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Background Information
 
•  Iron fortification of breakfast cereal is 

commonly achieved by adding elemental iron 
to the grain ingredients. 

• Traditional quantitative analysis for Fe is done 
via wet-chemical Colorimetric Techniques or by 
Atomic Emission Spectroscopy.     
• Our experiment attempts to quantify the 

amount of elemental iron in breakfast cereal by 
measuring magnetic attraction force.



Questions Addressed
• Can an apparatus be built to measure the small 

attractive force of a cereal flake to a laboratory 
magnet?

• Can a set of calibration standards with known 
amounts of Fe be fabricated and the amount of 
Fe in a cereal flake thereby determined?

• Are these results consistent with the nutritional 
information provided on the cereal box?



Experimental Apparatus

Magnet Specifications
1” Diameter by 1.5” Long

Neodymium
ca. 6000 Gauss Surface Field



Force Diagram Analysis

At the release angle: 
F m  = Tx
mg = Ty

Fm = mg•tanθ



Procedure 
• Attractive force was measured by the lateral 

displacement needed to free the flake. 
• Using the mass of the flake and simple 

geometry attractive force can be determined.
• Forces using “Calibration Flakes” with known 

amounts of iron were compared to the real 
cereal flakes.
• Experimentally derived amount of iron was 

compared to Daily Value (DV) from cereal box.



Procedure Continued: 

• Calibration Flakes were prepared with cafeteria 
tray cardboard (2 mm thick).
• Spherical Iron Powder (<10 µm, Alfa Aesar) 

was suspended in soapy water. 
• 50 µl aliquots of Fe suspension were delivered 

using a micropipette and allowed to dry.
•  Iron side of cardboard was covered with Scotch 

Tape to confine powder.	



Fe Calibration Flake Covered 
Scotch Tape / Fe Side Forward
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Calibration: Fe Face Toward Magnet 
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Calibration: Fe Face Away From Magnet 



Geometry Matters

• Magnetic attraction is dependent upon distance 
to magnet face.  
• Samples had irregular shapes.
• Necessary to normalize the calibration and 

cereal data to “as if it were zero distance” from 
the magnet.
• Use the dimensions of the samples and 

magnet manufacturer data to model effect.



Cardboard Calibration Flake
2.0 mm Thick
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Obtain Single Value for Force vs. Fe Content
Using Two Calibration Curves

•  Face Toward:  Fe  0.0 mm from magnet.  Divide slope 
by 1.0.  è  0.0058 mN/μg   (1 mN = 1 x 10-3 N)

•  Face Away:  Fe 2.0 mm from magnet.  Divide slope by 
0.45  è  0.0067 mN/μg

•  Take average of these two values:  è 0.0063 mN/μg
	



Total on Thread

 Width = 2.0 mm

Chex on Thread

 Width = 5.0 mm



Correction Factors 
“Chex” and “Total” Cereal Flakes

•  Obtained by averaging points from the Normalized 
Force vs. Distance Graph

•  Chex flakes were 5 mm thick resulted in a  
Geometric Correction Factor of 0.46

•  Total flakes were 2 mm thick resulted in a 
Geometric Correction Factor of 0.66 



Iron Content Calculation  


•  “Total” flake detachment angle ∠ = 20.7°

•  Fm = mg�tanΘ = 0.86 × 10-3 N   Apply 0.66 geometry 
correction factor  è  1.30 mN

•  Using the Fe/force calibration 0.0063 mN/μg

   è Flake contained 206 μg Fe

•  Total (5 Flakes) è 220% (+/- 50%) of DV
•  Chex  (5 Chex) è 230% (+/-) 40%) of DV



Conclusion and Future Work
•  Our results demonstrate that for elemental Fe, 

magnetic attraction is a low cost alternative to 
standard analytical techniques.

•  Cereal flakes were found to contain roughly twice the 
amount of iron stated on the box.

•  1 mm uncertainty in the dimension of the cereal flakes 
results in ca. +/- 20% uncertainty in iron content.

•  Quantitative delivery of Fe on standard flakes needs to 
be independently verified.

•  In future experimentation, grinding the flakes with a 
nonmagnetic  binder and pressing them into uniform 
pellets would result in more accurate measurements. 

 


