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Interest in micronutrient malnutrition has increased greatly over the last few 
years. One of the main reasons is the realization that micronutrient malnutrition 
contributes substantially to the global burden of disease. Furthermore, although 
micronutrient malnutrition is more frequent and severe in the developing world 
and among disadvantaged populations, it also represents a public health 
problem in some industrialized countries. Measures to correct micronutrient 
deficiencies aim at ensuring consumption of a balanced diet that is adequate in 
every nutrient. Unfortunately, this is far from being achieved everywhere since 
it requires universal access to adequate food and appropriate dietary habits. 
Food fortification has the dual advantage of being able to deliver nutrients to 
large segments of the population without requiring radical changes in food 
consumption patterns.

Drawing on several recent high quality publications and programme experience 
on the subject, information on food fortification has been critically analysed 
and then translated into scientifically sound guidelines for application in the 
field. The main purpose of these guidelines is to assist countries in the design 
and implementation of appropriate food fortification programmes. They are 
intended to be a resource for governments and agencies that are currently 
implementing or considering food fortification, and a source of information for 
scientists, technologists and the food industry. The guidelines are written from 
a nutrition and public health perspective, to provide practical guidance on how 
food fortification should be implemented, monitored and evaluated. They are 
primarily intended for nutrition-related public health programme managers, but 
should also be useful to all those working to control micronutrient malnutrition, 
including the food industry.

The document is organized into four complementary sections. Part I introduces 
the concept of food fortification as a potential strategy for the control of 
micronutrient malnutrition. Part II summarizes the prevalence, causes, and 
consequences of micronutrient deficiencies, and the public health benefits 
of micronutrient malnutrition control. It lays the groundwork for public health 
personnel to assess the magnitude of the problem and the potential benefits of 
fortification in their particular situation. Part III provides technical information 
on the various chemical forms of micronutrients that can be used to fortify 
foods, and reviews prior experiences of their use in specific food vehicles. Part 
IV describes the key steps involved in designing, implementing, and sustaining 
fortification programmes. Starting with a determination of the amount of 
nutrients to be added to foods, this process continues with the implementation 
of monitoring and evaluating systems (including quality control/quality 
assurance procedures), followed by an estimation of cost-effectiveness and 
cost–benefit ratios. The importance of, and strategies for, regulation and 
international harmonization, communication, advocacy, consumer marketing 
and public education are also explained in some detail. 
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Foreword

Interest in micronutrient malnutrition has increased greatly over the last few
years. One of the main reasons for the increased interest is the realization that
micronutrient malnutrition contributes substantially to the global burden of
disease. In 2000, the World Health Report1 identified iodine, iron, vitamin A and
zinc deficiencies as being among the world’s most serious health risk factors. In
addition to the more obvious clinical manifestations, micronutrient malnutrition
is responsible for a wide range of non-specific physiological impairments,
leading to reduced resistance to infections, metabolic disorders, and delayed or
impaired physical and psychomotor development. The public health implica-
tions of micronutrient malnutrition are potentially huge, and are especially sig-
nificant when it comes to designing strategies for the prevention and control of
diseases such as HIV/AIDS, malaria and tuberculosis, and diet-related chronic
diseases.

Another reason for the increased attention to the problem of micronutrient
malnutrition is that, contrary to previous thinking, it is not uniquely the concern
of poor countries. While micronutrient deficiencies are certainly more frequent
and severe among disadvantaged populations, they do represent a public health
problem in some industrialized countries.This is particularly true of iodine defi-
ciency in Europe, where it was generally assumed to have been eradicated, and
of iron deficiency, which is currently the most prevalent micronutrient deficiency
in the world. In addition, the increased consumption in industrialized countries
(and increasingly in those in social and economic transition) of highly-processed
energy-dense but micronutrient-poor foods, is likely to adversely affect micronu-
trient intake and status.

Measures to correct micronutrient deficiencies – at least the major ones – are,
however, well known, and moreover relatively cheap and easy to implement.
The control of iodine deficiency disorders through salt iodization, for example,
has been a major accomplishment in public health nutrition over the last 
30 years.

1 World health report, 2000. Geneva, World Heath Organization, 2000.
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The best way of preventing micronutrient malnutrition is to ensure con-
sumption of a balanced diet that is adequate in every nutrient. Unfortunately,
this is far from being achievable everywhere since it requires universal access to
adequate food and appropriate dietary habits. From this standpoint, food forti-
fication has the dual advantage of being able to deliver nutrients to large seg-
ments of the population without requiring radical changes in food consumption
patterns. In fact, fortification has been used for more than 80 years in industri-
alized countries as a means of restoring micronutrients lost by food processing,
in particular, some of the B vitamins, and has been a major contributory factor
in the eradication of diseases associated with deficiencies in these vitamins.
Because of the increased awareness of the widespread prevalence and harmful
effects of micronutrient malnutrition, and in consideration of changes in food
systems (notably an increased reliance on centrally processed foods), and 
successful fortification experiences in other regions, increasing numbers of
developing countries are now committed to, or are considering, fortification 
programmes.

With so much accumulated experience, the conditions under which food for-
tification can be recommended as a strategic option for controlling micronutri-
ent malnutrition are now better understood. Its limitations are also well known:
food fortification alone cannot correct micronutrient deficiencies when large
numbers of the targeted population, either because of poverty or locality, have
little or no access to the fortified food, when the level of micronutrient deficiency
is too severe, or when the concurrent presence of infections increases the meta-
bolic demand for micronutrients. Various safety, technological and cost consid-
erations can also place constraints on food fortification interventions. Thus,
proper food fortification programme planning not only requires assessment of
its potential impact on the nutritional status of the population but also of its fea-
sibility in a given context.

The success of a fortification programme can be measured through its public
health impact and its sustainability. The latter implies an intersectoral approach
where, in addition to competent national public health authorities, research,
trade, law, education, nongovernmental organizations and the commercial sector
are all involved in the planning and implementation of the programme. It has
taken time to appreciate the role of the private sector, in particular industry, and
the importance of civil society in this process.These are now fully acknowledged
and this recognition should strengthen the capability of interventions to combat
micronutrient malnutrition.

The main purpose of these Guidelines is to assist countries in the design and
implementation of appropriate food fortification programmes. Drawing on
several recent high quality publications on the subject and on programme expe-
rience, information on food fortification has been critically analysed and then
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translated into scientifically sound guidelines for application in the field. More
specifically, the Guidelines provide information relating to the benefits, limita-
tions, design, implementation, monitoring, evaluation, cost–benefit and regula-
tion of food fortification, particularly in developing countries.They are intended
to be a resource for governments and agencies that are currently implementing,
or considering food fortification, and a source of information for scientists, tech-
nologists and the food industry. The Guidelines are written from a nutrition and
public health perspective, to provide practical guidance on how food fortifica-
tion should be implemented, monitored and evaluated within the general context
of the need to control micronutrient deficiencies in a population. They are pri-
marily intended for nutrition-related public health programme managers, but
should also be useful to all those working to control micronutrient malnutrition,
including industry.

The document is organized into four complementary sections. Part I 
introduces the concept of food fortification as a potential strategy for the control
of micronutrient malnutrition. Part II summarizes the prevalence, causes 
and consequences of micronutrient deficiencies, and the public health benefits
of micronutrient malnutrition control. It lays the groundwork for public 
health personnel to assess the magnitude of the problem, and the potential 
benefits of fortification, in their particular situation. Part III provides technical
information on the various chemical forms of micronutrients that can be 
used to fortify foods, and reviews experience of their use in specific food 
vehicles. Part IV describes the key steps involved in designing, imple-
menting and sustaining fortification programmes, starting with the deter-
mination of the amount of nutrients to be added to foods, followed by the 
implementation of monitoring and evaluating systems, including quality
control/quality assurance procedures, before moving on to the estimation 
of cost-effectiveness and cost–benefit ratios. The importance of, and 
strategies for, regulation and international harmonization, communication,
advocacy, consumer marketing and public education are also explained in 
some detail.

The production of the Guidelines has been the result of a long process that
started in 2002. Under the aegis of the World Health Organization (WHO), an
expert group was established and charged with the task of developing a set of
guidelines on food fortification practice. A draft version of the guidelines was
reviewed in 2003 by a multidisciplinary panel of experts who collectively rep-
resented the range of knowledge and experience required for developing such
guidelines. The panel members included experts in public health, nutrition sci-
ences and food technology, from both the public and the private sectors. After-
wards, the draft of the guidelines was circulated among field nutritionists and
public health practitioners and also tested in a number of countries. All of the
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comments received through this process were considered for this finalized
version of the guidelines.

We are all committed to the elimination of micronutrient malnutrition. We
hope that these Guidelines will help countries to meet this goal and therefore
enable their population to achieve its full social and economic potential.

Lindsay Allen
Bruno de Benoist
Omar Dary
Richard Hurrell
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Preface

More than 2 billion people in the world today suffer from micronutrient defi-
ciencies caused largely by a dietary deficiency of vitamins and minerals. The
public health importance of these deficiencies lies upon their magnitude and
their health consequences, especially in pregnant women and young children,
as they affect fetal and child growth, cognitive development and resistance 
to infection. Although people in all population groups in all regions of the 
world may be affected, the most widespread and severe problems are usually
found amongst resource poor, food insecure and vulnerable households in 
developing countries. Poverty, lack of access to a variety of foods, lack of 
knowledge of appropriate dietary practices and high incidence of infectious 
diseases are key factors. Micronutrient malnutrition is thus a major impediment
to socio-economic development contributing to a vicious circle of under-
development and to the detriment of already underprivileged groups. It has 
long-ranging effects on health, learning ability and productivity and has high
social and public costs leading to reduced work capacity due to high rates of
illness and disability.

Overcoming micronutrient malnutrition is therefore a precondition for ensur-
ing rapid and appropriate national development.This was the consensus reached
at the FAO/WHO International Conference on Nutrition (ICN) in December
1992, where 159 countries endorsed the World Declaration on Nutrition, pledg-
ing “to make all efforts to eliminate . . . iodine and vitamin A deficiencies” and
“to reduce substantially . . . other important micronutrient deficiencies, includ-
ing iron.” Since then, FAO and WHO have continued to work to achieve this
goal and in doing so have adopted four main strategies improving dietary intakes
through increased production, preservation and marketing of micronutrient-rich
foods combined with nutrition education; food fortification; supplementation;
and global public health and other disease control measures. Each of these strate-
gies have a place in eliminating micronutrient malnutrition. For maximum
impact, the right balance or mix of these mutually reinforcing strategies need to
be put in place to ensure access to consumption and utilization of an adequate
variety and quantity of safe, good-quality foods for all people of the world.
Underpinning these strategies is the realisation that when there is a dietary defi-
ciency in any one nutrient, there are likely to be other nutrient deficiencies as
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well. Consequently in the long-term, measures for the prevention and control of
micronutrient deficiencies should be based on diet diversification and consumer
education about how to choose foods that provide a balanced diet, including the
necessary vitamins and minerals.

These guidelines are meant to assist countries in the design and implemen-
tation of appropriate food fortification programmes as part of a comprehensive
food-based strategy for combating micronutrient deficiencies. Fortification of
food can make an important contribution to the reduction of micronutrient 
malnutrition when and where existing food supplies and limited access fail to
provide adequate levels of certain nutrients in the diet. To ensure that the target
population will benefit from a food fortification programme, an appropriate food
vehicle must be selected that is widely consumed throughout the year by a large
portion of the population at risk of a particular deficiency. In order to reach dif-
ferent segments of the population who may have different dietary habits, select-
ing more than one food vehicle may be necessary. Fortification of a staple food
affects everyone, including the poor, pregnant women, young children and pop-
ulations that can never be completely covered by social services. In addition,
fortification reaches secondary at-risk groups, such as the elderly and those 
who have an unbalanced diet. Food fortification is usually socially acceptable,
requires no change in food habits, does not alter the characteristics of the food,
can be introduced quickly, can produce nutritional benefits for the target pop-
ulation quickly, is safe, and can be a cost-effective way of reaching large target
populations that are at risk of micronutrient deficiency.

However, there are limitations on the benefits of fortification and difficulties
in its implementation and effectiveness. There may, for example, be concerns
raised about the possibility of overdose or a reluctance to fortify on human rights
grounds where consumer choice may be an issue. There may be reluctance on
the part of the food industry to fortify out of fear of insufficient market demand
for fortified foods or concern about consumer perceptions that the food product
has been altered. Food fortification also raises production costs through such
expenses as initial equipment purchases, equipment maintenance, increased pro-
duction staff needs and quality control and assurance facilities. Economically
marginalised households may not have access to such foods and other vulnera-
ble population groups, particularly children under five years of age, may not be
able to consume large enough quantities of the fortified food to satisfy an ade-
quate level of their daily requirements. All these issues need to be carefully
assessed and these are discussed in detail.

This publication is a useful guide to assist decision makers in ensuring that
the nutritionally vulnerable and at-risk populations benefit from food fortifica-
tion programmes and FAO and WHO would like to express our thanks to all
who have been involved in this process. We reaffirm our support to achieve the
Millennium Development Goals set by governments for overall nutrition

PREFACE

xix
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improvement and will collaborate with international and national agencies so as
to accelerate the planning and implementation of comprehensive and sustain-
able food fortification programmes as one element of national nutrition improve-
ment policies, plans and programmes.

Kraisid Tontisirin,
Director,
Nutrition and Consumer Protection Division,
Food and Agriculture Organization

Denise C. Coitinho,
Director,
Department of Nutrition for Health and Development,
World Health Organization
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Glossary

The Average Intake (AI) is a recommended intake value based on observed 
or experimentally determined approximations or estimates of nutrient intake
by a group or groups of apparently healthy people that are assumed to be
adequate.

Cost limit refers to the maximum acceptable increment in price of a food due
to fortification.

A Dietary Recommended Intake (DRI) is a quantitative estimate of a nutri-
ent intake that is used as a reference value for planning and assessing diets
for apparently healthy people. Examples include AIs, EARs, RDAs and ULs.

Effectiveness refers to the impact of an intervention in practice. Compared to
efficacy, the effectiveness of a fortification programme will be limited by
factors such as non- or low consumption of the fortified food.

Efficacy refers to the capacity of an intervention such as fortification to achieve
the desired impact under ideal circumstances. This usually refers to experi-
mental, well-supervised intervention trials.

Enrichment is synonymous with fortification and refers to the addition of
micronutrients to a food irrespective of whether the nutrients were originally
in the food before processing or not.

Essential micronutrient refers to any micronutrient, which is needed for
growth and development and the maintenance of healthy life, that is normally
consumed as a constituent of food and cannot be synthesized in adequate
amounts by the body.

The Estimated Average Requirement (EAR) is the average (median) daily
nutrient intake level estimated to meet the needs of half the healthy individ-
uals in a particular age and gender group. The EAR is used to derive the 
Recommended Dietary Allowance.

Evaluation refers to the assessment of the effectiveness and impact of the pro-
gramme on the targeted population. The aim of an evaluation is to provide
evidence that the programme is achieving its nutritional goals.

Feasible Fortification Level (FFL) is that which is determined, subject to cost
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and technological constraints, as the level that will provide the greatest
number of at-risk individual with an adequate intake without causing an unac-
ceptable risk of excess intakes in the whole population.

Food commodities are staple foods, condiments and milk.

Fortification is the practice of deliberately increasing the content of an essen-
tial micronutrient, i.e. vitamins and minerals (including trace elements) in a
food, so as to improve the nutritional quality of the food supply and provide
a public health benefit with minimal risk to health.

Legal Minimum level (LmL) is the minimum amount of micronutrient that a
fortified food must contain according to national regulations and standards.
This value is estimated by adding the intrinsic content of a micronutrient in
the food to the selected level of fortification.

Market-driven fortification refers to the situation where the food manufac-
turer takes the initiative to add one or more micronutrients to processed foods,
usually within regulatory limits, in order to increase sales and profitability.

Mass fortification refers to the addition of micronutrients to foods commonly
consumed by the general public, such as cereals, condiments and milk.

Maximum Tolerable Level (MTL) is the maximum micronutrient content that
a fortified food can present as it is established in food law, in order to mini-
mize the risk of excess intake. It should coincide or be lower than the safety
limit.

Minimum Fortification Level (mFL) is the level calculated by reducing the
Feasible Fortification Level by three standards deviations (or coefficients of
variation) of the fortification process, in order that the average coincides or
is lower than the calculated Feasible Fortification Level.

Monitoring refers to the continuous collection and review of information on
programme implementation activities for the purposes of identifying prob-
lems (such as non-compliance) and taking corrective actions so that the pro-
gramme fulfils its stated objectives.

Nutritional equivalence is achieved when an essential nutrient is added to a
product that is designed to resemble a common food in appearance, texture,
flavour and odour in amounts such that the substitute product has a similar
nutritive value, in terms of the amount and bioavailability of the added essen-
tial nutrient.

Nutrient Reference Values (NRVs) are dietary reference values defined by the
Codex Alimentarius Commission with the aim of harmonizing the labelling
of processed foods. It is a value applicable to all members of the family aged
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3 years and over. These values are constantly reviewed based on advances in
scientific knowledge.

Nutrient requirement refers to the lowest continuing intake level of a nutrient
that will maintain a defined level of nutriture in an individual for a given cri-
terion of nutritional adequacy.

Processed foods are those in which food raw materials have been treated indus-
trially so as to preserve them. Some may be formulated by mixing several dif-
ferent ingredients.

A premix is a mixture of a micronutrient(s) and another ingredient, often 
the same food that is to be fortified, that is added to the food vehicle to
improve the distribution of the micronutrient mix within the food matrix and
to reduce the separation (segregation) between the food and micronutrient
particles.

Quality assurance (QA) refers to the implementation of planned and system-
atic activities necessary to ensure that products or services meet quality stan-
dards. The performance of quality assurance can be expressed numerically
as the results of quality control exercises.

Quality control (QC) refers to the techniques and assessments used to docu-
ment compliance of the product with established technical standards, through
the use of objective and measurable indicators.

Relative bioavailability is used to rank the absorbability of a nutrient by com-
paring its absorbability with that of a reference nutrient that is considered as
having the most efficient absorbability.

Restoration is the addition of essential nutrients to foods to restore amounts
originally present in the natural product, but unavoidably lost during pro-
cessing (such as milling), storage or handling.

Recommended Dietary Allowances (RDAs) are defined by the United States
Food and Nutrition Board and are conceptually the same as the Recom-
mended Nutrient Intake (RNI), but may have a slightly different values for
some micronutrients.

The Recommended Nutrient Intake (RNI) is the daily intake that meets the
nutrient requirements of almost all apparently healthy individuals in an age-
and sex-specific population group. It is set at the Estimated Average Require-
ment plus 2 standard deviations.

Safety limit is the greatest amount of a micronutrient that can be safely added
to specific foods. It considers the UL for the nutrient and the 95th percentile
of consumption of a food, and makes allowances for the fact that the 
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nutrient is also consumed in unfortified foods, and may be lost during storage
and distribution, and/or cooking.

Targeted fortification refers to the fortification of foods designed for specific
population subgroups, such as complementary weaning foods for infants.

The technological limit is the maximum level of micronutrient addition that
does not change the organoleptic or physical properties of the food.

The Tolerable Upper Intake Level (UL) is to the highest average daily nutri-
ent intake level unlikely to pose risk of adverse health effects to almost all
(97.5%) apparently healthy individuals in an age- and sex-specific population
group.

Universal fortification is equivalent to mass fortification.

Universal salt iodization (USI) refers to the addition of iodine to all salt for
both human and animal consumption.

Usual intake refers to an individual’s average intake over a relatively long period
of time.
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