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Preface
 
Iron deficiency anemia (IDA) is the most prevalent nutritional problem in the world 

today. At greatest risk are young children and women of reproductive age, especially 

pregnant and lactating women. Though prevalent in all countries, IDA is most 

widespread and severe in developing countries. The cause is due in large part to the 

types of foods consumed, diets principally of high cereals, legmmes and vegetables. 

Often these foods contain substances, such as phytates, which inhibit the absorption 
and biological utilization of iron. 

Significant progress has been made in understanding the Wide variations in iron 

bioavailability as affected by the form of chemical iron, the food and diet consumed, 
and the fortification technology for a variety of foods, with different forms of iron. 

Majol studies have been conducted with sodium iron ethylencdiaminetetraacetic 
acid (NaFeEDTA). NaFeEDTA is a unique compound that both makes iron available 

for absorption in the presence of several food inhibitory factors, and can be incorpo

rated into certain foods without adverse organoleptic effects, whether taste, smell or 

color. It represents a major addition to the iron arsenal because this unique iron 

compound Canl b used in diets where conventional food iron compounds cannot

high cereal or legume diets. 
This monograph presents the scientific and technical information that paved the 

way for the Joint tFAO/WHO) Expert Committee on Food Additives (JECFA) to 

recommend that NaFeEDTA be included as an iron food additiv by the Codex 

AlmcntariuIs Commission of the World Health nrn,,,miztion IWHO) and Food and 

Agriculture Organization (FAO1. FL m.n4iraph is intended for use by industry, 
donor agencies. mnvcrnin ts, nongovcrnment orgalidations, and research institu
tifonS. 

Th, IjS.Agency for International Development, long a supporter G1 Lhte Inurna 

tional Nutritional Anemia Consultative Group (INACG), believes this monograph 

will significantly advance prospects for appropriate and effective iron fortification 
programs. It is an example of the Agency's effort to alleviate iron deficiency anemia 
worldwide. 

Richard M. Scifman 
Director
 
Office of Nutrition 
Bureau for Research and Development 
U.S. Agency for International Development 
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Executive Summary
 
Summary Statement: Sufficient information is available to reconmend the use of 

sodiun iron ethllenediafinetetrthceticacid (NaFeEDTA), also called iron EDTA, 
for food fortilication in prokgralns to improve iron status. This rcconnendation is 
supported by the recent provisionalapproval by the Joint FAO/WHO Expert Coin
inlttce on Food Additives of NaFeEI)TA as sate in food fortification prograns for 
populaltio)nsin which iron de'ficienCn "sendenic. 

Fortitication wiPh NaFeEI)A is expected to be most efficacious in iron-deficient 

populations subsisting 0) cereal- and leguie-lasod diets, such as whole-iheat 
flouir, cOT?) meal. :;o5vbean, and other lgunie products. Condiments such as sugar, 
salt, fish sauce., so sauce. and certain spices could also serve as vehicles for 
delivering NaFeEITA. 

It is als pc,.iblc to ulse, when appropriate,othersoluble ironsalts in conjunction 
with sodium EDTA or sodin calcium EDTA a(ialternativesto NaFeEDTA. This less 
expe'nsivc techn5ology, however, is usefl only for foods storedfor short periodts.These 
compounds disintegrat' relativelly rapidly,andas they do,they renderfoods organo
lepticallv unsuitable. 

Thus, NaFIEI)TA is particuklrlv"attractive for food fortification because of its 
chenlical stabilityand suitabilityin foods that require prolonged storageor that are 
preparedat high te]mperatures+.This is in addition to the unique iron bioavailability 
of the comnpound, its propertyof not bein, incapacitated1i' many food iron inhibi
tors, and its sate nature as indicatedfrom toxicological studies, human absorption 
tests. and field f()rtification trials. 

About I billion of the world's 6 billion inhabitants suffer from nutritional iron 
deficiency. It is the most common cause of anemia. Young children and women of 
childbearing age are affected most. The consequences vary depending on the setting in 
which it occurs. Anemia during pregnancy leads to an increased risk of premature 
labor and a higher perinatal morbidity i:nd mortality. The mental development of 
young children may be impaired and later affect their performance at school. Iron
deficient adults cannot carry out physical endurance t',sks as vell as their iron-replete 
peets, limiting thcir ability to generate income in many developing countries. 

Nutritional iron deficiency results from the failure of iron absorbed from the diet to 
meet body requirements. Itoccurs most commonly when needs are increased by rapid 
growth, menstruation, pregnancy, or pathological blood loss. Dietary iron intake 
always exceeds requLirelrients by a sizable margin. Iron deficiency is, therefore, the 
result of inadequate absorption owing to the body's inability to extract all the iron 
needed from many foods. While meals with a large meat component are an excellent 
source of iron, many cereal and vegetable foods contain large quantities of phytate, 
polyphenols, and other constituents that bind iron, rendering it unavailable for 

absorption. 
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Many attempts have been made to reduce the prevalence of iron deficiency by
fortifying foods with iron. Unfortunately, bioavailable iron salts added to foods are
affected by the same inhibitory factors as the iron already present in the food. In the
few trials that have proven to be effective, iron has been added in combination with an
absorption enhancer. The use cf vitamin C and iron in milk was effective in Chilean
children. Satisfactory results were reported for the use of ferrous sulfate stabilized
with orthophosphoric acid and sodium acid sulfate and added to table salt. From the
practical point of view, both strategies have drawbacks. Vitamin C is expensive and
relatively unstable. Prolonged storage or cooking frequently rendcrs it inactive. The 
use of iron-fortified salt is limited by the lack of central distribution points in many
counties and the susceptibility of ferrous sulfate to inhibitory food factors. 

A third strategy, the use of sodium iron ethylenediaminetetraacetic acid (NaFeEDTA),
is the subject of this monograph. NaFeEDTA is particularly attractive because of its
chemical stability. It issuitable as a fortificant for foods that require prolongcd storage 
or high temperatures during preparation.

The physical ropCrties and physiological effects of Cthylenediaminetetraacetic
acid (EDTAi are discussed in chapter Il. EDTA is a multidentate {literally
"multitoothed" chelating agent capable of forming complexes with metal ions such 
as calcium, iron, copper, manganese, lead, etc. The nature of the solution in which
EDTA is present with respect to factors such as acidity and the concentrations of the
various metal ions determines which metal complex is formed; e.g., in the acidic 
environment present in the human stomach, binding of iron to EDTA is favored. 
However, when the intestinal contents become m,re alkaline in the dtLodentmIt
because of the inflow Of bile and pancreatic juices, the iron is exchanged in part for 
calcium, copper, and zinc. In human beings, most iron is absorbed from the duode
num. Therefore, EI)TA promotes iron absorption by acting as a "shuttle," freeing iron
in the stomach from factors such as phytate that inhibit its absoqtion and then
releasing the iron in the proximal end of the duodenum, where it is absorbed. 

The amount of iron taken up Ky the body varies depending on the body's require
ments. Only a small fraction of the EDTA itself (5%or less) is absorbed, most of it in 
a form in which it is bound to metal ions other than iron. Absorbed EI)TA is rapidly
and Completely excreted in the urine and does not accImulate in the body. Inthe Iose 
range recommcnded tr fortification, it is nontoxic. Infact similar quantities of EDTA
have been present in the diets of individuals in many cr untries for many years as a
resIlt of its use as a sequestering agent in foods to prevent changes in color, flavor, and 
texture. The "shuttle" action described above for EDTA occurs regardless of whether 
EDTA is introduced as NaFeEI)TA oranother EDTA salt such as Na,EDTA. However,
its effectiveness is critically depen(dent on the ratio Of the quantity of iron to the 
quantity of EDTA present in the food. Iron is best absorbed when the iron:EDTA ratio(expressed as a molar ratio) isbetween 4:1 and 1:1. Further increases in the proportion 
of E[)TA reduce iron albsorption.
 

It is clear from the preceding discussion that iron and EDTA 
are absorbed by
separate and independent mechanisms when NaFeEDTA is added to a meal. Less than
1%of the NaFcEDTA complex is absorbed intact. This small amount is completely 
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excreted in the urine. The iron is not utilized by the body. 
Studies of the effects of NaFeEDTA and Na,EDTA on human iron absorption are 

described in chapter III. Iron added as NaFcEDTA is absorbed two to three times better 
than ferrous sulfate from vegetable meals. The difference in absorption is greatest in 
meals with poor ferrous sulfate bioavailability. From the practical point of view, it is 
important to note that at least 10% of the fortification of iron is absorbed from all but 
the most inhibitory meals. The use of the EDTA chelator has an additional benefit 
that is a predictable result of its action as an iron "shuttle" between iron binders in the 
food and th. absorption process in the duodenum. It improves the absorption of the 
intrinsic food iron as well. As a consequence, at least 10% of all the iron (both food 
iron and fortification iron) isabsorbed from the meal. Furthermore, fortification with 
iron and EDTA is equally effective when presynthesized NaFeEDTA is added to a 
food, as when a soluble iron salt such isferrous sulfate and NaEDTA is added 
separately to the same meal provided that adequate mixing occurs. 

The absorption of iron from meals fortified with NaFeEDTA is controlled by the 
same physiological factors thait determine food iron absorption. There is a close 
inverse relationship between the percentage of iron absorbed and the size of body iron 
stores, providing further support for the contention that NaFeEDTA iron is available 
to physiological pathways for absorption. 

NaFeEDTA is not an appropriate fortificant for meals in which iron bioavailability 
is intrinsically satisfactory or has been improved by the addition of another absorption 
promoter such as a:;corbic acid. Bioavailability is not improved by the EDTA. In fact, 
the promoting effect of ascorbic acid may be diminished and the percentage of iron 
absorption reduced by EDTA. 

The final chapter chapter IVI describes the results of three field trials employing 
NaFeEDTA. The vehicles used were sugar in one and condiments in the other two. 
Wheat flour and other cereals are equally suitable potential vehicles for NaFeEDTA. 
Although NaFeEDTA is not free of organoleptic problems, it performs better than 
many other comlpounds. It did not affect the consumer acceptability of the products to 
which it was added in the three trials. An improvement in iron status among the 
groups receiving the fortified food was noted in each of the trials. In the more recent 
trial, the observed prevalence of iron deficiency anong women dropped from 22 to 
4.9% at the end of the 2-year fortification. Those with anemia accumulated about half 
a grain of body iron. In contrast, iron-replete males experienced only a small rise in 
iron stores. No untoward effects were observed, and no change in zinc status was 
noted in the two trials in which plasma and urinary zinc levels were measured. In this 
context, it is important to note that despite earlier concerns about the effect of EDTA 
on zinc, recent human studies suggest that the EDTA level proposed for iron 
fortification would either have no effect on zinc balance or improve zinc balance from 
diets with a very low-zinc content. 

Based on the information presented in this monograph, it is evident that EDTA is 
a safe fod additive. Na,EDTA and CaNa,EDTA have been used by the food industry 
for a considerable period of time. NaFeEDTA would be suitable for fortifying wheat 
flour, other cereal and legume products, and many other foods. Its use should be 
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targeted at adults and children over the age of 2 years. Provisional approval for its use
in monitored national fortification programs has been obtained from the Joint FAO/
WHO Expert Committee onl Food Additives (JECFA). This committee serves in an
advisory capacity to the Food and Agriculture Organization of the United Nations and
the World Health Organization (FAO/WHO) Codex Alimentarius Commission. 
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i. Introduction
 

Prevalence of Iron Deficiency Anemia 
It has been eStilmated that 1hill:)n of the world's 5 billion inhabitants stiffer from 

nutritional iron deficiency anemia (MacPhail and Bothwell, 1992). Most of these 
individuals live in developing countries where the prevalence of iron deficiency 
anemia may he as high as 60-70' in preschool children and 60-80% in pregnant 
women Bothxwell et al., 1979; Simmons and Gurney, 1980). Some survey data are at 
least 20 years old, but current estimates confirm that 60-70% of the most vulnerable 
individuals in some countries are still affected despite 40 years of research (INACG, 
1990; MacPhail and Bothwell, 1992). 

Consequences of Iron Deficiency 

The physiologic and economic consequences of iron deficiency are well estab
lished. They occur at all ages although the most significant effects on the individual 
may vary depending on developmental stage. Iron deficiency is the most important 
cause of anemia during pregnancy, and even a modest decrease in hematocrit may 
double the risk of premature labor (Lieberman et al., 1988). Perinatal morbidity and 
mortality are increased (Bothwell et al., 1979). In growing children iron deficiency 
may significantly lilit intellectual potential (Lozoff et al., 1991); and psychomotor 
development can be affected permanently. Iron deficiency in childhood may therefore 
have significant long-term consequences for the lifestyles and achievement poten
tials of those affected. One study recorded an improved rate of physical growth and 
diinlished severity of acute and chronic infectious diseases in iron-deficient anemic 
children given an oral iron supplement (Chwang et al., 1988). 

From the socioeconomic point of view, the limitation that iron deficiency places on 
an adult's ability to perform tasks requiring physical endurance may be equally 
important. Studies involving laborers in different countries have demonstrated im
paired productivity as a result of iron deficiency (Edgerton et al., 1979; Basta et al., 
1979). Affected individuals are usually the family breadwinners. Consequently the 
economic impact of iron deficiency on the family and the society may be far greater 
than is immediately apparent (Levin, 1986). 

In summary, from the public health point of view, iron deficiency places a severe 
handicap on the productivity of society because of the long-term consequences of 
premature birth, impaired cognitive achievement, and reduced ability to perform 
physically demanding tasks. 
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Causes of Nutritional Iron Deficiency 
Nutritional iron deficiency results from the failure of iron absorbed from the diet to 

meet body requirements. Therefore, it is most often associated with periods of
increased physiological need. The highest prevalence rates occur in infants, children,
and adolescents, reflecting the demands of growth and the expanding red cell mass. 
Rates are also high in prcmenopausal women becausc of menstrual blood losses and
the increased demands of pregnancy (Bothwell et al., 1979). Nutritional iron defi
ciency is aggravated when there are pathological losses, such as with hookworm 
infestation. 

On the basis of measurements taken in Western countries, dietary iron intake is 
closely related to energy intake (approximately 6 mg Fc/1000 kcal; Bothwell et al.,
19791. Relative differences between iron and caloric requirements in men, women,
and children are reflected by significant vaIriation in the percentage of dietary iron that 
must be absorbed to mect physiological needs (Table 1). Adult men, who have the 
highest caloric intakes and lowest iron reqlirenlents, are least likely to stiffer from 
iron deficiency, because absorption of as little as 5% of the iron ingested may satisfy
their needs. Infants in the postwcaning period require fewer calories btit almost as 
mtIch iron. Women with high physiological losses reqtuire more iron but fewer 
calories. The latter two groups must extract approximately three times as much of the 
iron they consume (13, 16% respectively) and therefore are at nuIch greater risk when 
the bioavailability Of dietary iron, is low. Pathological bhod hss wotIld further 
compromise iron balance. 

It is also evident from Table I that daily iron intake always exceeds the body's
requirement by a sizeable margin. Ifall the ingested ion were available for absorption,
iron deficiency would not occur. However, even when conditions are most favorable 

Table I Relationship Between Iron Requirements and Dietary Iron Supply 

Young children Adults 
6-18 Months Male Fenale 

Mean weight (kg) 10 70.0 60.0 (60.0)
Food intake (kcal) 1120 3000 2300
Iron intake (rag) 6.7 19.2 13.8(13.81
Iron requiremen (ing) 0.9 1.0 1.4 (2.2)
Absorption requirement (%) 13 5.0 10.0(16.0) 

Values in parentheses are for wonicn with monthly menstrual blood loss exceeding 80 mL (10% of women).
Source: Etc'chcdiaof Food Science, Food Technology & Nutrition 
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for iron absorption, as when an iron-deficit:,it individual cats a meal providing highly 
bioavailable iron, only about 30% of the iron is absorbed (Cook, 19901; more than two 
thirds is wasted. This is a conIsequcICe of the body's inability to extract needed iron 

from food and not ot physiological control mechanisms. Absorption of the most 
available form of iron (ferrous sulfate together with ascorbic acid given in the fasting 
state to an iron-deficier- individual) iay excecd 90% (Bezwoda et al., 1979). Observa

tions like these have 'ed to the realization that the bioavailability of dietary iron is as 
important or even more important in the maintenance of iron balance than is the total 
amount ingested. 

Iron Absorption 
Several excellent reviews describing the factors governing the bioavailability of 

food iron as well as the adaptations that occur in iron deficiency are available 
(Hallberg, 1981; Charlton and Bothwell, 1983; Monsen, 1988; Cook, 1990). Only a 

brief sumImiry will be given here. Iron enters the body through two separate path
ways: h1en11C and nonllele. 

Heie iron. Heine iron derived primarily from hemoglobin and myoglobin in irieat is 

transferred to the intestinal cells as the intact porphyrin complex. The heine oxygenase 

enzyme rapidly releases the iron. It mixes with other iron taken up by the cell before 

regulated transfer to the blood stream occurs. Hene iron is virtually always well 
absorbed 120-251) and is little affected by other elements of the meal in which it is 

eaten. However, it ;mlounts to only 10% or less of the dietary iron even in Western 
populat tns with a high meat coInsumption. The diets of most individuals in develop

ing countries contain very little meat. 

Common nonhelne luminal pool. The rest of the dietary iron is in an inorganic form. 

This nonheme iron has a heterogcnous origin, being derived from vegetable foods, 
inorganic containinant iron, meat iron that is not in the form of hene, and inorganic 

iron fortificants added to the diet. The absorption of iron from all these sources 

requires prior SlubiliZation.( A common 1onhemCiron pool containing this soluble 

iron is formCd in the lumen of the upper gastrointestinal tract. Absorptive inecha

nisms then extract iron from the pool. The anotnt of iron absorbed depends not only 
on mucsIsal behavior in the intestinal wall, bu also on the presence of ligands in the 

meal, which either promote or depress iron absorption from the pool. Because 

nonheme iron absorption occurs before food has been exposed to the most powerful 
digestive enzymes, it is not surprising that the ligands present in undigested or 

partially' digested foods play a major role in absorption. Several of these enhanccrs and 

inhibitors of nonheme iron absorption have been identified (Table 21. Their central 

role in modifying the percCtage absorption of all nonheme iron in a meal including 
any added fortification iron is wel ,stablished. 

Insoluble iron. A variable proportimn of iron ingested is in tirms that are not readily 

solubilized in the upper gastrointestinal tract. This iro, does not enter the common 
nonhCme ( and is essentially Unavailable for absoilrtion. Such iron may contami-
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Table 2 Enhancers and Inhibitors of Nonheine Iron Absorption 

Absorption affecters Food source 

Enhancers
 
Ascorbic acid 
 Fruits and vegetables
Animal tissue Meat, fish, pPultry 

Inhibitors
 
Polyphenols 
 Tea, coffee, some vegetables (c.g., 

eggplant, spinach), sorghum, lentilsPhytate Cereals (e.g., wheat, maize, rice), 
legumes (e.g., soybean products)Calcium Milk 

Protein Soybean protein products, 
milk, manufactured foods containing 
bovine cascin 

nate meals as a result of primitive methods of preparation and storage; may occurnaturally in certain foods, such as intact rice grains; or may be added to the food as an 
insoluble iron fortificant. 

Strategies for Controlling Iron Deficiency 
The Lblic halth importance of nutritional anemia has been recognized by theWorld Health Organization (WHO) since 1949 (Baker and DeMaeyer, 1979). WHO andother internatiomal and national agencies have sponsored efforts directed towardsunderstanding factors affecting iron balance and designing methods ,for eliminatingiron deficiency anemia. In general, strategies have been based on oic or more of the 

following elements: 
* 	Iron .S1t))leiLme'ntatio-providingmedicinal iron usually as an oral preparation

but occasionally as an injection.
* 	Iron fortifiCttionl-addingiron to regularly consumed foods in the diet with or 

without absolrptic'l enhancers. 
* 	Reduction of iron loss-for example, treating or preventing hookworm infesta

tion. 
Iron supplementation. This has the potential for producing a rapid improvement iniron status. It is particularly useful when a small segment of a population with thegreatest need can be identified. The method is also most suited to situations whereiron requirements are increased for a predictable and short period of time only (e.g.,during pregnancy). Unf rtunately, its effectiveness is often limited by the occurrenceof gastrointestinal side effects, the difficulty of both instilling and sustaining themotivation required for adequate compliance, and the necessity of having an effective 
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health care delivery system to distribute or administer the iron preparation. 
For situations where a chronic imbalance between iron supply and iron require

ments exists, iron supplementation, which should only be given for short periods of 
time, is only a temporary solution. If increased requirements continue after the 
supplementation period, iron balance can again only be achieved by increased 
absorption from the diet. Moreover, if supplementation provided iron sufficient to 
restore body stores, these stores will be used first; iron absorption increases only when 
body iron stores fall. The percentage absorbed is proportional to the size of the 
remaining iron store and will be maximal only when the iron store is again exhausted. 
When dietary bioavailability is low, negative iron balance may persist even when the 
physiologic adaptive lechanisms are again maximized, and anemia will recur. 

The speed with which iron deficiency recurs is a function of the individual's iron 
requirement and the size of the iron store achieved at the end of the supplenentation 
period. Ifdemands are low, iron stoe sare dephLt,,'d very slowly. By way of illustration, 
Cook (10o90) provided a hypothotical example. He calculated that a normal adult male 
with 1000 ing iron stores and a normal daily requirement ')f 1mg would take 3-5 years 
to deplete this store even if his iron supply were totally eliminated (i.e., his diet 
contained no iron). By colparison a woman of childbearing age would be unlikely to 
attain an iron store exceeding 300 nig. Ifhigh menstrual losses increase her daily iron 
reqtlirCmcnt to 1.5-2.5 mg and she isdeprived of an oral iron supply, her iron store will 
be depleted in only 6-12 months. It is therefore evident that individuals with high iron 
requirements, whether it be for rapid growth in childhood or to meet the needs of 
menstrual loss and pregnancy in adult women, must have a continuous source of 
highly bioavailable iron in the diet. Because of the relatively small amount of heme 
iron in all human diets and its virtual absence from meals eaten in developing 
countries, the amount of bioavailable iron in the nonheme pool becomes the deter
mining factor in controlling iron status. 

Iron fortification. Evaluating the information on nutritional iron deficiency gathered 
over the last 40 years has led most investigators LO conclude that iron fortification of 
the diet is the only cost-effective long-term strategy for reducing the prevalence of 
iron deficiency in most developing countries (Cook and Reusser, 1983; MacPhail and 
Bothwell, 1')92). Food has been fortified with vital nutrients including iron in several 
Western countries, including the United States, Canada, Sweden, and tl.e United 
Kingdom, since the early 1940s. Other countries that require wheat flour to be 
fortified with iron include Chile, Denmark, Guiana, Kenya, Zambia, and Nigeria 
(Barrett and R0um, 1985). Inthe United States, guidelines have also been established 
for fortifying corn and rice. 

The standards set by most countries for fortifying wheat flour, bread, and pasta 
products are based on restoring the quantity of iron removed by milling. Other foods, 
such as infant formulas and ready-to-eat breakfast cereals in the United States, have 
been used as vehicles to deliver additional iron (i.e., an amount greater than that found 
in the raw material). The aim has been to reduce further the prevalence of iron 
deficiency. 
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The prevalence of iron deficiency in most Western countries has declined remark
ably since iron fortification was first introduced. An analysis of information gathered
in the United States between 1976 and 1980 indicates that less than 6% of the most 
vulnerable groups (pregnant women and young children suffer from iron deficiency 
anemia (Dallman et al., 1984). 

There is little doubt that iron fortification plays an important role in ensuring
adequate iron nutrition in infants who are not breast-fed in the United States 
(Dallman, 1990). Most pediatricians consider that iron-supplemented formula pro
vides a reliable soLirce of iron during the first year of life (Committee on Infant 
Nutrition, 1976. Infant cereal products are usually also fortified. 

It is less certain that the introduction of iron fortification is directly responsible for 
the improved iron status of older children and adults. Although there is a general
impression that iron fortification has indeed had a favorable impact, the bioavailability
of some of the iron comlpounds used for fortification has been questioned (Elwood et 
al., 1971; Hallberg et al., 1986; Foman, 1987). In additicn, several other factors have 
undoubtedly contributed to the improved iron status. They include the concurrent 
increase in affluence, a wider food selection, smaller families, the use of oral contra
ceptives, and self-supplementation with iron and vitamin preparations (Hallberg et 
al., 1979).
 

The efficacy of iron fortification in older children and adults 
 is questionable
because of the difficulty of adding iron to the diet in a readily absorbed form. The 
choice of a suitable iron source for dietary fortification has presented legislators, grain 
product suppliers, and the food industry with a major dilemma. Forms of iron that are
easily added to food without causing changes in color, taste, or appearance are 
generally poorly absorbed and therefore very tunlikely to improve iron nutrition. On 
the other hand, highly bioavaiablc forms of iron, such as ferrous sulfate, may affect 
the storage properties and the acceptability to the consumer of the final product
(Barrett and Mnum, 1985). For these reasons compromises have been made. An iron 
source has sometimes been selected solely for its stability and lack of interaction with 
other components in the food. Fortification with this type of compound is usually
futile. Frequently a balance has been struck between the bioavailability of a com
pound and its lack of reactivity with the vehicle. The use of a form of elemental ironis a good example of such a compromise. However, a Swedish study (Hallberg et al.,
1986) suggests that the bioavailability of the carbonyl iron used in Sweden as a 
fortificant is much less than was reported in the initial absorption trials using
elemental iron (Cook et al., 1973). Bioavailable iron compounds, such as ferrous 
sulfate, are the most likely to lead to improved iron balance. Unfortunately, their 
reactivity with other food elements restricts the conditions for using th,'m. 

The use of a bioavailable iron comapound does not guarantee success. Fortification 
iron that is bioavailable enters the nonheme common pool before being absorbed. As 
outlined above, absorption from this pool isdetermined by the nature of the diet and 
depends on the balance between enhancers and inhibitors of iron absorption in the 
meal. Human absorption studies have demonstrated that even the addition of fairly 
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large quantities of bioavailable iron to strongly inhibitory foods is unlikely to improve 
iron balance significantly (Bothwell et al., 1979). Consequently considerable research 
has been devoted to identifying and attempting to modify tile factors governing the 
bioavailability of iron in the common nonheme iron pool. Unfortunately, the direct 
application of much of this knowledge to the iron fortification of food is both 
expensive and difficult technically. The alternative approach of changing dietary 
habits is equally problematic because eating habits are deeply rooted in the cultures of 
most societies. 

One way of improving iron biwavailability is to add ascorbic acid, which isa potent 
enhancer of iron absorption in the diet (Lynch and Cook, 1980). Itcan usually he added 
to foods without affecting consumer ;IcceptCability. Two factors have severely limited 
its usefulness. It is expensive compared with the cost of iron fortification compounds 
and it is unstable under uncontrolled storage conditions when exposed to oxygen and 
moisture. It is also unstatlC when food preparation involves baking or even prolonged 
boiling or reheating (Hallberg et al., 1982). Several methods of stabilizing ascorbic acid 
have been studied but have been either technically impractical or too expensive. The 
use of ascorbic acid to ensure bioavailability of common nonhemC pool and fortifica
tion iron is only fcasible for ready-to-eat foods that are produced and stored under 
carefully controlled conditions. Under these circumstamcCs ascorbic acid plays a very 
valuable role, as has been well documented with infant formulas (Dcrman et al., 1980; 
INACG, 1986). 

Inplementation and evaluation of iron fortification. The only studies using modern 
methods for cvaluating iron status that have demonstrated clearly that a well
designed iron fortification strategy can significantly reduce the prevalence of iron 
deficiency in the population come from developing countries. Several different 
methods have proven effective. They are all characterized by the use of an iron 
fortificant that had been demoinstrated to be highly bioavailable under field condi
tions. The first example comes from Chile. In 1972 a field trial was carried out in 
which milk fortified with iron (15 mg/L as ferrous sulfate) was fed to infants (INACG, 
1986). Although some benefit was seen, iron deficiency remained prevalent at the end 
of the trial. The authors concluded that the limited response was due to the poor 
bioavailability of the iron in the fortified milk. A second field trial was therefore 
undertaken in 1976. 

Full-fat milk fortified with the same amount of ferrous sulfate was again used, but 
ascorbic acid (100 mg/L) was also added. Both the pilot studies and the subsequent 
regional field trial demonstrated a marked reduction in the prevalence of iron 
deficiency. Note that the results of this trial, together with a considerable body of 
supporting evidence from human absorption studies, suggest that adequate 
bioavailability of iron in infant foods can only be ensured if the iron salt is given with 
adequate quantities of ascorbic acid (Derman et al., 1980). 

Another fortification strategy for which claims of improved hemoglobin concentra
tions and a reduced prevalence of anemia have been made is one in which table salt 
was fortified with ferrous sulfate. The ferrous sulfate was stabilized with a combina-
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tion of orthophosphoric acid and sodium acid sulfate (Working Group on Fortification 
of Salt with Iron, 19821. The color, taste, and storage properties of the salt were 
reported to be good, and the use of the fortified salt proved efficacious in a multicenter 
trial. Although potentially applicable in certain situations, this approach is limited by
the lack of central distribution points for salt in many countries. 

The third strategy involves the use of sodium iron ethylenediaminetetraacetic acid
(NaFeEDTA). This is attractiveCompound particularly because of its chemical 
stability and the flexibility of its application as a food fortificant. The iron-EDTA 
complex is relatively stable under most storage conditions. The absorption of iron
from the complex has been studied in hum1ans for almost 40 years and has repeatedly
been show: to be less affected than other forms of iron by inhibitors in vegetable diets.
This large body of evidence makes predictions Ahout iron absorption from meals 
containing E[)TA much more reliable than is the case for most other iron conmpounds.
Moreover, three successful fortification trials using NaFeEDTA have been reported to
date (see Chapter IV). All three studies provide convincing evidence that NaFeEDTA 
can ble an effective iron fortifiicant even unlder conditions in developing countries that 
do not favor iron absorption. Although the choice of the fortification vehicle in each 
of these studies was a condiment, there is good evidence to support the claim that
NaFcEDTA would be equally effective if added to many other food items, including
dietary staples such as wheat flour and other cereals. 

Conclusions 
Despite the continuing high prevalence of iron deficiency in nany developing

countries and 40 years of research, iron fortification is not practiced in developing
countries. There are many reasons for this, but one of the most important is the 
practical difficulty f adding bioavailablC iron to food in a form that will ensure itsabsorption. It is against this background that NaFeEDTA merits further consider
ation. Ithas as yet not been used because there has been some concern about the safety
of prolonged ingestion of El)TA and of possible interactions with other trace metals.
Although other EDTA chelates have been approved as food additives and used for 
many years, NaFeEDTA was just recently provisionally considered by the Joint FAO/
WHO Expert Committee on Food Additives (JECFAI to be safe in food fortification 
programs in populations in which iron deficiency anemia is endemic (JECFA report,19931. A commercial supply of foOd-grade material is not currently available, but 
methods for its manufacture are well established and agricultural-grade material is
widely used. The JECFA requested that specifications on assay and purity data for 
food-gradC material and nianalytical meth(odology be developed. 

Faced with the realities of the extraordinary difficulty of designing method fora 
cost-effective food fortification in developing countries, we believe that NaFeEDTA 
has certain unique advantages and may be an extremely useful fortificant under these 
conditions. Unfortunately, much of the information regarding NaFeEDTA is dis
persed in the literature. Therefore, the aims of this monograph are to: 
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* 	 review information available on the chemical properties, physiologic effects, 
action in promoting iron absorption, and poteitial value ais a fortificant of 
NaFeEDTA; 

* 	 evalualtC Critic;il pullished information on the toxicology( of EDTA and its 
mietul complexes; kind 

* 	 identify the most appropriate potential ipplic,itions for NaFeEDTA as an iron 
fortificant. 
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1I. Chemical Properties and 
Physiologic Effects of 

EDTA-Metal Complexes 
EDTA is a hexadlntatc chelItoIi cipilhlc tcomhinin, ,stoicholctrtically with 

virtually every metal in the p,2riodic table (Chahecrck and Martcll, I939. The metal 

ions arc hound via four carhoxvlatc or two tcrtiary aminc .gricups. With divalcnt or 

trivalcnt metal Pcns a ncutral or anionic mctal chclate is fttcmcd. As a rcsult the mctal 

is largely preventcd frtcml rcacting with compcting anions and its solulil Iity is greatly 

incrcased. The effectiveness o EDTA as a chelator for a particular mCtal ion dcpcnds 

on its stabi it'cOccstant with the metal ion. This is afcctcd by pFI, the molar ratio of 

chclator tt mctal ion, and the prscncc ( tcompcting ictal ions capable ot ftorminug 

complcxcs with El TA Plumb ct al., 1950; Martcl, 1960; Hart, 1984). The stability 

constants tr diffecrnt El)TA-mctal complcxcs vary considcrably and any metal 

capahle ci t( ri ngl a -,tl-ncgcr complex with El)TA will at least partially displace 

antlt hcr. 
f)tthe nutritionally implrint Icta ls, Fc has the highest stabilitN constant log k 

tif23.1 , tclhtcwcd [cv Cu with I.-,Zn' with 16.1, Fc' with 14.6, Ca' with 10.6, Mg" 

lind with Thcwith 8.7, Na 1.7 Wc,t aind Sykcs, 19601. situation is somcwhat 

ccimplicatcd 1\ cIch metaI ha lvng anl ()ptilllllll p1-I fMr chclatc ftlrllltion ranging, floml 
1 1 10p1+ 1 tot Fc tt pH 3 tItl(CU",p11 4 for ZII, p11 5 f5rFc', p1 7.5 for Cl, ind p 

fhr Mc& IkVcst and S\'kc, 019601. When NaFcEI)TA Is ingcstcd with foouds, the Pc io1 

is cxpctcd to icmain irmil ou(nd tc the EDTA moicty during passagec through the 

ilStiiC ilce but could 1c cxclang(,cd tlr ('tl,Zn>, Pc ' i the dtiodclltinl. 

Sinlilarly when Na,tT.I TA ind CaNa,EI)TA arc ccullsuincd with foods, the Na and 

Cal' ions could bc cxchanglcd in the gastric iuicc for Fc - ions, which couild in turn he 

cxchanggcd fo Zn', 'ir further down thc gastirointcstinalr Cu, 01' Ca' tract. The 

cxtcnt to which the vaicci,, El )TA-mctal complcxcs ttuncis dcpcndcnt on thc Pt and 

the cc lnccntr;titlIl ct tlw.cCmpcting netals as well as othcr compcting ligLands. The 

lower stabtl lv and cif thc Mg-EDTA chelatc makecc cnstallt highcr pH tptimum 


rcactiln with Mg less likclv.
 

Iron and EDTA Absorption from NaFeEDTA 
An applcrcciatitn inf the chLlating Pit pcrtics of EI)TA with respect to irton provides 

the basis ctccll undcrstaindinng if the t bscrvcd effccts of EI)TA tilfood iron absorp

tic ci. Fcrric fotcd ii inis ptlvy a1s rbcd by%hua.,ns bccaIsc it is prccipitatcd froll 

sOil utitins with p1- abc tin lcss suitablc ccmplcxing agcnts arc.;-cc. prcscnt. It may 

thc'rcforc lc partially insclubC in th upper small intcstinc, where lost nonhcmc 
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iron is absorbed (Conrad and Schade, 1968; Macihail ut al., 198 11. When EDTA ipresent in a meal, iron (primarily Fc ) remains in a complex %ith El)TA under acidi,conditioms in the stomach. The chelate h)LIds the iron in so!lutio n as the p1i rises in thiipper sillI intestiie, but the strength of the Comlplex is pro)gressive 'Creducedallowing at least partial exchange with other nctals and the release of somlc () the iroi 
f')i ..hsorption .
 

There is c(w ilnCi og1
videnceL that iron chelated by El)TA NaFeEl )TA is availabltfor absoruI)nIl via til lhy-sio)h c;flv L ireulated ptways resp()IniIblC 1()r iron uptak.and that before abSrpt in,iron is diss()cid l()ll the El YEA lll()itv ((.aillIda Ct i.,1984). Sttidics Ill swine using aL dull-lableCd Na Fc2 ( IEl)T"A prLeparaiti)n demoinstrated transfetr (It 'i-C to the plasma with a peak it 1 hl1)ur and sUbSLjuelt
inco)rpora)n (l-1.6, o)l the ,dlinistLr( dose' into()irculating hemonlobin. A smallfraetil (. Ifthe' FL ,idmliniste''ed waS e'XCIte'd ill the tllnL. Il co'ntrast to theTel ()Iinl\ ASina] pereLntaiL'e (If the :(' Co)Ul be dCtCCted in tie plsml it anv tinlc.Absorption leLI oveLr 11eXtL'ndL'd perui, J1-1) iHirs). A to)tal (Id,blltit of0' the'(i-labeled LIY A wa', event iall IV Ibs()r d ill tiel dtllidelLnl ,Iiind e il.1ill iiald,llIltIt,ItIVel\' eXcrL't'd ill thL IlllIne. Ill Ipar-iil'cl experiment, ")mg if( Il IsNi 'FeEI )TAWas giv'en t ',IX ,lin human L Vlill ter. -Ill(' mean1 radiIlir) i ;ibsol-ptioll asmeLati rld I. r'd 11()( Icell Lititmon wasI2ll):. (:)nlv()..' o) the admiiistred dose

(If inml was excreLted ii1 the tLintl. TLs "ttidics dcllw()list filt' that ii(Il ald El TA arcabsi)rbLed indepCnde nilv when NaFcEI)TA ISad1 inIstered b1 nl()11th.SillilJIa cIIcLisi()nIs WeTC rCIChLed ill a1 Ciel' hlIMan absrption stldy carrie'd ()utby Maclhaid ctIal., 1)8 I. Nl FElE)TA was adiilinistL'ied toiItnian vOI u1ltCCs.Between T'", and 2'", (of the ' Fc was ab's rbe()rLd, but ICes thall I(' (I theildniinistered"'Fe alppcare'd in the tLilieL ()VCvetill' StibsejLielnt 24 l)tifs. These fi ndirigs agaiidell)ilstflate that ilIt),t (It tiri Ifl iLtt haIVe ICil reClCdsedt lf(ill the El)TA comiilplexb()ire absrpt l n. )teltlc 'ac iabs()rbLd in thle iIi (If the in tact Na"'FeEDTAC()ellplcx wiild be expected to be CXCre'tCd ill theL ine within 24 h()tirs JWe Metabo)-Iism () El)TA-Mctal ()nlplcxcs1. Siinmil1ar coinc Itlusi withJIshavc bccn reached
an(therl r in cll at irtriloItriacet i acldl, thL' Pr inertits (if wlhiCh have bCCn sttidiedCXtLnSi\vel\' ill cxpe cril til allilllias Siil1ps(l "li'iiL Peters, I98-l.
In stiliumary, I1(1st itr(Iin ablIrbcd alter Na FcEl)TA 
 is ingested I, released to thephvsil(] illcinnucisa)l UIiptalkL systenI befl)re :absl)rptiln. ()nlv a very small fraction ofthe NaFcEl )TA co mplex (less than I ,1Iis absl rbCd intact, and it is Completelyexcreted ill the tinine. Ai additional small firaction pr)bably less than :',I (If theEL)TA m()ictv itself is absI)rbL,'d, prestinialyi bII()d tli()()tlic metals ill the gastrli()intcs

tinal ti-act, and it is also comnpletCly CxcretCd in the turinL, Figurc 1).Tilt IlicastiLrClililt ()f i1)0l iibsl)rptilnI ii Na FcEl)TA doets n(it reflect El)TAabs irpti in fr)l Na FEi ETA. Fhc absmlrpti(in ()f the El )TA ml(iLtt v r)m El )TA-metalc(mplexes has betn st tidie. by tisiIng (:-labCled El )TA. Wlici 'C-labclcd CaN, ED)TAwas fed to(Ih1itMiian su biLCt,, less thaniilo lit'el )TA Was abs)irbCd, witli tie abs i)rbedftacti()ln bteitng excrCtCd tialitItativClV inlth i rine Ilt' rclIlail Ct al., 19541. Similarresti Its wcc ()btaliicd with a tigtlv b()uniid chLatC, (,7rEl TA, fr( m which anyft'l aSt'd ni(t't IIs VNy 'vp )lin va )f[)trbd Bi;alaiii()l t.'t al., 198.1); Aaha klck n and ()sncs, 
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Figure 1 
Interalction between EI)TA and metal ions in thc uIImen of the stomach and duodenum. 

1990). Only I -, of a dose of "CrEDTA given to a fasting subject is absorbed by the 
halthy intestinal mucoSsa. Essentially all absorbed "'CrEDTA is excreted in the urine. 
In the presence 01f disorders of the gastrointestinal tract the alsorption may be 
doubled. The absodrbcd "CrEI)TA appears to be taken up through intercellular 
junctions iIS the intdct complex. The amao(unt absorbCd )detcrmined by cluantitating 
urinary' Cr alfter the oral adm inistrat i in of <CrE[)TA) has been used as a measure of 
the integrity ot the bowel Inucosa. 

Alth iugh the absorption o the ETA moiety from administered NaFeEDTA has 
n10t bccnimeaurcd di recltly in humans, physicochem ical considerations indicate that 
EITA absorption ftim NaFcEI)TA would be similar to that from other metal 
co nlplexCs, such as CaNa. El)TA and CrEITA. As described above, poor absorption of 
the intact NaFeEI)TA cam be inferred friml measuremnlents of urinary radioiron 
excrct i( i alfter tile (0raladmi nistratiol oif Na' FeEDTA (Mac'hail et al., 1981). 

Metabolism of EDTA-Metal Complexes 
The mcuab 1isni and OIrganiI diStrihu tion ot ' IEITA aftCr intravenous adm inistra

ti0In mif CaNa, IVCEl )TA has been studied both i i expCrimental animalsand in humaan 
voltunteers. Studies in rats demonstrated that 95-98%, (f the EI)TA was excreted in 
the tirine withiin 6 h(urs. The chelate was not cmcentrated in organs and less than 
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0.1 % of the material was oxidized and expired as "CO,(Foreman et al., 1953). Similar 
results were obtained in hu1Mans (Foreman and Tru'jillo, 1954). Almost all of the
chelate coUld he accounted for illthe urine within 24 hours, 50% being excreted 
within 1hlour and 90'% within 7 hours. 

NaFeEDTA injected intravenously into rats shares the properties of other EDTA
metal chelates. Nh(st (f the iron 170-90'(,) is lost th rough the urine within 24 hours
Naijarijan et al., 1964; Anhileri, 1967). A small proportion of the iron enters the 

physio giul iron pool ...
which is destined primarily for hemoglobin synthesis. ItsCiitlv into thi,, po o] pO ba bly results from the slow release of iron from EDTA to
trmserrin, the iron-trailsp(Ort protein in the circulation BatesCt al ., 1967). After
intramlusculr ( intoraperitoncill injection a greater proportion of the iron is available 
for physi(flogical exchange with co)mlpartmCnts in tile bone marrow and liver. Tile 
longer con tact le betw'C1 transfelri n and El)TA allows for greater transfer of iron 
floml the chelate to the transfCrrin iRo.bin Ct Al., 1970).

There has bccn co(cern tht siaIll ,alotints of EDTA compounds ci )nstimed over 
a hMg pcri( d 01 time Inight negat ivclv aiffct the nUt ritional status ()f zinc, copper,
calIc imi, i and p()sSblyi lgesi uin by the formatiol (of n inetabu(lizal31e metal-
El TA complexcs. Thcse complexes could be formed in the galstlointestinal tract and
excrcted directly in the stood or ibsorbed fln tile gUt and excreteid unchaMged in the
urine. El )TACo(ld aJIsOhbe ,abs rbcid With (ie metal and excreted With anothCr. The 
dcgreC t( which the exchangeiit i( 01.tnd toir n E)TA foIr othCr metals minight occur
W(i lddepend O)0 tlhe l a ti'Ve Ljtial t ties of tile different metals in a normal diet, the 
an (Limit Of El TA present, and the stability cinstants Of the different El)TA-metal 
chelates. 

Food fhrtificati with NaFeEDTA could be expected to inlfluencc zinc and copper
inetab ( inSi bUt Ilt CalIciton aid inagilesiimilletabolism. The Recommended Di
etary All waiccs tRI )Asl ot calciuton, ninagnesi tim, aild zinC for adul t men (NRC, 1989)
are 8() mg, -,(ing, aild I -1 respectix'elv. No RDA was given for coppC, but a daily
intakc Of I . - igwas considered adeqilate and safe. A diet containing these aomnts 
If caIlciutim, nllagncsion and Zinc and 2 melg/day of copper that was fortified With 10 rng
iron as NiFeEI )TAW(Uld coltailn ILLu1olar tlt.amntitiCs of EDTA and zinc, an 8-fold

molar excess oI EI )TA ovcr copper, bUt 8(-fold 
 less EDTA thllan caliul and 50-fold 
less EI)TA t1han ial csitiCm OilolarnMa basis. Tile small tiailtity of chelator with
resCpect to calci toM andMil gilesitm w((iuildbC Unl ikely to have anyv effect. Or. the other

hiland, contrary to I the Cxpcciati() of s onle wl
Wrkers in the field, both NaFeEDTA and
Na,El)TA my incrcasc the abs Irpti(i aid retention of zinc and copper when added
to) low-bioavailabilitx diets. Animal sttudies sippirt this comclusiom (Forbes, 1961).
Expicrimcnts witl trkey p(tilts Kratzer tal., 19,59), chicks (Sc Itt and Ziegle, 1963),
and rats jFo-bes, 19611 dcinLoilstraltcd that Zinc bioa;vilabilitv and aiial growth are
illpri(vel \wlli NaEl)TA i>added atI 1)0-300mg/kg to aniimaI rations based onsoxhali pr Itieil iN (Ile_. 

The cilhalcmiig clcct I f El)TA on zinc absOIrpti(in in these studies is die to a 
cillnlmonat 01 tw( lfacto ws. First, E!)TA f0illS soluble helates With zinc fronl which 
th mletal is (iteint ia lly abJsOIrbalbIle, and SecCi(, zinc is preveited from forming 
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nonabsorbable complexes with phytic acid. EDTA does not enhance zinc absorption 
when absorption inhibitors arc absent from a meal. NaEDTA (1000 mg/kg) improved 
zinc absorption by rats fed a cascin-based diet with added phytic acid but had no effect 
in the absence of phytic acid (Oberleas ct al., 1966). Other chelating substances can 
also enhance zinc absorption from low-bioavailability diets. Vohra and Kratzer (1964) 
compared the growth-pronoting effect of chelates with stability constants for zinc 
(log k) varying from 5.3 to 18.8 in turkey poults fed zinc-deficicnt diets based on soy 
prot in isolate. They found that ethylencdianminediacetic acid-dipropionic acid, 
hydroxyethyl-EDTA, and EDTA (stability constants 14.5, 14.5, and 16.1, respectively 
were the most effective. 

These earlier observations were made with Na,EDTA. However, NaFeEDTA was 
shown to have similar properties in a recent study {Hurrell et al., 19931. Zinc, copper, 
and calcium balance studies were performed in rats fed low-zinc (6.1mg/kg) soybean
based diets co1taining -0 mg iron/kg, of which 36 ing/kg was added iron as either 

ferrous sulphate or NaFeEDTA. In some experimental grOulpS, additional Na,EDTA 
was added to the diet containing NaFeEDTA to give dietary EDTA concentrations of 
200, 500, and 1000 mg/kg (Table 3). Merely changing the iron compound in the diet 
fm ferrCous sulphate to NaFeEI)TA increased apparnt zinc absorption, urinary zinc 
excretion, and zinc retention significantly I' <0.05) but caused no changes in copper 
and calcium absorption or excretion. The EDTA:zinc molar ratio in this study was 7:1. 
Increasing the dietirv EDTA concentration to 500 mg/kg (EDTA:zinc molar ratio 
19:1) and 1000 mg/kg (EDTA:zinc molar ratio 37:1) further increased both zinc 

Table 3 Influence of NaFeEDTA and Increasing Concentrations of Na,EDTA on 4-Day 
Zinc, Copper, and Calcium Balances in Rats 

Diet and 
dietary Apparent absorption Urinary excretion Apparent retention 
E1)TA (%of intake) (%of intake) (%of intake) 
(mg/kg) Zinc Copper Calcitm Zinc Copper Calcium Zinc Copper Calcium 

A, 0 50.2" 27.5 57.1" 2.0' 3.9' 1.2" 48.2, 23.6- 55.9, 
1, 200 67.4" 32.1' ,53.3' 4.01' 3.8" 1.1" 63 .41, 283' 52.2' 

C, 50({ 79.A 38.21, 55.3, 6.7, 4.0' 1.8"11' 72.7, 34.2' 53.5' 

1), 100(0 78. 1 31 .1' 57.9' 15.61 4.1" 2.31' 62.5 ' 27.0' 55.4

1tC)ir C(ntai ncd (vIImg zinc, 9.7 ing ci ppar, aid 4.93 gcalcium per kg.
 

Thc dictiarV I iilci mpi unld ,.is tcrri ssulphatc in dict Aand NaFeL)TA in dicts B,C, and 1). Diets C and
 
1)ali coi taincd, respCctivcly, 41(1M as NaEI)TA.
and 80(0 aug/kg od El) FA added 

Each valuc s a nean ii s obscrvatinrs. Means with ditfcMcnt superscripts are significantly differcnt (P<0.051. 
Sinurcc: tlurrcll ct di. 1 99.:1. 

Iron EDTA for Food Fortification 19 



absorption and urinary zinc excretion. At tile highest dietary EDTA concentration
(1000 mg/kg), zinc retention was significantly higher than that with no dietary EDTA
but lower than that with 500 ing/kg EDTA. This resulted from an increase in urinary
excretion of zinc to 15.6% of intake. Similar results were obtained with a zinc
sufficient (30 mg/kg) soybean diet, but more EDTA was required to achieve optimalratios for improved absorption. Thus neither absorption nor retention of zinc was
increased with the addition of 500 mg EDTA/kg diet (EDTA:zinc molar ratio 3.7:1).
The addition of 1000 ng EDTA/kg diet (EDTA:zinc molar ratio 7:5:1) did increase zinc 
absorption and retention. 

Copper absorption and retention were improved at 500 mg EDTA/kg (EDTA:copper
molar ratio 11.2:1) but not at 200 mg (EDTA:copper molar ratio 4.5:1) 1000 mgor
EDTA/kg diet (EDTA:copper molar ratio 22.41 1). Apart from a very small increase in
urinary calcium excretion, dietary EDTA had no influence on calciun metabolism. 

For all the metals tested there appears to be a minimum EDTA:metal molar ratio
below which absorption is not increased and an optimum ratio above which nofurther improvement in metal absorption and retention is seen. At very high concen
trations of EDTA, metal absorption may aCtually diminish. This has been reported for
zinc (Suso and Edwards, 1968) and iron (Cook and Monsen, 1976). When Swenerton
and Hurley (1971) fed pregnant rats diets containing a 58-fold molar excess of EDTA 
over zinc, fetuses were malformed because of a zinc deficiency induced by EDTA.

A human diet containing the RDA of zinc (10 mg) and 2 ng copper and fortified
with 10 mg iron as NaFeEDTA should contain cquimolar quantities of EDTA and zinc
and an eightfold molar excess of EDTA Over copper. Therefore, on the basis of
experimental observations in animals, NaFeEDTA fortificationl would be cxpected to
have very little effect on zinc and copper balance. A small beneficial effect could occur
in meals containing little zinc or copper or large quantities of phytate.

The applicability of observations made in experimental animals to human nutri
tion was confirmed recently (Davidsson, Kastenmayer, and Hlurrell, unpublished
data, 1992). The metabolism of Zinc and calciuL was studied by using a stable isotope
techniquein 10 adult women fed a breakfast meal of bread rolls made from 100 g high
extraction wheat flour fortified with 5 nIg iron as ferrous sulphate or NaFeEDTA. The 
test meals contained a 3.3 molar excess of EDTA over zinc but some 10-fold less
EDTA than calciutim. Changing the iron fortification compound fr'om ferrous sulphate
to NaFeEDTA significantly increased " Zn absorption from the me.l from 20.90/, to
33.5% (P < 0.05). Urinar,y1 Zn excretion Also rose but only from 0.3% to 0.9%.
Calcium metabolism was similar with the two different iran compounds.

Earlier human studies using less precise methlodology reached similar conclusions
about the effect of EDTA on zinc absorption. Solomons et al. (19791 reported that
adding NaFeEDTA to a low-bioavaildbility Guatemialan meal did not influence zinc
absorption by human subjects. However, because these workers determined zinc
absorption by measuring plasma zinc concentrations after 25 mg zinc was ingested
with a meal, the molar concentration of EDTA was some 10-fold less than that of zinc. 
An improvement in zinc absorption would not be expected. No significant changes in 
plasma zinc concentrations were observed in field studies in which NaFeEDTA was 

Iron EDTA for Food Fortification 
20 



used as a food fortificant over a 2-year period (Viteri et al., 1983; Ballot et al., 1989b). 
In sunmary, the use of NaFeEDTA as a food fortificant would have no detrimental 

effect on the nutrition or metabolisl of calcium, copper, zinc, or magnesium. In some 
situations, fortifying foods with NaFeEDTA could have a beneficial effect on zinc 
nutrition by improving zinc absorption. 

Toxicology of EDTA Compounds 
The Joint FAO/W.HO Expert Committee on Food Additives (JECFA, 1974) recom

mended that CaNa,EDTA or Na,EDTA be permitted as food additives at a concentra
tion providing Ip to 2.5 mg EDTA/kg body weight per day. These recommendations 
were based on the fact that CaNa,EDTA is poorly absorbed from the gut, is metaboli
cally inert, and does not accumulate in the body. In addition, clinical experience with 
its use for treating metal poisoling deinmostrated its safety in humans. A Summary of 
the acute and chronic toxicity studies is given in thie next sections. 

Acute toxicity. The oral LI), of CaNa,EDTA in rats, rabbits, and dogs was reported as 
10, 7, and 12 g/kg body weight, respectively (Oser et al., 1963). The oral LD, of 
Na,ElI)TA was reported as 2-2.2 g/kg body weight for rats and 2.3 g/kg body weight for 
rabbits (JECFA, 1974). 

Chronic toxicity. The long-term feeding study on which JECFA (1974) based its 
recommendation for the acceptable daily intake (ADI) of CaNa,EDTA was that of 
User et al. (1963). In this study, four groups of 25 mle~l and 25q fel|e iats were fed diets 

providing 0, 5), 125, or 150 mg CaNa,EDTA/kg hody weight per day for 2years. At the 
highest anmunt, diets of rats older than 10 weeks contained 5g CaNaEDTA/kg of 
diet. The study included an investigatiol Otf reproduction through fotir succCssive 
generations.

No significant differences in body weight gain, efficiency of food utilization, blood 

sugar, sCrumn1 nonprotein llit rgCn, Selull calcium, Urine colpsltion, orgall Veights, 
and histopath dogv of liver, kidney, spleen, heart, adrenals, thyroid, and gonads were 
observed. Frtility, lactation, and weaning weIc not adversely affected for each 
mating, and both mortality and tum(or incidence were unrelated to dosage. Additional 
tests were made to investigate the possible influence of EDTA on mineral metabo
lism. There was no effect on the calcification of bones and teeth or on the activity of 
liver xanthinC oxidasc ta molyldelnum-containing enzyme) or serum carbonic anhy
drase (a zinc-eo )taining enzyme). 

At higher concentrations of CaNa,EDTA (10--'0 g/kg dict), growth depression and 
anemia were Observed. These effects were readily reversed by adding iron, copper, and 
other mineral salts to the diet. In a similar 2-year rat feeding study with Na,EDTA, 
Yang (I9641 reported no differences in weight gain, blood variables, bone ash, micro
scopic examinationOf various origans, and mortality at 0, 5, or 10 g NaEDTA/kg diet. 
At 50 g Na,EDTA/kg diet, rats had diarrhea and consumed less food. 

User et al. 11963) also reported oin a feeding study in which four groups of 4-6
month-old mongrel dogs wCre fed diets providing 0, 50, 100, or 250 mg CaNaEDTA/ 
kg hody weight per day for 1year. Every dog gained weight during the dietary period 
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regardless of the treatmett. There were no differences ill hemlatology, blood chenis
try, urine composition, or histopatlogy of v'ious organs, and there was 11o evidence 
of skeletal changes.

JECFA (19741 calculated the ADI of CaNa,EDTA from the rat study of Oser et al1.
(19631 by accepting the highest dose tested (250 Ing/kg body weight per day) as the
observed o(teffcet level and applving a safety factor of 100 to obtain an ADI in humans
of 2.5 mg/kg b( dv weight per day. If a higher dosage had been testcd, the ADI could
have been higher. I[CFA (19741 also permits the use of Na,EDTA in foods provided
that no excess byond that reqIui red r fttod prtcessing or storage remains in the food
when consumed. They rccommended the use of CaNai)TA in preferc:ce to
Na,EI )TA because Na,EI)TA can setlestel calcium. This last statement appears
tIjiest ionablc because of the chetmistry of0ElI)TA comlp, mIds outlined above. 
Toxicological profile. Il)itcferl.t enldpttints ha:v been eval,:.ted in the toxicological
valuatito of El)TA; incluiding car jCiltgCoicity, teraltogenicity, genotoxicity, kidney

dalage, ild hperseni t itvy end points. The mechanism of toxicity central to most 
of these effects appcars to be a depletit o of metal ions.
 

There is 
 io evidence that ETA compounds are carcinogenic. In a study done for
the United States NatitmaI Cancer hIstitute (19771, Na,El)TA was administered to 
rats and inice at -.7 and 7.-I g,/kg diet ftor 103 weeks. N( c'tmapttmnd-relatCd signs of
cinical toxicitV were (h)servcd. Altltugh a variety of tumors occurred in both test and 
c0nt1. 1 tit1g 11()t rMS Ce ttlated tteatmlent. 

At very high dietamry concItratims, EPTA compolnds ingested by pregnant ratsWere tClatogclic. Tis appears to be due to zinc deficiency caused by the deleterious
nflueIce tc b ice ltratitos ,f ItI)TA on Zinc absorption and utilization. 

Swenertato and H-Lirlcj I971I fed pregnant rats diets containing 20 otr 30 g Na,EDTA/
kg diet and Cither IN)()tr 10() ig zinc/kg diet. There was a high incidence of
malftrifnd Ict uses in :he rats fed diets contaiiing 30 g Na,EDTA/kg with 100 mg
:inc/kg. An incCase in zimc tt 00() mg/kg prevnted the teratogenic effect. Kimmel
I9771 ft tud lia m aiitt 71',, )f the offspringims in 1 of pregnant rats fed diets 

cttiltaining abtut 25 neig zincikg with 30 g Na,EDTA/kg (954 mg/kg body weight per
day). A redttitlt in maternal food intake and grotwth was also observed. In contrast,
SCLardlei 1 Ct al. I98 11 used gastric intubation to administer ETA as Na ,EDTA,
Nal,EITA, NaiI )TA, and CaNaEDTA to female iats between days 7 and 14 of
gCstatit t. A dose equal tt 1000 Ing EDTA/kg body wCight was used but no evidence
Of teratttgeiic effects was found. There was a high incidene2 of diarrhea in some 
groups. The diCtal' zin1C Cottcen)tratio.l was not lported. However, the EDTA
ctnp1ttIOILds were not fed with the food, and the die'tar'y zinc absorption would
therefttre ltt be expected to he affected. Oi this basis, the absence of teratogenic
effects is ntt stiprising. In sumlmary, the terattgenic effect of EI)TA comnpounds has
tl.Nly benc demnosm ratcd in iats fed 1000Illg/l<g body weight Otf the compound in the
dil y diet. This extremely high intaike is -100-fold the API aid appears to provoke
terattgenicitv by causing zilnc deficiency, because the extremely high molar excess of 
EI)TA with respect tot Zinc inhibits zinc allsttrption. 
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In recent years, EDTA has been tested for genotoxicity in assays measuring gene 
mutational and chroimmsomal effects. Dunkel et al. (1985) reported that NaPEDTA did 
not increase the number of revertants in either SalnncllatyphimuriumorEschrichia 
coli. Moreover Na EDTA did not increase the mutant frequency in all in vitro 
mammalian Cell forward-mutation assay (McGregor ct al., 1988). In studies sponsored 
by the United States National Toxicology tProgrami(unpublished datal, NaiEDTA did 
not induce chromosomal aberrations or sister chromatid exchanges in mammalian 
cells in culture. 0n the basis of these results, it is unlikely that EDTA is a hrmful 
genotoxic chemical. 

Raymond and Gross (1969) reported a 6X (3/50) positive response to CaNa,EDTA 
with two of the three positively responding individuals cross-reacting with 
ethylenediamine inl an early hulman skin-sensitization study. However, they con
cluded, "in view of its widespread use and the absence of previously reported 
reactions, we feel it must be a weal sensitizing compound." Subsequently, Hcnck et 
ill. (1985) evaluiated the sCnsitizing potential of Na El)TA in guinea pigs. From their 
negative restilts, they concluded there was an extremely low potential for sodium 
salts of EI)TA to produce a sensitization response in htman skin. 

Nephrot xicity is the main hazard associated with the parentCral administration of 
CaNa ,ElTA w-Na,El)TA for treating metal poisoning in htmans, and there are 
many rpiorts of both toxicaty ind kidney dallage associated with overdosage. 
(Holland Ct ill., 1953; Dlutdley et Al., 1955; ReubCr and Bradley, 1960). Renal lesions 
were observed in all cases. The por)ximal convoltited ttubtles revealed changes ranging 

in severity from vaeu )lizati(ln 01 the Clpthl itum to an acute necrotizing ncphrosis. 
Toxicity studies in rats showed microscopic changes restricted almost excltisively to 
the kidney, with lCsi)nFS similar to those obseivCl in htmai is (Foreman et all., 1956; 
ReubCr and SchmiClCr, 1962). Unlike CaNa,E)TA, the more stable chelate CrEDTA 
was nOIloxiC when inftIsed int ravenously into dogs (Ahrens and Aronson, 1971), 
indicating that the toxicity of El)TA is deC to its chelating properties rather than to 
some nonspccific actihm (Ahrens and Aronson, 1971). 

Potential toxicity of NaFeEI)TA. From the chemical properties of EDTA complexes, 
it can be predicted that the EI)TA moiety of NaFeEDTA constimed with a food 
behaves physiologically similarly to the EDTA moiety from CaNa,EDTA or Na,EDTA. 
I Ic sa.ime toxicological coilsiderations shotild therefore apply. The argumlent on 

which we base these cOIIclusiO(ns has been given in an earlier section of this chapter 
and is only stimmarized here. Regardless of whether the EDTA moiety is consumeld 
as CaNa,EDTA, Na,EI)TA, or NaFeEDTA, once in the digestive tract it forms 
complexes in the same way and has the same metabolic fate. NaFeEDTA is formed in 
the stomach where the pH1 is low. As the NaFeEDTA complex passes down the 
intestinal tract, the luminafl p1H rises because of the inflow of bile and pancreatic 
secretions. The iron is displaced from the EDTA complex by other metals, the main 
ones probably being zinc and :opper. A variable amount of the iron is absorbed 
independently of the EDTA moiety. A small fraction (approximately 5%) of the EDTA 
moiety is also absorbed, bUt Most of this forms complexes with a metal or metals 
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other than iron regardless of the EDTA coMpound originally consumed. Less than I%
of the iron isabsorbed as the intact NaFcEDTA complex. Thus the results of acute and
chronic toxicity studies anod the toxicological profiles of Na,EDTA and CaNa,EDTA
derived from experiments in which the EDTA compounds were administered with 
food apply equally to NaFcEDTA. The most sigiiificaiit potential consequence of the 
prolonged administrati n of large quantities of an E1)TA complex is zinc deficiency.
However, EDTA in the concentration range that would he present in the diet isa
reslt of foodL fortitication with NaFeEDTA wotilId either not affect zinc balance or 
tinder Somne circulLtiMStaces aIctually imlprove it. 

Current Use of EDTA Compounds and Regulatory Issues 
(n the basis ot JEC FiA 19741 recommendations, manxy countries in Etirope, Asia,

North and South America, Africa, and Australia have perm itted the addition of 
Na,EDTA and CaNa,El)TA to foids. Both c0im)LInds are presently added to a widle 
range o foo1dsttiffs as seqiestering agcilts tCprevent Oft flavoi; discoloration, turbidity,
rancidity, and texttire hOss. Thev are tised sllst
often in inla(lllnaise aILd other saulces,
canned vegetables pCis, beans, and potatUoes), canned fish and shellfish, carbonated 
beverages, beei, and margarine. Some C tlntries have Aiso) permitted their Use in 
mlushrOms, braIldV, glace cherries, spreads, lanana products, dried and canned frtit, 
pickles, e pItdticts, and sausages. Occasional ly they are permitted to be added tomeat extracts, soups, ilns, soybeaiIl iilk, ketch tip, in illprodticts, c(coa, chocolatc, 
pasta, bread, br'Caktast cereals, cheese, ice ct.re.'am, and cmfectionery. Very smallanlotnts of El )TA may alsO enter the foOd chain b.cause of other approved tises in 
f nod pro cessing and paickaging miitcrials. 

The Elropean Ec onmic (on in onlity (EEC) has a fairly restrictive policy on the tiSe 
of El )TA coinp mtiPds. They arc only permitted in canned crab (275 mg/kg), canned 
shri ~l_2i( pickles canned miushron )mns (200 ig/kg), glacemg/kg) , 220 mg/kgl, 
cherries 1100 nig/kg, and SatUCes (75 ing/kg. Their use is not allowed in foocds destined 
for infants and 'otung children. Other C(iliitries, stich as the United States, Malaysia,
and the Philippines, permiit the aidditioin of E1)TA comlpoLuinids to a much broader range
of food prodicts. The Uniti'd States allows Na,EDTA and CaNa,EDTA to be added to 
34 different food proicts (AnoniymLus, 1991), some of which are listed in Table 4. 

Estimated Daily Intake for EDTA in the United States 
The United States Food andI)rug Administration {FDA) has (Icterminned the 

estimated daily intakel El)l for EDTA on several occasions since 1969. In 1992 the
FDA updated theCstimate of chronic exposure to EDTA by using available food intake 
inlforlation and Monte Carl( silalltiol mneth)dohigy to calctlate exposure. By this 
method the mean overall expNS1t.i, to EDTA was estimated to be 15 mg/person per day
P.Whittaker ut al., 1993;. This updated EDI is substantially below the ADI of 1,50 Ing/ 

person per day and stiggests that additional uses or forms of EI)TA, such as the NaFe 
salt in selected food1s, may be possible in the United States. 
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III. 	 Iron Absorption from 
Meals Containing

PNaFeEDTA and 

Na 2EDTA in Humans 
NaFeEDTA
 

As outlined in the introduction, choosing an iran compoun(i for fortifying foods 
pos several imp)rtant prOIblcns. Adding soluh(i(lavailable iron compounds to 
most foods produces uraccCptab1Lc color changes. In addition, these for;-,s of iron 
cata lVze oxidativC react i( ns, causing LIIdCsirahiC od(o1rs and flavors particularly if 
pr()hongCd st()rage is requ ired l-Cl(ac the :Old is CoISume11Cd. More-stable, less-soluble 
complcxcs tend to be po rlV absol bcd .Aspreviously discussed, even whncll it is 
technically feasible toinco rp(orate a li available irnm salt, the diet itself may pro
foLndlN' affect the abSo)tiOcn Ot ftortificatioln ir-(OW, DiCts ir dCveoping co(untriCs 
usually contain strong inhibitors of iron ahso):i,on whereas promoters of iron 
abso)rption, sulch as asc(Orbi c acid anrd meat, arC present (10 ly in hiliited amounts. 
iMachail and Bothwell, 19921, F[,tificatioln of these diets with solublC iron salts is 
negligibly bIenCficial because the (ortificant iron and the intrinsic food iron are 
sl~hjcctcd to the same inhibitorv fictors. The iron che.lat, NaFcEDTA, has three 
significant advantages 	in this dirt:;v setting (Macl~hail ct al., 1985): 

* 	 FcEDTA is a pale yellow watCr-sotilebh po)wdCr that can be added unobtrusively 
to several foo()d vehicles. 

* 	 When NaFcE)TA iscaten with foods containing large quantities of absorption 
inhibitors, the EI)TA protects the ir(on from their effects, mailtining it in a 
bitnavailable solublC form. As a result, iroin supplied in the form of NaFeEDTA 
may be two to threc times more biavailablc than FcSO, in Some, des. 

* 	 NaFcEPTA is a stable comnlp)tund CVCl tinder adverse storage conit.ons. It is 
unaffected by cooking. 

Iron absorption from NaFeEDTA-fortified foods. The rcsults of iron absorption 
studies comparing the bioavailability of iron from foods fortified with ferrous sulphate 
and NaFeEDTA arc listed in Table 5. For comparison, the individual absorption values 
have been standardized to a reference absorption (o-1O% to iellove the influence of 
different iron requlirements in different subjects. A reference absorpition value of 40% 
is assummed to represent borderline iron deficiency (Hallberg ct al., 978). The 
hioavailability (If iron from ferrous suIphate varied over a widc range and c iwrlatd 
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Table 5 Comparison of Iron Absorped from Meals of Different Iron Bioavailability 
Fortified with Ferrous Sulphate or NaFeEDTA 

Standardized iron absorption (%, 
A B Ratio 

Meal components Ferrous sulphate NaFeEI)TA B/A Reference 

Rice Milk 1.7 4.5 2.6 Viteri ct al., 
1978 

Beans, maize, and 2.0 5.3 2.7 Vitcri Ct al., 
cc ffcc 1978 

' Egyptian flat bread 2.1 5.3 2.5 cl Guindi 
et al., 1988 

Bran 2.7 7.8 2.9 Mac'hail 
ct al., 1981 

Bcans, plantain, 3.1 7.0 2.3 Layrissc and 
rice, maize, and soy' Martincz-Trres, 

1977 

Rice 3.9 11.5 2.9 A.P. Machail, 
unpub. 1992 

Maize meal 4.0 8.2 2.1 MacPhail 
Ct al., 1981 

Bcanls, plantain, 4.2 7.4 1.4 Layrisse and 
rice, maize, soy, Martirnle-Torres, 
and neat 1977 

Beans, plantain, 4.3 9.6 2.2 Layrissc and 
rice, miaize, soy, Marti ncz-Torres, 
and meat, 1977 

Potato 5.9 7.3 1.2 Lamparclli 
et al., 1987 

Wheat 6.2 14.6 2.3 Martincz-Torres, 
ct al., 1979 

Milk 10.2 16.8 1.6 Layrisse aM 
Martirnez-Torres, 

1977 

Sweet manioc 14.1 16.6 1.2 Martinez-Torrcs 

et al., 1979 

Sugar cane syrup' 33.1 10.8 0.3 Martinez-Torres 
et al., 1979 

'(,ecnictric means Staiidardizcd to a reference absorption of 40",,.
 
A m11iture of ferrous ,ulphate and Nat,LDTA was used in this study.
 
Cmpainsin betw ecn terrus sulphate and NaFeEI)TA not in the same individuals.
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with the relative proportions of enhancers and inhibitors known to he present in the 
meals. InI contr-ast, the ahsolpti(f of iion from NaFeEDTA eaten with identical meals 
varied only two- to threeftold. With ne exception, more iron was absorbed from the 
meals containing NaFcEl TA. Enhanced hioavailability was most marked in meals 
With poor fCrn ui5s sIpha te bi avai lability Iferrous sulphate absorpt ion of less than 
4"0). Between 2.1 and 2.9 times as much iron was absorbelC under such circumStances. 
This ptint is exciplificd 1y the scoed study ill Table . in which iron absorption from 
a NaFeEI)TA-tortificd meal of beans, maize, and coffee was 2.7 times greater than that 
frol the same ical clttain fngtern us sulphate [Viteri et al., 19781. Significant 
amounts oft totl phvtatC and pllvphenols were present in the meal. 

The absorption f ir ni from NaFeEI)TA has been studied in a wide variety of meals. 
Conipari s ms withIi it o abslt)rption ffrtol siimple iron salts have not always been made. 
Howcver, thesec scrvat l tos provide useful information about the suitability of 
several tood items as optcitial vehicles for fortfication with NaFeEDTA. The results 
obtained il dlllIct studies are sum marized ill Table 6. Sonic of tile studies listed 
ill Table 3 have bCCn inel uided. It is evident that at least 10',O f the fortification iron 
added would be abs rbed l ul all but the most inhibitory meals by iron-deicieint 
individuals. 

Table 6 Percentage Iron Absorbed from Meals Containing NaFeEDTA 

Food Number of Studies Mean absorption (range) (%)' 	 References 

Maize 7 9.1 (7.9-12.01 	 Martinez-Torres 
et al., 1979; Mac-
Phail et al., 1981 

Wheat 3 10.2 (5.3-14.6) 	 Martinez-Torres 
ct ill., 1979; el 
Guindi Ct al., 1988 

Cassava 3 13.5 (11.0-16.4) Martincz-Thrres 
et al., 1979 

Lentils 1 7.9 Macl'hail Ct al., 
1981 

Rice 1 11.5 Machail et al., 
unpublished, 1992 

Milk 1 16.7 Martincz-Torres 
et al., 1977 

Mixed meal 9 7.2 (3.9-10.5) Layrissc and 
Martinez-Torres, 
et al., 1977; 
Martincz-Torres 
ct al., 1979; Lam
parclli ct al., 1987 

All valuCs stiandarldizCd to a refcrence ahsorptin of 4140"Or serum ftcrriint(f 26 Ig/L. 
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Table 7 Absorption of Iron from NaFeEDTA and Intrinsic Food Iron in the Same Meal 

Standardized absorption ("o) 
A B 

Meal NaFeEDTA ("'Fe) Iron {OFe) Ratio A/B Reference 

"Fe mize porridgC 12.9 4.9 2.6 Maclhail 
Na FeED)TA tortified sugar Ct al., 1981 

"Fe maize porridge 8.1 5.5 1.2 MacPhail 
Na"FeEDTA cooked into meal et al., 1981 

'Fc dhal ilentils! cn kcd 5.4 5.2 1.04 Mac lhaii 
with Na'"FcLI)TA et al., 1981 

"Fe maize in a mixed meal 4.8 4.0 1.3 Layrisse and Mar-
NaFeEDTA added to dough tin, :-Torres, 1977 

"Fe maize in a mixed lcal1 ' 6.2 5.1 1.2 Layrisse aid Mar-
Na'F.EI )l'Aadded to dough tincz-Torres, 1977 

"Fe wheat in a mixed meal' 9.6 8.6 1.1 Layrisse and Mar-
Na'FeEI)TA added to dough tinez-Torres, 1979 

'Tc,ns, pint.mi, ricc, maIZc, SO y, lnd iet.lt. 
BCan'il",. pIJllt,ll. eL, fI :eC, anld (v. 

Relationship of NaFeEDTA to the common nonheme iron pool. Conclusions drawn 
from much of the experimental work on food iron absorption and iron fortification are 
IbasCd on the Observation that soluble iron added to a meal and the intrinsic nonheme 
ftod iron behave as a common pool (Cook et al., 1972; Hallberg and ljorn-Rasmussen, 
1972). BOth sources of iron are equally susceptible to enhancers and inhibitors of iron 

abs;r1ption present in the meal. NaFcEI)TA shares this property. When Na"'FeEDTA 
was added to meals labeled intrinsically with "Fe (Table 7) the ratio between the 
proportions of iron absorbed from the two sources was close to unity in all except the 
first study, which indicates that the Na"'FeEDTA must have equilibrated with the 
common pool IMacPhail et al., 19811. Inadequate mixing of the NaFeEDTA-fortified 
sugar with thie mize meal pro bably aecoIunted for the lack of equilibration. 

These results reveal Mother important property of NaFcEDTA. Equilibration of 
NaFeEDTA with iron in the common pool improves the bioavailability of the 
intrinsic food iron as well. Therefore, NaFeEDTA improves iron balance in two ways: 
it supplies iron in a form less affected by dietary inhibitors and improves the 
absi rption of nonbcmc iron in the meal derived from other sources. Figure 2 
illustrates this point and demonstrates that the positive effects of EDTA on iron 
absorption are shared by other elements of the common po)1, such as another iron salt 
added to the meal. In one experiment ferrous sulphate and NaFeEDTA were fed on 

separate days in the same type ofI meal (maize porridge). Iron absorption from the 
NaFeEl)TA-fortified meal was foind to be significantly better. However, the iron 
from fCrrLus sulphate was as well absorbed as that from NaFcEDTA when they were 
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in +1SI 

whc..n hd In ,Cpartc neCaL" '1nd in the ,amc mealn. 5,ircc: MLc PhNLil Ct al., 1985, with p,rmission 

(,tA cin ic larc,. 

Mean abrption oii 11 ti-m NiFcEITA (icn blr,, and tcrrous sulphate Ihatched biuls 

mcal tMaclPha l et l1., 198 1;Martinez-Torres et al., 1979.fed together in the saml 

M(ore direct evidence of rcciprocal exchange between tood iron and iron addcJ as 

NaFcEI)TA wais provided b cxperimnents in which subjects were given maize 

ilar quantities Of "FeS() and NI'i"FeEDTA. The ratiopolridge folrtifiCid with c(ki min 

betwCen the two NIsotlpes was alinst the saic in tilmeal and the urine. This implies 

that xcaligllgc ot Ir ilctwcCn fCrrioLuS sulphate and NaFeEDTA mLISt have occurred 

EDTA is excreted illthebetorlC absrptilln ot the chclLtc, bcCIUSC only ilon hound to 


urine ttC' (h'ptCr II irCexpIinaition).
 

Effect of body iron stores on iron albsorption froiii NaFeEDTA. There is at close inverse 

iron stores and nnheiC iron absorption. As body ironrcIlVioiMhitp bCtwCCn bd()d 
the nonhemle comloln111ll poolstil's dCIre'm, the percentlg:e of il'r)i absorbed fIOiml 

completely exhausted.IcILrIe'I:. porprti)nlly, becollillg malximll when storeS are 

The use Ot the scrti tertin alSsayV As alllleaSLrle of the size of body iron stor'es has 

ma11ilde it piible to iCciineC the relatioinship between body irol stores and iron 

qiat Bl1czw (ida Ct al., 1979). 

ChllgiC in the size of Ir(n stilCes have the sile lproprtio nal effects oin abso 
aibsoi- t1 L Itilti vC'l 

tiolln 

flr(ollmcils"re'Lcgardlcs of the bioavaililbility of iron in a particular leill, and theyall 

pi ivide the basis Iiir c()irrectillg (irstadallizingil ilb, wipItioIn to the arbitrary ferritin 

ci incnlltraltio)l that Icp:rescnts stiilage irnn (1Ctlqetinm. ((irrect ion to Isermln felrritill (if 

26 mg/L is equivalent toicirrectiin to I reference ib,iption f4()'!, (Baynes et ill., 

19871. The relatio1ns.hip iSun1chlglegCd when NaIeLl YA is usCd as the iron Soirlce (l.D. 
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Figure 3 
adc~lit l an 1111itt ir((l it,ab (Il (ll t trun fin ,qLjLti)tl.ElLm elt 1(Il (iprlt the ,dl !pt ii11 41 sOlutionIs 

Cl()11[,111111in4tOLIS ,tlilphe14;ltc gcoliLtri nd barsNA:LF)T,\. Valtes arc Iall Mid S)Ss. Open 
WitIuut nhlibi1t(4; hatchCd IarS with inhibior. (Sourc;C: ,MclUhiil ct l., 198-, with perniisi(ol of 
Acadcllic Pics.' 

C k iiand S.R. Lynch, unilullishe(d data, 1992). This findintg provides further CvidCnce 
(dthe availliliiity ()tiron in NiiFcE)TA to the physiologic ilsorptive mechinisms. 

Effect of inhibitors lild nhincers oi iron absorption from NaFeEDTA. PlhytatC and 
t4)~il$'t14,lli the 11(1St pItent inhlibitors of iron aibsollti(l IMacPIhail andd rlillirne 
Bothwell, 19921. A tCw StudiS proIvidC some inflirllltii ill)aoit the interaction 
Iletween LI)TA inld Sp'cific dictary compllnents. Tile effects oil iron ail.sotiltion of 

iddi tig ( 1111ihlilb tO aquCOus utions containiing eithert wI)Mwrtu ors, brall Or tCa, (Ih 

tero(luS ulplate or NiffLEI)TA ire sIlo wn illFigire' ,. lPhytatC is the predoilliiant 
tinlibitolr (t iron abs. lrptiil ii 1 (talnnils ale tile l)iCrehmillaiiltilr;Il ald tldlyphn 
inhIlit(r illtea railreldlUni' hin Irt terrtlllS sulpilate 1I-fold. No SuchabsCi't ti n 
itnhillitill (occurredCIwhen NaFeE1)TA wais present. Tile EDTA was capalc of protect
in, the iltiIl1\'Illliin',itill aii avalilable firnl itnd lrevenlting its hI nding to pilytate 

Lvoin, 1984; 1lurrl '1 I')2 ).The p d(ypiniill., ds intei are more potent Inhibitors, 
'Ind their presellcec wi i witd withi a sCvCelk d reLduction intile ailsorptiol of iron 

froim NiFLl )TA. lt0hl'nplel) s hlav1 greater affinity forThcse'findiigs indicite that e a, 
iln thuli d ( ', LI )TAil the conliltiti lil CXisting ill the ulp'r gaStrolitClstinlal tract. 

A,,Io rbic lcid pFO LtiC,s idce-del dLt cilhancent.'ilt of iroll ailsirption froll the 
c()illl()il p()()l illthe bilet'ncc 0 ElI)TA IS;lcrs ct al, 1973; jortl-lRassnLussen and 
-iiber, 1)74; 1)crmiltn ci l.,I977). I hiwevcr, when NaFcEl)TA atlnd ascorbate were 

alded tI igethCr iJ ialaiZ:. incill, ir(nIlabls()ipti)n wlas cnhilnllcd(CCIll iy at the highest dOSe 
Tablc 8). The Iinited effect ()tNaFelYEITA ill dicts of high bioavaihibility was also 
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Table 8 	The Effect of Increasing Doses of a Promoter (Ascorbic Acid) on the Absorption 

of Iron (5 ing) from NaFeEDTA Added to Maize Porridge 

Absorption (%)J 

Ratio Without With 
Ascorbic acid (nig) iron:ascorbic acid ascorbic acid ascorbic acid 

2) 1:1.5 8.5 8.9 

50 1:3.0 12.0 12.0 

100 1:6.0 8.0 15.6 

'Gcoictric means standardizcd to a refcrence absorption of 40%. 

Suircc: Macihail et al. (1981. 

observed in a meal containing meat. The nonheme iron absorption was the same 

regardless of whether iron was present as NaFcEDTA or ferrous sulphate (J.D. Cook 

and S.R. Lynch, unpublished data, 1992). 
These experiments suggest that NaFcEDTA protects the iron in food from the 

inhibitory effects of phytatc. Whether it also protects iron from the effects of other 

inhibitors is less certain. Its presence has no promoting effect in mcals in which iron 

absorption enhancers predominate. Thus NaFcEDTA has no advantage in meals of 

high b1ioavailability and may sometimes even reduce iron absorption under such 

circumstances. 

The Effect of Na 2EDTA on Iron Absorption 

As previously discussed, NaEDTA is widely used as a food additive to prevent 

oxidative damage by free metals. Because Na,EDTA readily chelates iron in the gut to 

form NaFeEI)TA, its effect on iron absorption is of interest. NaEDTA and an 

eCjui molar quantity of iron as ferrous sulphate were added to bread with a high phytate 

extraction flourl )el Guindi et al., 19881. The combination wasc(,ncentratimi -82",, 
associated with a 2.6-fold enhancement Iniron a-"rption when compared ith 

results when ferrous sulphate was used alone. The imean percentage iron absortion 

was approximately equivalent to that reported in similar studies using NaFeEDTA 

(Table 5). The same effect on iron absorption can be achieved in inhibitory meals 

when Na,EDTA and a soluble iron salt are added instead of NaFeEDTA. 

The effects of Na,EDTA on iron absorp-tion appear to be influenced by the EDTA:Fe 

molar ratio. Earlier work suggested that increasing the Na,EDTA:Fe molar ratio was 

associated with a progressive reduction in iron absorption jCook and Monsen, 1976). 

These observations were extended recently (P.R. Maclhail and T.H. Bothwell, unpub

lished data, 1992). Iron absorption from a series of rice meals containing Na,EDTA 

and in a 1:1 molar ratio was compared with rice containing NaEDTA and iron in 

molar ratios )EDTA:Fe) ranging from 1-4 and 1:1 (Figure 4). Statistically significant 

enhancement of absorl)tion occurred at EDTA:Fe molar ratios between 1:4 and 1:1. 
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The L'C Ofiinc1rcli',1g M ntS ot Nai,EIA oin iron absorption froim a rice ica!l ftirtificd with 

IcS(. t( ll in: nigl. Absorptio)ns havc bccn stallrLizcd It) ascirnm fcrritin of 26 tg/L, which 

1I,cCLU il lit I ICtereLnC llmnrptl)n (it 40)', llvncs ct ill., 1)87). VLal I 'cs ,gc)ln m Sa"c Ctnlc a ILd 

The cnhliancing cf.tcct A. E)TA onilr(irn a s(rptio)ln appeared to he nlhxillll It n111 

El )TA:FEc mol ar ratiao i1 1irp)ximatcl ' 1:2 and nMot 1:1 Is picv iously isSumlilcdl. At this 

1111r ralt1( nlnir thaii ,1hrcc tillCS aS 1n1uch iron was ablsorbCd fIrmln the EDTA

C(ntailli, icillna asli'()Im the c mntrnldinc; without EDTA. 

Conclusions 
Absorption Stulics in humnlllMS indliciltc thit the EDTA moicty inl NCa,FcEDTA 

protccts iron f1rm the cffccts ot inlibitory ligands jespccially phytatc) inl foods. When 

inhibitors arc present, iron derived from NaFcEDTA is two to thrce times more 

availabic thall it is from ferlous salts Or fod(Iron. Iron in NaFcEDTA exchanges with 

the nonhe1]Cme ironl in the elit Id the EI)TA moiety also cnhmccs the bioavailability 

tI tihe nn)Ibcme iron pino(ol lltit twoitold. The ise of Na FcEI}TA is an iron fortificint 

therCfor h()ld promise for opulations cnsumin,1g diets of low-iro0n bialvailability. 

It, mai ir ipplicaiit in will be in LCvClOp)tin, co)untriCs where the diets aC pred)nii

nMtlv ccrlal biascd. In this selting illl lbsirptii in of 8-10,%o f both the added 

t()Irtifticatit oln the tinsic toi'd iron ca lc expected. Thus the daily intake ofin an c 

it)d t irtitiLId with 10 mg In in as NabcEl)TA wOuld be expected to inlcriasC iron 

bM1i.lionl i iri-Ceficien1t sibje'Cts 1w More thaln 0.8 mg/day. 

The ftirt~fication with NaFEI)TA of diets rich in cnhiancers, such is those com

mi in! y Citeni' in the lvliped wvi irld, is h.SS iattrlctiVe IlMae I'hiI ainI Bothwel1, 1992). 
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Iron avlilability would not he improved and NaFeEDTA might even reduce the effects 

of other enhancers o iron absoirtion under some circulmstances. 
or CaNaEDTA eitherConsideration should also be given to the use of Na,EI)TA 

alone or with another form of fortification iron. Preliminary findings suggest that an 

)fslight y less than 1:1 in diets of low-iron hioavalilability CoLIlLEDTA:Fe molar ratio 
seen with NaFeEDTA. The experimentalenhance iron abs(option similarly to that 

evidence for this conclusion is only from studies using Na,EIDTA. CaNa,EL)TA would 

be expected to have similar pr()pertiCs but has not been tested directly. In a rat study 

evaluating ir )n bioavailability, the same effect oin iron absorption was achieved in an 

inhibitory meal when either Na,EDTA and a solublle iron salt or NaFcE)TA alone 

was used (Whittaklr and VandCrveen, 1990). With a less inhibitory meal, however, the 

comlbination of FeS() and Na,EDTA for fortification was significantly less effective 

than NaFcEI)TA. 
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IV. Field Trials Using 
NaFeEDTA-Fortified Food 

Fortification Strategy 
The guidelines for dcveloping a food fortification strategy were described in detail 

in previoLs INACG publications IINACG, 1977, 19841) and were further refined in 

subsequent reviews (Cook and Rcusscr, 1983; MaclhalI and Bothwell, 1989; Bothwell 
and MacLI'haiI, 1992. 'lhcstcpwisc approach to implementing a national program and 

the ideal charactlistics for a to d vehicle ar stummarizCd in Table 9. A good deal of 

the information relating to NaFeEl)TA has already been collected. Perhaps the most 
difficult step is cho sing alto0d vehicle (Fable 10). It is unlikely that any vehicle will 
mect all listed criteria, but potentially suitable vehicles for NaFeEDTA can be 
selected ol the basis ot informat ion plreCslntly available (HLL RecoImendations). 

As dCsclibCd earlier, NaFeEI)TA has several advantages over other fortification 
compounds. It is a light eo'r, rclatively stable, and not affected by prolonged storage. 
Wheat flour containing NaFeE[)TA has been stored for 1year without any effect on its 
orgal",'lcptic p) peCrtics JR.F. H1-urrcll, tnp1ilishcd data, 1992). The iron bioavailability 
is sat islactiv and unalffectCd by stlage or :ooking. 

Field Trials Using NaFeEDTA 
Thrc.. comprehensive ficld trials have been carried out using NaFeEDTA as an iron 

oirtificant lGarb and Arcekul, 1974; Viteri et al., 1983; Ballot et al., 1989b). The 
salient fcatures of these trials arC listed in Table 11; the guidelines (outlined in fable 
9) were generally followcd in each trial. All three trials were preceded by some 
estimate of the iron status of the population and care was taken to establish the 
acceptability and bioavailability of iron from the chosen vehicle before the trials 

Table 9 Steps in Developing an Iron Fortification Strategy 

1. DCtCrminc the HIn status of the pliipo lat i in. 

2. Choose an appropriate irol compiound and food vehicle combination. 

3. Establish tbe acceptability and stability of the fortificd vehicle. 

4. Assess the bioavilability Ot iron from the vehicle in the appropriate dietary setting. 

5. Carry rout a controlled field trial. 

6. Implement a rcgiomal or natiomal fortification progiam. 
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Table 10 Considerations in Choosing a Food Vehicle for Iron Fortification 

Constumption Technical 

Iligh prnp irtior of the population Centrally processed 

Minimal regional variation Few production facilities 

Unrelated to soCioeCOnomic status Minimal segregation of fortificant 

Minimal individual variation Good masking qualities 

Low poentia for excess intake Low cost 

Clntaind in all meals Limited shelf life 

Liniked to caloric intake High bioavilability 

(Garby and Areekul, 1974; Viteri et al., 1983; Lamparelli et al., 1987; Ballot et al., 
1989a, 1989W. The choice of food vehicle in each case reflected the dietary halbits of 

the population. As anticipated it was not possible to meet all of the criteria for an ideal 

fooid vehicle in each trial. Sugar may it have been an (optimal choice in Gluatemala 

IViteri et al., 198,2,: Alth igh u1sCd by a high proportiom of the pjiptilation, consider

able variatiO)n in both individial and regional constImption was rep)rtCd; the masking 
lualities were not perfect and slight yellowing (f the sugar was apparent. Masala was 

used in the S iuth African trial to taiget iron fortification because this is a condiment 

used largely 1y the iron-dcficiCnt South African Indian community and not by other 

segments of the polpulat oin, S(Ime( of whom arC iron ovCrhloded HBalh it et al., 1989b). 

Altlough each trial included a control group that did not receive the fortified 

vehicle, only the SUuth African masala trial was double-blinded. The design of the 

Central American trial jVitcri Ct al., 1983) presented several problems. First, the four 

communities chosCn were not strictly latched for iron status, which made the 

clhicC of a control commu[nity difficult. Second, the distribution of the fortified sugar 

depended on the lrchasC of sugar by the subjects themselves. Compliance with the 
somefortificathiln pro'gram was por in two communities, probably becatise sugar 

nill workers received free unfoIrtificd sugar. These factors may have had some bearing 
on the disappointing results of this trial. 

sauceNaFeEDTA-fortified fish sauce (Garby and Areekul, 1974). Fortified fish was 

provided to the p hti t ion of a Thai village for 1year. Packed red cell volumC {PCV) 

values measured beforC and after the fortification program shoVCd a significant 

increase as compared with a control village supplied with Linfortified fish sauce (Table 

12). The largest mean change (+4.67) was seen in a subgroup of women who were 
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Table 11 Outline of Field Trials Using NaFeEDTA to Fortify Various Food Vehicles 

Garby and Areekul 
(1974) 

Geographical Thailand 
region 

Population studied 	 Two rural villages 

Design of trial 	 Controlled lone village); 
not blinded 

Sample studies 	 Test village (284) 
Control village (330) 

Fiod vehicle 	 Fish-saucc Jsalt 
substitutel 30 g 
NaCI/L, 10 ng Fe/L 
distributed by village 
head-man as required 

Consumption of 10-15 mL/person 

food vehicle 
per dayl 

Fe absorption 1',d8 

Level of 1mg Fe/mL; 
fortification and 10-15 mg Fe/person 

intake per day 

Acceptability 	 No changes 

Duration of trial 12 months 

Abnormal iron 30-50 of population 

status before trial anemic; 34 initial 
PCV below normal 

Measurements Packed cell volume 


taken (PCV) 


Viteri et al. (1983) 

Central America 

Four rural Guatemalan 
communities 

Controlled (community 
#15), not blinded 

#13 (186), #14 (306), 
#15 (234), #16 (296); 
severely anemic subjects 
treated before trial 

Off-white sugar 
distribution: sold to 
store keepers; 
purchased by 
participants tpoor corn
pliance #13 aId #14) 

33 g/person; 
children highest 
consumption 

8 

13 mg Fe/100 g; 
4.29 mg Fe/person 
per day 

Barely perceptible 
yellowing 

20 months 

Low Low Low 
Comm PCV sat ferr 

#13 31 34 52 

#14 43 58 72 
#15 35 12 37 

#16 21 23 34 

Hemoglobin, PCV, 
/,,Sat, FEP, Serum 
Ferritin, Cu, Zn 

Ballot et al. (1986b) 

South Africa 

Urban Indian commu
nity in a municipal 
housing estate 

Controlled (random 
allocation by families); 
double-blinded 

263 families (672 subjects), 
129 control families, 
134 fortified faniles; 
Hb <9 g/dL excluded 

Masala eIurry powder) 
distributed directly to 
families monthly; 
free of charge 

5.5 g/person 

10 

1.4 mg Fe/g; 
7.7 mg Fe/person 
per day 

Slight darkening of food 

24 months
 

Females Males
 

IDA 24 4
 
ID 53 24
 

Hemoglobin, %Sat, Serum 
Ferritin 

I)A =iron deficiency ancmia, i) =iron deficiency, 'NSat= % saturation iftransferrin, FEI' =free erythrocyte 

= packed cell volume, (omm1 = Community, ferr = Fei ritin.protoporphyriri, PCV 
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Table 12 Initial Values and Mean Changes in PCV in Control and Test Villages 
After I Year of Fortification 

Control village Test village 
Initial Me;m Initial Mean 

Number value change SE Number value change SE 

Children 126 36.9 -0.02 0.18 117 36.7 +1.38 0.19 

Men 66 40.1 -0.02 0.40 98 40.1 +1.45 0.33 
Women 92 36.1 +0.22 0.32 115 36.1 +.56 0.31 

Source: Garby and Arcekul (1974). 

anemic at the start of the trial (initial PCV < 33). Although a similar subgroup of 
women in the control group also improved during the year (mean change +2.13) the 
increase in PCV in the fortified group was significantly greater. The same pattern was 
seen in both men and children with low initial PCV values. 

The increase of 4.67 PCV units over initial values represents an increase of about 
187 ng in total body iron, or aln increase ill daily absorption of about 0.5 mg over the 
trial. This is64% of the expected increase in body iron of 0.8 mag/day calculated on the 
basis of an anticipated absorption of 8%and an assumed daily intake of 10 mL fortified 
fish saucC (10 mg irlon). Iron stores were not measured in the trial and the calculation 
does not take into account ire!; laid down in stores. The calculated value therefore is 
an underestimate of the iron actual:', absorbed. It nevertheless illustrates that 
fortification with NaFeEDTA is a highly effective method for improving iron status. 
Overall, this trial demonstrated that fortification of fish satice at modest concentra
tions using NaFeEDTA is feasible and that it can produce a significant improvement 
in iron status as assessed by a simple criterion (PCV). 

NaFeEDTA-fortified sugar (Viteri et al., 1983). The design of this trial makes interpre
tation of the results difficult. The analysis is based on the comparative changes in iron 
status observed in four communities. Three 1#13, #14, and #16) were test sites and one 
(#15) was a control site. Measurements of the initial iron status in individuals drawn 
from test community #14 were significantly worse than the other test communities 
and the control community t (#15). Unfortunately, compliance was poor in this 
community and also in test community #13. Furthermore, 70% of the families in test 
comrnunitus # 13 and I14 used fortified sugar only half the time, and the remaining 
30% used it 80% of the time. Finally, subjects with severe anemia were given 
therapeutic iron to improve their iron status before the trial. Despite these confound
ing factors, hemogloll values rose in both males :'Id females after 20 months of 
fortification, although statistical significance was not attained. Only the children 
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Figure 5 
Changes in serum ferritin before (open bars) and after 20 nmonths {cross-hatched bars) of iron 

fortification. RCsults are the means from samples drawn from four communities. There was a 

significant rise in serum fcrritin in the three fortified communities (first three groups), but not in the 

control community. Viteri eIIrCC:ct al., 1983; with permissioi of AcademicIPress.) 

.5-12 years) in communities #13 and #16 showed a significant improvement in 

hemloglobin concentrations when compared with children in the control comrmunity 

#15 (+2.2 - 1.7 and +2.2 _ 1.5 g/dL, respectively, vs. + 1.6 +_1.2 g/dL). The greater 

benefit observed in children may have resulted because sugar consumption related to 

body weight was greater in children than in adults. The mean serum ferritin concen
tration, which is a measure of the siZc of iron stores, increased in each of the test 

communities but not in the control community (Figure 5). 

The relatively mo,.dest improvement in iron status noted in this trial may also have 

been dluC, in part, to the fortification anount being considerably less than that in the 

other two trials (4.3 vs. 10-i5 and 7.7 mg iron/person per day). 

NaFeEDTA-fortified inasala (Ballot et al., 1989b). The design of the most recent 

fortification trial differed from the earlier studies in that it was conducted in a single 

community with families randomly assigned to concrol and test groups. The groups 

were mlatched for iron status. It was also doublc-blinded and care was taken to ensure 

that crossover between groups did not occur. Fortified or unfortified masala was 

distributed directly to each family. In addition to cvluating the usual monitors of 

improving iron status (increasing hematocrit or lhenoglobin and ferritin), an attempt 

was made to estimate the total body iron in each individual by using a composite of 

the hlemoglobin concentration, percent transferrin saturation, and the serum ferritin 

concentration (Cook ct al., 1986). This comprehensive index of inu.trition made it 
possibly to compare subjects with wide variations in iron status and thus to assess 

both the beneficial and potentially adverse effects of additional iron, i.e., development 
of iron overload (Ballot et al., 19891). 

A significant imrprovenent in body iron as assessed by the index was detectable in 

the group of women receiving fortified masala after 1 year of the program (Figure 6). 
This improvement continued during the second year, when the rise in hemoglobin 
concentration became significantly greater than that in the control group. The 
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Changes (A)in measurenents of iron status after I and 2 years of iron fortification in fortified (.) 
and control 10) groups of mlCs and females imean ± SE). The probability (one tailed, Student's 

test) that individual changes were greater in the fortified group than in the control group are also 

shown. ISource: Ballot ct al., 1989; with pcrmission.) 

Table 13 	 Prevalence (%) of Iron Deficiency at the Start (Year 0) 
and After 2 Years of Fortification 

Chi2Group No. Year Normal DIS IDE IDA P 

Females 

Control 161 0 49.1 16.2 17.4 17.4 
2 62.9 11.2 12.6 13.3 5.9 >0.1 

Fortified 164 0 48.8 20.1 9.1 22.0 
2 78.4 6.8 9.9 4.9 39.5 <0.001 

Males 

Control 139 0 74.1 14.4 11.5" 
2 85.4 7.3 7.3a 5.6 >0.05 

Fortified 134 0 74.6 11.9 13.4J 

2 93.1 3.1 3.81 16.7 <0.001 

'Categories combined because of small numbers.
 
L'IS: deficient iron stores, IDE: iron deficient erythropoiesis, and IDA: iron deficiency anemia.
 
Source: Ballot ct al. 1989b).
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prevalence of iron deficiency dropped dramatically in the women receiving fortified 

masala (Table 13). Iron deficiency anemia was detected in 22% of individuals at the 

start of tile study but only in 4.9% after 2 years of fortification. The most significant 
who entered the trial with ironimprovement in iron status was noted in women 

dcficiency and especially in those with anemia. Those with anemia showed an 

increase in calculated body iron of 505 mag, which is equivalent to the absoqtion of an 

additional 0.7 mg iron/day. The latter figure is close to the predicted improvement in 

iron balance of 0.8 mg/day based on isotope absorption studies using NaFeEDTA

fortified masala Lamparelli ct al., 1987). 

In iron-replete males the rise in calculated body iron was modest and reached 

statistical significance only in alcohol abusers receiving fortified masala. This sug

gests that iron-replete males are unlikely to accumulate excessive amoLunts of iron 

dInder these fortification conditions. 

Conclusions 
NaFeE[)TA appears to be particularly well suited to tile conditions encountered in 

the three trials that have been described, because the traditional diets consumed in 

these communities tended to be cereal and legume based and were of low intrinsic 

iron bioavailability because of the presence of phytatCs and polyphenols (Bothwell and 

MacIhail, 1992). 
The vehicles usc') in the three studies, sugar in one and condiments in the other 

two, wCrC particularly appropriate to the eating habits of tle groups studied. However, 

wheat flour and other cereals arC Cqually suitable potential vehicles for NaFeEDTA 

and the feasability of using wheat flour has already been established in a pilot study 

with Egyptian bread (el Guindi Ct al., 1988). 
Although NaFcEDTA is not devoid of organoleptic problems, it performs better 

than many other iron comapouLnds. It caused slight discoloration of the sugar and curry 
consumerpowder used in the field trials that we described but did not affect the 

acceptability of the products. However, it is not a suitable fortificant for all foods. For 

examplC, it has bccn found that banana-containing weaning cereals and chocolate 

drinks devclop a bluish grey discoloration when NaFcEDTA is added (R.F. Hurrell, 

unpublished data, 1992). On the other hand, wheat and other cereals appear to be ideal 

vehicles for NaFeEDTA. Unlike ferrous sulfate, which catalyzes fat oxidation and 
causes no changes. Wheatthtis produces unpleasant Odors and flavors, NaFeEDTA 

flour fortified with NaFeEDTA has been stored for long periods of time without 

causing organ(oleptic problems (R.F. Hurrell, unpublished data, 1992). 
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V. General Conclusions
 
1. The potential advantages of NaFeEDTA as a food fortificant together with its 

demonstrated CfficacioLsnCss in a recent well-designed field trial prompted a reap
praisal of available information elating to its chemical, physiological, and toxicologi
cal properties. 

2. When NaEDTA isadded to food, some of the intrinsic food iron forms complexes 
with the EDTA to form Na~cEDTA in the stomach. Similarly, when NaFeEDTA is 
added to food, there is exchange between the iron moiety and other iron in the meal. 

3.Iron bound to EDTA is released to physiological mechanisms at the intestinal cell 
surtace, with the amounts absorbed being controlled by the body's requirements. The 
EDTA then forms complexes with other metals in the inLcstinal lumen. Only a very 
small fraction IlI,,of the iron administered as NaFcEDTA is absorbed as the intact 
NaFcElYFA complex. 

4. 'Jpto,-'!,, of the EI)TA moicty in any meal is absorbed. This occurs regardless of 
the EDTA-mtal complex administered and is an unregulated process. With 
NaFcEDTA, most of the EDTA is absorbed after exchange of the iron with other 
metals, such as Zinc anod copper. After absorption the E1TA-metal complex is 
completely eliminated unchanged in the urine within 14-48 hours. 

5. Human absorp1tion studies have shown that the iron in NaFcEI)TA added to 
inhibitory meals is two to three times as well absorbed as iron added as ferrous 
sulphate. Howvcr, the absi rption of iron from NaFcEDTA is no better than that from 
ferrous sulphate when added to meals of high bioavailability that contain significant 
quilntitiCs t IS:cirbic acid (Orme1(at. 

6. NaFcEI)TA ii the do)sc range tp1roposed for food fortificants has no toxic side 

effects. When NAEI )TA is present in food, NaFcEDTA is formed in the stomach. The 

widCspCad use of( NaEl TA and CiNaEI)TA as additives by the f od industry is not 
assoCitCd With iny LintiMiward effects. 

7. As indicated abi vc, in inand El)TA absorption from NaFcEI)TA are independent 

pl0CcessCs. S ItcCilt informiatinl about the saetCt of both substaMcCs at proposed 
fortificant ciincent rat ins Is, rcOimmlend the Use (if NaFcEI)TA asalhrcady available to 
a food fortificant. Further toxicolhgical studies are not necessary. 

8. Cmccrn has bCCn expressed abotit the use of NaFcEI)TA fo(r prolonged periods of 

time, bcaIMusC CxchalgC )fthe metal imi ety Could thcirctically lead to trace element 
dCplCtilo. ExChaMyc of iron r -inc is probably the preldominant reaction in the 

luimen () the simi I]intestine. The cifcct ,A El IA ol zinc balance depends oi the 

El)TA:zitnc m l rat1i in thc dict. The usC ot NalFcElTA in the foirtification range 

ngl )Tt\pm\i~peL0ild has nldetrimental effect on zincpopiscd( 1( l nr(,, ii7 
balance. Zinc abs n loriand zinc balance may ;iCtually be improved ifthe diet has a 
low zinc content )Ilow zinc bioavailabilitV. 
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9. There is currently no comnmercial source of food-grade NaFeEDTA. However, 

NaFcEDTA is extensively used in agriculture and the processes used for its manufac

ture are well standardizcd. 
10. 	NaFeEDTA is an attractive option for delivering fortification iron because 

* 	 it is a light colored Compound, 
* 	 it can he added to several potential food vehicles without affecting the organolcp

tic properties of the vehicle, 
* 	it is a form of bioavailablc ofortification iron, 
* 	 it promotes the ahsrptio n Of the intrinsic food iron from low-bioavailability 

meals, and 
* 	 its enhancing effect ()n iron absorptio)n is n(ot affCctCd by storiagC conditions or 

food pircparation. 
11. Three field trials have denmn;trated that fortifying the diet with NaFeEDTA 

has a significant beneficial cff.c. oin iron status. 

12. Til estimated cost of NaFLEIDTA fortification is approximatc because of the 

current absence ot a coinmercial so'rCe of foo(d-gladc matcrial. Estimatcd ccost is 6 

times that for fcrrous sulphate or addilng equivalent quantities c) iron.c) Hocwever, 
when tile impr(oved lioavai lability a facto)r of 2-31 is taken into a1CCOllnt, the cost is 

only 1.3-3 times as much as feLcus S.ulphatC. 
13. The implencntation of iron tortificaticn with Na FeElETA wc)Uld n(ot require 

extensive further research. Sufficient intc irnati)n abu()t its p)itCntial benefit ill 

various dietary situlations isalready available toiallow for the selection of suitable food 

vehicles. 
14. It might be satisfactory under some circumstances to fortify fo()ods with a 

solublc iron salt and Na,EPTA or pc)ssibly CaNaEI)TA, hecatise NaFeEDTA would 
belC
hie finrmcd in the st( mach. This would require that the iron saL added to the food 

item xxithu()t rendering it rganiolcptically unalccepta blc. It might also he necessary to 

add bo)th tile El YA chelate and the iron salt hctorc proccssing to ensure adequate 

mixing. This cculd be an advantage, since preliminary evidence sugCsts that a 
). :1 iln maximal iron absorption in diets ofEI)TA:Fe molar ratoic R-i1 diets Isults ill 

low-ircn bic availabiIity. Ftirt hcrme()rC, the ise (ifa Clbeap, soluble iron salt together 

With a smaller qunltity ()fthe mo)rc expensive chclator may redtce the cost. 

15. Na,EI)TA and CaNat,EDY-A arc used extensively illthe food industry. JECFA 

has recently cached the cilclusicin that NaFeEPTA is also safe when used in 

supervised f(cod I crt ification prigrams i iron-deficient populations and given provi

sic Ialapproval fcr its use. 
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VI. Recommendations
 
1. Sufficient information derived from toxicological studies, human absorption 

tests, and field fortification trials is available to recommend the use of NaFeEDTA as 
a food fortificant to impnrov in1 status. Supporting this contention is the recent 
JECFA provisional approval of NaFeE[)TA as safe in food fortification programs in 
populations in which iron deficiency is endemic. 

2. Fortification with NaFeEDTA is expected to be most efficacious in iron-deficient 
p()pulatioMs subsisting o)n cereal and lCgumC-based diets. 

3. The f()()d vehicles most suited to fortification with NaFeEDTA include wheat 
fl)ur and ()ther cereal pr()ducts, s ybllean al other legume pro(ducts, condiments.n111( 

4. The following factors merit colnsidCration when establishing the levels at which 
fo)(d shl()dh 1C to)rtifiCd: 

* 	a rCduetiM in the usual lv rcConmeCndCd fortification I10 ng iron/pcrson per 
dai may hC p(ssiblC because irn in the foirm of NaFeEDTA is two to three times 
more lioavailable foml an inhibiti rv diet than is iron added as a simple soluble 
in salt, such as tern 05S llfatC () fernl tl fu maratC, and absorption Of the 
intriinsic !)d i ntm in the meal is als, enhanced. 

* 	The d(sCe of EI)TA\ may hc the limiting factor in fortifying foods catChby younger 
children because NifFeEl )TA contains mly I5" iron by mass and the AD[ for 
EDTA derived rCmlall sources is 2.5 mg/kg. 

5.The possibilit y of usin 1 s1uhble ino salt together with Na,EDTA or CaNaEDTA 
n a El)TA: mFe (r less sh(d101( bC explored as alternative toiar rati,) (d 1:1 an 

NaFcEDTA ftir the h rt ificitli oIf to(Ods that do nIot reCLLire prolonged storage and 
would thus not bc rendered organoleptically unstuitablC by presence of the iron salt. 
This approach may have the addld advantage of reducing, the quantity of EDTA 
consumCd, to r example, ila f Iods catcn by young children. 
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