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Abstract 
 
 Breakfast cereals are an integral part of the American diet, particularly for growing 
children. Certain minerals – including calcium, iron, and magnesium – are important for 
proper physical development and health. These three mineral contents were determined 
via ICP-AES and standard addition methods in a number of popular breakfast cereals: 
Cinnamon Toast Crunch, Honey Nut Cheerios, Cocoa Krispies, Froot Loops, and Apple Jacks. 
Results were reproducible throughout, but in comparison to literature values there were 
low degrees of accuracy, especially with determined concentrations of calcium in the 
Kellogg’s brands (Cocoa Krispies, Froot Loops, and Apple Jacks) and magnesium in Froot 
Loops and Apple Jacks. However, high degrees of both precision and accuracy were found 
for iron in Honey Nut Cheerios and magnesium in Cocoa Krispies. 
 
Introduction 
 
 Minerals are an essential element of the human diet, aiding in cellular body 
processes from rebuilding tissue to maintaining ion gradients. Often times, minerals such 
as iron are found in highest content in foods like spinach and red meats. It is inconvenient 
for humans to rely solely on only a few foods to provide the necessary nutrients in their 
diets, so it is necessary for cereal companies to add these minerals as supplements and to 
allow diets to be more varied and balanced. Calcium is necessary for building strong bones, 
prevention of osteoporosis, clotting blood, and sending nerve signals. Iron is necessary for 
proper creation of proteins in red blood cells, including hemoglobin and myoglobin, which 
are oxygen-carrying. It is also necessary for respiration. For vegans and vegetarians, iron-
fortified cereals are a good source of iron since meats are not a part of their diets. 
Magnesium is another essential mineral for muscle contraction and relaxation processes, 
certain enzyme functionality, and energy and protein production.1  

Also important is the accuracy of printed and advertised nutritional facts. Cereal 
companies are responsible for the amounts of vitamins and minerals they label in each 
serving of their products and inaccuracy in these labels could result in legal consequences. 
It is a Violation of Sec. 403  Sec. 343 - Misbranded Food to mislabel mineral contents in 
foods, including cereal.2 Nutrition labels for calcium in the analyzed cereals range from 0.9 
to 140 mg/serving, 2 to 9 mg/serving for iron, and 2 to 34 mg/serving for magnesium.3  

Typical methods for preparing solutions of these cereal samples include digestion in 
acid, oxidation, heating, use of magnets, and filtration.4 Analysis techniques are most 
commonly AA spectroscopy, followed by ICP-AES. The method used in this work was ICP-
AES with standard addition.  Ideally, the outcome would be to have producible data, 
indicating high precision, and data similar to the theoretical values reported by the cereal 
companies, indicating high accuracy. 
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Experimental 
 
Materials and Reagents 
 

Materials used for sample preparation include sample-sized boxes of General Mills’ 
Cinnamon Toast Crunch and Honey Nut Cheerios, and Kellogg’s Cocoa Krispies, Froot 
Loops, and Apple Jacks, concentrated HNO3 (Fischer), and Whatman 540 Ashless filter 
paper. Materials for standard preparations include 1000-ppm standard solutions of 
magnesium (Ricca), calcium (Plasma-Cal), and iron (Ricca). 
 
Standard Preparations 

 
Through dilutions of 1000-ppm standard stock solutions of each mineral, more 

dilute standards of 20 ppm calcium, 2.5 ppm iron, and 2.5 ppm magnesium were made. 
 
Sample Preparation 

 
Preparation of samples began with grinding of each cereal, and individually 

weighing approximately 0.5 g of cereal.5 These were dissolved overnight in approximately 
10 mL of concentrated nitric acid.6 Filtration through Whatman 540 Ashless filter paper 
occurred the next morning, and solutions were created and diluted to acceptable 
concentrations for analysis.7 Standard additions containing 0, 0.8, 1.6, and 2.4 ppm, 
respectively, of calcium and 0, 0.05, 0.10, and 0.15 ppm, respectively, of iron and 
magnesium for each cereal sample were made. 

 
Results and Discussion 
 

Relatively low percent relative standard deviation values suggest that our chosen 
method for analysis gave reproducible results. In Table 1, percent relative standard 
deviation was low particularly for calcium in Cocoa Krispies, Froot Loops, and Honey Nut 
Cheerios; iron in Honey Nut Cheerios; and magnesium in Cocoa Krispies, all values below 
five percent. This indicates a high level of precision in these specific experiments.  

Mass percent error, however, was difficult to obtain under ten percent, with values 
ranging from 2.23-1500%, the majority over 50. This indicates that there is a lack of 
accuracy in comparison to known values from nutrition labels. Iron in Honey Nut Cheerios 
and magnesium in Cocoa Krispies had mass percent error under 10%, suggesting high 
accuracy. For both iron in Honey Nut Cheerios and magnesium in Cocoa Krispies, the %RSD 
and mass percent error were beneath cut off values 5% and 10%, respectively, which 
indicates a high amount of data reproducibility and agreeability between experimental 
values and theoretical values. The ultimate goal of analytical experiments is to obtain 
results with good reproducibility and accuracy. 

The higher levels of percent relative standard deviation in the rest of the 
experiments indicate a flawed method of sample preparation. Extremely high levels of 
mass percent error, especially in comparison to the percent relative standard deviation, 
suggests that there may be fairly significant error in some of the literature values 
themselves. 
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Table 1.  Concentration of calcium, iron, and magnesium in cereals 
(mg/serving). A “-“ signifies omitted outliers, and “*” signifies 
values that were obtained by omitting a point in the mineral’s 
calibration curve.  

Cereal CK AJ FL CTC HNC 
Ca (Run A) 34 64 - 125 116 
Ca (Run B) 34 55 142* 119 118 
Ca (Run C) 37 60 149* 132* 116 
Ca (Avg.) 35 59 145 125 117 
St. Dev. 1.6 4.3 4.9 6.5 1.2 
%RSD 4.5 7.3 3.4 5.2 1.0 
Literature 5.3 3.6 23.4 140 100 
Mass % Error 560 1500 521 10.8 17.0 
Fe (Run A) 1.8 7 5.8 6.2 - 
Fe (Run B) 2.9 8 5.0 6.9* 4.78 
Fe (Run C) 1.2 10 5.1 - 4.90 
Avg. 2.0 8 5.3 6.6 4.84 
St. Dev. 0.86 1.5 0.44 0.47 0.09 
%RSD 43 18 8.2 7.2 1.8 
Literature 6.9 6.2 4.2 5.7 4.5 
Mass % Error 71 31 26 15 7.6 
Mg (Run A) 11.1 15.4 12 20 28 
Mg (Run B) 11.9 14.0 16* 19 26 
Mg (Run C) 11.7 15.7 17* 27* 29 
Mg (Avg.) 11.5 15.0 15 22 28 
St. Dev. 0.44 0.87 2.4 4.1 1.5 
%RSD 3.8 5.8 16 19 5.5 
Literature 11.8 6.9 6.9 13 31.9 
Mass % Error 2.23 120 120 68 12 

 
Conclusions 
 
 When comparing the known amounts of calcium, iron, and magnesium in these five 
cereals to the experimental values, there was a high correlation of accuracy and precision 
for iron in Honey Nut Cheerios and magnesium in Cocoa Krispies. This leads us to 
inconclusive results about the majority of our data and whether our experimental method 
is flawed or samples were misconstrued. The only assumption that we can make is that 
more trials must be carried out with a variation in sample size. Larger samples could 
possibly increase accuracy, since there would be a more even distribution of minerals in 
the sample. Also, mechanical facets of the method could be flawed, including sample 
grinding and the method of digestion. When grinding the samples, the cereal would often 
clump, leading to a possible uneven distribution of minerals in the sample. The method of 
digestion may have been flawed due to a lack of heating, as proposed by the original 
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method, which in practice produced a solid substance, unusable for AA or ICP-AES analysis. 
Also, the original method called for AA analysis, but due to a lack of fuel halfway through 
the experiment, conversion to ICP-AES analysis was necessary. All reported results were 
from ICP-AES analysis. Future projects could include analysis of more cereals with more 
minerals, so long as time permits. 
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