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Preface

In this book the Editors aim to disseminate important material pertaining to the fortification of foods
from strategic initiatives to public health applications. It covers (in two volumes) policy, preclinical
studies, clinical investigations, and the impact of fortification on the individual and whole communi-
ties. The importance of food fortification relates to the fact that optimal nutritional intake is an essen-
tial component of health and well-being. Unfortunately, situations arise on a local or national scale
when nutrient supply or intake is deemed to be suboptimal. As a consequence, ill health occurs, for
example, neural tube defects in the developing fetus, organ damage in adults, or increased rates of
premature deaths. In terms of public health, malnutrition due to micronutrient deficiency can be quite
profound, imposing economic and social burdens on individuals and whole communities. The com-
plex inter-relationship between poor health outcomes and nutrient delivery can, however, be modu-
lated by appropriate food fortification. Thereafter issues arise as to the efficacy of food fortification,
what strategies should be employed and what nutrients to add. The food carrier is also important, as
well as its stability. Ethical issues also arise, and the concept of potential harm also needs to be
addressed in terms of cost-benefits. All of these aspects, and many others, are covered in The Handbook
of Food Fortification: From Concepts to Public Health Applications.

This comprehensive text examines the broad spectrum of food fortification in all its
manifestations.

The term fortification has multiple meanings and is often used synonymously in relation to the addi-
tion of any component to food to facilitate a nutritional advantage. In this book we cover fortification not
only in terms of its more strict definitions, in terms of the addition of micronutrients, i.e., minerals and
vitamins, but also within the context of its wider and holistic applicability. The book thus recognizes the
international differences in definitions and usage of fortification. At the same time we also include chap-
ters on novel fortificants that are contained within more complex food matrices. However, whilst some
micronutrients are permitted fortificants in one country, their inclusion in some foods may be prohibited
or at the “discussion” or pre-legislative stage in another country. These complexities in terminology are
recognized by the Editors. In all there are two volumes with eight main parts, namely:

Volume 1

Part I: Introductory Chapters and Perspectives of Fortification

Part II: Iron Fortification

Part I1I: Fortified Foods and Beverages

Part IV: Biofortification: Biological Modes of Enhancing Nutrient Intake
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Volume 2

Part I: Novel Food Vehicles and Agents for Fortificants
Part II: Impact on Individuals

Part I1I: Public Health, Concepts and Issues

Part IV: International Perspectives

Key features within each chapter include key points and, where relevant, guidance on safe levels
and recommendations.

The Handbook of Food Fortification: From Concepts to Public Health Applications represents a
multidisciplinary approach to food fortification and is written by many authoritative individuals, from
centers and institutions around the world. It is designed for nutritionists, dietitians, medical practitio-
ners, educationalists, health experts, epidemiologists, and other health-related professionals. It is also
suitable for students, graduates, postgraduates, researchers, lecturers, teachers, and professors.

London, UK Victor R. Preedy, PhD
Rajaventhan Srirajaskanthan, MD
Vinood B. Patel, BSc (Hons), PhD



Series Editor Page

The great success of the Nutrition and Health Series is the result of the consistent overriding mission
of providing health professionals with texts that are essential because each includes (1) a synthesis of
the state of the science, (2) timely, in-depth reviews by the leading researchers in their respective
fields, (3) extensive, up-to-date fully annotated reference lists, (4) a detailed index, (5) relevant tables
and figures, (6) identification of paradigm shifts and the consequences, (7) virtually no overlap of
information between chapters, but targeted, inter-chapter referrals, (8) suggestions of areas for future
research, and (9) balanced, data-driven answers to patient as well as health professionals’ questions
which are based upon the totality of evidence rather than the findings of any single study.

The Series volumes are not the outcome of a symposium. Rather, each editor has the potential to
examine a chosen area with a broad perspective, both in subject matter as well as in the choice of
chapter authors. The editor(s), whose training(s) is (are) both research and practice oriented, have the
opportunity to develop a primary objective for their book, define the scope and focus, and then invite
the leading authorities to be part of their initiative. The authors are encouraged to provide an overview
of the field, discuss their own research, and relate the research findings to potential human health
consequences. Because each book is developed de novo, the chapters are coordinated so that the
resulting volume imparts greater knowledge than the sum of the information contained in the indi-
vidual chapters.

The Handbook of Food Fortification: From Concepts to Public Health Applications edited by
Professor Victor R. Preedy, PhD, DSc, FRIPH, FRSH, FIBiol, FRCPath, Professor Rajaventhan
Srirajaskanthan, BSc (Hons), MD (Res), MRCP, and Vinood B. Patel, PhD, clearly exemplifies the
goals of the Nutrition and Health Series. The major objective of this comprehensive two volume text
is to review the growing evidence that food fortification has a major role in assuring adequate intake
of the essential nutrients. Fortification also serves as an important vehicle for introducing newer bio-
active components of food, such as carotenoids, into the diet of a population. This volume includes 63
up-to-date informative reviews of the current major fortification programs underway around the world
and examines the consequences of the programs. Practicing health professionals, researchers, and
academicians can rely on the chapters in this volume for objective data-driven sources about essential
vitamins and minerals, proteins and fats as well as other dietary components that have been included
in basic food sources. This new comprehensive review of the science behind the fortification strategies
that help to assure the health of the populations at risk by providing essential nutrients is of great
importance to the nutrition community as well as for health professionals who have to answer patient,
client, or graduate student questions about the newest clinical research in the nutritional effects of
food fortification.

The Handbook of Food Fortification: From Concepts to Public Health Applications represents the
most comprehensive compilation of the recent data on the actions of specific essential nutrients and

vii
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bioactive dietary components in at risk populations around the globe. It is to the credit of Drs. Preedy,
Srirajaskanthan, and Patel that they have organized this volume so that it provides an in-depth over-
view of the critical issues involved in the determination of the best fortification strategies for infants,
toddlers, school-age children, and adult populations, whether they were born in developing nations or
in developed nations. The volumes’ editors provide their in-depth knowledge and expertise to help the
reader to understand the value of food fortification. Professor Preedy is a senior member of King’s
College London where he is a Professor of Nutritional Biochemistry and is also a Professor of Clinical
Biochemistry at King’s College Hospital. He is also Director of the Genomics Centre and a member
of the School of Medicine. He is a member of The Royal College of Pathologists, a Fellow to The
Institute of Biology, The Royal College of Pathologists, The Royal Society for the Promotion of
Health, The Royal Institute of Public Health, The Royal Society for Public Health, and in 2012 a
Fellow of The Royal Society of Chemistry. Professor Srirajaskanthan is a consultant gastroenterolo-
gist at University Hospital Lewisham and Kings College Hospital, London. He trained at the presti-
gious Guy’s, King’s and St. Thomas’ Medical School where he obtained his MD (MBBS) and a B.Sc.
in Neuroscience. He is a member of the Royal College of Physicians. His specialist training includes
Gastroenterology, Hepatology, and Internal Medicine. Dr. Patel is a Senior Lecturer in Clinical
Biochemistry at the University of Westminster and honorary fellow at King’s College London.
Dr. Patel obtained his degree in Pharmacology from the University of Portsmouth, his PhD in protein
metabolism from King’s College London, and completed postdoctoral research at Wake Forest
University School of Medicine.

Each of the two volumes contains about 30 comprehensive chapters. The first volume contains four
related parts. The first part provides an overview and perspective on national and international
fortification strategies and policies. Five chapters examine the complexities of developing fortification
initiatives and use examples of successful and not so successful fortification programs. The first chap-
ter presents a new attempt to provide blueprint for global flour fortification with essential nutrients for
countries with major population groups at risk for micronutrient deficiencies. The Flour Fortification
Initiative (FFI) goal is to provide a flour fortification standard milling practice throughout the world.
The focus is wheat and maize flours. The FFI model is based upon engaging partners in the public,
private, and civic sectors. The chapter uses the example of how countries began fortifying flour with
folic acid to prevent birth defects to illustrate the public-private-civic sector collaboration involved in
flour fortification.

Micronutrient fortification of staple foods had been in place for decades before the understanding
of the role of folic acid in birth defect prevention was confirmed in clinical trials. The historic perspec-
tive and current fortification programs in both developing and developed nations are examined in the
next chapter. Clear definitions of terms, tables that include the countries with mandatory fortification
programs, details concerning the concentration of micronutrients used in fortification, as well as a
review of the positives and negatives of using food fortification to improve nutrient status are included.
The following chapter examines the critical need for fortification of foods provided to the neediest
populations that are consuming foods provided for humanitarian relief. Humanitarian food aid involv-
ing global food assistance utilizes organizations including the United Nations Food and Agricultural
Organization (FAO), World Food Program (WFP), and the Food for Peace Act (FFP). WFP reported
that over 5,000,000 metric tons of food aid was distributed to humanitarian relief efforts in 2010. The
chapter includes data on diverse foods provided and the micronutrients included in the major humani-
tarian food programs. Food fortification programs in the Middle East are described in the next chapter
that examines the vast diversity in the economic status of the 20+ countries included in the term
“Middle East.” The chapter examines the difficulties in reaching relatively small populations within
wealthy nations that may benefit from foods fortified with micronutrients and uses national programs
of flour fortification with iron as an example. Currently, ten countries in the Middle East do not have
a mandatory flour fortification program in place. The last chapter in this part describes the historic
development of fortification practices in Canada and begins with the establishment of mandatory



Series Editor Page ix

uniform iodine fortification in 1949 after more than 2 decades of voluntary fortification initiatives
across the country that used different concentrations of iodine. In contrast to the United States that
mandated flour fortification with certain B vitamins and Iron in the early 1940s, Canada did not have
mandatory flour fortification until 1976. Canada continues to examine its fortification policies espe-
cially with regard to voluntary food fortification initiatives.

The second part contains six chapters on national programs to implement iron fortification of sta-
ple foods and water. The chapter authors remind us that there may not be one mechanism that can
provide iron to all populations at risk. Food fortification is a major source of iron for millions of ane-
mic infants, children, and women worldwide. The six chapters are devoted to reviewing the multiple
foods and iron compounds that have been used to enhance iron status in at risk populations. Iron has
a complex chemistry as well as metabolism and reactions are dependent upon pH, potential oxidation,
competition for other minerals, and presence of food components that can block or enhance its absorp-
tion. Because of these issues, and the fact that population groups consume different staple foods,
many foods have been considered for iron fortification. For example, soy sauce in China, tonyu in
Japan, and Nuoc-mam (fish sauce) in Vietnam has been successfully used to reduce iron deficiency.
As dairy products are widely consumed in Europe and North America, the next chapter considers the
pros and cons of fortifying dairy products and milk with a number of potential iron fortificants.

Another chapter describes the use of parboiled rice to deliver both iron and zinc. Fortification of
iron and zinc in the parboiling process increased iron and zinc concentrations, especially in polished
rice where most of iron and zinc is usually removed during milling. Parboiled rice is produced on
industrial scale and traded globally. It is commonly consumed in South Asia and Africa where iron
and zinc deficiencies are widespread. Iron and zinc deficiencies have been estimated to affect 70-95 %
of the population in Asia. There is also a chapter that describes the benefits of fortifying millets with
iron and zinc. Millets are used chiefly as food grains in Africa, Eastern Europe, China, India, and
other Asiatic countries. Finger millet, sorghum, and pearl millet are widely grown and consumed as
the staple in several parts of India. The beneficial effects of fortifying millets for Indian populations
are described. There is also a chapter on the clinical finding from experiments with iron fortification
of drinking water that seem quite promising.

Many iron compounds are used as food fortificants. These must meet the requirements of high iron
bioavailability, inertness in relation to the sensorial properties of the fortified food, absence of toxicity,
resistance during storing or processing of the fortified food, and have a bioavailability similar to that
found with naturally occurring iron in food. Two chapters describe specific sources of iron. One of the
possible newer salts of iron that has been used to fortify food is ferric pyrophosphate and is described
in the next chapter. Ferric pyrophosphate is a poorly soluble iron compound that does not change orga-
noleptic properties of foods even when used in many difficult-to-fortify food vehicles. Reduction in the
particle size of this iron salt has greatly increased its bioavailability. The second chapter describes the
benefits of heme iron. Heme is a biologically important source of dietary iron because of its significantly
greater bioavailability compared to non-heme iron sources. Dietary heme sources include foods con-
taining myoglobin and hemoglobin such as meats, fish, and poultry. The positives and negatives of
using heme iron as a food fortificant are described. Several studies have evaluated fortification with
heme iron in different foods using biscuits, cookie fillings, weaning foods, flour, and black beans.

The third part of this volume contains 11 chapters that describe fat-soluble and water-soluble
essential nutrients that are used in a number of food matrices to enhance the dietary intakes of these
nutrients. Fats used as vehicles for fortification include margarine, fat spreads, cooking oils, eggs, and
dairy products. Dairy products are also used as vehicles for minerals and other water-soluble nutri-
ents. Both cow milk and soy milk products are described; commonly used fortificants include cal-
cium, zinc, iron, iodine, and selenium. The critical issues of maintaining safe doses of minerals and at
the same time assuring the palatability of the fortified milk products are discussed in each chapter.
Other dairy-based foods that have been fortified with fat-soluble vitamins and certain minerals include
cheeses, yogurt, fermented milk products, butter, and cream.
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Additionally, corn, rice, noodles, water, and salt are reviewed as sources of added nutrients for at
risk populations. Corn fortification is reviewed and indicates that it is an excellent vehicle for deliver-
ing iron, folic acid, zinc, copper, vitamins B1 and B2, and calcium. Rice, flours, and noodles have also
been used to fortify their levels of folic acid and other B vitamins, and at times, vitamin C. Salt has
been used as a carrier for iodine for almost 100 years and continues to be a well-accepted food source
for reducing iodine deficiency disorders in at risk nations. Two detailed chapters review the biological
effects of deficiencies, the choices of each fortificant and types of salts used for fortification, the com-
plexities of maintaining the concentrations of this fortificant, assessment of bioavailability, and clini-
cal studies of efficacy.

Margarines and fat spreads have delivered vitamins A and D in certain developed nations for more
than 50 years and have also been used successfully in underdeveloped countries. Vegetable oils are
also suitable vehicles for fortification with the fat-soluble vitamins A, D, and E. The fat-soluble vita-
mins form a true solution and are uniformly distributed in vegetable oils. The stability of vitamin A is
greater in oils than in any other food, and oil facilitates the absorption of vitamin A by the body. There
is a separate chapter devoted to the value of fortifying vegetable oils with vitamin A and the other fat-
soluble vitamins. Newer fortificants in fats include n-3 fatty acids, plant sterols, vitamin E, vitamin C,
and carotenes as well as iodine. A new potential fortificant is also described in a separate chapter.
Conjugated linoleic acid (CLA) is a mixture of isomers of the essential fatty acid, linoleic acid. CLA
is mainly found in food products from ruminants such as dairy products and beef. CLA is a major fat
in milk fat. The reason that CLA is considered as a fortificant for nondairy sources is that recent
research studies have reported anticarcinogenic, antiatherogenic, antioxidative, and immune system
enhancement as well as reduction of body fat. Preliminary clinical studies are reviewed.

Enhancing the efficiency of plants to concentrate nutrients essential for human life through selec-
tive breeding is called biofortification. The uptake of certain minerals by plants is usually controlled
by several genes. Choosing plants that contain higher than normal levels of the desired mineral and
using the seeds of these plants for cultivation of the next generation can result in more uniform higher
levels of this mineral in subsequent generations. Biofortification through genetic engineering of staple
foods is a new and important avenue for fortifying staple foods. Rice, corn, and carrots have been
successfully enriched with essential nutrients and carotenes. Biofortification studies of the enhance-
ment of selenium levels in lentils are described specifically in a unique chapter. A second unique
chapter describes the biofortification of eggs with tocotrienol and tocopherol, vitamin E sources, by
feeding the egg laying hens with a diet high in tocotrienols and tocopherols in rice bran oil.

The fourth part, entitled Biofortification: Biological Modes of Enhancing Nutrient Intake, con-
tains seven chapters that include discussions of genetic modifications to rice, corn, wheat, and sweet
potatoes. Traditional breeding methods alone may not be a valid option for grain biofortification due
to low levels of genetic variability for mineral uptake into the edible portions of the plant. Gene
technology can enhance micronutrient concentrations in many grains. These chapters include detailed
descriptions of the genetic vectors used to deliver new codings for mineral binding proteins, trans-
porters, and other mechanisms to significantly enhance the concentration as well as the bioavailabil-
ity of the essential nutrient. Examples reviewed include the successful biofortification of rice with
vitamin A, iron, zinc, folic acid. Unlike minerals that are available in the soil, plants must synthesize
vitamins, and several genes are involved in the synthesis of any vitamin. Thus, the complexity of
inserting all of the genes required for the synthesis of folate, as an example, and assuring that the
biochemical reactions occur in the right order and in the right place within the plant cell, is monu-
mental. Plant scientists have, in fact, been able to biofortify rice so that its concentration of folate is
significantly greater than seen with traditional breeding programs. Biofortification of corn, using
genetic engineering, has resulted in significantly increased concentrations of beta carotene (provita-
min A), folate, vitamin E, and ascorbic acid (vitamin C) as described in another chapter. The chapter
includes a detailed description of the newest genetically engineered multivitamin corn. Another
chapter describes the processes used to affect the selenium content of wheat agronomic biofortification
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which involves fertilizing the growing crop with the micronutrient, which the plant converts to sev-
eral organic Se forms, notably selenomethionine, which are more suitable for human consumption.
As exciting as the new genetic engineering research is to the scientific community, there may be
many barriers to consumer and national acceptance of these new fortified products. The chapter on
the potential benefits and risks of adopting folate fortified rice in Chinese communities is explored
in a fully tabulated chapter. In a complementary chapter, there is an insightful discussion of the
introduction of orange sweet potatoes in sub-Saharan Africa where the usual sweet potato was white
and lacked any carotenoid content. The linking of agriculture to nutritional content of a staple food
is reviewed. This part also contains a unique chapter that reviews the nutritional content of gluten-
free foods and tabulates the essential micronutrient levels in many gluten-free products. The chapter
includes a detailed discussion of the importance of biofortification in enhancing the micronutrient
content of grains used in these products.

The second volume of The Handbook of Food Fortification: From Concepts to Public Health
Application emphasizes the clinical and public health consequences of fortification programs. The
four parts in this volume include chapters devoted to novel food vehicles and agents for fortification;
the impact of fortification on different population groups and individuals; public health concepts and
issues and finally, a critical part on international perspectives. The first part contains ten chapters that
explore the potential for fortifying staple foods and commonly consumed foods including eggs, meats,
yogurt, cheese, fish and fish sauces, and drink products with essential micronutrients as well as fiber
and n-3 fatty acids. There is a strong rationale presented for using eggs as vehicles for fortification.
Fortified eggs combine an important animal food that naturally contains high quality protein and
amino acids, fats and essential fatty acids, and certain vitamins and minerals, with a unique capacity
to be fortified with added essential nutrients and phytonutrients and effectively deliver these with high
bioavailability. Nutrients discussed included iodine, selenium, zinc, iron, copper, manganese, chro-
mium, fat and water-soluble vitamins and carotenoids, choline, and long chain n-3 fatty acids that are
provided to the hens for transfer to the eggs. New fortificants for cheeses and new technologies to
incorporate these into cheese products are included in another chapter. Microencapsulation, emul-
sions and gel particles, and immobilization on polymeric complexes have permitted the addition of
probiotics, essential micronutrients, polyphenols, and carotenoids to be incorporated into cheeses.
Other commonly consumed foods consumed daily (mainly in Asia) include fish sauce and soy sauce.
In certain nations, there is mandatory fortification of these sauces with iodine. Currently, incentives
are underway to also fortify with iron compounds to further enhance the nutritive value of these
sauces as described in a separate chapter.

Ocean fish are an important source of long chain n-3 fatty acids; however farmed fish require
sources of n-3 fatty acids in their diets to be able to incorporate these oils into their muscle tissues.
New sources of n-3 fatty acids for farmed fish and enhanced production practices to assure decreased
risk of oxidation are reviewed. Enhancement of long chain n-3 fatty acids in feeds has been under-
taken with ruminants including beef cattle and lambs, pork, and poultry. The risks and benefits of
these fortification strategies are discussed in a separate chapter. Another opportunity to deliver long
chain n-3 fatty acids to the diet, especially for individuals who do not consume fish, is the develop-
ment of n-3 fortified beverages. The technological issues as well as the clinical evidence of efficacy
are discussed in a new meta-analysis of published data found in systematic review included in this
part. Beverages that were fortified include cow and soy milks, fruit and vegetable juices, and drinks.

Four chapters describe the use of waste and/or by-products from commercial production of pro-
cessed foods for the development of excellent sources of missing nutrients in relevant populations.
Examples of novel source of nutrients, polyphenols, and fiber are discussed. The term “apple pomace”
refers to the left-over solid biomass after extraction of juice from fresh apple fruits and this product is
being used in baked goods and other applications. Bovine lung is the second example of a waste product
from cattle slaughtering that is being used to successfully fortify iron levels in processed ready-to-eat
foods for anemic children. Date fiber is a by-product of date syrup production and this has been
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incorporated into yogurt to add further value to this important staple food. Evaporated sugarcane
juice, unlike refined sugar, is an important source of bioavailable iron. This by-product has been used
as a natural sweetener for fruit juices and preliminary clinical studies reviewed in the chapter suggest
that this fortificant is beneficial in anemic children.

The second part in this volume contains seven chapters that examine the effects of fortified food in
specific populations including pregnant and lactating women, preterm infants, preschool and school-
age children, postmenopausal women, and elderly living in nursing homes. A well-referenced litera-
ture review confirms that micronutrient fortified foods and beverages provided during pregnancy
improved micronutrient status and reduced anemia rates in women. Also, micronutrient fortified
foods, when combined with energy and essential fatty acids, resulted in improved pregnancy out-
comes including increased birth weight and length. In addition, multiple micronutrient fortified foods
combined with additional calories and essential fatty acids modestly improved the growth of infants
and improved iron and vitamin A, but not zinc status. The effects on child development were incon-
sistent. One study reported an unexpected negative impact of fortification on morbidity. Malnutrition
is often seen in school-age children in undeveloped communities. Two controlled studies are reviewed
and confirm that intervention with a fortified lunch meal can improve iron and riboflavin blood levels
in one study, and improved blood levels of many micronutrients when a multiple micronutrient pow-
der was mixed with the food before cooking. lodine deficiency is associated with significant declines
in cognitive function in growing children. Fortification of foods with iodine and other micronutrients
including iron was shown to enhance cognitive functions and school testing results in studies reviewed
in another chapter in this part.

An even more at risk population for inadequate nutrient intake than young children are those that
are born preterm. Moreover, human milk is an inadequate source of protein and minerals for the grow-
ing preterm infant. Neither human milk from a woman who has given birth prematurely nor human
milk from a woman who has had an infant born at term is sufficient to provide all the nutritional needs
of the preterm infant. Thus, human milk for the preterm infant is usually supplemented or fortified
with additional protein, sodium, phosphate, calcium, magnesium, copper, zinc, and many vitamins
(B2,B6, C, D, E, K, folic acid).

Another population group at risk for malnutrition is the elderly who are hospitalized or in nursing
homes. Fortified foods and beverages are helpful in providing opportunities to enhance the nutritional
status of these populations who are capable of consuming oral diets. One of the key nutrients that is
often low in serum of immobile elderly is vitamin D. With lack of exposure to sunlight, there is a
reduced ability to produce cutaneous vitamin D. This chapter reviews the other factors that can result
in low vitamin D status including limited dietary intake, intestinal absorption, and kidney capacity to
convert vitamin D to its active form. Fortification of bread with calcium and vitamin D enhanced
blood levels of vitamin D and improved markers of bone health. Similarly, in a separate study reviewed
in the next chapter, fortification of milk with calcium and vitamin D significantly enhanced bone
mineral densities in elderly women.

The third part in the second volume examines the rationales used to implement food fortification
strategies as public health interventions. Six chapters examine global as well as recent national initia-
tives to fortify foods with folic acid, vitamin B12, vitamin D, and other key nutrients. The first chapter
in this part provides a broad overview of the requirements for consideration of beginning a new
fortification program and also includes an in-depth analysis of potential barriers to adopting a food
fortification program nationally. There is a unique chapter that examines the complexities involved
with development and monitoring of a fortification program from regulatory perspective. There is a
comprehensive explanation of the risk analysis process. One chapter reviews the overall use of folic
acid fortification globally: 66 countries (one-third of the world’s nations) have recommended manda-
tory folic acid fortification. Wheat or maize flour, and/or flour products such as noodles or pasta, are
the food vehicles of choice used by all countries. Additional vehicles include rice and milk. Two
chapters discuss the national strategies undertaken to fortify flour and/or other grains and foods with
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folic acid for prevention of neural tube birth defects. In Canada, the fortification program resulted in
significant decreases in these birth defects as well as other benefits to infants as well as adults. It is
well recognized that higher than normal folate status can block certain of the signs and symptoms of
vitamin B12 deficiency. The chapter on vitamin B12 provides cogent, well-referenced arguments for
consideration of food fortification with vitamin B12 in addition to folic acid fortification.

The final part of the second volume examines the current international perspectives concerning
fortification and its consequences. Of great importance is the consistent lack of essential vitamins and
minerals in infants, and young children under 2 years of age, women of childbearing potential and
elderly populations. The following chapters provide perspectives of ways that nations cope with mal-
nutrition and the timeframe of adoption of mandatory food fortification programs in developed as well
as developing nations. Country programs from Oman, Vietnam, Pakistan, Australia, India, Brazil, and
Nigeria are included. There is also a concluding chapter that summarizes the current state of food
fortification programs. It is important to note, as described in the chapter, that Oman was the first coun-
try in the Middle East to make fortification of flour with folic acid a national compulsory legislation in
1996. Iron was also added to flour. Although there was an 80 % decrease in neural tube birth defects
following fortification, anemia levels in preschool children remained above 10 %. However, a partial
explanation may be that 9.5 % of the children suffered genetic hemoglobinopathies associated with
anemia. Anemia is a serious problem for Brazilian children. In Brazil, mandatory addition of iron
(30 % recommended nutritional intake (RNI) or 4.2 mg/100 g) and folic acid (70 % RNI or 150 pg) to
milled wheat and corn flour was implemented in 2001. The core objective of increasing the accessibil-
ity of milled cereal grains with iron and folic acid is to reduce the prevalence of iron-deficiency and
neural tube defects in Brazil. Iron-fortified water and orange juice are being explored as alternative
vehicles to reduce iron deficiency in Brazil. Nigeria also has a significant issue of childhood anemia.
Nigeria is one of ten countries in the world with the largest number of underweight children, with an
estimated six million children under five who are underweight. Micronutrient deficiency is a direct
cause of child morbidity and mortality. Micronutrients such as iron, iodine, vitamin A are missing in
children’s diets and 40 % of Nigerian pregnant mothers did not take any iron tablets, a recommended
supplementation during pregnancy. It appears that a number of processed foods voluntarily add iron
and other essential nutrients whereas mandatory programs do not appear to be in place.

A number of countries continue to have relatively high levels of childhood malnutrition. A recent
survey on nutritional status of women and young children carried out in 2010 in randomly selected
provinces in Vietnam confirmed that about 30 % of children under 2 years of age were stunted, 10 %
were underweight, 2 % were wasted. In addition, about 15 % of children under 2 years of age had
anemia. Moreover, 3 % had zinc deficiency, 12 % had vitamin A deficiency, and 50 % had marginal
vitamin A status, almost 60 % had vitamin D deficiency and over 98 % had mild hypocalcaemia.
Programs undertaken to provide a micronutrient fortified cereal as a complementary food for young
children has resulted in a decrease in the number of malnourished children as well as increases in
growth. Pakistan also has a significant number of children that suffer from iron and vitamin A
deficiency. However, due to its geographical position, there is also a very high incidence of iodine
deficiency and folate deficiency seen in women of childbearing potential. Salt fortification with iodine
has increased over the past years and the hope is that 100 % of salt in Pakistan will contain iodine by
2013. New programs are being initiated with the primary goal of reducing the prevalence of iron-
deficiency anemia among preschool children from 30 to 10 %, and in women of reproductive age from
50 to 18 %, and half the occurrence of neural tube defects among newborns from 0.4 to 0.2 % of live
birth, through universal fortification of wheat flour with iron and folic acid. Indonesia also has a
significant number of children with micronutrient deficiencies. Food fortification in Indonesia was
initiated in 1994 with mandatory fortification of iodized salt. In 1997 trials on wheat flour fortification
with iron, zinc, folate, vitamins B1 and B2 were started and as a result wheat flour fortification
became mandatory in 2001. In 2011, vitamin A fortification in cooking oil was encouraged as a
voluntary fortification.
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Since 2001, India has implemented a school feeding program in all public primary schools. Under
this program, commonly known as the “midday meal” scheme, primary schoolchildren receive free
lunch meals, cooked and served at school for at least 200 days in a school year. In most States, the
program has a standardized menu that consists mainly of rice and dhal (sauce prepared using pulse/
lentils) or vegetables. A micronutrient intervention study in Himalayan villages in India was imple-
mented and described in a separate chapter. The 8 month study of the intake of the micronutrient
fortified food by schoolchildren was associated with significant improvements in vitamin A, folate,
and vitamin B12 status as well as significant improvements in iron status but not hemoglobin levels
or reductions in anemia. Although India is a sun-rich country, vitamin D deficiency has been reported
in all age groups from pregnancy to late adolescence. Vitamin D deficiency is often accompanied by
low calcium intakes. Reasons for this deficiency include cultural as well as genetic issues. Very few
foods are fortified with vitamin D in the Indian market, and these are not commonly consumed. As
there is very little vitamin D in Indian children’s diet, providing vitamin D through supplementation
or fortification to vulnerable groups may be the strategy of choice.

The historical account of the move from voluntary folic acid fortification of flour to mandatory
fortification in 2007 in Australia is very informative, especially as Australian researchers provided
seminal data showing the value of folic acid for neural tube birth defect prevention. The range of
programs, initiatives, and resources available to nations and communities to help implement
fortification programs is vast. The last chapter in the second volume provides readers with web
addresses to hundreds of resources.

The logical sequence of the parts in each volume as well as the chapters within each part enhances
the understanding of the latest information on the current standards of practice in food fortification in
different countries around the world. This comprehensive two volume resource has great value for
academicians involved in the education of graduate students and postdoctoral fellows, medical stu-
dents, and allied health professionals and public health nutritionists who plan to interact with popula-
tions at risk for macro and/or micronutrient deficiencies.

The volume contains over 400 detailed tables and figures that assist the reader in comprehending
the complexities of food technology, biological mechanisms of metabolism of essential nutrients,
composition of human breast milk compared to the needs of the preterm infant, sources of infant and
childhood nutrition as well as nutrition requirements through the lifespan for males and females.
There are in-depth discussions of the biological significance of the microbiome and its importance in
maintaining growth and health. The overriding goal of this volume is to provide the health profes-
sional with balanced documentation and awareness of the newest research and fortification approaches
including an appreciation of the complexity of the interactions between genetics, maternal health, the
critical role in term and preterm infants of nutrient deficiencies and new issues of bioavailability in
this relatively new field of investigation. Hallmarks of the 63 chapters include key words and bulleted
key points at the beginning of each chapter, complete definitions of terms with the abbreviations fully
defined for the reader and consistent use of terms between chapters. There are over 2,600 up-to-date
references; all chapters include a conclusion to highlight major findings. The volume also contains a
highly annotated index.

This unique text provides practical, data-driven resources based upon the totality of the evidence
to help the reader understand the basics of the effects of nutritional deficiencies, complexities involved
in the fortification of foods with single as well as multiple micronutrients, new research using the
novel sources of nutrients as well as new foods for fortification, and preventive strategies that are
being implemented in the most at risk populations in developing nations across the world. Explanations
are provided for the role dietary components may play in the early development of infants and the role
of genetics, metabolic, or other effectors. Of equal importance, critical issues that involve, such as
food preferences, nutrient interactions that affect absorption and regulatory and public health perspec-
tives in developing and developed nations are included in well-referenced, informative chapters.
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The overarching goal of the editors is to provide fully referenced information to health professionals
so they may have a balanced perspective on the value of various food fortification options that are
available today as well as in the foreseeable future.

Inconclusion, The Handbook of Food Fortification: From Conceptsto Public HealthApplications
edited by Professor Victor R. Preedy, PhD, DSc, FRIPH, FRSH, FIBiol, FRCPath, Professor
Rajaventhan Srirajaskanthan, BSc (Hons), MD (Res), MRCP, and Vinood B. Patel, PhD provides
health professionals in many areas of research and practice with the most up-to-date, well-refer-
enced and comprehensive volume on the current state of the science and medical practice guide-
lines with regard to the value of food fortification programs. This volume will serve the reader as
the most authoritative resource in the field to date and is a very welcome addition to the Nutrition
and Health Series.

Morristown, NJ, USA Adrianne Bendich, PhD, FACN, FASN
Series Editor
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Chapter 1

The Link Between Organizational Bodies
and Fortification Strategies and Practice:
The Role of the Flour Fortification Initiative

Sarah Zimmerman and Robert J. Baldwin

Key Points

» The Flour Fortification Initiative engages partners in the public, private, and civic sectors.

* The public—private—civic sector partnership model is relevant for any group attempting to fortify a
staple food.

* Representatives from the public, private, and civic sectors in each country should be involved at
the beginning of fortification planning.

*  Working together, these groups can achieve more than any of them could independently.

* The background of how countries began fortifying flour with folic acid to prevent major birth
defects illustrates this partnership.

Keywords Partnership ¢ Collaboration ¢ Flour ¢ Fortification ¢ Nutrition ® Iron ¢ Folic acid  Neural
tube defects ¢ Birth defects ¢ Public sector ® Private sector ¢ Civic sector
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EMT Executive Management Team
FFI Flour Fortification Initiative
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4 S. Zimmerman and R.J. Baldwin

Introduction

At first glance, using fortified flour to address a country’s vitamin and mineral deficiencies seems to
be a simple proposition. Adding nutrients to flour is no more complicated than adding “improvers”
that modern mills already include to enhance the flour’s texture and shelf life. Flour has been fortified
since the 1940s, so the technology and tools are readily available. Flour milling is usually a central-
ized process which simplifies quality assurance and quality control. Foods made with wheat and
maize flours are commonly consumed, making flour fortification an effective tool for reaching most
of the population.

In reality, however, reaching national-scale flour fortification is a complex process that requires a
multi-faceted approach. The process involves identifying which nutrients are limited in people’s diets,
establishing standards for how much of each nutrient to add to flour, creating country-specific legisla-
tion, identifying a supply source for the nutrients to add to flour, determining distribution of the
fortification costs, establishing a quality control system, and measuring the health impact among the
population.

Given the variety of requirements for a successful fortification program, it is wise to involve mul-
tiple stakeholders in the process from the concept stage to implementation and evaluation. The Flour
Fortification Initiative (FFI) is a network designed to facilitate that collaboration among all sectors
with the goal of making flour fortification standard milling practice throughout the world. While its
focus is on wheat and maize flours, the FFI model of engaging partners in the public, private, and civic
sectors is relevant for any group attempting to fortify a staple food (see Fig. 1.1). Working together,
these partners can achieve more than any of them could independently. The International Council for
the control of Iodine Deficiency Disorders Global Network is a similar group focused on making salt
iodization standard practice to prevent brain damage from iodine deficiency.

Disability groups, advocacy
associations, other civil
organizations

Civic
Sector

Millers, equipment and ~ i o = Ageqcies of the United
flour-product companies, Private — Public Nations, government

wheat traders and baking agencies and other national
organizations, other Sector entities, non-government

affiliated businesses organizations, academic
organizations

Fig. 1.1 Flour Fortification Initiative (FFI) network illustration



1 The Link Between Organizational Bodies and Fortification Strategies and Practice... 5

Flour is most commonly fortified with iron and folic acid. Iron is essential for a child’s physical and
mental development. As a component of hemoglobin, which carries oxygen to the body, iron is neces-
sary for optimum physical activity and work productivity at any age. Iron is also critical for the health
of a pregnant woman and her unborn child. Folic acid, a form of vitamin B9, decreases the risk of
neural tube defects (NTDs) such as spina bifida and anencephaly. These birth defects are permanently
disabling or fatal, but they are largely preventable if the woman has enough folic acid before she
becomes pregnant and early in her pregnancy. Other vitamins and minerals that can be added to flour
at each country’s discretion include zinc, vitamin D, vitamin A, vitamin B12, and other B vitamins
such as thiamine, riboflavin, and niacin.

This chapter will outline the role of the public, private, and civic sectors in flour fortification pro-
grams and share examples from around the world. The chapter will also describe how FFI attempts to
unite its partners to achieve successful flour fortification and consequently improve nutrition status
among a population. The example of how countries began fortifying flour with folic acid to prevent
birth defects will illustrate the public—private—civic sector collaboration involved in flour
fortification.

Public Sector

Examples of entities in the public sector include government ministries or agencies, multi-lateral
agencies of the United Nations such as the United Nations Children’s Fund (UNICEF), nongovern-
mental organizations, and academic institutions. Representatives from the public sector typically
serve the following roles in flour fortification:

1. Identify the public health problem. Public sector groups often conduct surveys that reveal evidence
of vitamin and mineral deficiencies, such as high rates of NTDs or anemia caused by iron deficiency.
They can help a country identify the cause of the deficiency, including food consumption patterns,
limited access to a variety of nutritious foods, and high food prices restricting purchases of foods
with greater nutritional value.

Due to cultural norms in India, for example, many people do not eat meat and consequently do
not consume ample amounts of iron through their normal diets. Even among populations that do
eat meat, the cost of iron-rich meat can prohibit frequent consumption. In such situations, people’s
diets are often high in cereal-based foods, and the phytic acid found in grains can inhibit the body’s
ability to absorb iron. Flour that is fortified with the appropriate iron compound and at adequate
levels can overcome the phytic acid effect. The World Health Organization (WHO) offers guide-
lines on the form of iron to use based on the type of flour being fortified and the average consump-
tion of that flour [1] (see Table 1.1).

2. Recommend appropriate interventions. Most countries use a combination of approaches to address
nutrient deficiencies. Many countries in West Africa, for instance, add iodine to salt, vitamin A to
vegetable oil, and iron, zinc, folic acid, and other B vitamins to flour. They might also implement
nonfood strategies to improve nutrient levels, such as deworming campaigns, safe drinking water
initiatives, and vitamin supplement or micronutrient powder distribution.

3. Establish and enable the setting of standards. When flour fortification is pursued, standards must be
established for the specific levels of each chosen vitamin and mineral to be added to a kilogram of
flour. In addition to the guidelines for iron, the WHO statement offers recommended levels of folic
acid, vitamin B12, vitamin A, and zinc [1]. Each country sets its own standard, however, based on
flour consumption patterns, the level of nutrient deficiency, and the type of flour being fortified.

4. Ensure quality. In most countries, the private sector conducts internal quality assurance testing. In
addition, food fortification is regulated by a government entity that routinely inspects flour for
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Table 1.1 Recommendations for average levels of nutrients to consider adding to fortified wheat flour based on extraction,
fortificant compound, and estimated per capita flour availability

Level of nutrient to be added in parts per million
(ppm) by estimated per capita wheat flour availability

Flour (g/day)*
Nutrient extraction rate Compound <75° 75-149 150-300 >300
Iron Low NaFeEDTA 40 40 20 15
Ferrous sulfate 60 60 30 20
Ferrous fumarate 60 60 30 20
Electrolyte iron NR¢ NR¢ 60 40
High NaFeEDTA 40 40 20 15
Zinc! Low Zinc oxide 95 55 40 30
High 100 100 80 70
Folic acid Low or high Folic acid 5.0 2.6 1.3 1.0
Vitamin B, Low or high Cyancobalamin 0.04 0.02 0.01 0.008
Vitamin A Low or high Vitamin A palmitate 5.9 3 1.5 1

Source: World Health Organization http://www.who.int/nutrition/publications/micronutrients/wheat_maize_fortification/en/
“These estimated levels consider only wheat flour as main fortification vehicle in a public health program. If other mass
fortification programs with other food vehicles are implemented effectively, these suggested fortification levels may
need to be adjusted downwards as needed

*Estimated per capita consumption of <75 g/day does not allow for addition of sufficient level of fortificant to cover
micronutrients needs for women of childbearing age. Fortification of additional food vehicles and other interventions
should be considered

°NR Not recommended because the very high levels of electrolytic iron needed would negatively affect sensory proper-
ties of fortified flour

4These amounts of zinc fortification assume 5 mg zinc intake and no additional phytate intake from other dietary sources

compliance with the national standard. Public sector agencies lead the process of establishing this
external inspection system.

5. Lead program evaluation and improvement. The public sector typically initiates efforts to deter-
mine whether the flour fortification program is having the desired impact. For example, the National
Food and Nutrition Centre in Fiji conducted a nationally representative study of women of child
bearing age five years after flour fortification began. The study showed statistically significant
improvements in the study population’s dietary intake of iron, zinc, thiamin, riboflavin, niacin and
folate — all the nutrients included in Fiji’s fortified flour [2].

6. Address cost concerns. Fortification costs for millers include one-time expenses such as purchas-
ing and installing equipment and training staff as well as the ongoing expense of buying the premix
of nutrients in accordance with established country standards. By engaging the private sector at the
beginning of the fortification discussions, the public sector can determine the most acceptable way
to fund these expenses. A country’s healthcare savings from preventing diseases and birth defects
can be significant, which leads some governments, such as Iran, to subsidize the entire fortification
process. In Tanzania, the government waives import taxes on fortification equipment and nutrient
premixes. Other countries require millers to bear the entire cost of fortification. In these cases, the
additional cost is often passed on to consumers, but the increased price for each loaf of bread or
other foods made with fortified flour is minimal.

Private Sector

The private sector encompasses businesses involved in flour fortification, including the flour mill own-
ers and operators, equipment manufacturers, and companies that produce the vitamins and minerals
added to flour. These are the groups that turn wheat berries and maize kernels into flour, carry out the
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fortification process, conduct internal quality control measures, and distribute and market the products.
The private sector is obviously critical to implementation of flour fortification programs, and this sec-
tor is also instrumental in the fortification planning stage. The private sector roles include the
following:

1.

Share in advocacy efforts. It is often millers who recognize the potential health impact of flour
fortification and lead flour fortification advocacy efforts through their individual companies or
their professional associations. Millers frequently urge mandatory fortification legislation in the
country so all millers incur the same expenses related to ongoing fortification. This is commonly
known as “creating a level playing field” for the industry.

. Conduct sensory trials. For fortified flour to be accepted by consumers, the addition of fortificants

cannot change organoleptic properties (appearance, smell, or taste) of flour or foods made with
flour. In Asia, private sector researchers in China, India, Indonesia, Malaysia, the Philippines, and
Sri Lanka conducted a series of experiments to test whether foods commonly consumed in Asian
countries would remain marketable if they were made with flour fortified in accordance with WHO
recommendations [3]. They found that 15 kinds of noodles and breads could be successfully
fortified with iron, folic acid, vitamin B12, vitamin A, thiamine, riboflavin, and zinc, and that the
nutrients appeared to be retained throughout the food preparation process [3]. In Africa, the private
industry conducted baking trials in 2010 and 2011, also with flour fortified at WHO recommended
levels. The Africa trials likewise showed that typical African foods can be fortified with no adverse
consequences on the food product.

. Provide data. Information about the number of flour mills in a country, their production capacity,

and their export practices can help a country establish appropriate fortification practices and real-
istic implementation timelines. Iran, for example, has more than 335 mills with a combined annual
capacity of more than 23 million tons [4]. Implementing flour fortification there was very complex
compared to implementation in Mauritania which has six large flour mills with a combined annual
capacity of 64,000 tons [5].

. Guide creation of feasible standards. While the public sector recommends optimal levels of

fortification for specific nutrients in flour, the private sector can recommend a range that is feasible
to accomplish. For example, a country’s optimal level of folic acid in flour to prevent neural tube
birth defects might be 2 mg of folic acid per kilogram of flour. The private sector may note that
such a precise level is nearly impossible to achieve and instead recommend a range of 1.8-2.2 mg
of folic acid per kilogram of flour. Working together, the public and private sectors can determine
a range of fortification levels that will accomplish the health objective, be feasible to implement,
and be simple to monitor.

. Conduct internal quality controls. Mills are encouraged to keep records of the quantity of vitamins

and minerals added to flour. Any variation from what is expected based on the records of premix
used and flour produced will help a mill identify and correct problems in fortification procedures.
Millers also regularly conduct assays known as the iron spot test to confirm that the added nutrients
are in the final flour product.

Civic Sector

This group is sometimes called the voluntary or community sector in a society. When such groups
adopt a cause, their influence can have significant impact. For example, Kiwanis International is
devoted to helping children worldwide. When the organization looked for a global project that would
give Kiwanis members in every nation a common goal and shared experience, the international group
decided to partner with UNICEF to address salt iodization. In 1994, club representatives at the Kiwanis
International Convention voted overwhelmingly to support the project and to raise US$80 million to
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meet the challenge of achieving universal salt iodization [6]. Similarly, Rotary International has
adapted polio eradication as a service project. Its members worldwide are involved in fund raising and
volunteer activities, including public advocacy, related to this cause [7].

With flour fortification, the main civic sector partners are those focused on preventing NTDs and
supporting families with a child affected by an NTD. Examples include the March of Dimes and the
International Federation for Spina Bifida and Hydrocephalus. Their role in flour fortification includes
the following:

1. Educate the public. As community-based groups with ties to volunteers, messages from the civic
sector reach an audience that may not be as easily reached by the public or private sectors. An
educated public often plays a role in exerting pressure on government policy makers to enact leg-
islation for flour fortification.

2. Maintain urgency. Civic sector representatives frequently have a family member with an NTD. For
this reason, they are passionate about prevention and quality care for people with NTDs. Their
voices add a sense of urgency to flour fortification efforts.

The Role of the Flour Fortification Initiative

Despite the critical function that the public, private, and civic sector partners each have in developing
and maintaining successful flour fortification programs, they sometimes work independently and fail
to harness the power of team work. The role of FFI is to encourage collaboration and facilitate dia-
logue among multiple stakeholders in each sector.

Globally, the FFI partnership is led by the Executive Management Team (EMT) which provides
strategic direction to the network. EMT members include representatives from agencies of the United
Nations, flour milling industries, academia, and government and nongovernmental organizations.

Regionally, FFI is deliberate about inviting people from each sector to meetings and workshops on
varied topics such as strategic planning, technical training, quality assurance and quality control, and
monitoring and evaluation. On several occasions, individuals working in one country to initiate
fortification were not aware of their in-country counterparts until they attended an FFI workshop. In
this respect, FFI serves as a convener to introduce partners to each other so they can work together
toward the common goal of fortifying flour as a means of providing more nutrients in staple foods.

In countries seeking to begin a flour fortification program, visiting FFI staff and network partners
traditionally spend a week meeting individually with stakeholders to identify each group’s concerns
about fortification. As a culmination activity at the end of the week, FFI moderates a meeting with all
stakeholders to share their concerns with each other. During the meeting, FFI encourages the leaders
to form a fortification alliance. The role of the alliance is to develop a plan to move forward with flour
fortification so that all the issues are addressed. FFI continues to support the countries with advocacy
and technical expertise as needed. Additionally, the national alliance may consider fortification of
multiple foods as well as other strategies to benefit people who do not consume commercially pro-
duced foods.

Support for Mandatory Fortification

In bringing various sectors together, FFI occasionally finds the public sector reluctant to include the
private sector for the apparent assumption that the private sector is solely motivated by profits. Instead,
even though profit margins are small in the milling industry, some millers voluntarily fortify flour as
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a matter of corporate social responsibility. A few examples include Interflour mills in Malaysia,
a Minoterie du Congo (MINOCO) mills in the Democratic Republic of Congo, and the Wheata
Industrial Company Ltd., in Sudan.

The ongoing cost of buying premix to fortify a metric ton of flour with iron, folic acid, and other
B vitamins is between US$2 and US$3. While the fortification cost per ton is minimal, the annual cost
can be significant for mills that produce thousands of metric tons of flour a year. One reason FFI
encourages mandatory flour fortification legislation is that legislation creates similar financial obliga-
tions for each miller.

Additionally, national-scale fortification distributes the health benefits equitably among the popu-
lation. When fortification is voluntary, the only consumers who benefit are those who live in an area
where regardless of socio-economic status or education level the fortified flour is available.

A third reason mandatory legislation is encouraged is to ensure that fortification is an ongoing
initiative which will be routinely monitored for compliance and quality control. When fortification is
voluntary, the levels of fortificants many change periodically or a company may choose to end
fortification without notification.

Folic Acid Experience

The example of how countries began adding folic acid to flour illustrates a successful collaboration
between multiple sectors. Now it is known that with 400 mg of folic acid daily at least 1 month prior
to conception and in the early months of pregnancy, most of NTDs may be prevented [8]. These birth
defects are permanently disabling or fatal as they affect the development of the infant’s spinal cord
and brain (Fig. 1.2).

Thirty years ago, the role of folic acid in preventing these birth defects was not certain. The
scientific community led the way in identifying the link between folic acid (a form of vitamin B9),
and preventing birth defects such as spina bifida and anencephaly. In 1991, The Lancet published a
study showing unequivocally that folic acid can prevent NTDs [9]. The study was a randomized
double blind prevention trial conducted at 33 centers in seven countries. One conclusion was that
“public health measures should be taken to ensure that the diet of all women who may bear children
contains an adequate amount of folic acid [9].”

With that conclusion, the civic and public sectors in North America, led by the March of Dimes
and the U.S. Centers for Disease Control and Prevention, began advocacy work to change the US
standard for enriched flour to include folic acid. The United States amended the existing legislation in
March 1996 to require folic acid, and full implementation was required by January 1998 [10].

At the same time in the Middle East, international agencies such as the WHO, UNICEF, and the
Micronutrient Initiative (MI), were leading efforts to improve nutrition in the region. Flour fortification
was being considered as a possible intervention to recommend. To test the feasibility of flour
fortification, the private sector became involved, and Oman Flour Mills began fortifying flour in 1996
on a trial basis. Oman Flour Mills covered 75 % of the market in Oman, and the mill was well-
equipped to begin fortification without a major investment. By October 1996, when a regional work-
shop was held in Oman to consider multiple health interventions, the mill was fortifying flour
successfully, and it continues to do so today [11].

Deciding the optimum level of folic acid to add to flour to prevent NTDs was a challenge in the
early 1990s. Guatemala and El Salvador added folic acid to flour in 1992 to replace the naturally
occurring vitamin that was lost in the milling process; however, the amounts added were not high
enough to significantly impact the incidence of NTDs [12]. In 2002, Central American countries col-
lectively agreed to fortify with folic acid at a rate of 1.8 parts per million (ppm) [12].
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Spina Bifida (Open Defect)
/Vertebra
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Spinal Fluid —TT

Fig. 1.2 Tllustrated drawing of infant with an open defect of spina bifida. Illustration by the U.S. Centers for Disease
Control and Prevention

To address the question of how much folic acid and other nutrients to add to flour, FFI convened a
workshop in 2008 with more than 100 international, multi-sector experts. They developed recommen-
dations for fortifying flour with folic acid, iron, zinc, vitamin A, and vitamin B12. The folic acid
recommendations range from 1 to 5 ppm based on consumption levels of flour-based foods. The
workshop results became the basis of globally recognized guidelines for adding folic acid to wheat
and maize flours. These were published by the WHO in 2009 [1] and in the Food and Nutrition
Bulletin in 2010 [13].

Once fortifying flour with folic acid became standard practice in several countries, the scientific
community began to study whether this was an effective intervention. Their research shows a 30-70 %
decline in NTDs when countries fortify flour with folic acid (see Table 1.2).

The March of Dimes estimates that more than 300,000 infants worldwide are affected by an NTD
annually [14]. A 2008 study estimated that globally about 22,000 NTDs were prevented every year
due to flour fortification [15]. That figure represented 9 % of the estimated folic acid preventable cases
of spina bifida and anencephaly [15]. By 2010 more countries were fortifying flour, and an estimated
28,066 birth defects were prevented, for a total of 13.8 % of the total number of folic acid preventable
spina bifida and anencephaly [16]. Eliminating the remaining birth defects that could be prevented
with enough folic acid will take continued vigilance and cooperation from all sectors.



1 The Link Between Organizational Bodies and Fortification Strategies and Practice...

Table 1.2 Percent decrease in neural tube defects (NTDs) due to fortifying flour with folic acid

11

NTD prevalence
pre-fortification

NTD prevalence
post-fortification

Percent decrease

Country per 1,000 births per 1,000 births in NTD prevalence
Argentina [17]
Spina bifida 1.27 0.66 48
Anencephaly 0.86 0.37 57
Brazil [17]
Spina bifida 1.45 1.42 28
Anencephaly 1.12 0.69 38
Canada [18]
Spina bifida 0.86 0.40 53
Anencephaly 0.52 0.32 38
Chile [17]
Spina bifida 1.02 0.46 55
Anencephaly 0.63 0.37 41
Costa Rica [19]
Spina bifida 0.73 0.29 60
Anencephaly 0.37 0.12 68
Iran [20] (all NTDS) 3.16 2.19 31
Oman [21] 3.17 0.96 70
Spina bifida Average 1991-1996 Average 1997-2006
Saudi Arabia [22] King Abdul-Aziz 1.9 0.76 60

University Hospital in Jeddah (all NTDS)
South Africa [23]

Spina bifida 0.93 0.54 42

Anencephaly 0.41 0.37 10
United States [24]

Spina bifida 0.50 0.35 30

Anencephaly 0.26 0.18 31

Some countries report spina bifida and anencephaly separately; others report all NTDs together, including encephalocele
Spina bifida is malformation of the spine; anencephaly is malformation of the brain (which is always fatal); encephalo-
cele causes sac-like protrusions of the brain and its membranes that are visible through openings in the skull. The sever-
ity of encephalocele varies, depending on its location

“The study in Brazil was for 3 months, and the authors concluded that a longer period of time was needed to assess
fortification’s effects

Conclusion

While FFI validates the role of the public, private, and civic sectors by including each group in all activi-
ties, encourages mandatory fortification, and provides technical assistance as requested, FFI does not
implement flour fortification. Flour fortification is most successful when national leaders drive the pro-
cess so that it conforms to local market structures and social and nutritional needs. This national leader-
ship of the process is critical to the sustainability of the program. Multiple national stakeholders
representing various sectors create win—win flour fortification strategies that are sustainable for the
future.

In 2004, 33 countries had legal requirements to fortify wheat flour. By April 2013, 76 countries
mandated flour fortification with at least iron or folic acid (Fig. 1.3). This progress is possible because
representatives of the public, private, and civic sectors worked together to promote flour as a vehicle
for delivering more nutrients to their populations.
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Wheat Flour Fortification Legislation

April 2013: 76 countries require iron and/or folic acid in wheat flour

All countries fortify flourwith atleast iron andfolic acid except Australiawhich does notincludeiron, and Nigeria, Venezuela, the
United Kingdom, andthe Philippines which do notinclude folic acid. Source: Flour Fortification Initiative. www FFINetwork.org

Fig. 1.3 Status of wheat flour fortification legislation (April 2013)

Guidance on Safe Levels to Be Added

Several factors influence the amount of nutrients to be added to flour for maximum health benefit.
Among the considerations are average consumption of foods made with flour, type of flour, burden of
diseases that can be addressed with fortified flour, and whether other foods are effectively fortified
with the same nutrient.

The most recent global guidelines for flour fortification are the WHO Recommendations (see
Table 1.1; [1]). The background papers that helped produce these recommendations were printed as a
supplement to the Food and Nutrition Bulletin in 2010 [13].

Recommendations

1. Include all sectors at the beginning of the fortification planning process. Fortification is most suc-
cessful when the public, private, and civic sectors are each involved early, and their contributions
are each critical.

2. Engage national leaders to drive the process. International organizations can create interest in
food fortification, but the program will be more appropriate for the country and more sustainable
for the long-term if national stakeholders guide the process.

3. Campaign for mandatory fortification. Mandatory fortification creates equitable costs for the pri-
vate sector, establishes beneficial standards for nutrient levels in commonly consumed foods, pro-
vides equal access to the additional nutritional benefits to all who consume the fortified food, and
is easier than voluntary fortification to monitor for compliance and quality.
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Chapter 2
Current Mandatory Fortificants in Developed Nations
Compared to Developing Nations

Scarlett Ewen and Hassan Vatanparast

Key Points

* Micronutrient deficiencies are among the most prevalent health concerns in the world today.

e High prevalence of micronutrient malnutrition in some specific nutrients such as vitamin A, iron,
iodine, and zinc are major public health issues in developed and developing countries. Thus, these
four nutrients are common fortificants in a global view.

* Food fortification is considered a cost-effective, long-term population health strategy to battle the
public health issues related to malnutrition and specific micronutrient(s) malnutrition.

e Fortification policies and practices have some similarities and differences across developed
and developing countries and depend mainly on five key factors: (1) severity of public health
need; (2) food industry sector; (3) level of awareness and knowledge; (4) political situation; and
(5) consumption patterns.

e An appropriate food vehicle is one which is widely consumed and in adequate amounts by targeted
populations.

e The most common food vehicles are staples including wheat flour, rice, salt, sugar, oil, and
margarine.

* Monitoring systems with the cooperation of government bodies are needed to implement successful
fortification programs.

Keywords Fortification ® Micronutrient ® Malnutrition ¢ Public health ¢ Mandatory fortificants

Introduction

Micronutrient malnutrition is a major global public health problem. Fortification is one of several
approaches available for addressing micronutrient malnutrition. It offers a cost-effective and sustain-
able solution. Fortification regulations are set in place around the world in order to help improve the
nutritional value of foods to ultimately improve the health of populations. The policies surrounding
fortification vary from nation to nation. In this introductory chapter, evaluation of current mandatory
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fortification practices and policies in both developed and developing nations will be discussed. Before
discussing current mandatory fortification programs in place, it is important to define some terms, and
expand one’s knowledge and background information on areas within the subject of fortification.

Fortification has great significance to public health as it is an approach to addressing malnutrition,
which can help many populations, particularly at risk groups, achieve adequate micronutrient intakes
through consumption of fortified foods. “Food fortification is a public health initiative with a long
history of being used effectively to remedy nutritional deficiencies that were causing widespread
national public health problems [1].” However, precautions must be taken to ensure that the intake of
micronutrients through consumption of fortified foods does not exceed tolerable levels and cause
adverse effects.

The factors which can lead to the unfortunate situation of a malnourished population are numerous
and extensive. From a public health perspective, the determinants of health must be considered in
these regards. These include and are not limited to: income, social status, social support networks,
education, working conditions, both physical and social environments, and the list goes on. By
addressing these factors, the ultimate goal to have healthy populations and healthy communities is
possible. One aspect of being “healthy” is to be well-nourished and ensuring the body is consuming
adequate intakes of micronutrients, which are essential to preventing disease. Despite the consider-
able progress in availability and accessibility of food in our global village, many communities are
faced with malnutrition, or what has also become known as “hidden hunger [2].” “Hidden hunger” is
a chronic lack of nutrients in the body, and often those who suffer from it are not aware of the
deficiency until it is too late. Those most vulnerable to this hunger are from low-income groups resid-
ing in developing, less industrialized countries. Many approaches and strategies have been used to
combat malnutrition or “hidden hunger.” Fortification has shown promise in the past and continues to
show its impact on reducing micronutrient malnutrition in at-risk populations.

The most prevalent micronutrient deficiencies in developing countries today are vitamin A, iron,
iodine, and zinc; and this affects approximately one-third of the world’s population [3]. A global prog-
ress report by the United Nations Children’s Fund (UNICEF) evaluated 80 developing countries on
prevalent micronutrient deficiencies. Ottaway [4] points to five of the major consequences of micro-
nutrient deficiencies found from the UNICEF report:

1. Iodine deficiency is estimated to have lowered the intellectual capacity of almost all of the nations
reviewed as much as 10—15 % points.

2. Tron deficiency in the 6—24-month age group is impairing the development of approximately
40-60 % of the developing world’s children.

3. Severe iron deficiency anemia is responsible for the deaths in pregnancy and childbirth of more
than 60,000 young women a year.

4. Vitamin A deficiency is compromising the immune system of approximately 40 % of the develop-
ing world’s under-5-year-old children, leading to the death of about one million young children
each year.

5. Folate deficiency is responsible for an estimated 200,000 severe birth defects each year in the 80
developing countries assessed.

With such large deficiencies in the world, it is important to employ strategies in an effort to battle
these problems. There are three main approaches in helping people to meet their dietary approaches
[5]. Dietary diversification, through consumer education programs helps the public to make better
food choices, which will affect their overall health. The second, dietary supplementation is particu-
larly effective towards at-risk populations; however, the concern with this approach is the risk of
consuming a high amount of a micronutrient in a specific group of the population who are not really
at need [6]. Lastly, food fortification is and continues to be one of the main strategies to tackle malnu-
trition leading to a major global issue [7, 8].
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Definitions/Terminology

The Codex Alimentarius Commission (CAC) is an intergovernmental body established by the Food
and Agriculture Organization (FAO) and World Health Organization (WHO) to implement the Joint
FAO/WHO Food Standards Programme [9]. One of the objectives of the CAC is to provide useful
guidance to governments, food industries, and others involved in implementation of food fortification
programs, to ensure that fortification is carried out in a meaningful and safe manner for all [9]. It
develops standards, guidelines, and other recommendations based on evidence and research [10]. The
Codex General Principles for the Addition of Essential Nutrients to Foods (FAO/WHO) are intended
to: (adapted by Maskeliunas and Miyagishima [10])

1. Provide guidance to those responsible for developing guidelines and legal texts pertaining to the
addition of essential nutrients to foods.

2. Establish a uniform set of principles for the rational addition of essential nutrients to foods.

. Maintain or improve the overall nutritional quality of foods.

4. Prevent the indiscriminate addition of essential nutrients to foods thereby decreasing the risk of
health hazard due to essential nutrient excesses, deficits, or imbalances.

5. Facilitate acceptance in international trade of foods which contain added essential nutrients.

93]

Codex Alimentarius [11] (1987) defines food fortification as:

The addition of one or more essential nutrients to a food, whether or not it is normally contained in the food, for
the purpose of preventing or correcting a demonstrated deficiency of one or more nutrients in the population or
specific population groups.

A fortificant is the source of each micronutrient. For example, folic acid is a fortificant of the
micronutrient, folate. Zinc oxide is the fortificant of the micronutrient, zinc. The term “enrichment” is
often used interchangeably with fortification. However, enrichment refers to increasing the level of
nutrients already present in a food to make it a “richer” source [4]. The term “supplementation” is
used when referring to a supply of nutrients in a nonfood form such as tablets, capsules, pastilles, or
a quantified amount of liquid or powder. For example, many take a calcium supplement, which is
available in many forms in which the consumer may choose a preferable option that suits them.
Biofortification is a relatively new approach that is currently being considered, and is receiving much
attention. Biofortification refers to the breeding and genetic medication of plants (particularly those
of staple foods) to improve their nutrient content and/or absorption [3].

Food Fortification

The aim of fortification is to increase the nutritional content of some foods by increasing the intake of
one or more nutrients, which are inadequate in the food supply [3, 12]. This can be achieved by three
main ways: (a) restoring the nutrient(s) lost during food processing by restoring depleted nutrients to
their previous (naturally occurring) level (e.g., restoring B vitamins lost during processing); (b)
increasing the level of a nutrient already present in a food (this can also be referred to as enrichment)
(e.g., adding extra iron to wheat flour or extra calcium to milk); or (c¢) adding nutrients to a food which
would make a good vehicle for delivering micronutrients to the general or targeted population (e.g.,
putting iodine into salt) [12].

Fortification has been a major strategy in improving the overall health of many, through improving
the nutritional quality of the food supply. Several conditions are necessary for a successful
food fortification program [13]. These include surveillance procedures to assess the prevalence of
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malnutrition and which micronutrients are not adequate in the food supply; an appropriate food
vehicle which will be consumed by those most at risk for micronutrient deficiency; available and suit-
able food-processing infrastructure; availability of fortificant; quality control measures (i.e., govern-
ment) to monitor addition of fortificant to food vehicle, and to protect those against excessive intake
of nutrients; and education to inform people of the benefits of consuming fortified foods. It is ideal
that all conditions be met, but realistically many developing countries often lack the resources to meet
them and are thus likely to be faced with greater challenges than developed countries in implementing
successful fortification programs.

Processed foods are more widely consumed in developed countries as opposed to developing
countries. Thus, fortification may be more effective in developed countries since the food vehicle may
reach a larger proportion of the population. There have been some major health concerns in the past,
which have been resolved by fortifying particular foods [14]. For example, during the 1990s in
Demark, there was a high incidence of vitamin A deficiency in young children, resulting in night
blindness. After fortifying margarine with vitamin A, the deficiency in young children virtually disap-
peared. Similarly, after milk was fortified with vitamins A and D in Europe and North America, the
prevalence of vitamin D deficiency and rickets decreased. Another example is deficiencies of the B
vitamins (i.e., folate, thiamin, and riboflavin) in Newfoundland, Canada. After flour fortification with
the B vitamins in 1944, the deficiencies were eliminated [14].

Micronutrients are currently being added to many staples and condiments worldwide. Some common
food vehicles include different forms of milk (liquid, evaporated, powdered), margarine, vegetable oil,
sugar, wheat flour, pasta, corn masa flour, maize flour, maize meal, soy/fish sauce, and salt [3].

Mandatory vs. Voluntary Fortification

Fortification can be classified as either mandatory or voluntary. Mandatory fortification occurs “when
governments legally oblige food producers to fortify particular foods or categories of foods with
specified micronutrients [3].” Mandatory fortification is typically used when a population (either the
general population or a targeted population) is faced with, or is at risk of facing, a significant public
health need which is the result of a micronutrient deficiency. With evidence and support, governments
can institute mandatory fortification of particular foods. Voluntary fortification is when a “food manu-
facturer freely chooses to fortify particular foods in response to permission given in food law, or under
special circumstances, is encouraged by government to do so [3].”

When selecting a fortification method, either mandatory or voluntary, there are five key factors that
should be considered to determine which is most appropriate for the public health concern, and for the
population group [3]. These five factors include:

1. Severity of the public health need. It is important to know the severity of the public health need or
risk. This can be assessed “according to evidence of clinical or subclinical deficiency, inadequate
nutrient intake, or potential health benefit [3].” If the public health need is serious, then mandatory
fortification would be more appropriate than voluntary fortification.

2. Features of the food industry sector responsible for production of the food vehicle. Features to be
considered should include the size and scale of the food industry, the presence of government sup-
port or control, and the current commercial environment. Mandatory fortification is most appropri-
ate when there are fewer major producers in the area of concern, and is therefore easier to control
and keep organized.

3. Level of awareness and knowledge amongst the population. Mandatory fortification may be more
effective when knowledge of the population about the importance of consuming fortified foods is
low, and there are few opportunities for nutrition education. On the other hand, voluntary
fortification is best suited when there is high consumer interest or demand for fortified foods.
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Table 2.1 Main types of food fortification programs

Type of fortification Definition Example(s)

Mass fortification The addition of micronutrients to foods Cereals, oils, vegetable fats,
(Also known as commonly consumed by the general public milk, sugar, condiments
universal fortification)

Targeted fortification The addition of micronutrients to foods Infant formulas; foods used for

designed for specific population subgroups emergency situations; foods

aimed for preschool and
school-aged children
Market-driven fortification The situation where the food manufacturer voluntary ~ Foods selected based on
takes the initiative to add one or more consumer demand
micronutrients to processed foods, usually within
regulatory limits, in order to increase sales and
profitability. Usually a higher socio-economic
class will purchase the products
Other: Biofortification The breeding and genetic medication of plants Plant-based staple foods
to improve their nutrient content and/or absorption
Or/foods which are engineered to have
greater nutrients

Source: Adapted from WHO report by Allen et al. [3]
The main food fortification programs are defined above. Examples of common food vehicles for each program are also
shown

4. Political environment. Regulatory decisions are affected by two factors, the acceptable level of
government intervention, and the value placed on informed consumer choice.

5. Food consumption patterns. The food vehicle chosen should be one that is widely available, acces-
sible, and consumed by the population group; it should be one that will benefit the population by
consuming adequate micronutrient(s) through the fortified food.

With these factors in mind, it would not be incorrect to say that fewer challenges may be faced in
developed countries, while developing and implementing a food fortification program, as opposed to
developing countries. Developed countries are more likely to have food processing facilities, quality
control and monitoring systems, distribution infrastructure, and regulatory support [15]. Whereas the
circumstances may differ greatly in developing countries whose food-processing industries are not
well-established, and at-risk groups are difficult to reach and provide adequate nutrition through con-
sumption of fortified foods.

Types of Food Fortification Programs

Fortification programs can take different forms [3] (Table 2.1). The first, mass (or universal) fortification
is when foods that are widely consumed by the general population are fortified. Mass fortification
programs are most appropriate in developing countries, where widely consumed staple foods such as
cereal flour, salt, sugar, and soy sauce are found [16]. The second, targeted fortification is when specific
foods for a specific population are fortified. Targeted groups are those who are most at-risk for micro-
nutrient deficiencies. These types of programs are commonly seen in developing countries. For exam-
ple, foods commonly consumed by children such as chocolate milk are fortified. However, we also see
this type of program in developed countries. An example would be fortifying “functional foods” to
prevent diseases such as osteoporosis, cancer, and heart disease [16]. The third, market (or industry)-
driven fortification is when food manufacturers voluntarily fortify selected foods on the market.
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The Advantages and Disadvantages of Food Fortification

Along with food fortification are both advantages and disadvantages. Advantages include the follow-
ing (adapted from Allen et al. [3]):

» Fortified foods that are consumed on a regular and frequent basis can: (1) maintain body stores of
nutrients more efficiently and effectively than intermittent supplements and (2) can lower the risk of
multiple deficiencies that may result from seasonal deficits in the food supply or a poor quality diet.

 Fortified foods are likely to contain micronutrients that equate those attainable from a good, well-
balanced diet.

 Fortification of widely distributed and widely consumed foods has potential to improve the nutri-
tion status of a large proportion of the general population.

 Fortification does not require change(s) in existing food patterns nor individual compliance.

e The delivery system for fortified foods usually already exists, generally through the private
sector.

e It is possible to fortify foods with multiple micronutrients simultaneously. The total cost of the
food is not largely affected by the addition of more micronutrients.

* With proper regulations in place, there is a minimal risk of chronic toxicity from fortification.

* With the appropriate food system and existing technology, food fortification is more cost-effective
than other strategies [8, 17].

Fortification may be a preferred approach from other strategies for the above advantages. However,
there are disadvantages, or rather limitations of food fortification, which include the following
(adapted from Allen et al. [3]):

e Consuming fortified foods is not a substitute for a good well-balanced quality diet—adequate
energy, protein, essential fats —required for optimal health.

e Correcting micronutrient deficiencies through food fortification can be difficult because even when
micronutrient-rich foods are available, they may not be consumed in sufficient quantities. All tar-
geted groups within the general population might not consume the fortified foods.

— Infants and young children consume smaller amounts of food and are therefore less likely to be
able to obtain their recommended intakes of all micronutrients from fortified foods alone.

— Fortified foods may not be easily accessible or available to those population groups living in
remote areas.

— Low-income groups, particularly in developing countries, often rely on a different food delivery
system—locally produced or grown food—therefore are at greater risk of micronutrient
deficiency, as compared to other population groups who consume processed foods.

* Poor or low-income population groups often suffer from multiple micronutrient deficiencies as a
result of inadequate intake in overall diet. These groups are unlikely to obtain the recommended
intake of all the micronutrients from fortified foods.

» Technological issues relating to food fortification exist, particularly the levels of added nutrients,
stability of the fortificant, nutrient interaction, characteristics of physical properties, and accept-
ability by consumers, including cooking properties and taste.

* The nature of the food vehicle, the fortificant, or both, may limit the amount of fortificant that
can be successfully added. The sensory qualities of the food such as color and flavor, and the
stability of the micronutrient(s) may be affected. Also, interactions among nutrients within the
food can occur (e.g., the presence of a large amount of calcium can inhibit the absorption of iron
from a fortified food; the presence of vitamins has an opposing effect on iron, and thus increases
absorption of iron).
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e While food fortification is proven to be more cost-effective over other strategies, there are underly-
ing costs associated with the fortification process that can limit the implementation and effective-
ness of food fortification programs (e.g., start-up costs, pilot trials and testing, cost of effective
monitoring, and evaluation system to ensure fortified food is effective and safe).

With food fortification populations can be protected against nutritional deficiencies, and the overall
nutritional quality of the nation’s food supplied can be improved. For example, fortifying milk with
vitamin D can prevent deficiencies in young children. In the long term, the overall health of popula-
tions can be improved, ultimately protecting them from the risk of diet-related chronic diseases. For
example, adequate calcium and vitamin D in the body can reduce the risk of osteoporosis in the future.
This also puts less of a burden on the healthcare system.

When infrastructures are not ready or appropriate, and regular monitoring systems are not in place
to evaluate the status of micronutrient malnutrition, the fortification programs should be implemented
with some considerations. Fortification polices should be monitored based on proper periodical
assessment of consumption of fortified foods and added fortificant in both the general population and
at-risk populations. It is important to monitor and evaluate the progress of the food fortification pro-
gram, and to be aware of possible risks of excess intakes and toxicities.

Cultural and Religious Beliefs Towards Food Fortification

Food fortification can provide reasonably fast solutions to address low micronutrient intake at a
population level, while maintaining traditional dietary patterns [18]. In a comprehensive review of
over 180 studies of community-based interventions for improving antenatal, perinatal, and postna-
tal health outcomes in developing countries [19], the researchers concluded, “there is an urgent
need to adapt and evaluate culturally and regionally appropriate packages of interventions in a
variety of settings.” Thus, cultural barriers can be a major problem to consumption of fortified
foods. A specific example is consumption rates of folic acid fortified foods by pregnant women.
Rates may be low in subgroup populations due to a lack of understanding and knowledge. Also,
from the program planner’s side, there may be a lack of understanding of community practices and
culture [19]. It is therefore important to select foods which are already present in the diet, and if not,
to find a way to encourage consumption of the fortified foods while taking into account cultural and
religious beliefs.

Globalization and the nutrition transition have had a great impact in shifting traditional diets con-
sisting of local grown foods, to a diet high in industrial processed foods. This global tendency towards
urbanization could lead to increasing populations consuming industrially processed foods. This pro-
vides us with a greater opportunity to reach at-risk populations through fortified foods, as we can
fortify multiple food vehicles [17]. However, on the other hand, mandatory food fortification pro-
grams should continue to target staple foods and common foods consumed by targeted populations,
so that these populations that continue to eat traditional foods may benefit.

Some examples of current food mandatory fortification programs around the world are pre-
sented in Table 2.2. Three common food vehicles—maize (corn) meal, rice, and wheat flour are
presented. Many countries have started to fortify staples with multiple micronutrients. For exam-
ple, mandatory food fortification regulations in South Africa to fortify maize (corn) meal are in
place for eight multiple micronutrients (i.e., thiamin, riboflavin, folic acid, niacin, zinc, iron,
vitamins B6, B12, and A).
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Table 2.2 List of countries with mandatory fortification regulations, as per Fig. 2.1

S. Ewen and H. Vatanparast

Developed Developing
North America Asia Latin America Mauritania
Canada Indonesia Argentina Morocco
United States Nepal Belize Oman
European Union Philippines® Bolinia Pale§tine, Occupied
United Kingdom Caribbean Brgm Territory
] Barbados Chile Qatar
Oceania Cuba Colombia Saudi Arabia
Australia® i
ustratia Dominican Republic Costa Rica Yemen
Grenada Elaéa(liord Oceania
Guadeloupe alvador Fiji
Guvana Guatemala )
1 3; Honduras Sub-Saharan Africa
aiti .
Jamai Mexico Benin
amaica .
. Nicaragua Cameroon
Puerto Rico RPN
. . Panama Cote d’Ivoire
Saint Vincent
Trinidad & Tobago® Paraguay Gh?ma
g Peru Guinea
Central and Eastern Europe Suriname® Mali
Kazakhstan Uruguay Nigeria®
Kyrgyz Republic Venezuela® Senegal
Moldova Middle East/North Afri South Africa
Turkmenistan Lddie . ast/Nort rica Tanzania
Uzbekistan Bahrain Togo
Egypt Uganda
Iran
Iraq
Jordan
Kuwait

Source: Flour Fortification Initiative www.FFInetwork.org

This table lists the countries with current mandatory fortification programs of wheat flour with iron and/or folic acid

Notes:

Countries fortify with at least iron and folic acid unless otherwise noted

aStandard includes iron but not folic acid
®Standard includes iron but not folic acid
‘Unknown fortificants in country standard

Prevalence of Major Micronutrient Deficiencies in the World

In many developing countries, a diet high in cereal and legumes, and low in meat, fruits, and vegeta-
bles are common. These diets are typical for those of lower socio-economic status. These populations
are particularly at risk for iron, zinc, and vitamin A deficiencies [16] (Table 2.3). Although there is no
prevalence data for iron deficiency, it can be generally assumed that 50 % of anemia cases in devel-
oped countries are due to iron deficiency, and mostly all cases seen in developed countries is due to
iron deficiency [20]. Anemia and vitamin A deficiencies are most prevalent in the developing areas in
South-East Asia (57 % and 69 %, respectively, of total population), whereas iodine is most prevalent
in the more developed region, Europe (57 %).

Iron

Iron deficiency is the most common nutritional deficiency in the world and is a public health prob-
lem in both developed and developing countries [3]. In a severe form, iron deficiency can lead to a
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Table 2.3 World cereal mandatory fortification programs (as of March 2008)

Country Micronutrient
Thiamin Riboflavin Folic Niacin Zinc  Iron & type Vitamin  Vitamin Vitamin A
Food vehicle  (ppm) (ppm) acid (ppm) (ppm) (ppm) of Fe** (ppm) B6 (ppm) BI12 (ppB) (IU/kg)
Maize (corn) meal
Brazil 1.5 42
Costa Rico 4.0 2.5 1.3 45 22—FBG
South Africa  2.19 1.69 2.0 25 15 35—E 3.1 6,943
Venezuela 2.9 2.5 48 46—FF/R 9,000
Rice
Philippines 30—FS
Wheat flour
Argentina 6.3 1.3 22 13 30—FS
Australia 2.0
Bahrain 1.5 60—E
Bolivia 44 2.6 1.5 35.6 60—FF
Brazil 1.5 42
Canada 6.4 4.0 1.5 53 44
Chile 6.3 1.3 2.2 13 30—FS
Columbia 6.0 4.0 1.54 55 44
Costa Rica 6.0 4.0 1.5 55 60—FF
Cote d’Ivoire 1.5 60—E
Cuba 7.0 7.0 2.5 70 45—FS 6.0
Ecuador 4.0 7.0 0.6 75 55
El Salvador 6.2 4.2 1.8 55 55—FF
Ghana 6.0 4.0 2.0 40 20.3 45—R 10 6,666
Guatemala 6.2 4.2 1.8 55 55—FF
Honduras 6.2 4.2 1.8 55 55—FF
Indonesia 2.5 4.0 2.0 30 50
Iran 1.5 30—FS
Jordan 3.6 3.6 1.7 35 20 34—FS 44 7.6 5,000
Kuwait 6.38 3.96 1.5 52.91 60—E
Mexico 1.6 24
Morocco 4.5 2.8 1.53 36.18 45
Nicaragua 6.2 4.2 1.8 55 55—FF
Nigeria 6.2 3.7 49.5 40.7—FF 30,000
Oman 1.5 30
Palestine 2.0 2.5 1.0 25 15 25—FS 2.5 2.5 3,333
Panama 6.0 4.0 1.5 55 60
Paraguay 4.0 2.25 2.7 31 40—FS
Peru 4.5 2.6 35 28
Philippines 70—R or 15,000
50—FS/FF
Qatar 1.5 60—R
Saudi Arabia  6.38 3.96 1.5 52.9 36.3
South Africa  1.94 1.78 1.5 23.7 15 35—R 2.63 5,947
Turkmenistan 1.5 20—FS
Uruguay 2.4 30—FS, FF 6
Venezuela 1.2 1.6 16 16

Source: Adapted from Ranum and Wesley [37] (Food and Agriculture Organization of the United Nations)

This table shows examples of various micronutrient fortificant levels in cereal food vehicles (e.g., maize (corn) meal, rice,
wheat flour) in selected countries

Notes:

**Iron types specified under regulations if any:

FS ferrous sulfate; E electrolytic iron; FF ferrous fumarate; R reduced iron (unspecified elemental iron powder); FBG ferrous
bisglycinate; EDTA sodium iron EDTA
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condition called anemia, which is low blood hemoglobin. According to the WHO estimates 40 % of
the world’s population is anemic. Children under 24 months are especially at risk of anemia, which
stunts their growth and reduces their ability to resist common childhood illness [21]. Iron deficiency
is also common in preschool children and pregnant women. WHO estimates that 39 % of children
younger than 5 years, 48 % of children between 5 and 14 years, 42 % of all women, and 52 % of
pregnant women in developing countries are anemic [3]. The WHO regions of Africa and South-East
Asia have the highest risk. Iron deficiency and iron deficiency anemia are also seen and considered to
be a major public health concern in many developed countries [3].

Fortification of staple foods with iron and/or folic acid has been shown to be effective and to have
significant benefit for many populations in the world, but particularly in developing countries. Wheat
flour is the food vehicle most often fortified with iron and/or folic acid [22]. More information regard-
ing iron fortification can be found in various subsections of this handbook.

Iodine

The highest prevalence of insufficient iodine intake was found in Europe (57 %), and the lowest in the
Americas (10 %) [3]. Salt is the most common food vehicle for delivering iodine to populations.
Iodine deficiency has been reduced in most countries around the world by the implementation of
Universal Salt Iodization (USI) programs [17]. More than 34 countries have reached the USI goal —to
have 90 % of population consuming iodized salt—and approximately another 30 countries have
70-90 % of the population covered [17]. However, according to UNICEF [20], there are still more
than 1.8 billion people in both developed and developing countries who are not covered by the USI
programs and are thus still at high risk for iodine deficiency.

Vitamin A

Vitamin A deficiency affects over 130 million preschool aged children, with the most residing in the
developing world [23]. Those living in South-East Asia (69 %) and rural Africa (49 %) are most at risk
for vitamin A deficiency [3]. Common food vehicles used for fortification with vitamin A include oil,
margarine, milk, sugar, and flour. Refer to Table 2.2 for countries with current food fortification with
vitamin A.

Folic Acid

It is generally assumed that folate deficiency is prevalent in countries where the diet consists of high
intake of refined cereals and low intake of leafy green vegetables and fruits [16]. This is typical of
many developing countries.

Regulations for mandatory fortification of wheat flour with folic acid are currently in place in 53
countries, although in many cases these regulations have not been implemented [24]. The mandatory
folic acid fortification level in select countries is illustrated in Table 2.4. In 2006, the WHO and the FAO
of the United Nations published guidelines to assist countries in setting necessary levels of folic acid to
be used in fortifying flour (i.e., the Target Fortification Level, the Minimum Fortification Level, the
Maximum Fortification Level, the Legal Minimum Level) [3]. In the United States, mandatory
fortification of enriched cereal grain products with folic acid was authorized in 1996 and fully imple-
mented in 1998 [7]. The US program adds 140 pg of folic acid per 100 g of enriched cereal grain product
and has been estimated to provide 100200 pg of folic acid per day to women of childbearing age [25].
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Table 2.4 Prevalence of the three major micronutrient deficiencies by WHO region

Vitamin A deficiency

Anemia Insufficient iodine intake (in preschool children)
No. % of total No. % of total No. % of total
WHO region (millions) population (millions) population (millions) population
Africa 244 46 260 43 53 49
Americas 141 19 75 10 16 20
South-East Asia 779 57 624 40 127 69
Europe 84 10 436 57 No data available
Eastern Mediterranean 184 45 229 54 16 22
Western Pacific 598 38 365 24 42 27
Total 2030 36 1989 35 254 42

Source: Adapted from WHO report by Allen et al. [3]

Iron, iodine, and vitamin A are the three most prevalent deficiencies worldwide. It is important to study such deficiencies,
in order to plan an efficient food fortification program, with the ultimate goal of helping to prevent micronutrient
deficiencies

Highlight: Folic Acid Fortification Programs

Fortification of flour and selected grains was implemented to ensure that the majority of women of
childbearing age were receiving adequate amounts of folic acid to offset the risks of neural tube defects
(NTDs). Many studies have evaluated the success and issues related to folic acid fortification in Canada
and the United States. Several evaluations of the folic acid fortification programs implemented in
Canada and the United States have shown significant reduction in NTDs [26, 27], and thus both health
and economic benefits were proven, making such programs successful. However, recent concerns
have been raised that some individuals may be now exposed to higher doses of folic acid after imple-
mentation of the programs. Therefore, there is suspected possible harm for some groups from univer-
sal folic acid food fortification [28]. Concerns include a possible vitamin B12 “masking” effect, and
interactions with some medications such as methotrexate and phenytoin. However, there is no strong
evidence to support this yet [28]. Ray [28] stresses the need to put in place a surveillance system prior
to the initiation of any fortification program. Other researchers suggest the removal of folic acid from
children’s supplements, to help ensure that their folic acid intakes are below the UL [29].

Success Story: The Flour Fortification Initiative

One of the most common food vehicles for food fortification is flour. The flour fortification initiative
(FFI) is an example of successful initiative, which continues to show strong progress. A program
status in a country for fortification may be a mandatory program, a voluntary program, a planning
program, or no program activity. Around the world, there are currently 68 countries that require
fortification of one or more types of flour with at least either iron or folic acid. Flour is most com-
monly fortified with iron, zinc, folic acid, and other B vitamins such as thiamin, riboflavin, niacin, and
vitamin B12. Vitamin A and vitamin D can also be added to flour. Figure 2.1 illustrates the countries
worldwide with mandatory wheat flour fortification. Table 2.5 lists the specific countries by region.
The number of countries with mandatory wheat flour fortification has increased from 33 to 68
countries since 2004. Countries are continuing to implement fortification programs. In less than 2
years, from June 2010 to May 2012, 15 countries put in place regulations for fortification of wheat
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Fig. 2.1 Global progress—mandatory wheat flour fortification. This world map represents the global progress in regard
to mandatory wheat flour fortification with at least iron and/or folic acid. As of May 2012, a total of 68 countries have
implemented mandatory wheat flour fortification. Source: Flour Fortification Initiative www.FFInetwork.org

Table 2.5 Levels of folic acid fortification in five countries with mandatory fortification programs

Country Fortification level Date of implementation
Developed

Canada 150 ng/100 g 1998

United States 140 ng/100 g 1998

Developing

Chile 220 ng/100 g 2000

Costa Rica 180 ng/100 g 1998

South Africa 150 ng/100 g 2003

Source: Adapted from Crider et al. [38]

Mandatory fortification programs have been implemented around the world. This table shows two
examples from developed nations and three examples from developing nations, and the mandatory

fortification level, and date of implementation for folic acid

flour, for a total of 68 countries [30]. The majority of all the countries of the Americas and a large
number of countries in the Middle East and Africa have successfully implemented wheat and/or maize
flour fortification. For countries that aren’t shaded in blue, there may be some fortification program
that exists, however it is not mandatory. Currently, many countries are voluntarily fortifying, or are in
the planning stages of fortification. These countries are not shown on the map for several reasons.
Planning is very hard to determine and some countries that initiate plans do not follow through.
Voluntary fortification is easier to determine, however with this type of program, sometimes only
some flour is fortified, therefore that it can’t be expected to have a public health impact [30].
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Fortification Economics

Cost-effectiveness is defined as the cost of achieving a specified outcome [3]. In the case of food
fortification, examples of outcomes could include the prevention of anemia in one child, or the
prevention of a pregnant mother having folate deficiency and possible NTDs in her baby.

Fortification has been considered to be one of the most cost-effective approaches to addressing
micronutrient deficiencies. Salt iodization, for example, is one of the most cost-effective ways to protect
many populations against iodine deficiency. Adding iodine to salt costs only 2—7¢ per kilogram. This
is less than 5 % of the retail price of salt in most countries [31]. According to the World Bank [8] there
“... [is] probably no other technology available today [which] offers as large an opportunity to improve
lives and accelerate development at such low cost and in such a short time.” The start-up cost for food
fortification is low for the food industry, and since the benefits from food fortification are both durable
long-term solutions, it is a cost-effective approach in overcoming micronutrient malnutrition.

The economic benefits of food fortification include reduced morbidity, improved work capacity,
and improved cognitive ability [23]. By increasing the consumption of specific nutrients in the body
for an overall goal of preventing malnutrition will ultimately reduce health care costs. Also, the eco-
nomic value of fortification is expressed in “improved work output due to increased work capacity
and improved marginal productivity of labour” [23]. Lastly, fortification ultimately leads to a health-
ier population, and many children will have a stronger ability to learn, therefore money spent on
schooling and academic performance would be increased.

Guidance on Safe Levels

Guidance on safe levels of fortificants is guided by research outcomes. Based on evidence from
research, recommendations and guidelines can be drafted. The responsibilities of the health sector
in many countries is to have continuous evaluation of nutrient malnutrition particularly in at-risk
population and to modify the fortification policies and practices based on this. Surveillance of
programs and interventions will help create healthy populations.

Surveillance of micronutrient interventions, including fortification, is crucial in effective project
management, and will help to determine whether the intervention has a positive impact on the popula-
tion. At a global level, WHO is highly involved with situations of micronutrients and their mandate is
to assess the micronutrient status of populations, monitor and evaluate the impact of strategies for the
prevention and control of micronutrient malnutrition, and to keep record of changes and trends over
time. The Vitamin and Mineral Nutrition Information System (VMNIS) was established in 1991 as a
way to strengthen surveillance of micronutrient deficiencies at the global level. The VMNIS is man-
aged by the Evidence and Programme Guidance Unit of the Department of Nutrition for Health and
Development which consists of WHO network of regional and country offices, and in close collabora-
tion with national health authorities.

The specific objectives of the VMNIS [32] are to:

* Systematically retrieve and summarize data on the vitamin and mineral status of populations.

e Provide Member States with up-to-date national, regional, and global assessments of the magni-
tude of vitamin and mineral deficiencies.

e Track progress towards the goal of eliminating major vitamin and mineral deficiencies.

* Provide tools and resources to support efforts of Member States and their partners for assessing the
vitamin and mineral nutritional status in populations.
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Recommendations

The Codex Committee on General Principles (CCGP) and the Commission (CAC) make the recom-
mendation that, for a successful fortification program, a set of five conditions should be met [10]. The
first, there should be an apparent need from either clinical or subclinical evidence which indicates low
levels of nutrient intake(s), or possible deficiencies. The second, the food vehicle to be selected should
be one that is consumed by the population at risk. Thirdly, the lower and upper levels of food intake
should be well known, and the food vehicle should be stable and uniform. The amount of nutrient(s)
added to the food should be sufficient that when the population consumes the food, the nutrient
deficiency should be prevented. And, lastly, the amount of the essential nutrient added should not
result in excessive intakes by anyone, even if an individual has a high intake of the fortified food.
Other recommendations include the following:

* To seek innovative ways to address micronutrient deficiencies, and address the determinants of
health while taking into consideration the many different environments—social, economic, and
political contexts.

* To include nutrition education in food fortification programs, this is important for particular groups
of people, as there is “no universally suitable vehicle for food fortification” [33].

* To possibly increase the fortification level of currently fortified foods [34] but to ensure proper
monitoring and surveillance measures are in place to be aware of possible excess intakes.

* The best strategy to eliminate micronutrient malnutrition or “hidden hunger” is to use a combina-
tion of strategies including fortification, health education and promotion, dietary modification, and
others.

e Food fortification programs should be implemented alongside poverty reduction programs
and other interventions which promote the consumption of healthy nutritious foods among the
vulnerable [17].

e To modify legislation to (1) increase the amount of micronutrients through diet by fortifying
a broader range of foods, and (2) increase the amount of micronutrients added to fortified
foods [34].

* Inthe case of mandatory flour fortification with folic acid, research has shown that it does not reach
all women of reproductive age [35]. Folic acid fortification of more food products might be needed
to reach all population groups effectively so they can achieve the most benefits from the added
micronutrients [36].

e Reisch and Flynn [34] recommend a national public health campaign with a focus on nutrition
education to health professionals as well as the general public on the importance of folic acid in the
diet. Campaigns for other food fortification programs would also benefit the population at large.

e Careful monitoring of existing and proposed programs; evaluate and respond appropriately to
concerns as they arise, and document the progress of these public health programs (i.e., Food
fortification programs).

Conclusions

Fortification has many benefits for the health of populations around the world. It is one of the major
strategies for reducing the prevalence of micronutrient deficiencies in both developed and developing
countries. Enrichment and fortification play a key role in battling deficiencies and restoring health to
countries around the world. The programs in place range from a mandatory program to a program
which is more voluntary. Many developing countries have benefitted from mandatory programs,
which have shown success in reaching the most vulnerable, whereas success has also shown from
voluntary programs in developed countries.



2 Current Mandatory Fortificants in Developed Nations Compared to Developing Nations 29

It is noteworthy to mention that while writing this chapter and collecting the data, information on
fortification policies or legislation for some countries was unavailable, or what was available is still
in draft form. Therefore, an additional recommendation would be for government and monitoring
surveillance systems to keep current and updated information regarding the current status of policies
and legislation.
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Chapter 3
Fortified Humanitarian Food-Aid Commodities

Michael L. Dunn

Key Points

United Nations data indicates that over 925 million people in the world, mainly residing in seven
countries, suffered from undernourishment in 2010.

Humanitarian food aid programs are of ancient origin, but have evolved into a significant, well-
organized, worldwide system coordinated by numerous collaborating state and nongovernmental
organizations.

Because cereal and legume-based products, with limited intrinsic micronutrient content, comprise
the bulk of food aid donations, micronutrient fortification is critical to ensure that the needs of key
vulnerable groups are met.

Factors affecting micronutrient stability include long storage times in uncontrolled conditions dur-
ing staging and transport, presence of lipid and redox active metals—such as iron—in the micro-
nutrient premix, extended cooking times during preparation.

Key vulnerable groups of special concern include infants and young children generally; severely,
or moderately malnourished children and adolescents; the chronically ill (especially people living
with HIV/AIDS or tuberculosis); pregnant and lactating women; and people of all ages suffering
from micronutrient malnutrition.

A significant challenge in micronutrient fortification of humanitarian food aid products is meeting
the disparate needs of a diverse group of beneficiaries, while at the same time keeping product and
manufacturing costs at a minimum.
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FBF Fortified blended food

FFP Food for Peace Act of the United States (Public Law 480, 7 U.S.C. 1691 et seq.)
HIV/AIDS Human immunodeficiency virus/acquired immune deficiency syndrome

IOM Institute of Medicine of the United States National Academies

PVO Private voluntary organization

UL Tolerable upper intake level

UNICEF United Nations Children’s Fund

USAID United States Agency for International Development

WFP World Food Program

Introduction

Many people in the world struggle to obtain sufficient sustenance for maintenance, growth, and health
of the human body. Even though the global supply of food is adequate, zonal climatic events and natu-
ral disasters, wars and political turmoil, lack of resources and education, and poor environmental
management repeatedly result in widespread hunger, malnutrition, and associated disease and mortal-
ity. As humanitarian D. John Shaw so succinctly stated, “The co-existence of hunger with the capacity
to end it is one of the gravest paradoxes of our time” [1]. In the face of this paradox, human compas-
sion, as well as political and economic considerations, has motivated organizations and governments
to offer humanitarian assistance in cases of need.

Humanitarian food aid appears to be of ancient practice [2], but the modern system of global food
assistance has its origins with the organization of the United Nations Food and Agricultural
Organization (FAO) and World Food Program (WFP) [3], and specific country legislation such as the
Food for Peace Act (FFP) in the United States [4]. Over time, humanitarian food aid has progressed
from small-scale, largely unilateral philanthropic efforts of individual world leaders and specific relief
organizations, to a massive, well-organized, multilateral system of collaborating governmental and
nongovernmental agencies [1, 5]. WFP quantity reporting data indicates that over 5,000,000 metric
tons of food aid were distributed to humanitarian relief efforts in 2010 [6].

The FAO estimated that 925 million people in the world were undernourished in 2010 [7]. Figure 3.1
presents FAO/WHO data [7] on distribution of the undernourished population of the world by region.
Not surprisingly, people in developing countries, make up the majority of this number, with almost
16 % of the population of all developing countries considered to be undernourished [7].
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Overview of Food Aid Programming and Distribution

Distribution

Although most of the undernourished people in the world live in just seven countries [7], the scope of
distribution of humanitarian food aid is much more far-reaching, and varies from year to year based
on actual need, as well as political and other circumstances. Statistics from the International Grains
Council [8] indicate that 95 different countries received food aid in the 2009-2010 reporting year. Of
humanitarian food aid distributed by member countries of the Food Aid Convention, which provides
the majority of total distribution, 70 % went to countries of Africa, with the remainder going to Asia,
Latin America and the Caribbean, and other regions as indicated in Fig. 3.2 [8].

Food and cash-for-food donations come from many countries across the globe, but the majority of
food assistance comes from developed regions of the world, especially those areas with high cereal
and leguminous crop production. Figure 3.3 shows the primary donors of food aid distributed between
1995 and 2009 [8].
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While not a donor country, the United Nations World Food Programme is the primary international
coordinator and distributor of multilateral food assistance. WFP relies entirely on donations from other
countries for the food aid provisions themselves, as well as monetary donations for shipping, manag-
ing, and distributing them. In 2010, over 83 different donor countries and federations were listed as
contributors to WFP [9]. WFP, and a large number of individual private voluntary organizations
(PVOs) carry out much of the critical work of assessing needs, organizing specific programs, procur-
ing food and associated resources, and actually distributing commodities to individuals in need.

Food Programming

Food assistance programs can be classified into three broad categories based on objective. These are
defined by Barrett and Maxwell [4] essentially as follows:

Emergency/humanitarian food aid: Food assistance provided to help alleviate suffering and death
associated with famine, natural disasters, wars, and other crises. Because the vulnerable populations
targeted through emergency assistance invariably have the most urgent nutritional needs, and derive
a significant percentage of their total caloric intake from the donated commodities, micronutrient
fortified foods play a vital role in this sector.

Project-specific food aid: Food aid providing an economic or health benefit to a limited group of
chronic-need beneficiaries as part of a targeted field project. Examples include maternal—child health
programs, food-for-work programs, school-feeding programs, etc. Again, the specific nutrient require-
ments of some intended beneficiaries may dictate provision of micronutrient fortified commodities as
part of the program distribution.

Programmed food aid: Consisting of food donations intended to help offset forecast shortages and to
generate noninflationary local currency to recipient governments as food is sold on the open market
in their own country.

Food Products

Within these broad categories, specific food products or combinations of food products, often called
“food baskets,” can further be defined based on usage for supplemental feeding, complementary feed-
ing, or therapeutic feeding.

Supplemental food aid is used to supplement other foods consumed in the diet as a means of pre-
venting or treating moderate malnutrition [10, 11]. The supplemental food assistance category makes
up the bulk of food aid distribution, and is used to provide sustenance for a wide variety of adults and
children across a broad demographic, and with differing nutritional needs.

Complementary foods are foods used to complement or replace breast milk in weaning children,
principally between 6 and 24 months of age. Food aid products used in complementary feeding must
meet the specific energy, macro- and micronutrient requirements for this vulnerable group, as well as
be suitable for consumption by infants of this age

Specially formulated therapeutic food products are becoming more widely used in humanitarian
feeding. Extended famines and complex emergencies inevitably lead to a sharp increase in severely
malnourished and wasted infants and children. Individuals in these cases require special nutritional
and dietary therapy in order to return to full health. A number of specialty [12] and therapeutic prod-
ucts, in the form of milk-based formulas [13], lipid-based supplements [14], biscuits [15], and other
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Fig. 3.4 USAID and WFP food aid distribution by commodity type [6, 16]. The graph compares the range of food aid
products distributed by USAID in 2010 to the range of WFP products distributed between 2005 and 2010. Publicly
available data from these, the two largest world distributors of food aid, show that micronutrient fortified products
comprise between 24 and 28 % of total distribution [6, 16]. TUSAID 2010 programmed food aid tonnage. "WFP 2005—
2010 total distribution tonnage

products have been developed for these targeted applications. These products represented less than
0.4 % of 2005-2010 WFP total tonnage distribution [6], but are highly important in terms of the
benefit they provide. Therapeutic products can also be quite costly relative to other products in the
food aid offering, which is another reason for their limited application.

The overall portfolio of food aid products distributed by donor countries and WFP is rather diverse,
ranging from salmon to soybeans, and includes bulk agricultural commodities, as well as value-added
commodities that have been fortified with vitamins, minerals, and often soy or milk protein. Figure 3.4
indicates the percent tonnage distribution of the various products provided by WFP [6] (2005-2010
total) and USAID [16] (2010 programmed), the two largest distributors of food aid. Micronutrient
fortified products comprise between 24 and 28 % of total distribution. The overall portfolio of prod-
ucts distributed can be categorized generally as follows: unfortified, bagged, minimally processed
bulk grains and pulses; unfortified, further processed agricultural commodities; micronutrient fortified,
further processed commodities; micronutrient fortified blended foods (FBFs), along with therapeutic
and specialty foods.

Unfortified, bagged, minimally processed bulk grains and pulses comprise the vast majority of
food aid distributed, and provide energy, protein, and other macronutrients as well as a limited range
of naturally occurring vitamins and minerals—in some cases in appreciable amounts.
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Table 3.1 Comparison of USAID and WFP wheat flour fortification specifications

Micronutrient WEFP target (source) USAID minimum (source)
Thiamin 4.4 mg/kg (thiamin mononitrate) 6.4 mg/kg (not specified)
Riboflavin 2.6 mg/kg (riboflavin) 4.0 mg/kg (riboflavin)

Niacin 35.0 mg/kg (nicotinamide) 52.9 mg/kg (not specified)
Folic acid 1.0 mg/kg (folic acid) 1.5 mg/kg (folic acid)
Vitamin A 1.0 mg/kg (retinyl palmitate) 10.7 mg/kg (retinyl palmitate)
Vitamin B12 0.008 mg/kg (cyanocobalamin) -

Zinc 30 mg/kg (zinc oxide) -

Iron 15 mg/kg (NaFeEDTA) 44 mg/kg (not specified)
Calcium - 1,102 mg/kg (not specified)*

The table shows that fortification specifications for a product as simple as enriched wheat flour can differ significantly
between different distributing organizations. Data from wheat flour fortification specifications available on USAID [17]
and WFP [18] websites

*Source must be “harmless and assimilable”

Unfortified, further processed agricultural commodities such as soya flour, dried potatoes, canned
fish and meats, sugar, dates, and other products, also provide energy as well as macro- and micronu-
trients. These represent a minor percentage of total distribution, and consequently play more of a role
in adding diversity to the beneficiary diet. Some have limited and uncertain availability, often depend-
ing on donor surpluses.

Micronutrient fortified, further processed commodities primarily include fortified cereal flours and
meals, as well as vegetable oil. These products have a limited number of vitamins and minerals
added —principally a standard cereal fortification blend of B-vitamins and key minerals, or vitamins
A and/or D in the case of vegetable oil. Differences exist in fortification levels depending on the
donor/distributor. Table 3.1 provides a comparison between fortification requirements in USAID [17]
and WFP [18] specifications for wheat flour. The differences between the two specifications are rep-
resentative of differences for most other standard products distributed by the two agencies.

A smaller, yet very important, food aid product category comprises the FBFs, which are grouped
with therapeutic and specialty foods in Fig. 3.4. FBFs taken separately comprised about 6.5 % [6] of
WEFP distribution over the period 2005-2010. FBFs typically consist of cereal flour, soy, or other
legume protein and/or milk powder, a more complete micronutrient premix, and sometimes include
added vegetable oil and sugar. A variety of different blends are available to suit the regional food
preferences of beneficiaries at the distribution site (see Table 3.2). Corn soy blend (CSB) is the most
well-known and widely used of the FBFs. The original specified WFP formulation [18] for CSB com-
prises: 78.24 % corn (maize), 20 % whole (non-dehulled) soya beans, 0.8 % calcium phosphate,
0.76 % potassium chloride, and 0.2 % vitamin/mineral premix, which contains 12 vitamins and 6 dif-
ferent minerals, providing a much broader array of micronutrients than in the fortified flours alone.
Table 3.3 provides a detailed description of the WFP-specified [18] micronutrient premix (FBF-V-10)
for standard use in most WFP FBFs. In addition to the enhanced micronutrient profile, CSB is par-
tially precooked to deactivate trypsin inhibitors and improve the digestibility of the starches and
proteins. With addition of 12 vitamins and 6 different minerals, the FBFs are the most highly fortified
of the WFP food aid products (with the exception of some of the specialty and therapeutic foods or
supplements). FBFs are commonly used for complementary feeding, or to improve the diet of preg-
nant and lactating women, or to supplement the diet of other vulnerable groups who are at significant
risk of malnutrition.

In addition to understanding the general compositional nature of food aid products, and the pur-
poses for their use, it is also important to understand how they are distributed and prepared. The
conditions of distribution and the manner of preparation can play a significant role in the nutritional
benefit they deliver.
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Table 3.3 WFP-specified micronutrient premix for addition to corn-soya blend plus

Vitamin/mineral FBF-V-10 Target® Chemical forms

Vitamins

Vitamin A 1,664 IU Vitamin A palmitate

Thiamine 0.128 mg Thiamine mononitrate

Riboflavin 0.448 mg Riboflavin

Niacin 4.8 mg Nicotinamide

Pantothenic acid 6.7 mg Calcium p-pantothenate

Vitamin B6 1.7 mg Pyridoxine hydrochloride

Folate 60 ng Folic acid

Vitamin B12 2 ug Vitamin B12

Vitamin C 100 mg Ascorbic acid

Vitamin D 4 ng Vitamin D3

Vitamin E 8.3 mg Vitamin E (form not specified, but pL-alpha
tocopherol acetate is typically used)

Vitamin K 100 pg Vitamin K1

Minerals

Iron (a) 4 mg Ferrous fumarate

Iron (b) 2.5 mg Iron-sodium EDTA

Zinc 5 mg Zinc oxide

Todine 40 ng Potassium iodate

Potassium 400 mg Potassium chloride

Phosphorus 200 mg Monocalcium phosphate

Calcium 130 mg

The WFP website [18] provides a detailed micronutrient premix specification for use in products like corn-soya blend
plus (data from WFP technical specification, CSB Plus, version 2.1, 30 Mar 2011)
*CSB Plus must be fortified to provide the indicated net micronutrient supplement per 100 g of finished product

Transportation and Storage

Based on the locations of country donors and recipients shown in Figs. 3.2 and 3.3, it is readily apparent
that considerable transportation is required to get the bulk of food aid commodities to beneficiaries.
While more and more emphasis is being placed on procurement of foods from the area or region of
intended distribution and use, logistical considerations, and inadequate capacity make the so-called
“local and regional procurement” efforts challenging [19]. Consequently, for these and other reasons,
including political reasons, the status quo of shipping food aid commodities long distances from
major production sites will continue into the foreseeable future.

Once food aid commodities are manufactured, packaged, and palletized, most are containerized
and moved through maritime channels to major ports nearest the point of use. Once at the destination
ports, the containers may sit for some time in uncontrolled conditions to await local transport, which
often takes days and weeks over long distances to reach the inland point of distribution. The entire
process can take 69 months, or even longer, from date of manufacture to arrival at the ultimate des-
tination [20]. Because countries with high food aid usage are often located in regions of high heat and/
or humidity, the environmental conditions to which these products are exposed during transportation
can be extreme. Moisture migration and condensation within bags and containers can create pockets
of unstable, high-moisture product which support mold growth, and lead to increased degradation
reactions [21, 22].

A common practice, to help minimize the time between the advent of a food crisis and the avail-
ability of food aid at the area of need, is prepositioning. USAID, for example, has previously stock-
piled food in port cities in the south Atlantic region of the United States, as well as in the Middle East
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and Africa to improve the timeliness of food aid delivery. Prepositioning is advantageous in many
respects; however, the additional storage time opens the possibility for adverse effects on product
quality. The uncontrolled nature of the storage and distribution environment and the duration of stor-
age speaks to the need for concern regarding vitamin and lipid stability in the presence of added
mineral fortificants, which can serve as catalytic pro-oxidants.

Micronutrient Stability

Several field studies [20, 23] have investigated the effects of shipping/storage and cooking on micro-
nutrient stability in fortified food aid commodities. Even though statistically significant losses of
vitamins in the dry blended food aid products were reported [20] during shipping and storage, the
losses were not considered to be “serious.” In addition to shipping and storage conditions, another
potential cause of micronutrient degradation in food aid commodities is beneficiary preparation prac-
tices. Despite differences from region to region, water-based gruels, porridges, and pastes—ranging
from very thin to very thick consistency—are the most commonly eaten food forms for FBFs and
many of the fortified cereal flours and meals [23]. Most of the fortified cereal meals and FBFs cook
up fairly quickly (5-15 min), but beneficiaries in one field study [23] often cooked products for much
longer (around 26 min on average, and up to 53 min of boiling in one case) due to concerns with the
lack of a sanitary water supply and to ensure that the products were safe to eat. Vitamin stability under
these extended cook times was brought into question, and a laboratory simulation [24] showed that
losses of vitamin C and E were significant (up to 53 % and 18 % loss, respectively). However, vitamin
A showed relatively good retention, with no significant loss in most products, and the remaining vita-
mins showed no significant losses during cooking.

Formulation Issues in Micronutrition Fortification
of Humanitarian Food Aid Products

Target Population for Formulation

In selecting the micronutrient profile for FBFs, the undergirding consideration is always the nutritional
status and dietary need of the population of beneficiaries to be addressed; and therein lies a significant
element of difficulty with respect to formulation—namely, choosing the target population.

Sadly, infants and children are usually the most seriously affected by humanitarian hunger crises
[25]. Besides infants and young children generally, other vulnerable groups to which WFP FBFs are
targeted include severely or moderately malnourished children and adolescents, the chronically ill
(especially people living with HIV/AIDS or tuberculosis), pregnant and lactating women, and people
of all ages suffering from micronutrient malnutrition [26]. Clearly, some of these groups have quite
different nutritional requirements, making it improbable that a single food aid product could be for-
mulated to meet all of their needs. One recent study [27] recommended that the FBF commodity
portfolio be redesigned and divided into two product categories: one suitable for infants and children,
and the other suitable for older children and adults, including pregnant and lactating women. However,
a recent report [28], compiled for USAID by Webb et al. at Tufts University, rejects the idea of dual-
product categories, instead proposing an improved nutrient profile for future FBF prototypes that
meets most of the requirements for key vulnerable groups.

Micro- and macronutrient requirements for the key vulnerable groups expected to be users of
any potentially redesigned FBF product-line have been published in the literature. These include
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Table 3.4 Summary of recommended nutrient compositions for fortified blended foods targeted at specific vulnerable
populations (amounts per 100 g food)

Lutter/Dewey [29] Golden [31] Fleige et al. [27] Fleige et al. [30] Webb et al. [28]

Micronutrient Units  BF infant® MAM child® NBF infant® Older & PL? Composite®
Biotin ug 2.9 4.9 - - -
Choline mg 91.8 83.8 - - -
Folic acid ng 83 131.6 156 273 95
Niacin mg 6.1 6.8 7.3 8.2 9.74
Pantothenic acid mg 0.7 1.1 33 2.7 3.53
Riboflavin mg 0.36 0.68 0.73 0.64 0.967
Thiamin mg 0.36 0.38 0.55 0.64 0.746
Vitamin A ng RE 500 7144 734 377 154
Vitamin B6 mg 0.44 0.68 0.55 0.87 0.752
Vitamin B12 ug 0.52 0.98 1.27 1.29 1.5
Vitamin C mg 140-280 37.6 55 28 40
Vitamin D3 ug 2-4 4.1 9.2 8.1 25
Vitamin E mg 10 8.3 5.2 4.7 10.88
Vitamin K ng - 15.0 - - 33
Calcium mg 200-400 315.8 734 698 353
Copper ng 400-800 334.6 - - 390
Todine ng 180 75.2 164 113 230
Iron mg 14 6.8 17.1 11.6 15.5
Magnesium mg 80-120 112.8 99 111 94
Manganese ng 1200 451.2 - - 790
Phosphorus mg 150-200 338.4 504 606 513
Potassium mg - 601.6 2,654 [30] 2,699 707
Selenium ue 20 20.7 18.3 18.4 20
Sodium mg - 206.8 219 [30] 327 239
Zinc mg 8.3 7.5 15.4 8 6.85

This table provides target vitamin and mineral levels recommended in the literature for various vulnerable groups
among populations of food aid beneficiaries, including breast-fed (BF) and non-breast-fed (NBF) infants, children suf-
fering from moderate acute malnutrition (MAM), older children and adults—including pregnant and lactating women
(older & PL), and a composite group comprises infants, young children, and pregnant and lactating women
“Breast-fed infants, 623 months of age

bChildren suffering from moderate acute malnutrition. Recommendation is for age with highest nutrient density requirement.
Data presented on per 1,000 kcal basis has been converted to “per 100 g FBF” basis, using kcal density of USAID CSB
‘Non-breast-fed infants. Recommendation is for age with highest nutrient density requirement

d0lder children and adults, including pregnant and lactating women. Recommendation is for group with highest nutrient
density requirement

*Composite vulnerable group, comprises infants, young children, and pregnant and lactating women

recommendations for breast-fed infants [29], for non-breast-fed infants and young children [27, 30], for
moderately malnourished children [31], for older children and adults, including pregnant and lactating
women [27, 30], and for a composite vulnerable group comprising infants, young children, and preg-
nant and lactating women [28]. Table 3.4 summarizes the recommendations of these various authors.

When trying to merge disparate groups of recommendations into a single proposal, the following
guiding principles are worthy of consideration:

1. Later recommendations tend to represent more recent thinking and are typically based on the latest
published research in the field.

2. Group recommendations tend to represent more consensus thinking.

3. When a range of micronutrient levels are recommended, the higher end of the range would meet
the needs of more people, and would be favored, where toxicity is not an issue.
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While there is a compelling case for providing two different FBF formulations, designed to meet
the needs of infants and adults separately, the logistical and other problems associated with dual
specifications make such a proposal unlikely to be adopted in the near term. Consequently, under-
standing the key differences in micronutrient recommendations presented in Table 3.4. is important
for those wishing to create a single product fortification system. In keeping with the guidelines delin-
eated above, a good starting point for formulation would be the Tufts/USAID recommendations of
Webb et al., given that they represent a group consensus arrived at after a comprehensive review of
the latest literature. Furthermore, their report defines a single-product FBF, designed for a composite
group of infants, children, and pregnant and lactating women. Most of the Webb et al. recommenda-
tions in Table 3.4, are reasonable and well justified; however, several merit further discussion.

Guidance on Levels to Be Added

The importance of folic acid in the diet of pregnant women and women of childbearing age is well
known. The latest recommendation [32] for pregnant women from the Institute of Medicine (IOM) is
daily intake of 600 ng folate, in order to mitigate neural tube birth defects. The Tolerable Upper Intake
Level (UL) established by the IOM is 1,000 pg for women and 300 pg for children. It is therefore
surprising that the Webb et al. recommendation is so low (95 pg/100 g). The authors indicate that the
lower value was chosen in an effort to avoid risk associated with masking of vitamin B12 deficiency.
However, given that vitamin B12 is to be added simultaneously in the same premix, the risks associ-
ated with B12 deficiency would be less of a concern. A higher level, such as that proposed by Fleige
et al. for pregnant women (273 pg), may be a better recommendation to minimize neural tube birth
defects.

The proposal by Webb et al. of reducing vitamin A to 154 ng/100 g is also worth reconsidering.
This reduction was recommended because of the availability of vitamin A fortified vegetable oil,
which would ideally be distributed along with the FBF. However, given the possibility that the oil may
or may not be added to the FBF, and given the widespread deficiency of vitamin A in beneficiary
populations, a level closer to 700 pg/100 g might be a better recommendation.

Vitamin C addition is recommended by Lutter and Dewey [29] at higher than required levels
(140-280 mg/100 g), on the basis that iron absorption would be enhanced. Other authors, including
Webb et al. are hesitant to add higher levels of ascorbic acid because of significant cook losses reported
in the literature, and the expense of ascorbic acid. Much of this concern stems from the 1997 IOM
report [33] on vitamin C in food aid, wherein it was reported that vitamin C was reduced to negligible
levels in some samples collected in the field and shipped on ice to analytical labs in the United States.
However, a more recent laboratory simulation reported by Rowe et al. [24] indicated that only about
50 % of added vitamin C was lost when samples were analyzed immediately after cooking, rather than
cooling and transporting for analysis. There is reason to believe that ascorbic acid addition at the
higher levels proposed by Lutter and Dewey, would result in residual amounts of vitamin C at or
above the IOM dietary reference intake (DRI). Given that vitamin C is typically sorely limiting in
refugee feeding situations, the higher level of vitamin C would be recommended both to prevent
scurvy and to increase iron absorption.

Vitamin D3 has received considerable attention recently, as IOM updated their DRIs in 2010 to
10 pg for infants and 15 pg for adults [34]. In addition to dietary intake, vitamin D can also be syn-
thesized in the skin through sunlight exposure; and the IOM specifically indicated that they used mini-
mal sun exposure by people in North America as a basis for their recommendation. Most food aid
beneficiaries live in equatorial climates, with greater exposure to sunlight, albeit those with darker
skin pigmentation would still benefit from added vitamin D in the diet. Consequently, fortification to
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a level of 10-15 pg vitamin D3/100 g product, would probably be adequate, which is more consistent
with the recommendation of Fleige, et al., than the 25 pg level proposed by Webb et al.

In Table 3.4, only Golden and Webb et al. made recommendations for vitamin K fortification.
Webb et al. suggests addition of 33 pg/100 g, in line with IOM’s 30 pug DRI for children [35] but
significantly lower than the 90 pg DRI for pregnant women. Per the specification data in Table 3.3,
WEFP requires 100 pg vitamin K per 100 g in their CSB, and this higher level would seem to be a
reasonable requirement.

Webb et al. recommended a decrease in calcium to 353 mg/100 g to be consistent with the “new
IOM recommendations.” While their proposal is consistent with the recommendations of Golden and
Lutter and Dewey, it is significantly lower than that of Fleige et al. and well below the IOM DRI of
1,300 mg for pregnant and lactating women. In light of this observation, a level closer to 700 mg, per
Fleige et al., would not be out of line.

The IOM DRI [36] for potassium is quite high, ranging from 600 mg for infants to 5,100 mg for
pregnant women. A common concern with potassium is the potential for bitterness imparted by potas-
sium salts. Webb et al. indicated that they would recommend higher levels, were it not for the potential
for negative impact on sensory properties. However, we have experimented with levels up to
1,500 mg/100 g in an oat-based FBF in the lab, and found sensory effects to be minimal, when using
a blend of 70 % potassium chloride/30 % potassium citrate (unpublished data). The 707 mg level
proposed by Webb et al. would certainly not be a problem from a palatability standpoint, and it may
be possible to go even higher, depending on the product.

Given that FBFs are often given to children in various stages of malnutrition, nearly all of the
authors cited in Table 3.4 agreed that sodium levels need to be kept relatively low to avoid problems
with edema. Golden [31] discussed the phenomenon of increased retention of cellular sodium during
states of malnutrition, which is significantly exacerbated by intake of dietary sodium. The modest
level of between 200 and 250 mg/100 g, proposed by the authors in Table 3.4, is a reasonable approach
for sodium fortification.

Other Factors to Consider

While micronutrient fortification is the primary emphasis of this handbook, additional macro-ingredi-
ent formulation issues that affect micronutrient delivery are worth consideration. One of the major
concerns with food aid formulations is the presence of antinutrients and particularly phytic acid,
which is abundant in grains and legumes and can bind mineral fortificants, making them unavailable
for biological use. Efforts to enhance mineral bioaccessibility in these products have included use of
chelated mineral fortificants. Sodium iron (III) ethylenediaminetetraacetate (NaFeEDTA), for exam-
ple, has been recommended as the best iron source for fortification of whole grain or high extraction
cereal products [37]. However, the higher cost of NaFeEDTA, and its potential to impart unwanted
color changes in fortified products [38], have hindered its widespread use in food aid products to date.
Other studies [39] have evaluated use of phytase enzyme as a pretreatment to reduce mineral binding
in cereal foods. Production feasibility issues and lack of regulatory approval for phytase use in some
countries have prevented this enzymatic approach from gaining a foothold in food aid production.
Due to various technical/sensory and cost challenges for these and other approaches, no monumental
improvements in mineral bioaccessibility have been made in plant-based FBFs to the present time.
Yet another macro-ingredient problem that affects micronutrient delivery is the thick consistency
of most of the FBFs, when prepared at concentrations meeting target energy requirements. USAID
CSB, for example, contains up to 70 % corn, and is consequently very high in starch. A 20 % (w/w)
initial concentration of CSB in water is required in order for the cooked porridge to deliver the recom-
mended [29] energy density of 0.8 kcal/g suggested for infants. At this concentration the cooked CSB
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is thick and paste-like in consistency [40]. Many mothers consequently dilute the CSB to a thin gruel
consistency to facilitate feeding to weaning infants [40]. The end result is a product that not only fails
to meet the child’s energy requirements but also has severely diminished micronutrient density.
Proposals to remedy this potential issue include increased extrusion pressure/time during manufacture
[30], as well as addition of amylase-rich barley malt [30] to dextrinize the starch, resulting in a thinner
consistency. Webb et al. [28], address this issue by recommending an addition of 15 g vegetable oil to
50 g dry FBF during beneficiary preparation. A previous study [40] has shown that addition of 12.2 g
oil to 50 g dry CSB was sufficient to achieve acceptable viscosity, but care needs to be taken with the
formulation to avoid micronutrient dilution from the added oil.

Recommendations

1. Approaches to redesigning the FBF portfolio to include two product fortification categories —one
suitable for infants and children, and the other suitable for older children and adults, including
pregnant and lactating women—should be further explored. Viscosity of products targeted at
infants should be low enough that further dilution with water will not be required.

2. In the meantime, most of the micronutrient reccommendations of Webb et al. in Table 3.4 are excel-
lent proposals for fortification of a composite FBF targeting the range from infants to pregnant and
lactating women. Alternative recommendations for a number of micronutrients are listed herein,
and are suggested as means of better meeting the nutritional needs of this broader range of
beneficiaries.

3. The serious problem of limited mineral bioaccessibility in cereal-legume-based FBFs should be a
major focus of attention; and funding of research into cost-effective, feasible solutions should be a
priority. Mineral chelates, alone or blended with ferrous sulfate, provide the highest level of bio-
availability in FBFs at present.

Conclusion

In conclusion, it is evident that development of micronutrient fortified food aid products is a complex
undertaking. The challenges are significant, and largely stem from the diversity of beneficiary popula-
tions being served, from a cultural, as well as a physiological/demographic standpoint. These chal-
lenges are made more difficult by the critical need to maintain product and distribution costs as low
as possible, which limits opportunities to create the “ideal” product for each beneficiary group. Finally,
there is little opportunity for control over a food aid product once it has been placed into the hands of
the beneficiary. The product may be traded, improperly prepared, shared with others in the household,
or fed to animals—all of which can minimize the potential nutritional benefits to the recipients. Given
these challenges, the past success of fortified food aid has been limited to some degree, but the
beneficial effects are nonetheless significant and far reaching. Much research is presently being under-
taken in the field, and new and improved products are now being developed and tested as a matter of
regular course. Many are the individuals whose lives have been improved and even saved through the
timely delivery of humanitarian food aid; and it is hoped that those who find themselves in need in the
future will benefit to an even greater extent as nutritionists and food scientists continue to expand the
body of knowledge and experience in this critical area.
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Chapter 4
Middle East Perspectives of Food Fortification:
Implementation Dynamics and Policy Factors

Deena Alasfoor

Key Points

e The Middle East Region is composed of countries that are variable in population size, demograph-
ics, wealth, health, and nutritional status.

e Health and nutritional status are dependent on the economic and infrastructure development of
countries.

» Fortification is a cost-effective strategy for the management and control of anemia in developed
countries.

e Important factors in successful implementation of fortification are identification of the problem,
advocacy, alliance, consultation, responsive industry, and resources.

* Pockets of population subgroups continue to have high rates of anemia in-spite of over-all improve-
ment in a country.

* Anemia continues to be a public health problem in developing countries.

* Implementation of fortification contributes to reduction of iron deficiency, but anemia should be
managed through multiple interventions.

* Almost half of the countries in the Middle East do not require flour fortification.

* Anemia helped improve anemia status in countries where trend data are available.

e Development of reliable and sustainable program indicators should be integrated into fortification
initiatives.
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Abbreviations

CDC Centers for Disease Control
DALY Disability-adjusted life years
FFI Flour Fortification Initiative
GNI Gross national income

HDI Human Development Index
KSA Kingdom of Saudi Arabia
MI Micronutrients initiative
MT Metric tonnes

PPP$ Purchasing power parity
UAE United Arab Emirates

UNDP United Nations Development Program
UNICEF  United Nations Children Fund
WHO World Health Organization

Introduction

The Middle East countries have the same geography and history but are very different in many other
aspects. The term started in 1850 when the British India Office named the Arab gulf countries (Middle
East) during the British occupation. After the second world war, it became synonymous with the
region that included all countries west of India to the Mediterranean sea [1].

Middle East countries are variable in land size and population characteristics. Some of these such
as Somalia, Iraq, and the Occupied Territories of Palestine are home to political unrest, and/or natural
disasters while others enjoy political stability and high national income. For example, the Gulf
Cooperation Council countries (Qatar, Saudi Arabia, UAE, Kuwait, Bahrain, and Oman) are consid-
ered among the world wealthiest nations, compared to Yemen and Sudan that have the world lowest
Human Development (HDI) and income indices as defined by the UNDP [2, 3].

The World Health Organization (WHO) developed flour fortification guidelines in 2006, for which
a revision was published in 2010. The 2006 guidelines included human requirements, iron bioavail-
ability, and anemia rates factors. Additionally, the 2010 revision factored in population groups tar-
geted, anemia rates, as well as amount, bioavailability, and type of fortificant [4, 5].

Flour fortification program spread gradually since the middle of the twentieth century when the
United States was the first country to start it. In May 2012, the Four Fortification Initiative reported
that flour fortification is mandatory in 68 countries worldwide [6, 7]. Anemia, however, persists to be
a public health problem in many countries of the world, mostly affecting the needy and vulnerable.
The impact of fortification on iron status of population is most probably defined by a combination of
population (human), agent (food vehicle), and fortificant characteristics. Documented literature is
available on the food and fortificant vehicle factors, but very little information is available on popula-
tion characteristics. Moreover, the magnitude by which fortification is expected to reduce anemia, or
other iron status indicators is not known, and possible confounding factors are recognized but not
fully understood. Unsurprisingly, rate of improvement of iron status and anemia is inconsistent [8].

Impact of fortification cannot be considered in isolation of health, development, or economic sta-
tus. In this chapter the development status of countries of the Middle East will be explored; how and
when fortification was initiated with emphasis on iron in flour. Anemia trend in Middle East countries
will be explored in relation to fortification. Given the lack of comparable data, it is difficult to arrive
at a conclusive evidence for the effectiveness of fortification in the Middle East.
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Status of Development of Middle Eastern Countries

The HDI of the UNDP is defined according to three dimensions: Long and healthy life (life expec-
tancy index), Knowledge (Education index), and a decent standard of living (GNI). Countries of the
region are distributed over the developmental spectrum with Qatar, UAE, and Bahrain among the
highest ranked, and Yemen, Sudan, and Afghanistan are among the lowest. Qatar tops the world
income at 107,721 PPP$ in 2011 [9].

Life expectancy ranges between 74 years in Qatar and 48 in Afghanistan; whereas the mean num-
ber of schooling is highest at 9.4 in Bahrain and lowest at 2.3 and 3.3 years in Yemen and Somalia,
respectively. All other countries are spread in the middle ranges of education, income, life expectancy,
and the composite HDI indicator.

Anemia is associated with income; low-income population groups were found to have lower iron
status [10, 11]. A descriptive study of 46 African countries showed that the decline in the national
financial situation led to an increase in food and medicine prices and cut in health expenditure. In East
Asia, using mathematical modeling and information from 1997 financial crisis, it was estimated that
the economic situation setback that started in 2009 would result in 10-20 % increase in maternal
anemia [12, 13].

Development indicators factors can interfere with fortification outcome. Hypothetically speaking,
if the same fortification program was implemented, anemia in a population with low income, access
to food, and high illiteracy rates is unlikely to improve at the same rate as a more developed
population.

Flour Fortification in the Middle East

Fortification was initiated through the collaborative efforts of the Eastern Mediterranean Region
office of the WHO with CDC, UNICEF, MI, and FFI in response to requests from member countries
in 1996 [14, 15]. Prior to that, Kingdom of Saudi Arabia (KSA) started fortifying flour with iron and
vitamins in 1994 and Afghanistan started on a small scale in the same year. Oman followed in 1996,
and in 2001 the program was initiated in Kuwait in 2002 in Bahrain, Jordan, and Qatar. Flour was
fortified in Yemen in 2005 and in Iran, Irag, Morocco, and Palestine in 2006 [16].

At the time of writing this chapter, ten countries in the region did not establish flour fortification
and these are: Libya, Somalia, Sudan, Syria, UAE, Tunisia, Algeria, and Lebanon. A number of fac-
tors were identified for successful implementation [17], (Fig. 4.1) and these are:

* Identification of the anemia as a public health problem: In 1996 estimates of anemia from national
surveys were published for 15 countries in the region. Those indicated moderate to severe public
health problem among women and children. Since then most countries have implemented periodic
national surveys and collected monitoring data for various population groups. Currently, national
data on anemia are published for most countries except Algeria and Syria. Some have subnational
or dated national data such as KSA, Somalia, Sudan, Qatar, and Libya [18, 19]. This illustrates that
anemia is well established as a public health problem in the region. It was identified in 1995, and
consistently it is being investigated as evidence accumulated from the large number of studies car-
ried out in the region.

* Advocacy and communication: Since the regional workshop in 1996, scientists and authorities
raised anemia as a public health problem, as well as fortification as a solution. In some cases they
were faced with fierce arguments against the program. Fortification advocates were requested to
demonstrate the need for intervention. Medical specialists had unfounded concerns regarding iron
overdose among thalassemia patients in Lebanon. An initial regional meeting to promote flour
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fortification in Iran October 1995 was attended by seven countries and was followed by a technical
multi-agency consultation in Muscat in which 15 milling and food technology experts from 15
countries participated and contributed evidence to the feasibility of fortification in EMRO. After
several technical and logistical questions by counties of the region, WHO-EMRO organized a
follow-up meeting in Beirut [14, 15, 20] (Fig. 4.2).
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Table 4.1 List of Middle East classified countries according to various UN and International Organization [33, 41-43]

World Health Organization UNDP UNICEF (Middle Food and Agriculture
(Eastern Mediterranean) (Arab states) East and North Africa) Organization (Near East)

Afghanistan

Bahrain

Djibouti

Egypt

Iran

Iraq

Jordan

Kuwait

Lebanon

Libya

Morocco

Oman

Pakistan

Qatar

Saudi Arabia (KSA)
Somalia

Sudan (and South Sudan since 2011)
Syria

Tunisia

United Arab Emirates
Yemen

2L 2 2 2 2 2 2L <2 2
2 2L 2 2 2 2 2 2 2 2

2 2 2 2 2

\/
\/

2 2 2 2 2 < 2 2222222 2 2 2 2

2L 2 2 2 2 2 2

Others Algeria Algeria, occupied Algeria, Kyregystand,

Palestine territories and Turkimestan

The presence of International organizations such as the WHO, UNICEF, MI, FFI, CDC, and more

recently Global Alliance for Improved Nutrition had a detrimental contribution to the program. These
organizations played an important role in capacity building for surveys (Oman, Jordan); surveillance
systems (Kuwait); advocacy and provision of fortificant and mixers (Egypt), as well as contributions
to developing standards and guidelines [21] (Table 4.1).

Alliance and consultation: It is unclear whether there were formal alliances in most of the countries
that adopted fortification in the region. However, regional and national cooperation between public
health authority, industry, and the legal authority is clearly a prerequisite for establishing fortification
standards and guidelines. In most countries legal authorities, i.e., Ministries of commerce issue
fortification standards, whereas technological and financial issues and their solutions were put
forth by the milling industry.

Responsive industry: This may be the most important driving force for flour fortification in the
region. Informed and motivated management in the Milling industry helped ease the way to suc-
cessful implementation. There are 1-2 mills in each of the GCC countries; Palestine, Somalia, and
Syria, whereas flour from all other countries is produced by a number of mills that range between
5 in Yemen and over 300 in Iran (Table 4.2).

Bahrain started fortifying flour on a pilot basis before the health authorities took it into consid-
eration. In Oman and KSA, millers obtained guidelines and expertise from their contacts in the
milling industry and started fortification with minimal, if any contribution from the government.

The international association for operative millers is an organized and structured network that
brings together multimillion industries. Open lines of communications between the regional and
international millers made it easier to acquire the know-how. In addition, the comparatively low cost
and high credibility of the intervention made it an attractive option. In 2003 a regional meeting for
the International Association of Operative Millers in Dubai adopted a resolution to support the
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Table 4.2 Number of mills and fortification status of the Middle Eastern Countries

Country Number of Mills Fortification Status Year fortification started
Algeria 250 None -
Afghanistan 17 Voluntary, partial 1994
Bahrain 1 Mandatory 2002
Egypt >145 Partial 2007
Jordan 13 Mandatory 2002
Iran 330 Mandatory for larger mills 2006
Iraq NA All imported 2006
Kuwait 1 2001
Lebanon 12 None -
Libya >9

Morocco 121 80 mills fortifying 2006
Oman 2 Mandatory 1996
Occupied territories of Palestine 2 Mandatory 2006
Qatar 1 Mandatory 2002
KSA 4 Mandatory 1981
Yemen >5 Mandatory 2005
Somalia 1 None -
Sudan 7 None -
Syria 1 None -
UAE 1 None -
Tunisia 36 None -

Flour Fortification Initiative. The Flour Fortification Initiative is a partnership between more than
23 private companies and 26 public/educational institutions worldwide to advance flour fortification
[17,21,22].

» Resources: Financial and technical resources are needed for several components of the program.
Among those: iron assessment for populations, communication, and advocacy, establishing the
program and finally monitoring the program. Countries that established the program had access to
those resources either through support of international organizations or local funds; the program
advances much faster in countries where a small number of mills have most of the market share
such as KSA, Kuwait, Bahrain, and Oman. Where there are large mills, advanced technology and
large production volume helps to reduce cost, which is estimated to be 0.25$ per capita [23].

Anemia Before and After Fortification

Fortification as a preventive and control measure for anemia and iron deficiency is well known [24];
and the biological factors that enhance or decrease iron absorption are established. However, reliable
trend data on anemia in the Middle East are not available, and therefore it is not possible to monitor
fortification outcomes. Logistical issues such as access to equipment and fortificant, ability to intro-
duce the technology into the milling process, and large number of mills are factors that contribute to
lack of adequate establishment of fortification. In addition some populations may have non-optimum
dietary habits that include reliance on non-fortified imported products, or low bioavailable diet
[8, 25, 26].

Other factors could render iron fortification less effective and these are the health status, presence
of infection, and presence of other interventions. It is difficult to account for these factors in the region
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Fig. 4.3 Annual rate of anemia decline in some countries of the Middle East

because of the lack of country comparable data. Trend data from Oman and Kuwait show consistent
decline in anemia rates among pregnant women in Oman, non-pregnant women in Kuwait (personal
communication, Quentin Johnson) (Fig. 4.3).

In Egypt there was an increase in anemia rates from 2000 to 2005, where preschool children went
up by an annual rate of 8 % and nonpregnant women anemia rate went up by 6.4 % annually; however,
there are no available data on the rates after fortification. In Algeria, rates of anemia among pregnant
women were reported to be 46.9 % in 2011. Post-fortification rates in Afghanistan were 37.9 %,
24.7 % for preschool children and pregnant women, respectively, with no baseline to compare with.
Bahraini nonpregnant women showed an increased anemia rates from 37.3 % in 1999 to 51.4 % in
2002; however, post-fortification data was collected after 6 months of fortification only [27-30].

Countries that had data to permit pre- and post-fortification anemia status were Kuwait, Jordan,
Oman, and Morocco. Data from Morocco and Jordan are based on cross-sectional studies before and
after flour fortification, whereas data form Oman is based on institution based surveillance of preg-
nant women at first visit from 1992 to 2011 (refer to chapter 64: Oman perspective this book). Data
from Kuwait is based on institution-based surveillance of Hemoglobin levels for nonpregnant women
from 2001 to 2010.

Morocco showed the largest improvement in anemia status at 9 %, annually which was possibly
magnified because the study was conducted under controlled conditions, and children were moni-
tored, which may create a bias.

Jordan showed a negligible annual decline in anemia; which is explained by low flour fortification
coverage; as 44.1 % of the households only had fortified bread. In addition, the flour was fortified at
30 ppm as opposed to the recommended 60 ppm.

Both Oman and Kuwait had a rate of 1 % for pregnant women, and comparable rates for preschool
children at 1.4 % for Kuwait and 1.1 % for Oman (refer to chapter 64) [31-33]. In Kuwait the fortificant
used was changed in 2007 from elemental to the more bioavailable electrolytic iron. When comparing
the rates of decline before and after this change, it is observed that anemia among women of child-
bearing age in Kuwait declined from 30 % in 2001 to 20 % in 2007, and 18 % in 2010, whereas ane-
mia among adolescents was found to be 32.5, 28, and 24 % in the years 2001, 2007, and 2010 in the
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Fig. 4.4 Prevalence estimates of anemia among preschool children in the Middle East

same order. This indicates annual decline rates of 1.7 % and 0.7 % before and after 2007, respectively,
for women of childbearing age, compared to 0.75 and 1.3 % before and after 2007 for adolescents
(Dr. Ali Jaffer, GCC Executive Health Board, personal communication). A conclusion regarding
efficacy of electrolytic versus elemental iron at the population level at this stage is not possible based
on these findings.

Anemia among preschool children in the region ranges between 59 % in Somalia and to 17 % in
Jordan. There is not enough data to generate powerful statistical analysis, however as shown in
Fig. 4.4 countries that implemented fortification continue to have anemia rates above 20 % [34].

Conclusions

Fortification is being widely advocated as a cost-effective strategy for the prevention and control of
anemia. Despite low anemia rates observed in developed countries, presumably as a result of
fortification, the risk of anemia remains high in developing countries and among population sub-
groups in developed countries. In addition, low iron status in low-income populations and immigrants
cannot be explained by diet alone; therefore, a holistic public health approach should be taken when
managing anemia in populations. Factors other than iron consumption and bioavailability should be
considered; including those that are contextual such as health conditions, development indicators, and
the environment [24].

Anemia could be nutritional and this is caused by reduced iron intake, or due to low folic acid,
vitamin B12, vitamin A status, or secondary to protein energy malnutrition. Genetic hemoglobin dis-
orders could reduce the impact of fortification on anemia; and an array of infectious diseases can
increase blood loss. It is important to have realistic evidence-based expectations when designing a
fortification program. It is highly unlikely that fortification would significantly reduce anemia in



4 Middle East Perspectives of Food Fortification... 55

countries with high rates of malaria or schistosomiasis without a complementary prophylaxis
program; nor it is expected to reach a national prevalence estimate lower or close to the rate of genetic
hemoglobin disorders [11].

Monitoring systems with close observation of vulnerable groups is essential. Hemoglobin assess-
ment is useful to detect trend of anemia but an additional indicator of iron status is needed to measure
the change in iron reserves and anticipate possible outcome. In Iran and Jordan fortification was found
to improve Ferritin but not hemoglobin levels.

The impact study conducted in Bahrain found increased anemia rates based on hemoglobin after 6
months of fortification. These unexpected findings could be due to a combination of factors that
include short time from fortification to assessment and that does not permit the reserves to reflect in
circulating hemoglobin in addition to inadequate assessment and quality assurance procedures for
measurement of biological indicators [30, 35, 36].

Fortification has a benefit/cost ratio of 8:1; and the cost/person/year is about $0.12. This makes it
an important opportunity especially in light of the accommodating industry situations in the Middle
East. Fortification is estimated to reduce perinatal and maternal mortality by one-third for cost per
disability-adjusted life years (DALY) calculations, significantly lesser than supplementation that
reduces mortality by two thirds. Fortification remains, however, a cost-effective sustainable approach
by virtue or its consistent delivery systems and low implementation cost that is mostly taken up by the
industry [37-39].

Recommendations

Public health authorities and international organizations should consider anemia a major public health
problem and take a public health muti-intervention approach for its management and control.

Fortification is a cost-effective strategy; however, the magnitude by which it is expected to control
anemia is limited. Countries are advised to develop and maintain indicators of anemia as well as iron
status of various population groups especially women and children, the poor and displaced.

It is important to understand the risk factors of anemia in the region and build coalition, gain politi-
cal support, and engage the industry in public health plans. Consideration should be given to classify-
ing countries according to the magnitude of risk factors and develop a clear framework for management
that considers modifiable and non-modifiable risk factors, equity considerations, and the social deter-
minants that may be responsible for anemia, dietary composition, and flour consumption [40].
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Chapter 5
Food Fortification Policy in Canada

Jocelyn Sacco

Key Points

* Food fortification has a long history of use in Canada to address public health needs.

e The earliest evidence of food fortification in Canada was the iodization of salt; other major
fortification policies include the mandatory addition of B vitamins and iron to flour, the fortification
of milk and margarine with vitamin D, and the folic acid fortification of enriched cereal grains.

e The desire to harmonize with the fortification policies of major trading partners was often an
important consideration in the decision to fortify.

* The addition of vitamins and minerals to foods without evidence of public health need is increasing
in Canada.

e The implications of expanded voluntary food fortification for population health are unclear.
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Introduction

This chapter presents a brief history of food fortification policy in Canada, with emphasis on some of
the major developments in this practice. The guiding principles and regulatory framework for food
fortification in Canada are then outlined and current directions in food fortification policy are dis-
cussed. Readers are encouraged to refer to other authors for additional reviews of this history [1-3].

A summary of the major developments in food fortification policy in Canada can be found in
Table 5.1.

A number of themes arise when considering Canada’s experience with food fortification. These
include questions about the most appropriate foods to use as vehicles for nutrient additions and the
need to balance reductions in nutrient inadequacy with the potential for excessive nutrient intake.
There has also been ongoing tension over whether the addition of nutrients to foods is the best approach
to correct nutrient inadequacies, compared with shifts in dietary patterns.

History of Food Fortification in Canada

Salt and Iodine

One of the first instances of food fortification in Canada was the iodization of salt. Iodine deficiency
resulting in goitre was known to exist in parts of Canada in the 1920s, resulting from soils naturally
poor in iodine [4]. Following the work of Marine and Kimball, who demonstrated a dramatic impact
of salt iodization on goitre prevention among schoolgirls in Ohio [5, 6], salt iodization began to be
practiced in Canada [7]. Iodization was initially indiscriminate, resulting in large variation in the
iodine content of salt, often at levels thought to be in excess of nutritional needs [7]. Following a
review directed by the National Research Council, optimal levels of iodine addition, including a
minimum and maximum level, were defined for addition to salt [7]. The iodization of salt was made
mandatory in 1949 [3].

Table 5.1 Summary of major developments in food fortification policy in Canada®

Year Mandatory fortification Year Indiscriminate fortification

1944  Enrichment of flour mandated in 1964 Liberal addition of vitamins and minerals to
Newfoundland (prior to entry into Canada) unstandardized foods prohibited; Canada
to address nutrient deficiencies restricts food fortification to certain standardized

foods, at defined levels of nutrient addition
1949 Iodization of salt is mandated to prevent goitre 2004  Introduction of NHP directorate; permits
discretionary addition of nutrients to foods
following approval of NHP status
1975 Mandatory fortification of milk and margarine 2005 Discretionary food fortification proposed,

with vitamin D to prevent rickets no action taken

1976 Enrichment of bread and flour with thiamine, 2011 Interim marketing authorization permits addition
niacin, riboflavin, and iron were made of vitamin D to bread and yeast-leavened bakery
mandatory to address suboptimal nutrient products
intakes

1998 Folic acid fortification of enriched cereal grain
implemented to prevent neural tube defects

4Unpublished
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Some indication of the success of this policy was observed following a large national nutrition
survey (Nutrition Canada) conducted in 1970-1972, which suggested that on the basis of iodine
excretion alone, iodine intake was adequate, with only small prevalences of goitre still observed in
some areas [8]. However these were not attributed to inadequate iodine intake [8, 9]. Generally, the
iodization of salt is thought to be responsible for eliminating goitre in Canada [3].

Nutrition in Newfoundland

Some of the early development of food fortification practices began in Newfoundland, a large island
off the eastern coast of Canada, prior to its entry into Canada. This is further described in Box 5.1.

Box 5.1 Nutrition in Newfoundland

In Newfoundland, a reliance on fishing and land ill-suited for agriculture led to poor dietary
practices [84]. Prior to its entry into Canada in 1949, widespread symptoms of nutrient deficiency
had been reported, leading to the organization of a large nutrition study of the area, including
clinical evaluations, to better evaluate the extent of the problem [84]. The study revealed high
prevalences of vitamin A, C, and riboflavin deficiency, and some indication of thiamine and
niacin deficiency.

In 1943, prior to the release of the study findings, the Government of Newfoundland man-
dated the enrichment of white flour with thiamine, niacin, riboflavin, and iron; this had taken
effect by 1944, just after the study had been completed [17]. In 1947, calcium was added to
enriched flour in Newfoundland [17]. This enrichment policy was made possible by the recent
synthesis of thiamine in 1935, followed by the synthesis of riboflavin and niacin shortly there-
after [16, 85, 86]. It was recognized that milling of white flour resulted in large losses of thia-
mine and other B vitamins in the flour and that the addition of vitamins to flour may correct
these inadequacies [15]. Although changes in dietary patterns also had the potential to correct
these deficiencies, it was generally perceived that Canadians were resistant to increasing their
intakes of whole wheat flour and bread [15].

Because much of the land in Newfoundland was not suitable for agriculture [84], milk produc-
tion was very limited. This fostered the growth of the margarine industry [87]. In 1945 margarine
was fortified with vitamin A in Newfoundland to make it a better substitute for butter [17].

A follow-up survey in Newfoundland in 1948 noted marked improvements in the symptoms of
thiamine, vitamin A, niacin, and riboflavin deficiencies, and this was attributed to the fortification
of flour and margarine [17]. Although margarine had been historically banned for sale in Canada,
when Newfoundland joined Canada in 1949, margarine became permitted for sale in the rest of the
country [87].

Enrichment of Bread and Flour in Canada

In 1939, dietary surveys conducted in Halifax, Quebec, Toronto, and Edmonton suggested that poor
intake of thiamine, among other nutrients, was a problem in Canada [10—14]. An assessment of other
B vitamins was not conducted, but intakes were presumed to be poor because thiamine, niacin, and
riboflavin were thought to be found together in most foods. Although beriberi, or acute thiamine
deficiency, was not widespread, milder clinical presentations were of concern and action was felt to
be warranted [15].
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The enrichment of bread and flour was taking place in the United States by 1941 [16], and in
Newfoundland, by 1944 [17]. However in Canada there was some argument against the addition of
only a few nutrients to flour, when it was apparent that other nutrients were being lost in the milling
of white flour, not all of which could be synthesized and added back [18]. At this time the addition
of synthetic nutrients was perceived to be a form of adulteration [19], and Canada instead opted
to encourage retention of these nutrients in flour through different milling processes [15, 20].
This process, developed by F.F. Tisdall in 1941 produced flour that was soon standardized in Canada
as “Canada Approved Vitamin B White Flour” [19]. This flour was not widely taken up for use by
industry because of perceived challenges in production and difficulty marketing, and by 1944 it was
estimated that only 7 % of flour consumed in Canada was “Canada Approved” [19].

In the mid- to late-1940s, nutrition surveys were conducted across Canada by the Department of
National Health and Welfare that measured dietary intake and conducted physical examinations
(including blood analyses) [21-23]. These surveys documented signs of micronutrient deficiencies
for a number of nutrients, particularly for vitamin D and riboflavin, and to a lesser extent vitamin C,
iron, and vitamin A. These deficiencies rarely led to advanced nutrient deficiency diseases but often
resulted in milder clinical symptoms [21-23]. While some were critical of the need for enrichment in
Canada, given that thiamine and niacin deficiency (mild or severe) were not widely reported [21, 24],
voluntary enrichment of white flour with thiamine, riboflavin, niacin, and iron was permitted in
Canada by 1953, in part due to a push from the baking and milling industries to harmonize with the
United States [25, 26]. Allowing flour enrichment also harmonized practices with Newfoundland,
which was now a part of Canada and employing mandatory enrichment of flour [27].

Following the Nutrition Canada survey, nutrient intakes were perceived to be suboptimal and a
number of mandatory enrichment options were proposed, including the addition of thiamine, riboflavin,
niacin, and iron to flour [8, 28, 29]. By 1976 the addition of thiamine, riboflavin, niacin, and iron at
specified levels became mandatory [30].

Vitamin D Fortification in Canada

Canada has historically had a high incidence of rickets [23]. This can be attributed to poor vitamin D
intake because of the limited food sources of this nutrient, coupled with the low synthesis in the skin
due to insufficient sunlight exposure for much of the year [31].

In 1929 the number of deaths reported due to rickets was 203, and this declined to 34 by 1944 [23].
This followed the introduction of irradiated yeast which was fed to cows, increasing the vitamin D
content of milk [8]. By 1946, vitamin D insufficiency remained a problem, as evidence of “definite”
or “past” rickets was noted among a large proportion of children 5 years and younger in surveys in
British Columbia and Saskatchewan [23].

By 1964, vitamin D addition to foods was widespread, and was being added to such foods as fluid
milk (although the practice varied widely by province), evaporated milk, milk powder, chocolate
drink powders, fruit drinks, breakfast cereals, baby biscuits, and margarine [2, 32]. The widespread
voluntary addition of vitamin D to such foods was thought to contribute to a large number of children
1-5 years with excessive vitamin D intakes, while at the same time, rickets persisted [2]. In 1964, the
Food and Drug Directorate amended the food and drug regulations (FDR) to ban the addition of vita-
min D to all foods except for evaporated milk, margarine, and infant foods [33-35], although fluid
milk was added to the list of foods permitted for vitamin D addition in 1965 [2]. The move to restrict
vitamin D fortification followed reports of hypercalcemia among infants in the UK and Switzerland,
which were attributed to excessive vitamin D intake from fortified foods and dietary supplements
[33]. Similar concerns of excessive vitamin D intakes among infants in Canada had also been
expressed [36]. However, because the addition of vitamin D to these foods was voluntary, exposure
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was variable and rickets remained a problem among children [37, 38]. Acknowledging the increase
in rickets in the country, the Canadian Council on Nutrition recommended that it should be mandatory
that all forms of milk be fortified with vitamin D (within minimum and maximum levels) [38]. It was
perceived that this would not pose risk of excess within the permitted range of nutrient addition, given
current milk consumption patterns and common use of vitamin D supplements [35, 38]. It appears
that some provinces began adopting this practice right away by making the addition of vitamin D at
the dairy level permissible [39], but poor vitamin D intakes among infants, children, and adolescents
were still reported in the Nutrition Canada survey [40]. The addition of vitamin D to milk and mar-
garine was made mandatory in Canada in 1975 [27], and this policy is credited with eliminating
rickets in Canada [27]. The addition of vitamin D to milk and margarine was made mandatory in
Canada in 1975 [27], and is believed to have dramatically reduced the prevalence of rickets [27].
However, this problem appears to persist in Canada. In 2004-2006, 104 cases of vitamin D deficiency
rickets were reported in young children across Canada [41], suggesting that alternative strategies may
be needed to address this problem.

Indiscriminate Addition of Vitamins and Minerals to Foods in Canada

By 1939 there were a variety of nutrition-related claims appearing on foods in Canada that were
perceived to be misleading or exaggerated [42]. This resulted in revisions to the FDR in 1941 that
restricted the types of claims that may be made and set a minimum amount of nutrient that must
be present for any claim to be made (these corresponded with amounts thought to reflect “good”
or “excellent” sources of the nutrient per reasonable daily intake of the food), and set minimum
amounts for nutrient addition [3, 42, 43]. In 1949, maximum permitted levels of nutrient addition
were established [3].

The addition of vitamins and minerals to foods as a marketing tool was common in the early 1960s
[2, 25, 32, 34]. After 1964, the indiscriminate addition of vitamins and minerals to foods was prohib-
ited in order to prevent consumer deception [2, 34]. These regulations continued to permit the addi-
tion of certain vitamins and minerals to certain foods (e.g., breakfast cereals), at predefined amounts.
Nutrient addition to unstandardized foods was prohibited [34].

Following evidence of suboptimal nutrient intakes from the Nutrition Canada Survey, voluntary
breakfast cereal fortification was expanded to permit the restoration of nutrients lost during process-
ing [44, 45]. In response to industry requests, zinc was added to this list in 1989 [46].

Folic Acid Fortification

In the 1980s a growing body of evidence suggested a potential link between increasing intake of folic
acid and a reduction of neural tube defects. This was supported by many observational studies and by
the early 1990s, a number of large randomized controlled trials [47—49].

Folic acid is required for the proper formation of the neural tube during prenatal development,
which occurs early in the first trimester; often before a woman knows she is pregnant [47]. Although
encouraging supplementation of folic acid among women of childbearing age had been identified as
an option to prevent neural tube defects, there are many challenges to this approach, including the
potential for poor compliance [50], therefore food fortification was pursued as a way to reduce the
prevalence of neural tube defects.

The voluntary fortification of enriched bread, flour, pasta, cornmeal, rice, and other grain products
with folic acid was implemented in the United States in March 1996 and fortification was made mandatory



64 J. Sacco

Jan 1, 1998 [51, 52]. In order to reduce barriers to trade, and to prevent neural tube defects, Canada
moved to permit voluntary folic acid fortification shortly after the United States (December 1996)
[53-55]. Voluntary fortification of enriched cereal grains was made mandatory in December 1998.

A large reduction in the incidence of neural tube defects in Canada has been observed since the
implementation of the policy. There is evidence that neural tube defects have declined by as much as
46 % in Canada [56], and this decline was even greater in provinces with higher baseline prevalences,
for example reductions in Newfoundland and Labrador reached 78 % by 2003 [54, 56].

Although this policy has been successful, concerns about adverse effects of mandatory folic acid
fortification have been expressed. One concern, recognized prior to the implementation of the policy,
was the potential for masking the hematologic signs of vitamin B12 deficiency, which could allow the
neurological symptoms to progress unnoticed [47]. More recently, there is emerging evidence of a
relationship between high folic acid intake and an increased risk of colorectal cancer [53, 57, 58],
although at this stage the research is equivocal [59].

Recent estimates of red blood cell folate levels from a nationally representative sample of Canadians
suggest that the prevalence of folate inadequacy in the population falls below 5 % and the proportion
of women of childbearing age with red blood cell folate levels below the cut-off considered optimal
to prevent neural tube defects is 22 % [60]. However, a large proportion of the population has a red
blood cell folate status considered to be “high,” which is far in excess of need [60]. Whether or not
these levels translate into adverse effects for health is unclear, but it highlights the challenges associ-
ated with implementing population-wide fortification in order to address nutrient intakes in a subset
of the population, and reinforces the need to continue monitoring the impact of this policy on health.

Current Framework for Food Fortification Policy in Canada
Guiding Principles

Canada uses food fortification in a manner consistent with the guidance in the Codex Alimentarius
[27, 61], a set of internationally recognized food standards developed by the Codex Alimentarius
Commission, which was established by the Food and Agriculture Organization and World Health
Organization. These guiding principles are described in Box 5.2.

Box 5.2 Codex Basic Principles for the Addition of Essential Nutrients to Foods

The Codex Alimentarius guidelines for the addition of nutrients to foods describe the use of
fortification:

e To address documented nutritional needs

* To maintain the nutritional equivalence of substitute foods (e.g., nondairy milk beverages)
* To restore nutrients lost during processing, handling, or storage

» For special purpose foods (e.g., meal replacements)

Furthermore, the Codex guidelines specify that the nutrient added should be available in
nutritionally significant amounts that do not lead to excessive intakes, is stable in the food and
biologically available. The guidelines also discourage the addition of vitamins and minerals to
foods that may mislead or deceive consumers [61].
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Current Regulatory Framework

The addition of vitamins and minerals to foods in Canada is currently regulated under the Food and
Drugs Act. Part D division 3 of the Food and Drugs Regulations (FDR) outlines a list of nutrients that
can be added to foods, and to which foods they can be added [62]. Standards of identity for these foods
in the FDR prescribe the maximum and minimum amounts at which the specific nutrients can be added.
A regulatory amendment to the FDR is required for additional foods to be fortified or nutrients to be
added. However, in some cases (e.g., calcium fortified orange juice), a Temporary Marketing Authorization
Letters (TMAL) or Interim Marketing Authorizations (IMAs) has been issued, which permits a product
to be sold temporarily, before the regulatory change is finalized. Requests for IMAs for the addition of
nutrients to foods must be consistent with Codex Alimentarius principles (FDR, B.01.056).

Expansion of Voluntary Food Fortification in Canada

Proposal for Discretionary Fortification

In 2005, Health Canada proposed a food fortification policy that, if adopted, would amend the Food
and Drugs Regulations to permit manufacturers to add vitamins and minerals to a wide variety of foods
at their discretion, a practice referred to at the time as “discretionary fortification” [63]. The policy was
designed to facilitate trade harmonization, recognizing more liberal fortification policies in the United
States and Europe, and to provide Canadians with a greater variety of food sources of nutrients.
Outlined in the policy proposal was a list of nutrients to be permitted to be added to foods, and the
maximum and minimum levels at which they could be added. These amounts correspond with those
needed for nutrient content claims (e.g., “good” or “excellent” source claims) on food labels. Consistent
with similar policies in other jurisdictions [64, 65], Health Canada’s proposed discretionary fortification
policy excluded standardized and staple foods and beverages from being fortified. Because they are so
widely consumed, permitting their indiscriminate fortification was thought to pose unacceptable risk
of excessive nutrient intake. Additional regulations were proposed to permit the expansion of breakfast
cereal fortification to encompass a greater variety of nutrients, often at higher levels of addition.

Since its release, Health Canada’s proposed policy has been shrouded in controversy largely
because of concerns that discretionary fortification will function to reinforce poor dietary patterns and
contribute to obesogenic diets [66—68]. Although consultations continue [69], it appears that Health
Canada’s discretionary fortification policy, as proposed in 2005, is no longer planned for adoption
in its current form, although the changes to breakfast cereal fortification are thought to be moving
forward [68].

Importantly, this policy direction reflected a shift away from the guiding principles, outlined by the
Codex Alimentarius, that Canada has traditionally followed, towards food fortification without a pub-
lic health rationale. Health Canada has since proposed the incorporation of discretionary fortification
principles into Codex guidelines [61, 70].

Three evaluations of the health implications of the proposed discretionary fortification policy have
been conducted. Although this policy has not been implemented, food fortification at the discretion of
the manufacturer is expanding in Canada via alternative regulatory avenues (described in the subse-
quent section) and insights gained from examinations of the original policy proposal can inform cur-
rent developments.

In order to explore the implications of the policy for dietary patterns in Canada, Sacco and Tarasuk
conducted an analysis of the consumption of foods eligible to be fortified under the proposed discre-
tionary fortification policy using nationally representative dietary intake data from the Canadian
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Fig. 5.1 Impact of discretionary fortification, as modeled in the CCHS (2004), on the proportion of the population that
exceeds the tolerable upper intake level for niacin (adapted from Sacco and Tarasuk J Nutr. 2009;139(10):1980-6)

Community Health Survey (CCHS), Cycle 2.2 (2004) [71]. They found that the consumption of these
foods is negatively associated with intake of fruits and vegetable, milk products, fiber, and other indi-
ces of healthy eating [71]. Furthermore, many of these eligible foods are highlighted in Canada’s
Food Guide as “foods to limit” [72].

Further concerns arise regarding the slate of nutrients proposed to be eligible for addition, and the
amounts at which they could be added. Health Canada conducted modeling of the proposed policy in
order to prevent risks of excessive intake [63]. However, they used data from provincial nutrition
surveys that were not nationally representative of the population, assessed a limited number of nutri-
ents, and did not assess the potential for benefit as well as risk [63].

Using the CCHS (2004), and applying the criteria outlined in the proposed policy, Sacco and
Tarasuk modeled the potential impact of the discretionary fortification policy and the proposed expan-
sion to breakfast cereal fortification on the nutrient intakes of Canadians [73]. These results high-
lighted the mismatch between the proposed nutrient additions and Canadians’ actual needs. While the
addition of some nutrients permitted under the proposed policy could potentially reduce the preva-
lence of inadequate intakes in the population, some other nutrients slated for addition (e.g., niacin,
thiamine, riboflavin) are already being consumed in adequate amounts by most of the population, so
there would be no discernible benefit from their addition. In some instances, depending on uptake of
the policy by both manufacturers and consumers, the permitted nutrient additions could increase risk
of excessive nutrient intakes, particularly among children and adolescents [73]. Figure 5.1 shows the
potential impact of full implementation of discretionary fortification, as modeled in the CCHS (2004),
on the proportion of the population that exceeds the tolerable upper intake level (UL) for niacin.

Natural Health Products as Voluntarily Fortified Foods

The Natural Health Products Regulations is another more recent regulatory avenue through which
foods can be fortified [74]. Under these regulations, foods can apply for Natural Health Product
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(NHP) status. An example of an NHP currently fortified with vitamins or minerals and sold in Canada
is Red Bull Energy Drink.

Although the proposed discretionary fortification policy has not been formally adopted, the volun-
tary addition of vitamins and minerals to foods without a public health rationale has begun to occur
through NHP regulations [74]. These regulations, introduced in 2004, were designed to create stan-
dards for safety and efficacy for products such as herbal remedies, vitamins, minerals, homeopathic,
and traditional Chinese medicines. The regulations do not expressly exclude NHPs from assuming a
“food-format”; hence foods adding nutrients or making certain claims prohibited for foods under the
FDR may be eligible for NHP status, and legally sold in Canada. Acknowledging that ambiguities
exist with respect to whether certain foods can be considered NHPs, Health Canada has published a
guidance document on this issue [75]. Whether such products are regulated as foods or NHPs depends
on how they are represented, public perception and traditional use of the food, as well as its composi-
tion and format [75].

A major concern surrounding this new direction in Canadian food fortification policy is that there
are no apparent restrictions on the maximum permitted levels of nutrient addition or on the types of
foods permitted for fortification. This is particularly concerning because one fortified beverage was
recently available in Canada containing retinol at the level at which the UL is set. (The critical adverse
effect for which the UL was established is hepatotoxicity among the general population and teratoge-
nicity among women of childbearing age [76].) Very recently, following concerns expressed by nutri-
tion experts [77], the beverage manufacturer has indicated that the retinol will be reduced to one-third
of the original amount.

Interim Marketing Authorization for the Addition of Vitamin D to Bread

In recent years there has been increasing interest in the relationship between vitamin D and health,
with a growing body of literature linking this nutrient to chronic disease risk. Revised Dietary
Reference Intakes (DRI) for vitamin D (and calcium) were established in 2010 which outline updated
requirement estimates that take into consideration this new literature base [31]. Recent evaluations of
vitamin D intake and status among Canadians found that intake of this nutrient is inadequate for opti-
mal bone health for 26 % of the population [78, 79]. This suggests that there is potential benefit to be
gained by the addition of this nutrient to foods, particularly because there are so few foods in which
vitamin D is found naturally. This has resulted in some discussion of expanding the existing vitamin
D fortification practices in Canada [79, 80].

In February 2011, in response to a submission by a member of the baking industry [81], an IMA
was issued for the voluntary addition of vitamin D to bread and “unstandardized yeast-leavened bak-
ery products.” This would allow a maximum of 90 IU (2.25 pg) of vitamin D to be added per 100 g
of product, permitting a product to display a “source of vitamin D” claim. The rationale for this IMA
is that it will allow for a broader range of vitamin D fortified products, which would be of benefit to
both consumers and the food industry [82].

Although an increase in vitamin D intake for many Canadians would likely be of some benefit,
adopting voluntary fortification as an approach to addressing this public health problem raises some
concerns. Specifically, benefit can only be realized by those purchasing these products, and it is
unclear if those consuming them are likely to be those in need. Although bread is widely consumed
and has been a successful vehicle in delivering other nutrients to Canadians under mandatory
fortification policies, the voluntary nature of this policy suggests that not all manufacturers will take
up this opportunity. Additionally, the fact that other bakery products would be eligible for fortification
(e.g., doughnuts), raises some concerns over the implications of adding nutrients to foods otherwise
considered unhealthy [72, 82].
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Conclusion

In Canada, food fortification practices have evolved in response to public health needs. In many cases
these practices began as short-term voluntary fortification policies that later became mandatory. These
mandatory food fortification policies have been responsible for correcting a variety of nutrient
deficiencies over the last century. Although there was a period prior to 1964 when fortification of
unstandardized foods was voluntary and largely unrestricted, Canada has since tightly regulated the
addition of vitamins and minerals to foods. However, in recent years regulatory changes have allowed
for an increase in fortification practices at the discretion of the manufacturer.

As food fortification evolved in Canada, the goal was often one of achieving balance between
addressing nutrient needs and preventing excessive nutrient intakes. It has also been shaped by the
desire to harmonize with other regulatory jurisdictions, which resulted in the need to weigh industry
and trade considerations against public health concern. The literature on food fortification in Canada
also raises questions about the necessity of some nutrient additions and the impact of food fortification
on dietary patterns.

Recommendations

Dietary assessment methodology has advanced dramatically over the past few decades, improving
our ability to assess the impact of food fortification policies on nutrient intakes and delineate popula-
tion health implications. For example, the establishment of ULs provided, for the first time, bench-
marks against which the potential for excessive nutrient intake can be evaluated [83]. In order to
facilitate evaluation and monitoring of fortification policies and practices, nutrient composition data-
bases for use in future nutrition surveys should be better designed to capture food fortification, par-
ticularly voluntary food fortification.

It is important that we continue to monitor the implications of food fortification policies in Canada,
both mandatory and voluntary, on population health, particularly in the context of changing dietary
patterns and our evolving understanding of the role of nutrients in health and disease.
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Chapter 6
Iron Fortification of Milk and Dairy Products

Philippe Cayot, Tatiana Guzun-Cojocaru, and Nathalie Cayot

Key Points

* Anaemia is a worldwide health problem, mainly due to the low availability of iron in food products.

* The bioavailability of heme iron is far greater than the one of non-heme iron.

e Dairy products consumed together with iron-rich food decrease the availability of iron but the
competition between calcium and iron ions is not clear.

 [Iron is naturally present in milk under the form of lactoferrin, but lactoferrin may undergo thermal
denaturation during process.

 Iron salts, cheaper than lactoferrin, are preferably used to fortify dairy products. The bioavailabil-
ity of iron depends on the solubility and the dissociation constant of the salts.

* To administer iron as a medicine or through iron-enriched foodstuffs is potentially dangerous
because it can induce peroxidation, which increases oxidation stress.

* Encapsulation and/or stable iron complex could be a good solution to protect iron against oxidation.

Keywords Anaemia ® Dairy products ® Iron fortification  Iron salts ® Lactoferrin ¢ Iron-bis-glycinate
* Lipid oxidation ¢ Peroxidation

Introduction: Iron Status in Human Nutrition

World Prevalence of Iron

Blood haemoglobin level is used to define anaemia. Thresholds are given by category of age, of sex,
and also of physiological status such as pregnancy. For example, the threshold is 120 g L' of haemo-
globin in blood for a nonpregnant adult woman, 110 for a pregnant woman, 130 for a man older than

P. Cayot (<) « N. Cayot

Research unit PAM, UMR MA AGROSUP 2012.02.102, Batiment Nord, AgroSup Dijon,
26 Boulevard du Docteur Petitjean BP 87999, 21079 Dijon, Cedex, France

e-mail: p.cayot@agrosupdijon.fr

T. Guzun-Cojocaru
Research unit EMMA, EA 581 of University of Burgundy, Batiment Nord, AgroSup Dijon,
26 Boulevard du Docteur Petitjean BP 87999, 21079 Dijon, Cedex, France

V.R. Preedy et al. (eds.), Handbook of Food Fortification and Health: From Concepts to Public 75
Health Applications Volume 1, Nutrition and Health, DOI 10.1007/978-1-4614-7076-2_6,
© Springer Science+Business Media New York 2013



76 P. Cayot et al.

15 years, 110 for a child under 5 years... Iron deficiency constitutes the most important worldwide
problem of human nutrition. In 2005, 1.62 billions of people were concerned by iron deficiency. Iron
deficiency is encountered mostly in poor countries and particularly in Western Pacific, except Australia
and New Zealand, in India and Pakistan, in the great majority of countries in Africa, in South America,
more precisely in Brazil, Peru, and Bolivia. Iron deficiency is also spread in developed countries
where 26-28 % of preschool children and nonpregnant women are deficient in iron [1]. The preva-
lence of iron deficiency is higher for women than for men and higher for children than for adults [2].
Iron deficiency comes from diverse origins but mainly related to the low availability of iron in food
products. All types of supplementation and especially pharmaceutical forms—neutraceutical —give
lower results than iron fortification of foodstuffs [3]. Iron fortification of foodstuffs remains the cheap-
est way to avoid iron deficiency and insure the daily intake over a long period. It is also better than
tablet supplements that are known for causing digestive intolerance. Pregnant women consuming iron
tablets have experienced morning sickness, nausea, and vomiting [4, 5]. These side effects explain
partly the low observance of pharmaceutical correction against anaemia.

Physiologic Role of Iron

Iron is present in very low quantities in human body (2.3 g for 60 kg woman, 3.8 g for a 70 kg man
that is nearly 0.005 % w/w) but iron plays a capital physiologic role. Iron allows the exchange with
oxygen (haemoglobin, myoglobin) and activates numerous enzymes [6].

Enzymes containing iron or enzymes using iron as a cofactor enable:

* The production of citrate (in its isocitrate form) in Krebs cycle (catalysis by aconitase)

* The synthesis of catecholamines that are useful for the development of brain (catalysis by monoox-
ygenases such as phenylalanine hydroxylase, tyrosine hydroxylase, tryptophanehydroxylase)

e The synthesis of desoxyribonucleoside diphosphate, which constitutes DNA from ribonucleoside
diphosphate (catalysis by the ribonucleotide reductase)

* The peroxidation in cells, owing to lipoxygenase

Iron is stored in the body and carried in blood plasma mainly by transferrin, ferritin, and lactoferrin.

The metabolism of iron is unusual because nearly in closed circuit. The absorption of iron takes
place within the duodenal mucosal cells, but the regulation of its absorption and the existence of
specific biochemical pathways are not fully elucidated. Two pathways of iron uptake have been
identified. The major pathway for iron absorption uses a carrier-mediated process involving a trans-
membrane protein transporter for non-heme iron. Heme iron, principally haemoglobin and myoglobin
from animal food products, represents only a small fraction of the iron found in diet but it is well
absorbed because of a specific pathway and it can remain intact when entering the mucosal cells [7].

Guidance on Safe Levels and on Levels of Fortification in Iron

Daily Requirements of Iron Intake

Human being needs to compensate the daily loss in iron. Daily loss is quite low for a man: 14 x 10~
*mg kg™! of body weight, which corresponds to 1 mg day~' or so. Nonmenopausal women have to face
more important losses, 1.5 mg day™' on average, and even more for pregnant women. The recom-
mended daily intake is 25 mg day' for women, 12 for men, and 610 for children and infants to ensure
the iron requirement (1-2 mg day™') because only about 10-15 % of the consumed iron is absorbed.
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Consequences of a Too Low Intake

The diseases occurring when intake is too low are numerous: decrease in immune defense [8]; retard
in cognitive development of children [9]; anomalous development of children brain [10, 11]. As a
consequence, low school performances of children and teenagers [12] may be observed. Anaemic
adults have reduced physical and intellectual performance compared to healthy people [13], and
anaemic pregnant women have a higher risk of premature infant [14]. Surprisingly, anaemia of nurs-
ing mothers and iron supplementation of nursing mothers do not change the iron concentration or the
lactoferrin concentration in mother’s milk [15].

Otherwise, iron deficiency increases the risk factor for increased lead absorption. Due to absorp-
tion mechanisms for lead and iron [16], lead level in children’s blood may be decreased by iron
supplementation.

Danger of a Too Great Intake

The acute toxicity of iron is generally set at 250 mg day~' but the Medical Institute of Canada sets the
limit at 100 mg day™' [17]; 400 mg day~' could be lethal. Chronic iron overload would increase the risk
of cirrhosis, hepatitis and liver cancer, induces intestinal irritation, vomiting and diarrhoea, articular
pain, hormonal disturbance, heart disorder, and osteoporosis [18-20].

Bioavailability of Iron

Different Sources of Iron; Efficient Forms

Two forms of iron exist in the human body or in foodstuffs: heme iron and non-heme iron. Heme iron
is constituted by all the hemoproteins (haemoglobin, myoglobin), non-heme iron by all the transport-
proteins (transferritin, ferritin, lactoferrin), some enzymes (aconitase, hydrolases, lipoxygenase), and
the iron salts. Non-heme iron, Fe(IT) or Fe(III)-salts, are in a non-negligible quantity (3—8 mg/100 g)
in grain legumes such as chickpea, cowpea, or lentil compared to other vegetable products [21, 22].
The iron contained in grain legumes is hardly assimilated by the human body: less than 1-5 % at a
maximum of the iron consumed. Anti-nutritional factors such as phytates (inositol-hexaphosphate),
polyphenols, and also calcium ions are heavily decreasing the bioavailability of iron. Due to their diet,
vegetarians have not only a lower intake of iron but also a very low quantity of assimilated iron [23].
Nonvegetarians may have a good iron intake and the total absorption of iron may vary between 5 and
15 %. Meat, liver, or black pudding contain not only greater quantities of iron than grain legumes but
the bioavailability of the hemic-iron (myoglobin, haemoglobin) present in these animal foodstuffs is
high. Compared to iron(II)sulphate, which is selected as a reference and whose bioavailability is set
at 100 by definition, the bioavailability of lactoferrin scales from 100 to 800, the one of haemoglobin
from 100 to 700, the ones of iron gluconate and iron phosphate are 89 and 25, respectively [24].

The Assimilation of Iron Is Decreased by the Consumption of Dairy Products

Dairy products consumed together with iron-rich food decrease the availability of iron [24]. A posi-
tive dose-response effect was observed between milk consumption and prevalence of anaemia: the
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more important the cow milk consumption by 6—12-month-old children, the more frequent the
anaemia [25]. Two explanations can be put forward: high concentration in calcium ion could compete
with iron ion for a receptor; phosphate groups of casein can complex iron ions. This second expla-
nation is enforced by the fact that the hydrolysis of proteins lessens the inhibiting effect of casein for
iron absorption [26]. Additionally, the uptake of Fe—f-CN (1-25) has been demonstrated to be
greater than the uptake of Fe gluconate, which makes Fe—B-CN (1-25) a good candidate for food
fortification [27].

Even if nutritionists recommend avoiding the consumption of milk products in the same meal
together with iron-rich dishes (e.g., kidney pie, roast beef with potatoes but not Yorshire pudding—
because of milk in its composition!), competition between calcium and iron ions is not clear. Numerous
papers are discussing about calcium/iron absorption. A 2-week food intake of iron-fortified infant
cereals and addition of calcium hydrogenophosphate at two levels have had no significant effect on
haemoglobin levels [28]. Another work has nevertheless shown that phosphate supplements
(orthophosphate or hexametaphosphate) caused significant decreases in iron absorption and retention
at the lower level of calcium intake. Simultaneously supplementing the diet with calcium and
orthophosphate caused a similar reduction in iron absorption [29]. Phosphate and especially hexam-
etaphosphate could be suspected to complex iron ion. It was demonstrated that calcium carbonate and
calcium salt of citric and malic acid had a more pronounced effect on iron bioavailability than Ca in
dairy products (milk, cheese), and that Fe—Ca interactions were influenced by the physiological state
of the animal [30]. Yoghurt, used as substituting material in diet (in order to add 1 % of Ca), did not
change iron absorption. Generally, in most of published works, it seems that calcium ions do not
change iron absorption. Casein seems to be responsible of the low bioavailability of iron.

Iron Naturally Present in Milk

Depending of the period of lactation, the iron content in human milk is between 0.52+0.14 (corre-
sponding to 9.3 pumol L") and 0.38+0.12 mg L' (corresponding to 6.8 pmol L), respectively for
colostrum and 90-day mature milk [31].

Most of the iron is complexed with lactoferrin, protected in the core of this protein. The affinity of
lactoferrin for iron is very high [32]: Ka=1E30. Human milk generally contains 1-3 g L' of lactofer-
rin (corresponding to 12.5-37.5 pmol L"), which is more than cow milk (0.1-0.4 g L") [33]. As a
comparison, iron content in pork liver, beef meat, and egg yolk is respectively 220, 110, and 70 mg kg~
'and Camembert contains only 0.6 mg kg™ of iron. Dairy products are poor in iron and fortified dairy
products are elaborated despite the fact that a dairy matrix decreases iron availability [26].

Fortification in Iron for Dairy Baby Food

The efficiency of iron fortification of milk formulas is subjected to controversy. No clear evidence of
clinical benefit of iron fortification has been demonstrated for 6 month infants [34]. Other authors
reported an increase of the blood haemoglobin level of infants and children after 6 and 12 months
treatments [35, 36]. These results are not necessarily incompatible and depend greatly on the formula:
factors such as type of iron carrier, oxidation degree of iron (Fe I more bioavailable than Fe III) [37],
promoting (vitamin C) or inhibiting molecules (phytate, phenols) for the assimilation of iron, calcium
level, and protein type are all able to influence the results.
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Dairy Products Fortified with Lactoferrin

Despite the low content of iron and lactoferrin in cow milk, lactoferrin is isolated from milk and
commercialized by companies. Due to its cationic nature (‘basic protein’; p/=8.7), lactoferrin can be
purified by cation-exchange chromatography [38, 39]. This purification method is the most popular
procedure in factories producing isolated milk proteins.

The fortification in iron with lactoferrin is more expensive than the fortification with iron salt;
nevertheless the isolated lactoferrin is commonly used for supplementation of infant formula [33]. In
the future, transgenic cows could offer the opportunity to obtain a great quantity of human lactoferrin
[40] and the possibility of a general fortification of infant formula with human lactoferrin.

It is generally admitted that lactoferrin uses a specific adsorption receptor in human body, which
allows good iron assimilation. This hypothesis has not yet been verified [41]. Human milk (rich in
lactoferrin compared to bovine milk) seems to be well adapted to infant up to 4 months: healthy
full-term breastfed infants have been susceptible to iron anaemia due to late introduction of comple-
mentary food (after 4 months).

During the second half of infancy (after 4 months), the diet should be enriched in iron [42, 43] but
not necessarily with lactoferrin. Because of Maillard reactions or protein denaturation during the
process, lactoferrin addition is not the best strategy for a good iron intake [44]. Lactoferrin denatur-
ation by heating could occur in pasteurization process but more probably during sterilization. The
temperature of maximum heat absorption in DSC analysis is 72.4 °C for human lactoferrin, 70.2 for
sheep lactoferrin, and 69.3 for goat lactoferrin [45]. The denaturation temperature of bovine lactofer-
rin was found 60.4 °C (first endothermic peak) with an onset temperature near 50 °C [46]. These
values from calorimetric measurements indicate the high sensitivity of bovine lactoferrin to thermal
denaturation. It is thus wise to wonder if the denatured lactoferrin allows a good iron bioavailability
for infants nourished with baby food enriched with lactoferrin.

On the contrary, the addition of vitamin C in a formula can really increase iron absorption. In fact,
vitamin C betters the iron assimilation for infants, children, or adults [6] without increasing the
solubilisation of iron [26].

Dairy Products Fortified with Iron Salts; Products Nowadays Available
in Developed Countries

It is easier to find iron-enriched breakfast cereals or diet bars than iron-fortified dairy products on the
current market. Dairy products are preferably enriched in ®3 oils, in calcium or in probiotics. The
only examples of iron-fortified dairy products are milk and petit Suisse cheese for infant or very
young children. Milk formulas for infants and young children generally contain iron sulphate (0.7—
1.3 g/100 g) whereas petit Suisse cheese formulas integrate ferrous phosphate, pyrophosphate, diphos-
phate, or lactate (1.1-1.2 g/100 g). Other dairy products, such as different types of cheese and yoghurts,
have been considered by researchers for iron fortification [47].

Numerous salts are available to enrich food in iron (see Table 6.1). The choice of the iron salt to be
used is generally based on a good solubility, no precipitation, no change of pH. Some salts, such as
citrate or phosphate, are also good buffers. Generally the more soluble the iron form is, the more avail-
able it is. Nevertheless, this is not an absolute rule since ferrous chloride, for instance, is very soluble
but not totally bioavailable. Ferrous chloride is very quickly oxidized just after solubilisation, what is
easily observed by the rapid appearance of orange colouring. It explains why ferrous chloride is not
as available as foreseen considering its solubility.
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Table 6.1 Solubility and bioavailability of different iron salts

Iron salts Solubility in water Bioavailability Sensitivity to peroxidation
Ferrous sulphate High 100* Very high

Ferrous lactate 89-106

Ferrous chloride 50

Ferrous fumarate Low 100 High

Ferrous succinate 92

Ferrous citrate 74

Ferrous tartrate 62

Ferrous phosphate Insoluble 27 Relatively low

Ferrous pyrophosphate 30

“Ferrous sulphate has been chosen as reference and its bioavailability is 100 by definition

Some Chemistry Bases to Keep in Mind Before Formulating
an Iron-Fortified Dairy Product

Some black spots are sometimes observed in milk powder enriched in iron salts. These black spots
have different origins such as change in valence of iron ion (Fe?*/Fe**) or the fact that iron salts are
becoming insoluble. For example, if sulphate is added in a matrix where pH>7, iron hydroxide will
be produced and a decrease of the iron solubility will be observed [48].

Products of Solubility, pKa Values of Counter-Ion and Precipitation of Iron

The addition of an iron salt has to be done according to the pK values (see Table 6.2). For sulphate or
chloride, the value of the dissociation constant is very low. As a consequence, iron sulphate or iron
chloride can be used in foodstuffs in a large range of pH. For other iron salts, the values of dissocia-
tion constant have to be studied before addition to a foodstuff. The salts have buffer capacity around
their pK.

In presence of a high protein concentration (as in dairy products) and because of the great buffer
capacity of proteins, the addition of a limited quantity of iron salt has not effect on pH. In yoghurt (pH
4.4) or in more acidic foodstuffs, pH is near or under the pKa value and the counter-ion of iron ion is
partially protonated. There is then a change of salts that could sometimes induce precipitation of iron
salts (see after, low soluble iron salt).

The solubility of ferrous salts varies a lot (see Table 6.3). Ferrous chloride is highly soluble, ferrous
sulphate is very soluble, but the solubility of ferrous fumarate is very low. As a comparison, calcium
and sodium salts are far more soluble (see Table 6.3).

Calcium and ferrous salts have not always the same level of solubility: calcium hydroxide, calcium
carbonate, and calcium phosphate are more soluble than their corresponding iron salts, but iron
tartrate is more soluble than calcium tartrate (see Table 6.3).

Iron precipitation may also occur by exchange of calcium and iron with citrate at 4<pH<6.4
which is a common value encountered in dairy products. Calcium citrate is far more soluble than
ferrous citrate (see Table 6.3). By addition of iron salts, there is a production of iron citrate and, if the
concentration is above 0.5 g L', precipitation occurs whereas there is no calcium citrate precipitate.
Addition of a soluble iron salt in dairy product could also produce precipitate of iron phosphate.

It is risky to simply relate the iron solubility of salts to the corresponding iron bioavailability in
foodstuffs. Ferrous fumarate solubility is very low in water but increases in acidic solution and in
physiologic acid buffer. This explains the good bioavailability of iron in the fumarate form. As another
example, despite their low solubility and low availability, as indicated in Table 6.1, iron phosphate
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Table 6.2 Dissociation constant of different salts

Salts Acid-base couples Dissociation constants pK
Chloride HCI/CI -9.3

Sulphate H,SO,/HSO, /SO, -3;:19

Phosphate H,PO,/H,PO,/HPO */PO > 2.1;7.2;12.3

Lactic acid/lactate H,C-CH(OH)-COOH/H,C-CH(OH)-COO- 3.9

Fumaric acid/fumarate HOOC—(CH=CH)-COOH/.../-O0C—(CH=CH)-COO- 3,44

Citric acid/citrate HOOC-CH,-C(OH)(COOH)-CH,-COOH/.../~O0C-CH,~ 3.1-4.8-6.4

C(OH)(COO")-CH,~-COO

Table 6.3 Water solubility of sodium, calcium, and ferrous salts

Solubility in water

Salts © Threshold of solubility mol L' (g L")
Sodium chloride 39 6.1 (359)
Calcium chloride 1,210 6.7 (745)
Ferrous chloride 630 5.4 (685)
Ferrous sulphate 3 (heptahydrate salt) 1.7 (486)

Ferrous fumarate

6.9x107

8.3% 107 (1.4)

Ferrous citrate 4x107° 2x 1073 (0.5)
Calcium citrate 4.4x107° 14.9% 1073 (8.5)
Ferrous tartrate 5.9x107° 15.8x 1073 (8.77)
Calcium tartrate 1.96x 1071 1.4x107°(0.032)
Ferrous (iron(II)) carbonate 3.2x107™""

Calcium carbonate 3.8x107

Ferrous (iron(II)) hydroxide 8x 1071

Calcium hydroxide 5.5x10°

Ferric (iron(IIT)) phosphate 1.3x102

Ferrous (iron(I1)) phosphate 1.07x 107>

Calcium phosphate 2x107%

salts had iron bioavailability estimated respectively at 61 % and 69 % (ferrous sulphate alone as
reference) in fortified low-fat fluid milk and petit suisse cheese fortified with micronized ferric
orthophosphate (Fe (IIT)) [49].

Components exist in foodstuffs that influence clearly the bioavailability; for example, anti-nutri-
tional factors such as phytic acid have a negative effect on bioavailability whereas ascorbic acid has a
positive effect. Ascorbic acid addition was shown to enhance the iron absorption of adult women fed
with cereals fortified with iron sulphate or fumarate [50]. In another study, 15 healthy adult men
received a treatment with ferrous ascorbate or pasteurized milk fortified with 15 mg L' of ferrous
sulphate microencapsulated using phospholipids: 14 men showed higher iron absorption with ascor-
bic acid (mean iron absorption of 8.65 % towards 1.99 % with the fortified milk) [51]. An over-
fortification in ascorbic acid should be recommended to compensate the loss during storage of infant
milk powder [52] but a limit of such over-fortification has to be defined because of the pro-oxidant
activity of ascorbic acid in high concentration. Another pitfall of the use of ascorbic acid to enhance
the iron bioavailability is the decrease of the nutritional value of proteins by loss of lysine and trypto-
phan which are two very essential amino acids for infant. The reduction of the nutritional value is due
to the alkylation of lysyl residues (ascorbylation by iron catalyzed Maillard reaction) and to the oxida-
tion of tryptophanyl residues [53].

Prebiotic and probiotics addition in formula could be an alternative strategy to improve the iron
bioavailability as colon can function as a significant site of iron absorption. Prebiotic and probiotics
may have different actions such as possible reduction of Fe(IIl) to Fe(II) by probiotics, stimulation of
proliferation of the epithelial cells and expansion of the absorptive surface area, stimulation of the
expression of mineral-transport proteins in epithelial cells [54].
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Peroxidation of Lipids with Iron Ions

To administer iron as a medicine or through iron-enriched foodstuffs is potentially to use retarding
bomb. The iron form which allows the absorption of this micronutrient is the ferrous ion (Fe?*). The
ferrous ion is very unstable and is oxidized in ferric ion (Fe**) that gives an electron. A radical gives
a radical electron as a reducer gives a ground state electron. A radical with ground state oxygen
(none excited oxygen molecule) induces the peroxidation as a reductive molecule induces oxidation
(see Fig. 6.1).

It is not necessary to produce singlet oxygen molecule (*O, or 'O, or *O-Oe that is an excited
oxygen molecule) such as in photoxidation (light, sensitizer and triplet—normal —oxygen) to pro-
duce peroxide. Copper ion (Cu?*) initiates peroxidation of lipid, in the same way as ferrous ion does
and even more strongly than iron does. Ferrous ion but also ferrous—ferric complex, and heme iron
have the power to induce peroxidation [55, 56]. Lactoferrin is an iron-binding protein (transferrin
family) and can chelate metal in the extent of two moles of iron bound per mole of protein, which
makes a distinction with iron transport structure. For this reason, lactoferrin is considered as an anti-
oxidant like EDTA, a very powerful complexing agent [57]. This antioxidant activity depends on the
following factors: the lipid system, the concentration in protein, the type of buffer, the presence of
metal ions and heterocyclic antioxidants. Additionally, y-tocopherol, ferulic acid, coumaric acid,
tyrosol, and natural phenolic extracts from olive oil can modulate the antioxidative activity of the
lactoferrin [58].

It is thus very important to verify if the treatment against anaemia using nutraceutical or iron-
fortified foodstuffs may avoid peroxidation of lipids of the tract cells, such as intestinal brush cells.
Models of w3-fat peroxidation have shown that fat globules stabilized by proteins at the oil/water
interface were not peroxidised at the same level using Fe—-Na—-EDTA, ferrous bis-glycinate, or fer-
rous sulphate [59]. Iron-EDTA did not induce peroxidation and its addition even decreased the slow
peroxidation of lipids in the emulsion stabilized by milk protein (sodium caseinate or isolated 3-lac-
toglobulin). This was probably due to a complexation of metallic traces by EDTA. The addition of
the traditional ferrous sulphate or of iron-bis-glycinate [14, 60, 61] (the new promising iron com-
plex), gave no difference on the peroxide value (PV) when the emulsion was stabilized by sodium
caseinate. In this case, peroxide value was around 2.6 mmol of peroxide produced per kilogramme
of oil, what is quite high after 7 days of storage (see Fig. 6.2). After the same duration of storage,
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Fig. 6.2 Peroxide value of canola oil emulsions stabilized with B-lactoglobulin (b-Lg) or sodium caseinate (CN) in
aqueous buffers containing ferrous sulphate (FeSO,) or ferrous bis-glycinate (Fe-bis-Gly) during a storage following the
mixing of the emulsion and the iron buffer (pH 6.5). Adapted from ref [60]

when the emulsion was stabilized by B-lactoglobulin, peroxide value was 4.4 mmol kg~'when using
iron sulphate and 0.8 mmol kg~' when using iron-bis-glycinate. Iron-bis-glycinate induced a slow
increase of PV during the storage of the W-O emulsion stabilized using a whey protein whereas PV
increased more sharply with caseinate that possessed phosphate groups (phosphoseryl residues).
Phosphate groups of caseinate have destabilized the iron-bis-glycinate chelate because of their high
affinity for iron ions (see previously the maximum solubility of iron phosphate; the lower the solu-
bility, the higher the affinity). Ferrous was released from the complex salts and the free ferrous ions
induced peroxidation of lipids at the O-W interface. On the opposite, carboxylate groups did not
destabilize the iron-bis-glycinate chelate and the release of free iron ions at the interface was avoided.
B-lactoglobulin (no phosphate group) in mixture with iron-bis-glycinate induced a limited quantity
of peroxide. Ferrous sulphate induces more peroxide because this salt is very soluble, is not a com-
plex and gives free ferrous ions.

Except in the case of Fe-Na—EDTA, it is well founded to imagine that ingestion of iron salt with
fortified food or nutraceutical could induce peroxidation of lipids of the membranes in stomach and
intestinal cells. Iron-EDTA has to be avoided because of the risk of heavy metal accumulation in liver
[62, 63].

Free radical damages include lipid peroxidation, but also DNA hydroxylation, protein hydroxyla-
tion, isoprostanes production, and their effects on body should not be neglected. Radicals such as
peroxide lead to cell injury and cell death that create diseases [64]. The peroxidation of lipids in intes-
tinal cells could lead to intestinal irritation or inflammation. Lactoferrin was shown to induce no side
effects on rat gastric mucosa, whereas ferrous sulphate and ferrous citrate caused some serious inju-
ries [65]. Iron supplementation using ferrous fumarate did not increase oxidative stress, checked at
postnatal age of 5-6 weeks, in healthy preterm infants with very low birth weight (inferior to 1,500 g)
and born at a gestational age under 32 weeks [66]. The type of fortification chosen for dairy products
has to evaluate the risk linked with free radicals. Commercial infant milk powders are often fortified
with ferrous sulphate and, moreover, formulas are mixing very reactive iron salts together with ®3-
rich oils that are highly sensitive to peroxidation!
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Iron Salts and Complexes

Iron sulphate leads to precipitated iron hydroxide when pH is above 6. For pH around 7, it would be
better to use ferric peptides derivate from the hydrolysis of casein [48]. Proteins such as lactoferrin or
protein fractions (peptides) are good candidates to carry iron in dairy products but protein can also be
used as encapsulating material. 3-lactoglobulin used to encapsulate iron in filamentous gel would be
able to limit iron release in gastric phase (pH 1.2 and pepsin) and would be able to release iron thanks
to pancreatin during the intestinal phase at pH 7.5 [67].

Iron complexes avoiding free iron in solution but giving highly bioavailable iron are scarce. EDTA
avoids perfectly the oxidation of ®-3 oil [59] but this solution is not authorized in every country
because of the risk of heavy metal accumulation in the body. Phytic acid salt gives unavailable iron,
oxalic acid salts is rapidly toxic (kidney stones), and iron-bis-glycinate is not compatible with pH <5
nor with phosphoprotein in the medium [59, 68].

Iron casein micelles have been prepared by partial exchange of calcium within the casein micelles
by pH-cycles. The milk composed with iron casein micelles remains able to produce curd by rennet
[69]. The colour of this type of iron(II) fortified milk is darker than the one of regular milk, indicating
may be a change of the oxidation degree of Fe. This solution could be used in hard cheese production
where the milk is not much acidified before clotting. Moreover, in such products, fat milk is most of
the time saturated and that reduces considerably the risk of fat peroxidation.

For processed cheese, phosphate and polyphosphates used as technological agents have a high
capacity of complexing iron, which would reduce the risk of iron oxidation. Hexametaphosphate was
used with copper ion that is a strong oxidative agent and gave promising results against peroxidation
in presence of copper or iron ions [70]. Processes using long duration of heating have to be studied
regarding the stability of iron phosphate salts.

Control of Iron Transfer to Interface in Presence of »-3 Oil

For a dairy baby formula enriched in ®-3 oil and iron, it is a strict requirement to avoid contact
between oil and iron ion in aqueous phase. The pH of the aqueous phase controls the stability of the
iron complex and the type of protein used on the interface (with or without chemical function having
a high affinity towards bivalent ions, that is to say serylphosphate residues) controls the transfer of
iron to the interface [59, 68]. Yoghurts (pH around 5) fortified with iron-bis-glycinate could avoid the
destabilization of the iron-bis-glycinate chelate in stomach thanks to a strong buffer effect and thus
avoid an acidic transit before intestine. A multilayer around an emulsion could also protect against
peroxidation and avoid contact with iron at the O/W interface. Such a system is presented in Fig. 6.3.
A first layer near the surface of fat globule is shown with surface active acid proteins (negatively
charged) then a second layer is added using positively charged macromolecules such as chitosan or
basic protein such as lysozyme or lactoferrin [71, 72]. Chitosan or lysozyme could be more efficient
than lactoferrin in this system because they allow avoiding proximity of iron with the oil surface.

Encapsulation of Iron

The value of iron absorption in milk obtained with encapsulated ferrous sulphate in phospholipid
micelles is 2.3 times higher than in milk fortified with ‘classical’ ferrous sulphate —simply dissolved



6 Iron Fortification of Milk and Dairy Products 85

Fig. 6.3 Multilayer interface Protein at
of an emulsion made with the

negatively and positively interface Fe 2+
charged macromolecules to o

avoid iron contact with oil. Y aatiiitine,, u
The oil-water multilayer i < %

interface is positively charged O

(same charge of iron ion
whereas simple interface "-,,,m"m““-\‘ O o O
prepared with usual milk o =iy,
proteins would have been O “,

negatively charged) 5 O

chitosan

",

u,
‘y,
Iy A
',
I’fn ' m\“o

A
Y

' lllllu,"o

Yy,

‘\“mum,,‘

0y

KT

0 e 0

)
“*

Fig. 6.4 Phospholipid

micelle entrapping fumarate
salts of low soluble iron(II) “ %

_|::|— Fe(I1)C,H,0, —{_—_:'_

0 T e
VRN LE)
T L

mfuu OPO;” Fe?*
"0;PO

in milk [51] (see Fig. 6.4). Ferrous ascorbate in water is nevertheless 4 times more efficient than fer-
rous sulphate encapsulated in micelles in milk. In milk, casein and calcium probably decrease the
iron bioavailability. A more sophisticated encapsulation system has been imagined: a water-in-oil-
in-water emulsion was used to encapsulate at the same time iodine, retinol, and iron (see Fig. 6.5).
The W-O-W emulsion allowed separating two incompatible components (ferrous ion produces
retinol radical) and has given good results to correct deficiency in a poor children population [73,
74]. These capsules of iron could be added to milk just before coagulation of rennetted milk to pro-
duce iron-fortified cheese.

The iron fortification of dairy desserts is more complicated than the fortification of yoghurts or
cheeses. Colouring compounds act as sensitizer and induce peroxidation via photoxidation.
Photoxidation can change the valence of iron and produce dark colouring or black points. Iron
could also oxidise aroma precursors or aroma molecules and change the aromatic profile of the
foodstuff. Strong and persistent metallic flavours, bitter taste, or astringency may be encountered
when using ferrous salts [75]. Ferrous salts stimulate complex oral and retronasal sensations but
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also tactile cues. They particularly evoke metallic sensations. Sensory perception of ferrous salts
may be roughly described as a combination of the four basic tastes as well as metallic and astrin-
gent perception [76]. Desserts are pleasure foodstuffs and pleasure is not consistent with flavour
defect. This problem must be handled by the marketing staff when designing a fortified food taken
as a functional food.

Conclusion

Are dairy products well adapted to iron fortification despite calcium/iron competition? A good vehicle
for iron must be a very commonly consumed foodstuff. Soy sauce in China [77], tonyu in Japan, and
Nuoc-mam (fish sauce) in Vietnam [78] were successfully used for correction of iron deficiency. As
dairy products are widely consumed in Europe and North America, they can be a good vehicle for
iron, though the possible competition between calcium and iron absorption. Milk fat is saturated and
is not sensitive to peroxidation. In case of addition of ®w3-oil (for example for baby food), encapsula-
tion and/or stable iron complex could be a good solution to protect iron against oxidation.
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Chapter 7
Ferric Pyrophosphate as an Alternative Iron Source
for Food Fortification

Maria Jimena Salgueiro and José Boccio

Key Points

* Food fortification has been shown to be an efficient strategy to prevent iron deficiency.

* Many efforts are still made to provide an adequate iron source for food fortification.

e Ferric pyrophosphate, which is a white-coloured poorly soluble iron compound, does not change
organoleptic properties of foods even when used in many difficult-to-fortify food vehicles.

* Some strategies were implemented in order to increase ferric pyrophosphate bioavailability, such
as protect it, solubilize o stabilize it and/or reduce its particle size.

* Contrary to earlier concerns, evidence does not indicate significant differences in its bioavailability
compared to that of water soluble compounds.
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Introduction

Food fortification has been shown to be an efficient strategy to prevent iron deficiency [1]. Many iron
compounds are at our disposal to be used as potential sources for food fortification. However, only a few
of them completely meet the requirements of high iron bioavailability, inertness in relation to the senso-
rial properties of the fortified food, absence of toxicity, resistance during storing or elaboration processes
of the fortified food, and absorption mechanism following the same pattern as dietary iron. For these
reasons, many efforts are still made to provide an adequate iron source for food fortification.

Iron is found in foods in two different groups: one of haemic iron and the other one of non-haemic
iron [2]. The haem-type iron is a part of haemoglobin, myoglobin, cytochromes and many other haem
proteins, which are present principally in animal foods. The haem group, which is present in all these
proteins, is formed by a complex organic ring, called protoporphyrin, to which a divalent iron atom is
bound, which is able to form six coordinated bounds —four of them with the protoporphyrin, one with
a nitrogen atom of the protein fraction, and the last remaining free as a binding site for an oxygen
molecule [2]. The non-haemic iron type corresponds to iron that is not bound to a haem group; it
includes basically inorganic salts of this metal and they are found principally in vegetal foods as well
as in the principal pharmaceutical preparations utilized for the therapy against iron deficiency or
available as fortification sources [2].

Iron Compounds

Relative bioavailability values (RBV) from animal and human studies have proven valuable in the
choice of iron compounds to fortify foods [for revision of methods, see [3-5]]. In fact, the RBV is
classically used to divide iron compounds into three groups (see Table 7.1) [6]. The first group is that
of water-soluble compounds with an RBV close to that of ferrous sulphate which is considered the
reference standard iron source. Iron compounds in this group are highly reactive thus, although they
have high bioavailability they modify sensorial characteristics of food vehicles and this limits their
use for food fortification [6]. The second group includes iron compounds poorly soluble in water but

Table 7.1 Iron compounds classified as their RBV

Group characteristics Iron compounds
Group 1 Soluble in water Ferrous sulphate*®
Highly reactive Ferrous gluconate®*
High RBV Ferrous lactate®
Ferrous ammonic citrate®
Group II Poorly soluble in water Ferrous fumarate®®
Soluble in diluted acid solutions Ferrous succinate
Less reactive than group I Ferrous saccarate
Medium RBV
Group III Insoluble in water Ferric orthophosphate
Poorly soluble in diluted acid solutios Ferric ammonic orthophosphate
Practically non-reactive Ferric pyrophosphate®®
Variable RBV depending on type of Elemental iron* powder (electrolytic,
compound, particle size, food matrix carbonilic, reduced)

RBYV relative biological value
“Listed as generally recognized as safe (GRAS) by the FDA [6]
®Recommended for food fortification by the WHO [7]
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that dissolve more or less completely in the gastric juice, thus RBV of compounds in this group are
lower than that of ferrous sulphate. Even though their poor solubility makes them less reactive, they
can still provoke rancidity, mostly because of their humidity. Therefore, their use for food fortification
is also limited. On the other hand, their solubility is affected by secretion of hydrochloric acid; there-
fore, they might not be suitable for food fortification in those regions with high prevalence rates of
Helicobacter pylori infection [6]. The third group includes iron compounds insoluble in water and
poorly soluble in diluted acid solutions. Thus, these iron sources although less bioavailable, are mostly
stable in food vehicles. This is why they are extensively used for food fortification even in vehicles
such as infant formulas and cereals [6]. Bioavailability reports of members of this group have shown
a variety of results with regard to rates of absorption (5-95 %) depending on the food matrix and the
iron source as assayed in humans or animals [8, 9]. Therefore, at least for poorly water-soluble iron
compounds, the use of a single RBV value to set a fortification level and predict potential efficacy in
all food vehicles may be of limited value [10]. Because of their low reactivity, they are commonly
used to fortify cereals, infant formulas and flours.

Ferric Pyrophosphate

One of the best examples of the above discussion about iron compounds of group III is ferric pyro-
phosphate. Ferric pyrophosphate, which is a white-coloured poorly soluble iron compound, does not
change organoleptic properties of foods even when used in many difficult-to-fortify food vehicles [11].
First reports about its bioavailability showed that it was only about 30-50 % of ferrous sulphate [12]
which reduced its nutritional value. Nevertheless, some strategies were implemented in order to over-
come this problem, such as protect it, solubilize o stabilize it and/or reduce its particle size.

Strategies for Improving Bioavailability

Particle size is an important determinant of iron absorption from poorly soluble iron compounds in
foods. Decreasing the particle size of elemental iron powders increases their absorption as it was
demonstrated in many reports [13—16]. Therefore this strategy was employed in the development of
ferric pyrophosphate micronized sources where this parameter was modified from regular (21 um) to
2.5 or 0.5 pum or even nanoparticles [17, 18]. In this way, some micronized dispersible ferric pyro-
phosphate sources were developed, potentially useful in food vehicles that readily undergo adverse
sensory changes when fortified with soluble iron, such as rice, infant cereals and salt [8]. The effect
of reducing the particle size on the bioavailability of this insoluble iron compound was tested in dif-
ferent studies (which are summarized in Table 7.2).

Conclusions derived from these results clearly show that the possibility of obtaining dispersable
ferric pyrophosphate when reducing its particle size improves its bioavailability. Fidler et al. [19]
reported an RBV in humans of 82 % from a wheat-milk infant cereal using a ferric pyrophosphate of
~0.3 um whereas Moretti et al. [10] published 62 % because of the greater particle size (0.77 um) of
their iron source. Another interesting conclusion is that, for the same particle size of ferric pyrophos-
phate the food matrix is an important factor which affects bioavailability. For example, the same batch
of micronized ferric pyrophosphate (same particle size) was assayed in wheat-milk infant formula
with an RBV of 62 % while RBV for rice resulted only of 15-24 % [10]. On the other hand, reduction
of particle size not only accounted for improving ferric pyrophosphate bioavailability in food vehicles
as powders but also developments were made in order to consider it as an alternative fortificant for
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Table 7.2 Bioavailability assays for ferric pyrophosphate

References Strategy Population —vehicle Results
Hurrell Ferric pyrophosphate Women 2040 y;
et al. [9] (compared to ferrous chocolate drink
sulphate)
Added in test meal immediately RBV 75 %
before consumption
Processed during the manufac- RBV 21 %
ture of the chocolate drink
powder
Moretti Reduced particle size 0.77 pm Young women fed with: RBV 62 % vs. 39 %
etal. [10] micronized dispersible ferric wheat-milk infant RBV 15 % vs. 24 %
pyrophosphate cereal given with
and without ascorbic
acid; processed and
Wegmiiller Reduced particle size regular Vehicle AIN93G diet RBV 59 % vs. RBV 69 %
etal. [17] 21 pm vs. 2.5 pm for laboratory RBV 43 % vs. RBV 95 %
Protection 2.5 um encapsulated animals
in hydrogenated palm oil vs.
0.5 pm mixed with
emulsifiers
Fidler et al. Reduced particles size + protec- Adult women fed with: RBV 87 %
[19] tion 0.3 pm mixed with Wheat-based infant RBV 97 %
emulsifiers (compared to cereal yoghurt drink
ferrous sulphate)
Tsuchita et al. Protection (powder vs. Diets for laboratory
[20] suspension) animals
Mixed with skim milk and RBV 100 %
dehydrated
Directly dehydrated RBV 66 %
Directly dehydrated mixed with RBV 82 %
skim milk and dehydrated
Salgueiro Protection ferric pyrophosphate Animals fed with a
etal. [21] stabilized and solubilized modified AIN93G;
with glycine (compared to iron supplied in:
ferrous sulphate) Water RBV 106 %
Yoghurt RBV 114 %
Hurrell et al. Solubilization Experimental diets fed
[22] Ferric pyrophosphate to laboratory RBV 58 %
Ferric pyrophosphate solubi- animals female RBV 103 %
lized with sodium citrate 2046 y fed with an
Ferric pyrophosphate solubi- infant cereal RBV 83 %
lized with ammonium citrate
Ferric pyrophosphate RBV 39 %

Moretti et al.
[23]

Reduced particle size 2.5 pm
micronized ground ferric
pyrophosphate (vs. placebo)

6—13-y-old children fed
with fortified rice (7
mo)

Prevalence of iron deficiency

and iron deficiency
anaemia

Baseline: 78 % and 29 %,
respectively

End of treatment: 25 % vs.
49 % and 15 % vs. 28 %,
respectively

(continued)
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Table 7.2 (continued)

References Strategy Population— vehicle Results
Radhika et al. Reduced particle size 3.14 pm 5-11-y-old children fed Prevalence of iron deficiency
[24] (vs. placebo) with fortified decreased significantly
extruded rice (33-14 %) and increased
kernels (8 mo) marginally in the placebo
group (31-37 %)

Zhu et al. [25] Soluble ferric pyrophosphate Caco-2 cell culture Bioavailability affected in
effects of ascorbic acid, model with or similar directions but in
tannic acid, Ca, Zn, Mg, without the smaller scale than ferrous
citrate, cysteine, incorpora- combination of sulphate and ferric
tion to rice and to non-fat in vitro digestion chloride
milk

Davidsson Infant cereal fortified with: Infant cereal fortified No differences were

et al. [26] ferrous fumarate, ferric fed to children aged observed for haemoglo-
pyrophosphate, ferrous 7-24 mo (9 mo) bin, plasma ferritin or
sulphate plasma C-reactive protein
among groups

Hurrell et al. Ferric pyrophosphate Males and females RBV 15 %

[27] 18-40 y fed with a
fortified wheat
cereal

Guidance on levels to be added

For most food vehicles ferric pyrophosphate, as an iron fortificants, is added at twice the amount (for details, see
Guidelines on food fortification with micronutrients/edited by Lindsay Allen, Bruno de Benoist, Omar Dary and Richard
Hurrell. ©World Health Organization and Food and Agriculture Organization of the United Nations 2006. ISBN 92 4
159401 2. Available: http://www.who.int/nutrition/publications/guide_food_fortification_micronutrients.pdf)

RBYV relative biological value; y years; mo months

liquid foods. In this case, processing of fortified foods is crucial for determining iron bioavailability
from ferric pyrophosphate as demonstrated by Hurrel et al. [9]. In this study the RBV of ferric pyro-
phosphate fell from 75 to 21 % when it was processed into a vacuum-dried chocolate drink. Tsuchita
et al. [20] showed similar results depending on the processing of dehydratation and rehydratation of
fortified milk.

Protection and encapsulation of iron compounds are other general strategies to overcome major
challenges in food fortification with iron [28]. Thus, protected forms of ferrous sulphate were exten-
sively investigated for reducing its interaction and reactivity with the food matrix. Microencapsulation
with liposomes and stabilization or chelation with aminoacids are some of the examples in literature
[29-35]. In the case of insoluble iron compounds, like ferric pyrophosphate, protection strategies are
referred mostly to the process of avoiding agglomeration of reduced particle size by adding some kind
of emulsifiers. The objective is to assure the dispersion of micronized ferric pyrophosphate for improv-
ing its bioavailability. Studies performed in animals showed that the quality of the emulsifier affects
iron absorption since RBV using hydrogenated palm oil was 43 % vs. 95 % when using a mix of
dextrin, glycerol esters of fatty acids, sodium chloride and enzymatically hydrolyzed lecithin [17]. In
the same way, solubilization of ferric pyrophosphate was an alternative to increase its bioavailability
as reflected in some studies where addition of aminoacids such as glycine during manufacture of the
iron compound [21], as well as solubilization with sodium citrate and ammonium citrate were per-
formed [22]. A remark that appeared from these results is that protection is not only useful to improve
ferric pyrophosphate bioavailability in dry vehicles but also makes it an attractive source to fortify
liquid foods or drinks such as milk. First ferric pyrophosphates used for food fortification were insol-
uble in liquid vehicles but new micronized and emulsified compounds are dispersible.
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Conclusions

Food fortification with iron can be an effective strategy to control iron deficiency anaemia, but adding
iron to food still remains a challenge. Non-water-soluble iron compounds have been reported to be
less well absorbed than ferrous sulphate. Thus, concerns about their usefulness as food fortificants has
been raised in the past, especially when young children are the target of them. Ferric pyrophosphate
is one of these iron compounds that has been extensively assayed in many vehicles difficult to fortify
because of many reasons, such as salt, cereals, infant formulas, rice and even dairy products. Contrary
to earlier concerns, the results do not indicate significant differences in its bioavailability compared to
that of water soluble compounds. Furthermore, ferric pyrophosphate does not interact with the nutri-
tional matrix and does not change sensory characteristics of foods. Reducing the particle size, some-
times employing some emulsifier to prevent agglomeration, has demonstrated excellent results for
improving ferric pyrophosphate bioavailability up to RBV similar to ferrous sulphate. Food-
fortification practices vary nationally and the need to adjust the dietary iron bioavailability factor for
fortification iron will depend on the proportion of fortification iron in the total iron intake and the iron
compounds used [36]. Nonetheless, these data about ferric pyrophosphate will be important in the
development of food-fortification strategies to combat anaemia and iron deficiency in highly vulner-
able population [26].
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Chapter 8
Iron- and Zinc-Fortified Parboiled Rice

Chanakan Prom-u-thai and Benjavan Rerkasem

Key Points

Fortification of iron and zinc in parboiling process effectively increased iron and zinc concentrations
compared with those in non-fortified parboiled rice, especially in the polished rice where most of
iron and zinc is usually removed during milling process.

Parboiled rice is already produced on industrial scale and traded globally as well as within each
country.

It is commonly consumed in South Asia and Africa where iron and zinc deficiencies in human
population are widespread.

Iron and zinc-fortified parboiled rice can easily and rapidly reach rice consumers in these countries
without the need to alter consumption habits of local populations and establishing new market
network and access.

It offers highly cost-effective tool to reduce the incidences of iron deficiency in developing coun-
tries within an immediate future if it is adopted by the current parboiled rice industry.
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Fe-EDTA Iron-ethylene diamine tetraacetic acid

PPB Pearl Prussian blue
Zn Zinc
Introduction

Iron (Fe) and zinc (Zn) deficiency have been estimated to affect 70-95 % of the population in Asia [1,
2], where rice is the staple food for most people. Iron deficiency induces anemia, impairs growth, devel-
opment and immunity, especially in infants and young children [3, 4], while Zn deficiency adversely
affects the immune system, increases susceptibility to infections, restricts growth in young children and
impairs the senses for taste and smell, memory and spermatogenesis in adults [5, 6]. Increasing Fe and
Zn concentration in rice grain (in polished rice) is expected to promote Fe and Zn intake by rice con-
sumers and decrease incidences of Fe and Zn deficiency among the poor, especially in developing
countries where access to Fe- and Zn-rich foods such as animal products is limited [7, 8].

To alleviate Fe and Zn deficiency in human populations, several strategies have been suggested,
including supplementation, dietary modification and food fortification [9], as well as genetic and
agronomic biofortification during production of staple food crops [10—12]. Supplementation sched-
ules, however, are not cost-effective in the long term and the efficacy also depends on reeducating
consumers who have limited knowledge on nutrition and health. Dietary modification may promote
increased consumption of Fe and Zn from food sources, which are produced through cropping high
Fe and Zn cultivars and improved Fe and Zn fertilizer management [10, 13]. This strategy is promis-
ing, but requires expertise in fertilizer management and its effectiveness in boosting Fe and Zn density
in grains can vary a great deal, with changing seasonal conditions and other agronomic practices. The
wide range of Fe and Zn in the grain of different varieties of rice [14, 15] offers an opportunity to
increase Fe and Zn content by rice breeding, but it is time consuming and expensive [16] and may not
be feasible for economically disadvantaged in developing countries. Iron concentration of the geneti-
cally modified “golden rice” has been successfully boosted several folds [12, 17]. However, vigorous
opposition to genetically modified or GM food has led to the golden rice to face stiff resistance from
consumers and governments in many countries. In the mean time, alternative cost-effective means to
deliver improved Fe and Zn nutrition through the staple food system are urgently needed to address
this Fe and Zn deficiency problem. Cost-effective fortification methods that can be readily deployed
need to be easily integrated into existing rice processing, marketing, and distribution network.

Fortification of Fe and Zn in the flour of wheat, corn, and rice has been successfully established
[1, 6]. Iron and Zn fortification in rice flour has also been promoted in Sri Lanka and the Philippines
[1]. However, the practice is far from common in most developing countries. Unlike wheat which is
mostly polished into flour before further processing into bread, pasta, or noodle, the volume of rice
used as flour constitutes a miniscule fraction of all rice consumed. Therefore, as a means to boost Fe
and Zn intake in rice eaters, rice needs to be fortified with Fe and Zn in the form of whole grains that
people commonly eat. The Fe- and Zn-fortified rice must also meet the sensory standard of the target
consumers, and the nutrient density is sufficiently robust against normal procedure for rice cooking.
Thus fortification in rice by mixing Fe surface coated grain with ordinary rice has not been well
received as the off-color of Fe coated grains are readily detected and tend to be removed along with
other impurities [7]. Moreover, Fe in the surface coating tends to be lost when rice is washed, another
common precooking procedure.

This review looks at parboiled rice, a form of processed rice, which accounts for a sizable share of
the global rice harvest and is the major form of rice consumed in South Asia and Africa, as a possible
vehicle for delivering Fe and Zn nutrition, especially among low income rice eaters in developing
countries.
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Rice Processing and Potential for Fortification

The ripe rice seed consists of the caryopsis enclosed in a tough siliceous hull (husk). The first step of
rice milling is to remove the husk, which subtracts about 20 % from the paddy weight, and produces
unpolished rice [18]. The next step is mechanical polishing to produce polished rice, the form of rice
most commonly consumed, and bran which consists of the outer layers of the caryopsis including
pericarp, testa, nucellus, part of the aleurone layer and some endosperm along with the germ or
embryo. The bran fraction constitutes about 10 % of unpolished rice weight [18], and up to 85 % of
the Fe and Zn content of unpolished rice [14, 19]. Because of its content of many nutrients unpolished
rice is becoming increasingly popular among health conscious rice eaters. In much major rice growing
regions the paddy is also processed by parboiling, by steaming of wet paddy, before milling.

Parboiling rice is a traditional practice that has been established for more than 20 centuries.
Parboiled rice is produced in many parts of the world including India, Bangladesh, Pakistan, Myanmar,
Malaysia, Sri Lanka, Guinea, South Africa, Italy, Spain, Thailand, Switzerland, USA, and France
[20]. The production of parboiled rice is currently about >100 million tons annually which accounts
for about half of the world rice crop [21]. People in many countries such as India (60 %) and Bangladesh
(90 %) consume parboiled rice as the staple food [22]. Thailand, where practically no parboiled rice
is consumed, exports 2—-3 million tons of polished parboiled rice each year to the countries in Middle
East and Africa [23]. Production and marketing system of parboiled rice, including processing facili-
ties and trading network, is established in producing and consuming countries.

The process of rice parboiling involves soaking the unhusked paddy rice in warm water at 40—-60 °C
to reach the moisture content about 30 %. Harvesting at such high grain moisture content is the norm in
off-season rice which reaches maturity at the start of the monsoons. It also helps to shorten the turn-
around time between crops in modern rice farming with two to three rice crops are grown on the same
land in each year. Parboiling allows farmers to sell their paddy rice at high moisture contents of 20-30 %
without drastic price deduction of substandard grade rice, as it would have been polished into very low
grade raw rice or otherwise required costly drying. Without drying facility, the wet rice seed could also
begin to germinate and produce undesirable odor. Soaking in warm water helps to prevent paddy rice
from fermentation which can cause strong offensive odor. The soaked paddy rice is steamed under low
pressure for a period of time which result in gelatinization of the endosperm starch, making the grain
more resistant against milling breakage. The milling yield of whole grain as percentage of paddy weight,
head rice yield, ranges from 80 to 100 % in parboiled rice, compared with 20-60 % in raw rice [24, 25].
Slight pressure at 0.8—1.0 kg cm during steaming helps to shorten steaming time which can be expen-
sive in a longer process. The steamed paddy rice is then dried in the sun or power driers depending on
available facility of each mill. De-husking and polishing are applied to the dried parboiled rice in the
same way as the processing of ordinary, non-parboiled, or raw rice to produce white (polished) parboiled
rice, a preferred form among parboiled rice consumers, and occasionally unpolished parboiled rice.
Polished parboiled rice is usually slightly yellowish although the color largely fades after cooking and
the texture is a bit harder than raw rice because of gelatinization of the starch grains. Parboiled rice is
generally reported to be more nutritious than raw rice as most of nutrients located in the outer layers of
the caryopsis have moved inwards in to the endosperm during parboiling [26].

The parboiling therefore prevents losses in and adding to the value of rice harvested at high mois-
ture contents in three ways. Firstly, steaming kills the seed and prevents it from germinating. Secondly,
gelatinization of the starch grain reduces grain breakage after milling. Thirdly, it saves the production
cost of rice by saving the cost of drying. Fourthly, if saves time and allow more rice crops to be grown
on the same land with earlier harvest and shorter turn-around time between crops. We now examine
how fortification with Fe and Zn may be incorporated in to the parboiling process, by first reviewing
the commercial parboiling process in Thailand, the world’s largest exporter of parboiled rice and then
exploring laboratory procedures for effective fortification of Fe and Zn through parboiling.
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Fig. 8.1 The process of raw (broken line) and parboiled rice (full line) from farmer’s harvest to product for export

Interviews with parboiled rice mill operators in the Central and Lower Northern Regions of
Thailand provided information on the parboiling process in an industry that produces 2—3 million tons
of polished rice for export each year (Fig. 8.1). The rice varieties considered most suitable for parbo