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Nutrient requirements are frequently not met due to the limited availability and 
affordability of an adequately diverse diet that includes plant- and animal-source foods. 
Food fortification refers to the addition of one or more nutrients to a food, during 
or after processing. The industrial fortification of foods started almost 100 years ago to 
address diseases/disorders of public health concern resulting from inadequate intake of 
specific micronutrients from the population’s food base. Due to these early successes, 
fortification continues to be an important strategy to ensure the required intake of 
nutrients where they are not adequately supplied by the normal diet.

Brief History of Food Fortification

The concept of adding a product to a food/beverage to affect a biological 
function was first recorded in 400 B.C. by the Persian physician, Melanpus, who 
suggested to add iron filings to wine to increase soldiers’ “potency.” 

In the early 20th century, the industrial fortification of widely-consumed foods 
developed as a strategy to prevent and reduce the prevalence of specific 
nutritional deficiencies of public health importance in non-emergency as well as 
emergency contexts; these initiatives emerged thanks to major discoveries in 
nutrition science, and advances in the synthesis and mass production of key 
vitamins and minerals. 

In 1923, Switzerland was the first country to fortify salt with iodine to eliminate 
goiter, followed by the United States in 1924. With industrial-scale synthesis of 
several vitamin and mineral compounds in the 1930s and 1940s, wide-scale 
fortification of foods to address the high public health burden of micronutrient 
deficiencies became technically and economically feasible. During that period, 
vitamin A fortification of milk and margarine was implemented in Denmark, UK 
and the United States, where fortification of white flour and bread with vitamins 
B1, B2 and B3, as well as iron, became mandatory in 1943. Around this time, 
the beneficial impact of flour fortification in Newfoundland led to mandatory 
fortification of wheat flour in Canada as a whole.

In the 1950s and 1960s, food fortification was initiated in many Latin American 
countries, including salt iodization and fortification of wheat flour, margarine 
and milk. Chile was particularly successful in eliminating the public health 
burden of pediatric iron deficiency anemia through fortification of commercially 
produced foods for infants and toddlers starting in the early 1970s, and that of 
neural tube birth defects (NTDs) through the addition of folic acid to wheat 
flour in the early 2000s. Mandatory fortification of wheat flour was introduced 
in many countries of the Middle East and North Africa in the 1990s, and Oman 
became the first country in the world to effectively fortify wheat flour with folic 
acid in 1996. Many countries across sub-Saharan Africa, Asia, and the Pacific 
initiated fortification of staple foods (e.g., wheat and maize flour, pasta, rice and 
vegetable oil) and widely consumed condiments (e.g. fish sauce, soy sauce and 
bouillon cubes) since the early 2000s. 

Global Burden of 
Micronutrient 
Deficiencies

Despite substantial 
progress during the past 
century, it is still estimated 
that close to two billion 
people, including in 
industrialized countries, 
suffer from vitamin and/or 
mineral (or micronutrient) 
deficiencies. 

Although the physical and 
medical consequences of 
severe forms of 
micronutrient deficiencies 
have been known for over 
a century, the even larger 
negative societal 
consequences of such 
deficiencies on physical 
growth, cognitive 
development and 
economic development of 
nations has only been 
documented within the 
last few decades.
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Brief History of Food Fortification (Cont…)
Large-scale fortification of widely consumed staple foods and condiments 
continues to be an important component of the food value chain and, 
according to the Copenhagen Consensus* (an international grouping of 
Nobel Laureates who have undertaken economic analyses of various global 
problems and their available solutions), its estimated cost-benefit ratio to 
society is close to 1:30. As a result of successes in the elimination of key 
deficiencies as problems of public health significance and the strong evidence 
base supporting it, micronutrient fortification of key staple foods and 
condiments is today mandated in many countries and jurisdictions around 
the world.

Besides large-scale food fortification, the health sector operating in 
humanitarian and emergency contexts has also used fortified foods in 
targeted ways to address and prevent nutritional problems among specific at-
risk populations, such as infants and young children, mothers and women of 
reproductive age, and the elderly as well as people living with chronic 
diseases or in situations of acute nutritional deficit.

In more recent decades, with advances in food science and technology, food 
fortification has become adopted by the processed food and beverage 
industry as a commercial strategy to target increasingly health-conscious 
consumers, particularly in developed economies. Whereas large-scale food 
fortification for public health purposes aims to achieve maximum population 
reach, commercially-driven fortification usually targets higher-value niche 
markets, employing nutrition science to support product differentiation and 
marketing. 

Types of Food Fortification

Typically, food fortification is performed to:

• Restore nutrients lost during food processing to a level approximately 
equal to the food’s natural content; this is also referred to as enrichment.

• Add nutrients that may not be present in, or contained at a lower level, 
naturally in the food; this is typically referred to as fortification.

• Standardize the nutrient content present in variable concentrations in a 
food product, e.g. the addition of vitamin C to orange juice to standardize 
the concentration of the vitamin to compensate for changes due to 
seasonal and processing variations. 

Public-Private Sector Partnership
Food fortification is, by its nature, a public-private partnership because it 
cannot be achieved without the involvement of the different stakeholders. The 
government plays an important role in setting standards, policies and 
regulations, health considerations and public health budgets; various ministries 
need to be engaged and involved, including ministries of health, agriculture, 
trade and industry, social welfare, planning and finance.

The private sector complements this role by advancing innovation to fortify 
staple foods, condiments and other foods commonly consumed by the 
population; NGOs contribute through their role as advocates and social 
aggregators; and academia through research and advances in fortification 
expertise and technology. Donor funds also play an important, catalytic role in 
stimulating investments in nutrition improvement before commercial 
sustainability can be achieved. 

*The Copenhagen Consensus: http://www.copenhagenconsensus.com

http://www.copenhagenconsensus.com/


Conducive Environment
Basic requirements for production of safe, nutritionally beneficial, and commercially sustainable food 
fortification include:

• Reliable data on average daily per capita consumption of the target food in the country.
• Development of, and compliance with, national technical standards for fortification of the food product, especially the 

added concentration (based on the per capita consumption) and formulation of bioavailable forms of fortificant nutrients 
(e.g., atomized and hydrogen-reduced forms of iron fortificant are deemed non-bioavailable).

• Technical capacity and implementation of internal Quality Assurance and Quality Control (QA/QC) processes by 
producers of fortified food to consistently ensure marketing of safe and adequately fortified food.

• Technical and human capacity of government to ensure systematic monitoring and enforcement of fortified food 
standards, especially at production sites and points of import.

• Promotion and social marketing to encourage populations to regularly consume fortified foods in place of non-fortified 
products.

• Ongoing public health surveillance to document anticipated improvements in micronutrient status of target populations 
(who consume fortified foods) over time.

Food Fortification
KEY CONSIDERATIONS ON FOOD 
FORTIFICATION

Mandatory vs. Voluntary Fortification
As an effective public health intervention, adequately fortified food(s) must be regularly consumed by the majority (>80%) of
the population(s) in a defined geographic area. Global experience has shown that mandatory fortification of widely consumed 
food products with appropriate levels of added nutrients can sustainably result in the improved nutrient status of populations. 
Some industry-initiated voluntary fortification of staple foods, beverages or condiments as a marketing approach have been 
commercially sustained in economically well-developed countries, where consumers can afford the slightly higher price of a 
fortified food compared to its non-fortified variant (e.g. fortified vs. non-fortified milk). Similarly, marketing of “niche” 
products, e.g. fortified sports drinks and bottled water marketed to “physically active” consumers, has been commercially 
successful in high-income societies and likely impact the nutritional status of the relatively small proportion of consumers 
who regularly consume those products. 

National fortification regulations and standards, where they exist, supersede global recommendations as they are informed by 
in-country public health evidence. This is why global recommendations are usually provided as ranges that can accommodate 
the potential in-country circumstances. Nonetheless, differences in standards between countries can lead to potential issues 
when ingredients, such as premixes, need to be shipped across national borders.

Economic Considerations
As highlighted above, multiple actors across different sectors must be engaged to ensure food fortification can be done 
successfully at the scale needed to have an impact on a public health problem. While the 1:30 cost-benefit ratio of food 
fortification interventions declared by the Copenhagen Consensus makes for compelling advocacy for governments to adopt 
the approach as a complement to other nutrition improvement strategies, it is imperative to fully understand the costs 
involved in food fortification across its value chain, and which stakeholders must bear which costs. Besides obvious 
considerations such as i) the capital investment needed for fortification facilities and/or equipment, and ii) the recurrent cost 
of the fortificant premix, other costs may include iii) any related import tariffs (where relevant), iv) implementation of new 
processes in the production line and associated training and/or manpower requirements, and v) internal and external quality 
assurance and quality control (QA/QC) facilities and implementation across the value chain. For industry, perhaps the most 
important outcome of investing in food fortification for public health purposes is achieving market returns that would, at the 
very least, be comparable to a business-as-usual scenario; where this is not the case, other stakeholders may need to step up to
share some of the risk and potentially help to bridge this gap.



Safety of Fortified Foods
• Risk of overdose: 

To date, there has been no documented evidence of toxicity of vitamins or minerals in populations that regularly consume 
fortified foods produced according to official standards. Furthermore, there is no evidence that fortification of a food 
product leads to people eating more of that food compared to the average amounts they consumed of it before 
fortification. For example, salt iodization or wheat flour fortification have not resulted in people eating more salt or 
bread. 

• Evidence of under-fortification: 
Marketing of fortified foods containing less than the required levels of added nutrients has been documented, mostly in 
developing countries. This is often due to poorly implemented QA/QC procedures during production. However, there are 
also examples of producers who under-fortify products to gain financial advantage over market competitors. Once 
identified, consumers should be informed of such mislabeled product brands by the appropriate enforcement and health 
authorities, and the producers prosecuted accordingly.

• Contamination: 
Fortified and non-fortified foods may become contaminated with environmental, chemical and biological hazards at 
various points in the chain from “the farm to the fork.” At the fortified food production facility, adherence to adequate 
QA/QC procedures and protocols, starting from the point of delivery of the raw materials through the product processing 
chain, reduce the risk of product contamination. Product handling procedures, storage conditions, packing processes, etc. 
must be implemented with appropriate sanitation and hygiene practices to avoid hazardous contamination of fortified 
foods. A particular hazard -- albeit, not directly linked to the process of fortifying foods -- is the growth of dangerous 
aflatoxin-producing molds due to moist and hot product storage conditions at production sites, as well as during transit to 
markets, and at the market level. Storage and transportation of foods in cool and dry conditions, away from long 
exposure to direct sunlight minimizes risk of aflatoxin contamination.

Consumer Acceptance & Regulatory Standards
Existing guidelines on food fortification generally provide guidance for optimal product outcomes. It is important to follow 
these guidelines to avoid sensory/organoleptic issues as some fortificants may change the color, taste and texture of the food 
vehicles. Specifically, fortification with iron, calcium, vitamin A and riboflavin can be problematic for the food industry, 
which is sensitive to the risk of losing market share due to such issues. Research and development into different forms of these
fortificants have evolved to address these. More specific detail on sensory/organoleptic issues related to specific food vehicles 
and fortificants will be presented in Leaflet 12 (Best Practices), as well as current strategies and solutions to address them.

Fortified foods are considered “credence goods” because consumers cannot readily evaluate their quality with regard to the 
fortificant content compared to non-fortified versions. Thus, consumers depend on the fortified food producers, importers 
and retailers, as well as the regulatory monitoring and enforcement agencies to ensure that a fortified food contains the 
required and publicized amounts of added nutrients.

In summary, production and marketing of safe and adequately fortified foods require the use of appropriate technologies and 
strict adherence to internal QA/QC procedures based on international guidelines and standards (e.g. GMP, HACCP, etc.), 
including needed documentation at all steps in the production chain. 

Consumer Information & Social Marketing
Encouraging consumers to accept fortified foods as a “normal” part of the diet, especially when such foods are marketed for 
the first time, must be done deliberately. The promotion and social marketing approach should be based on appropriate 
formative research related to local knowledge, attitudes and beliefs to avoid misunderstandings and ill-founded rumors that 
could lead to non-acceptance of the product(s). It is also essential to consider targeting influencers of attitudes and practices of 
appropriate target audiences; for example, in some societies, elderly members of the family or adult male members influence 
the food purchasing choices of the adult females, who are responsible for purchasing grocery items. In contrast, in other 
societies, adult males may be responsible for grocery shopping even if females do most of the cooking at home. Thus, 
promotion channels should consider the influence of household dynamics on food purchasing decisions.

Certain products, such as condiments (sugar, salt) and what would be considered highly-processed foods, are generally 
recommended to be consumed in limited amounts. WHO specifically recommends limits to sugar and salt consumption as part 
of a healthy diet, and those limits apply whether they are fortified or not. Nonetheless, sugar and salt, and foods containing 
them, including processed and ready-to-eat foods, are often widely and regularly consumed in any given country and are 
therefore usually suitable vehicles for mass fortification. While there may be concerns that fortifying these products may send 
a signal to consumers that it is all right to consume them in excess of recommended limits, this is never – and should never be 
– a goal of any social marketing or promotion of fortified condiments. Rather, the goal should be the 1:1 replacement of non-
fortified products with the fortified versions. In countries with mandatory fortification of salt and/or sugar, processed or 
ready-to-eat food products that are manufactured with fortified salt or sugar are indirectly fortified as well.



Food Fortification
CHECKLIST TO ASSESS FOOD 
FORTIFICATION POTENTIAL

Country Situation

Nutrition/Diet/Health

a. Are there micronutrient deficiencies of public health concern? 
• If yes, which ones?
• Which population group(s) is/are affected?

b. What official documents record the micronutrient deficiencies?
• National health and nutrition survey?
• Assessments by international NGOs, UN agencies?

c. What is the main staple or main food people eat?
• Is this food eaten throughout the country and by everyone? 
• Are consumption surveys/data available? 
• Are there national tables on the nutrient content of local food? 
• What is the traditional diet eaten daily? 

d. What is/are the main disease(s) in the country?
• Which population group(s) is/are affected? 

This checklist will guide the assessment on the potential to successfully fortify which food vehicle, with which fortificants and 
for what purpose (public health or economic benefits). The specific technical considerations are described in the Best Practice 
section/leaflet. This checklist is a product of the authors’ decades of experience in the field of food fortification (across
academic/scientific, operational, industrial and political/policy domains), and represents the core questions and issues 
important to food fortification. Additional questions based on local circumstances and the specifics of IFC clients’ resources, 
capabilities, supply chains, end markets and other issues of relevance need to be further considered.

National Programs/Initiatives/Policy

a. Is there a national nutrition policy? 
• If yes, are fortified foods part of the nutrition strategy?

b. Are there initiatives to improve dietary quality run by local and international NGOs and/or UN 
agencies? 
• If yes, which ones?

c. Is the private sector involved in nutrition initiatives?
• If yes, which companies? 
• Under SUN? 
• What are the key partnerships that exist?

d. Are there laws for mandatory fortification of major staple food(s)?

Consumer

a. Is there a consumer association/network in the country? If yes, are fortified foods part of the 
knowledge? 

Technical Fortification Issues

1. What type of food is fortified? Oil, porridge, biscuits, etc.? 
2. What is the distribution/retail system of the food?
3. How will the food reach the end consumer? Through wet markets, supermarkets, etc.? 
4. Where are the raw materials of the processed foods sourced from? Locally, imported?



1. What food product(s) is/are produced by the company? 
2. Does the company meet production criteria/regulations, including third-party certification, and food safety management 

and QA/QC systems in place?
3. Where are the raw materials sourced from? Locally available or imported?
4. Is this product distributed throughout the country? 
5. Who eats the product? Is it consumed in a manner consistent with the fortification method?
6. What is the product’s market share? What is the potential impact of fortified product to market share?
7. Is the product exported to other countries?
8. Does the company enjoy specific government subsidies or tariff benefits? 
9. Is the company engaged in partnerships and/or SUN business activities?

Private Sector (IFC clients)



Context
Vegetable oil is an ideal vehicle for vitamin A and D fortification due to its high lipid content, high consumption, broad 
distribution, and existing centralized processing and delivery systems required for fortification and sustainability. Types of 
commonly available vegetable oils include palm oil, soybean oil, rapeseed oil and sunflower oil, and they have different 
physical properties and fatty acid profiles. In reality, vegetable oils are rarely pure, and are often blended together to obtain 
desirable textural, oxidative and nutritional properties. Thus, the term ‘vegetable oil’ is used here in reference to a blend of
different plant-based oils. The impact of vitamin A fortification in food has been well understood from studies dating back to 
the 1950s. Mandatory vegetable oil fortification legislation was first introduced in 1965 in Pakistan. Currently, 30 countries 
mandate the fortification of vegetable oil with vitamin A. Voluntary fortification of vegetable oils is carried out in 13 
countries. Generally, vegetable oils are fortified with vitamin A but may [also] be fortified with vitamin D in some countries. 

Hydrogenation converts liquid vegetable oils into solid fats, such as margarine. Even though the vitamin A and D content in 
margarine is negligible, fortification with these vitamins can make margarine an important source of these nutrients, as well
as a source of energy.

Vitamin A is commonly found in eggs, whole milk and meat as retinol, the active form of vitamin A, and in spinach, 
pumpkin, papayas, mangoes and carrots as β-carotene, the precursor of retinol. However, poor quality diets have led to 
widespread vitamin A deficiency (VAD) in many developing countries, impacting as many as 130 million children under 5 
years of age and 7 million pregnant women. VAD causes poor vision and blindness, increased susceptibility to infections, as 
well as increased likelihood of morbidity and mortality. Although fatty fish (e.g. tuna, mackerel and salmon), liver and eggs
are sources rich in cholecalciferol (vitamin D3), humans can naturally produce vitamin D3 in their skin upon ultraviolet (UV)
light exposure. Ergocalciferol (vitamin D2) are present in certain nuts, mushrooms and plants in negligible amounts. 
Approximately 1 billion people worldwide suffer from vitamin D deficiency (VDD) or insufficiency, a condition that is 
determined by factors such as low exposure to sunlight, excessive clothing (minimizing skin exposure to sunlight), dark skin 
pigmentation, cloudy or winter seasons and poor diet quality or diversity. Infants, teenagers, pregnant women and the elderly
are especially vulnerable to VDD, and have greater risks of rickets, osteomalacia, osteoporosis and muscle weakness.

Food Fortification
OILSEEDS SECTOR


