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SUMMARY OF PROJECT CONCLUSIONS


In this experiment, nitric acid was used to extract iron from beef liver. The extraction samples were subsequently placed in an Atomic Absorption Spectrophotometer (AAS) to obtain iron concentrations.  Two distinct preparation techniques yielded iron concentrations that were not significantly different (p=0.59).  Method two was utilized because it was easier to perform and produced less error.  Concentrations of nitric acid, ranging from 0.1M to 0.5M were placed in 20 solutions containing 0.6g of beef liver.  While there was insufficient data to fit an equation, a generally increasing trend was observed.  This can be attributed to an increase in the moles of nitric acid present in the solution.  Also, total iron extraction was attempted in 12 samples in 0.1M nitric acid.  Extractions were performed on 0.6g and 1.0g samples of beef liver, but total extraction was not achieved after multiple resuspension.  0.219 +/- 0.0753 mg Fe/g sample and 0.102 +/- 0.0512 mg Fe/g sample were extracted for 0.6g and 1.0g samples respectively. The values were significantly different from the literature value of 0.0879mg Fe/g for cooked liver (p=0.9).  It was concluded that the nitric acid was limiting due to the difference of about 2x between both the amount extracted and the sample size.  

Objectives

Extracting trace elements from tissue has been a problem for the scientific community.  The methods and cooking process seem to vary the results greatly.  The purpose of this experiment was to determine the total amount of iron that could be extracted using nitric acid and see the differences in the data when compared to the literature value.  The following goals were set at the onset of testing:

· Determine the most efficient method to prepare the beef liver sample for extraction
· Determine the amount of iron in beef liver that is extracted by nitric acid as a function of concentration

· Attempt to determine the total iron content in beef liver

Background

Iron is an essential element in human nutrition.  It performs several crucial functions in the body. The human body contains about 4.5 g of iron. 65% of this is present in blood, 1% in various enzymes and the rest is stored in the liver, spleen, bone marrow1.  All vertebrates require iron because it is part of the heme molecule, which is an essential component of hemoglobin, myoglobin, and several intracellular enzymes.  It is also a cofactor for non-heme enzymes.

Since it is a highly reactive substance, iron can perform a wide variety of biological functions.  The iron in hemoglobin binds to oxygen when it passes through blood vessels in the lungs and releases it in the tissues. After releasing the oxygen, hemoglobin binds to carbon dioxide, the waste product of respiration, and carries it back to the lungs to be released. In myoglobin, the iron molecule carries and stores oxygen in the cells and is therefore essential for cellular activities in all body tissues.  It is also required in enzymes that are involved in many metabolic functions. Iron serves as both an electron donor and electron acceptor in the electron transfer chain.  Thyroid hormones, which regulate metabolic processes, require iron for production. Furthermore, iron is involved in the production of connective tissue and several brain neurotransmitters, and in the maintenance of a healthy immune system.  

Meats and other flesh foods are particularly important as iron sources for three reasons: they contain significant amounts of the mineral, much of the iron that they contain is in the highly absorbable heme form, and they contain a factor that enhances absorption of the non-heme iron both from the flesh itself and from other foods consumed2.  In a gram of cooked beef liver the value of total iron is 0.0879 mg/g3; however, there is much variation in the mineral values in food.  For example, in a sample of fried beef liver the coefficient of variability is about 18%4. Levels of iron in liver are affected by levels of this mineral in animal diets and by the age of the animals.  Therefore it is difficult to determine one value for the amount of iron in beef liver.

Nitric acid is commonly used in extraction-based experiments of organic and non-organic materials5, 6. This acid is used because it denatures proteins and causes iron to dissolve into solution.  After extracting the iron from the sample, Atomic Absorption Spectrophotometry was used to measure the iron concentration.  AAS is an analytical method used to determine the amount of substance in a sample through radiation emission and absorbance7. The data obtained from a spectrophotometer was used to determine the concentration of ions of a specific element in a substance. 

Materials and Methods

The following materials were used in the experiment, in addition to those listed in the BE 210 Laboratory manual:

( Beef liver

( Scissors and scalpel

( Mortar and pestle

( Mettler H72 analytical balance (( 0.001 grams)

( 50-ml plastic tubes with screw on caps

( 0.1, 0.2, 0.3, 0.4, 0.5, 1.0 M Nitric Acid (HNO3)

( 10 ml vacuum pipette 

( Centrifuge

( Saran Wrap

( Water bath
Procedure to compare two methods of preparing the sample for extraction

To extract iron from beef liver, a procedure was first developed as the background alludes.  Nitric acid was determined to yield a soluble iron complex from its reaction with living tissue.  Two methods of preparing the sample for nitric acid extraction were investigated.  Both of these methods involved wrapping the beef liver in Saran Wrap and placing it in a water bath to thaw.  Scissors and a scalpel were passivated in a 1.0 M HNO3 solution so no iron from the scissors entered the solution.  

The first method of preparing the sample involved mincing the beef liver using passivated scissors and then grinding the sample further using the mortar and pestle.  Six samples, each approximately 3.0 grams as measured on the analytical balance were placed into 50-ml plastic tubes with screw on caps.  Using a 10-ml vacuum pipette, 10 ml of 0.1 M HNO3 was added to each of the tubes.


The second method of sample preparation involved cutting six 3-gram portions of the beef liver and placing them into plastic tubes along with 10 ml of 0.1 M HNO3.  Using passivated scissors, the beef liver samples were then minced while immersed in the nitric acid solution.  


All twelve samples were then set aside for five hours.  During this time the Atomic Absorption Spectrophotometer was calibrated using the procedure outlined in the BE 210 Lab Manual using a standard 1000 ppm Iron stock solution.

After five hours, the samples were then centrifuged allowing the precipitate containing the denatured proteins to settle.  The supernatant with the Iron in solution was then decanted and the absorbance readings were taken.  Appropriate dilutions were performed in order to obtain a concentration within the linear working range of Iron (0.12 – 5.0 ppm).  The concentration of Iron in each of the solutions was determined from the calibration curve.  

Procedure to determine the effects of Nitric Acid concentration on Iron extraction


The beef liver was prepared as described above.  Using a passivated scalpel, 20 portions of beef liver were removed, each approximately 0.6 grams.  The samples were placed into 50-ml tubes.  Using a 1.0 M HNO3 solution, appropriate dilutions were performed in order to obtain solutions of 0.1, 0.2, 0.3, 0.4, and 0.5 M HNO3.  Using a 10-ml vacuum pipette, 10 ml of the 0.1 M HNO3 solution was placed into four tubes containing the sample.  The procedure was repeated for the other four solutions.  The samples were then minced with the passivated scissors while immersed in the solution.  The tubes were set aside for one week.


The following week, the spectrophotometer was recalibrated and the concentration of Iron in the solutions was measured using the method outlined above, along with the appropriate dilutions.  

Procedure to determine the maximum amount of Iron extracted using 0.1 M HNO3

Using a passivated scalpel, 12 portions of beef liver (6 approximately 0.6 grams, and 6 approximately 1.0 gram) were removed and placed into 50-ml tubes.  10 ml of 0.1 M HNO3 was added to each of the tubes and the samples minced with passivated scissors while immersed in the nitric acid.  The samples were then set aside for five hours.  Just before the five hours ended, the AAS was recalibrated and the Iron concentration in each of the solutions was determined.


Using a 10 ml vacuum pipette, 10 ml of 0.1 M HNO3 was added to each of the tubes to resuspend the samples.  After one week, the amount of Iron extracted was measured from these solutions.  In addition, the samples from the first part of the experiment were also resuspended in 10 ml of 0.1 M HNO3 and the Iron concentration determined the following day, and the following week.  

Results

The results of the experiment can be divided into three sections: the determination of the most efficient method to prepare the sample for extraction, a study on the effects of nitric acid on the amount of iron extracted, and calculation of the maximum amount of iron that can be extracted.  For all three parts of the experiment the value desired was the mass of iron extracted per gram of sample.  In order to calculate this value, the concentration as measured by the AAS was multiplied by the appropriate dilution factor(s) and then multiplied by 10 ml (the volume of acid added to the sample). This gave the amount of iron extracted from the liver. This value was then divided by the mass of the original sample to give the mass of iron extracted per gram of the sample. Since beef liver is a biological sample there is variance in the distribution of the iron, therefore several trials were taken to get a more precise value for the amount of iron in the sample.
The first part of the experiment was to determine which method was better for preparing the beef liver sample for extraction.   The results from the two methods discussed earlier are shown in table 1.  Method 1 involved mincing the sample before adding 0.1 M nitric acid, and Method 2 involved mincing the sample while immersed in the acid. 

Method 1 - 3.010 g +/- 0.030
Method 2 - 2.9973 g +/- 0.195

 
mg Fe/g sample
 
mg Fe/g sample

5 hours
0.0462 +/- 0.0185
5 hours
0.0657 +/- 0.0114

1 day
0.0299 +/- 0.0120
1 day
0.0336 +/- 0.00656

1 week
0.0104 +/- 0.0017
1 week
0.0113 +/- 0.0011

Total
0.0865  +/- 0.0510
Total
0.111 +/- 0.0667

Method 1 - 2.956 g +/- 0.111
Method 2 - 2.989 g +/- 0.060

 
mg Fe/g sample

mg Fe/g sample

1 day
0.1099 +/- 0.0821
1 day
0.0652 +/- 0.0266

1 week
0.0251 +/- 0.0177
1 week
0.0664 +/- 0.0309

Total
0.135 +/- 0.098
Total
0.1316 +/- 0.0575

Table 1 – Results from the procedure testing

In the table the numbers in bold correspond to the average mass of the samples used to calculate these results (all are roughly around 3 grams). All uncertainties are given as 95% confidence limits based on the average of three trials. At a first glance method 2 seems to have extracted more iron than method 1, but at the 95% confidence interval (CI) there was no significant difference between the two groups (seen by the overlap in the 95% CI of each group).  Either method would have been satisfactory for the procedure.  Furthermore, a t-test of the methods shows no significant difference (p=0.59).  However, method two was chosen (mincing inside the test tube) because the method was easier and it minimized error in volume transfer.

The results of the concentration study are given in table 2 and presented in a graph in Figure 1.  As explained earlier, measurements were made of total iron in solution and then normalized for mass of the sample.

Concentration (M)
mg Fe/g sample (average)
95% C.I.

0.1
0.1081
0.0698

0.2
0.2069
0.0627

0.3
0.3659
0.0809

0.4
0.6599
0.1850

0.5
0.7716
0.2989

Table 2 – Results of the concentration study
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Figure 1 – Graphical presentation of concentration study

Due to a lack of literature on this type of study, a trend-line was not fit to the data.  From the appearance of the chart the trend-line could be a variety of shapes.  The only way to achieve greater certainty in the shape of the trend-line would be include more values for the concentration of nitric acid used. The graph does show that as the concentration of the nitric acid added to the beef liver was increased the amount of iron extracted per gram also increased.  Also worth noting is that the uncertainty in the 0.4 M and 0.5 M samples was considerably greater than the uncertainty in the three lesser concentrations.  This is due to the increased uncertainty in the dilutions, which caused the error to become greater as the dilution factor increased.
The third part of the experiment was to determine the total amount of iron that could be extracted.  Based on the value of pan-fried liver given (0.0879 mg/g of liver3), the proper size to use was about 0.6 grams.  However, based on the experience with the chicken muscle (in which no iron was extracted from a predicted value of 0.0171mg iron/g of muscle3 ) it was decided that 1.0-gram samples should be used. The results are shown in table 3.

Mass of Fe per mass of sample (mg/g)


Sample Mass = 0.579 g +/- 0.0104
Sample Mass = 1.050 g +/- 0.0283

1 day
0.200 +/- 0.0713
0.0947 +/- 0.0491

1 week
0.0189 +/- 0.0142
0.00686 +/- 0.00419

Total
0.219 +/- 0.0753
0.102 +/- 0.0512

Table 3 - Results of the total extraction

The results of this study show that as the mass of the sample was increased, while the concentration of nitric acid remained the same, less iron was extracted per gram of sample.  Thus, the samples yielded similar amounts of iron (0.1268 ( 0.0331 mg Fe and 0.1071 ( 0.0129 mg Fe from the smaller and larger samples respectively), which were not significantly different (p=0.9).  This indicates that the nitric acid was probably the limiting factor in these extractions rather than the amount of beef liver present in the test tube.

Discussion

A protocol that would extract iron within the limitations of the laboratory had to be devised. The use of nitric acid as the extraction mechanism was the only viable alternative to achieve any measurable amount iron in the final solution.  The question then was how to achieve the easiest way to obtain full extraction as fast as possible.  Two methods emerged that increased the sample surface area so that nitric acid could extract iron more efficiently.  The first method, mincing the sample outside the solution tube, was compared to that of method two, mincing inside the test tube while the sample was immersed in nitric acid.  A t-test of the sample data showed that there was no significant difference between the two methods as far as relative amount extracted was concerned (p=0.59).  Method two was chosen since it posed less room for error, eliminating the volume and sample transfers needed with the first method.  This can be quantified through the confidence intervals (method one having CI of 0.0510 and 0.0980 whereas method two has CI’s of 0.0667 and 0.0575).

The goal of the second part was to determine the effect of molarity on the extraction amount of iron from beef liver.  The data collected from the 20 trials indicated an increasing trend for the amount extraction and uncertainties (which was caused by increasing dilution factors), with extraction of using 0.5M nitric acid yielding 0.7716 ( 0.2989 mg Fe/g of sample.  A mathematical relationship could not be determined due to a lack of data at higher and intermittent concentration values; however, Figure 1 does indicate the probable asymptotic behavior.  Since there is a finite amount of iron present in the sample, the amount of iron extracted would eventually reach a plateau, indicating total extraction.  However, this point was not reached due to time constraints.  It was also noted that higher concentration of nitric acid produced greater uncertainty in extraction readings.  This was due to the greater dilutions required to get the final solution into the linear range of the AAS; the increased dilutions caused greater uncertainty in the values for the final trial.


The final part objective, determining the total iron content, was not successful in achieving its goal.  As stated earlier, 0.6-gram and 1.0-gram samples were used to determine the total extraction from 0.1M nitric acid.  The normalized samples did not agree with the cooked beef literature value.  The literature value for pan-fried beef liver was exceeded (0.0879 mg Fe/g of liver) by all experimental values.  One possible difference lies in the cooked vs. uncooked liver.  It was found that mineral loss from cooking was somewhat to blame for the discrepancy.  Kimura and Itokawa found that the mineral contents of cooked foods were on an average about 60-70 percent of those in raw or uncooked foods8.  However, this does not sufficiently account for the 10x values found in the current study.  

An interesting observation was made in the extraction data produced by different masses of beef.  The smaller sample yielded twice the amount of normalized iron.  Since the samples were placed in the same concentration of nitric acid, the same amount was extracted.  Therefore, the extracted amount per gram was less for the larger sample.  This could have only occurred if the nitric acid is the limiting factor in the extractions rather than the amount of beef liver.  Therefore, the major consequence from this was that total extraction was not achieved since the acid was limiting and that future trials would require smaller samples or strong acid.

Conclusions


In its goal to determine the iron content in beef liver, the group discovered that although it is extremely important to correctly inform consumers about nutritional amounts, the literature values could be misleading.  This is caused by different methods could produce such different results and huge variations that can exist in biological samples (as seen in our t-test between the group’s result and the literature value, p=0.9).  That aside, the major objectives of this experiment were to determine the most reliable method to extract iron in nitric acid, measure the effect of acid concentration on iron extraction, and determine the total amount of iron that could be extracted using nitric acid.  We concluded that method 1 and 2 showed no significant difference (p=0.59), therefore the preparation of the samples would cause little variation in the results.  Furthermore, the group found that a higher concentration of acid with a fixed mass would generate more extracted iron. Finally it was concluded that the total iron extracted was not achieved since the nitric acid was limiting agent.  With these conclusions in mind, future experimentation in the direction of iron extraction would use smaller masses of sample and higher acid concentrations to yield more significant results.
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		7		1.03		0.032		0.031		0.03		0.031		4.7171314741		0.045797393		7		0.0493306856

		8		1.0175		0.049		0.045		0.045		0.0463333333		7.160690571		0.0703753373		8		0.0831311762

		9		1.0607		0.053		0.05		0.051		0.0513333333		7.9575033201		0.0750212437		9		0.0787559026

		10		1.0656		0.045		0.043		0.043		0.0436666667		6.7357237716		0.063210621		10		0.0661725201

		11		1.0932		0.111		0.108		0.107		0.1086666667		17.0942895086		0.1563692783		11		0.1635281577

		12		1.032		0.11		0.1		0.1		0.1033333333		16.2443559097		0.1574065495		12		0.1684227899		0.101556872		0.0512845174

																		average		0.1600918858		0.0866801876

				Thursday (4/13/00) Resuspend						Absorbance taken (4/20/00)

						Trial 1		Trial 2		Trial 3

		Sample		Weight		Absorbance		Absorbance		Absorbance		Average Abs		Concentration		mg Fe/g sample

		1		0.584		0.019		0.021		0.021		0.0203333333		0.7020933977		0.0120221472

		2		0.585		0.054		0.055		0.057		0.0553333333		2.3929146538		0.040904524

		3		0.5858		0.045		0.045		0.046		0.0453333333		1.9098228663		0.0326019608

		4		0.5811		0.014		0.014		0.015		0.0143333333		0.4122383253		0.007094103

		5		0.5773		0.018		0.016		0.017		0.017		0.5410628019		0.0093722987

		6		0.5584		0.019		0.019		0.018		0.0186666667		0.6215780998		0.011131413		0.1997724918		0.0188544078

		7		1.03		0.012		0.014		0.014		0.0133333333		0.3639291465		0.0035332927

		8		1.0175		0.033		0.033		0.032		0.0326666667		1.2979066023		0.0127558388

		9		1.0607		0.014		0.014		0.014		0.014		0.3961352657		0.0037346589

		10		1.0656		0.013		0.012		0.012		0.0123333333		0.3156199678		0.0029618991

		11		1.0932		0.022		0.022		0.022		0.022		0.7826086957		0.0071588794

		12		1.032		0.03		0.03		0.028		0.0293333333		1.1368760064		0.0110162404		0.0946967371		0.0068601349

				Thursday (4/13/00)				Absorbance Taken (4/20/00)

		Molarity		Sample		Weight		Absorbance		Absorbance		Absorbance		Avg. Absorbance		Concentration		mg Fe/g sample

		0.1		1		0.5779		0.036		0.036		0.035		0.0356666667		5.7713365539		0.0998673915

		0.1		3		0.5901		0.029		0.029		0.028		0.0286666667		4.4186795491		0.0748801822						Concentration (M)		mg Fe/g sample (average)		95% C.I.

		0.1		4		0.584		0.051		0.051		0.051		0.051		8.7342995169		0.1495599232						0.1		0.108102499		0.069848024

																		0.108102499		0.0380148481		0.069848024		0.2		0.2068796346		0.0627857265

		0.2		1		0.5752		0.044		0.042		0.043		0.043		14.3768115942		0.2499445687						0.3		0.3659158784		0.0808925278

		0.2		2		0.562		0.029		0.028		0.029		0.0286666667		8.8373590982		0.1572483825		3.1824492908				0.4		0.6598732902		0.1849935071

		0.2		3		0.5691		0.032		0.033		0.032		0.0323333333		10.2544283414		0.180186757		2.7764508559				0.5		0.771588771		0.2989435678

		0.2		4		0.5665		0.041		0.041		0.041		0.041		13.6038647343		0.2401388303

																		0.2068796346		0.0452273278		0.0627857265

		0.3		1		0.5728		0.037		0.035		0.034		0.0353333333		17.1207729469		0.2988961757

		0.3		2		0.5635		0.049		0.048		0.049		0.0486666667		24.8502415459		0.4409980753

		0.3		3		0.5743		0.042		0.042		0.042		0.042		20.9855072464		0.3654101906

		0.3		4		0.5856		0.042		0.042		0.042		0.042		20.9855072464		0.3583590718

																		0.3659158784		0.0582704553		0.0808925278

		0.4		1		0.5775		0.051		0.05		0.051		0.0506666667		34.6795491143		0.600511673

		0.4		2		0.5887		0.047		0.045		0.045		0.0456666667		30.8148148148		0.5234383356

		0.4		3		0.5892		0.057		0.059		0.057		0.0576666667		40.0901771337		0.6804171272

		0.4		4		0.5942		0.07		0.07		0.07		0.07		49.6231884058		0.835126025

																		0.6598732902		0.1332589819		0.1849935071

		0.5		1		0.5667		0.041		0.046		0.04		0.0423333333		35.2979066023		0.6228675949

		0.5		2		0.5743		0.045		0.047		0.042		0.0446666667		37.5523349436		0.6538801139

		0.5		3		0.5727		0.069		0.071		0.071		0.0703333333		62.3510466989		1.0887209132

		0.5		4		0.5924		0.046		0.052		0.052		0.05		42.7053140097		0.720886462

																		0.771588771		0.2153422361		0.2989435678
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