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SUMMARY OF PROJECT CONCLUSIONS

In this experiment, the heats of combustion of both Rice Chex and Corn Chex were determined. Rice Chex had a caloric value of and Corn Chex had a value of 3911.35 ( 39.25 cal/g and 4116.91 ( 18.43 cal/g. These values were considered to be significantly different from the literature values of 3871 cal/g for the Rice Chex and 3667 cal/g for the Corn Chex. In addition, upon comparison between the experimental values, it was discovered that Corn Chex has more calories then Rice Chex. The literature values showed the opposite trend. 

Objectives


The main objective of this lab was to determine the heats of combustion of both Rice Chex and Corn Chex through the use of bomb calorimetry.  Once this was discovered, these caloric values were compared to the values given on the nutrition labels to determine the accuracy of FDA’s methods of determining caloric values. Furthermore, the caloric values for Rice Chex and Corn Chex were compared to one another to establish which cereal contained more calories. These objectives allow us explore the field of nutritional sciences, and provide more accurate values for the caloric values of Rice and Corn Chex.  Bomb calorimetry should yield more accurate values for the heat of combustion of the sample then the Atwater method. This is due to the fact that the values of heat of combustion found through bomb calorimetry are specific to the sample, while the Atwater method is more general. Bomb calorimetry is not used by the FDA since it is more time consuming and expensive then the Atwater method, and is not general for all foods.

Background


The founder of nutritional science is W.O. Atwater. He developed the USDA’s methods for determining the caloric values in food and food products.  He did this to ensure that nutritional standards were developed and people would become educated in nutritional education to develop better eating habits. (1)


The Atwater method for determining the caloric values of cereals allows for the caloric values of cereals to be established through simple calculations. The method is general and can be applied to all foods. It consists of three steps. The first step involves obtaining the masses of protein, fat and carbohydrates within the sample. Next, these masses are multiplied by their predetermined factors found within the revised USDA Agriculture Handbook No. 8. Finally, these calculated values are added together in order to determine the calorie content of the food specimen. (2)

The Atwater method has several limitations associated with it though. If the individual foods and diets differ from the diets Atwater studied, then the specific caloric values may differ from the general caloric factors given in the USDA Handbook. Moreover, a study done by Miles et al indicated that the energy contents of different lipids differed form the values given by Atwater. This is because the Atwater method uses the average of all of the lipid caloric values in the caloric factor, causing a deviation from the actual value. For example, it was determined that the caloric value of the lipids found in brown rice was 3.5% higher, and the value of lipids in corn flour was 0.2% higher then the values determined through the use of the Atwater method. (3)


The caloric values of foods can also be determined through the use of bomb calorimetry. This method involves the specimen to be burned to completion in a pressured container, which is submerged in a container of water. The combustion of the specimen causes the temperature of the water to rise. All of the energy that causes the specimen to combust should go into changing the temperature. Unfortunately, this does not occur, so the energy caused by other reactions occurring in the system must be taken into account. 

Theory and Methods of Calculation

W, the energy equivalent of the bomb calorimeter was first calculated by the standardization procedure and appropriate equation from the lab manual.   The heat of combustion for each cereal was calculated using the appropriate equation from the lab manual with some slight modifications. The corrected temperatures and thermochemical corrections were also calculated by using equations from the lab manual.  No correction was used for the heat of formation of sulfuric acid because General Mills stated that there are no sulfur or sulfur compounds in either cereal.

The modifications made to the equation for (H were to account for the combustion of sucrose and the heat of vaporization of water in the pellets.  In the case of sucrose, the number of calories yielded from the combustion of the aforementioned amounts of sucrose were subtracted from the gross (H calculated, before finding (H/gram.  A value of 3942.45 cal/g was used for the heat of combustion of sucrose. (4) To determine the amount of moisture a pellet, one pellet of each type of cereal was produced, massed, and then dried in a dessicator for a week.  The pellet was then massed again, and the difference was taken as the water content.  Using the standard heat of vaporization of water, the calories yielded from the vaporization were subtracted from the gross (H. (A-1) This subtraction was due to the fact that the calories were not used to heat the water in the calorimeter but they were used to evaporate the water in the pellets.  

Methods

Standardization of the bomb calorimeter was accomplished as per the laboratory manual procedure.  Standardization was performed to determine the energy equivalent value of the calorimeter and to allow for practice of experimental technique.

The formation of sample pellets required the introduction of a new pellet formation protocol.  The pellets were formed such that they would yield approximately the same number of calories when combusted as the benzoic acid that was used for standardization (6318 calories/gram).  It is necessary for the sample pellet to yield the same number of calories as the benzoic acid during standardization. This allows the energy equivalent value found for the calorimeter to be used during the analysis of the combustion data.

Protocol for Pellet Formation

· Grind Chex using mortar and pestle

· Mass and Mix Samples

· 1% by calorie sucrose/Corn Chex mixture (7 trials)

· Mass 1.7047 gram Corn Chex samples and mix samples with 0.0170 grams of sucrose

· 3% by calorie sucrose/Rice Chex mixture (1 trial)

· Mass 1.5837 gram Rice Chex samples and mix samples with 0.0475 grams of sucrose

· 5% by calorie sucrose/Rice Chex mixture (6 trials)

· Mass 1.4813 gram Rice Chex samples and mix samples with 0.0777 grams of sucrose

· Create all pellets with Parr Pellet Press

· Mass Chex pellet before combustion


During the course of the experiment, it was found that a pure Chex pellet was insufficient for proper combustion due to problems in pellet cohesion.  To correct for this problem, sucrose was introduced to act as an adhesive between Chex particles.  The calories of the added sucrose were taken into account and an appropriate amount of Chex was removed such that the resulting pellet would yield the same number of calories as the benzoic acid standard.


In the preceding procedural protocol, the Corn Chex pellets were formed using a 1% by calorie sucrose and Corn Chex mixture (0.0170 gram sucrose/1.7047 gram Corn Chex).  These pellets were used for all seven data trials.  For the Rice Chex pellets, a 3% (0.0475 gram sucrose/1.5837 gram Rice Chex) and 5%(0.0777 gram sucrose/1.4813 gram Rice Chex) by calorie sucrose and Rice Chex mixture was used.  The 3% by calorie sucrose and Rice Chex mixture was used in the first trial, but subsequent 3% by calorie sucrose and Rice Chex pellets were not viable for combustion.  Consequently, the sucrose content was increased to 5% by calorie and the pellets using the 5% by calorie sucrose / Rice Chex mixture was used for all succeeding data trials.

Determination of Water Content

· Mass one Corn Chex pellet and one Rice Chex pellet immediately after formation

· Place massed pellets in desiccator for one week

· Mass pellets one week after storing in desiccator

· Mass pellets one hour after first weighing to ensure constant mass

· Determine difference in mass of Chex pellets after drying

· Calculate moisture content of Chex pellets


The determination of water content was another addition made to the current procedure outlined in the laboratory manual.  Environmental factors such as humidity became a concern during the experiment resulting in a procedural change to determine the water content of the Chex pellets.  Initially, to correct for this environmental factor, both Corn and Rice Chex were ground up and stored in the dessicator for a week prior to pellet formation.  However, with no moisture present, the pellets formed using the “dry” Chex could not retain their structure.  Even when sucrose was added to the “dry” Chex, no matter how much sucrose was added, a stable pellet was unable to be formed.  Thus, it is necessary for the Chex pellets to contain a certain amount of moisture and to later correct the heat of combustion for the moisture content.  To determine the moisture content of the Chex pellets, an extra pellet of Corn and Rice Chex was formed to be stored in the dessicator to dry.  The extra pellet was weighed immediately after formation and then put in the dessicator for a week.  After being stored for a week, the pellet was then weighed once, stored in the desiccator, and then weighed an hour later until a constant mass was achieved.  The difference between “wet” and “dry” masses was then calculated; this difference represents the amount of water contained within a pellet.  A correction was then made in the heat of combustion values found for the Chex pellets using the determined water content of the Chex pellets.


The combustion of the Chex pellets followed the same procedure as that outlined in the laboratory manual.  The data gathered for thermochemical corrections also followed the same procedure as in the laboratory manual with only the addition of the water content determination.  Nitric acid and fuse wire combustion corrections were taken into account and no sulfuric acid correction was made since, according to General Mills, there is no sulfur present in the Chex cereals.

Additional Apparatus

· Mortar and Pestle (Coors)

Almost all apparatuses used during the experiment are the same as those listed in the laboratory manual.  The only addition made to the apparatus list is a Coors mortar and pestle that was used to grind up the Corn and Rice Chex into a powder.

Additional Materials

· FisherChemical Benzoic Acid

· Rice Chex

· Corn Chex

· Sucrose


Most materials used during the experiment are listed in the laboratory manual.  In addition to those materials, FisherChemical Benzoic Acid, Rice Chex, Corn Chex, and sucrose were also used.  The FisherChemical Benzoic Acid was used for the standardization of the bomb calorimeter, as per instruction from the laboratory manual.  The Rice and Corn Chex cereals were samples that were to be tested and the sucrose was used to serve as an adhesive for the Rice and Corn Chex pellets.

Results


The heats of combustion for both Corn and Rice Chex were calculated as above.  Tables 1 and 2 present the data with respective means, standard deviations and percent standard deviations.
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Table 1: Corn Chex Data



Table 2: Rice Chex Data

The small percent deviations, of .45% and 1% respectively show the high level of precision in collecting the data.  After the data were collected, the means were compared to their respective Nutrition Facts labels using the test of significance from the lab manual.  The experimental t-value was compared to a statistical t-value generated by Microsoft Excel for 6 degrees of freedom at 95% confidence to determine whether the experimental data is significantly different from that presented in the Nutrition Facts labels.  In both cases, as shown in Table 3, the experimental t-values were larger than the statistical t-values indicating significant differences between the experimental data and the Nutrition Facts.
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Table 3: t-tests
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Design and Data Analysis


Prior to the analysis of this data, it should be mentioned that the nutritional facts of both boxes exhibit literature values that appear to be rounded to 5 units.  This is of statistical importance when analyzing significant deviation of literature and experimental values, as 2.5 kcal could nullify the validity of such conclusions set forth in subsequent sections of the document.  For the purpose of this report, the data presented on the Nutrition Facts labels for both specimens are the exact values yielded by the Atwater Method.

Average experimental combustion values of Corn and Rice Chex were calculated as 4116.91 cal/g and 3911.35 cal/g respectively.  Tests for significant deviation yielded a lower 95% confidence value for Corn Chex of 4099.87 cal/g and upper confidence value for Rice Chex of 3947.65 cal/g.  Due to the apparent fact that the two aforementioned confidence values do not overlap (the Corn Chex value remains larger than that of Rice Chex) it is concluded that the two experimental values are significantly different.  Graphic representation is displayed in the JMP IN Distribution above (Figure 1).  The green line is the median value, the red line is the probability distribution fit, and the curved line is the confidence intervals.  The graph shows clearly the distance separating the confidence intervals, and thus the significant difference between the combustion values of Corn and Rice Chex.

Hypothesis testing methods were used to determine the validity of our initial hypothesis concerning value differences between respective experimental and literature data.  Specifically, our null hypothesis was given the conventional “status quo” definition of no significant statistical departure from equivalence, while our alternate hypothesis defined the presence of said difference.

H0: experimental value = literature value

Ha: experimental value = literature value

In order to test these hypotheses, a two-tailed statistical t-test value (ts) corresponding to 95% CI was employed.  A comparison between this value and the experimental t-value (te) corresponds to a significance outcome.  That is if te exceeds ts, then we can conclude that there is a significant difference between the experimental and literature values and thus reject our null hypothesis.  After running this statistical method it was found that te (2.71 and 64.59 for Rice and Corn Chex respectively) did exceed ts, (2.447) in both specimens, thus denoting a significant departure from equivalence of the experimental and literature values.  In terms of hypothesis testing, this finding invalidates the null hypothesis; it can therefore be concluded that the calorie content of each cereal given on the nutrition label does not equal the number of calories determined through experimentation.

Further examination of the results at hand led to the detection of a very sizeable difference between the experimental and literature values of Corn Chex.  More precisely, of the four experimental and literature values between both specimens, the literature value of Corn Chex (3667 cal/g) accommodates the lowest figure, while the highest figure is reflected by the experimental Corn Chex value (4116.91 cal/g); the values for Rice Chex (3911.35 cal/g for experimental and 3871 cal/g for literature) are comparatively more similar (despite statistical evidence proving their significant difference).
Conclusions

1. Calorie values for both cereals were significantly different from literature values.

a. Corn Chex yields 4116.91 ( 18.43 cal/g experimental vs. 3667 cal/g literature

b. Rice Chex yields 3911.35 ( 39.25 cal/g experimental vs. 3871 cal/g literature

2. Corn Chex (4116.91 ( 18.43 cal/g) has more calories per gram than Rice Chex 

(3911.35 ( 39.25 cal/g).

Recommendations for Improvement

Improvement in the confidence of experimental data can result from conducting an equal number of Corn and Rice Chex trials to eliminate environmental variation in the form of humidity, which affects the weight percent of water within the pellets.  Although this factor was compensated for, there is an indirect relationship between the residing water content of the pellet and the calorie determination.  A large weight percent of water equates to a smaller weight percent of specimen, which yields a smaller calorie output.  Further, the specifications of the bomb calorimeter state that varying specimen weights will produce consistently different calorie per gram results, thus partitioning the experimentation into one variety of specimen per day will result in inherent calorie per gram inaccuracies.  Such inaccuracies are best displayed in analysis of significant differences between the experimental values.  As previously stated, prior drying of the pellets resulted in embrittlement and unmanageability in handling.

The operating instructions of the bomb calorimeter state, “An error of 0.002(C in measuring the temperature rise will change the thermal value 4.8 cal.” (5) The thermometer used throughout the experiment possessed minute graduations of only 0.02(C, thus the measured uncertainty of the thermometer due to human estimation is on the order of 0.01(C.  Moreover, inaccuracies accrued from the distance that separated the mercury from the temperature marks on the outside of the thermometer, generated uncertainties due to varying points of vision along the shaft of the thermometer and augmented the ambiguity of any given read up to an additional 0.01(C.  This created a dependency on the angle at which the measurement was read—an angle which could not accurately be maintained and whose error was amplified by the lack of adequate space between temperature divisions (see A-2).  Such inaccuracies aggregately create a maximum uncertainty of up to 48 calories. To significantly reduce this uncertainty the use of a more precise electronic digital thermometer can be employed.
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g H2O: grams of water in pellet

ta: temperature at time of firing
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