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Executive summary
Shortages in adequate vitamin and mineral intake have led to a rising 
incidence of ‘hidden hunger’, a phenomenon caused by a chronic lack 
of essential micronutrients in a person’s diet. Deficiencies in the 
vitamins and minerals essential for achieving good nutrition continue 
to plague countries across the globe, including developed nations, 
where it has been shown that it is possible to be both overweight and 
malnourished at the same time. Governments, organizations and 
non-governmental organizations (NGOs) worldwide now have an 

opportunity to address these deficiencies, working with food 
manufacturers to integrate essential micronutrients into staple food 
products through fortification. Micronutrient fortification of staple 
foods, such as wheat and maize flour, has even been shown to play a 
significant role in increasing productivity at work, and therefore 
stimulating the growth of a country’s economy.1 It also has the 
potential to help make hidden hunger a problem of the past, enabling 
millions of individuals worldwide to be healthier and able to thrive. 

Executive summary
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Figure 1: Prevalence of hidden hunger worldwide2

It is estimated that one third of the world’s 
population is undernourished, caused by a 
physical or financial lack of access to a 
balanced, healthy and nutritious diet. 
Inadequate nutrition can have a major, long-
lasting impact on human physical health and 
development, but also places a heavy 
burden on societies across the world.  
This can seriously challenge a country’s 
economic growth.

The cost of malnutrition

What is hidden hunger?

Hidden hunger is a phenomenon where a diet is lacking in essential 
vitamins and minerals, causing the body to be malnourished. Hidden 
hunger is present in both developed and developing countries 
worldwide, and its prevalence reflects in part the rise in calorie-rich, 
yet nutrient-poor, diets that do not meet nutritional requirements. 
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People who do not consume a sufficient 
proportion of micronutrients, particularly in 
utero and as children, are more likely to face 
cognitive and physical difficulties for the rest 
of their lives. Conditions such as stunting, 
reflected by a failure to reach linear growth 

potential as a consequence of suboptimal 
nutritional intake, remain a major public 
health concern in a number of developing 
countries, including many in sub-Saharan 
Africa and the Middle East.3,4,5 It is estimated 
that 162 million children worldwide under 

five years of age showed stunted growth in 
2012.6 Such conditions can increase the risk 
of illness, but may also result in delayed 
mental and physical development, affecting 
school performance and productivity during 
the working lives of individuals.
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Figure 3: Global map of vitamin D deficiency in adults8
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Figure 4: Prevalence of vitamin D deficiency in the Middle East9
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Figure 2: Global map of vitamin E status 
in healthy populations7

Indication of status: 

 Desirable 
 >30 micromol/l
 Inadequate 
 12-30 micromol/l

 Deficiency 
 <12 micromol/l
 Children up to 12 years



Page 4

Combating national malnutrition issues 
through staple food fortification 

Vitamin A is essential for vision 
(particularly night vision), growth and 
development, immune function and for 
healthy male and female reproductive 
organs. Being deficient in vitamin A is a 
leading cause of blindness, and can 
contribute to high rates of childhood 
mortality and serious birth defects.11

Vitamin B12 is a water-soluble vitamin 
that plays an important role in the 
function of the brain and nervous 
system, as well as the formation of red 
blood cells. Humans are incapable of 
producing this vitamin, so must draw it 
from sources such as animal products, 
fortified food products and dietary 
supplements.14

Vitamin C is a water-souble antioxidant that is present in many fruits, vegetables and 
dietary supplements, and helps to support immunity and the regeneration of other 
antioxidants, such as vitamin E.17 It can also help to achieve good cardiovascular health.18 
Severe vitamin C deficiencies can cause scurvy, which can cause bleeding gums and 
pain in the muscles and joints.

Vitamin D, often known as the 
‘sunshine vitamin’, is a fat-soluble 
essential nutrient, providing a number 
of health benefits. It is recognized for 
its role in calcium absorption, which 
helps to support bone health. 
Deficiencies can contribute to rickets 
in children and osteoporosis in 
adults.12 Vitamin D also plays an 
important role in supporting immune 
function and cardiovascular health.13

Vitamin E is an essential fat-soluble 
antioxidant vitamin that is important in 
supporting heart health.15 It helps to 
defend cell membranes from oxidative 
damage or inflammation, which can 
contribute to CVD.16

Folic acid is often recommended during 
pregnancy to prevent neural tube 
defects and support the health of red 
blood cells.19 Deficiency can contribute 
to tiredness, irritability and appetite 
loss, while severe deficiencies can 
cause anemia and, if in pregnant 
women, can result in premature birth.20

Iron performs a number of vital roles in 
the body, including the transportation 
of oxygen to body tissues and red blood 
cell regeneration. A shortfall of iron is 
one of the most common nutritional 
deficiencies in the world and can result 
in anemia, which leads to fatigue, 
shortness of breath and weakness.21

Changes in global dietary habits now mean that malnutrition is no longer a problem that 
exclusively affects those in developing countries with limited access to food. Reports estimate 
that there are two billion people worldwide living with hidden hunger, which can occur even 
if a person is consuming a sufficient quantity of food.10 In fact, hidden hunger can, and often 
does, arise in overweight or obese individuals in developed, westernized regions consuming 
diets that are high in calories, but poor in nutrients, and processed foods. The result is that 
it is now possible to be both malnourished and overweight at the same time. Indeed, Gross 
Domestic Product (GDP) growth no longer guarantees an improvement in nutritional status. 

Overweight and malnourished

Aside from helping to improve the physical 
and mental health and development of 
individuals, good nutrition is also considered 
a key trigger in ending the ongoing vicious 
cycle of poverty that traps millions of people 
in societies across the globe. The 2008 
Copenhagen Consensus, a project that 
brought together a panel of world-leading 
economists, concluded that improving 
nutrition was one of the best, most cost-
effective development investments to 
address the major challenges facing 
the planet today.22 Their forecasts and 
calculations suggested that:

• Spending US$ 60 million a year on 
micronutrient provision could yield 
benefits in terms of improved health, lower 
mortality and increased income 
opportunities worth US$ 1 billion

• An annual investment of US$ 19 million in 
food fortification could bring US$ 570 
million in similar benefits23

Investing in good nutrition to address 
shortfalls in micronutrient intake clearly 
presents a significant opportunity to improve 
health and wellbeing, optimize development 
potential, and support the economic stability 
and growth of countries worldwide. 

Why are micronutrients 
important?

The vitamins and minerals 
found in nutrient-rich foods 
play an important role in our 
health and wellbeing. 
Deficiencies of micronutrients 
in the diet are linked to a 
range of health concerns, as 
well as an increased risk of 
chronic diseases, such as 
cardiovascular disease (CVD), 
diabetes and obesity. 
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What is staple food fortification?
Fortification is one of the most safe, effective 
and affordable tools to enhance the 
nutritional value of staple food products 
such as wheat, maize (corn), rice, vegetable 
oil and sugar. This process involves adding or 
replacing essential vitamins and minerals 
that may have been lost during processing, 
and has become well recognized for its 
benefits to public health. In many countries, 

staple food fortification is now mandatory, a 
movement that started to gain traction in the 
1970s and took off in the early 2000s as 
more and more countries integrated it into 
their nutrition strategies. One of the earliest 
regions to adopt was the Middle East where, 
in 1978, Saudi Arabia was amongst the first 
countries to implement wheat flour 
fortification.24 By 1996, Oman had also rolled 

out mandatory national-scale flour 
fortification, and several other countries in the 
region, including Jordan and Iran, followed 
shortly after.25 Wheat flour and maize flour 
fortification has also been compulsory in South 
Africa since 2003 and, in 2016, the Africa Maize 
Fortification Strategy for 2017-2026 was 
created, in an effort to upscale the region’s 
maize flour fortification program.26



Page 6

Combating national malnutrition issues 
through staple food fortification 

It is clear that staple food fortification has the potential to play an important role in helping to 
improve the nutritional status of the global population. However, it is vital that governments 
and the food industry worldwide play their part in bringing about this change. An important 
factor in facilitating the success of food fortification initiatives is to ensure that mandated 
staple foods are properly monitored and enforced by governments, and complied with by the 
food industry. Countries that do not engage with such initiatives risk a significant missed 
opportunity, as well as a loss of the initial investment made if they fail to maintain the running 
of fortification programs. Perhaps more importantly, those who are in need will not be able to 
receive the benefits that staple food fortification can provide.

Return on investment
The impressive uptake of staple food 
fortification can be attributed to a number of 
factors: it is relatively easy to implement and 
it is cost-effective, meaning that 
governments and food manufacturers can 
quickly see tangible results that help to 
justify the initial investment in machinery. 
Staple food fortification contributes 
significantly to improving the nutritional 
status and public health of an entire country, 
saving millions on healthcare costs each 
year, and enabling more of the population to 
be in employment and contribute to the 
economy. This is as a result of a reduced 
incidence of chronic illness and cognitive 
and physical stunting which, in turn, 
contributes to improved school and work 
performance and productivity. These factors 
can impact a person’s livelihood and well-
being for the rest of their lives, proving that 
taking what seems like a relatively small 
step, can provide a huge social return on 
investment (ROI) for a nation. 

In addition to social ROI, staple food 
fortification has also been proven to have 
economic implications, too. The 2012 
Copenhagen Consensus found that long-term 
investments to fight hunger and malnutrition, 
such as market innovations to tackle hunger 
and bundled interventions to reduce 
micronutrient malnutrition and the 
prevalence of stunting, could provide a ROI 
of up to 30:1.27 Similarly, if the aim to lower 
chronic child malnutrition by 40% by the year 
2030 is achieved, it is estimated to provide a 
ROI of 45:1.28

What makes it so successful? 
Acceptance
The widespread acceptance of staple food fortification can be owed to the fact it can be 
implemented without changing the dietary patterns of a population. Nor does it require 
conscious engagement or compliance from individuals – advances in technology mean that it 
is possible to fortify products, such as rice or flour, without any impact on sensory 
characteristics, like appearance and taste. As a result, populations can continue to eat the way 
they have always eaten, which helps to not only tackle challenges in consumer attitudes, but 
is also very important in developing countries or regions, where there is little freedom of 
choice over the food products available.



Page 7

Combating national malnutrition issues 
through staple food fortification 

Success story: Jordan

Mandatory wheat flour fortification was introduced in Jordan in 
2002, after the country’s first nationally representative survey 
on micronutrient status revealed that low micronutrient intake 
was a major public health concern.33 Flour was initially fortified with 
iron and folic acid, although fortification with zinc, niacin and vitamins 
A, B and D followed shortly after. A follow up survey in 2010 showed that 
the roll-out of the program in Jordan had been a huge success, with wheat 
flour products now routinely fortified with a wide range of essential vitamins and 
minerals.34 Continued efforts are essential to support and widen the scope of fortification 
initiatives, to improve public health in Jordan.

Flour fortification
Flour – wheat and maize, primarily – is 
one of the most widely distributed and 
consumed staple food products. In fact, 
more than 600 million metric tons of wheat 
and maize flours are milled annually, and 
consumed as noodles, breads, pasta, and 
other flour products worldwide.29 Wheat 
and maize flour are easily fortified with a 
wide range of micronutrients, meaning that 
there is huge potential for flour products to 
substantially improve global public health.30 
This is particularly the case in the Middle 
East and Africa, which have benefited from 
support from the public sector, including 
the World Health Organization (WHO) and 
NGOs such as Nutrition International (NI).31 In 
fact, there are now 87 countries worldwide 
where it is mandatory to fortify at least one 
industrially milled cereal grain, such as maize 
or wheat. Of these, 86 countries fortify wheat 
flour alone, or in combination with other 
grains, suggesting that there is significant 
opportunity for the food industry and 
governments to address global malnutrition 
with this staple food product.32

Micronutrients can be added singly or as 
a premix to wheat or maize flour, and it is 
vital that the flour is well mixed so that the 
added nutrients are distributed uniformly 
throughout the product. This is achieved by 
adding the nutrients at a rate compatible 
with the flow of flour along a conveyor 
belt, using adjustable feeders, and can 
also be added when flours from different 
batches converge. To avoid separation of the 
nutrients from the grain, it is important to 
make sure that the particle size and weight of 
these micronutrients are the same, or similar, 
as that of the flour product. 

Types of fortification

Success story: Cameroon

In Cameroon, officials carried out a national scale survey in 
2009, to investigate the prevalence of micronutrient deficiencies 
in the country’s residents, highlighting the issue as a signficant 
public health concern. In response, a mandatory food fortification 
program was launched nationwide in 2011, which saw wheat flour 
fortified with micronutrients, such as iron and vitamin B12. A follow up 
study in 2017 revealed an improvement in micronutrient status in women 
and children, as well as a decrease in the prevalence of maternal anemia – significant 
evidence of the potential that such initiatives hold for improving global public health.35

Combating national malnutrition issues 
through staple food fortification 
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Rice fortification
Rice is the primary staple food 
crop of approximately half of 
the global population.36 It 
provides more than a fifth of 
the world’s food calories and is 
a major food product, 
especially in Asia, where 
individuals consume around 
150kg of milled rice per person 
per year. However, most of the 

nutritional value of rice is lost during milling of the kernels, meaning 
that it is not a rich source of the essential vitamins and minerals. In fact, 
hidden hunger is widespread in most countries that consume high levels 
of rice; even if its residents are consuming enough to address physical 
hunger requirements.37

There is clearly a big opportunity for food manufacturers to address 
these micronutrient deficiencies through rice fortification, particularly in 
countries where rice is a major staple food product, or where wheat 
and maize flour fortification programs are less accessible. There are a 
number of methods that can help boost the nutritional quality of rice. 
Extrusion, which is the most effective technique, embeds micronutrients 
into the rice kernel, meaning that these important vitamins and minerals 
are protected from external influences during washing and cooking. This 
process also maintains the look, feel, taste and behavior of traditional 
rice kernels, minimizing any impact on sensory experience.

Alternatively, rice fortification can be achieved by ‘dusting’ the kernel 
with a micronutrient powder that adheres to the grains, or by the 
spraying of the surface of ordinary rice grains with a vitamin and 
mineral mix to form a protective coating.38 The challenge with these 
techniques, however, is that the rice kernels cannot be washed before 
cooking, as the micronutrients in the kernel would be lost. 
Furthermore, in some countries such as the US, questions have been 
raised as to whether the substances used are suitable for use on food 
products. For this reason, extrusion is typically the preferred choice 
for food manufacturers who choose to fortify their rice products. 

Sugar fortification
Although diets high in sugar have come into question over their 
impact on human health, sugar continues to be a widely consumed 
staple food for millions of individuals around the world. In countries 
that have mandated its fortification, sugar has proven to be one of the 
most cost-effective and safe food-based interventions to combat and 
control deficiencies, particularly in vitamin A. Conventional sugar 
fortification technology uses vitamin A beadlets that adhere to sugar 
crystals with the help of oil. 

Vegetable oils and margarine 
Oils and fats are key components of the human diet across the world, 
and provide energy, access to fat-soluble vitamins (vitamins A, D and 
E) and the essential fatty acids that are important for optimal growth 
and development. The consumption of vegetable oils, such as olive, 
palm and sunflower, is high throughout the world and continues to 
increase, particularly in developing countries and low socio-economic 
groups. These oils can also be fortified with fat-soluble vitamins to 
increase their nutritional offering, and become a richer source of 
vitamins A, D and E.

Liquid vegetable oils can also be converted into solid fats, such as 
margarine. However, the challenge lies in the fact that the vitamin A 
and D content is often lost during processing. Technologies now exist 
that facilitate the fortification of margarine with a wider range of 
micronutrients, including water-soluble micronutrients such as 
vitamins C, E, iron and calcium, while also replacing the lost fat-
soluble vitamin A and D content.39

Instant noodles 
While not a traditional staple 
food product, the popularity of 
instant noodles has soared in 
recent decades due to their 
convenience and affordability. 
This is particularly true in some 
Asian and African countries 
such as Indonesia and 
Cameroon, respectively, and 
they are now available in over 

80 countries. However, instant noodles have poor nutritional value 
and often only offer ‘empty calories’ that fulfill  physical hunger needs, 
without addressing micronutrient requirements. The fortification of 
instant noodles is an important step towards improving public health 
through good nutrition, without the need for significant changes to 
human diet or national dietary patterns. Numerous micronutrients can 
be incorporated to add value to this product, including vitamins A, C, D 
and E, folic acid, niacin and minerals iron, zinc and calcium, via 
custom-made micronutrient blends.

Bouillon cubes
Bouillon cubes, which can be used in soups and instant noodles, as 
well as being a source of spice in some food products, are also of 
special importance, particularly in Western Africa. They are 
inexpensive to produce and are affordable for populations with low 
incomes. They can also be easily fortified to become an accessible 
source of vitamin A, B vitamins, iron and zinc.
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Conclusion
Hidden hunger continues to be a major public health concern across 
the globe, and can have a devastating long-term impact on the 
health, wellbeing and development of individuals, societies and 
nations worldwide. Advances in fortification technology now mean 
that it is easier than ever for food manufacturers and millers across 
the globe to combat malnutrition in developing and developed 
countries, without impacting dietary patterns or the sensory 

characteristics of foods. Improving the population’s nutritional status 
through staple food fortification can help to facilitate a huge social 
and financial ROI to support the world’s economic growth and 
development, as well as the work of NGOs and organizations in both the 
private and public sector. It can also play a huge part in addressing 
the challenges presented by poor nutrition, such as cognitive and 
physical stunting, to improve productivity and public health. 

Why DSM?

DSM is the world’s leading manufacturer of ingredients for health and nutrition. It has been the pioneering 
industry partner in the establishment of staple food fortification and remains a trusted leader in this area, 
through its Nutrition Improvement Program. DSM offers a broad range of high quality and affordable 
premixes to add to fortified staple food. These can be tailored to meet unique requirements and challenges, 
allowing DSM to fully support customers’ needs and ambitions and provide key advice and solutions.

Do you want to update your 
staple food fortification 
program, or start a new one? 
Contact DSM on nutrition.
improvement@dsm.com  
for an in-depth discussion. 

For DSM, quality is a way of life. Quality for Life™ symbolizes quality, 
reliability and traceability. This means that our customers are 
getting the best ingredients, knowing the source on which they 
depend. Quality for Life™ means sustainability. It is our commitment 
to our environment, consumers, our business partners, our people 
and the regulatory framework that governs our operations.
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Although DSM has used diligent care to ensure that the information provided herein is accurate and up to date, DSM makes no representation or warranty of the accuracy, reliability, or com-
pleteness of the information. This white paper only contains scientific and technical information on staple food fortification solutions for combating malnutrition. Any explicit and/or implied 
claims included within this document may not necessarily be appropriate for dietary supplement marketing purposes. Please consult with your independent legal, science and regulatory 
professionals accordingly. Country or region-specific information should also be considered when labeling or advertising to final consumers. This publication does not constitute or provide 
scientific or medical advice, diagnosis, or treatment and is distributed without warranty of any kind, either expressly or implied. In no event shall DSM be liable for any damages arising from 
the reader’s reliance upon, or use of, these materials. The reader shall be solely responsible for any interpretation or use of the material contained herein. The content of this document is 
subject to change without further notice. Please contact your local DSM representative for more details. All trademarks listed in this white paper are either registered   or licensed trademarks 
of DSM group of companies in the Netherlands and/or other countries, unless explicitly stated otherwise.
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