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Brief Background

A volume-constant calorimeter is a device which places a substance into an oxygen rich environment, and, through the use of a fuse wire, it ignites the environment to create a combustion reaction.  The reaction occurs in an oxygen combustion chamber that is submerged in a water bath.  The temperature change of the water is used to find the total energy/caloric output of the system.

One calorie is the amount of energy required to raise the temperature of one kilogram of water by one degree Celsius at one atmosphere pressure.  In food and diets, one Calorie = 1000 calories and is a measure of the energy-producing potential.  The more calories a diet contains, the more energy it provides.  Saccharomyces needs the energy from calories to grow, live, and multiply.

The three components that were tested for caloric content were dextrose, peptone, and yeast extract.  Dextrose is a refined sugar from cornstarch and can be the main source of energy. Peptone is formed by hydrolysis of a protein.  These water-soluble compounds are usually formed during digestion.  Yeast extract is also water-soluble used for culture media and has a high concentration of carbohydrates. 

Hypotheses/Objectives/Aims


The primary aim of this experiment was to devise an efficient method of burning the components of yeast diet and quantify the gross heats of combustion.  By investigating the constituents of each component, it was hypothesized that the main contributors to the gross heat of combustion in yeast extract and peptone were primarily the amino acids present.  Dextrose, as a pure chemical compound, should burn with a gross heat of combustion similar to glucose.

General Protocol

·  Using a benzoic acid standard, determine the energy equivalence of the volume-constant calorimeter, W, and the target temperature change. 

·  Calculate predicted value of gross heat of combustion of peptone and yeast extract using the amino acid content given by manufacturer, and acquire literature value of chemically pure dextrose.

· Determine the experimental values of gross heat of combustion of yeast extract, dextrose, and peptone.  

· Use W, energy equivalent factor, to calculate gross heat of combustion

· For dextrose, use a small pellet of benzoic acid to help combust the dextrose pellet and account for caloric contribution of benzoic acid 

· For yeast extract, place the yeast extract in the crucible in powder form

· Use one sample t-test to determine the calculated gross heat of combustion values to the predicted values.

Specific Methods

· Use a one gram pellet of Benzoic Acid to determine the energy equivalence of the volume-constant calorimeter and optimal temperature change.  (Table 1)

· Determine the change in temperature due to the combustion of peptone

· Prepare preliminary sample of peptone component with a pellet mass of 1.837 grams, based on literature value. 

·  Refine target mass by combusting the preliminary sample in the volume-constant calorimeter.

·  Run 4 trials of peptone pellets using an approximate mass of 1.25 grams in the volume-constant calorimeter. (Table 2)

· Determine the change in temperature due to the combustion of yeast extract

· Prepare preliminary sample of yeast extract in powder form with a mass of 0.7163 grams, based on literature value. 

·  Refine target mass by combusting the preliminary sample in the volume-constant calorimeter.

·  Run 4 trials of yeast powder using an approximate mass of 1.5 grams in the volume-constant calorimeter. (Table 3)

· Determine the change in temperature due to the combustion of dextrose

·  Prepare preliminary sample of dextrose in pellet form with a mass of 1.4145 grams, based on literature value. 

·  Prepare an additional sample of benzoic acid in pellet form with a mass of approximately 0.3 grams.

·  Refine target mass of dextrose by combusting the additional sample of benzoic acid on top of the preliminary sample in the crucible of the volume-constant calorimeter.

·  Run 4 trials of dextrose using an approximate mass of 1.25 grams and 0.3 grams of benzoic acid in the volume-constant calorimeter. (Table 4)

· Calculate the gross heat of combustion for each of the three components

· To correct the temperature value, in Excel, determine time and temperature at the end of the pre period, time when the temperature reaches 60% the total rise, the time and temperature at the beginning of the post period, the slope of the pre period, and the slope of the post period.

· Calculate the nitric acid contribution by titrating the washings from the oxygen combustion chamber of each trial using 0.0709 N sodium carbonate.

· Calculate the fuse wire contribution (1 cm= 2.3 cal)

· For dextrose, account for caloric contribution of benzoic acid by subtracting the benzoic acid’s caloric contribution from the total caloric content of the sample. (mass of benzoic acid pellet * 6318 cal/g = caloric contribution of benzoic acid)

· Calculate the gross heat of combustion with the temperature change and thermal chemical corrections for each of the four trials and average these values. 

· Use one sample t-test to compare experimental values of gross heat of combustion with predicted values.

Results
Four pellets of benzoic acid of approximately one gram were tested in order to find the energy equivalent of the calorimeter (Table 1 [in appendix]).  The net corrected temperature rise was 2.54 ± 0.04 °C.   It was determined that the average contribution of nitric acid to the temperature increase after the combustion of benzoic acid was 9.489 ± 0.760 cal/g.  From the amount of fuse wire consumed in the reaction, the contribution to the rise of temperature was found to be an average of 18.30 ± 1.02 calories.  Using the heat of combustion of benzoic acid as a standard (6318 cal/g), the energy equivalent of the volume-constant calorimeter was determined to be 2455 ± 16.36 cal/°C.  


[image: image1]
Figure 1:  Second trial of benzoic acid standardization.  Using the time and temperature at the end of the pre period (A), beginning of the post period (C), and at the 60% rise point (B), and the slopes of the pre and post periods, the corrected temperature rise was calculated and used to determine the energy equivalent of the calorimeter.

When a 1.837 gram pellet of peptone was combusted, the net corrected temperature rise was 3.61°C (Figure 2).  Using 4 trials of peptone pellets that were approximately 1.25 grams, a net corrected temperature of about 2.5°C was obtained (Figure 3 and Table 2 [in appendix]).  The average contribution due to presence of nitric acid was 13.705 ± 0.618 cal/g and the average contribution due to the burning of the fuse wire was 16.043 ± 3.211 calories. The residue in the crucible for trials 1-4 was: 0.817%, 6.156%, 0.631%, and 0.641%, respectively.  Averaging all four samples, the residue after combustion was 2.476 ± 3.187%.  Ignoring the second trial, the average was 0.697 ± 0.105%.  The average gross heat of combustion of peptone was 4782 ± 54.25 calories/gram.  
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Figure 2: Preliminary test of peptone using 1.837 grams of peptone.

Figure 3: Fourth trial of the combustion of peptone (1.2449 gram pellet).

For yeast extract, the preliminary test used a powder with a mass of 0.7163 grams, which resulted in an abnormally shaped temperature output (Figure 4).  Disregarding this peak, the net corrected temperature rise was 1.07°C.  Approximately 1.5 grams of yeast extract powder of were combusted resulting in an average net corrected temperature rise of 2.56 ± 0.25°C (Figure 5 [shape of output fixed by changing position of thermistor], Table 3 [in appendix]).  The average contribution due to presence of nitric acid was 2.601 ± 1.155 cal/g and the average contribution due to the burning of the fuse wire was 16.675 ± 2.202 calories.  The residue in the crucible after combustion was 13.48 ± 1.66%. The average gross heat of combustion of yeast extract was 4002 ± 66.07 cal/g.
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Figure 4: Preliminary test of yeast extract.  Since the thermistor was too close to the combustion chamber, there was fast temperature rise and abnormal peak.


Figure 5: Second trial of the combustion of yeast extract.  Normal curve is present.

Pellets of dextrose were combusted with approximately 0.3 grams of benzoic acid.  From the preliminary test (1.4145 grams dextrose, 0.2828 grams benzoic acid, temperature rise of 2.835°C) it was determined that the dextrose pellets should be approximately 1.25 grams.  From the 4 trials of combustion of both the dextrose and benzoic acid, the average net corrected temperature increase was 2.65 ± .18°C (Table 4 [in appendix]).  The average nitric acid contribution was 7.201 ± 0.394 cal/g and the average fuse wire contribution was 17.538 ± 0.575 calories.  The average residue in the crucible after combustion was 13.48 ± 1.660%. The average gross heat of combustion of dextrose was 3839 ± 74.72 cal/g.

When glucose content was taken into account, the average heat of combustion for the amino acids of yeast extract was 3883 ± 66.07 cal/g. The average heat of combustion for the amino acids in peptone was 4757 ± 54.25 cal/g.  

Discussion 


The gross heat of combustion for peptone (4782 ± 54.25 cal/g), yeast extract (4002 ± 66.07 cal/g), and dextrose (3839 ± 74.72 cal/g) were compared to the predicted values (3265 cal/g, 2492 cal/g, and 3720 cal/g, respectively.  These predicted values were calculated from the amino acids in each of these components.  Both peptone and yeast extract were found to be statistically different (p < .05). No significant difference was found for dextrose (p > .05). The statistical difference between the predicted values and the determined values from the experiment illustrate that yeast extract and peptone have other significant contributors to the caloric content besides amino acids.  
Using data acquired from Group T2, it was determined that glucose, which was not listed as an ingredient by the manufacturer, was present in both yeast extract and peptone (3.28% and 0.701% glucose, respectively).  When glucose was taken into account, these values are still statistically different from our predicted values—suggesting that there are other contributing factors. These factors may include elemental contributions such as sulfur, sodium, and chloride, which are all combustible in oxygen.

The standardization of the calorimeter was performed using benzoic acid.  Combustion of one gram of benzoic acid yielded an approximate temperature change of 2.5 degrees Celsius.  The energy equivalent, W, calculated from the benzoic acid reaction was specific for this temperature change.  Therefore, keeping the temperature change in the same range for subsequent trials would ensure the most consistent results. 


The fuse wire and nitric acid corrections to the gross caloric output did not play a significant role in determining the heat of combustion.  The maximum effect from fuse wire corrections was 17.538 calories (Table 4) and for the nitric acid content, the maximum contribution was 13.705 cal/g (Table 2).  The fuse wire correction was at most 0.483% of the gross heat of combustion.  The nitric acid correction was 0.287%.  Thus, these corrections do not need to be accounted for.  In addition, the correction in the change of temperature based on the slopes of the pre and post period play an even smaller role (on the order of 0.01 degrees) and can also be ignored.

In order to achieve combustion for every component, modifications were made to the original protocol.  Peptone was combusted in pellet form but yeast extract was used in powder form because it was too fine to press into a cohesive pellet.  However, the differences between pellet and powder form should not have any effect on the gross heat of combustion of the component. The pellet slows down the reaction to prevent damage to the calorimeter, but the speed of combustion does not affect the magnitude. Combustion depends upon the chemical makeup of each component as opposed to the physical configuration.

Some problems arose during the combustion of the yeast extract.  During the preliminary trial, a spike in temperature change occurred (Figure 4), but when the thermistor was placed farther away from the oxygen combustion chamber in the water bath, the curve had a smooth temperature change.  When the thermistor was too close to the chamber, it measured the temperature of the water before it had a chance to homogenize.  
When dextrose was burned in pellet and powder form, the surface under the fuse wire caramelized instead of combusting.  In order to initialize the combustion of dextrose, a benzoic acid pellet was placed on top of the dextrose pellet.  A 0.3 gram pellet of benzoic acid was used because it was previously shown by group W7 to successfully combust the dextrose.  The caloric content of the benzoic acid was subtracted from the caloric output of the trial to determine the gross heat of combustion of dextrose.  The addition of benzoic acid should not have an effect on the gross heat of combustion of dextrose because the total energy output should be the same if all the components in the calorimeter are completely combusted.  

Statistical differences occurred in the gross heats of combustion between groups for yeast extract and peptone.  The number of trials (T7: n=4, W7: n=5) could have affected the outcomes of the statistical tests.  Also, there is a 6.85% difference between the gross heats of combustion of peptone indicating there may not be a relevant difference.  However, the difference in gross heat of combustion in yeast extract is 15.5%, indicating a possible difference in the gross heats of combustion.

For dextrose, there was not a significant amount of residue left.  Therefore, it can be assumed that the reaction within the calorimeter occurred completely.  This was not the case for peptone and yeast extract as shown by residue present.  This suggests that there were inconsumable components in yeast extract such as ash, which was original ingredient in peptone and yeast extract (3.8% and 11.2%, respectively), and other unknown components.  

The residue was 0.661% for peptone and 13.48% for yeast extract while group W7 had 5.55% for peptone, and 12.1% for yeast extract.  The difference in peptone residue was shown to be significant, whereas, the differences in yeast extract were not found to be statistically significant. Since there is a both a significant difference in residue and gross heat of combustion for peptone, the residue could possibly influence the caloric output.


As seen from the results, there are many areas in this experiment that can still be explored.  For example, the remaining residue raises the question of whether the material was completely combusted.  Suggestions for further study in this area are to combust the residue in order to confirm that complete combustion occurred.  If the material combusts, the caloric content will be added to that found from the previous trial.

Appendix:

	Table 1: Benzoic Acid

	Trial
	mass (g)
	corrected Temp (*C)
	cal of nitric acid/g
	cal of fuse wire
	energy equivalent (cal/*C

	1
	0.971
	2.528
	9.743
	19.320
	2437.736

	2
	1.002
	2.588
	8.385
	17.020
	2455.616

	3
	0.990
	2.536
	10.101
	17.940
	2477.219

	4
	0.963
	2.493
	9.762
	18.860
	2451.555

	average
	0.981
	2.536
	9.498
	18.285
	2455.531

	SD
	0.018
	0.039
	0.760
	1.020
	16.359


	Table 2: Peptone

	Trial
	mass (g)
	corrected Temp (*C)
	cal of nitric acid/g
	cal of fuse wire
	% left over
	heat of combustion (cal/g)

	Premilm
	1.8437
	3.606
	17.356
	17.250
	0.817
	4775

	1
	1.0292
	2.029
	14.186
	11.500
	??
	4815

	2
	1.2740
	2.460
	14.286
	18.630
	6.156
	4713

	3
	1.2223
	2.420
	13.254
	16.100
	0.631
	4834

	4
	1.2449
	2.431
	13.093
	17.940
	0.641
	4768

	average
	1.1926
	2.335
	13.705
	16.043
	2.476
	4782

	SD
	0.1110
	0.205
	0.618
	3.211
	3.187
	54.25

	
	
	
	
	
	
	

	Table 3: Yeast Extract

	Trial
	mass (g)
	corrected Temp (*C)
	cal of nitric acid/g
	cal of fuse wire
	% left over
	heat of combustion (cal/g)

	Premilm
	0.7163
	1.067
	3.351
	19.32
	 
	3627

	1
	1.7771
	2.931
	2.026
	18.4
	12.33
	4037

	2
	1.4942
	2.431
	4.283
	13.8
	12.92
	3982

	3
	1.5235
	2.439
	1.707
	16.1
	15.94
	3919

	4
	1.4644
	2.436
	2.390
	18.4
	12.73
	4069

	average
	1.5648
	2.559
	2.601
	16.675
	13.48
	4002

	SD
	0.143575
	0.248
	1.155
	2.202
	1.660
	66.07

	
	
	
	
	
	
	

	Table 4: Dextrose

	Trial
	mass (g)
	corrected Temp (*C)
	cal of nitric acid/g
	cal of fuse wire
	% left over
	heat of combustion (cal/g)

	Premilm
	1.415
	2.835
	6.716
	14.950
	0.218
	3640

	1
	1.263
	2.771
	7.524
	17.710
	0.216
	3592

	2
	1.322
	2.791
	6.962
	16.790
	0.691
	3667

	3
	1.093
	2.398
	6.772
	18.170
	0.538
	3730

	4
	1.259
	2.646
	7.546
	17.480
	0.089
	3565

	average
	1.234
	2.652
	7.201
	17.538
	0.384
	3639

	SD
	0.098
	0.181
	0.394
	0.575
	0.279
	74.72


[image: image6.png]Typical Analysis — Bacto™ Yeast Extract
Catalog # 212750, 212720, 212730, 212710 (0127)

Nitrogen Content/Physical Characteristics
Total Nitrogen (TN) (%)  10.9

Amino Nitrogen (AN) (%) 6.0

AN/TN 0.55
Ash (%) 11.2
Loss on Drying (%) 3.1
NaCl (%) 0.1
pH (2% solution) 6.7
Elemental Analysis
Calcium (ng/g) 130
Magnesium (ng/g) 750
Potassium (ug/g) 31950
Sodium (ug/g) 14900
Chloride (%) 0.38
Sulfate (%) 0.09
Phosphate (%) 3.27
Amino Acid Analysis

Free Total Free Total
Alanine (%) 44 56 Arginine (%) 14 26
Aspartic Acid (%) 16 53 Cystine (%) 02 *
Glutamic Acid (%) 66 94 Glycine (%) 1.0 30
Histidine (%) 06 1.3 Isoleucine (%) 1.8 3.0
Leucine (%) 3.0 41 Lysine (%) 19 46
Methionine (%) 0.6 0.8 Phenylalanine (%) 2.0 2.6
Proline (%) 0.8 20 Serine (%) 26 16
Threonine (%) 1.1 1.6 Tryptophan (%) 05 *
Tyrosine (%) 0.8 12 Valine (%) 22 35

-- = Below level of detection
* = Destroyed by hydrolysis

Analysis based on typical lot. Data does not represent a specific lot.
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Sparks, MD 21152
800.638.8663
www.bd.com/industrial

Bacto and Difco are trademarks of Difco Laboratories, Inc., a subsidiary of Becton, Dickinson and Company.
BD, BD Logo and all other trademarks are the property of Becton, Dickinson and Company. ©2003 BD




[image: image7.png]Typical Analysis - Bacto™ Peptone
Catalog # 211840, 211677, 211820, 211830 (0118)

Nitrogen Content/Physical Characteristics
Total Nitrogen (TN) (%) 5.4

Amino Nitrogen (AN) (%) 3.5

AN/TN 0.20
Ash (%) 3.8
Loss on Drying (%) 2.7
NaCl (%) 7
pH (2% solution) 71
Elemental Analysis
Calcium (ng/g) 8
Magnesium (ng/g) 0.6
Potassium (ug/g) 2542
Sodium (ug/g) 8440
Chloride (%) 0.90
Sulfate (%) 0.32
Phosphate (%) 0.40
Amino Acid Analysis

Free Total Free Total
Alanine (%) 12 9.2 Arginine (%) .8 538
Aspartic Acid (%) 0.3 50 Cystine (%) - *
Glutamic Acid (%) 07 81 Glycine (%) 07 159
Histidine (%) 02 038 Isoleucine (%) 06 2.1
Leucine (%) 16 3.8 Lysine (%) 22 34
Methionine (%) 03 07 Phenylalanine (%) 1.4 2.8
Proline (%) 0.3 838 Serine (%) 06 15
Threonine (%) 03 1.1 Tryptophan (%) 03 *
Tyrosine (%) 05 06 Valine (%) 0.7 28

-- = Below level of detection
* = Destroyed by hydrolysis

Analysis based on typical lot. Data does not represent a specific lot.
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Benzoic Acid Trial 2
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