
Guidelines on 
food fortification with 

micronutrients
Edited by Lindsay Allen, Bruno de Benoist, 

Omar Dary and Richard Hurrell

Food and Agricultural Organization 
of the United Nations

PA N

I SF
I A T



GUIDELINES ON
FOOD FORTIFICATION

WITH
MICRONUTRIENTS

Food and Agricultural Organization 
of the United Nations

World Health
Organization





Guidelines on
food fortification with

micronutrients
Edited by

Lindsay Allen
University of California,

Davis, CA, United States of America

Bruno de Benoist
World Health Organization,

Geneva, Switzerland

Omar Dary
A2Z Outreach – The USAID Micronutrient

Leadership and Support and Child Blindness Activity,
Washington, DC, United States of America

Richard Hurrell
Swiss Federal Institute of Technology,

Zurich, Switzerland

World Health
Organization

Food and Agricultural Organization 
of the United Nations



WHO Library Cataloguing-in-Publication Data

Guidelines on food fortification with micronutrients/edited by Lindsay Allen . . . [et al.].

1. Food, Fortified. 2. Micronutrients. 3. Nutritional requirements.
4. Deficiency diseases – prevention and control. 5. Guidelines. I. Allen,
Lindsay H. II. World Health Organization.

ISBN 92 4 159401 2 (NLM classification: QU 145)

This publication is supported by funding from GAIN, the Global Alliance for
Improved Nutrition. While GAIN supports the work of this publication, it cannot
warrant or represent that the information contained in these Guidelines is
complete and correct and GAIN shall not be liable whatsoever for any damage
incurred as a result of its use.

© World Health Organization and Food and Agriculture Organization of the United Nations
2006

All rights reserved. Publications of the World Health Organization can be obtained from WHO
Press, World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel: +41 22
791 3264; fax: +41 22 791 4857; email: bookorders@who.int). Requests for permission to 
reproduce or translate WHO publications – whether for sale or for noncommercial distribution –
should be addressed to WHO Press, at the above address (fax: +41 22 791 4806; email: 
permissions@who.int), or to Chief, Publishing and Multimedia Service, Information Division, 
Food and Agriculture Organization of the United Nations, Viale delle di Caracalla, 00100 Rome,
Italy or by email to copyright@fao.org.

The designations employed and the presentation of the material in this publication do not imply
the expression of any opinion whatsoever on the part of the World Health Organization and the
Food and Agriculture Organization of the United Nations concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers
or boundaries. Dotted lines on maps represent approximate border lines for which there may
not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that
they are endorsed or recommended by the World Health Organization and the Food and Agri-
culture Organization of the United Nations in preference to others of a similar nature that are
not mentioned. Errors and omissions excepted, the names of proprietary products are distin-
guished by initial capital letters.

All reasonable precautions have been taken by the World Health Organization and the Food
and Agriculture Organization of the United Nations to verify the information contained in this
publication. However, the published material is being distributed without warranty of any kind,
either express or implied. The responsibility for the interpretation and use of the material lies
with the reader. In no event shall the World Health Organization and the Food and Agriculture
Organization of the United Nations be liable for damages arising from its use.

Cover illustration by Victoria Menezes Miller
Typeset in China, Hong Kong Special Administrative Region
Printed in France



Contents

List of tables x
List of figures xiii
Foreword xiv
Preface xviii
List of authors xxi
Acknowledgements xxiii
Abbreviations xxiv
Glossary xxvi

Part I. The role of food fortification in the control of 
micronutrient malnutrition 1

Chapter 1 Micronutrient malnutrition: a public health problem 3
1.1 Global prevalence of micronutrient malnutrition 3
1.2 Strategies for the control of micronutrient malnutrition 11

1.2.1 Increasing the diversity of foods consumed 12
1.2.2 Food fortification 13
1.2.3 Supplementation 13
1.2.4 Public health measures 14

1.3 Food fortification in practice 14
1.3.1 Efficacy trials 15
1.3.2 Effectiveness evaluations 17

1.4 Advantages and limitations of food fortification as a 
strategy to combat MNM 20

Chapter 2 Food fortification: basic principles 24
2.1 Terminology 24

2.1.1 Food fortification 24
2.1.2 Related codex terminology 25

2.2 Types of fortification 26
2.2.1 Mass fortification 27
2.2.2 Targeted fortification 27
2.2.3 Market-driven fortification 28
2.2.4 Other types of fortification 29

2.3 Legal considerations: mandatory versus voluntary 
fortification 31
2.3.1 Mandatory fortification 31
2.3.2 Voluntary fortification 33
2.3.3 Special voluntary fortification 35

iii



2.3.4 Criteria governing the selection of mandatory or
voluntary fortification 35

Part II. Evaluating the public health significance of 
micronutrient malnutrition 39

Introduction 41

Chapter 3 Iron, vitamin A and iodine 43
3.1 Iron deficiency and anaemia 43

3.1.1 Prevalence of deficiency 43
3.1.2 Risk factors for deficiency 44
3.1.3 Health consequences of deficiency and 

benefits of intervention 48
3.2 Vitamin A 48

3.2.1 Prevalence of deficiency 49
3.2.2 Risk factors for deficiency 49
3.2.3 Health consequences of deficiency and 

benefits of intervention 51
3.3 Iodine 52

3.3.1 Prevalence of deficiency 52
3.3.2 Risk factors for deficiency 54
3.3.3 Health consequences of deficiency and 

benefits of intervention 54

Chapter 4 Zinc, folate, vitamin B12 and other B vitamins, vitamin C, 
vitamin D, calcium, selenium and fluoride 57
4.1 Zinc 57

4.1.1 Prevalence of deficiency 57
4.1.2 Risk factors for deficiency 59
4.1.3 Health consequences of deficiency and 

benefits of intervention 61
4.2 Folate 61

4.2.1 Prevalence of deficiency 61
4.2.2 Risk factors for deficiency 63
4.2.3 Health consequences of deficiency and 

benefits of intervention 63
4.3 Vitamin B12 64

4.3.1 Prevalence of deficiency 65
4.3.2 Risk factors for deficiency 66
4.3.3 Health consequences of deficiency and 

benefits of intervention 67
4.4 Other B vitamins (thiamine, riboflavin, niacin and 

vitamin B6) 67
4.4.1 Thiamine 68
4.4.2 Riboflavin 71
4.4.3 Niacin 73
4.4.4 Vitamin B6 76

4.5 Vitamin C 78
4.5.1 Prevalence of deficiency 78
4.5.2 Risk factors for deficiency 80

GUIDELINES ON FOOD FORTIFICATION WITH MICRONUTRIENTS

iv



4.5.3 Health consequences of deficiency and 
benefits of intervention 81

4.6 Vitamin D 81
4.6.1 Prevalence of deficiency 82
4.6.2 Risk factors for deficiency 83
4.6.3 Health consequences of deficiency and 

benefits of intervention 84
4.7 Calcium 84

4.7.1 Prevalence of deficiency 84
4.7.2 Risk factors for deficiency 85
4.7.3 Health consequences of deficiency and 

benefits of intervention 86
4.8 Selenium 86

4.8.1 Prevalence of deficiency 86
4.8.2 Risk factors for deficiency 88
4.8.3 Health consequences of deficiency and 

benefits of intervention 88
4.9 Fluoride 89

4.9.1 Prevalence of dental caries 89
4.9.2 Risk factors for low intakes 90
4.9.3 Health consequences of low intakes and 

benefits of intervention 90
4.10 Multiple micronutrient deficiencies 91

4.10.1 Prevalence and risk factors 91
4.10.2 Health consequences and benefits of 

intervention 91

Part III. Fortificants: physical characteristics, selection and use with 
specific food vehicles 93

Introduction 95

Chapter 5 Iron, vitamin A and iodine 97
5.1 Iron 97

5.1.1 Choice of iron fortificant 97
5.1.2 Methods used to increase the amount of iron 

absorbed from fortificants 100
5.1.3 Novel iron fortificants 102
5.1.4 Sensory changes 104
5.1.5 Experience with iron fortification of specific foods 104
5.1.6 Safety issues 110

5.2 Vitamin A and β-carotene 111
5.2.1 Choice of vitamin A fortificant 111
5.2.2 Experience with vitamin A fortification of 

specific foods 112
5.2.3 Safety issues 117

5.3 Iodine 118
5.3.1 Choice of iodine fortificant 118
5.3.2 Experience with iodine fortification of specific 

foods 119
5.3.3 Safety issues 122

CONTENTS

v

预览已结束，完整报告链接和二维码如下：
https://www.yunbaogao.cn/report/index/report?reportId=5_29713


