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Health problems related to vitamin and mineral deficiency

 250 000–500 000 vitamin A-
deficient children become blind 
every year. Significant morbidity 
and mortality from common 
childhood infections. Contributes 
to maternal mortality and other 
poor outcomes of pregnancy 
and lactation. Diminishes the 
ability to fight infections.

 Low- and middle-income 
countries bear the 
disproportionate burden of 
micronutrient deficiencies.

Sources: World Food Programme & 
World Health Organisation
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94 countries with legislation to fortify industrially milled flour and/or rice



4

CONFIDENTIAL AND PROPRIETARY - © Eurofins Scientific (Ireland) Ltd [2025]. All rights reserved. Any use of this material without the specific permission of an authorised representative of Eurofins Scientific (Ireland) Ltd is strictly prohibited.

Title: Presentation title   Document Name: PowerPoint template (16-9) MASTER DRAFT EDR: N/A   Document owner: Rachel Lopez   Last modified on: 23.12.2020

Source: Food Fortification Initiative. Global Progress. 
Accessed 28.09.2025

94 countries with legislation to fortify industrially milled flour and/or rice

Costa Rica fortifies rice with folic acid, thiamine, 
vitamin B12, niacin, vitamin E, Se and Zn
Philippines mandates iron fortification
USA: Fortification with folic acid, 2 x amount as before 
milling. Rules for enriched rice in the CFR 137.350: Not 
less than 2.0 milligrams (mg) and not more than 4.0 mg 
of thiamin, not less than 1.2 mg and not more than 2.4 
mg of riboflavin, not less than 16 mg and not more 
than 32 mg of niacin or niacinamide, not less than 0.7 
mg and not more than 1.4 mg of folic acid, and not less 
than 13 mg and not more than 26 mg of iron (Fe).
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Production and mixing of hot extruded FRKs

Source: DSM, https://www.dsm-
firmenich.com/en/businesses/health-
nutrition-care/news/talking-
nutrition/everything-you-need-to-
know-about-fortified-rice.html
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Micronutrient Source in premix 
kernels (FRKs)

Parboiled 
riceb

Cooked 
whiteb

Cooked 
parboiledb

min max min max min max

Vitamin A retinyl palmitate 1.95 3.12
Vitamin B12 cyanocobalamin 0.013 0.020
Vitamin C
Vitamin B1 thiamine mononitr. 3.2 5.1 0.4 0.9 2.1 0.3 0.5 6.5 9.75 
Vitamin B2 0.5 1.3 0.22 0.5 0.1 0.1
Vitamin B3 niacinamide 46 58 10 15 42 3 7 91 109.2
Vitamin B5 6.2 6.4 7.8 0.9 0.9
Vitamin B6 pyridoxine hydrochl. 1.95 10 1.1 2 1.8 0.3 0.3 7.8 11.7
Vitamin B7 0.03 0.004 0.004
Vitamin B9 folic acid 0.11 1 0.18 0.04 0.06 1.69 2.54 
Vitamin E 2.29 7.98 0.4 0.1 0.1
Iron ferric pyroph. 20 36 6.5 12 3.7 0.4 0.5 40 48
Zinc zinc oxide 8.1 13 11 4 3 60 72

b McCance and Widdowson's composition of foods integrated dataset, 2010

0

(mg/kg)

White 
ricea

WFP specified 
fortified rice

a Souci, Fachmann & Kraut, 2024

Brown ricea

16

1.84
0.16

17

0.12 0.03

Vitamins and minerals in rice

Hot extruded FRKs

Coated FRKs
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Storage of samples at LT Foods Limited, Mandideep

Mandideep: Köppen-Trewartha
climate classification Bsh, 
Dry – semi arid -hot
Source: Bindhu et al., 2020, International 
Journal of Climatology

 Hot extruded and coated fortified rice
kernels (FRKs) packed in 25 kg PE inner
liner and in laminated metallized bags

 Rice fortified with hot extruded and 
coated FRKs packed in 10 kg 90 micron
polyethylene (PE), woven polypropylene
(PP) and  USAID hybrid (perforated kraft 
paper laminated with biaxially orientated
nylon) bags

 All under industrial real-life conditions. 
Fortified rice after industrial mixing with
FRKs
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Analytical method developed by Eurofins Vitamine 
Competence Center, Vejen, Denmark
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Fortified rice (internal standard)Fortified rice

Vitamin A

Vitamin B1

Vitamin B3

Vitamin B6

Vitamin B9

Vitamin B12

Storage stability study of FRKs and fortified rice

Fortified rice kernels (FRKs)
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Vitamin A decays rapidly with
• half-lifes of 6.5 months (coated) and 5.5 months (extruded) in FRKs
• half-lives of 6.8 (coated) and 15.1 months (extruded) in fortified rice

Vitamin B1 decays in extruded FRKs stored in metallized paper bags and rice fortified 
with these in all packaging types with half-lives of 20 and 34 months, but is quite stable 
in coated FRKs

Formulas were derived to predict vitamin A and B1 concentrations at different storage 
times based on the reaction kinetics of the decay

Vitamins B3, 6, 9, 12 and minerals iron & zinc within specifications over 2 years
WFP mixing tolerance for FRKs into rice is ± 15 %, but is a challenge at industrial 

scale and was exceeded contributing to the high variations of analytical results

Analytical control of vitamin and mineral concentrations in fortified rice requires an 
internal standard to correct for mixing variations

Resume
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Practical implications

 Changes were made by the WFP to the technical specifications for FRKs, which are publicly
accessible under https://foodsafetyqualitypublic.manuals.wfp.org/docs/specifications-index

 Removal of vitamin A from specifications
 FRKs can be stored up to 24 months when purchased by WFP
 Shelf-life of fortified rice is defined based on the remaining shelf-life of the fortified rice kernels at the 

time they are blended with milled rice, plus 6 months but must not exceed 30 months from the 
production date of the fortified rice kernels

 When purchased directly, the shelf-life of fortified rice must not exceed 18 months
 Stricter controls are necessary over industrial mixing processes
 The analytical method introduced in the study with internal standards could be adopted more widely in 

the industry to improve quality control
 Further research is needed to understand how vitamin and mineral levels in FRKs and fortified rice 

would evolve over  longer periods of two years
 Need to optimize FRK formulations to improve stability of micronutrients
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