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• Implementation of WHO guidelines 

• Impact on colour 

• Interaction with flour improvers 

 



WHO recommendation 
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Iron is not just iron 

Appearance Iron content Bio-

availability 

Reactivity 

Electrolytic 

iron 
97% 50-75% ↓ 

Ferrous 

fumarate 
32% 100% ↑ 

Ferrous 

sulfate 
32% 100% ↑↑ 
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Impact of different iron sources 

on final products 

0 1 2 3 4 5 6 

Iron source Non-enriched 
Ferric pyro-

phosphate 

Ferric ortho-

phosphate 

Electrolytic 

iron 

Ferrous 

fumarate 

Ferrous 

sulfate 

Ferric sodium 

EDTA 

Relative bio-

availability 

(WHO) 
21-74% 25-32% 50-75% 100% 100% >100% 

Appearance 

compared to 

non-enriched 

pasta 

Comparable Comparable Comparable Brighter Greyish Much brighter 

 

 

Pictures 

 

 

Example: Pasta enrichment 
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Magnetism 

• Electrolytic iron is ferromagnetic = constantly magnetic 

• Ferrous fumarate is paramegnatic = magnetizeable 
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• Example: Wheat flour 

 

 

Increased zinc level - 

Influence on the rheological  

characteristics 
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Increased folic acid amount -            

Impact on colour? 
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Determination of the colour 

Measurement with L*a*b*Colorimeter 

L= Lightness (0=black, 100=white) 

a= position between red (0 to 60) and green (0 to-60) 

b= position between blue (0 to-60) and yellow (0 to 60) 

 

Comparing the results:  

 

     

   

  

Colour distance Deviation 

ΔbS0S1 < 0.5 not visible 

0.5 < ΔbS0S1 < 1.0 very low 

1.0 < ΔbS0S1 < 3.0 low 

3.0 < ΔbS0S1 < 6.0 medium 

6.0 < ΔbS0S1  high 
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Increased folic acid amount –  

Impact on the colour of flour  

 
b*- value Deviation from non-enriched 

flour 

Non-enriched flour +6.15 

Flour with 2 ppm folic acid +6.24 0.09 not visible 

Flour with 2.6 ppm folic acid +6.28 0.13 not visible 
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Increased folic acid amount –  

Impact on the colour of bread  

 
b*- value Deviation from non-enriched 

bread 

Non-enriched bread +14.03 

Bread with enriched flour   

(2 ppm folic acid) 

+14.24 0.21 not visible 

Bread with enriched flour   

(2.6 ppm folic acid) 

+14.35 0.32 not visible 
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Interaction between                         

flour improvers and fortificants  

Bleaching agents 

 

• Example: Malaysia  

– Benzoyl peroxide 50ppm 

– Vitamin premix (B vitamins and iron) 

• SGS analysis every year since 2007 

• Results always within specification 

 

 No interaction in flour 
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Interaction between                         

flour improvers and fortificants  

Ascorbic acid 

• Case study from Brazil 

 Premix: Ascorbic acid + vitamin mix with iron 

 Discoloration of premix after 1-3 days (30°C/80% r.H.) 

 Reaction between ascorbic acid and iron 

 

 

 

 

 
 

 

 Different feeders 
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1h /30°C/80%  18h /30°C/80%  

coarse (l.) and fine (r.) 

ascorbic acid with vitamin/iron mix 
coarse (l.) and fine (r.) 

ascorbic acid with vitamin/iron mix 



Thank you for your attention! 
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