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Abstract
Introduction: The complementary diets of infants and young children in Asia often
contain inadequate levels of the problem micronutrients - iron, zinc, and calcium, and
sometimes, high levels of phytate which inhibit the absorption of these micronutrients. As
a result, the World Health Organization (WHO) recommends the consumption of fortified
complementary foods. However, to date, no studies have assessed the nutrient adequacy
or quality of manufactured complementary foods currently sold in Asia. The aims of this
study were to assess the adequacy of the iron, zinc, and calcium content of some
manufactured complementary foods currently sold in Asia, and to establish appropriate
levels of fortification for these micronutrients in selected cereal-based manufactured
complementary foods sold in three Asian countries – the Philippines, Mongolia, and
Cambodia.
Methods: A market sample of 33 commercially available, cereal-based manufactured
complementary foods, were collected from Indonesia, the Philippines, Thailand, China,
and Mongolia. The iron, zinc, and calcium content of the manufactured complementary
foods were analysed using atomic absorption spectrophotometry, and the phytate content
(based on hexa- and penta-inositol phosphate) was measured using high-performance
liquid chromatography. The micronutrient adequacy of the manufactured complementary
foods were assessed through comparison with the WHO estimated needs for iron, zinc,
and calcium, assuming that breast-fed infants aged 9-11 mos consume 50 g per day (dry
weight). The potential bioavailability of iron, zinc, and calcium in the complementary
foods was estimated by a comparison with the recommended phytate-to-mineral molar
ratios.
Appropriate fortification levels of cereal-based manufactured complementary foods using
WHO guidelines were determined for infants and toddlers aged 9 to 36 months from the
Philippines, and toddlers aged 12 to 36 months from Mongolia, and Cambodia. Observed
nutrient intake distributions for children from each respective country were transformed to
usual intakes using the programme PC-SIDE, adjusting for within-subject variation based
on intake data from two days during the 2003 National Nutrition Survey of the Philippines.
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Appropriate levels of fortification were determined using two methods recommended by
WHO: the IOM conventional approach (EAR cut-point method for zinc and calcium, and
full probability approach for iron), and the WHO alternative approach.
Results: Although 85% of the manufactured complementary foods analysed were
fortified, none met the estimated needs for breastfed infants aged 9-11 months for all three
problem micronutrients. However, nine met the estimated needs for calcium alone.
Furthermore, 76% of the manufactured complementary foods had a phytate-to-iron molar
ratio above the level said to be indicative of satisfactory iron bioavailability.
Derivation of fortification levels using the IOM conventional approach yielded much
higher levels of fortification than those estimated using the WHO alternative approach (i.e.
6.5 – 9.8 mg vs 0 – 4 mg of iron per day, and 318 – 389 mg vs 5 – 256 mg of calcium per
day). However, the IOM conventional approach plans for a low prevalence (i.e. 2-3%) of
inadequate intakes of micronutrients, whereas the WHO alternative approach plans
fortification levels at the estimated average requirement (i.e. 50% of the population have
inadequate intakes). No additional zinc as a fortificant appear to be required in the three
populations studied, as determined by both the IOM conventional and the WHO
alternative approach.
Conclusion: These results highlight the urgent need to fortify manufactured
complementary foods at appropriate levels of absorbable micronutrients. Simpler,
informed guidelines for the fortification of cereal-based complementary foods are required
to inform policy and regulation at the government level, and to help manufacturers
produce manufactured complementary foods that are adequately fortified with bioavailable
micronutrients.
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1

Introduction

It is well recognised that the period between birth and two years is a critical time point for
the prevention of malnutrition (WHO 2004). After two years of age it is very difficult to
reverse the effects of stunting (Martorell et al 1994), and any damage suffered in early life
can lead to permanent impairments in cognition, health, and development that can also
affect future generations (Victora et al 2008). Hence, the prevention of malnutrition during
this critical time point is likely to benefit the health, educational, and economic status of
the population in low-income countries.
The complementary diets of infants and young children in low-income countries
throughout Asia often contain inadequate levels of the problem micronutrients iron, zinc,
and calcium; and the absorption of these micronutrients is often inhibited by the high
levels of phytate in the traditional diets (Anderson et al 2008a, Harper 2006, Kimmons et al
2005, Lander et al 2009, Perlas et al 2004). Unfortunately, household strategies to improve
the bioavailability of these minerals, and thus the nutrient adequacy of the diets are
probably unlikely to be sufficient to overcome the deficits for these problem
micronutrients (Gibson et al 1998). Therefore, alternative solutions must be sought to
improve the micronutrient adequacy of complementary diets of Asian infants and toddlers.
In industrialised countries, fortified infant cereals are commonly consumed by infants and
toddlers and make substantial contributions of iron to their complementary diets (Fox et al
2006b). In response to the low nutrient adequacy of complementary diets in low-income
countries, the World Health Organization (WHO) have recommended the consumption of
fortified complementary foods in their ten guiding principles for complementary feeding of
the breast-fed child (WHO 2004). More recently, social programmes providing fortified
complementary foods, as well as the social marketing of commercially available fortified
complementary foods, have been recommended for the prevention of iron deficiency
anaemia in low income countries (Lutter 2008). Furthermore, the 2008 Copenhagen
consensus report identified fortification as one of the top ten investment priorities to
confront the ten great global challenges, one of which addresses malnutrition and hunger
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(Copenhagen Consensus 2008).
Manufactured complementary foods are well accepted in both affluent and resourcelimited settings when available, and are consumed by large proportions of the population,
even those within the lowest income bracket (Ferguson and Darmon 2007). Also, with
increasing urbanisation within Asia comes a dependence on the market for food
procurement. There is, therefore, an urgent need for low-cost, high quality, easy to prepare
complementary foods available on the market to address the deficits in problem
micronutrients in the diets of Asian infants and toddlers (Badham , Gibson et al 1998).
Fortification of cereal-based complementary foods have been shown to consistently reduce
the prevalence of anaemia (Ferguson and Darmon 2007), and to be as efficacious as
medicinal iron supplements in improving iron status of infants and toddlers (Ziegler et al
2009). In South Africa, for example, a low-cost fortified cereal-based food has significantly
improved motor development in infants (Faber et al 2005), whereas in India the
consumption of fortified dried milk powder has significantly increased linear growth, and
reduced the incidence of diarrhoea and respiratory infections in young children (Sazawal et
al 2007). Hence, there is a growing body of evidence supporting the use of fortified
complementary foods to enhance the nutrient adequacy of the diets of infants and toddlers,
and at the same time improve their iron status, and possibly growth, immune function, and
motor and cognitive development.
However, fortified manufactured complementary foods delivered through social welfare
schemes in Latin America and as food aid, are often not fortified at adequate levels of
absorbable micronutrients to meet the high nutrient requirements of infants and toddlers
(Lutter 2000, Ruel et al 2004). Indeed, to date, there is limited knowledge on the nutrient
adequacy of manufactured fortified complementary foods that are commercially available,
despite the WHO recommendation to promote their consumption in low-income countries
(WHO 2004). This is unfortunate because manufactured fortified complementary foods
have the potential to provide more nutrient-dense foods to the complementary diets of
infants, and if fortified at inappropriate levels may have little to no impact on improving
the nutritional and health status of infants and toddlers.
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Therefore, the overall aims of this study were first to assess the micronutrient adequacy of
these three problem micronutrients in a market sample of manufactured complementary
foods currently available in Asia. Secondly, to establish appropriate levels of fortification
of cereal-based complementary foods for three Asian countries using the guidelines on
fortification recommended by WHO (2006). These aims were achieved by addressing the
following specific objectives:
Objectives:
-

To determine the concentrations of WHO “problem nutrients” iron, zinc, and
calcium; and the anti-nutrient phytate in a market sample of manufactured
complementary foods in five Asian countries;

-

To evaluate the micronutrient adequacy of the manufactured fortified and
unfortified complementary foods in relation to the WHO estimated needs;

-

To establish appropriate fortification levels of iron, zinc, and calcium for
complementary foods in three Asian countries using data on nutrient intakes
from complementary diets from the Philippines, Mongolia, and Cambodia;

-

To compare the two methods advocated by the WHO to determine appropriate
fortificant levels of iron, zinc, and calcium in complementary diets;

-

To assess whether external estimates of within-subject variation for calcium, and
iron can be used to adjust the distribution of observed intakes of iron and
calcium to usual intakes.
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2

Literature Review

2.1

Malnutrition in infancy

2.1.1 Global commitments to the eradication of infant malnutrition
“Every man, woman, and child has the inalienable right to be free from hunger and malnutrition in order
to develop fully and maintain their physical and mental faculties” - (United Nations 1975)
Since 1948 access to food and the nutritional status of individuals has been recognised as a
basic human right in international law (Universal Declaration of Human Rights 1948).
Global commitments to the eradication of malnutrition have been ongoing since 1974
when governments and non-governmental organizations (NGO) alike were urgently called
upon to address the task to “bring about the end of the age-old scourge of hunger” at the first
United Nations (UN) World Food Conference (United Nations 1975). Indeed, the
eradication of hunger, along with poverty, remain top priorities of both the Millennium
Development Goals (MDG) and the 2008 Copenhagen Consensus report. Yet progress
remains slow in spite of these global commitments (United Nations 2009), with over one
third of all deaths of children under five years of age attributed to malnutrition (Black et al
2008, United Nations 2009).
Currently the compounding effects of a global economic crisis, food crisis, and a series of
natural disasters in many developing countries have left thousands without access to safe
and adequate food supplies, and has resulted in donor countries cutting aid budgets –
further hindering progress on eradicating malnutrition (United Nations 2009). Moreover,
the future is looking bleak, with climate change, oil shortages, water scarcity, ongoing
economic crisis, and ecological degradation threatening agricultural productivity and
consequently food security in much of the developing world (FAO 2009, Lobell et al 2008,
United Nations 2009). The most recent review of the MDGs state that child nutrition
must be given higher priority in national development (United Nations 2009). Very little
progress has been made in reducing child malnutrition,
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Figure 2.1:

The UNICEF conceptual model of causes of malnutrition in society

(UNICEF 1990)
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and the small progress that has been made is likely to be undermined by the continued high
food prices, unstable global economy, and the future global challenges we face (United
Nations 2009). Urgent, concerted, evidence-based action is required by UN agencies,
governments, international NGOs, bilateral aid agencies, charitable foundations, and
research groups to ensure that nutrition interventions are effective (Morris et al 2008).
Infants and children, particularly from poor households are the most vulnerable, and most
seriously affected by food shortages and malnutrition (Ruel et al 2010). A recent review of
the current food, fuel, and financial crises has shown that in an effort to cope with the
culmination of crises, households will often reduce the quality of food purchased and in
severe circumstances will reduce the quantity of food consumed (Ruel et al 2010). These
coping mechanisms have catastrophic impacts on infant survival, and the long-term
physical and mental development of the child, preventing children from reaching their full
potential. The following sections address the aetiology of malnutrition, the role of
complementary foods on child growth and development, and the state of malnutrition in
Asian infants and young children.

2.1.2 The aetiology of malnutrition
Malnutrition does not arise in isolation. It is the culmination of political, environmental,
economical, historical, and social factors that lead to socio-economic disparities in health
and nutrition (UNICEF 1990). As seen in the UNICEF conceptual framework (Figure
2.1), the basic causes of malnutrition are the result of economic, political, and ideological
structures and policies of governments and international negotiations, and their impacts on
the unequal distribution of resources (UNICEF 1990). These in turn affect the underlying
causes of malnutrition: household food insecurity, poor access to health services, and
inadequate child caring practices (UNICEF 1990) arising from poor hygiene, nurturing,
feeding practices (Ruel and Menon 2002, Smith et al 2005), and little psychological
stimulation (Tomlinson and Landman 2007). Indeed, in spite of the complex nature of
malnutrition, the adverse effects of inadequate caring practices on dietary intakes and
disease remain the primary determinants of malnutrition in infancy, as shown in Figure 2.1
(UNICEF 1990).
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Figure 2.2: The contribution (as percentage) to selected micronutrients requirements
that must be provided by complementary foods for infants aged 9 to 11 months assuming
an average breast milk intake
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Disease and its inter-relationship with dietary intakes
There are numerous ways in which inadequate dietary intakes and disease are inter-related.
For example, infections can affect nutritional status due to anorexia, in addition to
decreasing the absorption of nutrients, increasing the loss and/or utilisation of nutrients.
Poor nutritional status will in turn increase an infant’s susceptibility to infection, resulting
in a vicious cycle of infection, reduced food intake, and adverse health and developmental
consequences (UNICEF 1990).
Zinc plays an important role in morbidity, and routine zinc supplementation is now
recommended in the treatment of diarrhoea (WHO/FAO 2002), as it is proven to be
efficacious in reducing the duration and severity of diarrhoeal episodes (Brown et al 2004).
There is also mounting evidence to support the use of zinc supplementation in the
prevention of illness, as it significantly reduces the incidence of diarrhoea, acute lower
respiratory tract infections, and pneumonia, and in some cases reduces mortality (Brown et
al 2009). Supplementation of vitamin A is also effective at reducing mortality rates
(Sommer et al 1986), and routine supplementation with vitamin A is recommended for all
infants and young children under five years of age (WHO 2009a).

Inadequate dietary intakes
At 6 months of age breast milk alone can no longer fulfil the nutrient requirements of the
infant, and complementary foods must be introduced. Complementary foods are defined
as “any nutrient-containing foods or liquids other than breast milk given to young children”
(WHO/UNICEF 1998). The amount of micronutrients that are required from
complementary foods to meet a breast-fed infant’s nutrient requirements from nine to
eleven months of age is illustrated in Figure 2.2. Close to 100% of the infant’s
requirements of iron and zinc, and approximately 80% of the requirements of niacin,
phosphorous and vitamin B6 must be provided by complementary foods. Requirements
for vitamin A vary according to maternal vitamin A status, as the vitamin A content of
breast milk is dependent on maternal status (WHO/UNICEF 1998).
Inadequate dietary intakes can be the result of deficits in the quantity and/or the quality of
the complementary diet (Brown 1991, Gibson and Hotz 2001). Deficits in the quantity
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Table 2.1: WHO Guiding principles for the breast-fed child
Guiding principles
Duration of exclusive
breastfeeding and introduction
of complementary foods
Maintenance of breastfeeding
Responsive feeding
Safe preparation and storage of
complementary food
Amount of complementary food
needed
Food consistency
Meal frequency and energy
density
Nutrient content of
complementary foods
Use of vitamin-mineral
supplements or fortified
products
Feeding during and after illness

Exclusive breastfeeding from birth to 6 months, and introduce
complementary foods at 6 months of age while continuing breastfeeding
Continue frequent, on demand breastfeeding until 2 years of age or
beyond
Feed infants directly, slowly, patiently and with encouragement.
Experiment with different food combinations, such as taste and textures.
Talk to the child during feeding and make eye-to-eye contact
Practice good hygiene and proper food handling
i.e. washing caregiver and child’s hands; safe storage of foods; using clean
utensils and serving dishes; avoid use of feeding bottles.
Start at 6 months with small amounts of food and increase as the child
gets older. Energy requirements at:
6-8 months: 200 kcal; 9-11 months: 300 kcal; 12-23 months: 550 kcal
Gradually increase food consistency and variety as the infant gets older
Increase number of feeding times as infant gets older. The appropriate
number of feedings depends on the energy density of local foods
Feed a variety of foods. Meat, fish, poultry, or eggs, and vitamin A-rich
fruits and vegetables should be eaten daily.
Avoid tea, coffee, and sugary drinks
Provide infants with fortified complementary foods, or vitamin and
mineral supplements. This is especially important for vegetarian infants
Increase fluid intake, frequent breastfeeding, encourage the child to eat
soft appetising ‘favourite foods’.

From WHO Guiding principles for the breast-fed child (WHO 2004)
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of complementary food an infant can consume are often exacerbated by their small gastric
capacity (WHO/UNICEF 1998). In addition to the physical limitations of small gastric
capacity, factors that influence the amount of food consumed at the household level such
as household food security and the distribution of food within the household, are also
important. Complementary feeding behaviours influencing food intake include: the
number of meals and amount of food offered to the infant, and the encouragement and
engagement in feeding between caregiver and child. At the individual level, the child’s
appetite will also be a major determinant of the quantity of complementary food
consumed. Anorexia can be induced by both iron and zinc deficiency, as well as infections
emphasizing the inter-relationship between nutrition and disease (Brown 1991, Brown et al
2004).
In light of an infant’s limited gastric capacity and high nutrient requirements, it is now
widely acknowledged that malnutrition is not merely an issue of insufficient intake of food,
but also a consequence of the poor nutritional quality of the complementary diet (Brown
1991, Gibson and Hotz 2001). Complementary foods must be nutrient dense, and contain
micronutrients that are bioavailable in order to provide sufficient amounts of absorbable
nutrients. Often complementary foods are prepared as thin watery gruels that only provide
minimal amounts of energy and micronutrients per meal to the infant. The following
section details factors affecting the bioavailability of nutrients in complementary diets in
general (2.2.2), and more specifically the nutrient densities of Asian complementary diets
(2.2.4).
WHO complementary feeding guidelines
The WHO’s ten guiding principles for complementary feeding for the breast-fed child are
an evidence-based set of guidelines, designed to identify appropriate complementary
feeding behaviours. They were devised to provide policy makers, programme planners,
health care providers, and community leaders with guidelines necessary to promote an
environment conducive to safe and appropriate complementary feeding. The guidelines
encompass many of the predictors of malnutrition that were identified in the UNICEF
conceptual framework, and are listed in Table 2.1. Of note is the recommendation to feed
infants fortified products or vitamin-mineral supplements.

11

Although this thesis is primarily focused on the dietary aspects of malnutrition, it is
important to acknowledge the multitude of interacting factors involved in the sequelae of
malnutrition. There is never likely to be one magic technological fix to eradicate
malnutrition. Fortification of manufactured complementary foods is just one means of
improving access to nutrient-dense foods for complementary feeding. Further concerted
action is required at the household, community, national, and global level if progress in
eradicating malnutrition is ever to be achieved.

2.1.3 Role of complementary foods for optimal growth and development
It is well recognised that the period between birth and two years is a critical time point in
the prevention of malnutrition (WHO 2004). After two years of age it is very difficult to
reverse the effects of stunting (Martorell et al 1994), and any damage suffered in early life
can lead to permanent impairment that can also affect future generations (Victora et al
2008). The prevention of malnutrition during this critical time point is likely to benefit the
health, educational, and economic status of a population. Based on computer modelling, it
has been estimated that a 99% coverage of complementary feeding interventions could
avert 5.5 million disability-adjusted life-years (DALY) in the 36 countries with the highest
burden of malnutrition (Bhutta et al 2008a).
Linear growth
It is distressing that of the 178 million stunted children under five years of age in the world,
90% of them live in just 36 countries (Bhutta et al 2008a). Huge disparities exist in the
rates of stunting (i.e. height-for-age z-score (HAZ) less than two standard deviations)
across the world. Further, the number of children who are stunted globally could be
averted, as has been witnessed historically in developed countries (Steckel 2002).
Stunting is indicative of chronic malnutrition. Although lower stature in itself is not
desirable, it is the associated health and developmental outcomes that are cause for
concern. Indeed, HAZ scores at two years of age have been found to be the best predictor
of human capital in adulthood (Victora et al 2008). The number of children who are
stunted globally has been estimated to equate to 280 million DALYs (Bhutta et al 2008a).
Stunting is associated with lower rates of survival (Black et al 2008), an increased risk of
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morbidity (Victora et al 1990), impaired cognition and behaviour abnormalities in both
childhood (Mendez and Adair 1999) and adulthood (Victora et al 2008). Moreover,
stunting can be passed on to future generations (Victora et al 2008).
Growth faltering may occur from birth onwards (Shrimpton et al 2010, de Onis et al 2006,
Saha et al 2009). However, the prevalence of stunting increases rapidly during the first two
years of life coinciding with the complementary feeding period (Bhutta et al 2008a). At
least 30% of stunting can be averted by utilising existing interventions for maternal and
child nutrition and health (Bhutta et al 2008a). For example, computer modelling suggests
that 99% coverage of appropriate complementary feeding interventions in the 36 countries
with the highest burden of stunting could reduce the prevalence of stunting by as much as
20% (Bhutta et al 2008a).
Several systematic reviews have examined the impact of complementary feeding
interventions on health, particularly growth (Bhutta et al 2008b, Caulfield et al 1999, Dewey
and Adu-Afarwuah 2008). Results from efficacy trials and programme interventions
improving maternal knowledge and complementary feeding practices, conducted between
1970 and 1997 reported improvements in growth rates of between 0.1 and 0.5 SD
(Caulfield et al 1999). More recently, it has been noted that educational interventions
promoting animal-source foods for the complementary feeding of infants and young
children were most successful at improving both length and weight gain (Dewey and AduAfarwuah 2008). In fact, education on appropriate complementary feeding was the only
intervention strategy that had a significant impact on linear growth in Dewey’s systematic
review (2008). Although nutrition education is the most effective strategy in populations
that are food secure, the provision of food supplements in addition to nutrition education
significantly improved growth among food insecure populations (Bhutta et al 2008a).
Nutrients believed to be involved directly in linear growth include calcium and zinc, and in
some circumstances protein, phosphorous, iodine and vitamin A (Gibson and Hotz 2001).
Calcium plays an important structural role in skeletal health (Cashman 2002). During early
infancy, calcium requirements are very high due to the calcium accretion rates for rapid
skeletal growth (Gibson and Hotz 2001). As there is a large skeletal reserve of calcium,
metabolic deficiencies of calcium are very rare. Nevertheless, consumption of inadequate
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amounts of calcium will lead to decreased bone mineralization during infancy and early
childhood, a period of rapid growth (Cashman 2002). Evidence that inadequate calcium
intakes lead to linear growth faltering is limited, although there is evidence of reduced bone
mineral content, and subsequent reductions in peak bone density (Gibson and Hotz 2001,
WHO/FAO 2006). Inadequate calcium intakes are very difficult to confirm through
laboratory assessment because plasma calcium is strictly homeostatically controlled.
Therefore estimates of calcium deficiency are largely based on the adequacy of dietary
intakes in relation to the nutrient reference values (Cashman 2002, WHO/FAO 2006).
Throughout Asia, diets are plant-based and intakes of dairy products, a readily available
source of absorbable calcium, are low. Hence, Asian diets are characterised by calcium
intakes that fail to meet the requirements of infants and toddlers (Gibson et al 1998), and
which therefore may lead to decreased bone mineral content.
Growth faltering is characteristic of zinc deficiency, and in the meta-analysis of Brown et al
(2002), supplementation of zinc was shown to significantly increase height (effect size: 0.35
(95%CI: 0.189, 0.511)) in prepubertal children who were stunted at baseline. More
recently, Ramakrishnan et al (2009) found no significant effect of zinc supplementation on
height increments in children under five years of age (effect size: 0.07 (95% CI: -0.03,
0.17)). Zinc supplementation is not always associated with a positive impact on growth,
and discrepancies in these outcomes can be the result of many factors. Discrepancies can
arise due to differences in study populations, such as: age on recruitment, sex, initial zinc
and growth status, or the co-existence of other growth-limiting nutrient deficiencies
(Gibson and Hotz 2001). In the meta-analysis of Ramakrishnan et al (2009), for example, it
was found that supplementation with multiple micronutrients had a small yet significant
effect (effect size 0.09 (95% CI: 0.008, 0.17)). Alternatively, differences in study designs
can impact the efficacy of zinc supplementation. For example, differences in the
absorption of the form of zinc supplement used, the supplementation regime (daily,
weekly), its duration, and compliance to the supplement regimen may account for these
inconsistent findings (Gibson and Hotz 2001).
The etiology of stunting is multifaceted and as such requires an intervention that addresses
deficiencies in all growth-limiting nutrients, while at the same time providing education to
caregivers on appropriate complementary feeding practices. The results of these reviews
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highlight the importance of providing complementary feeding-based solutions (either
education alone or in combination with complementary foods) rather than single
micronutrient supplementation alone for improving the growth status of infants.
Cognition
It is estimated that 200 million children under five years of age do not reach their
developmental potential (Grantham-McGregor et al 2007). Malnutrition during infancy
can cause structural damage to the brain, and result in impaired cognition which can persist
throughout life (Victora et al 2008).
Improving the quality and quantity of complementary food intakes has been shown to
improve motor development, as well as cognitive ability, based on several randomised
controlled trials providing nutritional supplements to young children less than two years of
age (Grantham-McGregor et al 1991, Husaini et al 1991, Pollitt et al 1993, Pollitt et al
2000). The cognitive benefits have been estimated as increases of 6 to 13 points in
developmental quotients (Walker et al 2007). In a Guatemalan study conducted in 1969 to
1977, for example, children who consumed the complementary food supplement
performed significantly better on cognitive tests in childhood (Pollitt et al 1993), and had
better cognitive skills and higher levels of attainment of school in adolescence (Li et al
2003). These positive cognitive development outcomes persisted through to adulthood,
with improvements in physical work capacity (Haas et al 1995), and significantly higher
average wages (Hoddinott et al 2008), confirming the long-lasting effects of nutrition in
early childhood on cognition.
Specific micronutrients are directly involved with cognition, and deficiencies of these
micronutrients can in severe circumstances cause irreversible impairment of mental
function. Deficiencies of iodine, iron, zinc, and vitamin B12 have all been implicated in
cognitive development (Black 2003, Grantham-McGregor et al 1999), but there is limited
evidence that supplementation can reverse the adverse effects of these deficiencies (Black
2003, Brown et al 2009). In contrast, there is abundant evidence that infants with iron
deficiency anaemia have lower cognitive, motor, social-emotional and neuro-physiological
development than comparison groups.
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2.1.4 Malnutrition in Asia
As a continent, Asia has the highest level of malnutrition as defined by stunting (HAZ) less
than -2 SD), severe wasting (weight-for-height (WHZ) less than -3 SD), and underweight
(weight-for-age (WAZ) less than -2 SD) (Black et al 2008). Of the 112 million (95% CI:
98.1 – 125.1) young children under five years of age who are stunted in Asia, 83% of them
live in South-East or South-Central Asia (Black et al 2008).
These high rates of stunting, wasting, and underweight are accompanied by an equally
concerning high prevalence of micronutrient deficiencies. Table 2.2 highlights the
prevalence of biochemical micronutrient deficiencies in a selection of Asian countries. As
evidenced in many of the Southeast Asian countries, the prevalence of
haemoglobinopathies is a major factor contributing to the prevalence of anaemia
(Anderson et al 2008b, Berger et al 2006, Wasantwisut et al 2006). The prevalence of iron
deficiency remains high in all but one country (Thailand), with between 17 and 27% of the
population of infants and young children with low iron stores (Anderson et al 2008b,
Berger et al 2006, Dijkhuizen et al 2001, Eneroth et al 2009, Lander et al 2008). The
prevalence of zinc deficiency is often overlooked in public health programmes. As seen in
Table 2.2, the prevalence of zinc deficiency in these populations is alarmingly high, and of
public health importance. Hence, solutions must be sought, especially considering the role
of zinc in both immune function and growth (Brown et al 2004). Caution must be used
when interpreting the data for the Cambodian survey, because the high prevalence of zinc
deficiency is not unexpected (Anderson et al 2008b), as the infants and young children
were recruited on the basis of a low HAZ, a characteristic feature of zinc deficiency.
In view of the irreversible and debilitating health and developmental consequences of
malnutrition in infancy, and the alarmingly high prevalence of micronutrient deficiencies
within Asia, it is obvious that urgent action to combat malnutrition in Asia is required. The
remainder of this thesis will assess the potential of fortified manufactured complementary
foods to reduce micronutrient deficiencies in Asia.
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Table 2.3: Estimated energy and selected micronutrient needs from complementary foods
for infants and toddlers assuming average breast milk intakea

Energy (kcal/d)
Energy (kJ/d)
Vitamin A (µg RE/d)b
Folate (µg/d)
Niacin (mg/d)
Pantothenic Acid (mg/d)
Riboflavin (mg/d)
Thiamin (mg/d)
Vitamin B6 (mg/d)
Vitamin B12 (µg/d)
Vitamin C (mg/d)
Vitamin D (µg/d)
Vitamin E (mg/d)
Vitamin K (µg/d)
Calcium (mg/d)
Iodine (µg/d)
Magnesium (mg/d)
Selenium (µg/d)
Iron (mg/d)
15% bioavailability
12% bioavailability
10% bioavailability
5% bioavailability
Zinc (mg/d)c
Low bioavailability
Moderate bioavailability

6-8 months
240
1004
63
23
3
0.6
0.2
0.2
0.2
0.0
3.0
4.6
1.1
8.6
211
16
30
0

9-11 months
344
1440
77
25
3
0.6
0.2
0.2
0.2
0.1
4.2
4.6
1.2
8.6
219
19
31
0

12-23 months
602
2520
126
103
5
1.0
0.3
0.4
0.4
0.4
8.0
4.7
3.7
13.8
346
30
41
6

6.0
7.5
9.1
18.4

6.0
7.5
9.1
18.4

3.7
7.6
5.6
11.4

3.2
4.2

3.2
4.2

2.3
2.3

RE = retinol equivalents
a Estimated needs calculated using breast milk volume and breast milk composition from (WHO/UNICEF 1998),
recommended nutrient intakes from (WHO/FAO 2004) and energy requirements from (FAO/WHO/UNU 2004)
b Vitamin A values are based on the breast milk content of mothers in developing countries (Underwood 1994)
c Zinc values are based on the recommended daily allowances of IZiNCG (Brown et al 2004)
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2.2 Nutritional adequacy of complementary diets for infant and
young child feeding
In order to evaluate the adequacy of complementary diets, reliable tools are required to
assess both the nutrient quantity and quality of the diet with respect to the requirements of
infants and young children. This section reviews how to assess the nutrient adequacy and
quality of the diet, and the factors that affect nutrient quality, before examining the nutrient
adequacy of the complementary diets throughout Asia.

2.2.1 Assessing the energy, nutrient adequacy, and nutrient density of
complementary diets
The nutritional adequacy of complementary foods fed to infants and young children is
dependent both on their content and bioavailability of nutrients. The adequacy of
complementary diets can be assessed in two ways: either through a comparison of the
energy and nutrient content of the diet with WHO estimated needs (Table 2.3), or through
comparing the nutrient densities of the complementary diets with WHO recommendations
(Table 2.4). The estimated needs represent the daily nutrient requirements from
complementary food for the infant. These needs can be converted to nutrient density
values by dividing them by the amount of energy needed from complementary foods for
children aged 6-8, 9-11 and 12-23 months. They are expressed as the desired nutrient
content per 100 kcal of complementary food; this value is often used to assess the nutrient
quality of diets.
The WHO has published guidelines on the estimated needs of energy and nutrients from
complementary foods for breast-feeding infants and young children in developing
countries for three age groups: 6-8, 9-11, and 12-23 months (WHO/UNICEF 1998).
These theoretical energy and nutrient needs were calculated as the difference between the
energy requirements and recommended nutrient intakes minus that provided by breast milk
for each respective age group, taking into account the nutrient content of human breast
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Table 2.4: Desired nutrient densities of complementary foods (per 100 kcal) for infants
and toddlers assuming average breast milk intakea

Vitamins
Vitamin A (µg RE)b
Folate (µg)
Niacin (mg)
Pantothenic Acid (mg)
Riboflavin (mg)
Thiamin (mg)
Vitamin B6 (mg)
Vitamin B12 (µg)
Vitamin C (mg)
Vitamin D (µg)
Vitamin E (mg)
Vitamin K (µg)
Minerals
Calcium (mg)
Iodine (µg)
Magnesium (mg)
Selenium (µg)
Iron (mg)
15% bioavailability
12% bioavailability
10% bioavailability
5% bioavailability
Zinc (mg)c
Moderate bioavailability
Low bioavailability

6-8 months

9-11 months

12-23 months

26
9
1.24
0.24
0.07
0.07
0.10
0.02
1.3
1.9
0.5
3.6

22
7
0.88
0.18
0.05
0.05
0.07
0.02
1.2
1.4
0.4
2.5

20
17
0.86
0.16
0.05
0.06
0.07
0.06
1.3
0.8
0.6
2.3

88
7
13
0.0

64
6
9
0.0

58
5
7
1.0

2.5
3.1
3.8
7.7

1.7
2.2
2.6
5.4

0.6
0.8
0.9
1.9

1.3
1.7

0.9
1.2

0.4
0.4

a Nutrient

density values are based on the energy and micronutrient estimated needs shown in Table 2.3.
A values are based on the breast milk content of mothers in developing countries (Underwood 1994)
c Zinc values are based on the recommended daily allowances of IZiNCG (Brown et al 2004)
RE = retinol equivalents
b Vitamin
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milk and volume consumed for each specific age group. Whilst this calculation appears
simple, it is complicated by the fact that there are no single agreed values for the nutrient
requirements during infancy and early childhood and that levels of certain micronutrients
in the breast milk can vary according to maternal micronutrient intake and status. Table
2.3 shows the estimated needs for selected nutrients based on the most up-to-date values
for nutrient requirements for infants published by WHO/FAO (WHO/FAO 2004).
The volumes of breast milk consumed by exclusively and partially breast-fed infants were
obtained by determining the average intake (mL/day) from multiple studies conducted in
developing countries. Due to the broad range of breast milk intakes, the volume of breast
milk consumed has been characterised as: low (mean -2SD), average (mean), or high
(mean+2SD), and corresponding estimated energy and nutrient needs from complementary
foods calculated for each category of breast milk intake. The values for the energy and
nutrient composition of mature breast milk have been obtained from various sources in the
literature, primarily from a report by the Institute of Medicine (IOM 1991). As vitamin A
values in breast milk vary according to maternal status, and the vitamin A status in
developing countries is often very low, the vitamin A estimated needs in the WHO report
were based on retinol concentrations in human milk from developing countries
(Underwood 1994).
The values for the energy requirements and recommended nutrient intakes for infants have
been compiled from a variety of sources. The latest update on energy needs from
complementary diets is based on a longitudinal study conducted in the US on 76 children
(Butte et al 2000). Information on total energy expenditure and body composition was
collected from these infants at 3, 6, 9, 12, 18, and 24 months of age and these values were
used to determine the amounts of energy required from complementary foods for healthy
infants. Whilst these values are based solely on healthy breast-fed infants from the US,
they are currently the best estimates available. There are very few studies on energy
requirements of healthy infants from developing countries. A recent review indicated that
infants from developing countries often have higher total energy expenditures for a given
weight than those in developed countries (Butte 2005). This may be solely due to size,
body composition, presence of infections, or could be a result of other mitigating factors
(Butte 2005), and warrants further investigation.

21

There is a lack of comprehensive scientific data to determine the true nutrient requirements
of children less than 12 months of age, and hence evaluate the adequacy of nutrient intakes
for this age group. The conventional approach is to compare the usual intakes of children
in the group with the estimated average requirements (EAR). However, to calculate the
estimated needs, WHO have chosen to use the recommended nutrient intakes (RNI) or
adequate intake (AI), to allow for the greater uncertainty associated with the requirement
estimates for this age group (WHO/FAO 2004). The AI is often used for infants aged 0-6
months, when it is estimated from the mean of observed intakes of nutrients of healthy,
full term exclusively breast-fed infants (IOM 1998, IOM 2000, IOM 2001). In contrast, for
those aged 6-8, 9-11, 12-23 months, the RNI, which is set at plus 2 standard deviations of
the EAR, is used to evaluate the adequacy of the nutrient intakes from complementary
foods.

2.2.2 Factors affecting the bioavailability of iron and zinc in the
complementary diet
Bioavailability is defined as “the fraction of an ingested nutrient available for use in normal
physiological functions and storage” (Jackson, 1997). The bioavailability of the micronutrients iron, zinc, calcium - are markedly reduced in diets that are comprised predominantly of
plant-based foods, such as cereal and legumes – diets which are characteristic of the
complementary diets of many Asian countries. Hence, when assessing the nutrient
adequacy of these minerals, their bioavailability from the complementary foods must also
be taken into account. The main dietary factors affecting the bioavailability of a nutrient
are: its chemical form, the nature of the food matrix, and interactions between certain
nutrients and/or other organic components within the food.

Factors affecting the bioavailability of iron
The two major forms of iron in the diet, haem and non-haem iron, are absorbed via
different mechanisms, and subsequently have different levels of bioavailability. Haem iron
is found in the form of haemoglobin or myoglobin in meat, fish, and poultry. The
mechanism by which haem iron is absorbed is not well characterised, but its absorption has
been shown to have an efficiency ranging from 20 to 50%, depending on whether
22

individuals are iron replete or iron deplete, respectively (Hunt 2005). Non-haem iron, the
predominant source of dietary iron, is present in cereal, legumes, fruits, and vegetables. In
addition, about 60% of dietary iron in meat, fish, and poultry is present as non-haem iron.
The latter has an absorption efficiency ranging from 0.1-35% (Hunt 2005). Non-haem iron
is present in the diet either as the reduced ferrous form, or poorly bioavailable ferric form the most common form found in food (Miret et al 2003). All non-haem iron enters an
exchangeable pool within the intestinal lumen and it is from within this pool that it
interacts with other dietary constituents that can either enhance or inhibit absorption (Hunt
2005).
Complementary foods, in particularly those used in developing countries, often have low
iron bioavailability due to the presence of phytic acid (myo-inositol hexa-phosphate) or its
associated magnesium, calcium, and potassium salts – termed phytates (Davidsson 1998).
Phytate constitutes about 2 to 3% of cereals, grains, legumes, nuts and seeds (Sandberg
2002). It is the major phosphorous storage site for the germinating seeds, and as such,
plants grown in low phosphorous soils will have a lower phytate content (Reddy 2002).
Phytate exerts its inhibitive effect by chelating metal ions, such as iron, zinc, and calcium in
the intestine. These complexes are insoluble at the physiological pH of the gastrointestinal
tract and cannot be digested or absorbed because of the absence of intestinal phytase
enzymes in the gut (Iqbal et al 1994). A dose-dependent inhibitory effect of phytate on
iron absorption has been demonstrated by adding varying amounts of phytate (2 to 250
mg) to wheat buns containing no intrinsic phytic acid (Hallberg et al 1989). Even small
amounts of phytate were able to exhibit a strong inhibition: 2 mg of phytate inhibited nonhaem iron absorption by 18% (p<0.001) whilst with 250 mg of phytate non-haem iron
absorption was inhibited by 82% (p<0.001) (Hallberg et al 1989).
The myo-inositol phosphates that have more than four phosphate groups attached to the
inositol ring are the major inhibitors of non-haem iron absorption (Sandberg et al 1999).
The lower inositol phosphate groups, tri-inositol phosphate (IP3) and tetra-inositol
phosphate (IP4), when in isolation, have no effect on non-haem iron absorption, but when
present in processed foods also inhibit non-haem iron absorption to some degree
(Sandberg et al 1999). Degradation of phytate to these lower inositol phosphate groups
can occur through food processing techniques, such as fermentation (Sandberg 2002). The
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dephytinization of cereal-based complementary foods through food processing techniques
is of great importance, as it can markedly increase the absorption of non-haem iron
(Hurrell et al 2003).
Determining an optimal phytate to iron molar ratio within diets is difficult due to phytate’s
dose-dependent inhibitory effect and the influence of other dietary factors on iron
absorption. Hurrell (2003) has recommended that where possible all phytate should be
degraded from food to achieve the maximum benefit of a five-fold increase in non-haem
iron absorption. When it is not possible to completely eliminate phytate from the diet, it is
recommended that the phytate-to-iron molar ratio of less than 1, or preferably less than 0.5
should be achieved to increase non-haem iron absorption by up to two fold (Hurrell 2003).
There are several other dietary components that can affect the bioavailability of non-haem
iron in the diet, but this review only focuses on those of relevance to the complementary
diets of infants, particularly in Asia. Of note, are the inhibitors that comprise the
polyphenols (Mennen et al 2005). These are found ubiquitously in plant-based foods and
also in beverages such as tea and coffee, and act in much the same way as phytate, forming
insoluble complexes with non-haem iron, thus preventing their intestinal absorption. This
is of particular concern in countries such as Mongolia, India and Cambodia, where it is
commonplace to give tea to infants (Anderson et al 2008a, Jani et al 2009, Lander et al
2009). The source of protein within a meal can also impact on the bioavailability of nonhaem iron. Whilst cellular animal protein is well known for its ability to enhance non-haem
absorption, soy protein under some circumstances, has been found to have an adverse
effect independent of its high phytate content (Etcheverry et al 2006, Hallberg and Hulthén
2000).
Ascorbic acid is the most potent of all the organic acids to act as an enhancer of non-haem
iron absorption (Teucher et al 2004). It acts by reducing ferric iron to ferrous iron at an
acid pH, and as a low affinity ligand at a neutral pH, allows the release of iron from food,
maintaining it in a soluble form, which thus enhances absorption (Miret et al 2003, Teucher
et al 2004). Ascorbic acid, however, must be consumed within at least two hours of
consumption of the non-haem iron-containing food to be effective (Cook and Monsen
1977). This effect of ascorbic acid on non-haem iron absorption is dose-dependent, such
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that ascorbic acid to iron molar ratios up to 7.5 produce a steep linear response, which
becomes less pronounced at molar ratios above 7.5 (Cook and Monsen 1977, Teucher et al
2004). However, it is difficult to predict the ideal combination of ascorbic acid to iron due
to the multitude of inhibitors present within foods. Ascorbic acid is proven to counteract
the inhibitory effects of phytate on non-haem iron absorption (Hallberg et al 1989,
Siegenberg et al 1991): 80mg of ascorbic acid is able to counteract 25mg of phytate
(Hallberg et al 1989). In developing countries where dietary phytate intakes are generally
greater than 250mg, it is difficult to consume sufficient levels of ascorbic acid from dietary
sources to completely counteract the inhibitory effects of phytate on iron absorption,
emphasising the importance of dephytinization of complementary foods as a strategy for
increasing iron absorption. Unfortunately the cost, and instability of ascorbic acid limit its
use by some manufacturers. Ascorbic acid can rapidly degrade unless it is packaged
appropriately, although it is believed to be relatively stable in precooked cereal-legume
infant cereals (Hurrell et al 2004).
Caution must be employed, however, when interpreting the results of many bioavailability
studies as most are based on results from single meal studies. Single meal studies tend to
exaggerate the effect of interactions between nutrients and other dietary constituents on
iron absorption in comparison to whole diet studies (Tidehag 1996). There is some
uncertainty as to the ability of individuals to adapt to diets with low iron bioavailability, in
particular those with a high phytate content. Brune et al (1989) assessed the iron
absorption of bread rolls with either a high or low phytate content in participants who had
been strict vegetarians on average for 25 years, in comparison to an omnivorous control
group. No significant differences in non-haem iron absorption between the two groups
was reported, suggesting that there was no intestinal adaptation to long-term high phytate
diets (Brune et al 1989). More recently, however, it has been demonstrated that men with
normal iron stores have the ability to adapt to diets with high or low iron bioavailability by
altering absorption of non-haem iron over time (Hunt and Roughead 2000). For example,
over a ten-week period of consumption of a standardised meal with either high or low iron
bioavailability, participants were able to maintain their serum ferritin levels, by altering both
absorption of non-haem iron as well as excretion of faecal ferritin (Hunt and Roughead
2000). Whether this effect would persist over longer periods of time is yet to be
confirmed.
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It is not only the intrinsic iron found naturally within a food matrix that is subject to
problems with bioavailability, but also the iron salts used for fortification of food products.
Indeed, the same enhancing and inhibiting factors that affect native iron also impact on the
bioavailability of most iron fortificants. Iron is one of the most problematic of all the
micronutrients used for fortifying foods, and the issues pertaining to the bioavailability of
iron in fortified foods, and other issues involved with fortification are discussed further in
Section 2.4.2.
The bioavailability of iron in complementary diets has been taken into account by WHO in
the calculation of estimated iron needs for infants and toddlers. In 1998, WHO classified
diets as having low, moderate or high bioavailability of iron. These three classifications
corresponded to an assumption that non-haem iron absorption was equivalent to 5%, 10%
and 15% respectively for individuals with no iron stores (WHO/UNICEF 1998). This was
updated in 2004 when WHO deemed that four levels of bioavailability was more
appropriate. Bioavailability levels of 5% and 10% are thought to be more realistic
representation of the diets of developing countries, whereas levels of 12% and 15% are to
be used for Western style diets, depending on the amounts of meat being consumed
(WHO/FAO 2004)
Factors affecting the bioavailability of zinc
Dietary factors can influence the absorption of zinc from the diet by as much as 10-fold
due to physico-chemical interactions (Brown et al 2004). As a result of single meal studies,
phytate and calcium have been identified as factors that inhibit the absorption of zinc,
whereas protein can enhance its absorption (Lönnerdal 2000). The amount and also the
form of zinc can also alter the fractional absorption of zinc from the diet (Lönnerdal 2000).
Organic zinc was found to be less affected by modifiers of absorption than zinc salts, in a
study comparing the absorption of zinc in oysters in comparison to zinc salts in CocaCola™ (Solomons and Jacob 1981).
The amount of zinc, and the phytate content of the meal are the major predictors of
absorption and can be quantitatively predicted using multivariate models (Hunt et al 2008,
IZiNCG 2004). In adults, increasing the amounts of zinc consumed will decrease the
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amount of fractional absorption (Hunt et al 2008, Lönnerdal 2000) due to saturation of
zinc transporters, however the absolute amount of zinc absorbed will remain higher than
meals with low zinc contents (Lönnerdal 2000). Zinc absorption can be as high as 92% for
subjects consuming the lowest amounts of zinc in their meals (Lönnerdal 2000). Adults are
able to adapt to low zinc diets after several weeks, but this only occurs when the diet is also
low in phytate (Hunt et al 2008). Adaptation to high phytate diets appears to be minimal,
suggesting that up-regulation of zinc absorption from diets with a low zinc content and
phytate-to-zinc molar ratios of 15 to 20 is unlikely (Hunt et al 2008). Whether such an
adaptation occurs in infants and young children consuming complementary diets with a
low zinc content is uncertain.
Phytate’s inhibitory effect on zinc absorption occurs in an inverse dose-dependent manner,
and there is no threshold level at which optimal absorption of zinc will occur (Lönnerdal
2000). Therefore, any reduction in phytate will improve zinc absorption to some extent
(Lönnerdal 2000). A phytate-to-zinc molar ratio less than 18 is advised by IZiNCG for
desirable levels of absorption of zinc from the diet (Brown et al 2004).
Studies on the effect of phytate on zinc absorption in infants and young children are
limited and it is unknown whether the IZiNCG’s desirable phytate molar ratio is
appropriate for this age group. A radio-labelled study was conducted on zinc absorption in
infants aged seven months consuming either a commercially produced infant pureed beef
complementary food, or a rice cereal porridge (Jalla et al 2002). The rice-based cereal
porridge had a very low zinc content, and according to the manufacturer had a phytate-tozinc molar ratio of 25. In spite of this high phytate-to-zinc molar ratio, there was no
difference in the fractional absorption of zinc between the two commercial complementary
feeding products (Jalla et al 2002). In Sweden, the long-term effects of phytate on zinc
absorption in manufactured complementary foods was assessed in 300 infants, randomised
to receive one of three manufactured complementary foods with varying levels of phytate
(Lind et al 2003). A 67% reduction in the phytate content of the low phytate manufactured
complementary food was achieved through the use of low extraction white wheat flour and
industrial processing. Despite the extensive reduction of phytate in these products there
was no long-term effect on the serum zinc status of the infants after six months of
intervention (Lind et al 2003). None of the products had phytate-to-zinc molar ratios

27

greater than 10, so the effect may have been a result of the small variation in molar ratios.
A greater impact of dephytinzation on zinc absorption may occur when the initial phytate
content of the complementary foods is higher.
The inhibitory effect of calcium on zinc absorption appears to be minimal (Mendoza et al
2004), to non-existent based on both single meal studies (Dawson-Hughes et al 1986,
Spencer et al 1984) and long-term calcium supplementation trials (Yan et al 1996). Even
though calcium consumed with a high phytate meal is said to form insoluble complexes
with both phytate and zinc, potentially inhibiting zinc absorption (Lönnerdal 2000). Indeed,
Fordyce et al (1987) found that a molar ratio of phytate x [calcium/zinc] was a significant
predictor of zinc absorption in a variety of processed soybean foods. Although this molar
ratio was successful at predicting zinc absorption in soy products of a similar composition,
calcium does not add significant predictive power of zinc absorption in the overall diet
(Brown et al 2004). Furthermore, the addition of calcium to a high phytate meal had no
significant effect on the absorption of zinc (Hunt and Beiseigel 2009). Based on these
results, it appears unlikely that calcium affects the absorption of zinc, either alone or in the
presence of a high phytate diet. Conversely, the inclusion of milk and yoghurt into plantbased diets has been shown to increase the absorption of zinc in Mexican women (Rosado
et al 2005). The mechanism behind this is unclear and complicated by some evidence that
suggests that the casein protein in milk inhibits zinc absorption (Lönnerdal 2000).
The major sources of zinc in the diet are from protein rich foods, such as meat, poultry,
fish and shellfish, in addition to nuts, seeds and legumes (Brown et al 2004). Not only are
these high protein foods good sources of zinc, there is also some evidence to suggest that
protein can enhance the bioavailability of zinc (Sandstrom et al 1989, Sandström and
Cederblad 1980). In these earlier studies it is difficult to distinguish between the effect of
protein with that of other dietary constituents found in animal source foods that may also
enhance the absorption of zinc. Davidsson et al (1996) assessed the effect of various
sources of isolated proteins on zinc absorption in a semi-synthetic diet using zinc
radioisotopes in adults. There was no significant difference in the absorption of zinc from
bovine whey, casein, or egg albumin. Nevertheless, bovine serum albumin and
dephytinized soybean isolate significantly decreased the absorption of zinc (Davidsson et al
1996). It is therefore unclear which constituents of these high protein foods are
responsible for the increases in zinc absorption that were evident in the early studies of
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Sandström et al (Sandstrom et al 1989, Sandström and Cederblad 1980). Furthermore,
whether the protein content of the diet significantly enhances zinc absorption in the longterm is yet to be established.
There has been a considerable amount of concern regarding the interaction of iron on the
absorption of zinc. As both are problem micronutrients for infants and young children in
Asia, nutrition-based solutions providing both minerals are often sought. However, the
bioavailability of both minerals must be reasonable for these solutions to be effective. The
provision of both iron and zinc in supplement form or dispersed in liquid can cause
significant decreases in the absorption of zinc, when the ratio of iron:zinc is greater than
2:1 (Solomons and Jacob 1981, Valberg et al 1984). However, the provision of zinc either
in a meal of turkey (Valberg et al 1984), or fortified complementary food fed to adults
(Davidson et al 1995), or infants (Fairweather-Tait et al 1995) was not compromised by
iron fortificants.
IZiNCG has classified two types of diets according to their zinc bioavailability. The
classification is based on the phytate-to-zinc molar ratio, as this was found to be the only
significant predictor of zinc status (Brown et al 2004). Neither the level of protein or
calcium were significant predictors of dietary absorption of zinc (Brown et al 2004). A diet
with a phytate-to-zinc molar ratio between four and eighteen is defined as a
mixed/vegetarian diet, whereas a diet with a molar ratio over eighteen is classed as an
unrefined diet (Brown et al 2004), the corresponding percentage of absorbed zinc for these
two diet types are presented in Table 2.5.
Table 2.5: IZiNCG classification of diets according to phytate-to-zinc molar ratios and
the corresponding estimated percentages of zinc absorbed
Mixed / refined vegetarian diet
Phytate:zinc molar ratio 4 – 18
% Zn absorption
Children 1 – 18 years
31%
Adult male
26%
Adult female
34%
Adapted from (Brown et al 2004)

Unrefined / cereal-based
diet
18 - 30
23%
18%
25%
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Table 2.6: Nutrient densities of the complementary diets of infants aged 9 to 11 months
from a range of Asian countries in relation to the WHO desired nutrient densities for
this age group
Desireda

Mongoliab
(n=31)
3.0
26
0.4
0.4
10.5
0.04
0.07
0.61
0.2

Indonesiac
(n=67)
2.4
12
0.4
0.3
8.4
0.03
0.03
0.39
0.25
0.06
6
0.02
1.5

Bangladeshd
(n=66)
2.5
20
0.4
0.3
1
0.05
0.05
1.00
0.03
8
0.3

Philippinese
(n=1794)
1.7 – 1.8
15 – 23
0.5 – 0.6
0.7 – 1.2
2–7
0.01 – 0.02
0.01 – 0.04
0.31 – 0.38
0 – 0.6

Protein (g/100kcal)
1
Calcium (mg/100kcal)
64
Ironf (mg/100kcal)
2.6
Zincg (mg/100kcal)
0.9
Vitamin A (ug RE/100kcal)
22
Thiamin (mg/100kcal)
0.05
Riboflavin (mg/100kcal)
0.05
Niacin (mg/100kcal)
0.88
Pantothenic acid (mg/100kcal)
0.18
Vitamin B6 (mg/100kcal)
0.07
Folate (ug/100kcal)
7
Vitamin B12 (ug/100kcal)
0.02
Vitamin C (mg/100kcal)
1.2
RE: Retinol Equivalents
aDesired nutrient density values from Table 2.4, b(Lander et al 2009), c(Harper 2006), d(Kimmons et al
2005), e(Perlas et al 2004) Filipino infants aged 10 months
fAssuming moderate iron bioavailability (10% absorption) gAssuming moderate zinc bioavailability
Shaded areas represent nutrient densities that are below 80% of the WHO desired nutrient density
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2.2.3 Assessing the dietary quality of complementary diets

Although the importance of dietary quality is widely acknowledged, there is a general lack
of consensus on how it should be assessed. Most commonly, quality is quantified by the
energy density (kcal per 100 g), and nutrient density (nutrient per 100 kcal) of the diet.
These two indicators highlight the deficits in the energy and/or the nutrient content of the
diet, but fail to take into account the overarching absorption and utilisation (i.e. the
bioavailability) of the nutrients within the diet. The bioavailability of iron, zinc, and
calcium can be estimated using phytate-to-mineral molar ratios as discussed previously
(Section 2.2.2). The WHO guiding principles for complementary feeding of the breast-fed
child can also be used to assess the quality of complementary diets, and the associated care,
hygiene and feeding practices during the complementary feeding period (WHO 2004). The
desired nutrient density (Table 2.4), phytate-to-mineral molar ratios, WHO classifications
of bioavailability of iron and zinc, together with the WHO guiding principles can be used
as tools to assess the quality of complementary diets.

2.2.4 Nutritional adequacy and quality of Asian complementary diets
In the 1998 WHO report the term “problem micronutrients” was coined. These problem
micronutrients were defined as “those for which there is the most discrepancy between
their content in complementary foods and the amount required by the infant”. They were
identified through a comparison of the densities of the complementary diets consumed by
Peruvian and American infants aged 6-8 and 9-11 months, and from Mexican toddlers aged
18-24 months, with the desired WHO nutrient densities. Comparing the actual dietary
densities with the WHO desired nutrient densities (Table 2.4), the greatest deficits were in
iron, zinc, and calcium densities across all age groups and populations. The density of iron
in the complementary diets of infants aged 6 to 8 months from the U.S. were seven times
higher than the Peruvian complementary diets. The difference in iron densities was largely
due to the consumption of iron fortified cereal porridges in the U.S., yet was still not able
to fulfil the desired iron density of the complementary diets. In 2003, vitamin B6 was also
identified as a problem micronutrient after it was discovered that the vitamin B6 content in
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Table 2.7: Most frequently consumed foods in a selection of Asian complementary diets
Country
Mongolia
Provincial Capitals
(Lander et al 2009)

Age of
subjects
6 – 12 months
n=26

12 –24
months
n=31
Philippines
Urban
(Perlas et al 2004)

10 months
n=1241

16 months
n=721

India
Urban slums
(Jani et al 2009)

13 – 18
months
n=480

Indonesia
Rural
(Harper 2006)

6 – 8 months
n=72

9 – 11 months
n= 79

Frequently consumed foods

Serving size (g)

Flour porridge with meat
Semolina porridge
Donut
Tea with salt
Yoghurt
Donut
Tea with salt
Tea with milk
Candy
Cookie
Rice porridge
Boiled white rice
Boiled white maize
Sugar
Banana
Boiled white rice
Boiled white maize
Sugar
Coconut oil
Rice porridge
Rice
Tur dal
Animal milk
Glucose biscuits
Tea
Biscuits
Rice
Purchased baby porridge
Rice flour
Crackers
Rice
Biscuits
Crackers
Wheat snacks
Bananas

182
173
36
205
135
51
486
345
18
60
128
47
70
13
51
69
74
16
1
150
~29
~26
~70
~11
~75
9
48
89
18
2
41
7
3
6
28
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breast milk had been overestimated by an order of magnitude in the initial 1998 WHO
report (Dewey and Brown 2003).
While these identified problem micronutrients are only representative of the
complementary diets of the populations studied, the method that was used can be applied
to other populations for which dietary data exists. Within Asia, data on the nutrient
densities of complementary diets for infants aged nine to eleven months have been
collected from Mongolia (Lander et al 2009), Indonesia (Harper 2006), Bangladesh
(Kimmons et al 2005) and the Philippines (Perlas 2002) and are presented in Table 2.6.
The largest discrepancies between the WHO desired nutrient densities, and densities of the
complementary diets that have been assessed (as percentages) are: calcium (60 – 82%), iron
(85%), zinc (0-66%), vitamin A (53-96%) and vitamin C (84%). In reality, the deficits in
iron and zinc density are likely to be even greater, as the complementary diets of these
infants would have low iron and zinc bioavailability. Interestingly, the diets of the urban
Filipino infants met the desired zinc density due to the diversity of their diets, whereas their
rural counterparts had a mean deficit of 32% (p<0.01) (Perlas 2002). The protein density is
sufficient in all of the diets that were assessed, and this was attributed to the large intakes
of cereal. However, the protein quality of the diet could not be assessed, but is not an issue
provided the infants are breast-fed.
Asian complementary diets consistently have a heavy reliance on cereal porridges (either
rice or wheat-based) and high energy, nutrient-poor snacks and beverages, as shown in
Table 2.7 (Anderson et al 2008a, Harper 2006, Jani et al 2009, Kimmons et al 2005,
Lander et al 2009, Perlas et al 2004). The lack of dietary diversity, and widespread
consumption of nutrient-poor foods results in a diet that provides inadequate amounts of
essential micronutrients. In the Philippines for example, it is common and considered
appropriate to feed infants condensed milk, sugar-water, broth, and am – the drained water
in which rice was boiled (Perlas et al 2004). Table 2.6 clearly demonstrates that a diet such
as this delivers insufficient densities of micronutrients to the infant, as the densities of the
majority of micronutrients were below the WHO desirable level. Fruits and vegetables
were rarely consumed, and only provided to infants in small quantities in the
complementary diets reviewed. Furthermore, many Cambodian mothers reported that
their children disliked vegetables (Anderson et al 2008a). The consumption of animal
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products varied by country, and reflect the diversity of cultures throughout Asia. In
Mongolia, flour porridge with meat gravy, followed by yoghurt were the most frequently
consumed complementary foods for infants aged six to twelve months (Lander et al 2009).
In India meat is not consumed, but milk is frequently fed to children aged 13 to 18 months,
and eggs to a lesser extent (Jani et al 2009), whereas in the Philippines, fish is frequently
consumed by young children (16 months), but not infants (10 months) (Perlas et al 2004).
Manufactured complementary foods are rarely given to infants in Mongolia, the
Philippines, and Cambodia (Anderson et al 2008a, Lander et al 2009, Perlas 2002). In India
manufactured complementary food was more frequently given to male rather than female
infants (Jani et al 2009), whereas in Indonesia manufactured complementary foods were
frequently consumed by infants aged six to eight months, but not by older infants (9 to 11
months) (Harper 2006).
High-energy snacks featured among the most frequently consumed foods in many of the
complementary diets (Anderson et al 2008a, Harper 2006, Jani et al 2009, Lander et al
2009). For example, in Mongolia the most frequently consumed food for young children
aged 12 to 24 months were donuts (Lander et al 2009), whereas in Cambodian young
children aged 12 to 36 months, snacks were the major source of energy and the four
problem micronutrients – calcium, iron, zinc and vitamin A (Anderson et al 2008a). The
Cambodian snacks consisted of crisps, biscuits, and sponge cake, and were generally
consumed and purchased by the young children unsupervised by the caregivers (Anderson
et al 2008a).
The feeding of condensed milk to infants and young children is prevalent throughout
Southeast Asia (Anderson et al 2008a, Barennes et al 2008, Harper 2006, Perlas 2002,
Perlas et al 2004). In Lao Peoples Democratic Republic (Laos), the feeding of condensed
milk to infants has been encouraged through inappropriate logos on the front labels of a
condensed milk product (Barennes et al 2008). This brand also produces infant foods, and
has the logo on both the condensed milk and infant foods of a mother bear holding her
infant in a position synonymous with breastfeeding. Parents perceive this product as good
for infants because of the logo, in spite of warnings on the reverse of the product that it is
not a breast milk substitute (Barennes et al 2008).
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Feeding infants caffeinated beverages is also common. Coca-colaTM is one of the most
frequently consumed beverages in the Philippines (Perlas 2002, Perlas et al 2004), whereas
tea, and coffee are given to infants in Mongolia, India, and Cambodia (Anderson et al
2008a, Jani et al 2009, Lander et al 2009). In the WHO guidelines on complementary
feeding it is advised that tea, coffee, and sugary drinks should be avoided. The basis for
this recommendation is the low nutritive value of these beverages which can consequently
decrease the child’s appetite for more nutritious food. Furthermore, the polyphenols
within coffee and tea inhibit non-haem iron absorption (Mennen et al 2005), and caffeine
has been linked to suppressing appetite (Olness, KN 1985), although the evidence for this
is far from definitive (Rafferty and Heaney 2008).
Summary
It is clear that iron, zinc and calcium are problem micronutrients in many Asian
complementary diets. Many processed foods are purchased for complementary feeding,
however these foods are often inappropriate as they contain minimal amounts of
micronutrients, and often contain anti-nutrients, such as polyphenols, highlighting the need
for nutrient-dense, low-cost complementary foods that are accessible to low-income
households, and promoted for complementary feeding. Implementing solutions that have
the potential to increase the caregiver’s means of enhancing the nutrient adequacy of the
complementary diets of their infants and young children are urgently required.
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2.3

Targeted fortification for older infants and young children

As discussed in Section 2.1, 98% of the requirements for iron and zinc for an infant aged 9
to 11 months must be provided by complementary foods. In order to achieve this from
traditional complementary food sources an infant would have to consume approximately
100 g of fresh beef liver per day (WHO/UNICEF 1998)– a level that is nearly impossible
considering the limited gastric capacity of an infant, and the exorbitant cost of liver for
most households. The proposed solution to this problem is to provide infants with
additional micronutrients through either supplementation or fortification. Considering the
high prevalence of co-existing micronutrient deficiencies among Asian infants and young
children, targeted fortification of complementary foods is an easy to implement, effective
and long-term solution to ensure multiple micronutrient requirements are met.
Recently, there has been a growing interest in the field of “in home fortification” by
researchers and NGOs. In home fortification is defined as - the addition of multiple
micronutrients to the complementary diet at the point of consumption by caregivers.
There are three approaches currently in use: micronutrient powders such as Sprinkles®;
crushable tablets of micronutrients (e.g. Nutritabs); and lipid or soy-based products
fortified with multiple micronutrients (e.g. Nutributter). These products are hailed as the
answer to micronutrient malnutrition in infancy and young children, yet to date they have
only been shown to be efficacious in improving biochemical iron status and anaemia
(Dewey, 2009). The lipid based-products such as Nutributter have great potential as
ready-to-use therapeutic foods (RUTFs); however, regular consumption of such a high fat
and sugary product could adversely affect an infant’s taste preferences and make the
transition to family foods very difficult. Although the use of home fortification products in
the treatment of malnutrition hold promise, central fortification of manufactured
complementary foods has great potential in the prevention of multiple micronutrient
deficiencies without compromising food habits, especially in urban populations, and is
therefore the focus of this thesis.
Central fortification of complementary foods can either be implemented though a targeted
government-led approach, or driven by manufacturers voluntarily fortifying their products.
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The most sustainable strategy to improve the dietary quality of complementary foods for
infants and young children is a combined public-private partnership that is able to deliver
high quality foods at low cost (Venkatesh Mannar and van Ameringen 2003). This ensures
that regardless of changes in government agendas, foods remain available to all in the
market, and prices can be kept low. Provided there is sufficient demand for such a product,
the manufacturing and marketing of fortified complementary foods can be economically
sustainable, and can reach large portions of the population without costly government
distribution schemes. These partnerships already exist in Guatemala and have resulted in
the consumption of fortified products (i.e. Incaparina) by up to 50% of low-income
families (Tartanac 2000).
In a world that is becoming increasingly urbanised, the production of low cost, high quality
complementary foods available on the market for preventing malnutrition at an early age
has great potential. With urbanisation comes a dependence on the market for food
procurement, and an increase in the number of women entering the workforce to earn
enough to feed their families. As a result, women have less time available for caring and
cooking for their children. Hence, the need for culturally acceptable, convenient foods that
have both a high nutritive value and are available at low cost, in order to meet the nutrient
requirements of young children in the increasing urban poor.
Manufactured complementary foods are already being consumed by large numbers of the
population, even those in the lowest income bracket (Faber and Benade 2001, Faber 2005,
Huffman et al 2000, Jackson et al 1992, Oelofse et al 2001, Tartanac 2000). For example,
28% of the very poorest in Guatemala use Incaparina (Tartanac 2000), 20% low-middle
income Kenyan infants consume manufactured complementary foods (Huffman et al
2000), and 80% of black and 70% of coloured infants in disadvantaged peri-urban
communities in South Africa consume manufactured complementary foods as their main
source of food (Oelofse et al 2001). In a survey of mothers’ perception of manufactured
cereals in rural South Africa, the majority of mothers were satisfied with the price of the
manufactured complementary foods (Faber and Benade 2001). Even though 40%
acknowledged that they were expensive, the mothers felt that the health benefits for the
child justified their added cost (Faber and Benade 2001). Unfortunately, only very small
amounts of manufactured complementary foods were used this setting, therefore it is
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unlikely to convey the intended health and nutritional benefits to the infants (Faber and
Benade 2001). Consequently, the need for foods to be affordable, with clear instructions
on how to prepare them is critical.
Nevertheless, even provision of adequate amounts of micronutrients in the diet does not
necessarily ensure that an infant will meet all their nutrient requirements, or solve the
problems of malnutrition during infancy and early childhood. It is well recognised that
there are a multitude of dietary and physiological factors involved in the aetiology of
malnutrition (see section 2.1.2), and the provision of fortified complementary foods is only
one strategy in the multifaceted approach required in tackling malnutrition.
There have been many government-led fortified complementary feeding programmes
globally, yet they have had limited success in reducing malnutrition in this vulnerable
population. The following section summarizes some of the pre-requisites in creating a
fortified complementary food, in an effort to identify some of the reasons why these
programmes have had such limited success. The section includes a review of the guidelines
on setting fortification levels, the types of fortificants available, and efficacy and
effectiveness trials that have been conducted in this area.

2.3.1 Setting fortification levels
The decision to fortify a product should not be made in haste, and there are many factors
that need to be taken into consideration before fortification can be deemed an appropriate
solution to combating micronutrient deficiencies. Before a fortification programme is
implemented, irrespective of whether it is at the national level or targeted to specific high
risk groups, there is a need to justify such a programme. Firstly the need must be
supported by biochemical data that indicates the existence of micronutrient deficiencies,
and supported by dietary data confirming the existence of micronutrient inadequacies in
the diet. Dietary data that are both representative of the target group and of their usual
diets are essential for determining the fortification levels required, and for predicting the
potential impact of the intervention (WHO/FAO 2006).
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IOM Conventional approach
When planning dietary interventions the goal is to achieve usual intakes within the group
that meet the requirements of most individuals whilst simultaneously ensuring there is
minimal risk of excessive intakes (IOM 2003, WHO/FAO 2006). The most
comprehensive approach to ensure that this goal is met, recommended by both WHO and
the Institute of Medicine (IOM), are either the full probability approach or the simpler
EAR cut-point method (IOM 2003, WHO/FAO 2006). The basis of this EAR cut-point
method is that the proportion of the population with ‘usual’ intakes less than the EAR are
considered to have inadequate intakes. Thus, programme planners are able to determine
the level of micronutrients required to shift the usual intake distribution to a level at which
the majority of the group’s requirements are met. The same can be done with respect to
the tolerable upper intake level (UL) to minimise the proportion of excessive intakes. In
order to do this, one must first settle on a prevalence of inadequacy that is acceptable.
Usually a conservative prevalence of inadequate intakes of less than 2 to 3% is used,
allowing for a low prevalence of inadequate intakes which at the same time, avoids a
proportion with unnecessarily high intakes (IOM 2003, WHO/FAO 2006).

Figure 2.3

An example of the usual intake and requirement distributions when

planning for a low prevalence of inadequacy (2.5%). Adapted from Barr et al (2002)

In order to use the EAR cut-point method, three assumptions must be met. These
assumptions are that intakes and requirements are independent of each other; that the
variance in intakes is larger than that of requirements, and finally that the requirements of
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the group are normally distributed. The EAR cut-point method is a fairly robust method,
able to reflect the prevalence of inadequate intakes quite accurately within a group,
provided the distribution of observed nutrient intakes are adjusted for usual intake (IOM
2003). It is of course only an approximation, and in some situations the performance is less
reliable. The cut-point method works best when the prevalence of actual inadequate
intakes is close to 50%, the degree of relative error increasing with a prevalence close to
zero or 100% (IOM 2003).
As the requirements for iron are not normally distributed for children aged one to eight
years the full probability approach must be used (IOM 2001). Using this method the
probability of inadequate intakes is determined by determining the probability of
inadequate intakes for a given range of usual iron intakes, using tables published by the
IOM (IOM 2006). This method is more time consuming, as the risk of inadequacy
associated with the usual intake of an individual is determined using the IOM tables, and an
average for the whole group then calculated. The average proportion of inadequate intakes
calculated by this method closely matches the true prevalence of inadequacy, and is
therefore a reliable method to use provided there is well-founded data on the usual intake
distribution for the population group of interest.
A simpler approach recommended by the IOM is also available to estimate the target usual
nutrient intake distribution (IOM 2003). Tables that quantify the area under a normal
distribution (otherwise known as Z-tables) are used in conjunction with the EAR and
standard deviation of the usual intake to calculate the median target usual intake:
Median usual intake = EAR + Z x SD usual intake
A target prevalence of inadequacy set at 2.5 percent corresponds to a z-value of 1.95.
Whilst this approach is very simple and easy to use it requires usual intakes to be normally
distributed, which is not often the case, and a measure of the standard deviation of the
usual nutrient intakes.
There are many nutrients for which an EAR has not been derived for infants and young
children, and the only dietary reference value available is the adequate intake (AI). Values
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for AIs have been derived through observations of usual nutrient intakes preferably based
on national nutrition surveys, or experimentally. The level set is expected to maintain
nutrient adequacy in all healthy people (IOM 2003). The AI can be used as a planning tool
as the target median usual intake of a group. However, it can only be used with confidence
if the usual intake of the target group is similar to that which was used to determine the AI
(Barr et al 2002, IOM 2003, Murphy and Poos 2002). Under no circumstances can the AI
be used to plan a dietary intervention with a known prevalence of inadequacy. Its use is
limited to estimating a low prevalence of inadequacy when mean intakes are set at or above
the AI.

Alternative approaches
In the absence of an EAR for a nutrient the WHO guidelines offer some alternative
approaches to setting fortificant levels for complementary foods, which are much simpler
to calculate (WHO/FAO 2006). The first alternative approach suggested by the WHO is
to estimate the size of the gap between median nutrient intakes of the target group and
either the EAR or AI. It is stated that the size of this gap equates to the amount of
fortificant that should be added to the diet.
The second suggested approach is to simply add a proportion of the EAR (or AI) to the
fortified product “in the hope that by doing so the nutritional needs of the children are met”
(WHO/FAO 2006). This is the approach that many programme planners currently take
when considering fortification (WHO/FAO 2006), and goes against the systematic and
methodological approach to planning fortification strategies that is required to correct
micronutrient deficiencies in the safest possible manner. Many children will be exposed to
the fortified product. Therefore, taking as many precautions as possible to ensure that the
fortificant levels are adequate and safe is vital to the success of the fortification strategy.
Currently the nutritional quality of fortified complementary foods in many publicly funded
programmes is not optimal (Lutter 2000), and to remedy this more comprehensive and
rigorous guidelines are required for the fortification of complementary foods.
Prior to the publication of the WHO fortification guidelines, Lutter and Dewey (2003)
proposed nutrient composition levels for fortified complementary foods. These levels
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Table 2.8: Table of fortification levels for complementary foods per daily ration size and
per 100g as proposed by Lutter and Dewey 20071

Energy (kcal)
Protein (g)
Fat2 (g)
Vitamin A (ug RE)
Biotin (ug)
Choline (ug)
Folic acid (ug)
Niacin (mg)
Pantothenic acid (mg)
Riboflavin (mg)
Thiamin (mg)
Vitamin B6 (mg)
Vitamin B12 (ug)
Vitamin C (ug)
Vitamin D (ug)
Vitamin E (mg)
Calcium (mg)
Copper (ug)
Iodine (ug)
Iron (mg)
Magnesium (mg)
Manganese (mg)
Phosphorous (mg)
Selenium (ug)
Zinc (mg)

6 – 11 months
(40g)
176
3-4.5
4.8
200
0.58-0.67
32.4-40.4
17.4-21.8
1.8-2.7
0.28-0.31
0.11-0.15
0.11-0.15
0.14-0.20
0.14-0.15
70-140
1-2
5
100-200
200-400
90
11
40-60
0.6
75-100
10
4-5

12-23 months
(60 g)
264
4-6.5
8.2
300
1.74
54.0
49.8
1.9
0.38
0.15
0.18
0.21
0.32
50-100
1-2
5
100-200
200-400
90
7
40-60
0.6
75-100
10
4-5

6- 23 months
(50 g)
220
3.5-5
6.3
250
1.45
45.9
41.5
3.3
0.31
0.18
0.18
0.22
0.26
70-140
1-2
5
100-200
200-400
90
7-11
40-60
0.6
75-100
10
4-5

6-23 months
(100 g)
440
6-11
12.7
500
2.90
91.8
83.0
6.1
0.70
0.36
0.36
0.44
0.52
140-280
2-4
10
200-400
400-800
180
14
80-120
1.2
150-200
20
8.3

RE: retinol equivalents
1 Levels indicate the total content in the food (i.e. native amounts in the food plus any fortificants)
2 Based on 24% of energy as fat for infants ages 6-11 months, 28% of energy as fat for children aged 12-23 months, and
26% of energy as fat for infants ages 6-23 months
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were set as a result of a technical consultation on the recommended nutrient composition
for fortified complementary foods by a group of international experts who reviewed the
scientific evidence available at the time. Appropriate nutrient composition levels for
complementary foods for infants and young children aged 6 to 23 months were proposed
to provide guidance to the Pan American Health Organization, and are listed in Table 2.8
(Lutter and Dewey 2003).
The authors admitted that the approach was somewhat crude in comparison to that
proposed by the IOM (2003) (i.e. EAR cut-point method and use of z-tables). However, in
light of the limited data available on usual nutrient intakes from complementary foods for
this age group, and the systematic and rigorous approach used to determine these
fortification levels, they are considered the best estimates currently available. Several factors
were taken into account when setting these fortificant levels, such as: age range of the
children; daily ration size; micronutrient interactions; bioavailability of the nutrients;
methods of production; packaging; cost; and the overage needed to compensate for losses
during storage and cooking. Difficulties exist in designing a fortified complementary food
that will meet both the needs of infants (6 to 11 months) and young children (12 to 23
months) as both their nutrient requirements and gastric capacity vary widely (Dewey 2003).
The Lutter and Dewey (2003) framework provide fortificant levels for both age groups as
well as for a single formulation suitable for all infants and young children.
Whilst the nutrient composition levels for fortified complementary foods compiled by
Lutter and Dewey (2007) are the most comprehensive approach when no data on usual
nutrient intakes are available, it is still beneficial to compare these fortified levels to
available country-specific data on dietary intakes for the target group in question. Such an
approach will provide a crude simulation of the effects of fortification on the nutrient
intakes of the group, thus highlighting both the problem nutrients for this specific group
and those that may be in danger of exceeding safe levels of intake. In this way, a more
tailored approach to fortification, which is both more cost-effective for the programme
planners, and safer for the consumers, can be implemented.
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Upper levels of intake
The UL is defined as “the maximum level of habitual intake from all sources of a nutrient or related
substance judged to be unlikely to lead to adverse health effects in humans” (WHO/FAO 2005). As
mentioned in the previous section, the UL must be taken into account when setting
fortification levels to ensure that consumers are not habitually exposed to harmful levels of
the fortificant. The total nutrient intake within the diet must lie within the normal
homeostasis range, as illustrated in Figure 2.4. If intakes exceed this on a habitual basis,
this will put the population at risk of toxicity, whereas if intake is habitually lower than that
required for normal homeostasis, the population will be at risk of deficiency.

Figure 2.4

Illustration of the dual curves of risk from either deficiency or toxicity.

Adapted from (WHO/FAO 2005)

In order to set an UL, an adverse health effect associated with the nutrient of interest must
first be identified and the data from human, animal, and in vitro trials evaluated. Once the
hazard has been characterised, the overall risk is evaluated taking into account habitual
dietary intakes in the age/sex/life stage group of interest. From this iterative process, a UL
is derived that accounts for uncertainties. There are limited data available to determine
ULs for infants and young children. Therefore, in order to establish ULs for this sub-
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group of the population, the ULs for adults must be adjusted or scaled down. This can be
done in one of three ways; adjustment of reference body weights; body surface areas; or
energy requirements. Adjustment using reference body weights consistently results in
lower ULs than using either body surface area or energy requirements. Currently the use of
either body surface area or energy requirements is considered to be a more appropriate
adjustment procedure (WHO/FAO 2005).
The extrapolation of both RNIs and ULs from adults to levels for infants and young
children can lead to inconsistencies, as emphasized most clearly by the case of vitamin A.
The IOM have determined an AI of 500 ug Retinol Activity Equivalents (RAE) per day in
infants aged 7 – 12 months, and set a UL at 600 ug of preformed vitamin A per day for
children under three years of age (IOM 2001). The small window between adequacy and
excessive intake makes setting fortification levels very difficult. To further complicate the
matter the amount of vitamin A in breast milk is highly variable (0.7 – 2.45umol/L)
(WHO/FAO 2004).
To conclude, it is of the utmost importance that ULs and the uncertainty factors associated
with them are taken into account when setting fortification levels. The UL is designed to
be a conservative estimate. Currently there is limited information on which to derive a UL,
especially for infants and young children where data must be extrapolated from adults.
According to the WHO the UL is not “intended to connote any regulatory or policy action”
(WHO/FAO 2005). It is therefore recommended that the ULs are acknowledged when
setting fortification levels, and that the dietary intakes of the target population are regularly
monitored to ensure that the population is not at risk of excessive intakes.
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Table 2.9: Key characteristics of commonly used iron fortification compounds relative to
ferrous sulphate
Category

Iron compound

1. Water soluble

Ferrous sulphate
Encapsulated ferrous
sulphate
Ferrous gluconate
Ferrous lactate
Ferrous fumarate
encapsulated ferrous
fumarate
Ferrous succinate
Ferrous saccharate
Elemental iron:
electrolytic
carbonyl
H-reduced
Atomized
Ferric pyrophoshate
Sodium iron EDTA
Ferrous bisglycinate

2. Soluble in dilute
acid

3. Poorly soluble in
dilute acid

4. Chelates

Iron content
(%)
20
16

Relative
bioavailabilitya
100
100

Relative cost
(per mg iron)b
1.0
10.8

12
19
33
16

89
67
100
100

6.7
7.5
2.2
17.4

33
10

92
74

9.7
8.1

97
99
96
96
25
13
20

75
5-20
13-54
24
21-74
>100
>100

0.8
2.2
0.4
0.4
4.7
16.7
17.6

Adapted from (WHO/FAO 2006) and (Hurrell 2007)
NaFeEDTA, sodium iron ethylenediamineteraacetate; H-reduced, hydrogen reduced; CO-reduced, carbon monoxide
reduced
a Relative to hydrated ferrous sulphate in adult humans
b Relative to dried ferrous sulphate
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2.3.2 Selecting appropriate fortificants
Implementing a successful fortification programme is dependent not only on the level of
fortification, but also the bioavailability of the fortificant compound in the complementary
food. Fortificants must be readily absorbed and utilised, resistant to any dietary inhibitors,
stable within the food vehicle and should not adversely affect the sensory properties of the
food or interfere with absorption of other micronutrients. The stability of the
micronutrient fortificant can be particularly difficult in foods that typically have long shelf
lives. Exposure to heat, moisture, light, or air can influence the stability of the
micronutrient and subsequently its efficacy as a fortificant. Therefore, the food vehicle
must be packaged in such a way that minimises losses in micronutrient content, and/or an
overage must be added to compensate for losses during processing, distribution, and
storage. Often selecting appropriate fortificants is a compromise between cost,
bioavailability, and acceptable organoleptic changes. The following section reviews the
problem micronutrient fortificants in relation to fortifying complementary foods.
Iron fortificants
Iron is the most problematic of all the micronutrients used for fortifying foods, as the most
bioavailable iron fortificants are often the ones that produce the most adverse organoleptic
changes. Hence, when choosing iron fortificants for cereal-based complementary foods
account must be taken of the organoleptic properties of the food, the absolute absorption
of the fortificant, and the costs involved.
Iron fortificants are ranked in order of their bioavailability relative to ferrous sulphate – the
most bioavailable fortificant with a relative bioavailability (RBV) of 100 (Hurrell 2007). As
seen in Table 2.9, all iron fortificants can be classed into one of four categories, depending
on their RBV, which in turn is directly related to their solubility in water and dilute acid.
Category one contains the most bioavailable iron fortificants, such as ferrous sulphate,
because they are soluble in water. Unfortunately the category one fortificants often cause
oxidative reactions, which produce undesirable organoleptic changes in food vehicles such
as rancidity and discolouration, if they are not manufactured in encapsulated forms (Hurrell
2007). Ferrous sulphate can be encapsulated by coating it with partially hydrogenated oils,
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which prevent the oxidative reactions from occurring. This technology is not often used,
however, due to the additional expense.
Category two contains fortificants that are poorly soluble in water but readily dissolve in
dilute acid and hence are soluble in the gastric juices of the duodenum (Hurrell 2007).
There is some uncertainty about whether the duodenum of infants and children can secrete
enough acid for these compounds to be soluble. To date no firm conclusions have been
drawn (WHO/FAO 2006). Ferrous fumarate, the most commonly used of the category
two fortificants, has a RBV of 100 in adults, but has recently been shown to have a RBV of
only 30 – 35 in pre-school children (Perez-Exposito et al 2005, Sarker et al 2004). This
finding may be associated with reduced gastric acid output of infants and young children
compared to adults. A study by Sarker et al’ (2004) in iron deficient anaemic, Bangladeshi
children who were both infected and uninfected with helicobacter pylori reported that whilst
the infected children had a significantly lower gastric output, there was no significant
difference in the absorption of ferrous fumarate, suggesting that reduced gastric output
(caused by helicobacter pylori) does not affect the absorption of ferrous fumarate.
The most widely used fortificants are those in the third category (ferric pyrophosphate and
elemental iron). They are insoluble in water and poorly soluble in dilute acid. They are the
most widely used fortificants because they are unlikely to cause any sensory changes to the
food vehicle, and are cheaper. Their RBV is highly variable, ranging from approximately 5
to 75%. The WHO advocates the use of these category three fortificants as a last resort,
and if used, only those with a RBV of at least 50% should be selected (WHO/FAO 2006).
There are five different forms of elemental iron. Their RBVs are not well established, as
their bioavailability is dependent on the manufacturing process. The size, shape, and
surface area of the iron particles influence their solubility and subsequently their
absorption. The larger the particle size the lower its solubility. Elemental iron with a
particle size diameter greater than 149 microns is not recommended for fortification
(Hurrell 2007, WHO/FAO 2006).
Fortificants in categories one to three are all subject to the same factors that enhance and
inhibit the absorption of native non-haem iron (Hurrell 2007). Hence, the absolute
bioavailability of the fortificants must be considered rather than the RBV of each
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fortificant. The final category of fortificants contains the iron chelates or ‘protected’ iron
fortificants, namely NaFeEDTA and ferrous bisglycinate, characterised by their high
bioavailability even in the presence of inhibitors. For example, in a high phytate meal,
NaFeEDTA and ferrous bisglycinate are two to three times better absorbed than ferrous
sulphate (Hurrell et al 2004). Despite the efficaciousness of ferrous bisglycinate as a food
fortificant, it is better suited to fortification of milk. Ferrous bisglycinate readily promotes
fat oxidation and is considered unsuitable for fortifying cereal-based foods. In contrast,
NaFeEDTA has been reported to cause no sensory changes to wheat flour after six
months of storage (Hurrell et al 2004). Furthermore, NaFeEDTA is able to enhance the
absorption of the intrinsic non-haem iron within the food matrix, as it acts as a shuttle
protecting the non-haem iron within the common pool from iron inhibitors (Bothwell and
MacPhail 2004). However, when NaFeEDTA is added to meals containing other nonhaem iron enhancers, such as meat or ascorbic acid, its effect is blunted, resulting in a RBV
similar to that of ferrous sulphate (Bothwell and MacPhail 2004). NaFeEDTA appears to
be the ideal fortificant for cereal-based fortification, which typically has high levels of nonhaem iron inhibitors and requires a fortificant to be stable during storage. Unfortunately,
the category four compounds are the most expensive group of fortificants. Moreover, the
US Food and Drug administration (FDA) have only approved the use of the expensive
food grade NaFeEDTA for supervised food fortification programmes (FAO/WHO 1999),
further limiting their widespread use in manufactured complementary foods available on
the market.
A stable-isotope study in infants (18 to 27 weeks) consuming a wheat and soy-based
complementary food fortified with either NaFeEDTA or ferrous sulphate and ascorbic
acid, indicated that NaFeEDTA may not confer any additional nutritional advantage
compared to fortification with a highly bioavailable fortificant and ascorbic acid
(Davidsson et al 2007). In this study of infants the bioavailability of iron as well as other
minerals and trace elements was compared (Davidsson et al 2007). It was found that not
only was there no added beneficial effect on the absorption of zinc, calcium, copper, or
magnesium from NaFeEDTA, there was also no significant difference in the absorption of
iron from this high-phytate complementary food fortified with NaFeEDTA or ferrous
sulphate and ascorbic acid (Davidsson et al 2007).
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As evidenced in this review, the choice of iron fortificant for cereal-based complementary
foods for infants is complex. Ferrous sulphate is one of the WHO recommended
fortificants for cereal-based complementary foods (WHO/FAO 2006), and is also the
fortificant on which the most research has been conducted. However, the undesirable
organoleptic changes that may occur, combined with its vulnerability to the inhibitory
effects of phytate, make it a less than ideal choice for use with cereal products, such as
complementary foods. Ferrous sulphate can be encapsulated to prevent oxidative damage
to the food vehicle, but this strategy increases the cost of fortification by three to five times
(WHO/FAO 2006) and does not improve the bioavailability of the fortificant (Hurrell et al
2004).
Enhancing the absolute bioavailability of fortificant iron is vital for the fortified products
to be efficacious. This may mean increasing the levels of fortification for category two and
three fortificants, because they have lower RBV in infants compared to category one
fortificants. WHO suggest the addition of twice the amount of electrolytic iron and ferric
pyrophosphate to allow for their lower bioavailability (WHO/FAO 2006), an approach
that may also be required for ferrous fumarate because of its apparent lower RBV in
infants than in adults.
Currently, the only established method to provide adequate amounts of iron in
complementary foods is through the incorporation of either ascorbic acid combined with
the iron fortificant or the addition of haem iron. Until recently, only the bioavailability of
ferrous sulphate was said to be enhanced by the addition of ascorbic acid (Lynch and
Stoltzfus 2003), and further research is required to determine its impact on other
fortificants, such as ferrous fumarate and ferric pyrophosphate. In the recommendations
for fortification of complementary foods by Lutter and Dewey (2003), the level of ascorbic
acid recommended to be added to precooked cereal-based complementary foods ranges
from 70 to 140 mg/d for infants and 50 to 100 mg/d for young children aged 12 to 23
months (Lutter and Dewey 2003). Recently Davidsson and colleagues (2009) added
ascorbic acid to cereal-based porridge fortified with either ferrous sulphate, fumarate, or
ferric pyrophosphate. Their aim was to evaluate the ability of the iron fortificant to
maintain haemoglobin concentrations above 105 g/L in Bangladeshi infants and young
children (7 to 24 months). The study participants were fed one serve of the cereal per day,
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which provided them with an extra 9.3 mg of iron, and 55 mg of ascorbic acid (ascorbic
acid to iron molar ratio of 3:1). After nine months of the intervention, there was no
significant difference between any of the iron fortificants in their ability to maintain
haemoglobin at levels above 105 g/L, and iron deficiency was virtually eliminated from the
study population. This study highlights the potential of ascorbic acid in enhancing the
bioavailability of iron fortificants irrespective of the class of fortificant, and provides
further evidence in support of the molar ratio of ascorbic acid to iron of three-to-one.
To summarise, ferrous sulphate (preferably encapsulated), ferrous fumarate, or ferric
pyrophosphate at twice the level required of ferrous sulphate, are recommended
fortificants for cereal-based complementary foods. The addition of ascorbic acid is
essential to enhance the absorption of iron, and should be added in at least a three-to-one
molar ratio of ascorbic acid to iron, and for complementary foods with a particularly high
in phytate, a ratio of four-to-one is preferable.
Zinc fortificants
Zinc compounds generally regarded as safe and suitable for fortifying complementary food
include: zinc sulphate, oxide, chloride, gluconate, and stearate (WHO/FAO 2006). Of
these, zinc oxide is the cheapest and the most commonly used. Zinc oxide is insoluble at a
neutral pH, but in spite of this no difference in absorption has been found between zinc
oxide and the more soluble zinc sulphate in either healthy US adults (López De Romaña et
al 2003), or Indonesian schoolchildren (Herman et al 2002). Whether these findings can be
extended to infants is questionable, as the absorption of zinc oxide is impaired in infants
who have low gastric acid secretion (Henderson et al 1995, WHO/FAO 2006), and in
infants and children infected with Helicobacter pylori (Dale et al 1998), a condition prevalent
among this age group throughout less developed areas of Asia (Singh and Ghoshal 2006).
In view of this finding, it would be imprudent to recommend the use of zinc oxide for the
fortification of complementary foods in Asia, where there is a high prevalence of
Helicobacter pylori, without more research into its efficacy in this population group.
Stable isotope studies on the absorption of zinc fortificants in infants are rare, making it
difficult to recommend suitable fortificants. One study has been conducted on the
absorption of zinc sulphate in biscuits and noodles in malnourished Peruvian preschoolers,
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over a seven-week period (De Romaña et al 2005). The preschoolers received two meals a
day that were fortified with ferrous sulphate and were randomised to receive varying
amounts of zinc sulphate (0, 3, and 9 mg). The radio-labelled zinc was added to the meals
at baseline, and at the end of the seven-week period to measure the absorption of zinc over
time. Whilst the fractional absorption of zinc decreased with increased intakes of zinc, the
mean total absorption of zinc increased and was sustained over the intervention period.
Interestingly the haemoglobin status of these infants was also significantly improved after
the intervention, despite the small amounts of ferrous sulphate added to the foods,
demonstrating that the high amounts of zinc added to the diets of these infants did not
adversely affect iron absorption. Indeed, to date the impact of co-fortification with iron on
zinc absorption has not been proven to decrease the bioavailability of zinc fortificants
(Hess and Brown 2009). The impact of iron is thought to be minimal when the iron and
zinc are consumed with foods, as zinc binds to dietary ligands and is absorbed via a
different pathway than iron – thus there is no competition for absorption (Sandstrom,
1985). Nevertheless, there is still insufficient evidence to conclude that co-fortification
does not affect the absorption of the minerals - calcium, iron and zinc. Further, because of
the limited number of stable-isotope studies, especially in infants, the absorption of zinc
fortificants, with the exception of zinc sulphate, should be tested prior to widespread use in
fortification programmes.
Calcium fortificants
There is a wide range of calcium salts appropriate for the fortification of complementary
foods, which generally cause minimal sensory changes to the food vehicles used
(WHO/FAO 2006). Some of the fortificants recommended include: calcium carbonate,
chloride, citrate, citrate malate, gluconate, glycerophosphate, hyroxide, and oxide. Whilst
most of these fortificants are as bioavailable as calcium naturally present in foods (10 to
30%), the calcium content of the salts ranges from as low as 9% for calcium gluconate to
71% for calcium oxide (WHO/FAO 2006). Salts with lower calcium concentrations must,
however, be added to the food vehicle in larger quantities.
The high calcium carbonate content of eggshells is gaining interest by some researchers as a
novel way of fortifying foods (Masuda and Hiramatsu 2008, Naves et al 2007), and is
already used in many commercially available supplements. In Brazil, powdered eggshell is
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one ingredient that is added to a nutritional supplement “multimistura”, and is distributed
nationwide by NGOs in a bid to combat malnutrition (Naves et al 2007). The calcium
carbonate from eggshells has been proven to be more soluble in the human gut than
synthetic calcium carbonate (Masuda and Hiramatsu 2008). Unfortunately to date,
experimental work on the bioavailability and efficacy of eggshells in increasing bone
mineral density has been limited to rat models (Masuda and Hiramatsu 2008); bone mineral
density was found to increase in osteoporotic rats. Whether these results can be
extrapolated to humans is yet to be determined. The use of eggshells as a source of
calcium for fortification could be a viable solution for local production of processed
complementary foods, as it can be locally sourced, requires minimal amounts of processing,
and is a cheap fortificant.
Calcium fortificants, like the calcium found intrinsically in foods, are subject to the same
inhibitory factors: phytic and oxalic acid (WHO/FAO 2006). Although calcium
fortificants can be added in larger quantities to overcome any inhibitory effect, high levels
of calcium may also inhibit the absorption of iron, and possibly zinc (WHO/FAO 2006),
two micronutrients recognised as problem micronutrients in complementary foods.
Hence, the potential impact on iron and zinc bioavailability must also be taken into account
when determining levels of calcium fortification.
Use of enhancers are a possible means of improving calcium absorption, whilst minimising
a detrimental effect on zinc and iron absorption. Some examples which have been
explored include casein phosphopeptides, lactose, and non-digestible oligosachharides.
The efficacy of these compounds, however, is somewhat dubious, and requires further
research. Casein phosphopeptides are believed to be the compounds responsible for
enhancing calcium absorption from dairy-based foods. Their addition to infant foods
based on rice and whole grain cereals has been investigated as a means of enhancing
calcium absorption (Hansen et al 1997) in a study of twenty-two adult males and females
who consumed these infant foods, labelled with radioactive isotopes of zinc and calcium.
The addition of one gram of casein phosphopeptides to the rice-based cereal had no effect
on the fractional absorption of calcium, but did significantly increase the quantity of total
calcium and zinc absorbed by 26 to 27% (p = 0.0004), and 24 to 32% respectively (p =
0.04) (Hansen et al 1997). However, the addition of casein phosphopeptides to the whole
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grain cereal did not overcome the inhibitory effect of the high phytate content of the
cereal, and no increase in the overall of absorption of calcium or zinc was found. Lactose
is another potential enhancer of calcium absorption, and has been shown to enhance the
absorption of calcium in infants, but not in adults (Cashman 2002, Miller 1989). Ultimately
the absorption of calcium is highly regulated by the calcium status of the infant, and the
inclusion of enhancers has thus far not resulted in any improvement in calcium absorption.
Summary
Upon selecting a fortificant for a complementary feeding programme it is imperative that
the bioavailability at the point of consumption is taken into account. The organoleptic
changes and nutrient losses that can occur in the long process of distribution can transform
the original product into one that is unacceptable with respect to both its sensory
properties and bioavailability of the fortified nutrients. The bioavailability of a particular
fortificant may also be reduced by the health status of the target population. For example,
the presence of Helicobacter pylori or iron deficiency anaemia are thought to reduce the
absorption of zinc oxide, and category three iron fortificants, respectively. To ensure
optimal absorption of the fortificant is attained, other factors such as the packaging and
storage of the food product must be considered. Finally, for some iron fortificants, the
inclusion of absorption enhancers such as ascorbic acid is necessary to improve the
absolute bioavailability. Taking all these factors into consideration, it is vital that first the
efficacy and then the effectiveness of the fortified product is tested prior to its widespread
incorporation into public programmes or the market place to ensure its success.
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2.3.3

Interventions using fortified complementary foods for infant and

young child feeding in developing countries
It is imperative that any intervention intended to have widespread coverage be tested
beforehand to ensure that it is efficacious, culturally acceptable, and palatable, prior to
investing large sums of money on the project. There have been several cases in which
large-scale programmes have been implemented, but they have failed to improve the
micronutrient status of the target population. Not only does this waste considerable
amounts of time and resources, but the use of fortified complementary foods can divert
caregivers away from providing their child with other nutrient-dense traditional foods.
Once a programme is in place, quality assurance policies must be initiated at the level of
production and point of purchase, and on-going co-ordination, regulation, enforcement
and monitoring carried out by the government. The following section will review the
efficacy trials that have been conducted, and the targeted fortification programmes that
have been implemented in developing countries, with a particular emphasis on the role of
public-private partnerships, and the supervised public targeted fortification programmes.
Efficacy trials
Efficacy trials are conducted to determine how well an intervention performs under ideal
conditions (Last 2001). Generally, they are stringently controlled in order to minimise the
likelihood that observations are due to confounding or bias, and this is often achieved
through the use of randomised controlled trials. The success of fortified complementary
foods in improving biochemical and functional outcomes has been limited in the efficacy
trials conducted to date. In spite of the significant improvements in the biochemical iron,
and in some cases vitamin A status, this has not translated into consistent impacts on
reducing morbidity, or improving cognitive and motor development. Additionally, there
have been no significant improvements in biochemical zinc status, and few trials have
significantly improved growth upon consumption of fortified complementary foods. Ten
efficacy trials on fortified complementary foods are reviewed here, and a summary of their
study design, and trial outcomes are listed in Table 2.10.
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Cereal-based porridges were the most common food vehicle (n=7), but dried milk powder
(n=2), and a wheat flour rusk were also studied. The majority of the efficacy trials
reviewed used centrally processed food products which were distributed to the target
population through field workers. However, in India, fortification of the food vehicle was
undertaken at the community level, in Anganwadi centres (day care centres), which are part
of the Integrated Child Development Service (Varma et al 2007). In the Democratic
Peoples Republic of Korea, a similar community-based efficacy trial was conducted in
which rice was fortified during cooking in government day care centres (Rim et al 2008).
Both of these trials used local infrastructure to introduce the fortified complementary
foods. Not only will this approach reach a large portion of the vulnerable population, it is
cheap and easy to implement, and instils a sense of ownership into the community.
Micronutrient status
Of the efficacy trials reviewed, eight tracked the changes in micronutrient status of the
participants as an outcome of the intervention. Of these, seven fortified complementary
feeding trials measured biochemical iron status and/or haemoglobin (Faber et al 2005,
Lartey et al 1999, Liu et al 1993, Oelofse et al 2003, Rim et al 2008, Varma et al 2007,
Villalpando et al 2006). Levels of iron fortification ranged from 8 mg to 21 mg per 100 g.
Of the studies which stated the type of iron fortificants used, the most commonly used
type of iron fortificant were the category one fortificants – water soluble compounds
(n=3). These included ferrous sulphate (Rim et al 2008), ferrous gluconate (Villalpando et
al 2006), and ferric ammonium citrate (Liu et al 1993). The ability of these fortificants to
cause oxidative reactions, which can adversely affect the sensory properties of the food
vehicle, hinders their use by manufacturers. The outcomes of trials using category one
fortificants may not be that applicable to industrial processing of complementary foods if
they are to have long shelf lives, unless sensory trials are also conducted on the product.
Ferrous fumarate is recommended by WHO as an appropriate iron fortificant for use in
fortified cereal products (WHO/FAO 2006), and was used in two studies (Faber et al 2005,
Varma et al 2007), one of which used an encapsulated form (Varma et al 2007). Lastly two
studies used the poorly soluble fortificants (category three fortificants) – electrolytic iron,
and ferric pyrophosphate (Lartey et al 1999, Oelofse et al 2003).
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The Ghanaian trial used the highest level of iron fortification, providing 16 mg and 21 mg
of elemental iron to infants six and 12 months of age respectively (Lartey et al 1999). This
is approximately double the fortification level recommended by Lutter and Dewey (2003)
(Lutter and Dewey 2003), but is consistent with the WHO recommendation which states
that twice the level of fortificant should be used when fortifying with elemental iron
(WHO/FAO 2006). In this Ghanaian trial there was a significant reduction in the
prevalence of low serum ferritin after six months, in the infants consuming the fortified
complementary food compared to the control group (10.7% versus 48.4%, p<0.05) (Lartey
et al 1999). Fortification also prevented a decline in haemoglobin concentrations, and
reduced the prevalence of anaemia, but neither of these trends were significant, attributed
to the high incidence of malaria in the study group. This study provides support for the
WHO recommendation that twice the level of elemental iron can be efficacious for
enhancing iron status in place of ferrous sulphate for fortifying cereal-based
complementary foods (WHO/FAO 2006).
In the two South African efficacy trials, there were markedly different impacts of
fortification on haemoglobin status despite the similarities in study populations (Faber et al
2005, Oelofse et al 2003). Although both populations had similar baseline haemoglobin
levels, Faber et al (2005) showed a significant increase in multiple indicators of iron status
including serum ferritin and haemoglobin, whereas no significant impact on haemoglobin
levels was noted by Oelofse et al (2003). It is unknown whether the study of Oelofse et al
had any impact on serum ferritin, or any other indicators of iron status, as these were not
measured. Failure of the study of Oelofse et al (2003) to show an impact on haemoglobin
may have been the result of the very small sample size, level of fortification, or the type of
iron fortificant used (Oelofse et al 2003). Faber et al (2005) used ferrous fumarate in
combination with ascorbic acid at levels in accordance with Lutter and Dewey’s
recommendations (Lutter and Dewey 2003). Oelofse et al (2003) used ferric
pyrophosphate, a fortificant believed to have a lower bioavailability than ferrous fumarate
which was fortified at levels lower than that recommended (Lutter and Dewey 2003),
particularly for a fortificant with low bioavailability (WHO/FAO 2006).

59

ED

d*$-"40/)-"#N6)
N60$9"$%&"62%&0*6
E24"

d*$-"40/)-"#N6)
N60$9"$%&"62%&0*6
E24"

_)&#(2CDDW
`&"@$

._dZ"&)*(
CDD\2d04

EUHC24"
$YCSI

E2X2\24"
$YSDC

d09)25"&&0-1)

B&"$2:"&%0:0)@+)*%2*$-2406A
N*/)-29)&)*6
5"&&0-1)

!"44#$0%'
6)8)6
:"&%0:09*%0"$2":
Z+09+-0
>&09)2*$-2-+*6
40[?

SE2X2EE
4"
$YJHE

7)&&"#/2/#65+*%)2>HD4125)&2&*%0"$?2*--)-2%"
@*%)&20$2@+09+2%+)2&09)2@*/29""A)-20$

7)&&"#/2/#65+*%)(2a0$92/#65+*%)2>S241?

G$9*5/#6*%)-2:)&&"#/2:#4*&*%)2>HI241?(
&)%0$'62*9)%*%)2>JDD2BK?(2:"6092*90->DLDJ241?

7"&%0:09*$%

!"$%&"6
$YHHW

B$%)&8)$%0"$
$YHHW

b$
/#556)4)$%
P29)&)*6
!"$%&"6

b$
:"&%0:09*%0"$

!"$%&"6

B$%)&8)$%0"$

,%#-'21&"#5

;#%9"4)/

MNO2PW21QR
T 2V$*)40*O2U2CILW]
70$*625&)8*6)$9)2":O
T 2B.O2PELS
T 2B.VO2PSLH
MNO2UH1QR
T 2V$*)40*O2UIL^]
70$*625&)8*6)$9)2":O
T 2B.O2PC\LE]
T 2B.VO2PCC]

,)&#42a0$9O2UDLE2c2CLSS2#1Q-R

,)&#42a0$9O2PDLEE2c2CLSI2#4"6QR]

MNO2PI21QR
,)&#42:)&&0%0$O2PJLI2#1QR
,)&#42&)%0$"6O2PDLS2#1QR
T 2*$*)40*O2UHJ
T 2B.O2UHCLS
T 2B.VO2UILJ
T 2FV.O2UELW
MNO2PI21QR
,)&#42:)&&0%0$O2UCL\2#1QR]
,)&#42&)%0$"6O2PDLC2#1QR
T 2*$*)40*O2UHHL^]
T 2B.O2P^LW]
T 2B.VO2UDLS]
T 2FV.O2^LI
,)&#42a0$9O2UDLCS2c2CLHD2#4"6QR

!+*$1)20$2<=2/%*%#/

EL^2c2HLH
RVbO2UDLH\
c2DLS\
WLD2c2HLD
RVbO2UDLHJ
c2DLSS
WLD2c2HLH
RVbO2UDLHE
c2DLSW
=,

!+*$1)20$
+)01+%2>94?

=,

HLSS2c2DLIE

HLSW2c2DLJS

HLC\2c2DLJI

!+*$1)20$
@)01+%2>A1?

=,2-0::)&)$9)20$
4"&N0-0%'

=,2-0::)&)$9)/20$
0$90-)$9)2":
-0*&&+)*(2#55)&2"&
6"@)&2&)/50&*%"&'
0$:)9%0"$(2:)8)&(2"&
-040$0/+)*55)%0%)

;%+)&2"#%9"4)/

^JT2!B20$25*&)$%+)/)/
!<)*$/2*&)2/01$0:09*$%6'2-0::)&)$%2>52e2DLDJ?f222"24)*$/2*&)2/01$0:09*$%6'2-0::)&)$%2>52e2DLDH?f22__2X25)&9)$%*1)25"0$%/f
V$*)40*2-):0$)-2*/2MN2e2HHD1QRf226"@2:)&&0%0$O2eHC2#1QRf22222B.2X0&"$2-):090)$9'2-):0$)-2*/2/)&#42:)&&0%0$2eHJ2#1QR2>F*&4*?(f22B.V2U20&"$2-):090)$9'2*$*)40*2-):0$)-2*/2MN2e2HHD1QR2*$-2/)&#42:)&&0%0$2e2HC#1QRf
FV.2X280%*40$2V2-):090)$9'2-):0$)-2*/2/)&#42&)%0$"62eDLW#1QR2>F*&4*?f22T26"@2&)%0$"62-):0$)-2*/2&)%0$"62e2DLW2#4"6QR

!6#/%)&
&*$-"40/)-(
-"#N6)
N60$9"$%&"62%&0*6
E24"

B$-0*(2CDDE
F*&4*

7""-28)+096)

,*456)

!"##$%&'()'*))+,$,&'-%+$./'0+-1')(%-+)+*2',(#3.*#*4-$%&')((2/'$/'-1*'+4-*%5*4-+(4'!"#$%#&'(

,%#-'
.)/01$23
.#&*%0"$

!"#$%&'(
')*&
*#%+"&

!"#$%&'()*+

The successful use of ferrous fumarate combined with ascorbic acid as seen in the study of
Faber et al (2005), suggests that it is probably efficacious in improving iron status as
measured by haemoglobin and serum ferritin in iron deficient and anaemic populations
(Faber et al 2005). Certainly, Davidsson et al (2009) noted that both ferrous fumarate and
ferric pyrophosphate in combination with ascorbic acid, successfully maintained
haemoglobin levels above 105 g/L in a group of Bangladeshi infants fed a fortified wheat
and milk based porridge for nine months. Co-fortification of ascorbic acid with either
ferrous fumarate or ferric pyrophosphate at a ratio of 3:1 was found to be as effective as
ferrous sulphate alone at maintaining haemoglobin levels (Davidsson et al 2009). Other
studies have also been successful in improving haemoglobin status when cereal-based
complementary foods have been fortified with ascorbic acid and iron at molar ratios
greater than 3:1 (Faber et al 2005, Lartey et al 1999, Villalpando et al 2006). Indeed
increases in haemoglobin concentrations of 8-9.1 g/L, and reductions in anaemia of 2829% have been reported in several efficacy trials reviewed in Table 2.10. These studies
suggest that ascorbic acid when combined with category two and three iron fortificants in
cereal-based complementary foods are effective at improving and maintaining the
haemoglobin status of infants and young children. In contrast, significant improvements in
serum ferritin concentrations are more limited.
In contrast to iron, fortification of complementary foods with zinc has not significantly
improved zinc status in the five efficacy trials which measured serum zinc concentrations
(Brown et al 2007, Faber et al 2005, Lartey et al 1999, Oelofse et al 2003, Villalpando et al
2006). Levels of fortification have ranged from 3 to 5.6 mg zinc per day, using mainly zinc
sulphate (n=3) and zinc oxide (n=2) as fortificants, as shown in Table 2.10.
The high phytate contents of the maize and legume blends used in the African studies may
have limited the level of absorbable zinc in the food products (Faber et al 2005, Lartey et al
1999, Oelofse et al 2003). Dephytinization of cereal-based complementary foods increases
apparent absorption of zinc in adults, yet whether this occurs in infants and young children
is yet to be determined. In the study of Brown et al (2007), the provision of zinc sulphate
as an aqueous supplement caused a significant improvement in plasma zinc status. Yet,
when a higher amount of zinc sulphate was added to a wheat and milk based cereal
porridge there was a slight non-significant decrease in the concentrations of plasma zinc in
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the Peruvian infants (Brown et al 2007). This suggests that there may be issues of
absorption of zinc for infants when provided in a food vehicle in comparison to aqueous
supplemental form. The fortification of zinc in cereal-based porridges has been shown to
improve the serum zinc concentration in older children from two years onwards
(Hambidge et al 1979, Krause et al 1998, Lopez et al 1989). Yet, there is still no evidence
to support a beneficial impact of fortified complementary foods on serum zinc on infants
or toddlers (Brown et al 2007, Faber et al 2005, Lartey et al 1999, Oelofse et al 2003,
Villalpando et al 2006).
Of the studies conducted on zinc fortified complementary foods in infants and toddlers,
one potential confounding factor is that the infants in some of these studies were not
actually zinc deficient at baseline (Brown et al 2007, Lartey et al 1999). An additional
limiting factor in two trials may have been that levels of zinc fortification were too low
(Brown et al 2007, Faber et al 2005), as only 3 mg of zinc were delivered per day, whereas 4
to 5 mg of zinc per day are now recommended. Increasing the levels of zinc fortification,
however, may have adverse consequences on the organoleptic properties of the food, as
observed in the Peruvian study where consumption of the zinc-fortified food was
significantly lower than that for the non-fortified food (Brown et al 2007). Obviously
further trials are needed to assess the bioavailability of zinc provided in fortified foods to
understand how to overcome this problem.

Growth
Of the eight micronutrient fortification efficacy trials that measured growth as an outcome,
only two succeeded in significantly increasing length and/or weight gain. Both these two
studies were conducted in Delhi, India, and had the longest intervention duration of all the
studies reviewed (i.e. for 8 to 12 months) (Bhandari et al 2001, Juyal et al 2004). The study
of Juyal et al (2004) evaluated the efficacy of fortified milk on growth outcomes on toddlers
aged 12 to 36 months living in peri-urban slum settlements of New Delhi, whereas
Bhandari et al (2001) used a milk and cereal-based food vehicle to deliver micronutrients to
infants four months of age for a duration of eight months.
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The fortified dried milk product of Juyal et al (2004) was distributed to toddlers for 12
months, each of whom was given three sachets a day. Each sachet was 32 g, and provided
the infants with 7.8 mg zinc and 9.6 mg of iron. At baseline approximately a quarter of the
toddlers were stunted and wasted, and had a mean plasma zinc (9.6 and 9.3 umol/L),
below the morning, non-fasting cut-off of 9.9 umol/L indicative of zinc deficiency (Brown
et al 2004). Compliance remained high throughout the intervention, and consumption of
the fortified milk product corresponded to a change in LAZ of 0.19 (95% CI: 0.12, 0.26),
WHZ of 0.16 (95% CI: 0.03, 0.30) and WAZ of 0.24 (95% CI: 0.11, 0.36). To date, no
other efficacy trials have been conducted using milk powder as the sole food vehicle, and
there have been no other efficacy trials using fortified complementary foods to elicit a
significant impact on all three measures of growth (LAZ, WHZ, and WAZ).
Brown et al (2007) compared the efficacy of an unfortified and zinc fortified (3 mg zinc as
zinc sulphate per day) milk and wheat-based cereal porridge with a third group who
received an equivalent amount of zinc in the form of an aqueous supplement. There was
no significant difference in growth between infants receiving the zinc-fortified and unfortified porridges after six months, even though the participants on recruitment were
believed to be at risk of nutritional stunting, with LAZ scores at baseline below –0.5 SD – a
level shown previously to be responsive to zinc supplementation (Brown et al 2002).
However, by the end of the study all participants had a LAZ greater than would be
expected in a growth restricted population (i.e. –1.5 SD), which led the authors to speculate
that the infants may not have been sufficiently zinc deficient at baseline for the
intervention to have an impact. Even those receiving the aqueous zinc supplement failed to
show an improvement in growth outcomes. An alternative explanation for the lack of
impact on growth, and the higher than anticipated LAZ score achieved in all three groups,
is the provision of dried milk powder to all participants. Consumption of milk can promote
growth as a result of increased levels of insulin-like growth factor (IGF-1) (Hoppe et al
2006) (Wiley 2009). It is possible that all participants were exposed to these growthpromoting factors, which may have prevented the expected decline in LAZ scores in the
control group. Further research is required in the area of IGF-1 and milk powder on
growth outcomes to confirm such an association.
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The studies in South Africa (Faber et al 2005, Oelofse et al 2003) and China (Liu et al 1993)
used levels of zinc fortificants in their cereal-based food vehicles similar to those used in
the Indian fortified milk study (Juyal et al 2004). Neither of these study populations had
very high rates of stunting, so it would not be expected to have a significant impact on
growth. Furthermore, neither of these studies were powered to detect a difference in
growth (Faber et al 2005, Oelofse et al 2003).
Bhandari and colleagues (2001) also found a significant impact of the intervention on
growth, specifically weight gain. Infants (n=418) were recruited from an urban slum in
South Delhi, where there is a high prevalence of wasting, infections, and poor access to
nutrient-dense foods. Infants were randomised into four groups: fortified milk and cereal
porridge and nutritional counselling; nutritional counselling; visitation only; and no
intervention. After eight months, the children receiving the fortified food and nutritional
counselling had gained 250 g more weight than those in the visitation group (95% CI: 20,
480 g), and a non-significant increase in length of 0.4 cm (95% CI: -0.1, 0.9). The increase
in weight gain was probably a result of the additional energy intake of the fortified
complementary food. The lack of a significant effect of the fortified food on length was
partly attributed to the displacement of breast milk by the fortified food, and thus
significantly lower rates of breastfeeding accompanied by higher rates of infection in the
group receiving the fortified food compared to the three other study groups (Bhandari et al
2001).
There are several reasons for the limited impact of fortified complementary foods on
growth outcomes. For example, participants in many of the studies have not always been
growth-restricted at baseline; the studies have not been sufficiently powered to
demonstrate a growth effect; and/or the fortificant levels for zinc may have been too low.
In the one study that clearly showed a significant improvement in growth outcomes, high
levels of zinc were provided in a vehicle (i.e. milk) that did not compromise zinc
bioavailability (Juyal et al 2004), and could indeed enhance the bioavailability of zinc
(Rosado et al 2005). Milk contains growth promoting factors such as IGF-1 (Hoppe et al
2006, Wiley 2009), and has also been shown to increase the total absorption of zinc by 70%
in a short term study in Mexican women (Rosado et al 2005). It is essential to understand
what role milk and/or dairy products play in improving the growth status of infants and
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young children in order to shape recommendations for complementary food fortification,
especially as the addition of milk substantially increases the cost of fortified complementary
foods.
Morbidity and motor development
A total of five of the efficacy trials assessed morbidity outcomes, two studies examined the
impact of fortification on cognitive and motor development, and results for both outcomes
were mixed. For example, the Indian fortified milk study significantly reduced the
incidence of diarrhoea and fever (Sazawal et al 2007), whereas in the study of Bhandari et al
(2001) in South Delhi the incidence of dysentry and fever were significantly increased in
the groups receiving the fortified cereal and milk porridge and nutrition counselling
compared to those in the visitation group.
While both trials were conducted in Delhi, the location within the city may have impacted
on the risk of contamination by the participants. The study of Bhandari et al (2001) was
conducted in a peri-urban slum, where water is obtained from a public hand pump, and
where people often defecate in the open as the community toilets are so poorly maintained.
The caregivers were advised to follow standard hygiene practices. However, adequate
hygiene practices may have been very difficult to implement in this setting, and could easily
have resulted in contamination during the preparation of the fortified milk and cereal
porridge. In contrast, the zinc fortified milk study was conducted in a peri-urban setting,
where sanitation conditions may have been more favourable, and water was primarily
obtained from a tap (Sazawal et al 2007).
Another significant difference between these two trials is the age of the participants. In the
Bhandari study (2001), the children were recruited at just four months of age, whilst in the
zinc fortified milk study (Sazawal et al 2007), children were one to three years old. The
WHO recommends the introduction of complementary foods from six months onwards in
an effort to decrease the risk of a young infant contracting infections through
contaminated food (WHO/UNICEF 1998). A recent meta-analysis has shown that the
positive impact of preventive zinc supplementation on diarrhoea is limited to children 12
months of age and older (Brown et al 2009). In the study of Bhandari et al (2001), the
infants in the intervention group were significantly more likely to have ceased
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breastfeeding, a practice which confers protection against infection (WHO/UNICEF
1998). Hence, the combination of an increased risk of contamination, cessation of
breastfeeding, and early introduction of complementary foods probably contributed to the
significant increase in dysentery and fever observed (p < 0.05) (Bhandari et al 2001).
The study of Bhandari et al (2001) emphasises the importance of safe introduction of
complementary foods. If large-scale promotion of fortified complementary foods is to be
introduced, it must be accompanied by messages of appropriate age of introduction of
complementary foods, and measures to ensure safe preparation of the fortified food. It
also highlights that public health measures which improve the sanitation of urban areas,
and provide safe water to drink, should be introduced concurrently.
The lack of effect on morbidity amongst the majority of efficacy trials reviewed here, is not
surprising when the results of a recent meta-analysis of the preventive effect of zinc
supplementation on morbidity are taken into account (Brown et al 2009). The outcome of
the meta-analysis of zinc supplementation on diarrhoea demonstrated that a 27% reduction
in the incidence of diarrhoea was limited to studies where children had a mean initial age
greater than 12 months (95% CI: 13%, 39%) (Brown et al 2009). This is in concordance
with the one study that demonstrated a significant effect on morbidity outcomes (Sazawal
et al 2007) where an 18% (95% CI: 27%, 71%) reduction in the incidence of diarrhoea was
only seen in toddlers aged at least 12 months receiving the fortified milk.
With regards to acute lower respiratory infection (ALRI) and fever, the results of the metaanalysis demonstrated that the magnitude of the reduction in ALRI was associated with
LAZ scores at baseline, as well as the quality of diagnosis (Brown et al 2009). Similarly, in
the study of Sazawal et al (2007) in which the study population were stunted at baseline,
and high quality criteria were used to diagnose ALRI, a 26% reduction in ALRI (95% CI:
3%, 43%) was found, a level greater than the 15% reduction in the meta-analysis. The
findings of the milk fortification trial of Sazawal et al (2007) confirm that the impact of zinc
on morbidity is the same irrespective of whether zinc is provided in a fortified milk
product or as an aqueous zinc supplement. Whether fortification of cereals with zinc can
produce the same effect is yet to be confirmed.
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Development of motor milestones was only assessed in the South African study conducted
by Faber et al (2005). They found a significant improvement in motor milestones as
assessed by caregivers after six month-old infants received the fortified maize meal for six
months. This is most likely due to the 28% decrease in anaemia, and significant
improvement in iron status in the intervention group (Sherriff et al 2001). In contrast, no
effect on psychomotor development scores was seen from a fortified complementary food
fed for 12 months (Oelofse et al 2003). However, the sample size in the study was very
small, and therefore unlikely to be powered to detect any difference.
In summary, in some studies of fortification of complementary foods results for
micronutrient status, growth, morbidity and development have been promising, but much
more research is needed to ensure that the fortified foods are efficacious. Iron status has
shown improvements, the trials with the largest impact being those using a combination of
ascorbic acid with iron fortificants. Fortification of complementary foods with zinc,
however, has failed to improve plasma zinc status significantly, and more research into this
area is needed. Similarly, the impact of fortified complementary food on growth is still
inconclusive. Trials that are adequately powered, and conducted within populations who
are growth restricted at baseline are key to understanding how we can improve the growth
and development of malnourished children. Improvements in morbidity are likely to be
seen if zinc deficient infants are fed complementary foods fortified with adequate levels of
zinc, with significant reductions in diarrhoea and ALRI being evident particularly in older,
stunted sub-groups.
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Programme evaluation
Although the efficacy trials conducted to date indicate that there is much promise in
improving micronutrient status and morbidity outcomes with the use of fortified
complementary foods, there is a paucity of data on the effectiveness of these interventions.
Effectiveness is defined as how well an intervention meets its objectives in a field setting
(Last 2001), and indicates how well the intervention will perform when implemented in the
community. It is not as stringently controlled as an efficacy trial. The large-scale
implementation of nutritional interventions is likely to have a lower impact on outcomes
than that found in efficacy trials, as they are not as rigorously controlled. Yet the
information on the effectiveness of these interventions when implemented at the
community level on a large scale, remains vital in shaping health policies and planning
nutrition interventions.
Since the 1960’s and 70’s there has been a surge in the implementation of social welfare
programmes across Latin America that include complementary food supplements for
infants and young children. Initially these programmes were focused on protein-energy
malnutrition, and provided infants with cereal and legume blends that could be prepared
into porridge. More recently, attention has focussed on fortifying these blends with
multiple micronutrients to prevent co-existing micronutrient deficiencies in infants and
young children. However, there is no consistency in the levels of fortification used in these
fortified complementary foods, as shown in Table 2.11. This is most evident for vitamin
A fortification, with levels ranging from 83 to 1215 ug RE, with two of the products
markedly exceeding the UL of 600 ug RE.
Few of these government-led initiatives have been evaluated in spite of the vast amounts of
money currently spent on them. In 1991, the World Bank estimated that US$1.6 billion
was spent on welfare programmes in Latin America, of which US$44 million was allocated
by the World Bank to Argentina, Ecuador, Guyana, Honduras, Mexico, Nicaragua, Panama
and Paraguay as food loans (Lutter 2000). Large amounts of public expenditure, and
money loaned from the World Bank is being spent on these welfare programmes, even
though their effectiveness is rarely proven to justify their cost.
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This section reviews the evaluations that have been conducted on programmes for
fortified complementary foods provided to infants and young children. The majority of
these evaluations are on Latin American social welfare programmes in which fortified
complementary foods in combination with other interventions are provided. Therefore it
is difficult to distinguish between the effects of the fortified complementary food and other
aspects of the programme on infant growth, micronutrient status, and developmental
outcomes.
Programme evaluation design
An integral part of implementing social welfare programmes, in particularly fortification of
complementary foods, is that the programme is continuously monitored and evaluated.
The aim of evaluation is to measure the impact of the programme. This is achieved by
measuring how effective the programme is at meeting the intervention’s aims and
objectives, such as reducing the prevalence of micronutrient deficiencies to 10% or less in
the target population (Brown et al 2004). Monitoring on the other hand consists of the
continual assessment of the implementation of the programme. For example: the delivery
of the fortified complementary food; availability, accessibility and utilisation of the
programme by the target population; appropriate use of the fortified complementary food;
and quality of the fortified complementary food at the site of production, point of
purchase and point of consumption (Brown et al 2004). The design for both programme
monitoring and evaluation are similar, and as such the general term evaluation will be used
to encompass both monitoring and evaluation from this point onwards.
The purpose of the evaluation and level of precision required will determine which
evaluation design should be used. According to Habicht (1999), three levels of programme
evaluation designs exist – adequacy, plausibility, and probability. An evaluation design for
adequacy assesses how well the programme meets predetermined objectives, such as
reducing the prevalence of micronutrient deficiencies to 10% or less, and does not require
randomisation or a control group (Habicht et al 1999). Hence, such a design cannot
determine causality (Habicht et al 1999). An evaluative design for adequacy provides the
lowest level of precision of the three evaluation designs.
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Plausibility evaluation designs infer greater confidence that the observed changes are due
to the programme intervention. Quasi-experimental designs (i.e. cross-sectional,
longitudinal and case-control) are employed to compare the programmes effect on control
and treatment groups (Habicht et al 1999). These designs attempt to control for
confounding factors statistically, and are the most frequently used evaluative design for
programmes.
Probability evaluation is the highest level of precision and confidence that the outcome was
caused by the programme. These evaluations require randomisation of subjects to the
programme, and aim to minimise the likelihood that differences between control and
intervention areas are due to bias, confounding, or chance (Habicht et al 1999). However,
the stringency with which probability evaluation designs are carried out often limit their
external validity, and for this reason may limit their use in decision-making. If the fortified
complementary food has already been shown to be efficacious, the use of a plausibility
design would suffice to establish whether the programme is effective.
Oportunidades: the Mexican experience
The Oportunidades programme (formerly known as PROGRESA) has been the best
documented and evaluated social welfare programme conducted in Latin America. From
its inception, evaluation has been a fundamental component of the programmes design,
and has been evaluated by internal and external institutions.
The Mexican government implemented Oportunidades, a multi-disciplinary welfare
programme in 1997, which aimed to “increase human capital through the simultaneous investment in
health, education, and nutrition” (Leroy et al 2008b). The programme is targeted at those living
extreme poverty, and currently reaches five million families. The nutrition component of
the programme consists of providing vulnerable groups with a fortified food supplement.
These groups include: infants and young children aged 4 to 23 months; underweight
children aged 2 to 4 years (WAZ < -1 SD); and pregnant and lactating women. The
supplement, Nutrisano, consists of dry whole milk powder, maltodextrose, and sugar, and
is fortified with micronutrients considered of particular concern to Mexicans (Table 2.11).
Families receive the fortified food supplement and a cash transfer intended to be used to
improve the family diet on the condition that they attended monthly education sessions on
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health and nutrition (Rivera et al 2000). No efficacy trial was conducted using the fortified
papilla. It was thought to be unnecessary as it was designed by a group of experts taking
into account the nutritional status of the population (Rivera et al 2000). In 1998, a two
year probability evaluation began, in six contiguous states in poor rural areas, and involved
346 communities randomised to receive either the Oportunidades programme or to act as
the control group (Rivera et al 2004). After two years, it was planned that the control group
would receive the intervention. However, because of political pressures, the intervention
was introduced to the control communities a year earlier than planned. Therefore, the
control group received the programme in their second year of life, whereas the intervention
group received it from the ages of six to twelve months onwards. Unfortunately, the
power calculations were based on changes seen within two years, and the sample sizes were
not large enough to detect a significant effect. Not only was the duration of the
intervention reduced, but there was also a huge loss to follow up due to severe weather
conditions causing temporal emigration. At the end of year one of the intervention only
57% of the children consumed papilla regularly (!4 days/week). The impact of the
intervention on growth was assessed via sub-group analysis based on age at baseline and
socio-economic status. The intervention’s impact on growth was only significant in infants
who were less than six months of age at baseline and from the poorest households. These
infants had an increment in height that was 1.1 cm greater (p=0.046) over the 2 years of
Oportunidades intervention in comparison to infants receiving the intervention later in life
for just one year. After the first year of the Oportunidades implementation, there was a
10.6% lower prevalence of anaemia in the intervention communities compared to the
communities receiving no intervention (p=0.03), and a slightly higher mean concentration
of haemoglobin (111.2 g/L versus 107.5 g/L, p=0.01) (Rivera et al 2004). Nevertheless, the
prevalence of anaemia remained at a worryingly high level in spite of the intervention,
indicating that some changes in the delivery of the intervention may be required.
In 2002, the Oportunidades programme was extended to urban areas, and another twoyear evaluation of the programme began (Leroy et al 2008a). As found in the rural
effectiveness study, the impact of the Oportunidades on growth was only found to be
significant in participants who were less than six months of age at baseline, in whom a 1.53
cm greater increment in height occurred (p=0.015) after two years (Leroy et al 2008a).
This highlights the importance of intervening at an early age for positive impacts on
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growth. Whether increments in growth are a direct result of fortification with zinc is
unknown. It is more likely that the positive growth response arose from a combination of
improvements in the diet, health care, hygiene, and feeding practices, rather than the
consumption of Nutrisano, because consumption of the latter had been low as delivery of
Nutrisano was poor (Neufeld et al 2004).
The process of continual evaluation of the Oportunidades programme has revealed some
problems associated with the infant nutrition component of the programme. Enrolment of
families with children under-two years of age has been low in urban areas (Leroy et al
2008b), and the fortified food has been used irregularly and inappropriately in both urban
and rural areas (Bonvecchio et al 2007, Leroy et al 2008b). Nutrisano is often given to
other family members, rather than being fed to the target child daily as advised, and when it
is fed to the target child it is diluted and given as a thin drink rather than a pap. To address
these feeding behaviour issues, a communication intervention was devised using local
community volunteers, health care service providers, and mass media to deliver four
behaviour change messages: prepare papilla according to package instructions; give papilla to
your child every day; give papilla to your child between meals; and give papilla only to target
children (Bonvecchio et al 2007). This community intervention was found to be effective
in correcting all feeding behaviours in two culturally and geographically distinct Mexican
populations, with the exception of giving papilla only to target children (Bonvecchio et al
2007). Providing only target children with papilla was found to be totally unacceptable in
the indigenous communities, and indicates that the programme may need to be adapted in
indigenous communities to provide all children with papilla (Bonvecchio et al 2007).
The modest effect of the Oportunidades programme on anaemia (Rivera et al 2004) was
attributed to the low bioavailability of the elemental iron fortificant. In response, a study
was conducted to compare the efficacy of ferrous gluconate and ferrous sulphate on
improving iron status in Mexican toddlers (Shamah-Levy et al 2008). Both ferrous
sulphate and gluconate improved serum ferritin levels significantly by 6.6ug/L, and 5.8
ug/L respectively (p<0.02). Because ferrous sulphate has adverse organoleptic properties,
ferrous gluconate was selected to fortify Nutrisano (Shamah-Levy et al 2008).
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There is no doubt that the Oportunidades programme is having some success in improving
the education, health and nutritional status of impoverished Mexican families. However,
the effectiveness of Nutrisano is questionable. With the provision of the conditional cash
transfers, the dietary diversity of the beneficiaries has increased substantially, with increased
intakes of fruits, vegetables, and animal products (Hoddinott et al 2000). Furthermore, it
has been postulated that the conditional cash transfers are responsible for the increments
in growth, and improvements in the cognitive, motor and language development of the
toddlers (Fernald et al 2008). An evaluation of the modifications to the product,
programme delivery, and accompanying educational campaign on complementary feeding
behaviours is required to determine if the recently made changes are effective.
PANN 2000: Ecuador
In 2000, the National Food Nutrition Programme (PANN 2000) was implemented by the
Ecuadorian government in a bid to prevent infant and young child malnutrition in the
midst of an economic crisis (Lutter et al 2008). Mi Papilla is a porridge composed of a
mixture of dried milk powder, cereal and legume flours, and fortified with ferrous sulphate
and zinc sulphate; its nutrient composition is listed in Table 2.11.
A plausibility evaluation was conducted over 11 months in poor peri-urban and rural
communities as the programme was implemented (Lutter et al 2008). The programme was
introduced into the communities that were in the lowest poverty quintile. The control
group was selected from the fourth lowest quintile, and were to be invited into PANN
after the evaluation. The fortified complementary food was consumed regularly and did not
displace the usual diet, providing significantly more energy, iron, zinc, vitamin A, and
calcium to the infant and young child’s diet. Nevertheless despite a substantial increase in
the quality of the diets of the intervention communities, there was no improvement in
either breastfeeding rates or in complementary feeding practices. Further work is required
to improve the communication of these messages, through the training of health care
workers in infant and young child feeding and the delivery of these messages.
As shown in Table 2.12, intervention communities in the PANN programme had a
significantly higher mean haemoglobin concentration, and a 42% reduction in risk of
anaemia after 11 months of programme intervention. However, no improvement was
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evident in the concentrations of serum ferritin, or prevalence of depleted iron stores,
despite fortification with ferrous sulphate at adequate levels and moderately high
consumption of the fortified food. It is possible that the bioavailability of ferrous sulphate
may have been hindered by the presence of phytate, which could have been overcome if
larger amounts of ascorbic acid had been added to the fortified food. Improvements in the
haemoglobin concentrations and prevalence of anaemia, may have been related to
increased intakes of vitamin A, folic acid and/or B12, improvements in sanitation, and/or
treatment of parasitic infestations.
There was no significant difference in mean serum zinc between the intervention and
control communities. Indeed the prevalence of zinc deficiency was markedly reduced in
both intervention and control communities through the duration of the intervention. The
reason for this reduction in both programme and control group is uncertain, but could be
related to seasonal changes in zinc status as baseline data was collected in the rainy season
and final blood samples in the dry season (Gibson et al 1989, Hambidge et al 1979).
The prevalence of stunting increased by 7.5% and 15.8% in the intervention and control
groups respectively, but this difference was not significant. The delay of the programme
into intervention communities until infants were aged 9-14 months may have been
responsible for the failure of the programme to have a positive effect on growth outcomes.
Unlike the Mexican Oportunidades evaluations (Leroy et al 2008a, Rivera et al 2004), age at
baseline was not significantly associated with length gain. Again, this might be due to the
age of infants entering the PANN programme intervention, as significant improvements in
Opotrunidades were only seen in those infants aged six months or less at baseline (Leroy et
al 2008a, Rivera et al 2004).
Foncodes: Peru
The Peruvian social welfare programme, FONCODES, distribute a fortified
complementary food named Alli Alimentu (López De Romaña 2000). The production and
distribution of this product is conducted by private companies who were chosen through a
process of public bidding. Another distinguishing feature of this programme is the
community involvement. Implementation committees were set up in each community
involved in the programme. These committees were responsible for distributing the food
to mothers and training mothers in the correct method of food preparation. Not only did
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this reduce costs, it improved the efficiency of distribution and coverage of the
programme, and was more effective in communicating the educational component of the
intervention to mothers.
A pilot project was conducted to evaluate the effectiveness of this programme in
improving nutritional status, growth, and complementary feeding practices of infants and
young children in resource-constrained environments (López De Romaña 2000). Infants
and young children aged six to 36 months were enrolled into this programme for one year.
It was found that a high proportion of the mothers (73%) enrolled in the study prepared
the complementary foods correctly, and that Alli Alimentu contributed to a third of the
children’s daily energy intakes. Significant increases in the dietary intakes of vitamin A,
iron, and calcium were observed. However, there was no significant difference in the
serum retinol status or prevalence of stunting in the intervention group versus the control
at the end of the programme. There was a greater reduction in the prevalence of anaemia
in the intervention group compared to the control (27% vs 13%), however this was not
significant when the final prevalence of anaemia between each group was tested. In spite
of the lack of impact of the programme on growth patterns and micronutrient status, the
programme has been heralded as an excellent example of public and private sector
collaboration for social welfare. Whilst the public-private sector collaboration may have
been successful, the outcome on nutritional status is yet to be confirmed.

Summary
The programme evaluations reviewed above highlight the difficulties in conducting
rigorous research on the effectiveness of programmes in developing countries, especially
in crisis situations. The lack of stringently controlled randomised control trials can make it
very difficult to exclude confounding and bias in the evaluation of the data. Nevertheless,
it is very important that plausibility evaluations are conducted, as they are able to highlight
issues in the delivery of the programme more effectively than a rigorously controlled
randomised controlled probability trial. In many of these trials, the control and
intervention groups differed significantly at baseline, often due to the recruitment of
control groups from less vulnerable communities. These evaluations have also highlighted
the importance of incorporating a comprehensive monitoring and evaluation strategy in
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public health programmes. Oportunidades is making great progress in the field of
communicating educational messages, and refining the formulation of its complementary
food Nutrisano.
Whether governments in developing countries can continue to provide such large,
expensive welfare programmes in the face of the economic, food and fuel crises is
questionable. Governments can no longer be heavily reliant on donor support/foreign aid
for their healthcare and welfare programmes, and spending must be directed at
programmes that are effective, necessitating rigorous ongoing monitoring and evaluation.
The distribution of free supplementary food is not a sustainable solution for developing
economies, and greater emphasise must be placed on collaborative public-private
partnerships to produce low-cost, high-quality complementary foods. Further research is
required to examine the potential of educational campaigns combined with marketing of
low cost, fortified complementary foods as an alternative to the large scale social welfare
programmes.
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3

The iron, zinc, calcium, and phytate concentrations of a

selection of manufactured complementary foods purchased in
Asia

The WHO’s guiding principles on complementary feeding of the breast-fed child advocate
the use of fortified manufactured complementary foods for infant and young child feeding
(WHO 2004). These guiding principles were devised to help inform policy makers,
programme planners and health care providers with advice to inform caregivers on
appropriate complementary feeding practices that are both safe and nutritionally adequate.
There is no doubt that fortification of complementary foods are a cost-effective means of
improving the micronutrient status of infants and young children, particularly in an urban
setting. Yet, little work has been conducted to examine the nutritional adequacy of
manufactured complementary foods that are currently available in low-income countries.
Often the level and form of fortificant is not appropriate for the high phytate cereal-based
porridges which are produced by manufacturers (WHO/FAO 2006). The following
section examines the iron, zinc, and calcium content of a selection of currently available
manufactured complementary foods available in China, Mongolia, Indonesia, the
Philippines, and Thailand. The nutritional adequacy of the foods is assessed through a
comparison of the nutrient content to the WHOs estimated needs, and desired nutrient
densities of complementary foods, in addition to the measure of the phytate content and
phytate-to-mineral molar ratios.
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3.1. Methods

3.1.1 Sample collection and preparation
Samples of processed complementary foods were obtained from five different Asian
countries, by collaborating researchers resident in four of these countries. Samples were
obtained from: Beijing, China (n=2); Jakarta, Indonesia (n=14); Ulaanbaatar, Mongolia
(n=3), Manila, the Philippines (n=7) and Bangkok, Thailand (n=7). The selection of
processed complementary foods was based on a market survey approach, and the
collaborating researchers were asked to collect a selection of foods that were preferably
either locally produced, or produced by a neighbouring country. Where possible the
collaborating researchers were asked to purchase five primary samples of each processed
complementary food with different batch numbers, and from a range of local markets,
grocers and supermarkets. These samples were then shipped to the Trace Element
Laboratory, in the Department of Human Nutrition, University of Otago, New Zealand.
Details of the sampling protocol provided to the collaborating researchers is provided in
Appendix 1.
Upon arrival in New Zealand, composite samples of the processed complementary foods
were prepared. All glassware and storage containers were acid-washed, and powder free
disposable gloves were worn when handling food samples. Preparation of the composite
samples was done by combining each of the primary samples in the centre of a large sheet
of trace-element free polyethylene. The sample was then rolled diagonally across the sheet
twice in all directions ensuring that the sample was turned over rather than sliding. The
sample was then divided into quarters, and then two opposing quarters discarded. This
was repeated once more, and the remaining sample was stored in a trace-element free
container for analysis. Half of this composite sample was ground to a fine homogenous
powder using an acid-washed agate ball and mill (Brinkman Model 2MN, Birkman
Instruments Division, Sybron, Canada) and then stored in a trace-element free polyethylene
container until analysis. The energy content of each processed complementary food was
obtained from the nutrition information panel on the packet.
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3.1.2 Mineral analysis of processed complementary foods
The moisture content of each sample was determined in triplicate prior to mineral analysis.
An aliquot of approximately five grams of each ground sample was weighed into an acid
washed Pyrex beaker, and dried in the oven overnight, or until a constant weight was
reached. Samples were then cooled in a desiccator for one hour, reweighed, and the
moisture content calculated from the weights pre- and post-drying.
In order to analyse the mineral content of foods, the organic material must first be
destroyed, the minerals extracted, and then flame atomic absorption spectrophotometry
(AAS) can be used to quantify the mineral content. Initially the ashing process was
conducted using a muffle furnace. However, during the course of the experimental work, a
microwave digest was purchased, and this was used instead as it reduces the time involved
to destroy the organic material and extract the minerals for analysis. Both methods are
described below.
Using the muffle furnace method, 5 g of the dried samples were placed in acid-washed
pyrex glass beakers in the furnace for dry ashing, with acid-washed watch glasses on top of
the beakers (Carbolite LMF-4, Sheffield, England). The temperature of the muffle furnace
was slowly raised to 450ºC, and the samples left to ash overnight. After ashing, the
samples were placed in a desiccator to cool for one hour. Once cooled, a few drops of
analytical grade nitric acid (69%) (Aristar, BDH Laboratory Supplies) were added, and the
samples returned to the muffle furnace to ash again overnight. The samples were cooled in
the desiccator, and then dissolved in 6mL of 6 M hyperpure hydrochloric acid (Aristar,
BDH Laboratory Supplies) and 3 mL of distilled deionised water. The beakers were then
covered with a watch glass, and the samples boiled at 150ºC on a hot plate. After one and
a half hours of boiling, the watch glass cover was removed, and the samples left on the hot
plate until all water was evaporated. The evaporated samples were then reconstituted with
distilled deionised water, then transferred to 100mL volumetric flasks ready for analysis by
AAS.
The microwave digest method was used for the mineral analysis of the Mongolian and
Chinese samples. For each food sample, 0.3 g was dried overnight in the oven to remove
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moisture. Each dried sample was then inserted into a Teflon digestion tube with 10 mL of
analytical grade 69% nitric acid (Aristar, BDH Laboratory Supplies) and the Teflon lid
loosely screwed on. This solution was left for one hour to predigest at room temperature.
The lid on each Teflon digestion tube was then screwed on tightly, and each tube placed in
the microwave digest (MARS Xpress, CEM Corporation, Mathews, NC, USA). The
microwave was set to 1600MW and to ramp up to 180ºC, maintaining this temperature for
eight minutes, before increasing to 200ºC for a further 15 minutes. After completing the
digestion, the sample was cooled to room temperature, and then moved into the fumehood
where each digestion tube was slowly unscrewed to release the pressure and nitric gas
which had built up. Next, the digested solution was removed from each Teflon tube and
transferred quantitatively into a 25mL volumetric flask. Each Teflon tube was then rinsed
with distilled deionised water, and the rinsing water transferred to the volumetric flask.
Once the volumetric flask was made up to volume (i.e. 25 mL), each solution was ready for
AAS analysis.
The analysis of iron, zinc, and calcium was performed by AAS (Perkin-Elmer Analyst 800,
England) on all aliquots of the complementary food samples regardless of the extraction
method used. Iron and zinc were measured directly from the ashed solutions in the
volumetric flask, after ensuring that the solution was mixed thoroughly. For the calcium
analysis, 5 mL lanthanum chloride (1%) was added to 5 mL of the sample solution to
overcome possible interference from silicon, aluminium, phosphate, beryllium, titanium,
vanadium, and zirconium (Perkin-Elmer 1982). Standard solutions were made up for zinc
at concentrations of: 0.4, 0.8, 1.6, and 3.2 mg/L from stock standard solutions (BDH,
Laboratory Supplies). For iron, standard solutions were prepared from an iron stock
standard solution (BDH Laboratory Supplies) at concentrations of: 0.4, 0.8 and 1.6mg/L.
Six standard solutions were made up for the calcium analysis from a stock standard
solution (BDH Laboratory Supplies) and lanthanum chloride (1%), in the following
concentrations: 2, 4, 8, 16, 32, and 64 mg/L.
In order to determine the accuracy and precision of the analysis, aliquots of two ashed
standard reference materials (SRMs) – citrus leaves (SRM 1572) and rice flour (SRM
1568a), purchased from the National Institute of Standards and Technology (Gathersburg,
MD, USA), were analysed with each batch of mineral analysis to check the accuracy and

83

precision of the AAS procedure. The analytical results (mean ± SD) and the coefficient of
variation (CV as %) for the iron, zinc, and calcium content of the citrus leaves and rice
flour are shown in Table 3.1 and compared to the corresponding certified values.

Table 3.1: Mean (±SD) and coefficients of variation (as percentages) for the mineral
content of standard reference material, compared to certified values for standard
reference materials
Iron (ug/g)

Zinc (ug/g)

Calcium (ug/g)

82.5 ± 1.2
CV = 1.5%
7.7 ± 0.3
CV = 3.6%

29.0 ± 2.7
CV = 9.3%
18.9 ± 1.2
CV = 5.6%

121 ± 10.4
CV = 8.6%

90 ± 10
7.4 ± 0.9

29 ± 2.0
19.4 ± 0.5
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Analysed values
Citrus Leaves (SRM 1572)
n=5
Rice Flour (SRM 1568a)
n=5

SRM Certified values
Citrus Leaves
Rice Flour

SRM = Standard Reference Material, CV coefficient of variation
n = Number of samples
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3.1.3 Phytate analysis of processed complementary foods
The phytate content of the complementary foods was determined using a modified highpressure liquid chromatography (HPLC) method that was first established by Lehrfield in
(1989) and modified by Hotz (2001). The inositol phosphates are first extracted from the
food samples, concentrated, and then analysed using HPLC.
Approximately 0.5 g of ground food sample was weighed out in triplicate, dried overnight
in the oven, and reweighed the next day to obtain the dry weight. For the extraction
process, 0.67 M hydrochloric acid was added to the dried food sample. The solution was
then vortexed to ensure the dried sample was saturated in acid, and then placed in the
sonicator bath for 20 to 30 minutes. The solutions were then centrifuged for 11 minutes at
3000G at 4ºC (Jouan KR 422, Cedex, France), after which 2.5 mL of the supernatant was
removed and diluted with 22.5 mL of distilled water.
In order to concentrate the phytic acid, strong anion exchange columns (Sep-Pak Vac 1cc
Waters AcellTM Plus QMA, Waters, Milford, MA, USA) were used in combination with a
vacuum manifold. First, the columns were conditioned with 0.067 M hydrochloric acid,
after which the samples were loaded onto the column. Once the samples had flowed
through the column, 0.067 M hydrochloric acid was added in order to wash the column.
The flow rate was set at a constant rate of approximately 1mL per minute. At this point,
the vacuum was turned off, and the eluant that had collected was discarded, as all of the
phytate was concentrated in the column. The phytic acid was then eluted off the column
with 4 mL of 2 M hydrochloric acid, and the eluant collected into 5 mL nalgene containers
within the vacuum manifold. The eluants were then evaporated to dryness overnight on a
heating block set at 60ºC in the fume hood. Once completely dried down the samples
were reconstituted with 1 mL of distilled water, placed in the sonicator bath for 10
minutes, and then transferred into HPLC sample vials for injection into the HPLC.
To quantify the amounts of inositol phosphates within the samples, 200uL of the sample
was injected into a Waters 2690 Seperations Module (Waters, Milford, MA, USA) at a flow
rate of 0.45 mL per minute. The mobile phase used was a 40:60 solution of 0.04 M
phosphoric acid and HPLC grade MeOH (HiperSolvTM, BDH, Poole, England), which
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contained 2% tetrabutyl-ammonium hydroxide (40% solution in water) and 4.5. 10-6 M
inositol hexaphosphosphoric acid with pH adjusted to 4.0 with 4.5 M sulphuric acid. The
sample was separated using a Hypersil column (H30DS-250A, HiCHROM, Berkshire,
England) at 45ºC, and detected with a differential refractometer (410 Differential
Refractometer, Waters, MA, USA). The standard solutions were prepared using inositol
hexaphosphoric acid dodecasodium salt (P-8810, Sigma Chemical Co., St. Louis, MO,
USA), at concentrations of 3.2, 1.6, 0.8, 0.6, and 0.4 umol per mL.
There are no standard reference materials currently available for the analysis of phytate,
and as a result, the accuracy and precision of the HPLC method has been assessed through
inter-laboratory controls of mixed plant-based food samples (Hotz 2000). Two to four
replicates of each of the three internal laboratory controls were analysed using identical
procedures as those used for the analysed complementary food samples, and mean values
compared to previously reported values based on inter-laboratory analysis. The analysed
phytate values for the three internal laboratory control flour samples MG, TK, and TN
compared to the previously reported values were 7.0 ± 0.95 mg/g versus 8.1 ± 0.6 mg/g
(CV:13.5%); 6.6 ± 0.71 mg/g versus 7.4 ± 0.2 mg/g (CV: 10.8%); and 6.30 ± 0.75 mg/g
versus 7.9 ± 0.6 mg/g (CV: 17.4%), respectively.

3.1.4 Derivation of molar ratios of phytate:iron, phytate:zinc, and
phytate:calcium
The phytate to iron, zinc, and calcium molar ratios were calculated by the following
equation, using the phytate molecular weight of 660, and the atomic weight of iron, zinc
and calcium of 56, 65.4, and 40.08, respectively.
phytate:mineral molar ratio = (phytate (mg) / phytate molecular weight)
(mineral (mg) / mineral atomic weight)
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3.2

Results

3.2.1 Ingredients and fortificants in selected Asian manufactured
complementary foods
A total of 33 samples of complementary food were obtained from the five Asian countries
– Indonesia (n=14), Thailand (n=7), the Philippines (n=7), Mongolia (n=3) and China
(n=2). The ingredients of each of the food samples are presented in Table 3.2, listed
according to the country of origin, and brand name. Rice was the major ingredient in these
commercially available complementary foods; 88% were in the form of refined rice (i.e. rice
flour, flakes, broken rice, or groats), the remainder were either wheat (9%), or soy-flour
(3%) based.
A vitamin-mineral premix was claimed to be added to 88% (29/33) of the sampled
complementary foods by the manufacturer. Of the 33 samples of fortified complementary
foods, only 11 stated the types of fortificants used. Calcium carbonate was the preferred
calcium fortificant, whereas zinc sulphate, zinc oxide or zinc lactate were used in the four
products stated to be fortified with zinc. Ferrous fumarate was used in five products, ferric
pyrophosphate in four, ferrous lactate in one, and in a Chinese product a combination of
NaFeEDTA and ferrous fumarate was used.
The only foods that were unfortified were those produced by a locally owned and operated
Thai manufacturer – Luuk Tau. These products were composed almost entirely of jasmine
or brown rice, with no additional fortificants other than iodised salt. Unlike all of the other
complementary foods tested, Luuk Tau was not formulated specifically as a complementary
food. However, it has become a popular complementary food choice for caregivers to feed
infants and young children (personal communication Winichagoon).
According to package instructions, the serving sizes of the processed complementary foods
ranged from 12 g to 90 g per day. The median serving size was 40 g of complementary
foods per day for infants aged at least six months.
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Table 3.2: Ingredients, target age range and serving sizes of processed cereal-based
complementary foods purchased in Asia
Brand name
Indonesia

n

Ingredients

Fortificants

Promina mixed
fruit
Promina chicken
and vegetable
Promina mung
bean
Promina kidney
bean
Promina beef and
broccoli
Nestle mung bean

5

Rice, soya, mixed fruit, lecithin, FOS

5

Rice, soya, chicken, vegetables, lecithin, FOS

5

Mung bean, rice, soya, corn, lecithin, FOS

5

5

Rice, brown rice, red kidney beans, soya, corn,
lecithin, FOS
Rice, beef, broccoli, premixed vitamins and
minerals, lecithin, FOS
Mung bean, spinach, rice, soya, lecithin, FOS

SGM mung bean

1

Mung bean, rice, soya, FOS

Vitamins and minerals, omega
3 and 6
Vitamins and minerals, omega
3 and 6
Vitamins and minerals, omega
3 and 6
Vitamins and minerals, omega
3 and 6
Vitamins and minerals, omega
3 and 6
Vitamins and minerals, omega
3 and 6
Vitamins and minerals

Milna chicken and
vegetable
SUN mung bean

1

Vitamins and minerals

5

Rice, corn, chicken, vegetables (tomato, carrot,
onion, beans)
Rice, mung bean, lysin, FOS

SUN MP-ASI
brown rice
SUN chicken and
vegetable
SUN mung bean

6

Brown rice, rice, lysin, FOS

Vitamins and minerals

3

Brown rice, rice, chicken, vegetables

Vitamins and minerals

2

Mung bean, rice, lysin, FOS

Vitamins and minerals

SUN brown rice

3

Brown rice, rice, lysin, FOS

Vitamins and minerals

SUN burbur

3

Rice, corn, banana, lysin, FOS

Vitamins and minerals

Cerelac rice and
soya

5

Cerelac wheat and
milk

4

Rice flour, soya flour, sugar, skimmed milk
powder, palm olein, soya lecithin, NaCl, fish oil,
taurine, vanillin
Milk solids, wheat flour, sugar, palm olein, FOS,
inulin, NaCl, fish oil, taurine, vanillin

Cerelac mixed
fruit and soya

4

Calcium carbonate, ferric
pyrophosphate, biotin,
vitamins
Calcium carbonate, ferrous
fumarate, biotin, potassium
iodide, folic acid, vitamins
Calcium carbonate, ferric
pyrophosphate, zinc sulphate,
vitamins and minerals

Cerelac mixed
vegetables

2

Cerelac brown
rice and milk

3

Cerelac chicken
and vegetable

2

Cerelac wheat
banana and milk

4

5

Vitamins and minerals

Philippines

Rice flour, soya flour, sugar, milk solids, palm
olein, apple, banana, sodium phosphate, NaCl,
soya lecithin, orange, fish oil, gelatin, cornstarch,
vanillin
Rice flour, soya flour, sugar, maltodextrin, palm
olein, spinach, milk solids, pumpkin, carrot, NaCl,
sodium phosphate, soya lecithin, fish oil, gelatin,
cornstarch
Milk solids, rice flour, brown rice flour, sucrose,
palm olein, FOS, inulin, sodium phosphate, fish
oil, taurine, vanillin, biotin,
Rice flour, soya flour, sugar, chicken meat,
maltodextrin, palm olein, skimmed milk powder,
onion powder, NaCl, carrot, spinach, sodium
phosphate, soya lecithin, fish oil, vanillin,
Wheat flour, milk solids, banana, palm olein,
sugar, FOS, inulin, NaCl, fish oil, vanillin, taurine
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Calcium carbonate, ferrous
fumarate, zinc sulphate,
vitamins
Calcium carbonate, ferrous
fumarate, potassium iodide,
folic acid, vitamins
Calcium carbonate, ferrous
fumarate, vitamins
Ferric pyrophosphate, calcium
carbonate, vitamins,
potassium, biotin

Table 3.2: Ingredients, target age range and serving sizes of processed cereal-based
complementary foods purchased in Asia continued
Brand name
Thailand

n

Ingredients

Fortificants

Luuk Tau
jasmine rice
Luuk Tau
pumpkin
Luuk Tau 7
minute rice
Luuk Tau carrot

5

Jasmine rice (80%), brown rice (18%), iodised salt
(2%)
Jasmine rice (93%), soybean flour (4%), pumpkin
(2%), iodised salt (1%)
Rice (94%), soybean flour (4%), iodised salt (2%)

-

4

Jasmine rice (93%), soybean flour (4%), carrot
(2%), iodised salt (1%)

-

Nestle fish

3

Vitamins and minerals

Nestle
vegetables

3

Kaset

6

Rice flakes, milk powder, corn oil, palm fat flakes,
inulin, soy protein, cod/fish powder, yeast extract
powder, anchovy powder, ginger powder, citric
acid, carrot, spinach
Rice flakes, textured soy protein, palm fat flakes,
corn oil, leek, inulin, yeast extract powder, carrot,
garden pea, onion dry
Rice flour (71%), soybean flour (16%), sugar
(12%)

Calcium carbonate, ascorbic
acid, vitamin B1, B2, B3, B5,
B6, B7, B12, E, folic acid,
retinyl acetate, ferric
pyrophosphate
Vitamins and minerals
Vitamins and minerals

5
4

-

Vitamins and minerals
Vitamins and minerals

Mongolia
Buhhu

4

Wheat flour, whole milk powder, sugar, pumpkin,
salt

Opymo
Bebi

1
2

Rice flour
Rice groats, dry milk, mashed dried apricots,
sucrose

1

Rice, sugar, soy protein isolate, milk powder,
maltodextrin, whey powder, FOS, inulin, DHA,
taurine

China
Nutritious rice
cereal

FOS: Fructo-oligosaccharides

89

Calcium phosphate, biological
calcium, ferrous lactate, zinc
lactate, nicotinic acid, biotin,
vitamins A, D, E, B1, B2, B6,
B12, C, folic acid, pantothenic
acid, potassium

Table 3.3: Moisture and mineral concentrations of the manufactured cereal-based
complementary foods purchaseda

Brand Name
Indonesia

Moisture
content

Iron

Zinc

Calcium

Promina mixed fruit
Promina chicken and vegetable
Promina mung bean
Promina kidney bean
Promina beef and broccoli
Nestle mung bean
SGM mung bean
Milna chicken and vegetable
SUN mung bean
SUN MP-ASI brown rice
SUN chicken and vegetable
SUN mung bean

0.15 ± 0.02
0.20 ±!0.01
0.20 ± 0.02
0.19 ± 0.01
0.43 ± 0.01
0.11 ± 0.05
0.13 ± 0.01
0.16 ± 0.01
0.20 ± 0.01
0.32 ± 0.01
0.26 ± 0.02
0.15 ± 0.01

6.5 ± 0.07
7.7 ± 0.09
9.2 ± 0.01
9.0 ± 0.16
2.9 ± 0.03
9.5 ± 0.07
7.1 ± 0.22
6.3 ± 0.26
3.9 ± 0.25
10.4 ± 0.18
8.2 ± 0.09
8.3 ± 0.09

3.4 ± 0.08
2.2 ± 0.05
1.9 ± 0.03
2.9 ± 0.24
2.1 ± 0.07
6.8 ± 0.12
4.5 ± 0.41
5.2 ± 0.32
5.1 ± 0.68
4.5 ± 0.13
2.6 ± 0.06
4.4 ± 0.07

357 ± 2
440 ± 4
456 ± 4
365 ± 2
277 ± 2
474 ± 6
413 ± 2
456 ± 9
364 ± 1
399 ± 7
508 ± 9
408 ± 1

SUN brown rice
SUN burbur

0.12 ± 0.01
0.15 ± 0.04

8.6 ± 0.08
6.1 ± 0.03

5.1 ± 0.06
5.0 ± 0.10

349 ± 3
348 ± 3

0.09 ± 0.01
0.20 ± 0.02
0.09 ± 0.02
0.07 ± 0.01
0.13 ± 0.02
0.06 ± 0.01
0.17 ± 0.01

9.5 ± 0.15
11.2 ± 0.38
9.9 ± 0.08
12.9 ± 2.49
10.4 ± 0.17
11.7 ± 0.04
10.2 ± 0.08

3.8± 0.18
1.4 ± 0.19
6.9 ± 0.15
6.8 ± 0.19
2.0 ± 0.18
7.1 ± 0.05
1.3 ± 0.01

495 ± 2
389 ± 1
484 ± 1
459 ± 1
554 ± 7
487 ± 5
405 ± 2

0.62 ± 0.04
0.57 ± 0.04
0.62 ± 0.03
0.52 ± 0.04
2.57 ± 0.32
3.44 ± 2.76
1.10 ± 0.04

1.0 ± 0.02
0.5 ± 0.02
0.5 ± 0.07
0.5 ± 0.01
13.5 ± 0.82
14.2 ± 0.16
1.9 ± 0.01

1.7 ± 0.01
1.7 ± 0.01
1.9 ± 0.26
1.7 ± 0.02
1.9 ± 0.06
1.8 ± 0.05
1.7 ± 0.01

6±0
10 ± 0
9±1
11 ± 1
590 ± 51
208 ± 9
210 ± 9

0.35 ± 0.01

8.8 ± 0.08

8.4 ± 0.07

701 ± 16

1.02 ± 0.06
1.40 ± 0.02
0.36 ± 0.02

10.5 ± 0.87
9.4 ± 0.17
4.6 ± 0.15

1.7 ± 0.10
1.9 ± 0.07
4.3 ± 0.16

329 ± 10
511 ± 4
9±1

Philippines
Cerelac rice and soya
Cerelac wheat and milk
Cerelac mixed fruit and soya
Cerelac mixed vegetables
Cerelac brown rice and milk
Cerelac chicken and vegetable
Cerelac wheat banana and milk

Thailand

Luuk Tau jasmine rice
Luuk Tau pumpkin
Luuk Tau 7 minute rice
Luuk Tau carrot
Nestle fish
Nestle vegetable
Kaset

China

Nutritious rice cereal

Mongolia
Bebi
Buhhu
Opymo
a

Values are expressed as means ± SD in units of mg per 100g dry weight
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3.2.2 Mineral and phytate concentrations of the manufactured
complementary foods
The mineral concentrations of each processed complementary food expressed as 100 g dry
weight (DW) are presented in Table 3.3. The processed complementary foods with the
highest levels of iron were the Nestle products from Thailand with concentrations of 14
mg Fe/100 g DW, and the Nestle Cerelac purchased in the Philippines with concentrations
ranging from 10 to 13 mg Fe/100 g DW. Not surprisingly the unfortified products
manufactured by the Thai company Luuk Tau had the lowest concentrations of iron (0.5 ±
0.07 mg Fe/100 g DW), and calcium (5 ± 0.1 mg Ca/100 g DW), whereas two of the
Filipino Cerelac products had the lowest zinc concentration (1.3 ± 0.01 mg/100 g).
The phytate content, expressed as the sum of IP5 and IP6, and the corresponding phytateto-mineral molar ratios for each of the analysed complementary food samples are
presented in Table 3.4. Levels of phytate were undetectable in two of the samples - Milna
chicken and rice from Indonesia, and Cerelac wheat, banana and milk purchased from the
Philippines. Both these complementary foods are based on refined rice or wheat flour,
which have a low phytate content.
The phytate-to-mineral molar ratios are presented in Table 3.4. All of the phytate-to-zinc
molar ratios were below 18 (Brown et al 2004), corresponding to levels indicative of a
mixed or refined vegetarian diet with moderate zinc absorption. Even though 88% of the
complementary foods were fortified, only 24% (n=8) of those analysed had phytate-to-iron
molar ratios of less than one, a cut-off derived by Hurrell (2004) for optimal iron
bioavailability. In contrast, 85% (n=28) of the complementary foods were below the
phytate-to-calcium recommended cut-off of 0.17 (Umeta et al 2005).
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Table 3.4: Inositol phosphate (IP) concentrations, and the phytate to mineral molar ratios
of processed cereal-based complementary foods purchased in Asiaa

Brand name

Indonesia

Promina mixed fruit
Promina chicken and vegetable
Promina mung bean
Promina kidney bean
Promina beef and broccoli
Nestle mung bean
SGM mung bean
Milna chicken and vegetable
SUN mung bean
SUN MP-ASI brown rice
SUN chicken and vegetable
SUN mung bean
SUN brown rice
SUN burbur

IP5 + IP6
(mg/100g)

Phytate:Fe

Phytate:Zn

Phytate:Ca

128 ± 4.4
194 ± 15.0
223 ± 19.2
217 ± 2.9
75 ± 3.1
298 ± 9.2
94 ± 8.1
0±0
61 ± 3.2
285 ± 3.0
256 ± 10.5
170 ± 15.6
180 ± 37.3
79 ± 6.9

1.7
2.2
2.1
2.0
2.2
2.7
1.1
0.0
1.3
2.3
2.6
1.7
1.8
1.1

4
9
12
7
4
4
2
0
1
6
10
4
3
1

0.02
0.03
0.03
0.04
0.02
0.04
0.01
0.00
0.01
0.04
0.03
0.03
0.03
0.01

261 ± 12.4
24 ± 3.4
276 ± 4.3
265 ± 15.0
160 ± 2.5
266 ± 11.6
0±0

2.3
0.2
2.4
1.7
1.3
1.9
0.0

7
2
4
4
8
4
0

0.03
0.01
0.03
0.04
0.02
0.03
0.00

91.0 ± 6.1
47.3 ± 2.8
56.6 ± 0.8
57.3 ± 5.7
35.3 ± 7.0
187.9 ± 28.9
136.5 ±11.8

7.9
7.5
9.7
9.2
0.2
1.1
6.2

5
3
3
3
2
10
8

1.00
0.28
0.36
0.32
0.01
0.05
0.04

31.4 ± 21.9

0.3

0.4

0.01

33.4 ± 5.5
19.1 ± 3.8
12.4 ± 12.3

0.3
0.2
0.2

1.9
1.1
0.3

0.01
0.01
0.09

Philippines
Cerelac rice and soya
Cerelac wheat and milk
Cerelac mixed fruit and soya
Cerelac mixed vegetables
Cerelac brown rice and milk
Cerelac chicken and vegetable
Cerelac wheat banana and milk

Thailand
Luuk Tau jasmine rice
Luuk Tau pumpkin
Luuk Tau 7 minute rice
Luuk Tau, carrot
Nestle, fish, 8 months – 3 years
Nestle, vegetable
Kaset

China
Nutritious rice cereal

Mongolia
Bebi
Buhhu
Opymo
a

Values are expressed as means ± SD per 100 g of dry weight

92

3.2.3 Adequacy of the manufactured complementary foods in relation to
WHO/FAO recommendations
The contribution (as percentage) of the manufactured complementary foods’ to the WHO
estimated needs for iron, zinc and calcium for infants aged 9 to 11 months and young
children aged 12 to 23 months is presented in Figures 3.1 and 3.2, respectively. Assuming
a daily ration size of 40 g DW of manufactured complementary food (Lutter and Dewey
2003) for infants aged 9 to 11 months, none of the analysed complementary foods met
their estimated needs of iron and zinc for infants aged 9 to 11 months, and only 9% (n=3)
met the estimated needs for calcium (Figure 3.1) despite manufacturers claiming that 88%
of the complementary foods were fortified with at least one of the problem nutrients.
Indeed of the complementary foods analysed, only 12% (n=4) and 15% (n=5) provided at
least 50% of the WHO estimated needs for iron and zinc, respectively. In contrast, 79%
(n=26) of the analysed complementary foods provided at least 50% of the WHO estimated
needs for calcium, as almost all were fortified with calcium and/or contained milk solids.
The mean contribution of the complementary foods per 40 g DW daily ration to the
estimated needs of infants aged 9 to 11 months was 34%, 34%, and 65% for iron, zinc and
calcium respectively.
Assuming a recommended serving size of 60 g per day of manufactured complementary
food for young children aged 12 to 23 months (Lutter and Dewey 2003), 36% (n=12), 42%
(n=14), and 6% (n=2) met the estimated needs for iron, zinc, and calcium respectively
(Figure 3.2). The mean contribution of the complementary foods per 60 g daily ration to
the estimated needs of young children aged 12 to 23 months was 82%, 94% and 62% for
iron, zinc and calcium respectively.
The majority of the complementary foods stated a daily serving size on their packaging.
Therefore, the percentage contribution of iron, zinc and calcium to the corresponding
estimated needs based on the suggested serving size by the manufacturer is also shown in
Table 3.5. None of the complementary foods met the estimated needs for iron or zinc for
infants aged 9 to 11 months, and only 18% met the estimated needs for calcium. In
contrast, for young children aged 12 to 23 months, 9% of the complementary foods met
the estimated needs for both iron, and zinc, although none met the estimated needs for
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Table 3.5: The percentage daily contribution of iron, zinc, and calcium according to the
manufacturers recommended serving size to the estimated needs of breast-fed infants (9 to
11 months) and young children (12 to 23 months)a

Brand Name

Serving
size

Iron
9 - 11
12 –
mo
23 mo

Zinc
9 - 11
12 –
mo
23 mo

Calcium
9 - 11
12 –
mo
23 mo

Indonesia
Promina mixed fruit
Promina chicken and vegetable
Promina mung bean
Promina kidney bean
Promina beef and broccoli
Nestle mung bean
SGM mung bean
Milna chicken and vegetable
SUN mung bean
SUN MP-ASI brown rice
SUN chicken and vegetable
SUN mung bean
SUN brown rice
SUN burbur

48
48
48
48
25
50
25
40
40
40
25
40
20
40

34
40
48
48
8
21
39
28
17
46
23
36
19
27

56
66
79
77
13
34
64
45
28
74
37
59
31
43

39
25
22
33
12
32
54
49
48
43
15
42
24
47

72
45
40
61
22
59
99
90
89
78
28
76
45
86

78
96
100
80
32
43
94
83
66
73
58
74
32
64

50
61
63
51
20
27
60
53
42
46
37
47
20
40

50
50
50
50
50
50
50

52
62
54
71
57
64
56

85
100
88
115
93
105
91

45
16
82
81
23
85
16

82
30
150
149
43
155
29

113
89
111
105
127
111
93

72
56
70
66
80
70
59

40
90
70
90
32
32
17

4
5
4
5
48
50
3

7
9
6
8
77
81
6

16
37
31
37
15
13
7

30
68
57
67
27
25
12

1
4
3
5
5
30
16

1
3
2
3
3
19
10

25

24

39

50

91

80

51

45
30
20

52
31
10

84
50
17

19
14
20

34
25
37

68
70
1

43
44
16

Philippines
Cerelac rice and soya
Cerelac wheat and milk
Cerelac mixed fruit and soya
Cerelac mixed vegetables
Cerelac brown rice and milk
Cerelac chicken and vegetable
Cerelac wheat banana and milk

Thailand
Luuk Tau jasmine rice
Luuk Tau pumpkin
Luuk Tau 7 minute rice
Luuk Tau carrot
Nestle fish
Nestle vegetables
Kaset

China
Nutritious rice cereal

Mongolia
Bebi
Buhhu
Opymo
a

Assuming moderate bioavailability for iron and zinc
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calcium. The Filipino Cerelac products consistently contributed the highest percentage of
the estimated needs for iron, zinc, and calcium (aside from two products not fortified with
zinc). Not surprisingly, the unfortified Thai products – Luuk Tau, contributed the lowest
percentage of the estimated needs of iron and calcium, but would contribute on average
55% of the estimated needs for zinc for breast-fed children aged 12 to 23 months when
consumed according to packet instructions. As expected, the complementary foods with
the lowest suggested serving sizes (Kaset, and Opymo), contributed some of the lowest
percentages of the estimated needs of all the products. For example, the Thai
complementary food produced by Kaset University which has a recommended serving size
of 17 g contributed the lowest percentage for iron and zinc, providing only 3% and 7% of
the estimated needs of breast-fed infants aged 9 to 11 months, respectively.
There is a lack of consensus surrounding the daily serving size of fortified complementary
foods to be consumed by infants and young children. Consequently, it may be more
appropriate to examine the nutrient density of complementary foods, especially when
considering an infant’s ability to self-regulate energy intake (Fox et al 2006a). Therefore,
the amount of iron, zinc, and calcium per 100 kcal are presented in Figures 3.3 to 3.5,
with the exception of the four products from Thailand for which no information on the
energy content was available. As shown in Figure 3.3, none of the analysed
complementary foods met the WHO desired density for iron for infants aged 6 to 8
months (3.8 mg/100 kcal), although 21% (n=6) met the level of desired iron density (i.e.
2.6 mg/100 kcal) for infants aged 9 to 11 months, and 93% (n=27) met the desired iron
density for young children aged 12 to 23 months (0.9 mg/100 kcal). The zinc densities
were more favourable: 17% of the complementary foods met or approached the desired
zinc density for six to eight month old infants, 34% for infants aged nine to eleven months,
and 93% for young children aged 12 to 23 months (Figure 3.4). Corresponding levels for
calcium densities were 66%, 90%, and 90% (Figure 3.5). The Chinese product, Nutritious
rice cereal, exceeded the desired calcium density of infants aged six to eight months by 75
mg/100 kcal.
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3.3

Discussion

3.3.1 Mineral concentrations of the manufactured complementary foods
This study has confirmed that the majority of manufactured complementary foods
obtained from a market survey in five Asian countries do not provide adequate amounts of
the problem micronutrients - iron, zinc, or calcium, despite 85% of them stating that they
were fortified with at least a premix of vitamins and minerals. Almost all of the
manufactured cereal-based foods failed to provide breast-fed children aged 9 to 11 months,
and 12 to 23 months with their WHO estimated needs for these micronutrients.
Furthermore, only five of the manufactured complementary foods provided 50% or more
of the estimated needs for iron or zinc.
These findings are particularly concerning, when considering the high cost of purchasing
these products on a limited household income, and their poor nutrient quality. In Kenya,
manufactured complementary foods are accessible and commonly fed to infants and young
children from low-income households (Huffman et al 2000). The cost of purchasing
fortified complementary foods is similar to that of enriching traditional complementary
porridges with milk, margarine, fruits and vegetables (Huffman et al 2000). If fortified
inappropriately as seen in this analysis, regular consumption of manufactured
complementary foods will have little to no impact on the nutritional and health status of
children, and could in fact be detrimental to their health if they interfere with sustained
breast feeding, or discourage the use of a variety of other nutrient-dense foods (Ferguson
and Darmon 2007). Unfortunately, enhancement of the complementary diet with sources
of haem iron, such as liver, is often too expensive (Huffman et al 2000), and does not
necessarily provide an infant or toddler with their requirements of iron or zinc
(WHO/UNICEF 1998). Therefore regulation at the governmental level is required to
ensure that manufactured complementary foods are a nutrient-dense option for
complementary feeding.
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Food-based approaches to enrich the complementary diets of infants and young children
may be more appropriate than the recommendation to use fortified manufactured foods in
circumstances where there is not adequate government regulatory infrastructure to ensure
their nutrient quality (Ferguson and Darmon 2007). Indeed, nutrition education to
improve the quality of complementary diets with animal source foods (i.e. meat, fish, eggs)
has consistently improved linear growth in young children (Dewey and Adu-Afarwuah
2008). In addition, enriching rice-based meals with chicken liver in the Philippines has
been shown to significantly enhance the iron content of the complementary diet (Perlas
and Gibson 2005). Nevertheless, such an enrichment strategy does not necessarily provide
an infant with their daily requirements for iron (Perlas and Gibson 2005). For example, the
amount of iron provided by chicken liver (10.2 mg per 100 g DW), is equal to, or less than
the iron fortification levels of some of the analysed manufactured complementary foods
(Table 3.3) that failed to meet the estimated needs of infants 9 to 11 months. Hence,
although such household strategies to improve the nutrient adequacy of the diets are very
important, they are probably unlikely to be sufficient to overcome the deficits of the
problem micronutrients (Gibson et al 1998). Instead, a combination of both nutrientdense traditional foods and fortified manufactured complementary foods are
recommended for complementary feeding by WHO (WHO 2004).
Fortified complementary diets, unlike traditional enrichment of complementary diets can,
however, provide adequate levels of iron, zinc, and calcium, when fortified appropriately.
For example, iron fortified cereals can be as effective as medicinal iron supplements
(Ziegler et al 2009), with the added benefit of better compliance than medicinal iron
supplements (Beinner et al 2010). This is of particular importance in malaria-endemic areas
where the provision of iron supplements can have adverse health effects on non-iron
deficient children (Sazawal et al 2006). Therefore, there is great potential for the use of
fortified manufactured complementary foods in the prevention of iron deficiency anaemia
in low-income countries (Lutter 2008), and for improving the nutrient adequacy of the
complementary diet, when fortified appropriately.
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3.3.2 Bioavailability of iron, zinc, and calcium in manufactured
complementary foods
Phytate is a potent inhibitor of iron, zinc, and to a lesser extent calcium absorption, in
plant-based complementary diets. Hurrell (2003) recommends that where possible all
phytate is degraded in food to achieve the maximum absorption of non-haem iron from
the diet. In circumstances when this is not possible, a phytate-to-iron molar ratio of less
than 1, or preferably less than 0.5 should be achieved (Hurrell 2003). For the optimal
absorption of zinc and calcium, phytate-to-zinc molar ratios of less than18 (Brown et al
2004), and phytate-to-calcium ratios of less than 0.17 (Umeta et al 2005) have been
recommended, although the need for more research on infants and toddlers has been
emphasised (Hambidge et al 2008). Of the complementary foods analysed, most of them
had phytate-to-zinc and phytate-to-calcium molar ratios below those said to markedly
reduce compromise the absorption of zinc and calcium. However, over 75% of the
manufactured complementary foods had a phytate-to-iron molar ratio above one. Clearly,
strategies to reduce the phytate content of these manufactured complementary foods are
required to ensure that iron fortificants are adequately absorbed and further enhance the
absorption of zinc and calcium fortificants.
Of the manufactured complementary foods analysed, only those composed of refined
cereals without the addition of legumes or seeds, had a phytate-to-iron molar ratio within
the recommended cut-off (Hurrell 2003). Phytate is concentrated within the bran of cereal
grains, whereas it is uniformly distributed throughout legumes (Reddy 2002). Therefore,
milling of cereal grains, or polishing of rice grains can substantially decrease the phytate
content of grains by removing the bran layer (O'Dell et al 1972). Alternatively,
dephytinization of cereals and legume blends can be achieved through the addition of
exogenous phytase enzymes, which dephosphorylate hexa- (IP6) and penta-inositol
phosphate (IP5) to lower inositol phosphate forms (i.e. IP3), which do not inhibit the
absorption of non-haem iron absorption (Sandberg et al 1999), zinc or calcium (Lönnerdal
et al 1989). Significant increases in zinc (Egli et al 2004) absorption in adults, and iron
absorption in adults (Hurrell et al 2003, Sandberg et al 1996) and infants (Davidsson et al
1994) have been observed after the addition of exogenous phytase to cereal-based
complementary foods.
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Hence, it is recommended that manufacturers of cereal-based complementary foods use
industrial techniques to reduce the phytate content of their products. Milling of cereals,
polishing of rice grains, or the addition of exogenous phytase enzymes to cereal-legume
blends are suitable options for improving the bioavailability of minerals in cereal-based
complementary foods.

Choice of fortificant
In addition to the composition of the food vehicle, the form of fortificant will also
influence the absorption of the fortified minerals. Unfortunately, the form of fortificant
was not stated on the majority of the manufactured complementary foods listed in Table
3.1. Calcium carbonate was the most commonly used calcium fortificant, and is
recommended by the WHO as it is reported to be as bioavailable as calcium naturally
found in foods and does not cause adverse organoleptic changes (WHO/FAO 2006). Of
the zinc fortificants stated as being used by manufacturers in this analysis, only zinc
sulphate and zinc oxide are recommended by WHO as they have GRAS approval
(WHO/FAO 2006). However, the absorption of zinc oxide may be reduced in infants and
young children in Asia, due to reduced gastric acidity in the presence of Helicobacter pylori
infections (WHO/FAO 2006). Neither zinc sulphate, nor zinc oxide added to cereal-based
complementary foods have improved serum zinc status in the randomised controlled trials
reviewed in Section 2.3.3. Further research is required on the efficacy of both zinc
sulphate, and zinc oxide in cereal-based complementary foods for infants and young
children before either can be recommended for routine fortification of manufactured
complementary foods
Ferrous fumarate and ferric pyrophosphate were the main forms of iron fortificants stated
as ingredients in the manufactured complementary foods analysed (Table 2.1). Similar to
the use of zinc oxide, the absorption of ferrous fumarate may be impaired in infants with
low gastric acid secretion (WHO/FAO 2006). However, when used in combination with
ascorbic acid in cereal-based complementary foods, the use of ferrous fumarate has been
shown to be efficacious in improving serum ferritin and reducing the prevalence of
anaemia (Faber et al 2005). Ferric pyrophosphate, a category three fortificant, is insoluble
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in water and only poorly soluble in gastric acid (Hurrell 2007, WHO/FAO 2006). As a
result, the WHO have recommended that ferric pyrophosphate is fortified at twice the level
required of more soluble fortificants such as ferrous sulphate (WHO/FAO 2006). Indeed,
when ferric pyrophosphate was used at twice the recommended level in cereal-based
complementary foods provided to mildly-anaemic Brazilian children it has significantly
reduced the prevalence of anaemia (Beinner et al 2010).
In general, fortificants stated as used by the manufacturers ad listed in Table 2.1 are
generally those that have been recommended by WHO (WHO/FAO 2006). However, the
levels at which they are fortified are inadequate, particularly ferric pyrophosphate, which
must be fortified at double the level required by infants and young children to compensate
for its poor bioavailability (WHO/FAO 2006). More research on the bioavailability of
ferrous fumarate and zinc oxide are required to ensure their bioavailability in circumstances
where gastric acid secretion is compromised.

3.3.3 Limitations
Assessing the nutrient adequacy of manufactured complementary diets is limited in this
analysis by the use of recommended daily ration sizes, rather than actual data on intakes of
the manufactured complementary foods by infants and toddlers. Unfortunately, there is a
paucity of data on the amounts of manufactured complementary foods consumed by
infants and toddlers. Therefore, the serving sizes proposed by Lutter and Dewey (2003)
were used in this study. These daily ration sizes were based on intake data of infants and
toddlers receiving fortified complementary food free of charge through social welfare
programmes (Lutter 2000). The majority of the complementary foods analysed stated a
recommended serving size on their packets. However, there is evidence that mothers often
dilute manufactured complementary foods when using them in the home (Faber and
Benade 2001, Ferguson and Darmon 2007). Indeed, in a study in Indonesia, only very
small amounts (8 g dry weight) of commercial manufactured complementary foods are
actually consumed (Chan et al 2007). In view of the absence of data on the actual daily
intake of manufactured complementary foods, nutrient adequacy was assessed by
calculating both the daily intakes assuming a daily ration size recommended by Lutter and

105

Dewey (2003), and the serving size suggested by the manufacturer, as well as a comparison
of the desired nutrient density. Regardless of the method used the manufactured
complementary foods analysed provided inadequate amounts of the problem
micronutrients, iron, zinc, and calcium for infants. An additional limitation regarding the
assessment of the nutrient density of the manufactured complementary foods, is that the
energy content required to calculate nutrient density was obtained from the nutrition
information panel on the product and not analysed in our lab.
Obviously it is important to characterise the levels of manufactured complementary foods
consumed by the target population in order to plan appropriate levels of fortification.
Further, more research is required to determine appropriate serving sizes for manufactured
complementary foods for infants and children from low-income households.
The bioavailability of iron and zinc in the manufactured complementary foods analysed
was assumed to be moderate when evaluating their nutrient adequacy. This assumption
may have resulted in an overestimation of the contribution of iron and zinc from these
foods, particularly in the manufactured complementary foods with high phytate-to-iron and
phytate-to-zinc molar ratios. Moreover, the estimated needs used to assess adequacy
(Table 2.3) are based on the assumption that the infants and toddlers have an average
breast milk intake. Hence, these results are just an estimate of the contribution of iron,
zinc, and calcium contributed by manufactured complementary foods to the corresponding
WHO estimated needs of infants and toddlers, using a conservative assumption of
moderate bioavailability and average breast milk intake.

3.3.4 Conclusions
In spite of the poor nutrient adequacy of the manufactured complementary diets
highlighted in this analysis, the provision of nutrient-dense fortified manufactured
complementary foods should continue to be recommended by the WHO and public health
institutions in low-income countries. The results of this analysis indicate that more
effective regulation of manufactured complementary foods is required by governments in
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low-income countries to ensure that safe and quality products are available for infant and
young child feeding in low-income countries.
Nevertheless, there is an urgent need to improve the production of manufactured
complementary foods to ensure that they are fortified with adequate levels of bioavailable
micronutrients to meet the needs of infants and young children in low-income countries.
Governments must be aware of this need, and give the production of fortified
complementary foods greater priority, by setting clear policies and regulations on fortified
manufactured complementary foods (Darnton-Hill and Nalubola 2009, Venkatesh Mannar
and van Ameringen 2003). Only in this way will they ensure that they contain adequate
amounts of nutrients, while simultaneously not exceeding the UL. In order for this to be
achieved, manufacturers and governments alike need to know how to set appropriate levels
of fortification. The following Section (4.0) uses current WHO guidelines to establish
appropriate levels of fortification of cereal-based manufactured complementary foods for
infants and toddlers for three Asian countries, to address this urgent problem.
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4

Establishing appropriate fortificant levels for
complementary foods for infants and toddlers in Asia

Fortification of complementary foods should be undertaken using careful planning of both
the appropriate form and levels of micronutrient fortificants needed for the target
population. As noted in Section 3.0, the approach to fortification of the problem
micronutrients iron, zinc, and calcium by manufacturers has not been based on the
estimated needs of infants and young children. The aim of the following section is to
determine appropriate levels of fortification of manufactured cereal-based porridges for
infants and young children aged 6 to 36 months in three countries – the Philippines,
Cambodia, and Mongolia.
Guidelines set out by the WHO for the fortification of complementary foods suggest two
approaches to establish appropriate fortificant levels for complementary foods. The first is
to use the conventional approach outlined by the IOM, whereby a low prevalence (<2-3%)
of inadequate intakes is planned using either the EAR cut-point method, or the full
probability approach (IOM 2003). The second approach advised by the WHO is based on
planning the usual median nutrient intake at either the EAR or AI (WHO/FAO 2006).
This will be referred to as to as the WHO alternative approach. Information on the
distribution of usual nutrient intakes is necessary, regardless of the approach used.
It is imperative that the prevalence of inadequate intakes is modelled using dietary data
representative of usual dietary intakes, as inadequate intakes are influenced by withinsubject variability (day-to-day variability). Usual dietary intakes can be obtained from either
diet records, or 24-hour recalls based on at least two non-consecutive days, or three
consecutive days of dietary data, on at least a sub-sample of the group (Guenther et al
1997, IOM 2003). With such data, within-subject variation can be calculated, thus
permitting an adjustment to the distribution of observed intakes to usual nutrient intakes
by removing the within-subject variation. In circumstances where only one day of dietary
data has been collected, the dietary intakes can be adjusted to a usual intake through
adjusting the nutrient intake distribution with external estimates of within-subject variation
from a similar population (IOM 2003, WHO/FAO 2006). Within-subject variability does
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not alter the mean intake of a nutrient, but rather will increase the variance of the
distribution of nutrient intakes. Thus, adjusting for usual intakes will provide a more
accurate estimation of the prevalence of inadequate intakes within the group.
This section compares the use of both the IOM and WHO alternative approach to
determine appropriate fortificant levels of iron, zinc, and calcium for the diets of infants
and young children from the Philippines, Mongolia, and Cambodia. Secondly, the use of
external estimates of within-subject variation to adjust the observed distribution to usual
intakes of the Filipino diets will be examined in comparison to adjusting with the true or
internal estimates of within-subject variation.

4.1. Methods

4.1.1 Study populations and data collection
There is a paucity of dietary data available on the complementary diets of infants and
young children, especially within Asia. In this study dietary intake data from three Asian
countries (the Philippines, Mongolia, and Cambodia) were used to model appropriate levels
of fortification of complementary foods. The data available represent the best available
data sets on dietary intake data, and can be used to provide much needed information on
the levels of iron, zinc, and calcium required in fortified complementary foods for Asian
infants.
The Philippines
The Filipino dataset was sourced from the results of the 2003 Philippines National Food
Consumption Survey (PNFCS). During this cross-sectional survey, data were collected
from a representative sample of non breast-fed children aged 6 to 59 months, who were
randomly selected from all provinces of the country, stratified by urban/rural area
classification. Cluster random sampling of 336 administrative districts (baranguays) was
conducted, from which twelve households from each district were randomly selected for
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inclusion in the study. For the purposes of this study, only data from non-breast-fed
children aged 6 to 36 months (n=1333) were analysed.
Two days of dietary data were collected from each child using a combination of dietary
assessment methods. The first day of dietary data was collected using a 24 hour-recall,
whereby caregivers were asked to estimate the amount of food consumed by the child on
the previous day. The second day of dietary data was collected using a diet record, where
the food intake was either estimated in household measures, or weighed using a set of
scales, by a researcher in the home, where possible. Respondents were also asked to record
the recipe of the dish consumed, the cooking method used, and to estimate the amount of
the dish consumed by their children. Research assistants requested that respondents
display visually how much food was consumed by their child, which was then weighed to
obtain a closer estimation of the amount of food consumed. The Filipino food
composition table, augmented with nutrient composition values from foreign food
composition tables, was used to compute the energy and nutrient intakes of the subjects.
Mongolia
The Mongolian data set was compiled in 2006 by Lander et al; details of the study design
have been published elsewhere (Lander et al 2009). A cross-sectional survey was
conducted on a representative sample of urban and semi-urban children aged 6 to 36
months from the capital city (Ulaanbaatar), and four provincial capitals (Bulgan,
Bayanhongor, Dornod, and Khovd), located in the northern, southern, eastern, and
western parts of the country, respectively. Hence, rural children were not included so the
sample is not a nationally representative sample. Infants and children were randomly
selected from official lists obtained from the local district governors’ offices and district
hospitals, and stratified by age and sex. The dietary data were collected from caregivers,
using an interviewer-administered single 24-hour recall with an interactive multiple-pass
technique (Gibson and Ferguson 2008). Interviews were conducted in the child’s home,
and calibrated household utensils were utilised to estimate portion sizes consumed by the
child with the exception of wheat-based porridges. For the latter, caregivers were
requested to spoon the portion consumed by the child into the child’s bowl, which was
then weighed on dietary scales. A Mongolian food composition table, based on some
analysed values for iron, zinc, calcium, and phytate concentrations of wheat-flour based
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porridges, and values from the literature, was compiled by the researcher (R.L), and used to
calculate energy and nutrient intakes; further details can be found elsewhere (Lander et al
2009). In this study, only the dietary data for children aged 12 to 36 months are included
here
Cambodia
The only set of dietary data available for Cambodian infants is a cross-sectional study of
stunted infants living in Mean Chey – one of the poorest districts of Phnom Penh
(Anderson et al 2008a). The children included in this study were participants from an
earlier study designed to assess the biochemical status of stunted children (Anderson et al
2008b). In this earlier study, the children aged 6 to 36 months were recruited on the basis
of HAZ less than –2 SD, with no evidence of chronic disease. Within Mean Chey district,
69% of infants are stunted, in comparison to the national average of 45% (CDHS 2006).
Further details of the study sample and methodology are described elsewhere (Anderson et
al 2008a, Anderson et al 2008b).
As for the Mongolian study, the dietary intakes were based on single interactive 24 hour
recall interviews conducted by a trained research assistant on the caregivers in the homes of
the children. Portion sizes of foods consumed were estimated using calibrated household
utensils, graduated food models, and actual portions of cooked rice, fruit, and snacks
weighed on dietary scales. Household recipe data were also collected for composite dishes
and used to calculate the amount of each ingredient consumed by the child. The
investigators created a Cambodian food composition table to convert food intake to
nutrient intakes based on an earlier database developed for Northeast Thai school children
and some analysed values for iron, zinc, and calcium, and phytate concentrations for the
traditional rice-based porridges (Gibson et al 2007).
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Table 4.1: Variance estimates1 for iron, zinc, and calcium of young children (12 to 36
month) from the Philippines and Belgium
Iron
Zinc
Calcium
PNFCS

0.68 (4.7)

ND

0.73 (6.7)

Huybrechts2

0.47

0.66

0.47

PNFCS: the Philippines National Food Consumption Survey 2003
1Variance

estimates expressed as the estimate of the within- to between–person variance component ratio
(fourth moment of measurement distribution curve)
2Variance estimate, calculated from (Huybrechts et al 2008), fourth moment of measurement error
distribution value derived from the unadjusted distribution of zinc intakes of the dataset under analysis

Table 4.2: Estimated Average Requirements for iron, zinc, and calcium for infants 6 to 12
months and 12 to 36 months used to determine prevalence of inadequate intakes
6 – 12 months
12 – 36 months
WHO

IOM

IZiNCG

WHO

IOM

IZiNCG

Iron1

-

6.9 mg

-

-

5.4 mg

-

Zinc2

3.4 mg

2.5 mg

3 mg

3.4 mg

2.5 mg

2 mg

Calcium

330 mg3

270 mg4

-

417 mg3

500 mg4

-

EARs sourced from WHO: (2006); IOM: (2006); IZiNCG (Brown et al 2004)
1Assuming 10% bioavailability of iron in the diet
2WHO assuming moderate bioavailability of zinc in the diet (2004); IZiNCG EAR based on a
mixed/vegetarian diet (Brown et al 2004)
3EAR is based on RNI derived by WHO (2004) and a conversion factor derived from the UK nutrient
reference values (WHO 2004)
4Adequate intake is presented as no EAR has been determined by IOM for this age group (IOM 2006)
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4.1.2 Adjusting for usual nutrient intake
When planning dietary interventions the goal is to achieve usual intakes within the group
that meet the requirements of most individuals whilst simultaneously ensuring there is
minimal risk of excessive intakes (IOM 2003, WHO/FAO 2006). The personal computer
version of Software for Intake Distribution Estimation (PC-SIDE) (version 1.02, 2001,
Iowa State University, Ames, IA, USA) and supporting documents (Dodd 1996, Nusser et
al 1996b) were used to estimate the distribution of usual intakes of iron and calcium for the
Filipino dataset adjusting for age. Estimating usual intakes requires at least two nonconsecutive days of dietary intake data on at least a subset of the sample population to
estimate the within-subject variance in nutrient intakes. Of the three Asian dietary datasets,
only the Filipino dataset met this requirement.
PC-SIDE produces an empirical estimate of the usual nutrient intake distribution, from
which percentiles of usual intakes, and the prevalence of inadequate intakes can be
calculated. Details of the statistical methodology utilised by PC-SIDE, also known as the
Iowa State University (ISU) method, are described elsewhere (Carriquiry 2003, Guenther et
al 1997, Nusser et al 1996a). Briefly, there are four steps involved in the estimation of
usual intakes: (1) preliminary data adjustment; (2) transformation to normality; (3)
estimation of within- and between-subject variances in intakes; and (4) back-transformation
into the original scale.
Application of external variance ratios
The variance estimates computed in step three of the ISU method can be used to
statistically adjust dietary datasets that consist of only one day of nutrient intakes per
subject, such as the Mongolian and Cambodian data. This method is recommended by
IOM and WHO (IOM 2003, WHO/FAO 2006), and has been validated by Jahns et al
(2004). The adjusted variance estimates from the PC-SIDE output for the Filipino dataset
for each nutrient and age-group are listed in Table 4.1. In order to adjust the Mongolian
and Cambodian dietary intake data to a distribution of usual intakes, an additional day of
dietary intake was first created, as PC-SIDE can only operate if there are multiple days of
dietary data. The input file contained the original set of one-day dietary data that was then
replicated, and the replicate dietary data labelled as collected on day two. Using the
method of Jahns et al (2004), two values were extracted from step three of the Filipino
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dataset’s PC-SIDE output; the within- to between-subject component ratio, and the
estimate of fourth moment of measurement error distribution. To apply external variance
estimates, certain parameters must be altered within PC-SIDE. Within the “Parameters”
tab of the “Configuration” window, the option “Prior estimated variance component ratio
specified for each run?” was unchecked. The external variance ratio was then inserted into
the field labelled “Prior estimate of the variance component ratio”, and the estimate for
kurtosis inserted in the “Prior estimate of the fourth moment of measurement error
distribution” field. Lastly, the “Number of individuals associated with the prior variance
component ratio (0 implies infinity)” was set to zero. The model was then executed for
iron and calcium for each dataset.
As the Filipino dataset does not contain dietary zinc intake data, external estimates of
within-person variance were obtained from a Belgian publication containing within- and
between-subject variance estimates for children aged 2.5 to 3 years of age (Huybrechts et al
2008). The proportion of the total variance that is attributed to the within-subject variance
was calculated (A. Carriquiry personal communication), and this value entered into the
“Parameters” tab as described earlier. As no value for the kurtosis was given in the
Huybrechts paper (2008), the value from the unadjusted zinc intakes was applied to the
analysis. The Huybrechts external estimates of within-subject variance for calcium and
iron were also applied to the Filipino dataset.
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4.1.3 IOM conventional approaches to estimate appropriate fortificant levels
The first step in estimating the appropriate levels of a fortificant using the IOM approach
is to calculate the prevalence of inadequate intakes. Two methods can be used, the EAR
cut-point method, or the full probability approach depending on whether or not the
nutrient requirements are symmetrical about the EAR.
Using the EAR cut-point method to estimate appropriate fortificant levels for zinc
and calcium
The IOM’s EAR cut-point method was used to plan the level of zinc and/or calcium
fortificant required by infants aged 6 to 12 months and/or children aged 12 to 36 months
in the Philippines, Cambodia, and Mongolia because the distribution of requirements for
zinc and calcium is assumed to be symmetrical (IOM 2003). First, the prevalence of
inadequate intakes of calcium and zinc were determined in each of the populations using
the PC-SIDE software. Values for age group-specific EARs were inserted into the model
to determine the proportion of children with intakes below the EAR. A number of EARs
developed by various agencies were applied in the initial analysis, as shown in Table 4.2.
Once the prevalence of inadequate intakes was determined, the IOM method for planning
for a low prevalence of inadequate intakes could be employed (IOM 2003). A prevalence
of 2.5% was deemed to be an acceptable level of inadequacy within each of the
populations. The usual intake distribution was then shifted upwards so that the 2.5th
percentile of the population had a usual nutrient intake at the specified EAR. The amount
of nutrient that is required to shift the population to this usual intake level equates to the
amount of fortificant that needs to be added to the complementary diet, assuming that the
shape of the distribution of usual intakes remains unchanged post-fortification.
Using the full probability approach to estimate the appropriate fortificant level for
iron
The distribution of requirements for iron is not symmetric about the EAR requirement,
thus violating one of the assumptions required to use the EAR cut-point method (IOM
2003). As a result, the full probability approach was used to estimate the prevalence of
inadequate intakes of iron as outlined by the IOM (IOM 2003). Firstly, the distribution of
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usual iron intakes was determined for each age-group using PC-SIDE. The prevalence of
inadequate intakes was then determined using the WHO table of the probability of
inadequate iron intakes for different age-groups (WHO/FAO 2006). The latter was
adapted from the IOM tables (IOM 2001) to represent different levels of bioavailability in
the diet (see Appendix). In order to plan for a low level of inadequacy, incremental
amounts of iron were added to the usual iron intake distribution of the population under
study (assuming a bioavailability of iron from the diet of 10%) to reposition the usual
intake distribution until an acceptably low prevalence of inadequate intakes was achieved
(i.e. 2-3%).

4.1.4 WHO alternative approach to estimate appropriate fortificant levels
A simpler alternative approach to the EAR cut-point method reported in the WHO
guidelines on food fortification was employed to estimate the amounts of calcium, iron,
and zinc to be added as fortificants to complementary foods (WHO/FAO 2006). First, the
median usual nutrient intake was determined using the software PC-SIDE, as described in
section 4.1.2. The deficit between the median usual intake and the corresponding EAR or
AI equates to the amount of micronutrient fortificant required to meet the target nutrient
intake, as shown below.
Fortification level = EAR - median usual intake

4.1.5 Simulating the effect of fortification
The EAR cut-point method was employed to calculate both the prevalence of inadequate
intakes and those in excess of the UL post-fortification, assuming that all the population
consume the additional micronutrient fortificants. In cases where the prevalence of
excessive intakes was greater than 2.5%, the level of fortification was reduced, and the cutpoint method re-run until an acceptable balance was reached in terms of planning for a low
prevalence of both inadequate and excessive intakes. The amount of micronutrient
required was then expressed per 100 g and per average serving size. The average serving
size of fortified complementary foods was obtained from the recommendations of Lutter
and Dewey on fortification levels for complementary foods (Lutter and Dewey 2003).
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4.2

Results

4.2.1 Study population characteristics
Selected socio-demographic, anthropometric and biochemical micronutrient status
variables for all three populations are summarized in Table 4.3. For the Filipino dataset
study, population characteristics are presented for young children aged 6 to 60 months, as
it was not possible to present data on the sub-sample of infants and young children (6 to
36 months) who were used in the analysis presented here; only the dietary intake data were
available to the investigators for this analysis. None of the Filipino children (6 to 60
months) were breast-fed, and approximately a third of the population were anaemic,
stunted, and underweight, whereas over 50% were classified as wasted. All of the
Mongolian and Cambodian children were aged between 12 and 36 months. Of the
Mongolian children 60% were breast-fed at the time of the study, whereas only 19% of the
Cambodian children were still being breast-fed. Additionally, there were much higher rates
of stunting, wasting, and underweight children in the Cambodian study population.

4.2.2 Distribution of usual intakes of calcium, iron and zinc
Median usual intakes of iron, zinc, and calcium for each population group calculated using
the procedures outlined in Section 4.1.2 are listed in Table 4.4. Interestingly, median
intakes of calcium were much lower in Filipino toddlers (12 – 36 months) compared to
Filipino infants (6 – 12 months), although comparable for Mongolian and Cambodian
toddlers. Usual intakes of iron were lowest for toddlers (12 to 36 months) from the
Philippines, followed by Mongolia. Cambodian toddlers had the highest usual intakes of
iron and zinc, compared to the usual intake for Mongolian toddlers.
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Table 4.3: Selected demographic, anthropometric, and micronutrient status characteristics
of the Filipino, Mongolian, and Cambodian study populations

All

Philippines1
n
%
4111

Mongolia
n
%
179

Cambodia
n
%
177

Age range (months)
6-11 months
12-36 months

6 to 60
135
3%
1239
30%

12 to 36
179 100%

12 to 36
177 100%

Sex
Male

ND

ND

97

54%

101

57%

0

0%

107

60%

34

19%

ND
ND
ND

30%
53%
27%

29
0
9

16%
0%
4%

106
19
78

64%
12%
46%

ND
ND

32%
ND

ND
ND

24%
74%

ND
ND

ND
ND

Breastfed
Anthropmetric status
Stunted (HAZ < -2 SD)
Wasted (WHZ < -2SD)
Underweight (WAZ < -2SD)
Biochemical nutrient status
Anaemia2
Low serum zinc3
ND: No data available

Values expressed as number of subjects (n) or percentage unless otherwise stated
Characteristics of the whole dataset are presented (6-60 months), sourced from FNRI 2003,
2
Anaemia defined as haemoglobin < 110 g/L
3
Low serum zinc defined as <9.9 umol/L
1

Table 4.4: Median usual dietary intakes of iron, zinc, and calcium (mg/day) for nonbreast-fed children by age group
Philippines
6-12 months
12-36 months
Mongolia
12-36 months
Cambodia
12-36 months

Sample (n)

Iron (mg)

Zinc (mg)

Calcium (mg)

135
1239

2.9 ± 0.22
2.4 ± 0.06

-

325 ± 28.2
161 ± 4.5

179

4.0 ± 0.14

4.9 ± 0.19

214 ± 11.4

177

6.1 ± 0.25

6.0 ± 0.2

201 ± 11.4

(n)=number of subjects
Values expressed as median ± standard error
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4.2.3 Using the EAR cut-point method to estimate the appropriate fortificant
levels for calcium and zinc
Estimates of the prevalence of inadequate and excessive intakes of calcium using the cutpoint method outlined in Section 4.1.3 are presented in Table 4.5. Note that the WHO
have compiled an EAR for calcium for infants and toddlers by applying conversion factors
from the UK dietary reference values to the WHO RNI, but have not set an UL
(WHO/FAO 2006), whereas the US IOM have set an AI for calcium and an UL (IOM
2006) (Table 4.5). These conversion factors used to calculate an EAR from an RNI are
based on the equation below. As the standard deviation of requirements is not often
known, a coefficient of variation of 10% is normally assumed, unless available data indicate
a greater variation in requirements.
RNI = EAR + 2SDEAR
Therefore, EAR = RNI – 2SDEAR
In the Philippines, the prevalence of inadequate intakes of calcium is markedly higher in
toddlers (12 to 36 months) compared to infants (i.e. 89% vs 30%). This difference is due
to the higher intakes of calcium in the diets of infants as shown in Table 4.4, presumably
because these non-breast-fed infants were receiving a higher intake of breast milk
substitutes than the toddlers. Interestingly, the prevalence of inadequate intakes in
Mongolia and Cambodia are quite similar amongst toddlers (98% and 95% respectively) in
spite of the differences in their food consumption patterns.
The IOM has not determined an EAR for calcium, but has derived an AI of 270 mg for
infants aged 6 to 12 months and 500 mg for children aged 12 to 36 months (IOM 2006).
As the mean intake of calcium in Filipino infants is greater than the AI there is likely to be
a low prevalence of inadequate calcium intakes in this population, and hence fortification
with calcium for this age group is not warranted. In contrast, the mean intake of calcium in
toddlers is less than the AI for all three Asian populations studied. Unfortunately, no
conclusion about the prevalence of inadequate calcium intakes in the toddlers can be drawn
based on the IOM dietary reference values because there is no EAR. Further, no
recommendations regarding fortification levels of calcium can be made.
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Three EARs exist for zinc for young children, and each was used to calculate the
prevalence of inadequate zinc intakes as shown in Table 4.5. The prevalence of
inadequate zinc intakes is low regardless of which EAR is used. Using the Mongolian
dataset as an example, the use of the WHO EAR for zinc led to an estimated prevalence of
inadequate zinc intake that was twenty times higher than the prevalence estimated using the
EAR derived by IZiNCG (i.e. 12.0% versus 0.6% inadequate intakes). As the IZiNCG
EAR was thought to be most appropriate for the analysis in this study, the prevalence of
inadequate intakes is considered to be very low (<1%). As such, there appears to be no
need to fortify the diets of toddlers with zinc from either Mongolia or Cambodia based on
these results.
The WHO have not set any ULs, but instead have endorsed the use of the ULs derived by
the IOM (IOM 2006, WHO/FAO 2006). Using the IOM UL the prevalence of excessive
intakes for calcium and zinc in the complementary diets of children from the Philippines,
Mongolia, and Cambodia were calculated. Children aged 12 to 36 months in each of the
three countries had a prevalence of excessive calcium (> 2500 mg) intake less than 1%,
whereas the prevalence of excessive zinc intakes (>7 mg) in children aged 12 to 36 months
in the Mongolian and Cambodian studies was 11% and 31% of children, respectively.
As the prevalence of inadequate zinc intakes in Mongolia and Cambodia were so low there
was no need to plan for zinc fortification. The EAR cut-point method was used to plan
fortification levels for calcium that would allow for a low prevalence (2.5%) of inadequate
calcium intakes; the simulated effects are presented in Table 4.6. In order to have a
prevalence of inadequate intakes less than 2.5%, and excessive intakes less than 1%,
between 313 and 389 mg of calcium would need to be added to the diets of infants and
toddlers in the datasets analysed. This equates to fortification of a cereal-based porridge
with approximately 530 mg of calcium per 100 g dry weight for the Mongolian and
Cambodian toddlers, assuming a serving size of 60 g dry weight as recommended by Lutter
and Dewey (2003). For the Filipino infants and young children, the addition of between
648-783 mg calcium per 100 g dry weight would allow for a low prevalence of both
inadequate and excessive intakes for both age groups (Table 4.7).
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Table 4.10: Prevalence of inadequate intakes of calcium and iron in Filipino children using
estimates of within-person variance to adjust for usual intakes based on the actual
study population or derived from Belgian children
Prevalence of inadequate intakes as percent (standard error)
Calcium
Iron
PNFCS
Huybrechts
PNFCS
Huybrechts
estimate
estimate1
estimate
estimate1
30 (2.7)
49 (4.8)
80
81
89 (1.3)
92 (1.5)
83
83

6 to 12 months
12 to 24
months
PNFCS the Philippines National Food Consumption Survey 2003
Values expressed as a percentage (standard error)
1From (Huybrechts et al 2008)

Table 4.11: Simulation of the effect of the consumption of manufactured cereal-based
porridges analysed in Section 3.0 on the prevalence of inadequate iron intakes in the
Philippines, Mongolia, and Cambodia
Simulated effect on the prevalence of inadequate iron intakes
Population

Original prevalence

Opymo

Bebi

Cerelac mix veg

inadequate intakes

(0.92 mg per serve)

(4.73 mg per serve)

(6.45 mg per serve)

6 to 12 months

80%

73%

37%

18%

12 to 36 months

83%

74%

27%

14%

70%

57%

16%

7.5%

41%

31%

6.8%

2.4%

Philippines

Mongolia
12 to 36 months
Cambodia
12 to 36 months

Calculated using the IOM full probability approach, assuming moderate bioavailability of iron (10%), IOM
2001
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4.2.4 Using the full probability approach to estimate appropriate fortificant
levels for iron
Table 4.8 presents the results of using the full probability approach to determine the
prevalence of inadequate iron intakes and simulated impact of fortification on each of the
study populations. Assuming a moderate bioavailability of iron intakes in the
complementary diets, the Filipino infants and young children had the highest prevalence of
inadequate intakes (80% and 83% respectively) of the three study populations. It was
estimated that 9.1 and 9.8 mg of iron was required in the diets of the Filipino infants and
young children, respectively, to attain a target prevalence of 2 - 3% inadequate intakes and
<1% excessive intakes. The Cambodian toddlers had the lowest prevalence of inadequate
iron intakes, with an estimated 41% aged 12 to 36 months consuming inadequate amounts
of iron. None of the infants or young children had an intake of iron from their usual diet
that exceeded the UL (40 mg) (IOM 2006).

4.2.5 Using the WHO alternative approach to estimate fortificant levels for
iron, zinc, and calcium
The use of the WHO alternative approach to estimate appropriate fortificant levels yielded
very different results to the conventional IOM EAR cut-point method and full probability
approach. Despite using the same EAR to calculate appropriate fortification levels for
calcium for Filipino infants, the use of the WHO alternative approach yielded an estimate
of 5 mg of calcium for a reasonable prevalence of inadequacy, a value that is markedly
lower (6260%) than that estimated using the IOM approach. This discrepancy arises
because the WHO alternative approach by definition plans for a target prevalence of
inadequate intakes of approximately 50%, and a prevalence of excessive intakes of <1%.
As noted for the conventional IOM approach to planning group diets (Section 4.2.3), the
WHO alternative approach also found that it was not necessary to fortify the diets of
Mongolian or Cambodian young children with zinc.
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4.2.6 Application of external estimates of variance
The use of external estimates of within-person variance and the true within-person
variance for the Filipino children study populations were compared in Table 4.10. There
was almost no difference in the prevalence of inadequate iron intakes in either age group
when the Filipino variance estimate or the external Belgian variance estimate was applied.
The use of the Belgian within-person variance estimates was less reliable for estimating the
prevalence of inadequate calcium intakes in infants than it was for toddlers. Use of the
Belgian estimate overestimated the prevalence of inadequate calcium intakes in Filipino
infants by 1.6 times. By contrast, there was only a three percentage point difference in the
prevalence of inadequate calcium intakes using the Belgian estimate as compared to the
original Filipino estimate.
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4.3

Discussion

4.3.1 Estimating appropriate fortification levels for infants and young
children
Iron
Fortificant levels of iron for infants and young children based on the conventional IOM
approach are comparable to the levels recommended by Lutter and Dewey (2003) for the
composition of manufactured cereal-based porridges. For example, Lutter and Dewey
(2003) recommend that cereal-based porridges are fortified with iron at a level of 7-11 mg
per daily ration size for children aged 6 to 23 months, whereas the IOM conventional
approach yielded a recommended fortification level of between 6.5 – 9.8 mg per daily
ration size for children aged 6 to 36 months in the three Asian countries (Table 4.9).
The levels of fortification for complementary foods proposed by Lutter and Dewey (2003)
were the result of an international technical consultation for the Pan American Health
Organization. Since their derivation, they have been used to inform the fortification of
complementary cereal-based foods in several efficacy trials (Faber et al 2005, Oelofse et al
2003, Rim et al 2008). Significant reductions in the prevalence of anaemia and iron
deficiency (Faber et al 2005, Rim et al 2008), together with a significant improvement in
motor development (Faber et al 2005), have been reported after the consumption of
fortified rice and maize porridge, in the Democratic Peoples Republic of Korea, and South
Africa, respectively (Faber et al 2005, Rim et al 2008). In South African infants, the
beneficial impact of the fortified maize meal porridge on iron status and motor
development was attributed to both the level and choice of iron fortificant used, together
with co-fortification with appropriate levels of ascorbic acid to overcome the inhibitory
effect of phytate on non-haem iron absorption (Faber et al 2005). Iron fortification of
cereal-based complementary foods at a level of 6.5-10 mg per serve have also been shown
to significantly reduce the prevalence of anaemia and iron deficiency anaemia in several
social welfare programmes in Latin America (López De Romaña 2000, Lutter et al 2008,
Rivera et al 2004). Moreover, in a recent study fortification of cereal-based complementary
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Figure 4.1: Distribution of usual dietary zinc intakes of Mongolian children aged 12 to 36
months in comparison to the EAR and UL
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foods with 7-7.5 mg of iron improved the iron status of infants to the same extent as
medicinal iron supplements (Ziegler et al 2009). This finding is of particularly importance
for malaria endemic areas where the provision of iron supplements has been found to have
serious detrimental effects on morbidity and mortality in iron replete subjects (Sazawal et al
2006). As a result, the provision of iron supplements in malaria-endemic is no longer
recommended by the WHO (WHO 2007).
The majority of the manufactured complementary foods analysed in Section 3.0 were
fortified at very low levels and will only provide a small contribution of iron to the diet.
For example, the addition of Opymo, the manufactured complementary food available in
Mongolia which had the lowest iron density (0.92 mg per serve), to the usual diets of
Mongolian children (12 to 36 month) would result in an estimated prevalence of inadequate
iron intakes of 56%, reducing the prevalence of inadequate intakes by only 14 percentage
points. Notable exceptions are Cerelac products from the Philippines. These have the
highest levels of iron fortification, and if consumed by Cambodian children, for example,
then theoretically 97.5% would meet their daily iron requirements. Likewise, consumption
of the Filipino Cerelac product with the highest level of iron fortification (Cerelac mixed
vegetables) by Filipino infants and young children would theoretically result in a prevalence
of inadequate intakes of only 18% and 14%, respectively (Table 4.11).
To summarise, derivation of fortification levels for iron using the conventional IOM full
probability approach is appropriate to plan for a low prevalence of inadequate intakes in
infants and young children. Fortification of cereal-based porridges in efficacy and
effectiveness trials based on these levels, in combination with the appropriate form of iron
fortificant and ascorbic acid, have been associated with significant improvements in both
iron status, and motor development during early childhood.

Zinc
It is surprising that there was a very low prevalence of inadequate intakes of zinc in the two
Asian populations assessed - Mongolia and Cambodia, irrespective of the EAR applied in
the cut-point method. Indeed, 11% and 31% of the young children in Mongolia and
Cambodia, respectively, had usual dietary zinc intakes in excess of the UL. These results
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are in marked contrast to the biochemical zinc status of the Mongolian and Cambodian
children, of whom almost 75% had low serum zinc concentrations (<9.9mmol/L) said to
be indicative of zinc deficiency (Anderson et al 2008b, Lander et al 2008).
Derivation of the EARs for zinc, based on the consumption of a moderately bioavailable
diet, have been compiled by – WHO, IOM, and IZiNCG. Irrespective of the agency, the
EAR is defined as the level at which 50% of individuals for a specific age, sex and life-stage
group would meet their requirements for zinc (IOM 2001). The EARs derived by US IOM
were based on the habitual North American diet for infants and young children (IOM
2001), and do not take into consideration the phytate content of the diets. As a result, they
are likely to underestimate the level of zinc that is required from the plant-based diets of
children from low-income countries (Hambidge et al 2008). Unlike most other
organizations, the WHO did not derive an EAR, but instead converted their RNIs to an
EAR using conversion factors derived from the IOM (WHO/FAO 2006), an approach
that has several limitations. Nevertheless, the WHO does take into account the phytate
content of the usual diet in the derivation of the RNI. Most recently, IZiNCG has derived
a value for the EAR by dividing the mean physiological requirement for absorbed zinc by
the estimated average absorption of zinc (assumed to be 31% for a mixed/refined diet),
based on the most recent data available. Consequently, the IZiNCG EAR is considered to
be the most appropriate for the derivation of an EAR for populations in low income
settings comparable to those studied here (Hotz 2007).
The prevalence of inadequate zinc intakes is consistently low among infants and young
children from a diverse range of countries (Arsenault and Brown 2003, Manios et al 2008,
Morgan 2007). Further, in several countries, including New Zealand (Morgan 2007), there
is a lack of conformity between the prevalence of low dietary zinc intakes and low serum
zinc concentrations (Hotz 2007). In part, this discrepancy probably arises because the
nutrient reference values for children (including zinc) have been extrapolated from adult
data (Hotz 2007). In addition, the cut-off values for low serum zinc concentrations for
children less than ten years of age are based on very limited data (Hotz, 2003). Further
research is required to establish appropriate EARs for zinc amongst infants and young
children from a variety of settings (Brown et al 2009, Hotz 2007).
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Reported levels of excessive intakes of zinc are only slightly higher in industrialised
countries compared to the levels reported here for Mongolian and Cambodian children.
For example, in the study of preschoolers from the US, 51% of children aged 1-3 years had
dietary zinc intakes in excess of the UL derived by the IOM (Arsenault and Brown 2003),
compared to 11% and 31% for Mongolian and Cambodian children, respectively. There is
a dearth of evidence on the adverse effects of excessive zinc intakes in older infants and
young children. As a result, the UL has been based on adverse effects of zinc on copper
status for infants aged 0-6 months, and adjusted for older infants and children based on
relative body weight (IOM 2001). Unfortunately, the original data on which the UL is
based for infants (0-6 months) are very limited (Brown et al 2004). However, as no adverse
effect has been found in the biochemical copper status of US children habitually
consuming levels of dietary zinc in excess of the UL (Arsenault and Brown 2003), together
with the crude derivation of the UL for children of this age-group, it is unlikely that the
Mongolian or Cambodian children are at risk of adverse health effects due to zinc toxicity.
Indeed, the IZiNCG committee have not endorsed the use of the IOM UL, and instead
have proposed a higher level of zinc intake at which no observable adverse effect has been
found, i.e., 6 mg per day for infants (7-11months), and 8 mg per day for young children (1
to 3 years) (Brown et al 2004). Further research is required on the potential adverse effects
of high zinc intakes from food for this age group, as the current UL appears to be too low,
and as a consequence may prevent the addition of appropriate levels of zinc in fortification
programmes and other interventions.
Fortification of cereal-based porridges with zinc for infants and young children is fraught
with difficulty. Not only are there no reliable estimates of either EAR or UL for zinc
which can be used to plan fortification levels, but there is also no evidence for
improvements in serum zinc status upon consumption of zinc fortified cereal-based
porridges in young children, as reviewed in Section 2.3.3.
Calcium
The use of the EAR cut-point method to determine levels of calcium fortification revealed
that a wide range of population-specific fortification levels were required in order to plan
for a low level of inadequate intakes (2-3%). Due to the smaller daily ration size of
complementary food required by infants aged 6 to 12 months, this age range required the
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largest amount of calcium per 100 g of dry product (783 mg/ 100 g). The Filipino toddlers
had the lowest intakes of calcium of the three populations assessed, and consequently
required the highest level of calcium fortificant in their diets (648 mg/100g). In contrast,
the Cambodian toddlers had the highest calcium intake, and hence required approximately
20% less calcium in their diets than the Filipino toddlers (530 mg per 100g) to plan for a
low prevalence of inadequate intakes. In social welfare programmes in Latin America,
there is also a wide range in the levels of calcium in the fortified cereal blends distributed to
beneficiaries (Lutter and Dewey 2003). Whether this is reflective of the differing dietary
patterns of infants and young children across Latin America, or the result of random
fortification, is unknown.
The levels of calcium calculated using the EAR cut-point method to plan for a low
prevalence of inadequate intake, differed substantially from the levels derived by Lutter and
Dewey (2003). Lutter and Dewey proposed that calcium should be fortified at levels
between 200 and 400 mg per 100 g dry weight of cereal-based porridge compared to
between 530 and 783 mg per 100 g dry weight noted here. However, these authors
conceded that the derivation of appropriate calcium levels was very difficult, as there were
no appropriate clinical or biochemical markers of calcium deficiency, unless deficiencies
were very severe (Abrams and Atkinson 2003). The recommendation of Lutter and Dewey
was based on the prevention of severe cases of calcium deficiency, such as nutritional
rickets, and hence was not expected to meet the requirements of calcium for toddlers aged
12 to 36 months (Abrams and Atkinson 2003, Lutter and Dewey 2003). The new
simulation developed by Fleige et al (2010) for the appropriate levels of fortification for
food aid (i.e. corn-soy blend) resulted in calcium fortification levels of 734 mg per 100 g
dry weight, which is very comparable to the levels derived using the EAR cut-point
approach in this analysis (Fleige et al 2010).
Of the manufactured complementary foods analysed in Section 3.0, none were fortified at
the levels required to plan for a low level of inadequate intakes for any of the populations
assessed. Nevertheless, of all the manufactured complementary foods that were fortified
(85%), all were fortified within the range proposed by Lutter and Dewey (i.e. 200 - 400 mg)
(Lutter and Dewey 2003). Therefore, of those that are fortified, they are probably fortified

134

at levels sufficient to prevent calcium deficiency, but may not be sufficient for optimal
skeletal accretion of calcium.
Few agencies have developed an EAR for calcium. Only the WHO have derived an EAR
for calcium intakes for children aged 6 to 12, and 12 to 36 months, based on the
corresponding RNIs (WHO/FAO 2006). However, as no conversion factors for calcium
were available from the IOM because they did not set an EAR for calcium, the WHO used
conversion factors from the UK to convert the WHO RNI to an EAR (WHO/FAO
2006). Instead, the IOM have only derived an AI for infants and young children, on the
basis that “there are no functional criteria that reflect response to dietary intake” (IOM
1997). For example, there is no biochemical indicator available because calcium in the
blood is homeostatically controlled (IOM 1997). Usual dietary intake of calcium from both
breast milk intake and from food, were obtained from studies on healthy infants from the
US to determine the AI for infants aged 7 to 12 months (IOM 1997). As such, they are
likely to differ substantially from the calcium intakes from Filipino infants analysed in this
study. Further, use of the AI in this study is limited by the fact that it can only be used
with confidence if the usual intake of the target group is similar to that used to determine
the AI (Barr et al 2002, IOM 2003, Murphy and Poos 2002). This means that the AI set by
the IOM cannot be used to plan for a low prevalence of inadequacy, or determine if the
prevalence of inadequacy is low, because of the differences between the populations used
to set the AI and the population of Filipino infants investigated here.
The levels of calcium required by infants and young children to plan for a low prevalence
of inadequate intakes appear to be country specific, with marked variation between age
ranges and populations. However, fortification at the highest level required by Filipino
infants can be used for toddlers from each of the three populations studied without
exceeding the IOM UL which is set at 2.5 g (IOM 1997). As noted earlier, the derivation
of nutrient reference values is very difficult for calcium, as there are no functional criteria
that are able to reflect inadequate intakes of calcium, unless deficiency is severe. An
additional 100 to 200 mg of calcium per day is calculated to prevent deficiencies of calcium,
but these levels are unlikely to meet the requirements of infants or young children (Lutter
and Dewey 2003).
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4.3.2 Adjusting for usual intakes
Unfortunately, there is a paucity of dietary data based on usual intakes from
complementary foods for infants and young children based on nationally representative
samples. Without usual dietary intake data, it is not possible to assess the prevalence of
inadequate intakes using the EAR cut-point method, full probability approach, or WHO
alternative approach. Although it is advisable that potential fortification programmes
implemented at a national level should be based on usual intake data at the national level,
this is not always feasible, especially when fortified food aid is urgently required. If,
however, one-day quantitative nutrient intake data are available, then nutrient intake data
can theoretically be adjusted for within-subject variation, provided within-subject variances
in nutrient intakes from a similar population exist (Barr et al 2002, Murphy and Poos 2002).
Nevertheless, very few studies have used external estimates of within-subject variation to
adjust the distribution of observed intakes to usual dietary intakes. Indeed, to our
knowledge, this is the first study to use external estimates of within-subject variation to
adjust intakes of iron, zinc, and calcium of young children based on dietary intake data
from a single 24-hour recall.
In this study, we used external estimates of within-subject variation for iron and calcium
based on data from the dietary study on non-breast-fed children aged 6 to 36 months
participating in a national survey in the Philippines in 2003. As there was no information
on the within-subject variation of zinc intakes from the Filipino data, external estimates of
within-subject variation were sourced from a study of Belgian preschool children
(Huybrechts et al 2008). To our knowledge, only one study has investigated whether the
populations must be similar both in regard to the source of the external estimates of
within-subject variation and the characteristics of the population on which they are applied.
Jahns et al (2004) assessed the use of external estimates of within-subject variation to adjust
the usual vitamin C intake distribution using PC-Side in Russian and US children aged 10
to 12 years participating in national surveys in each respective country. A single 24 hour
recall from the Russian Longitudinal Monitoring Survey (RLMS) 1996 was adjusted using
one of three estimates: (a) with day two of the 24 hour recall from the 1996 RLMS survey;
(b) using external estimates of within-subject variation from the RLMS 2000; (c) using
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external estimates of within-subject variation from the US Continuing Survey of Food
Intakes in Individuals 1996 (CSFII). The EAR cut-point method was then used to
compare the prevalence of inadequate intakes of vitamin C using these three variance
estimates. Results indicated that not adjusting the distribution of observed intakes of
vitamin C to usual intakes overestimated the prevalence of inadequate vitamin C intakes by
100-1300%. In contrast, adjustment of the RLMS 1996 with the external variance
estimates based on either the RLMS 2000 or the CSFII 1996 provided a reliable estimate of
the prevalence of inadequate intakes of vitamin C compared to the true adjusted value
(RLMS 1996) (Jahns et al 2004). The study concluded that use of the external estimates of
within-subject variance compared well to the true adjusted value, despite differences in data
collection procedures, study populations, and significantly different levels of vitamin C
intake.
Our findings are consistent with those of Jahns et al (2004). For example, despite
differences between the Filipino and Belgian children, there was very little difference in the
estimated prevalence of inadequate intakes for calcium and iron when based on the internal
variance (generated from the second day of Filipino dietary recall), or when based on
external variance estimates to adjust for distribution of usual intakes (Table 4.10). These
findings are of interest because, not only did the children differ in their socio-economic
status, and vastly different living conditions, but the Belgian children were also slightly
older than the Filipino children, and had an intake of calcium that was approximately four
times higher than the usual Filipino complementary diet. Indeed, the use of external
variance ratios resulted in a prediction for the prevalence of inadequate intakes in the
Filipino young children that was comparable to that derived from within-subject variance
of Filipino children, regardless of the cultural, socio-demographic, and environmental
differences in the two populations. These results provide some justification for applying
external estimates of within-subject variation to adjust the distribution of observed intakes
of iron, zinc, and calcium to usual intakes, for the Mongolian and Cambodian dataset.
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4.3.3 Comparison of methods to determine fortificant levels
The WHO Guidelines on food fortification with micronutrients (2006) suggests various
methods to determine appropriate levels of fortification of complementary foods. The
objective of this section is to compare the conventional IOM approach, and the simpler
WHO alternative method, both of which are based on usual dietary intakes of the
population of interest.
Both the IOM conventional and the WHO alternative approach depend on the availability
of information on the distribution of usual dietary intake data of the target population.
The only occasion when the WHO alternative approach is appropriate is in cases when
only an AI has been set because of insufficient data to establish an EAR. For young
children aged 12 to 36 months, iron is the only nutrient for which an EAR has not been
derived by WHO/FAO (2006) even though an RNI has been determined. The WHO do
not support the use of the IOM conversion factor to convert the WHO RNI to an EAR,
but do endorse the use of the IOM distribution of usual dietary intake data, and
corresponding table of the probability of inadequate intakes at different ranges of usual
intakes for infants and young children (WHO/FAO 2006). Hence, because data for the
distribution of requirements is available, the full probability approach can be used.
Consequently, the WHO alternative approach is not required for any of the nutrients
examined here, and its only potential benefit is its simplicity of use.
Derivation of fortification levels using the IOM conventional approach (Table 4.12)
yielded much higher levels of fortification than those estimated using the WHO alternative
approach. This discrepancy, however is not surprising given that the WHO alternative
approach, by definition, ensures that the requirements of only 50% of the target group are
met as shown in Figure 4.2. This arises because the planning goal is set at the EAR, and
not at a low prevalence of 2-3%. However, a prevalence of inadequate intakes of 50% is
not desirable and hence should not be the goal of a fortification programme. Indeed, even
planning a nutrient intake level after fortification such that the median intake was at the
RNI as shown in Figure 4.3 would not ensure a sufficient proportion of the population
met their nutrient requirements (IOM 2003). Such an approach would underestimate the
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Figure 4.3:

Planning a median usual intake level (after fortification) at the RNI leaves

28% of the population with usual intake values below the EAR.

Adapted from IOM (2001).

Table 4.12: Comparison of the simulated levels of calcium, iron, and zinc fortification for
children aged 6 to 36 month using the approach of Fleige et al (2010) and the IOM
conventional methods
Nutrient
(mg per 100 g dry weight)

IOM conventional method for the
Fleige et al (2010)

Philippines, Mongolia, Cambodia

Calcium

734

530 – 783 mg

Iron

17.1

10.8 – 22.8

Zinc

15.4

0

Based on the simulation of fortificant levels for corn-soy blend
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amount of fortificants required to achieve a low prevalence of inadequate intakes, and
therefore is not recommended.
Recently, a new simulation model has been derived to determine fortification levels for
food aid products such as corn soy blend. This model does not require the input of usual
nutrient intake data (Fleige et al 2010). The model proposes that fortification levels should
be set at 75% of the RNI if the fortified product is consumed at 25% of energy
requirements for the age and gender group with the highest requirements. The authors
developed fortification levels for two products targeted for different age groups, the first
specifically designed for infants and young children (6 to 36 months), and the second for
older children and adults. Corn soy blend is used as emergency food relief in countries
with a diverse range of dietary patterns, and is not designed for long-term consumption.
Fortification of corn-soy blend at the level of 75% of the RNI is designed to ensure that no
groups exceed the UL, with the exception of zinc. This method is appropriate for setting
fortification levels for donated fortified cereal blends for emergency relief as production of
a specific fortified cereal blend for infants and young children in these settings is necessary
to ensure that this vulnerable group receive adequate levels of calcium, iron, and zinc (Ruel
et al 2004). Interestingly, the values for fortification per 100 g dry product derived by Fleige
et al (2010) are not dissimilar to the range derived using the IOM conventional approach
used here (Table 4.12). Further, if applied to the data for the Filipino, Mongolian, or
Cambodian intakes used here, levels would not exceed the UL for calcium or iron. Hence,
these fortification levels would probably be appropriate for these population groups and
could be used when no usual dietary data are available.

4.3.4 Choice of fortificant and food vehicle
As discussed in Section 2.3.2 of the literature review, the success of fortification
programmes are dependent not only on the level, but also the type of fortificant selected
and its bioavailability within the total diet. It is therefore very important that the food
vehicle is carefully selected to ensure that it does not impede the bioavailability of the
fortificants, is culturally acceptable, has a long shelf-life, and is safe and appropriate for
infant and young child feeding.
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Food Vehicle
The food vehicle chosen must be culturally acceptable, and preferably have a low
concentration of phytate when used for a manufactured fortified complementary food.
The use of pre-processed cereal-based porridges are recommended as they store well, and
do not require much fuel or time to prepare. For both the Philippines and Cambodia, a
polished white rice-based porridge is the preferred choice for the fortified food vehicle,
because white rice is one of the most commonly consumed foods for this age-group and
has a low phytate content after preparation (Anderson et al 2008a, Perlas et al 2004). In
some South-East Asian countries, porridge prepared from broken rice may be more
acceptable, as used in Thailand (Chitpan et al 2005, Porasuphatana et al 2008) because it is
quick to cook and culturally acceptable. By contrast, porridges based on cereal flours are
not acceptable as they are considered to be too expensive and a “Western style” food
(Chitpan et al 2005). Further, cereal flour-based porridges, when used for complementary
feeding in South-East Asia, are only given to infants, and are not considered appropriate
for toddlers (Anderson et al 2008a, Harper 2006, Jackson et al 1992, Nusser et al 1996b).
However, broken rice porridge has a “lumpy” consistency, and hence may be more
accepted by mothers for feeding toddlers in South-East Asia (Chitpan et al 2005,
Porasuphatana et al 2008). Certainly, WHO advises that “lumpy” solid foods should be
introduced before 10 months of age (WHO 2004), to avoid risk of both feeding problems
and the introduction of family foods being problematic (Northstone et al 2001). For the
Mongolian population, a semolina-based porridge would be the recommended food vehicle
as it also has a low phytate content, and is widely consumed by the target population
(Lander et al 2009).
The protein density of the complementary diets of the children from the Philippines,
Mongolia, and Cambodia were satisfactory (Section 2.2.3), making it unnecessary to add
legumes to increase the protein content of the complementary diets of these countries.
Moreover, addition of legumes will increase the phytate content of the food vehicle, and
consequently the phytate-to-mineral molar ratios as seen in Section 3.0, thus reducing the
bioavailability of the problem micronutrients.
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Finally, the addition of dried milk powder to the food product should be considered by
manufacturers. Although expensive, it is noteworthy that in randomised controlled trials
the consumption of fortified complementary foods containing added milk solids are the
only foods that have shown an impact on increasing linear growth (Section 2.3.3) (Bhandari
et al 2001, Juyal et al 2004). Hence, choosing culturally acceptable, low-phytate cereals
containing added dried milk powder appears to be the best option for a food vehicle.

Choice of fortificant
As discussed in the literature review (Section 2.3.2), the bioavailability of the fortificant is
just one of the many factors that need to be taken into consideration when choosing
appropriate fortificants. The sensory properties of the fortificant in the final cooked
product, and cost of the fortificant are equally important, as these will influence the
acceptability of the fortified product by both mothers and the children consuming them.
Iron is the most difficult micronutrient to use as a fortificant in a cereal-based food.
Elemental iron is the most commonly used iron fortificant (Lynch and Stoltzfus 2003), yet
its relative bioavailability within cereal-based foods in young children is relatively low
(Hurrell 2007). Nevertheless, the use of elemental iron, a category three fortificant is
endorsed by the WHO, provided only elemental iron with a relative bioavailability of 50%,
and a particle size diameter less than 149 microns is used at twice the level required
(WHO/FAO 2006). Ferric pyrophosphate, another category three fortificant, has been
used at twice the required level in a fortified broken rice food and shown to be more
efficacious than the use of ferrous sulphate iron drops in mildly anaemic Brazilian children
aged 6 to 24 months (Beinner et al 2010). Not only was the consumption of fortified
broken rice associated with a significantly greater reduction in the prevalence of anaemia
(40 percentage points vs 15 percentage points), but the compliance to the intervention was
also better than that of the iron drops as ferrous sulphate (Beinner et al 2010). Further,
there were no noticeable adverse organoleptic changes to the fortified broken rice after
storage of up to a month, or after cooking, suggesting that the use of ferric pyrophosphate
may be a viable choice for the fortification of a broken-rice complementary food.
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Ferrous fumarate was commonly used to fortify the cereal-based manufactured foods in
Section 3.0 as it is less expensive than ferrous sulphate, and does not cause undesirable
organoleptic changes (Hurrell 2007). However, the efficacy of ferrous fumarate as a
fortificant has been questioned, as the relative bioavailability appears to be much lower in
young children than adults (Perez-Exposito et al 2005, Sarker et al 2004). However, in
South African infants the fortification of a maize-based cereal porridge with ferrous
fumarate in combination with ascorbic acid was shown to be efficacious in improving both
iron status and motor development (Faber et al 2005).
Ferrous sulphate, in combination with ascorbic acid, has consistently been shown to be a
bioavailable source of iron, when fortified at a molar ratio of 3:1 in cereal-based porridges
consumed by infants and young children (Lutter and Dewey 2003, Lynch and Stoltzfus
2003). Ferrous sulphate, however, can often cause undesirable organoleptic changes to a
cereal-based product (Hurrell 2007), although this can be substantially reduced through the
use of appropriate packaging to prevent oxidation of ferrous sulphate and degradation of
ascorbic acid (Porasuphatana et al 2008). It is difficult to recommend which iron
fortificant to use, as both their bioavailability and sensory properties are dependent on the
food vehicle and packaging used. Prior to producing a manufactured complementary food,
it is of the utmost importance that first sensory analysis is conducted to ensure it is
acceptable, and secondly, that efficacy trials are conducted on the population group of
interest.
Zinc oxide is the most common form of zinc fortificant used in fortification programmes,
as it is relatively inexpensive and causes no adverse sensory changes (WHO/FAO 2006).
Further, there is no difference between the absorption of zinc oxide and the more soluble
zinc sulphate in adults and older children, although absorption may be compromised in
infants and young children in Asia, due to reduced gastric acidity that may arise as a result
of the presence of Helicobacter pylori infections (WHO/FAO 2006). Until further research is
conducted on the absorption of zinc oxide in infants and toddlers, it is recommended that
zinc sulphate is used to fortify complementary foods for young children. The choice of a
calcium salt for fortification of cereal-based foods for young children is not critical because
all calcium salts cause minimal organoleptic changes, and have a similar bioavailability as
calcium naturally present in food (WHO/FAO 2006). Calcium carbonate is most often
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used in the fortification of Asian manufactured complementary foods (Section 3.0), as it is
the cheapest and is suitable for cereal-based foods.

4.3.5 Limitations
Several assumptions were made when conducting the analysis outlined in Section 4.1.3,
emphasizing that the results presented here only provide estimates to inform planning
fortification programmes.
First, the level of fortification in the fortified products are set on the basis that the original
diets of the children remain unchanged. This means it is assumed that the distribution of
usual intakes of iron, zinc, and calcium do not alter post-fortification. Whether this holds
true depends primarily on how the fortified food is distributed. If provided free for
example, as part of a social welfare programme in which all participants receive the same
amount of complementary food per week, then it is unlikely that the usual diet of the
children will alter much, and the levels of fortification should still be appropriate.
However, if the fortified food sold is expensive as occurs in many Asian countries, then
there will be a larger range of intakes of both the fortified complementary foods and the
corresponding intakes of calcium, iron, and zinc. In South Africa, for example, mothers
were reportedly diluting expensive fortified manufactured complementary foods to such an
extent that they were no longer providing sufficient amounts of micronutrients (Faber and
Benade 2001). An additional problem is that consumption of a costly fortified
complementary food may displace the consumption of nutrient dense foods usually
consumed in the diet. For example, in Cambodia, fish, meat and poultry, and dairy
products provide a large proportion of dietary calcium, iron, and zinc to the diets of nonbreast-fed children aged 12 to 36 months and could be displaced if mothers gave
preference to manufactured foods over traditional nutrient dense foods (Anderson et al
2008b).
Clearly, given the circumstances outlined above, the fortified products may not always
provide sufficient amounts of the problem micronutrients to plan for a low level of
inadequate intakes. Therefore it is recommended that the fortification levels derived from
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the analysis outlined in Section 4.1.3 should be used in fortification programmes involving
infant and young child feeding, where their distribution is either free as part of a social
welfare scheme, or sold at a low cost, and are accompanied by a social marketing strategy
on appropriate feeding practices for infants and young children.
A second assumption relates to the bioavailability of iron and zinc in the habitual diets. In
this study, a moderate bioavailability of iron and zinc was assumed in the derivation of
fortification levels, and assessment of the prevalence of inadequate intakes. This was
deemed appropriate on the basis of the low phytate content of the predominantly ricebased diets used for the South-East Asian infants and young children of this study (Gibson
et al 2010), together with the low phytate content of the Asian manufactured cereal-based
complementary foods analysed in Section 3.0.
Another limiting factor is that the reliability of the EAR cut-point method described in
Section 4.1.3 for estimating the prevalence of inadequate intakes is reduced when levels of
inadequacy are zero or 100% (IOM 2003). As a result, because the prevalence of
inadequate intakes were low for zinc (<1%) and high for calcium (>90%) for the young
children (aged 12 to 36 months) studied here, these prevalence estimates are likely to be
only approximate, as the degree of relative error is increased at both low and high levels of
inadequate intakes (IOM 2003). Furthermore, there are limitations associated with the
EARs for infants and young children, as emphasized by the discrepancies in the values for
the EAR set by the IOM, WHO, and IZiNCG, and the lack of concordance noted here
between the prevalence of suboptimal zinc status based on inadequate intakes of zinc, and
zinc deficiency based on low serum zinc concentrations. Further research is required to
refine these estimates.
Some of the Mongolian and Cambodian children in this study were still breastfeeding.
However, the contribution of iron, zinc, and calcium from breast milk to the usual diet was
not taken into account in the analysis presented here for several reasons. Firstly, classifying
the breast-fed from the non-breast-fed children would result in a sample size that was too
small to run the programme PC-side accurately, as the programme operates only when the
sample size is greater than 100 (Dodd 1996, Nusser et al 1996b). Secondly, we had no data
on the amount of breast milk consumed by these children. However, based on breast milk
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intake data from a study of children in Bangladesh aged 12 to 36 months, the amount of
zinc and iron contributed by breast milk was likely to be very low for the toddlers studied
here (Persson et al 1998). Further, this is consistent with recommendations by Lynch and
Stoltzfus (2003), to exclude the quantity of iron from breast milk when deriving
fortification levels. In contrast, exclusion of the contribution of calcium from breast milk
to the usual diet is likely to lead to an overestimation of the prevalence of inadequate
intakes of calcium. However, this approach is not likely to pose a risk of excessive intakes
because the UL for calcium is so high (i.e. 2.5 g) (IOM 1997, WHO/FAO 2006).
Unlike mass fortification, where the impact of the addition of micronutrients to a food
vehicle can be simulated based on the consumption of the food vehicle in the general
population, simulation of the consumption of targeted fortification of complementary
foods is more difficult. For example, how much the new fortified complementary food
will be consumed by the target population is unknown, because it is a new food product
entering the diet. As a result, the approach advocated by both IOM and WHO must be
used to simulate the impact of fortification, involving planning fortification levels at a
prevalence of inadequate intakes of 2.5%, on the assumption that usual intake distributions
will remain unchanged (IOM 2003, WHO/FAO 2006). However, it is unlikely that the
usual intake distribution will remain unchanged, as the amounts of fortified cereal-based
foods will vary in the population. Nevertheless, despite the limitations outlined above, this
method can provide estimates for ensuring that adequate levels of micronutrients are
consumed, provided that the fortification programme is continuously monitored and
evaluated.

4.3.6 Application of results
The results of this analysis have demonstrated that there is a high prevalence of inadequate
intakes of iron and calcium in the diets of infants and toddlers from Mongolia, Cambodia,
and the Philippines. These findings highlight the need for nutrient-dense, low-cost
complementary foods that are accessible and culturally acceptable to low-income
households and that are promoted for complementary feeding. ‘Western’ style fortified
manufactured complementary foods are rarely given to children from these countries.
Instead, many caregivers feed their children other inappropriate forms of processed foods
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during complementary feeding period such as crisps, donuts (Anderson et al 2008a, Lander
et al 2009, Perlas et al 2004, Xu et al 2001). If processed foods that are culturally
acceptable were fortified with adequate levels of micronutrients, their promotion using
social marketing by governments could be a very successful intervention to improve the
nutrient adequacy, and iron status of these populations (Lutter 2008). Indeed, there has
been interest in both Cambodia and the Philippines to produce a fortified complementary
food locally (personal communication). Hence, these research findings have the potential
to help inform the production of culturally appropriate complementary foods fortified with
optimal micronutrient levels.
This section aimed to apply the WHO guidelines to determine appropriate fortification
levels of iron, calcium, and zinc in processed complementary foods in three selected
populations. Of the three populations, only the Filipino data were based on two replicate
days of dietary day from a nationally representative sample of non-breast-fed infants and
young children, thus permitting the variance ratios to be calculated. The latter were then
applied to compile appropriate levels of fortificants for complementary foods to reduce the
prevalence of inadequate intakes of calcium, iron, and zinc to 2.5%. These results have
several applications. They can: (a) help inform government policy and regulation of
voluntary fortification of cereal-based complementary foods; (b) assist governments in
producing a fortified complementary food with appropriate levels of fortification for
distribution within a social welfare scheme; (c) inform appropriate levels for fortification of
commercially produced manufactured complementary foods; and (d) be used to produce a
low cost fortified complementary food, preferably through collaboration with government,
research institutes, and industry.
Unlike the Philippines, the Mongolian data were not based on a nationally representative
sample of children, but instead a random sample of urban and semi-urban children from
the capital city and four provincial capitals (Lander et al 2009). However, the prevalence of
stunting, anaemia, use of vitamin A supplements and breastfeeding practices in these
Mongolian children was comparable to the most recent national survey in Mongolia
(Nutrition Research Centre 2006). Further, as fortified complementary foods are primarily
designed for use within urban areas, it is probably appropriate to assume that the fortificant
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levels are suitable for use at the national level in Mongolia, as listed above for the
Philippines.
The children in the Cambodian study were selected on the basis of stunting and were living
in one of the lowest socio-economic districts in Phnom Penh. Nevertheless, because the
HAZ scores of these children were not dissimilar to the nationally representative sample in
the 2005 Cambodian Demographic Health survey (CDHS 2006), it is likely that the levels
of fortification would be applicable to other children in Cambodia.
The discrepancy between the adequacy of dietary zinc intakes and biochemical zinc status
provides a problem in interrupting the zinc fortification results. It is unlikely that children
in any of the three populations are consuming sufficient amounts of zinc to meet their
requirements, as illustrated by the high prevalence of zinc deficiency in all three
populations ((Anderson et al 2008b, Lander et al 2008)). Furthermore, it is improbable that
any children are at risk of excessive intakes of zinc (Brown et al 2009). Hence, until further
research is conducted in defining appropriate nutrient reference values for this age-group, it
is advisable that either the proposed fortificant levels for zinc compiled by Lutter and
Dewey’s (2003), or the simulation of Fleige et al’s (2010) should be used to guide
fortification with zinc. It is not advisable to use the EAR cut-point method or the WHO
alternative approach to establish appropriate levels of fortification for zinc until further
research is conducted to define more precisely the EAR for zinc for infants and young
children in low-income countries.
The IOM conventional approach that utilizes PC-SIDE to set fortification levels should be
used to plan fortification strategies for a low prevalence of inadequate and excessive intakes
(<2-3%), when data on usual nutrient intakes are available, rather than the WHO
alternative approach. Prior to implementing a fortification programme, it is important to
characterize the current complementary feeding practices and patterns of the target
populations in order to monitor the changes in intakes post-fortification (WHO/FAO
2006). However, two days of dietary intake data are not always feasible to collect for the
assessment of usual nutrient intakes. Instead, the use of external variance ratios appear to
provide an accurate estimation of the prevalence of inadequate intakes. Nevertheless, use
of this approach remains difficult to implement in public health settings. Currently, there
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are no instructions on how to apply external variance ratios, even though their use has been
endorsed by both the IOM and WHO (IOM 2003, WHO/FAO 2006). Therefore, until
documentation on how to apply external estimates of within-subject variation is available,
their use is not a feasible alternative for public health institutions. It is anticipated that the
WHO will release a new simpler fortification modelling software programme that will assist
public health managers on how to determine appropriate fortification levels with the use of
external variance ratios (WHO 2009b). In the meantime, the fortification levels proposed
by Lutter and Dewey (2004), or more recently by Fleige et al (2010) for donated
complementary food aid, are probably more appropriate for fortifying complementary
foods when no data on usual nutrient intakes exist in the population of interest.
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5

Summary, conclusions and recommendations

5.1

Summary and conclusions

This study has confirmed that the majority of manufactured complementary foods
obtained from a market survey in five Asian countries do not provide adequate amounts of
the problem micronutrients: iron, zinc, or calcium, despite 85% of them stating that they
were fortified with at least a premix of vitamins and minerals. Almost all of the
manufactured cereal-based foods failed to provide breast-fed children aged 9 to 11 months,
and 12 to 23 months with their WHO estimated needs for these micronutrients.
Furthermore, 76% of the manufactured cereal-based complementary foods had a phytateto-iron molar ratio above the level said to be indicative of satisfactory iron bioavailability
(Hurrell et al 2004). These results highlight the urgent need to fortify manufactured
complementary foods at appropriate levels, and to use a food vehicle that preferably has a
low phytate content to ensure that phytate does not compromise the bioavailability of the
fortificants. Of the food vehicles for the manufactured complementary foods analysed,
those comprising refined cereal flours or white rice had a phytate content that was
sufficiently low to assume moderate bioavailability for iron, zinc, and calcium.
In addition, this study estimated levels of fortification required to plan for a low level of
inadequate intakes of iron and calcium in infants and/or toddlers from the Philippines,
Mongolia, and Cambodia using nutrient intake data for these children provided by other
investigators. An additional 313 to 389 mg per day of calcium, and 6.5 to 9.8 mg per day
of iron were required in the diets of the three populations to plan for a low level of
inadequate intakes. For calcium, the IOM method that applies the EAR cut-point method
was used to assess the prevalence of inadequate intakes, whereas for iron, the full
probability approach was used. Of all the populations assessed, none appeared to have a
calculated prevalence of inadequate intakes of zinc greater than 1%, as determined by the
EAR cut-point method. However, the lack of concordance between the predicted
prevalence for risk of zinc deficiency based on these dietary data, and the low serum zinc
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concentrations for the Mongolian and Cambodian children, emphasizes that further
research is required to establish the EAR for zinc for this age-group, as well as
uncertainties with the cut-off used to define low serum zinc concentrations.
This study has demonstrated that of the methods outlined by the WHO, the most
appropriate method to plan fortification at a low level of inadequate intakes is the IOM
conventional approach (WHO/FAO 2006). Additionally, the study provides support for
the use of external estimates of within-subject variation to adjust the distribution of
observed nutrient intakes based on one day recalls or records to usual intakes, a necessary
step for calculating the prevalence of inadequate intakes.
The results of this analysis have highlighted the complexity of fortifying manufactured
cereal-based complementary foods with appropriate levels and forms of fortificants and
food vehicles. As fortified complementary foods are recommended by WHO to increase
the nutrient adequacy of complementary diets in low income countries, it is essential that
their nutrient quality is improved, and that both manufacturers and public health
professionals are provided with simpler approaches to establish optimal fortificant levels.
The use of the IOM conventional approach currently recommended by WHO is complex
and requires that at least two days of dietary intake data are collected so that an adjustment
of the distribution of observed intakes to usual nutrient intakes can be achieved. A simpler
approach involves using the levels of fortification for cereal-based complementary foods
proposed by Lutter and Dewey (2004), and could be used as an alternative for fortifying
complementary foods when the IOM approach is not feasible.
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5.2

Recommendations

There is an urgent need for fortified complementary foods, available on the market, in lowincome Asian countries that have the following characteristics:
•

Fortified at adequate levels of absorbable micronutrients

•

Safe

•

Culturally acceptable

•

Affordable to those in the lowest income bracket

•

Based on the needs of the consumer

•

Regulated and their composition monitored regularly

•

Promoted in conjunction with other interventions such as improved sanitation, and
nutrition and health education, that involve a holistic approach to reducing
maternal and infant malnutrition at the household, community, and national level.

Several factors must be considered to ensure that the complementary foods are fortified
with adequate levels of absorbable micronutrients. They include:
•

Food vehicles must be culturally acceptable, and require minimal amounts of
cooking so the product is cooked each time it is served to minimise the risk of
contamination, and reduce the amount of fuel needed to cook (Huffman et al
2000);

•

Food vehicles should be based on pre-processed cereals such as refined cereals or
broken rice, or contain exogenous phytases to ensure that the bioavailability of the
problem micronutrients iron, zinc, and calcium is not compromised;

•

Dried milk powder should be added, if feasible to improve the nutrient quality of
the complementary food, while at the same time having the potential to have a
beneficial impact on growth (Dewey and Adu-Afarwuah 2008, Juyal et al 2004);

•

Manufactured fortified complementary foods should be packaged appropriately so
they are protected from light, air, and moisture to ensure they have a long shelf life
with minimal loss of nutrients;
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•

Fortificants, particularly iron fortificants, must be selected based on their relative
bioavailability within the cooked food product, as well as sensory attributes (Hurrell
2007, WHO/FAO 2006);

•

Co-fortification of iron fortificants with ascorbic acid at the appropriate molar
ratios must also be considered to overcome the inhibitory effect of phytate on nonhaem iron absorption;

•

Fortification levels should ideally be based on the usual nutrient intake of the
population, using the IOM conventional approach. If this is not feasible, then the
fortification levels proposed by Lutter and Dewey should be used to ensure the
manufactured complementary foods are fortified at levels that provide nutrient
dense foods and have the potential to improve growth, health, and developmental
outcomes (Lutter and Dewey 2003);

•

Where possible manufactured complementary foods should be age-specific, with
varying levels of fortification based on both the different nutrient requirements of
infants compared to toddlers and their daily ration sizes (Dewey 2003); and
variations in the consistency of the complementary foods with age (WHO 2004).

Further, there are several pre-requisites associated with the production, distribution, and
monitoring of fortified complementary foods that must be met to ensure that they fulfil the
WHO guidelines on food fortification. They include:
•

Collaboration between manufacturers, governments, and research institutes to
produce low cost, high quality manufactured complementary foods that are also
efficacious (Venkatesh Mannar and van Ameringen 2003);

•

Production and distribution via the food industry to ensure the fortified
manufactured complementary foods are distributed and accessible to those in need;

•

Presence of an effective governmental regulatory infrastructure to set policy and a
framework to ensure manufactured complementary foods are of high quality (i.e.
seal of approval), and can be safely promoted (Dewey and Brown 2003, Venkatesh
Mannar and van Ameringen 2003);

•

Internal monitoring of the producers, importers, and packers to ensure quality
control, in addition to less frequent monitoring of the quality of the product at the
point of purchase (WHO/FAO 2006);
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•

Impact evaluation of the fortified manufactured complementary foods to monitor
their use and effectiveness (WHO/FAO 2006), and ensure that excessively high
intakes or inadequate intakes of absorbable micronutrients are avoided.

Finally, appropriate social marketing strategies must be employed to ensure that the
manufactured fortified complementary foods do not interfere with sustained breast feeding
or discourage the use of a variety of other nutrient-dense foods. These may require:
•

Enforcement by governments on the Code of marketing for breast milk substitutes
and the codex alimentarius for canned baby foods and for processed cereal-based
foods. This is important because the safety of manufactured complementary foods
is compromised when marketed in a way that interferes with sustained breast
feeding or discourages the use of a variety of foods (Clark and Shrimpton 2000)

•

Educational campaigns on safe and age-appropriate complementary feeding. These
campaigns have consistently been shown to be effective in improving health and
developmental outcomes (Bhutta et al 2008a, Dewey and Adu-Afarwuah 2008)

•

Educational campaigns on safe hygiene food preparation practices to reduce the
risk of food borne illness.

155

References
Abrams SA, Atkinson SA (2003). Calcium, magnesium, phosphorous and vitamin D
fortification of complementary foods. Journal of Nutrition 133: S2994-S2999.
Anderson VP, Cornwall J, Jack S, Gibson RS (2008a). Intakes from non-breastmilk foods
for stunted toddlers living in poor urban villages of Phnom Penh, Cambodia, are
inadequate. Maternal and Child Nutrition 4(2): 146-159.
Anderson VP, Jack S, Monchy D, Hem N, Hok P, Bailey KB, Gibson RS (2008b). Coexisting micronutrient deficiencies among stunted Cambodian infants and toddlers. Asia
Pacific Journal of Clinical Nutrition 17(1): 72-79.
Arsenault JE, Brown K (2003). Zinc intakes of US preschool children exceeds new dietary
reference intakes. American Journal of Clinical Nutrition 78: 1011-1017.
Badham J (2010). World food crisis: a wake-up call to save a generation of children.
participants statement: Castel Gondolfo, Italy, 25 January, 2009. Journal of Nutrition 140(1):
130S.
Barennes H, Andriatahina T, Latthaphasavang V, Anderson M, Srour LM (2008).
Misperceptions and misuse of Bear Brand coffee creamer as infant food: National cross
sectional survey of consumers and paediatricians in Laos. British Medical Journal 337: 679681.
Barr SI, Murphy SP, Poos MI (2002). Interpreting and using the dietary references intakes
in dietary assessment of individuals and groups. Journal of the American Dietetic Association
102(6): 780-788.
Beinner MA, Velasquez-Melendez G, Pessoa MC, Greiner T (2010). Iron-fortified rice is as
efficacious as supplemental iron drops in infants and young children Journal of Nutrition 140:
49-53.
Berger J, Ninh NX, Khan NC, Nhien NV, Lien D, Trung N, Khoi H (2006). Efficacy of
combined iron and zinc supplementation on micronutrient status and growth in
Vietnamese infants. European Journal of Clinical Nutrition 60: 443-454.
Bhandari N, Bahl R, Nayyar B, Khokhar P, Rohde JE, Bhan MK (2001). Food
supplementation with encouragement to feed it to infants from 4 to 12 months of age has a
small impact on weight gain. Journal of Nutrition 131(7): 1946-1951.
Bhutta ZA, Ahmed T, Black RE, Cousens S, Dewey KG (2008a). What works?
Interventions for maternal and child undernutrition and survival. The Lancet 372: 417-440.
Bhutta ZA, Ali S, Cousens S, Ali TM, Haider BA (2008b). Interventions to address
maternal, newborn, and child survival: what difference can integrated primary health care
strategies make. The Lancet 372: 972-989.

156

Black MM (2003). Micronutrient Deficiencies and Cognitive Functioning. Journal of
Nutrition 133: 3927S-3931S.
Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, Mathers C, Rivera J
(2008). Maternal and child undernutrition: global and regional exposures and health
consequences. The Lancet 371: 243-260.
Bonvecchio A, Pelto GH, Escalante E, Monterrubio E, Habicht JP, Nava F, Villanueva
MA, Safdie M, Rivera JA (2007). Maternal knowledge and use of a micronutrient
supplement was improved with a programmatically feasible intervention in Mexico. Journal
of Nutrition 137(2): 440-446.
Bothwell TH, MacPhail P (2004). The potential role of NaFeEDTA as an iron fortificant.
International journal of vitamin and nutrition research 74(6): 421-434.
Brown K (1991). The importance of dietary quality versus quantity for weanlings in less
developed countries: a framework for discussion. Food and Nutrition Bulletin 13: 86-94.
Brown K, Rivera J, Bhutta ZA, Gibson RS, King JC, Lonnerdal B, Ruel MT, Sandstrom B,
Wasantwisut E, Hotz C (2004). International zinc nutrition consultative group (IZiNCG)
technical document #1. Assessment of the risk of zinc deficiency in populations and
options for its control. Food & Nutrition Bulletin 25: S99-S199.
Brown K, De Romaña DL, Arsenault JE, Peerson JM, Penny ME (2007). Comparison of
the effects of zinc delivered in a fortified food or a liquid supplement on the growth,
morbidity, and plasma zinc concentrations of young Peruvian children. American Journal of
Clinical Nutrition 85: 538-547.
Brown K, Peerson JM, Baker SK, Hess SY (2009). International zinc nutrition consultative
group (IZiNCG) technical document #2. Systematic reviews of zinc intervention strategies.
Food and Nutrition bulletin 30: S12 - S40.
Brown KH, Peerson JM, Rivera JA, Allen LH (2002). Effect of supplemental zinc on the
growth and serum zinc concentrations of prepubertal children: a meta-analysis of
randomized controlled trials. American Journal of Clinical Nutrition 75: 1062-1071.
Brune M, Rossander L, Hallberg L (1989). Iron absorption: no intestinal adaptation to a
high-phytate diet. American Journal of Clinical Nutrition 49: 542-545.
Butte NF, Wong WW, Hopkinson JM, Heinz CJ (2000). Energy requirements derived from
total energy expenditure and energy deposition during the first 2 y of life. American journal of
clinical nutrition 72: 1558-1579.
Butte NF (2005). Energy requirements of infants. Public Health Nutrition 8: 953-967.
Carriquiry A (2003). Estimation of the usual intake distributions of nutrients and foods.
Journal of Nutrition 133: S601-S608.

157

Cashman KD (2002). Calcium intake, calcium bioavailability and bone health. British Journal
of Nutrition 87: S169-S177.
Caulfield LE, Huffman SL, Piwoz EG (1999). Interventions to improve the intake of
complementary foods by infants aged 6 to 12 months of age in developing countries:
Impact on growth and on the prevalence of malnutrition and potential contribution to
child survival. Food and Nutrition Bulletin 20(2): 183-200.
CDHS. Cambodian Demographic Health Survey 2005, National Institute of Public Health
and National Institute of Statistics Phnom Penh, Cambodia, and ORC Marco, Calverton,
MD, 2006.
Chan SSL, Ferguson E, Bailey KB, Fahmida U, Harper T, Gibson RS (2007). The
concentrations of iron, calcium, zinc, and phytate in cereals and legumes consumed
habitually by infants living in East Lombok, Indonesia. Journal of Food Composition and
Analysis 20(7): 609-617.
Chitpan M, Chavasit V, Kongkachuichai R (2005). Development of fortified broken rice as
a complementary food. Food & Nutrition Bulletin 26: 376-384.
Clark D, Shrimpton R (2000). Complementary feeding, the code and the codex. Food and
Nutrition Bulletin 21: 25-29.
Cook JD, Monsen ER (1977). Vitamin C, the common cold, and iron absorption. American
journal of clinical nutrition 30: 235-241.
Copenhagen Consensus. Copenhagen Consensus 2008- results. Denmark, Copenhagen
Consensus Centre, 2008.
Dale A, Thomas JE, Darboe MK, Coward WA, Harding M, Weaver LT (1998).
Helicobacter pylori infection, gastric acid secretion, and infant growth. Journal of Pediatric
Gastroenterology and Nutrition 26(4): 393-397.
Darnton-Hill I, Nalubola R (2009). Fortification strategies to meet micronutrient needs:
successes and failures. Proceedings of the Nutrition Society 61: 231-241.
Davidson L, Almgren A, Sandstrom B (1995). Zinc absorption in adult humans: the effect
of iron fortification. British Journal of Nutrition 74: 417-425.
Davidsson L, Galan P, Kastenmayer P, Cherouvrier F, Juillerat MA, Hercberg S, Hurrell
RF (1994). Iron bioavailability studied in infants: the influence of phytic acid and ascorbic
acid in infant formulas based on soy isolate. Pediatric Research 36(6): 816.
Davidsson L, Almgren A, Sandström B, Juillerat M, Hurrell R (1996). Zinc absorption in
adult humans: the effect of protein sources added to liquid test meals. British Journal of
Nutrition 75: 607-613.

158

Davidsson L. Iron bioavailability from weaning foods: The effect of phytic acid:
Micronutrient Interactions: Impact on child health and nutrition. Washington D.C.,
International Life Sciences Institute, 1998.
Davidsson L, Ziegler E, Zeder C, Walczyk T, Hurrell R (2007). Sodium iron EDTA
[NaFe(III)EDTA] as a food fortificant: erythrocyte incorporation of iron and apparent
absorption of zinc, copper, calcium, and magnesium from a complementary food based on
wheat and soy in healthy infants. American Journal of Clinical Nutrition 81: 104-109.
Davidsson L, Sarker SA, Jamil KA, Sultana S, Hurrell R (2009). Regular consumption of a
complementary food fortified with ascorbic acid and ferrous fumarate or ferric
pyrophosphate is as useful as ferrous sulfate in maintaining hemoglobin concentrations >
105 g/L in young Bangladeshi children. American Journal of Clinical Nutrition 89: 1815 - 1820.
Dawson-Hughes B, Seligson FH, Hughes VA (1986). Effects of calcium carbonate and
hydroxyapatite on zinc and iron retention in postmenopausal women. American Journal of
Clinical Nutrition 44: 83-88.
de Onis M, Onyango AW, Borghi E, Garza C, Yang H (2006). Comparison of the World
Health Organization (WHO) Child Growth Standards and the National Centre for Health
Statistics/WHO international growth reference: Implications for child health programmes.
Public Health Nutrition 9: 942-947.
De Romaña DL, Salazar M, Hambidge KM, Penny ME, Peerson JM, Krebs NF, Brown K
(2005). Longitudinal measurements of zinc absorption in Peruvian children consuming
wheat products fortified with iron only or iron and 1 of 2 amounts of zinc. American Journal
of Clinical Nutrition 81: 637-647.
Dewey KG (2003). Nutrient Composition of Fortified Complementary Foods: Should
Age-Specific Micronutrient Content and ration sizes be recommended? Journal of Nutrition
133: 2950S-2952S.
Dewey KG, Brown KH (2003). Update on technical issues concerning complementary
feeding of young children in developing countries and implications for intervention
programs. Geneva: WHO 24: 5-28.
Dewey KG, Adu-Afarwuah S (2008). Systematic review of the efficacy and effectiveness of
complementary feeding interventions in developing countries. Maternal & Child Nutrition 4:
24-85.
Dijkhuizen MA, Wieringa FT, West CE, Martuti S (2001). Effects of Iron and Zinc
Supplementation in Indonesian Infants on Micronutrient Status and Growth Journal of
Nutrition 131: 2860-2865.
Dodd KW. A technical guide to C-SIDE: Dietary Assessment Research Series Report 9.
Ames, Iowa, Centre for Agricultural and Rural Development, Iowa State University, 1996.

159

Domellöf M, Cohen RJ, Dewey KG, Hernell O, Rivera LL, Lönnerdal B (2001). Iron
supplementation of breast-fed Honduran and Swedish infants from 4 to 9 months of age.
Journal of Pediatrics 138: 679-687.
Egli I, Davidsson L, Zeder C, Walczyk T, Hurrell R (2004). Dephytinization of a
complementary food based on wheat and soy increases zinc, but not copper, apparent
absorption in adults. Journal of Nutrition 134(5): 1077-1080.
Eneroth H, El Arifeen S, Persson LÅ, Kabir I, Lönnerdal B, Hossain MB, Ekström EC
(2009). Duration of exclusive breast-feeding and infant iron and zinc status in rural
Bangladesh. Journal of Nutrition 139(8): 1562-1567.
Etcheverry P, Hawthorne KM, Liang LK, Abrams SA (2006). Effect of beef and soy
proteins on the absorption of non-heme iron and inorganic zinc in children. Journal of the
American College of Nutrition 25: 34-40.
Faber M, Benadé AJS (2001). Perceptions of infant cereals and dietary intakes of children
aged 4-24 months in a rural South African community. International Journal of Food Sciences
and Nutrition 52(4): 359-365.
Faber M (2005). Complementary foods consumed by 6-12-month-old rural infants in
South Africa are inadequate in micronutrients. Public Health Nutrition 82(5): 373-381.
Faber M, Kvalsvig JD, Lombard CJ, Benadé AJS (2005). Effect of a fortified maize-meal
porridge on anemia, micronutrient status, and motor development of infants. American
Journal of Clinical Nutrition 82: 1032-1039.
Fairweather-Tait S, Wharf SG, Fox TE (1995). Zinc absorption in infants fed iron-fortified
weaning food. American Journal of Clinical Nutrition 62: 785-789.
FAO. The state of food security in the world 2009. Rome, Food and Agriculture
Organization, 2009.
FAO/WHO. Joint Expert Committee on Food Additives: fifty-third meeting, summary
and conclusions, 1999, pp 1-10.
FAO/WHO/UNU. Human energy requirements: Report of a Joint FAO/WHO/UNU
Expert Consultation: FAO Food and nutrition technical report series 1. Rome, 2004.
Ferguson E, Darmon N (2007). Traditional foods vs. manufactured baby foods. Nestle
Nutrition Workshop Series: Pediatric Program 60: 43-61.
Fernald LC, Gertler PJ, Neufeld LM (2008). Role of cash in conditional cash transfer
programmes for child health, growth, and development: an analysis of Mexico's
Oportunidades. The Lancet 371: 828-837.
Fleige LE, Sahyoun NR, Murphy SP (2010). A new simulation model estimates
micronutrient levels to include in fortified blended foods used in food aid programs. Journal
of Nutrition 140: 355-365.

160

Fordyce EJ, Forbes RM, Robbins KR (1987). Phytate x calcium/zinc molar ratios: are they
predictive of zinc bioavailability. Journal of Food Science 52(2): 440-444.
Fox MK, Devaney B, Reidy K, Razafindrakoto C, Ziegler P (2006a). Relationship between
portion size and energy intake among infants and toddlers: Evidence of self-regulation.
Journal of the American Dietetic Association 106: S77-S83.
Fox MK, Reidy K, Novak T, Ziegler P (2006b). Sources of energy and nutrients in the diets
of infants and toddlers. Journal of the American Dietetic Association 106: 28-28.
Gibson RS, Ferguson EF, Vanderkooy PDS, MacDonald AC (1989). Seasonal variations in
hair zinc concentrations in Canadian and African children. Science of the Total Environment 84:
291-298.
Gibson RS, Ferguson EL, Lehrfeld J (1998). Complementary foods for infant feeding in
developing countries: their nutrient adequacy and improvement. European Journal of Clinical
Nutrition 52(10): 764-770.
Gibson RS, Hotz C (2001). Nutritional causes of linear growth failure during
complementary feeding. In: Martorell R, Haschke F (eds). Nutrition and Growth: Nestle
nutrition workshop series, Pediatric program vol. 47. Lippincott Williams & Wilkins: Philadelphia.
Gibson RS, Manger MS, Krittaphol W, Pongcharoen T, Gowachirapant S, Bailey KB,
Winichagoon P (2007). Does zinc deficiency play a role in stunting among primary school
children in NE Thailand. British Journal of Nutrition 97: 167-175.
Gibson RS, Ferguson EL (2008). An interactive 24-hour recall for assessing the adequacy
of iron and zinc intakes in developing countries. ILSI Press: Washington DC.
Gibson RS, Bailey KB, Gibbs M, Ferguson EL (2010). Concentrations of iron, zinc,
calcium, and phytate in plant-based complementary foods used in low-income countries
and implications for bioavailability Food and Nutrition Bulletin.
Grantham-McGregor S, Fernald LC, Sethuraman K (1999). Effects of health and nutrition
on cognitive and behavioural development in children in the first three years of life. Part 2:
Infections and micronutrient deficiencies: iodine, iron, and zinc. Food and Nutrition Bulletin
20: 76-99.
Grantham-McGregor S, Cheung Y, Cueto S, Glewwe P, Richter L, Strupp B (2007).
Developmental potential in the first 5 years for children in developing countries. Lancet
369: 60-70.
Grantham-McGregor SM, Powell CA, Walker SP, Himes JH (1991). Nutritional
supplementation, psychosocial stimulation, and mental development of stunted children:
The Jamaican study. Lancet 338: 1-5.

161

Guenther PM, Kott PS, Carriquiry AL (1997). Development of an approach for estimating
usual nutrient intake distributions at the population level. Journal of Nutrition 127: 11061112.
Haas JD, Martinez EJ, Murdoch S, Conlisk E, Rivera JA, Martorell R (1995). Nutritional
supplementation during the preschool years and physical work capacity in adolescents and
and young adult Guatemalans. Journal of Nutrition 125 1078S-1089S.
Habicht JP, Victora CG, Vaughan JP (1999). Evaluation designs for adequacy, plausibility
and probability of public health programme performance and impact. International Journal of
Epidemiology 28(1): 10-18.
Hallberg L, Brune M, Rossander L (1989). Iron absorption in man: ascorbic acid and dosedependent inhibition by phytate. The American journal of clinical nutrition 49: 140-144.
Hallberg L, Hulthén L (2000). Predictors of dietary iron absorption: an algorithm for
calculating absorption and bioavailability of dietary iron. American Journal of Clinical Nutrition
71: 1147-1160.
Hambidge KM, Chavez MN, Brown RM, Walravens PA (1979). Zinc nutritional status of
young middle-income children and effects of consuming zinc-fortified breakfast cereals.
American Journal of Clinical Nutrition 32: 2532-2539.
Hambidge KM, Miller LV, Westcott JE, Krebs NF (2008). Dietary reference intakes for
zinc may require adjustment for phytate intake based upon model predictions. Journal of
Nutrition 138: 2363-2366.
Hansen M, Sandstrom B, Jensen M, Sørensen SS (1997). Casein phosphopeptides improve
zinc and calcium absorption from rice- based but not from whole-grain infant cereal.
Journal of Pediatric Gastroenterology and Nutrition 24(1): 56-62.
Harper T (2006). Improving complementary feeding practices and behaviours of rural
Indonesian infants. Master of Science thesis, University of Otago, Dunedin.
Henderson LM, Brewer GJ, Dressman JB, Swidan SZ, DuRoss DJ, Adair CH, Barnett JL,
Berardi RR (1995). Effect of intragastric pH on the absorption of oral zinc acetate and zinc
oxide in young healthy volunteers. Journal of Parenteral and Enteral Nutrition 19(5): 393-397.
Herman S, Griffin IJ, Suwarti S, Ernawati F, Permaesih D, Pambudi D, Abrams SA (2002).
Cofortification of iron-fortified flour with zinc sulfate, but not zinc oxide, decreases iron
absorption in Indonesian children. American Journal of Clinical Nutrition 76(4): 813-817.
Hess S, Brown K (2009). Impact of zinc fortification on zinc nutrition. Food and Nutrition
Bulletin 30: S79-S107.
Hoddinott J, Skoufias E, Washburn R. The impact of PROGRESA on consumption a final
report. Washington D.C., International Food Policy Research Institute, 2000.

162

Hoddinott J, Maluccio JA, Behrman JR, Flores R, Martorell R (2008). Effect of a nutrition
intervention during early childhood on economic productivity in Guatemalan adults. The
Lancet 371: 411-416.
Hoppe C, Mølgaard C, Michaelsen KF (2006). Cow's milk and linear growth in
industrialized and developing countries. Annual Reviews 26(1): 131-173.
Hotz C (2000). Assessment and improvement of complementary diets in rural Malawi, with
a special focus on zinc. Doctor of Philosophy thesis, University of Otago, Dunedin.
Hotz C, Gibson RS, Temple L (2001). A home-based method to reduce phytate content
and increase zinc bioavailability in maize-based complementary diets. International Journal of
Food Sciences and Nutrition 52(2): 133-142.
Hotz C (2007). Dietary indicators for assessing the adequacy of population zinc intakes.
Food and Nutrition Bulletin 28(3): S430-453.
Huffman SL, Oniang'o R, Quinn V (2000). Improving young child feeding with processed
complementary cereals and behavioural change in urban Kenya. Food and Nutrition Bulletin
21: 75-81.
Hunt J, Roughead ZK (2000). Adaptation of iron absorption in men consuming diets with
high or low iron bioavailability. American Journal of Clinical Nutrition 71: 94-102.
Hunt JR (2005). Dietary and physiological factors that affect the absorption and
bioavailability of iron. International journal of vitamin and nutrition research 75(6): 575-584.
Hunt JR, Beiseigel JM, Johnson LK (2008). Adaptation in human zinc absorption as
influenced by dietary zinc and bioavailability. American Journal of Clinical Nutrition 87: 13361345.
Hunt JR, Beiseigel JM (2009). Dietary calcium does not exacerbate phytate inhibition of
zinc absorption by women from conventional diets. American Journal of Clinical Nutrition 89:
839-843.
Hurrell R (2003). Influence of Vegetable Protein Sources on Trace Element and Mineral
Bioavailability. Journal of Nutrition 133: 2973S-2977S.
Hurrell R, Reddy M, Juillerat M, Cook JD (2003). Degradation of phytic acid in cereal
porridges improves iron absorption by human subjects. American Journal of Clinical Nutrition
77: 1213-1219.
Hurrell R, Lynch s, Bothwell TH, Cori H, Glahn R, Hertrampf E, Kratky Z, Miller D,
Rodenstein M, Streekstra H, Teucher B, Turner E, Yeung CK, Zimmermann MB (2004).
Enhancing the absorption of fortification iron: A SUSTAIN Task Force report. International
journal of vitamin and nutrition research 74(6): 387-401.
Hurrell R (2007). Linking the bioavailability of iron compounds to the efficacy of iron
fortified foods. International journal of vitamin and nutrition research 77(3): 166-173.

163

Husaini MA, Karyadi L, Husaini YK, Sandjaja, Karyadi D, Pollitt E (1991). Developmental
effects of short-term supplementary feeding in nutritionally-at-risk Indonesian infants.
American Journal of Clinical Nutrition 54: 799-804.
Huybrechts I, De Bacquer D, Cox B, Temme E, Van Oyen H, De Backer G, De Henauw
S (2008). Variation in energy and nutrient intakes among pre-school children: implications
for study design. European Journal of Public Health 18(5): 509-516.
IOM (1991). Nutrition during lactation. Institute of Medicine: Washington DC.
IOM (1997). Dietary reference intakes for calcium, phosphorous, magnesium, vitamin D, and fluoride.
National Academy Press: Washington D.C.
IOM (1998). Dietary reference intakes for thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12,
pantothenic acid, biotin, and choline. National Academy Press: Washington D.C.
IOM (2000). Dietary reference intakes for vitamin C, vitamin E, selenium, and carotenoids. National
Academy Press: Washington D.C.
IOM (2001). Dietary reference intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper,
iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc. National Academy Press:
Washington D.C.
IOM (2003). Dietary Reference Intakes: Applications in dietary planning. The National Academies
Press: Washington D.C.
IOM (2006). Dietary reference intakes: The essential guide to nutrient requirements. National
Academies Press: Washington D.C.
Iqbal TH, Lewis KO, Cooper BT (1994). Phytase activity in the human and rat small
intestine. British Medical Journal 35: 1233-1236.
IZiNCG (2004). International Zinc Nutrition Consultative Group (IZiNCG) Technical
document 1. Food & Nutrition Bulletin 25: supplement 2.
Jackson DA, Imong SM, Wongsawasdii L, Silprasert A, Preunglampoo S, Leelapat P,
Drewett RF, Amatayakul K, Baum JD (1992). Weaning practices and breast-feeding
duration in Northern Thailand. British Journal of Nutrition 67: 149-164.
Jahns L, Arab L, Carriquiry A, Popkin BM (2005). The use of external within-person
variance estimates to adjust nutrient intake distributions over time and across populations.
Public Health Nutrition 8(1): 69-76.
Jalla S, Westcott J, Steirn M, Miller LV, Bell M, Krebs NF (2002). Zinc absorption and
exchangeable zinc pool sizes in breast-fed infants fed meat or cereal as first complementary
food. Journal of Pediatric Gastroenterology and Nutrition 34: 35-41.

164

Jani R, Udipi SA, Ghugre PS (2009). Mineral content of complementary foods. Indian
Journal of Pediatrics 76(1): 37-44.
Juyal R, Osmamy M, Black RE, Dhingra U, Sarker SA, Sazawal S (2004). Efficacy of a
micronutrient fortification of milk on morbidity in pre-school children and growth -a
double blind randomised controlled trial. Asia Pacific Journal of Clinical Nutrition 13: S44.
Kimmons JE, Dewey KG, Haque E, Chakraborty J, Osendarp S, Brown K (2005). Low
nutrient intakes among infants in rural Bangladesh are attributable to low intake and
micronutrient density of complementary foods. Journal of Nutrition 135: 444-451.
Krause V, Delisle H, Solomons NW (1998). Fortified foods contribute one half of
recommended vitamin A intake in poor urban Guatemalan toddlers. Journal of Nutrition
128(5): 860-864.
Lander RD, Enkhjargal T, Batjargal J, Bolormaa N, Enkhmyagmar D, Tserendolgor U,
Tungalag S, Bailey KB, Gibson RS (2009). Poor dietary quality of complementary foods is
associated with multi-micronutrient deficiencies during early childhood in Mongolia. Public
Health Nutrition (Published online).
Lander RL, Enkhjargal T, Batjargal J, Bailey KB, Diouf S, Green TJ, Murray Skeaff C,
Gibson RS (2008). Multiple micronutrient deficiencies persist during early childhood in
Mongolia. Asia Pacific Journal of Clinical Nutrition 17(3): 429-440.
Lartey A, Manu A, Brown KH, Peerson JM, Dewey K (1999). A randomized, communitybased trial of the effects of improved, centrally processed complementary foods on growth
and micronutrient status of Ghanian infants from 6 to 12 mo of age. American Journal of
Clinical Nutrition 70: 391-404.
Last JM (2001). A dictionary of epidemiology: fourth edition. Oxford University Press: New York.
Lehrfield J (1989). High-performance liquid chromatography analysis of phytic acid on a
pH-stable, macroporous polymer column. Cereal Chemistry 66: 510-515.
Leroy JL, García-Guerra A, García R, Dominguez C, Rivera JA, Neufeld LM (2008a). The
Oportunidades program increases the linear growth of children enrolled at young ages in
urban Mexico. Journal of Nutrition 138: 793-798.
Leroy JL, Vermandere H, Neufeld LM, Bertozzi SM (2008b). Improving enrolment and
utilization of the Oportunidades program in Mexico could increase its effectiveness. Journal
of Nutrition 138(3): 638-641.
Li H, Barnhart HX, Stein AD, Martorell R (2003). Effects of Early Childhood
Supplementation on the Educational Achievement of Women. Pediatrics 112(5): 1156-1162.
Lind T, Lönnerdal B, Persson LÅ, Stenlund H, Tennefors C, Hernell O (2003). Effects of
weaning cereals with different phytate contents on hemoglobin, iron stores, and serum
zinc: A randomized intervention in infants from 6 to 12 mo of age. American Journal of
Clinical Nutrition 78(1): 168-175.

165

Liu DS, Bates CJ, Yin TA, Wang XB, Lu CQ (1993). Nutritional efficacy of a fortified
weaning rusk in a rural area near Beijing. The American journal of clinical nutrition 57: 506-511.
Lobell DB, Burke MB, Tebaldi C, Mastrandrea MD, Falcon WP, Naylor RL (2008).
Prioritizing climate change adaptation needs for food security in 2030. Science 319: 607-610.
Lönnerdal B, Sandberg AS, Sandström B, Kunz C (1989). Inhibitory effects of phytic acid
and other inositol phosphates on zinc and calcium absorption in suckling rats. The Journal of
Nutrition 119(2): 211-214.
Lönnerdal B (2000). Dietary factors influencing zinc absorption. Journal of Nutrition 130:
1378S - 1383S.
López De Romaña D (2000). Experiences with the complementary feeding in the
FONCODES project. Food and Nutrition Bulletin 21(1): 43.
López De Romaña D, Lönnerdal B, Brown K (2003). Absorption of zinc from wheat
products fortified with iron and either zinc sulfate or zinc oxide. American Journal of Clinical
Nutrition 78: 279-283.
Lopez RG, Brown KH, Black RE (1989). Longitudinal studies of infectious diseases and
physical growth of infants in Huascar, an underprivileged peri-urban communities in Lima.
American journal of epidemiology 129: 769-784.
Lozoff B, Georgieff MK (2006). Iron Deficiency and Brain Development. Seminars in
Pediatric Neurology 13: 158-165.
Lutter CK (2000). Processed complementary foods: Summary of nutritional characteristics,
methods of production and distribution, and costs. Food and Nutrition Bulletin 21(1): 95-100.
Lutter CK, Dewey KG (2003). Proposed nutrient composition for fortified complementary
foods. Journal of Nutrition 133(9): S3011- S3020.
Lutter CK (2008). Iron deficiency in young children in low-income countries and new
approaches for its prevention. Journal of Nutrition 138: 2523-2528.
Lutter CK, Rodriguez A, Fuenmayor G, Avila L, Sempertegui F, Escobar J (2008). Growth
and micronutrient status in children receiving a fortified complementary food. Journal of
Nutrition 138: 379-388.
Lynch SR, Stoltzfus RJ (2003). Iron and Ascorbic Acid: Proposed Fortification Levels and
Recommended Iron Compounds 1. Journal of Nutrition 133: 2978S-2984S.
Manios Y, Grammatikaki E, Papoutsou S, Liarigkovinos T, Kondaki K, Moschonis G
(2008). Nutrient intakes of toddlers and preschoolers in Greece: The GENESIS study.
Journal of the American Dietetic Association 108: 357-361.

166

Martorell R, Khan LK, Schroeder DG (1994). Reversibility of stunting: Epidemiological
findings in children from developing countries. European Journal of Clinical Nutrition 48: S45S57.
Masuda Y, Hiramatsu H (2008). Bioavailability and physiological function of eggshells and
eggshell membranes. In: Mine Y (ed). Egg Bioscience and Biotechnology. Wiley-Interscience.
Mendez MA, Adair LS (1999). Severity and timing of stunting in the first two years of life
affect performance on cognitive tests in late childhood. Journal of Nutrition 129(8): 15551562.
Mendoza C, Peerson JM, Brown K, Lönnerdal B (2004). Effect of a micronutrient
fortificant mixture and 2 amounts of calcium on iron and zinc absorption from a processed
food supplement. American Journal of Clinical Nutrition 79(2): 244-250.
Mennen LI, Walker R, Bennetau-Pelissero C, Scalbert A (2005). Risks and safety of
polyphenol consumption. American Journal of Clinical Nutrition 81: 326S-329S.
Miller DD (1989). Calcium in the diet: food sources, recommended intakes, and nutritional
bioavailability. Advances in food and nutrition research 33: 103-156.
Miret S, Simpson RJ, McKie AT (2003). Physiology and molecular biology of dietary iron
absorption. Annual Review of Nutrition 23: 283-301.
Morgan EJ (2007). The effect of dietary-based interventions on the zinc status of 12-20
month-old South Island New Zealand toddlers. Master of Science thesis, University of
Otago, Dunedin.
Morris SS, Cogill B, Uauy R (2008). Effective international action against undernutrition:
why has it proven so difficult and what can be done to accelerate progress. The Lancet 371:
608-621.
Murphy SP, Poos MI (2002). Dietary reference intakes: summary of applications in dietary
assessment. Public Health Nutrition 5: 843-849.
Naves MMV, Fernandes DC, Prado CMM, Teixeira LSM (2007). Food fortification with
egg shell powder as a calcium source | Fortificação de alimentos com o pó da casca de ovo
como fonte de cálcio. Ciencia e Tecnologia de Alimentos 27: 99-103.
Neufeld L, Alvarez D, Lopez LF, Mayo LT, Ruiz JJ, Dommarco JR (2004). A study of the
consumption of the food supplements Nutrisano and Nutrivida by children and women
beneficiaries of Oportunidades in urban areas: External evaluation of the impact of the
human development program Oportunidades. Accessed:
http://www.ifpri.cgiar.org/dataset/mexico-evaluation-progresa, 2009.
Northstone K, Emmett P, Nethersole F (2001). The effect of age of introduction to lumpy
solids on foods eaten and reported feeding difficulties at 6 and 15 months. Journal of Human
Nutrition and Dietetics 14(1): 43-54.

167

Nusser S, Carriquiry A, Dodd K, Fuller W (1996a). A semi-parametric transformation
approach to estimating usual daily intake distributions. Journal of the American Statistical
Association 91: 1440-1449.
Nusser SM, Carriquiry AL, Dodd KW, Fuller WA, Jensen HH. A user's guide to C-SIDE:
Dietary assessment research series report 8. Ames, Iowa, Centre for Agricultural and Rural
Development, Iowa State University, 1996b.
Nutrition Research Centre MPHIU. Nutritional status of Mongolian Children and women
2004 - 3rd National Nutrition Survey report. Ulaanbaatar, UNICEF, 2006.
O'Dell BL, deBowland AR, Koirtyohann SR (1972). Distribution of phytate and
nutritionally important elements among the morphological components of cereal grains.
Journal of Agricultural and Food Chemistry 20: 718-721.
Oelofse A, Van Raaj JMA, Benade AJS, Dhansay MA, Tolboom JJM, Hautvast JGAJ
(2001). Disadvantaged black and coloured infants in two urban communities in the
Western Cape, South Africa differ in micronutrient status. Public Health Nutrition 5(2): 289294.
Oelofse A, Van Raaij JMA, Benade AJS, Dhansay MA, Tolboom JJM, Hautvast JGAJ
(2003). The effect of a micronutrient-fortified complementary food on micronutrient
status, growth and development of 6- to 12-month-old disadvantaged urban South African
infants. International Journal of Food Sciences and Nutrition 54(5): 399-407.
Perez-Exposito AB, Villalpando S, Rivera JA (2005). Ferrous sulphate is more bioavailable
among preschoolers than other forms of iron in a milk-based weaning food distributed by
PROGRESA, a national program in Mexico. Journal of Nutrition 135: 64-69.
Perkin-Elmer. Analytical methods for atomic absorption spectrophotometry: PerkinElmer Corp. USA, 1982.
Perlas L (2002). Nutrient adequacy of complementary diets in Cebu, Philippines, and
laboratory evaluation of household methods for their improvement. Masters of Science
thesis, University of Otago, Dunedin.
Perlas LA, Gibson RS, Adair LS (2004). Macronutrient and selected vitamin intakes from
complementary foods of infants and toddlers from Cebu, Philippines. International Journal of
Food Sciences and Nutrition 55(1): 1-15.
Perlas LA, Gibson RS (2005). Household dietary strategies to enhance the content and
bioavailability of iron, zinc and calcium of selected rice-and maize-based Philippine
complementary foods. Maternal and Child Nutrition 1(4): 263-273.
Persson V, Greiner T, Islam S, Gebre-Medhin M (1998). The Helen Keller International
food-frequency method underestimates vitamin A intake where sustained breastfeeding is
common. Food and Nutrition Bulletin 19(4): 343-346.

168

Pollitt E, Gorman KS, Engle PL, Martorell R, Rivera JA (1993). Early supplementary
feeding and cognition: effects over two decades. Monographs of the Society for Research in Child
Development 58(7): 1-99; discussion 111.
Pollitt E, Jahari A, Walka H (2000). A developmental view of the effects of an energy and
micronutrient supplement in undernourished children in Indonesia. European Journal of
Clinical Nutrition 54(supplement 2): S107-S113.
Porasuphatana S, Chavasit V, Vasinrapee S, Suthutvoravut U, Hurrell RF (2008).
Production and shelf stability of multiple-fortified quick-cooking rice as a complementary
food. Journal of Food Science 73(7): S359-366.
Rafferty K, Heaney RP (2008). Nutrient effects on the calcium economy: Emphasizing the
potassium controversy. Journal of Nutrition 138(1): 166S-171S.
Ramakrishnan U, Nguyen P, Martorell R (2009). Effects of micronutrients on growth of
children under 5 y of age: Meta-analyses of single and multiple nutrient interventions.
American Journal of Clinical Nutrition 89: 191-203.
Reddy NR (2002). Occurence, distribution, content, and dietary intake of phytate. In:
Reddy NR, Sathe SK (eds). Food Phytates. CRC Press: London. pp 30-32.
Rim H, Kim S, Sim B, Gang H, Kim H, Kim Y (2008). Effect of iron fortification of
nursery complementary food on iron status of infants in the DPR Korea. Asia Pacific Journal
of Clinical Nutrition 17(2): 264-269.
Rivera JA, Rodriguez G, Shamah T, Rosado JL, Casanueva E, Maulen I, Toussaint G,
Garcia-Aranda A (2000). Implementation, monitoring, and evaluation of the nutrition
component of the Mexican social programme (PROGRESA). Food and Nutrition Bulletin
21(1): 35-42.
Rivera JA, Sotres-Alvarez D, Habicht JP, Shamah T, Villalpando S (2004). Impact of the
Mexican program for education, health, and nutrition (Progresa) on rates of growth and
anemia in infants and young children: A randomized effectiveness study. Journal of the
American Medical Association 291(21): 2563-2570.
Rosado JL, Diaz M, Gonzalez K, Griffin IJ, Abrams SA, Preciado R (2005). The addition
of milk or yoghurt to a plant-based diet increases zinc bioavailability but does not affect
iron bioavailability in women. Journal of Nutrition 135: 465-468.
Ruel MT, Menon P (2002). Child feeding practices are associated with child nutritional
status in Latin America: Innovative uses of the Demographic and Health Surveys. Journal of
Nutrition 132(6): 1180-1187.
Ruel MT, Menon PT, Loechl C, Pelto GH (2004). Donated fortified cereal blends improve
the nutrient density of traditional complementary foods in Haiti, but iron and zinc gaps
remain for infants. Food and Nutrition Bulletin 24(4): 361-374.

169

Ruel MT, Garrett JL, Hawkes C, Cohen MJ (2010). The food, fuel, and financial crises
affect the urban and rural poor disproportionately: a review of the evidence. Journal of
Nutrition 140(1): 170S-176S.
Saha KK, Frongillo E, Alam DS, Arifeen SE, Lars (2009). Use of the new World Health
Organization child growth standards to describe the longitudinal growth of breastfed rural
Bangladeshi infants and young children. Food and Nutrition Bulletin 30: 137-144.
Sandberg AS, Hulthen R, Turk M (1996). Dietary Aspergillus niger phytase increases iron
absorption in humans. Journal of Nutrition 126: 476-480.
Sandberg AS, Brune M, Carlsson NG, Hallberg L, Skoglund E, Rossander-Hulthe_n L
(1999). Inositol phosphates with different numbers of phosphate groups influence iron
absorption in humans. American Journal of Clinical Nutrition 70(2): 240-246.
Sandberg AS (2002). Bioavailability of minerals in legumes. British Journal of Nutrition 88:
(Suppl.3):281-S285.
Sandstrom B, Almgren A, Kivisto B, Cederbald A (1989). Effect of protein level and
protein source on zinc absorption in humans. Journal of Nutrition 119: 48-53.
Sandström B, Cederblad A (1980). Zinc absorption from composite meals. II. Influence of
the main protein source. American Journal of Clinical Nutrition 33: 1778-1783.
Sarker SA, Davidsson L, Mahmud H, Walczyk T, Hurrell R, Gyr N, Fuchs GJ (2004).
Helicobacter pylori infection, iron absorption, and gastric acid secretion in Bangladeshi
children. American Journal of Clinical Nutrition 80: 149-153.
Sazawal S, Black RE, Ramsan M, Chwaya HM, Stoltzfus RJ, Dutta A, Dhingra U, Kabole I,
Deb S, Othman MK, Kabole FM (2006). Effects of routine prophylactic supplementation
with iron and folic acid on admission to hospital and mortality in preschool children in a
high malaria transmission setting: A community-based, randomised, placebo-controlled
trial. Lancet 367: 133-143.
Sazawal S, Dhingra U, Dhingra P, Hiremath G, Kumar J, Sarkar A, Menon VP, Black RE
(2007). Effects of fortified milk on morbidity in young children in north India: community
based, randomised, double masked placebo controlled trial. British Medical Journal 334: 140145.
Shamah-Levy T, Villalpando S, Rivera-Dommarco JA, Mundo-Rosas V, Cuevas-Nasu L,
Jiménez-Aguilar A (2008). Ferrous gluconate and ferrous sulfate added to a complementary
food distributed by the Mexican Nutrition program Oportunidades have a comparable
efficacy to reduce iron deficiency in toddlers. Journal of Pediatric Gastroenterology and Nutrition
47(5): 660-666.
Sherriff A, Emond A, Bell JC, Golding J (2001). Should infants be screened for anaemia?
A prospective study investigating the relation between haemoglobin at 8, 12, and 18
months and development at 18 months. Archives of disease in childhood 84: 480-485.

170

Shrimpton R, Victora CG, de Onis M, Lima RC, Blössner M, Clugston G (2001).
Worldwide timing of growth faltering: implications for nutritional interventions. Pediatrics
107: e75.
Siegenberg D, Baynes RD, Bothwell TH, Macfarlane BJ, Lamparelli RD, Car NG,
MacPhail P, Schmidt U, Tal A, Mayet F (1991). Ascorbic acid prevents the dose-dependent
inhibitory effects of polyphenols and phytates on nonheme-iron absorption. American
Journal of Clinical Nutrition 53: 537-541.
Singh K, Ghoshal UC (2006). Causal role of Helicobacter pylori infection in gastric cancer:
An Asian enigma. World Journal of Gastroenterology 12(4): 1346-1351.
Smith LC, Ruel MT, Ndiaye A (2005). Why is child malnutrition lower in urban than in
rural areas? Evidence from 36 developing countries. World Development 33: 1285-1305.
Solomons NW, Jacob RA (1981). Studies on the bioavailability of zinc in humans: effects
of heme and nonheme iron on the absorption of zinc. American Journal of Clinical Nutrition
34: 475-482.
Sommer A, Tarwotjo I, Djunaedi E, West K, Loeden AA, Tilden R, Mele L (1986). Impact
of vitamin A supplementation on childhood mortality: a randomised controlled community
trial. Lancet(British edition): 1169-1172.
Spencer H, Kramer L, Norris C, Osis D (1984). Effect of calcium and phosphorus on zinc
metabolism in man. American Journal of Clinical Nutrition 40(6): 1213-1218.
Steckel RH (2002). Health, nutrition and physical well-being. In: Carter S, Haines M,
Olmstead A, Sutch R, Wright G (eds). Historical statistics of the United States: Millennial Edition.
Cambridge University Press: New York.
Tartanac F (2000). Incaparina and other Incaparina-based food: experiences of INCAP in
Central America. Food and Nutrition Bulletin 21: 49-54.
Teucher B, Olivares M, Cori H (2004). Enhancers of iron absorption: ascorbic acid and
other organic acids. International Journal for Vitamin and Nutrition Research 74(6): 403-419.
Tomlinson M, Landman M (2007). 'It's not just about food': Mother-infant interaction and
the wider context of nutrition. Maternal and Child Nutrition 3(4): 292-302.
Umeta M, West CE, Fufa H (2005). Content of zinc, iron, calcium and their absorption
inhibitors in foods commonly consumed in Ethiopia. Journal of Food Composition and Analysis
18(8): 803-817.
Underwood BA (1994). Maternal vitamin A status and its importance in infancy and early
childhood. American Journal of Clinical Nutrition 59: 517S-524S.
UNICEF (1990). Strategy for improved nutrition of children and women in developing
countries. UNICEF Policy Review: 1-38.

171

United Nations. Report of the world food conference New York, United Nations, 1975.
United Nations. The millennium development goals report 2009. New York, 2009.
Universal Declaration of Human Rights. G.A. Res 217A (III): A/810 at 71, UN, 1948.
Valberg LS, Flanagan PR, Chamberlain MJ (1984). Effects of iron, tin, and copper on zinc
absorption in humans. American Journal of Clinical Nutrition 40: 536-541.
Varma JL, Das S, Sankar R, Mannar MGV, Levinson F, Hamer D (2007). Community-level
micronutrient fortification of a food supplement in India: a controlled trial in preschool
children aged 36-66 mo. American Journal of Clinical Nutrition 85: 1127-1133.
Venkatesh Mannar MG, van Ameringen M (2003). Role of public-private partnership in
micronutrient food fortification. Food and Nutrition Bulletin 24(4): S151-S154.
Victora CG, Barros FC, Kirkwood BR, Vaughan JP (1990). Pneumonia, diarrhea, and
growth in the first 4 y of life: a longitudinal study. American Journal of Clinical Nutrition 52:
391-396.
Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, Sachdev HS (2008).
Maternal and child undernutrition: consequences for adult health and human capital. The
Lancet 371: 340-357.
Villalpando S, Shamah T, Rivera JA, Lara Y, Monterrubio E (2006). Fortifying milk with
ferrous gluconate and zinc oxide in a public nutrition program reduced the prevalence of
anemia in toddlers. Journal of Nutrition 136: 2633-2637.
Walker SP, Wachs TD, Meeks Gardner J, Lozoff B, Wasserman GA, Pollitt E, Carter JA
(2007). Child development: risk factors for adverse outcomes in developing countries.
Lancet 369: 145-157.
Wasantwisut E, Winichagoon P, Chureeporn C, Yamborisut U, Boonpraderm A,
Pongcharoen T, Sranachroenpong K, Russameesoaphorn W (2006). Iron and zinc
supplementation improved iron and zinc status, but not physical growth, of apparently
healthy, breast-fed infants in rural communities of northeast Thailand. Journal of Nutrition
136: 2406-2411.
WHO (2004). Guiding principles for complementary feeding of the breastfed child. World Health
Organization: Geneva.
WHO (2007). Conclusions and recommendations of the WHO consultation on prevention
and control of iron deficiency in infants and young children in malaria endemic areas. Food
and Nutrition Bulletin 28: S621-627.
WHO (2009a). Immunization service delivery and accelerated disease control; Accessed:
10/08/2009,
http://www.who.int/immunization_delivery/interventions/vitamin_A/en/index.html

172

WHO (2009b). Estimating appropriate levels of vitamins and minerals for food
fortification programmes: A WHO modelling software programme: Accessed:
17/02/2010,
http://www.who.int/nutrition/topics/meeting_vitmin_foodfortification/en/index.html
WHO/FAO (2002). Joint FAO/WHO expert consultation. Vitamin and mineral requirements in
human nutrition. World Health Organization: Geneva.
WHO/FAO (2004). Vitamin and mineral requirements in human nutrition, Second edn. World
Health Organization: Geneva.
WHO/FAO (2005). A model for establishing upper levels of intake for nutrients and
related substances: Report of a Joint FAO/WHO technical workshop on nutrient risk
assessment Geneva, Switzerland, WHO.
WHO/FAO (2006). Guidelines on food fortification with micronutrients. The World Health
Organization and Food and Agriculture Organization of the United Nations: Geneva.
WHO/UNICEF (1998). Complementary feeding of young children in developing
countries: a review of current scientific knowledge. Geneva, World Health Organization,.
Wiley AS (2009). Consumption of milk, but not other dairy products, is associated with
height among US preschool children in NHANES 1999-2002. Annals of Human Biology
36(2): 125-138.
Yan L, Prentice A, Dibba B, Jarjou LMA, Stirling DM, Fairweather-Tait S (1996). The
effect of long-term calcium supplementation on indices of iron, zinc and magnesium status
in lactating Gambian women. British Journal of Nutrition 76(6): 821-831.
Ziegler EE, Nelson SE, Jeter M (2009). Iron status of breastfed infants is improved equally
by medicinal iron and iron-fortified cereal. American Journal of Clinical Nutrition 90(1): 76-87.

173

Appendix 1: Sampling protocol
Protocol for collection of manufactured complementary foods for chemical analysis
in the trace element laboratory of the Department of Human Nutrition, University
of Otago.
We are aiming for a market survey rather than a selection based on use by mothers.
Nevertheless, if you can choose brands that you know are most commonly used by urban
mothers, this would obviously be an advantage. Our aim is to analyze ~ 6-8 different types
of dried complementary foods per country, preferably locally manufactured within the
country, or imported from a neighbouring country. If possible, we would prefer some of
the CFs purchased to be fortified and some unfortified. We recognize that some countries
do not produce commercially any locally manufactured CFs, but instead sell those
manufactured by multinationals such as Nestle etc. We have already analyzed some Nestle
products sold in Zambia.
The brands already analyzed are the following: Nestrum; Cerelac; Vitasoy Instant porridge;
Nutrex instant porridge. Therefore, if the products available in your country are only those
sold by multi-nationals, we are interested in analyzing those from multi-nationals (except
those itemized above as they have already been analyzed). Instead, please purchase other
varieties. You will need to supply us with the list of ingredients, fortificants, and the
instructions for the preparation of the CF translated into English.
New Zealand is very strict about importation of food products. However, if they are
manufactured products that are packaged, officially labeled, and in a sealed package, we are
allowed to import them without a permit from the Ministry of Agriculture and Fisheries.
Hence, the easiest way to ship the CFs to our lab is to adopt the following protocol:
1. Purchase five primary samples of each complementary food type. Each primary
sample must be purchased from a different market or shop, and preferably all
should have different batch numbers.
2. Ship all five primary samples of each complementary food type to NEW Zealand in
their sealed packages. They should be sent by FEDEX, who will require a detailed
list of the contents of the parcel to be enclosed in an envelope on the outside of the
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parcel for the NZ customs. The list of contents should specify the name of each
CF brand, number of packets for each brand, and a description of the ingredients
for each brand of CF, if specified on the packet such as: dry processed precooked
rice cereal fortified with iron for infant and young child feeding.
3. On arrival in our laboratory, we will then prepare a blended composite sample
from the five primary samples of each complementary food type.
4. One aliquot of the blended composite will be withdrawn for chemical analyses on
the raw flour sample using the protocol outlined in Gibson and Ferguson (2008).
Analyses of moisture, iron, zinc, copper, calcium, and phytate will be determined,
and the phytate:mineral ratios will be calculated.
5. A second aliquot will be withdrawn from some of the blended composites using
the protocol outlined in Gibson and Ferguson (2008). This second aliquot will be
prepared using package instructions or local recipes, where necessary in the
metabolic kitchen of the Department of Human Nutrition.
6. After cooking, each prepared porridge will be freeze-dried, and then dried to
constant weight, prior to analyses of iron, zinc, copper, calcium, and phytate, and
calculation of phyate:mineral ratios.
7. Concentrations of iron, zinc, copper, calcium, and phytate in raw and cooked
porridges will be compared.
8. Assuming the recommended ration of 40 g/day of dry flour for an infant 9-11 mos
(Lutter and Dewey, 2003), we will then calculate the intake of Ca, Fe, Cu, and Zn
for comparison with the WHO estimated needs.
We will of course reimburse you the cost of the CFs and the FEDEX charges or those
of a similar agent.
Parcels should be addressed as follows:
For the attention of Dr Karl Bailey,
c/o Trace element Laboratory,
Department of Human Nutrition, University of Otago,
PO BOX 56,
Union St,
Dunedin, 9015, New Zealand
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Appendix 2: Iron probability tables
Probability of inadequate iron intakes and associated ranges of usual intake for infants and
children
Probability of inadequacy

Infants 8 to 12 mo

Children 12 to 36 mo

1

< 3.01

< 1.8

0.96

3.02-3.63

1.8-2.3

0.93

3.64-4.35

2.3-2.8

0.85

4.36-5.23

2.8-3.6

0.75

5.24-5.87

3.6-4.2

0.65

5.88-6.39

4.2-4.8

0.55

6.40-6.90

4.8-5.4

0.45

6.91-7.41

5.4-6.1

0.35

7.42-7.93

6.1-6.9

0.25

7.94-8.57

6.9-7.9

0.15

8.58-9.44

7.9-9.5

0.08

9.45-10.17

9.5-10.9

0.04

10.18-10.78

10.9-12.3

0

>10.78

>12.3

For population assessment purposes, a probability of 1 has been assigned to all usual
intakes falling below the 2.5th percentile of requirement, and a probability of 0 has been
assigned to usual intakes that fall above the 97.5th percentile.
Adapted from WHO (2006) and IOM (2001)
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