3
	3.294 ± 0.047
	3.457 ± 0.0622
	3.523 / 3.297
	4.359
	5.460 / 3.258

	Average
	
	
	
	4.288 ± 0.208
	5.371 / 3.214


ANALYSIS

The objective of this project was to determine an effective method of extracting and quantifying the potassium concentration in a banana using the Perkin Elmer AAnalyst 100 Atomic Absorption Spectrometer (AAS).  Such an ambitious goal calls into attention a number of important considerations.  These include creation of an accurate calibration curve, effective extraction of potassium from the banana, and proper analysis of any and all error that may be associated with testing the biological sample.

The procedure outlined for formulating the linear calibration called for volumetric techniques for preparation of solutions.  The stock solution was prepared by adding 1.907 grams of solid potassium chloride (weighed on the Mettler H72, ±0.0001) to 1 liter of distilled water.  The standardizing solutions’ solute (1000 ppm K solution) was measured out using both P1000 and P200 pipetman pipettes.  These pipettes are reproducible within 0.5% of each trial when properly calibrated. All dilutions were made in deionized water and, since water has a density of 1 g/mL, solvent measurements were made based on mass in order to maintain maximum precision. In order to measure the mass of the water the Mettler PB303 (± 0.001g) was used.  The precision associated with using a 1-liter volumetric flask (± 0.3%) translates into a precision of ± 3g when dealing with water; thus, measurement by mass is a more precise method.  

Our initial measurements of potassium concentrations in the banana were within the targeted range of 3-4 mg/​g.  However, in order to be sure that all the potassium was obtained, the samples were rewashed in acid solution
, processed, and tested again for any residual potassium.  These rewashes, completed on Day 3, were completed in identical fashion to the initial wash steps except for an added step in which the pellet remaining after previous centrifuging process was broken up using a small spatula
.  On average, the first rewash produced approximately 2% more potassium while the second rewash produced no additional potassium (see Appendix).  With this knowledge, subsequent experimentations would only require one initial testing.  The remaining 2% of potassium could hypothetically be added on mathematically to produce an accurate representation of the potassium concentration in the tested banana.

Whenever one works with biological samples with intent to compare against standardized non-biological samples it is important to identify any significant differences between the two samples as they relate to the desired measurement.  In order to account for the differences in our experiment we performed a matrix effects test.  This test analyzes the effect of physical and chemical matrix effects (viscosity, chemical compound interference, etc) on obtained measurements.  Generally, an equal amount of the biological sample with a known concentration is aliquoted to several test tubes and then diluted with specific combination of spiking solution (ion dissolved in distilled water at equal concentration to sample) and distilled water.  After testing each solution in the AAS a plot is constructed and a linear regression applied.  If there is no matrix effect the X-intercept of this line should be -1 ppm.  


The plot constructed for our matrix effects analysis (Figure 2) had an X-intercept of approximately -1.26 ppm.  Even though -1 ppm falls within the given confidence limits for this value due to its high uncertainty, there is still a significant difference between the two values.  This result means that some characteristic of the biological matrix is affecting the ability of the AAS to obtain the true absorbance of the sample and, thus, the sample concentrations calculated must be adjusted.  In order to determine how to go about adjusting the calculated values, it is necessary to first identify the most likely matrix effects playing a role and their effect on the absorbance values.  We hypothesized that some physical matrix effect, possibly the sample viscosity, was responsible for the observed error in analysis.


The first issue to be determined was whether or not the change in intercept was due to a change in the slope of the regression or a complete shifting of the regression from the expected regression representing no matrix effect.  In order to distinguish the actual transformation the change in slope and the absorbance at 1 ppm were examined.  The results of a two-sample T-test performed on the slope of the calibration curve (0.10785 ppm-1) and the matrix effect regression slope (0.104 ppm-1) proved there was no statistical difference between the two values; therefore, the difference in the X-intercepts is not due to a slope change.  Thus, the shift must be due to an increase in absorbance.  This conclusion was confirmed by the significant change in absorbance at 1 ppm for the calibration curve standard solution (0.11) and the matrix effect solution (0.12).  


This conclusion also makes sense physically.  The 6 ppm sample solution was determined to be so by checking it against the linear calibration curve.  However, physical matrix effects such as viscosity can slow the ability of the solution to flow through the nebulizer and thus, less light is absorbed and a lower absorbance reading is recorded.  Were there no matrix effect slowing the flow of sample solution the actual amount of potassium absorbance would increase and, after applying the Beer-Lambert law, the recorded concentration of the solution would be higher.  Such a situation is approached in the 1 ppm matrix solution because the biological sample is diluted by the five equal volumes of distilled water.  Thus, the physical matrix effect accounting for the error is minimized and the true potassium concentration is more accurately represented by the absorbance.  


Since we knew that the true concentration of the biological sample should have been higher than that determined via the linear calibration curve, the error determined by the matrix effect regression must be multiplicative.  Thus, our average value after rewashing for potassium concentration in the first banana, observed to be 3.53 ± 0.154 mg/g, is corrected 126% to the true potassium concentration, which was calculated to be 4.45 mg/g with an upper 95% confidence interval 5.41 mg/g and a lower 95% confidence interval of 3.23 mg/g.  Thus, our potassium concentration results do not fall within our hypothesized range.  However, since there is a substantial amount of overlap between the two ranges, we think that there may still be some validity to the results obtained.  In addition, biological samples are highly variable so the precision associated with our results further confirms the validity of the potassium concentration values.

There are a number of possible sources of error associated with this particular procedure.  The given error associated with the use of the pipettes is 0.5% reproducibility when properly calibrated.  One unavoidable source of error lay in the precision of the spectrometer (± 0.0005).  Another possible source of error is contamination.  Potassium is present on all surfaces and human skin has a great deal of potassium.  Thus, all surfaces were rinsed with distilled water and wiped thoroughly with clean towels before being used to avoid adding extraneous potassium to the testing solution and the AAS was cleaned thoroughly before each testing period
.  Anyone handling the sample was required to wear gloves and wash their hands.  Moreover, if the solution contained any impure solutes that had the capability of absorbing the emitted light, then the absorbance values observed would be lower than their true value.  In order to avoid this possibility, each solution was prepared and immediately sealed in a 50-ml test tube to avoid contamination from the environment or through handling.  Several additional reasons for error noted in the AAS manual include stray light, nonhomogenities of temperature and space in the absorbing cell, line broadening, and absorption at nearby lines.

CONCLUSIONS

· Our procedure was effective in extracting all potassium from a banana after two washings.
· Matrix effects are not negligible, and a correction factor of 1.26103 is necessary for proper adjustment.
· The concentration of potassium in a banana is between 3.262 and 5.466 mg/g.

APPENDIX
Appendix Figure 1: Calibration Curve (Day One)
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Linear Regression 

Y = A + B * X

Parameter
Value

Error

t-Value

Prob>|t|

---------------------------------------------------------------------------------

A

0.01482
0.0101

1.4674
0.19264

B

0.04105
9.82721E-4
41.77468
<0.0001

---------------------------------------------------------------------------------

R
Adj. R-Square


---------------------------------------------------------------------------------

0.99829
0.996

Appendix Figure 2: Rewashing Results
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Appendix Table 1: Day One Results

	Banana Sample
	Absorbance
	Concentration (ppm)
	Potassium Concentration in Banana (mg/g)

	1
	0.172
	3.885
	3.408

	2
	0.178
	4.020
	3.526

	3
	0.184
	4.155
	3.645

	4
	0.182
	4.110
	3.605

	Average
	
	
	3.546


Appendix Table 2: Day Two Results

	Banana Sample
	Absorbance
	Concentration (ppm)
	Potassium Concentration in Banana (mg/g)

	1
	0.510
	3.914
	3.433

	2
	0.470
	3.594
	3.153

	3
	0.497
	3.810
	3.342

	4
	0.490
	3.754
	3.293

	Average
	
	
	3.305


Appendix Table 3: Day Three Results

	Sample
	Potassium Concentration in Banana (mg/g)
	Total Potassium Concentration (mg/g)

	
	Wash 1
	Wash 2
	Wash 3
	

	B1S1
	3.38
	0.12
	0.00
	3.50

	B1S2
	3.59
	0.10
	0.00
	3.69

	B1S3
	3.31
	0.10
	0.00
	3.41

	Average
	3.43
	0.11
	0.00
	3.53

	Std. Dev.
	0.14
	0.01
	0.00
	0.14

	B2S1
	3.14
	0.11
	0.00
	3.25

	B2S2
	3.03
	0.15
	0.00
	3.18

	B2S3
	3.06
	0.15
	0.00
	3.21

	Average
	3.08
	0.14
	0.00
	3.21

	Std. Dev.
	0.06
	0.03
	0.00
	0.04

	B3S1
	3.24
	0.18
	0.00
	3.42

	B3S2
	3.33
	0.16
	0.00
	3.49

	B3S3
	3.31
	0.15
	0.00
	3.46

	Average
	3.29
	0.16
	0.00
	3.46

	Std. Dev.
	0.05
	0.02
	0.00
	0.04


� EMBED Origin50.Graph  ���





The regression line shown is continued only until the 6 ppm linear limit. At 8 ppm, as can be seen, the curve is no longer linear. Regression statistics showed a much lower correlation when this line was continued to include any points above the 6 ppm limit. (R2 = 0.9966, 0.9884, 0.9349, 0.8795 for the upper limit of C = 8, 10, 15, and 20 ppm). As the linear limit was extrapolated beyond 6 the y-intercept also increased. (A = 0.0143, 0.0345, 0.1129, 0.1921 for the upper limit of C = 8, 10, 15, and 20 ppm).








Matrix effects can be defined as a failure of artificial calibration solutions to reflect the complex properties of the biological test matrix. Physical matrix effects include things such as viscosity. The line is extrapolated to the x-axis, and the absolute value of the resulting concentration is used to correct original concentration values.
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� Tahvonen R. (1993).  Contents of Selected Elements in Some Fruits, Berries, and Vegtables on the Finnish Market in 1987-1989.  Journal of Food Composition and Analysis.  6, 75-86.


� Chiquita - http://www.chiquita.com/content.asp?category=health&subcategory=nutrition_facts&file=


../discover/hn/nutritionfacts.asp&image=21.gif


� The pipet was calibrated by setting it to a desired volume and confirming this value on the PB303 Mettler balance (using distilled water). It was determined that the accuracy of the air displacement pipet was not dependent upon volume by massing volumes of 200, 300, 400, 500, 600, 700, 800, 900, and 1000 microliters. Precision is based on the value given in the lab manual.


� X-error bars are based on precision of the solution concentrations based on the balance and on the air-displacement pipette. Although accuracy was not based on volume for the air-displacement pipette, precision was (0.5 % reproducibility). Y-error bars are based on manual precision calculations: 5 absorbance values for each solution were measured. The average values were plotted and the standard deviations are the y-error bars. (0,0) was used as a point on this graph because the AA-spec was calibrated to zero with distilled water (C=0). There are no error bars for this point.


� The procedure for storing banana samples is in the Materials and Methods section of this lab report.


� Tables with the results from individual samples from Days 1 and 2 can be found in the Appendix.


� A graph showing concentration extracted versus wash number can be found in the Appendix. Because the procedure for this involved mashing the remaining banana with a metal rod, the rod was washed down into a graduated cylinder and the wash water was tested for residual potassium. See Appendix for potassium concentration values from this procedure.


� X-error bars are based on precision of the solution concentrations based on the balance and on the air-displacement pipet. Although accuracy was not based on volume for the air-displacement pipet, precision was (0.5 % reproducibility). Y-error bars are based on manual precision calculations: 3 absorbance values for each solution were measured. The average values were plotted and the standard deviations are the y-error bars. Solution concentrations for banana were made using a 50 ml graduate cylinder (± 0.5 ml), and the concentration was calculated using the original linear calibrations. The uncertainty in the solution concentration as measured with a graduated cylinder is not shown on the graph. In addition, there is uncertainty in the initial potassium concentration determined for the banana (as defined by the confidence intervals and standard error on the calibration curve). Some of the potential effects this could have had on the matrix effects graph are addressed in the analysis.


� Day 1 had a different calibration curve than the other two days. It was suggested that this could have been due to temperature fluctuation or other variables we could not control for. The calibration curve can be seen in the appendix. Despite this discrepancy, the values still fall within the confidence intervals of Days 2-3.


� Potassium concentration in 1N HCl solution diluted 1:130 (testing sample concentration) was found to be negligible.


� Following each usage the spatula was rinsed with a known volume of distilled water and tested in the AAS to determine if any residual potassium remained on the spatula.  Results from these tests showed that residual potassium on the spatula was negligible. 


� In order to determine just how detrimental contamination may be, one of the group members placed his finger in a beaker of distilled water and measured the potassium absorbance.  The recorded absorbance was observed to be 0.153, which is comparable to actual sample absorbance values.  
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