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PRESENTATION

The Latin American Center for Nutrition and M etabolic 
Studies, CELANEM , is proud to present this supplem ent o f 
the Latin American Archives of Nutrition, that is com pletely 
devoted to the latest research on an iron amino acid chelate, 
com m ercially known as Ferrochel® , and chemically as iron 
bis-glycinate chelate, CAS No. 20150-34-9, now recognized 
as G.R.A.S. by the U.S. Food and D rug Administration (No. 
GRN 000019).

Since the later part o f  the 1980s, CELANEM  has partici­
pated in research on the effectiveness o f Ferrochel and other 
iron chelates such as the TF iron amino acid chelate (taste 
free iron chelate), com pounds that are produced and regis­
tered by Albion Laboratories, Inc, o f Clearfield, Utah, U.S.A.

D uring this time, a significant am ount o f investigation 
has been carried out, follow ed by publication in scientific 
journals that assisted in defining the advantages o f  the amino 
acid chelates for the control o f iron deficiency and iron defi­
ciency anem ia all around the world.

In spite o f all our efforts, som e uncertainty persists about 
the effectiveness and safety o f the amino acid chelates that 
in our opinion is the results o f a poor understanding o f what 
these chelates are, how they are absorbed, how they exert 
their effect in the hum an body, and how they are regulated in 
their absorption by the iron reserves o f the body, and how 
toxic they may be. There has been a strong effort to show 
and publish the very low toxicity o f  these com pounds as es­
tablished by research in experim ental animals that include 
acute, sem ichronic and chronic toxicity. It has been proven 
that the iron am ino acid chelates show a very low toxicity, 
and has been successfully used in fortification o f a num ber 
o f  food matrixes.

In the first part o f  the supplem ent we present an intro­
duction, written by one o f the leading experts in the field o f 
iron deficiency control that focuses on the im portance o f  iron 
deficiency and anem ia in the world, followed by papers on 
the chem istry o f  chelation, the bioavailability, the absorp­
tion, the regulation, the toxicity and stability o f Ferrochel in 
the presence o f different com pounds.

In the second part we present papers on the effectiveness 
of Ferrochel in clinical trials for control o f iron deficiency 
and iron deficiency anem ia in pregnant women, field trials 
in Tanzania, and several papers on the use, effectiveness and 
evaluation o f the fortification o f wheat flours, bread and sugar, 
as a mean o f controlling iron deficiency anemia, and finally 
a discussion by the director o f CELA N EM  on the im plica­
tions o f the research presented.

O scar Pineda 
D irector o f  CELANEM

Note: All the iron chelates used in the investigations presented as 
well as other chelates discussed in some of the papers are pro­
duced, patented and registered by Albion Laboratories, Inc. of 
Clearfield, Utah, U.S.A., that kindly provided all the chelates used 
in the investigations and for which the authors and CELANEM are 
greatly indebted.
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Iron deficiency and the developing world
A. Patrick M acPhail

D epartm ent of M edicine, University o f W itwatersrand, Johannesburg, South Africa

SUMMARY. The dietary intake of iron in underdeveloped coun­
tries is based mainly on non-hem iron which is absorbed to a lesser 
degree that hem iron and is subjected to many interferences from 
inhibitors generally present in the diets, such as phenols, phytates, 
fibers, etc.
Food fortification with iron is considered to be the best and cheap­
est long-term approach for correcting the deficiency. The iron source 
selected for this purpose has to be soluble, and of high 
bioavailability, even in a diet rich in inhibitors. Ferrochel may prove 
to be this type of compound.
Key words: Iron deficiency, anemia, fortification, Ferrochel.

RESUMEN. Deficiencia de hierro y el mundo en desarrollo. La
ingesta dietética de hierro en el mundo en desarrollo se basa 
esencialmente en hierro no hemínico el cual se absorbe en menor 
grado que el hierro del heme y está sujeto a interferencia por 
componentes normales de las dietas tales como fenoles, fitatos, 
fibra, etc.
La fortificación de alimentos con hierro se considera como el mejor 
enfoque a largo plazo para corregir la deficiencia. La fuente de 
hierro seleccionada para este objeto debe ser soluble y mostrar alta 
biodisponibilidad aún en dietas de alto contenido de inhibidores. 
Es posible que Ferrochel demuestre ser este tipo de compuesto. 
P a lab ras  clave: Deficiencia de hierro, anemia, fortificación, 
Ferrochel.

INTRODUCTION

Iron deficiency is the m ost com monly encountered nutri­
tional deficiency in humans. M ore than half a billion people 
have iron deficiency anem ia (1), and many m ore have de­
pleted iron stores and are at risk fo r the developm ent of 
anemia. Paradoxically, iron is the second m ost common metal 
in the earth’s crust and is present in all foods. Furtherm ore, 
the prevalence of iron deficiency anem ia varies widely (2). 
Over the years there has been a steady drop in the prevalence 
o f  iron deficiency in industrialized countries, with less than 
3% o f fertile women in the United States being affected (3). 
In contrast, iron deficiency is a m ajor problem  in the devel­
oping world and affects alm ost all segments o f the popula­
tion including men (4). It is particularly severe in infants and 
childbearing age women. For exam ple, the prevalence o f iron 
deficiency anem ia in preschool children has been reported 
to be 70%  in the Caribbean (5) and between 45 and 70%  in 
Ecuador (6). In pregnant women in West A frica the preva­
lence ranges between 20 and 45%  (2). To com prehend why 
iron deficiency is so com m on in the developing world in the 
face o f  a plentiful supply of iron and to  appreciate the dilem ­
mas that beset iron fortification, it is necessary to have an 
understanding o f basic iron metabolism and particularly the 
factors that influence the absorption o f  iron from the diet.

Basic iron metabolism
Iron owes its im portance in biology to its rem arkable re­

activity. The reversible one electron oxidation-reduction re­
action between ferrous (Fe (II)) and ferric form s (Fe (III)) is 
exploited by most iron-dependent enzym e and transport sys­
tem s and is managed by highly specialized proteins involved 
in the storage and transport o f iron. However, it is this reac­
tivity that produces unacceptable organoleptic changes in 
food, m aking the fortification o f food with iron difficult. 
Norm ally iron can only enter the body through the diet. Four 
phases o f  iron absorption are recognized. In the luminal phase, 
food iron is solubilized, largely by acid secreted by the stom ­
ach, and is presented to  the duodenum  and upper jejunum  
where most iron absorption takes place. Factors which m ain­
tain the solubility o f iron in the face o f  rising pH, such as 
valency (ferrous iron is better absorbed), m ucin secreted by 
the m ucosa and chelators (ascorbic acid), appear to  be im ­
portant in this phase. It is in this phase that the presence, or 
absence, in the diet o f  prom oters and inhibitors o f iron ab­
sorption is o f great im portance. In the second phase, m u­
cosal uptake, iron is bound to the brush border and trans­
ported into the m ucosal cell. In the third intracellular phase, 
iron is either stored in cellular ferritin or is transported di­
rectly to the opposite side o f  the mucosal cell and released. 
In the last phase iron is released  from  the mucosal cell into 
the portal circulation w here it is bound to  the transport pro­
tein, transferrin. Both iron uptake and release by the m u­
cosal cell appear to be inversely related to the am ount o f 
iron stored in the body. M ost o f  the absorbed iron is trans­
ported directly to the bone marrow where it is incorporated
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into hem oglobin in the red cell. A t the end o f  its life span the 
red cell is engulfed by cells o f  the reticuloendothelial sys­
tem (RES), located mainly in the liver and spleen. The iron 
is separated from  hem  and either stored in ferritin  or as 
hem osiderin, both in the RES and in hepatocytes, or released 
back into the circulation w here it is again picked up by trans­
ferrin. I t should be noted that this cycle is never reversed. 
There is normally only one way in and there is no way out 
except through blood loss or, in pregnancy, to the fetus. In 
reality, a small am ount o f  iron is lost. In men this am ounts to 
about 1 m g/day mainly through loss o f  blood and surface 
cells o f the gut, urinary tract and skin. The loss is relatively 
easily balanced by iron absorption. In women, additional 
losses through menstruation (0.5 m g Fe/day) and the cost o f 
pregnancy (2 m g Fe/day) and lactation (0.5 mg Fe/day) make 
it m ore difficult to balance the loss through iron absorption.

Iron balance
Iron requirem ents m ust be balanced by iron supply if iron 

deficiency is to be avoided. Several factors com bine to influ­
ence iron balance (Table 1). Obligatory iron losses, the re­
quirem ents o f growth and pregnancy as well as pathological 
losses such as that due to hookworm infection (7) must be 
balanced against iron supply. Iron supply is heavily influ- 

. enced by the am ount and type o f  iron in food and the com bi- 
n a tio n  o f  v a r io u s  in h ib i to r s  an d  p ro m o te rs  o f  iro n  
bioavailability. The m ajor reason for the variation in the preva­
lence o f iron deficiency is to  be found in the bioavailability 
o f iron in the staple diets consum ed in different regions o f 
the w orld. Subjects in m any developing countrys subsist 
la rg e ly  on c e re a ls  (8 ). T h e  iro n  in  w h ich  is  o f  low  
bioavailability because o f  the presence o f inhibitors such as 
phytates and polyphenols (8). On the other hand, mixed di­
ets o f high bioavailability are consum ed in W estern coun­
tries. They contain hem  iron, w hich is well absorbed, to­
gether with ascorbic acid and m eat, both o f which are potent 
enhancers o f  non-hem  iron absorption (9,10). In essence the 
problem  is one o f  supply and dem and. In regions dependent 
on cereals the supply o f  absorbable iron in the diet is lim ited 
and m ay not be sufficient to  m eet physiological requirem ents, 
especially when they are increased by growth, m enstruation 
and pregnancy. W hile iron balance can also be disturbed at 
tim es o f  increased dem and in subjects eating W estern diets, 
the problem  is usually a  less serious one. Infants are, how ­
ever, at risk in all populations, since the dem and for iron is 
high and the bioavailability o f  iron in the infant diet is low 
(11). F igure 1 shows the changing m edian iron requirem ents 
o f  m ales and fem ales w ith age (12). The upper dashed line 
represents the am ount o f  iron supplied by a  W esternized diet 
while the lower dashed line represents the iron supplied by a 
cereal diet typical o f  the developing world. N either diet is 
ab le  to  m eet the  dem ands o f  infancy and pregnancy.. In

women, even the highly bioavailable W estern diet is not able 
to meet the dem ands o f  m ore than 50%  o f women at me- 
narche, while the cereal diet can not match the requirem ents 
o f m ost adult women and som e men.

TABLE 1
Iron balance in the body

Iron requirements Iron supply

Iron losses Food iron content

Menstruation Type of iron
Bleeding

Hookworm hem iron
non-hem iron

Iron requirements
Iron absorption

Growtrh
Pregnancy Innbhibitors
Lactation Promoters

Absorption of dietary iron
Fortification o f  basic foodstuffs with iron is considered 

to be the best and cheapest long term approach for correct­
ing iron deficiency (13,14) particularly where low iron in­
take o r bioavailability is the prim ary cause (15,16). How­
ever, the fortification o f  food with iron is not a sim ple m atter 
and it is w orthw hile reviewing the factors involved in the 
luminal phase o f dietary iron absorption since they affect the 
m ethods that can be used for fortification.

FIGURE I 
M edian iron requirem ents by age and sex
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Common pools in iron absorption
In developing countries the single m ost im portant cause 

o f iron deficiency is the low bioavailability o f  iron in major 
staple foodstuffs such as cereals and legum es (8). U nfortu­
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nately any fortification iron added to such a diet enters the 
“com m on pool” o f non-hem food iron and, in consequence, 
is absorbed as poorly as the native iron in the diet. This is 
due to the fact that the added iron is exposed to the sam e 
influences, both inhibitory and enhancing, that influence the 
absorption of non-hem iron in the diet. Hem  iron, which is 
derived from hem oglobin and muscle, forms a separate pool 
in the lum en o f  the gut and is not subjected to inhibitory 
dietary factors, it is thus far m ore bioavailable (Reviewed by 
Layrisse and García-Casal (17)).

Enhancers and inhibitors of iron absorption
The two m ost im portant enhancers o f dietary non-hem 

iron absorption are m eat and ascorbic acid (9), Hem  iron, 
derived from  bovine hem oglobin, has been used successfully 
to fortify cereals (18,19). The two m ost im portant dietary 
inhibitors o f iron absorption are phytates (20) and polyphenols 
(21). Phytates are widely present in foods and are found in 
particularly high concentrations in bran (22). Polyphenols 
are not only responsible for the marked inhibitory effect o f 
tea on iron absorption (23) but are present in a num ber o f 
vegetables, including sorghum and legumes. They are respon­
sible, in a dose dependent manner, for the poor bioavailability 
o f  the non-hem  iron presen t in these foodstuffs (21,24). 
Polyphenols are also responsible for the marked color changes 
that may develop in foods fortified with iron (21).
Food fortification strategy

The strategy that should be followed in establishing an 
iron fortification program  has been carefully defined (13,14) 
(Table 2). It is perhaps significant that those fortification pro­
gram s and trials that have had only lim ited success have usu­
ally disregarded one or m ore of the steps. Perhaps the most 
difficult step in iron fortification is to find a com bination o f 
iron com pound and food vehicle in which the two are com ­
patible (Step 2). The attributes o f  the ideal food vehicle are 
listed in Table 3 (1 4 ). The recom m ended criteria are particu­
larly difficult to m eet in developing countries, since the pro­
duction o f  staple foods is rarely centralized. The choice o f  an 
iron com pound presents additional problem s. For exam ple a 
sim ple iron salt such as ferrous sulfate, is both cheap and 
bioavailable but its high solubility may lead to  the produc­
tion o f colored com pounds in fortified food. On the other 
hand, com pounds like ferric orthophosphate which are m ore 
stable and therefore do not adversely affect food, are poorly 
bioavailable (25,26). It follow s that it is essential that the 
bioavailability o f the iron com pound be assessed in the set­
ting in w hich it is to be used (Step 4). Both radioisotopic 
absorption studies prior to a  trial and measurement o f iron sta­
tus before and after a controlled pilot trial are useful ways of 
assessing this. Ferrous iron bis-glycine chelate has potentially 
great advantages. Unlike other non physiological chelates, one 
atom of iron is chelated to two molecule o f glycine forming

coordinated covalent bonds and originating two heterocyclic 
rings in which the iron atom is central. Glycine is a natural 
constituent o f  most foods and is easily metabolized. This com ­
pound is already in widespread use as an iron fortificant (27) 
and is the subject o f the articles that follow.

TABLE 2
Steps in developing an iron fortification strategy

1. Determine the iron status of the population
2. Choose an appropriate iron compound and food vehicle com­

bination
3. Establish the acceptability and stability of the fortified vehi­

cle
4. Assess the bioavailability of iron from the vehicle in the ap­

propriate dietary setting
5. Carry out controlled field trials
6. Implement a regional or national fortification program

Effect of iron deficiency on human development
W hile no one will deny that severe anem ia is deleterious 

to health, there continues to be a considerable debate around 
the question of w eather iron deficiency alone or mild iron 
deficiency anem ia are bad for you. This controversy has been 
highlighted in recent years by highly publicized claims, un­
substantiated in subsequent work (28,29), o f the ill effects 
o f minimally raised iron stores on the generation o f  athero­
sclerosis (30) and the prevalence o f  cancer (31). A part from 
ill health endangered by severe anemia, recent reviews have 
highlighted three areas in which iron deficiency is thought 
to  play an im portant role. These are pregnancy (27), infec­
tion (32) and psychom otor developm ent (33).

TABLE 3
Considerations in the choice o f  a food vehicle

Consumption Technical

High proportion of population 
Minimal regional variation 
Unrelated to socioeconomic 
status
Minimal individual variation 
Low potential for excess intake 
Contained in all meals 
Linked to caloric intake

Centrally processed 
Few production facilities 
Minimal segregation of 
fortificant
Good masking qualities 
Low cost 
Limited stoirage 
High bioavailability

M uch o f the evidence that iron deficiency is detrimental 
to the health o f pregnant women or to  the developing fetus 
is circum stantial, and w ell-designed, controlled studies to 
support the evidence are lacking (27). Equally, there is little 
evidence to support strongly held views, em anating from  
the developing world, that supplem entation with iron dur­
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ing pregnancy is unnecessary or harmful (34,35). The major 
problem s associated with anem ia in pregnancy include in­
creased perinatal m ortality and m orbidity (36), low births 
w eight (37,38), prem aturity (39) and the developm ent o f  iron 
deficiency during infancy (40). W hile neonates born to iron 
deficient m others appear to have sufficient iron, there is evi­
dence that their iron stores m ay be reduced (41,42) and that 
anem ia is m ore likely to develop during infancy (43,40). This 
has particular relevance when the effects o f  iron deficiency 
anem ia on psychom otor developm ent are considered. The 
dem ands of pregnancy on iron supply are such that women 
entering a pregnancy with low iron stores will becom e anemic 
(44) and there is little doubt that supplementation in these 
women is necessary. In developing countries, where the back­
ground prevalence of iron deficiency is high, routine supple­
m entation would appear to be essential. The im pact o f iron 
fortification program s on the outcom e o f pregnancy has yet 
to be studied. Indirect evidence that an im provem ent in gen­
eral iron nutrition is likely to have a positive effect can be 
gleaned from the fact that physicians in the iron replete de­
veloped world think that iron supplementation in pregnancy 
is unnecessary (34).

Infants between the age o f six months and two years, in 
both industrialized and the developing world, are at risk for 
the developm ent o f iron deficiency anemia. This is a period 
o f rapid brain growth and the developm ent o f cognitive and 
m otor skills. Two im portant case-control studies have show 
im pairm ent in psychom otor skills in infants with iron defi­
c iency  an em ia  d u rin g  th is p eriod  (45 ,46). In add ition , 
electrophysiological m easurem ents, perform ed on iron defi­
cient and non-iron deficient infants, suggest that neurologi­
cal developm ent is delayed in anemic infants (47,48). Stud­
ies showing scholastic perform ance in school-going children 
with iron deficiency anem ia indicate that this problem  con­
tinues beyond infancy (49). A w orrisom e finding in these 
studies is the lack o f im provem ent in scores on reversal o f  
the anem ia although in another psychom otor study, where 
m ore prolonged iron supplem entation was given, som e im ­
provem ent was dem onstrated (50). Although beset by prob­
lems of m ethodology and interpretation, these studies indi­
cate that preventive measures, in the form  o f adequate iron 
fortification program s targeted to infants and young children, 
could play a vital role in im proving psychom otor develop­
m ent with long range benefits to the developing world.

In conclusion, iron deficiency appears to be an im portant 
factor in retarding the realization o f the full potential o f peo­
ple. The key to the im provem ent o f iron nutrition is the de­
velopm ent o f well- designed iron fortification program s tar­
geted to high risk groups. The developm ent o f an iron com ­
pound that is bioavailable in the face o f  a diet rich in inhibi­
tors o f iron absorption and with minimal organoleptic prob­
lems, is central to achieving this goal. The possibility that

ferrous bis-glycine chelate may fill this role deservers fur­
ther intense investigation.
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The chemistry of ferrous bis-glycinate chelate

Stephen D. Ashmead 

Albion Laboratories, Inc., Clearfield, U tah U.S.A.

SUMMARY. In order to produce a ferrous chelate four criteria 
must be met: 1) the ligand must contain two functional groups 
which are capable of entering into covalent and coordinate cova­
lent bonds; 2) a ring structure with the ferrous ion being the clos­
ing member of the ring must be created; 3) the chelate must be 
sterically possible; and 4) the chelation reaction must be energeti­
cally possible. In addition to the above, a totally nutritionally func­
tional ferrous chelate must meet three further criteria: 1) it must 
have low molecular weight; 2) its stability constant must be nutri­
tionally functional; and 3) the ligand must be metabolizable by the 
body. When, ferrous iron is reacted with glycine and forms a bis- 
glycinate chelate, it meets all of the requirements of being both a 
chelate and being a totally nutritionally functional chelate.
Key words: Chelation, criteria for chelation, Ferrochel, amino acid 
chelates.

RESUMEN. La química del hierro ferroso bis-glicinato quelado.
Para producir un hierro ferroso bis-glicinato quelado es necesario 
llenar los siguientes cuatro criterios: 1) el ligando debe contener dos 
grupos funcionales capaces de producir uniones covalentes y 
am ientes coordinadas; 2) debe poder crearse una estructura en la 
cual el ion ferroso sea el elemento que cierra una estructura en anillo; 
3) el quelado debe ser estéricamente posible, y 4) la reacción de 
quelación debe ser energéticamente posible. Adicionalmente, un 
quelado ferroso para ser nutricionalmente funcional debe también 
llenar los siguientes criterios: 1) debe tener un bajo peso molecular;
2) su constante de estabilidad debe ser nutricionalmente funcional, y
3) el ligando debe poder ser metabolizado en el organismo. Cuando 
el hierro ferroso se reaciona con glicina para formar un bis-glicinato 
quelado, este llena todos los requerimientos tanto para ser un verdadero 
quelado como para ser nutricionalmente funcional.
Palabras clave: Quelación, criterios de quelación, Ferrochel, quelados 
con amino ácidos.

The chem istry o f  chelation is not novel. A s a chemical 
phenom enon, various iterations o f  it have been studied for a 
little m ore than a century, beginning in the early part o f  the 
last decade of the nineteenth century. It was recognized as 
early as then that certain atoms could have m ore than one 
valence state. It was not, however, understood until the theory 
o f chelation was proposed ju s t how these particular atoms 
could form highly stable com pounds.

In 1893, Alfred Werner postulated a new molecular structure 
to describe those stable molecules. He had noted that certain 
structural entities, which he called “complexes”, remained intact 
through a series o f  chemical transformations. As a result o f 
those observations, he wrote, “I f  we think o f  the metal ion as 
the center of the whole system, then we can most simply place 
the molecules bound to it at the com ers of an octahedron” (1). 
His initial concept is illustrated in Figure 1, wherein the soluble 
metal ion (M ) exists in a hydrato-complex bound to a number 
o f water molecules in water with the negative oxygen of the 
water dipole oriented towards the positive metal. This results 
in a certain spatial configuration of the donor ligand around 
the central metal atom.

In the ensuing years, from  1894 through 1914, W erner 
refined his concept. Ultimately, he concluded that the cation 
was characterized by two valences. The first o f these he termed

the “principal valency”. This corresponds to the oxidation state, 
or oxidation number of the metal. W erner’s second valency 
was called the “auxiliary valency”. This referred to the number of 
atoms from  the ligand associated with the central metal ion 
and today is known as the coordination number of the metal (2-7).

A few years later, in 1920, M organ and Drew applied the 
term “chelate” to the molecular structure postulated by Wemer 
(8). In order to form a chelate, it was recognized that the ligand 
must have two points o f attachment to the metal ion. It was 
this caliper-like mode o f attachment that led to the use of the 
Greek word “chele”, meaning lobster claw, to describe how 
the ligand was attached to the metal ion. W hen the claw, or 
ligand, held the cation, the metal was restricted in its ability to 
enter into other chemical reactions. Once chelated, the m etal’s 
chemical and physical characteristics changed (9). The metal 
chelates are coordination compounds in contrast to metal salts 
where the cation is bound by electrostatic attraction. In a chelate, 
the ligand donates electrons to the cation. M ore than one donor 
atom must com e from the ligand so that a heterocyclic ring is 
formed with the metal being part o f that ring. Comprehension 
o f the structure and characteristics o f  metal chelates has had 
far reaching consequences in medicine, biology, chemistry, 
environmental chemistry, and, particularly, nutrition, due to 
the stability o f the metallic molecule formed.

7
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FIGURE 1
Com plexation o f a metal by water in an octahedral 

geom etry as described by Werner

\ /

T he A m erican  A ssociation  o f  Feed C ontrol O fficials 
(AAFCO), an organization com posed from  all 50 individual 
state (U .S.) chem ists and the U nited States and Canadian 
Food and Drug A dm inistrations, have officially defined a 
metal am ino acid chelate as “the product resulting from  the 
reaction o f a metal ion from  a soluble salt with amino acids 
w ith a m ole ratio  o f  one m ole o f  m etal to one to three 
(preferably two) m oles o f am ino acids to form coordinate 
covalent bonds. The average w eight o f the hydrolyzed amino 
acids m ust be approxim ately 150 and the resulting m olecular 
w eigh t o f  the ch e la te  m ust no t exceed  800” (10). This 
definition states that the m etal and am ino acids m ust be 
reacted before a chelate can be formed.

Since, by definition, the formation o f a chelate requires 
ch em ica l rea c tio n s  to  o ccu r, fo u r in v io la te  chem ica l 
requirem ents must be met. If  any one of the four criteria is 
not fulfilled, the resulting m olecule will not be a chelate, but 
simply a metal com plex, a salt, or perhaps even an admixture.

The first o f these criteria requires that the ligand must 
possess two functional groups, each capable o f donating 
electrons to bond with the metal ion (11). The elements in 
the ligand that com m only function as donors are the more 
electronegative ones in the right hand side of the periodic 
table, prim arily in Group V (12,13). The most im portant of 
these ligands contain N  or O or both (14). The donor atoms 
may form  a part o f  either an acidic or a basic functional 
group. Additionally, approxim ately 65% o f the various types 
o f am ino acid side chains contain potential metal binding 
sites such as the sulfhydryls and hydroxyls binding groups. 
The com m on backbone o f the naturally occurring amino acids 
contain the a-carboxyl and a-am ino  groups each o f which

can bind metal ions (11). In an aqueous environm ent the a -  
am ino acid exists in the zwitterionic state with both the a -  
carboxyl and the a -am in o  groups ion ized  with opposite 
charges. Both reactive groups can thus participate in the 
chelation o f the metal ion. The carboxyl group contains an 
electron that can be shared with the m etal ion through a 
covalent bond. W hile the am ino group has a pair o f electrons 
that can be donated to the m etal ion to form  a coordinate 
covalent bond. The am ino acid ligand is considered to be 
bidentate. The amino moiety m eets the criteria o f Lewis base 
when joined to the m etal in accordance to current chem istry 
theory.

There are three classes o f bidentate ligands: (1) two basic 
groups, (2) one acidic and one basic group, and (3) two acidic 
groups. Amino acids fall into the second category of bidentate 
ligands. Using glycine (NH ,CH ,C OO H ) as an example, in 
water at a pH  of between 3 and 9, this ligand exists as the 
zwitterion, H 3N+C H ,C O O . The am ino acid has lost a proton 
from  the COOH group and is thus capable o f  chelating a 
metal ion and forming a five m em ber ring through donation 
o f  one or m ore electrons to the metal (15).

A second prerequisite for chelation to occur requires that 
the functional groups of the ligand be located so that a ring 
structure can be formed with the m etal atom being the closing 
m em ber o f the ring (12). Logically if the ligand has two donor 
atom s that m ust attach to  a single m etal ion, then a ring 
structure m ust be formed. Due to the nature o f the elemental 
constituents o f the ring m em bers, this ring, by definition, 
must be heterocyclic. The formation o f a ferrous bis-glycinate 
chelate is shown in Figure 2 and illustrates this concept.

FIGURE 2
The form ation of ferrous bis-glycinate chelate from two

ligands o f glycine and a ferrous (+2) iron atom. The 
resulting chelate rings are five member, heterocyclic rings

/
2  H aN — C H , C  O H  +

H .C
\
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o o
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Each heterocyclic ring in F igure 2 contains two bonds 
which extend between the ferrous ion and the glycine ligand 
in each ring. T he first bond betw een the cation and the 
anionic, or polar portion, o f the ligand is covalent in nature 
because they share one electron from  the carboxyl group and 
one electron from  the ferrous ion. This is the bond between 
the oxygen from the COO' group, and the Fe++. The second 
bond is a coordinate covalent bond. In this case, the iron 
behaves as Lewis acid, and the glycine as a Lewis base. The
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donation of both electrons from the same atom in the amino 
group of the ligand to the metal ion establishes the coordinate 
covalent bond. This donation of electrons will go to the lowest 
energy orbital o f the iron ion that is unfilled, which in this 
case is a p-orbital (15,16).

The third requirem ent for chelation to occur necessitates 
that the potential reaction between the metal ion and the ligand 
must be slerically possible. The ferrous iron has an atomic 
radius o f between 74 and 77 nanom eters (nm) making it one 
of the larger transition metal ions (17,18). Nevertheless, it is 
not a large cation when com pared to many other ions, such 
as the alkaline earth metal ions. The size depends on either 
h igh sp in  o r low  spin co n fig u ra tio n s  acco rd in g  to the 
magnitude o f  the surrounding ligand field. All non-hem e iron 
ions are high spin (20). The larger the m etal ion the greater 
the num ber of ligands that can surround it and still have 
contact with the metal ion (17).

The size o f the ligand will also affect the stereochemistry 
of the chelate. W hile one ligand may be able to attach itself 
to a metal ion w ithout problem , the addition o f a second or 
third may be prevented by a clash between the first ligand 
and parts o f the second or third when the latter ligands attempt 
to position them selves properly for attachment (12). In the 
case o f the ferrous bis-glycinate chelate form ed from the 
reaction in Figure 2, only the am ino acid backbone is involved 
in the bonding o f the ligand to the ferrous ion. This results in 
the am ino acid backbone assum ing  a configuration  that 
sterically allows it to function as a ligand without straining 
the bonds within the amino acid.

Using x-ray diffraction spectrometry, it has been determined 
that when the two glycine ligands are chelated to the ferrous 
ion, the ligands orient themselves in the least sterically hindered 
conformation possible. The covalent and coordinate covalent 
bonds are tied to the m etal at uniform  tetrahedral angles 
(11,21,22). Figure 3 illustrates a ferrous bis-glycinate chelate 
m olecu le draw n from  a com pu ter generated  m odel that 
employed thermodynamic algorithms to determine the most 
thermodynamically stable configuration. This figure is consistent 
with the models previously developed by Pettit and Hefford 
describing the steric orientation of amino acid ligand in this 
class o f bidentate chelates and with x-ray diffraction studies of 
known chelates (22,23).

The fourth requirem ent for chelation to occur is that the 
potential reaction between the metal ion and ligands must be 
energetically possible. As noted by Werner, the charge on a 
metal ion influences its coordination number. If this charge 
is low, then only a few lone pairs o f electrons from a small 
num ber o f ligands could  prevent the bonding o f greater 
numbers o f ligands. W here the bonding between the metal 
and the ligand is primarily covalent, as in the case o f an amino 
acid  ch e la te , the c o o rd in a tio n  nu m b er o f  the m etal is 
determined by the num ber o f bonding orbitals available on

the metal for com bination with the ligand orbitals (19). In 
the case of the ferrous ion, it is satisfied by a bonding o f two 
glycine ligands as dem onstrated in Figure 2. If a m olar ratio 
(ligand to iron) of one glycine m olecule or less is employed 
in the reaction, the ferrous ion has the capability of being 
bonded to some other ligand which may ultim ately displace 
or interfere with chelation by the original glycine ligand. 
Thus in most situations a ferrous bis-glycinate chelate is 
relatively stable since the charges on both the ion and ligands 
are balanced  and the m o la r ratio  o f  ligand  to m etal is 
stoichiom etrically correct. However in the presence o f a 
strong oxidizer or reducer, the valency of the m etal may 
change.

FIGURE 3
Ferrous bis-glycinate chelate drawn to correctly depict the 

tetrahedral relationship o f the bonds o f O, N, C and the 
metal and the resulting perpendicular orientation o f the 
two ligand ring structures. The figure is based on x-ray 

diffraction spectrometry of pure metal - bis-glycinate 
chelate crystals

N ot all ch e la tes  o f  iron  have equal b ioavailab ility . 
Chelation does not guarantee mineral absorption from the 
gut or its subsequent m etabolism  if absorbed (24). A fter 
com paring various iron chelates (EDTA, fructose, citric acid) 
to ferrous sulfate, Bates, et al. concluded, “Chelation does 
not, in itself, ensure efficient uptake [of iron], . . “ (25). 
Rubin et al. reported that an EDTA chelate o f iron may bypass 
the normal absorptive mechanism  in the intestines and be 
absorbed by diffusion, but due to its high stability constant 
most o f that EDTA chelated iron later appears in the urine 
unm etabolized (26,27). Because som e FeEDTA is absorbed 
intact through the intestine but subsequently deposited in 
the urine, Kratzer and Vohra report this form of iron cannot 
be effectively used in the treatm ent o f anem ia (28). In order 
for mineral absorption and metabolism to occur, the chelate 
must be nutritionally functional. There are several criteria 
that must be met for a chelate to be classified as a nutritionally 
functional chelate.

The first o f these requirem ents is that the iron chelate 
must have a low m olecular weight. In 1970, it was suggested
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that in o rder fo r an iron am ino acid chelate to cross cell 
m em branes intact it m ust have a m olecular w eight o f  less 
than 1500 daltons (29). Subsequently, others have reported 
that small m olecular weight chelates facilitate the transfer 
o f  iron from serum to tissues (30). Kratzer and Vohra reported 
that in order for a ligand from  a chelate to prom ote metal 
absorption (which goes beyond sim ply protecting the metal 
ion in the gastrointestinal tract), it m ust have a m olecular 
weight o f under 1000 daltons. They have added that the higher 
m o le c u la r  w e ig h t m e ta llo p ro te in s , such  as fe rritin  or 
hem osiderin  fac ilita te  sto rag e  o f  the absorbed  iron  but 
suggested that these proteinaceous ligands are too large for 
intact transport o f the iron m olecule across cell membranes. 
For the transfer to occur the iron m ust be rem oved from the 
protein complex and bonded to another ligand that has a lower 
molecular weight (28).

It is relatively easy to calculate the m olecular weight o f a 
ferrous bis-glycinate chelate. The iron atom has an atomic 
w eigh t o f  abou t 56 daltons. E ach  g lyc ine  ligand  has a 
m olecular w eight o f  75 daltons. T hus using the form ula 
illustrated in F igure 2, the ferrous bis-glycinate chelate has 
molecular w eight o f about 204 daltons. This molecular weight 
has been confirm ed in  the  laboratory  (31). T his in turn 
confirms that the molecular weight o f the ferrous bis-glycinate 
chelate is well below the m axim um  m olecular w eight o f  800 
daltons established by AAFCO for a m olecule to be classified 
as an am ino acid  chela te  and w ell below  the postu lated  
absorptive lim its (10,29,30).

The second requirem ent for a  nutritionally  functional 
chelate relates to its stability constant. I f  the chelate is to be 
classified as nutritionally functional, it m ust have a stability 
constant that is higher than the potential form ation constants 
o f  the ligands in the intestinal chyme. This higher stability 
constant o f  the am ino acid chelate prevents the m olecule 
from being destroyed in the gut and allows the chelate to 
cross the intestinal cell m em brane intact with the metal. Once 
absorbed into the m ucosal cell, a  nutritionally functional 
chelate must have a stability constant which is lower than 
those ligands in the storage systems o f the mucosal cells and 
the transport systems that deliver the iron to target tissues 
(29). In this way, the chelate can be metabolized (degraded 
into the ligands and metal) after absorption across the mucosal 
cell membrane, and still participate in the regulatory pathways 
o f the metal.

The stability constant can be affected by the size of the 
c h e la te  r in g . L ig a n d s , w hich  fo rm  sa tu ra te d  five  and 
unsaturated six m em ber rings are the m ost stable (32). The 
glycine ligand form s a saturated five m em ber ring with the 
ferrous ion.

The number of chelate rings that can potentially be formed 
with one cation will also affect stability. As the num ber o f 
rings increase, so does stability o f the m olecule (32). This

concept, o f course, is lim ited  by  sterochem istry  and the 
valence state of the cation. I f  a ligand is too large to allow 
the bonding of a second ligand, then chelate stability may be 
sacrificed. So too, if  the valence o f  the cation exceeds that 
o f the available ligand(s), stability is reduced. The ferrous 
bis-glycinate has the ideal com bination. The +2 charges of 
the ferrous iron are satisfied w ith an equal num ber o f glycine 
ligands that each have a -1 change.

The Lewis basic strength o f  the ligand will also affect 
stability. The greater Lewis basicity o f the ligand, the m ore 
stable the resulting chelate m olecule (32). G lycine is an weak 
Lewis base, overall. This m oderates the stability o f the bis- 
glycinate chelate, and while it is m ore stable than the food 
ligands, it has a lower stability constant than the iron storage 
and transport ligands in the body. In a study in which 59F e S 0 4 
and 55Fe bis-g lycinate chelate w ere mixed in a cornm eal 
porridge and fed to 10 volunteers at breakfast, the absorption 
o f the iron from  the chelate was significantly (p<0.001) 
higher (5.3 times) than was iron absorption from the sulfate. 
There was no exchange o f  the radiolabelled irons from  the 
ferrous b is-g ly c in a te  ch e la te  and ferrous su lfa te  in the 
intestinal pool before absorption dem onstrating that this bis- 
glycinate chelate was not affected by food ligands and was 
absorbed intact into the mucosal cells (33). Once absorbed 
in to  th e  m u co sa l tis su e  th e re  is s ig n if ic a n t (p < 0 .0 5 ) 
hydrolyzation of the iron am ino acid chelate into its individual 
components: iron and am ino acids with the rates of transfer 
to the serosa from  the mucosal tissue being different for each 
com ponent (34).

The size and charge o f  the ligands will also affect the 
stability o f  the chelate. M ore stable chelates are form ed by 
smaller ligands than are form ed by larger ligands (32). If  a 
large ligand is bonded to  the reactive site o f a metal ion, then 
the num ber o f  ligands able to  chela te  the m etal ion are 
restricted due to steric hindrance. As noted above, this will 
also decrease chelate stability. Stability constants tend to 
becom e lower as the bulk o f  the ligand increases, suggesting 
a decrease in coordination sites o f  the ligand to the m etal 
due to stearic hindrance (32). G lycine is the sm allest o f  all 
o f the am ino acids. Its size favors the stability o f  the chelate.

M ultidentate ligands, i f  not stearically hindered, form  
m ore stab le  chela tes than do m onoden tate  ligands (32). 
G lycine is a bidentate ligand, and as shown in F igure 3, when 
the ferrous ion is chelated with two glycine ligands there is 
no stearic h indrance to e ith e r ligand  (35). The stab ility  
constant is also affected by the n-bonding strength o f  the 
central m etal atom (32). It has been shown that, am ong the 
transition m etal ions, copper has the highest stability. Iron 
is relatively low: Zn2+ < C u2+ > N i2+ > Co2+ > Fe2+ > M n2+ 
(36).

The natu re  o f  the ligand  w ill a lso  affec t th e  overall 
stability o f  the chelate (32). D ifferent ligands have different
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potential form ation constants at the sam e pH (37). EDTA, 
for exam ple, will form  a m uch stronger chelate than will 
glycine, but the ability o f  the body to extract the iron nutrient 
from  the EDTA chelate is severely limited, whereas in the 
case o f the  iron bis-glycinate chelate, it is relatively easy 
(26-28,34).

It is estim ated that a nutritionally functional chelate must 
have a stability constant o f between 107 and 10s, in order for 
that chelate to survive the environm ent of the stomach and 
intestine and still be hydrolyzed within the mucosal cells or 
other tissues (38). An absorbed iron chelate, if  it is functional, 
m ust have a bonding constant w hich is lower than that o f 
transferrin  (39). The iron b is-g lycinate chelate m eets the 
criteria o f  having the ideal stability constant for a nutritionally 
functional chelate. It has a stability constant o f approxim ately 
107 5 at pH  7 (37).

The final requirem ent for a totally nutritionally functional 
chelate is that the ligand m ust be easily m etabolized by the 
body and also be utilized as a nutrient in addition to the metal 
contained in it (15). Amino acids are represented throughout 
m am m alian biochem istry and physiology. Thus, a continuous 
dietary supply of am ino acids is essential for the well being 
o f the individual (40). It was previously noted that, after 
absorption into the m ucosal cell, the m ajority o f the iron 
am in o  ac id  c h e la te  is  h y d ro ly z e d  in to  its  in d iv id u a l 
com ponents before the iron is transferred to the serosa (34). 
The small am ount o f am ino acid chelate that escapes this 
initial hydrolysis is broken apart later in the various other 
cells o f the tissue which receive the absorbed chelate (38). 
The am ino acid portion  o f  the chelate is then free to be 
m etabolized as it norm ally w ould i f  it had been absorbed 
from the lumen as a free am ino acid.

Glycine is considered to be a  conditionally essential amino 
acid. W hile it is absolutely essential for human nutrition, it 
is not generally required in the d ie t because under normal 
circum stances the body can synthesize it from  m ore complex 
precursors: The body’s ability to synthesize this amino acid 
from a precursor is, however, lim ited by the availability of 
the precursor, which in the case o f glycine, is a nonessential 
am ino acid. Furtherm ore, the synthesis can also be lim ited 
a n d  p o te n t ia l ly  c o n s tra in e d  by  d e v e lo p m e n ta l o r 
pathophysiological factors. F or exam ple low birth w eight 
infants lack the ability to synthesize adequate quantities o f 
glycine from  m ore com plex am ino acids. W hen this lack o f 
p h ysio log ica l dev e lo p m en t or p a tho log ica l in te rfe rence  
occurs, and when foods low in glycine, such as cow ’s milk, 
are m ainly consum ed, a glycine deficiency can result (40- 
43). Thus, when provided as part o f  the iron bis-glycinate 
chelate, the glycine in and o f  itself has nutritional value to 
the individual. Unlike EDTA, it is not excreted into the urine 
un m etabolized.

T he ferrous b is-g ly c in a te  is a proven chela te . M ore 
importantly, however, it is a totally nutritionally functional 
chelate. By its atomic structure and chem istry it protects the 
ferrous ion  from  u n d es irab le  chem ical reac tions in the 
stom ach and in testines tha t lim it iron  absorp tion . O nce 
absorbed into the m ucosal cells and to  a lim ited extent, the 
tissues, it is easily hydrolyzed into its individual com ponents. 
Each com ponent is then em ployed by the body as normal 
m etabolism  would dictate.
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The absorption and metabolism of iron amino acid chelate
H. DeW ayne Ashm ead  
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SUMMARY. This paper summarizes several studies which describe 
significant increases in the intestinal absorption of iron from iron 
amino acid chelate compared to inorganic iron salts. While these 
increased uptakes of iron from the amino acid chelate into mucosal 
tissue are highly significant, this paper also demonstrates that there 
is a mechanism in the mucosal tissue which controls the quantity 
of iron from the amino acid chelate that is transferred to the plasma. 
For example, the higher the hemoglobin value, the less iron 
transferred. When considered together these studies demonstrate 
that iron amino acid chelate is both a safe and effective source of 
iron for treatment of iron deficiencies.
Key words: Ferrochel, absorption mechanism, iron deficiency 
anemia, iron deficiency, hemoglobin.

Iron, as a therapeutic agent, was first documented about 
2735, B.C., when it was declared by the Chinese Emperor, 
Shen Nung, as a cure for “anemia.” (l). The ancient Greeks, 
Romans, Byzantines, and Arabs began consuming iron to reverse 
sym ptom s o f  anem ia about 1500 B .C .(2). In the sixteenth 
century, M onarde proposed a relationship between iron and 
blood (3). Lemery and Geoffroy subsequently demonstrated 
the presence o f iron in the erythrocytes (4). In the 1700’s, 
Sydenham employed iron as a specific therapy for “chlorosis,” 
a term he used to describe iron deficiencies. Symptoms of this 
malady included pallor, edema, muscular weakness, headache, 
rapid pulse, dyspnea, prolonged sleep, and cessation o f the 
m enses. A lthough iron becam e an accepted treatm ent for 
chlorosis, it was not until 1886, that Zinoffsky discovered that 
equine hemoglobin crystals actually contained 0.335% iron. 
Subsequently, in 1893, Stockman demonstrated that ingestion 
o f iron increased hemoglobin in women (5). In parallel research, 
M enghini reported that administration o f oral doses of iron 
augmented total red blood cells (4).

Iron is not only an essential com ponent o f erythrocyte 
hem oglobin for the transfer o f oxygen and carbon dioxide, 
but it also has an im portant function or functions in every 
other cell o f  the body. For exam ple, iron in either the hem e 
or nonhem e form plays im portant roles in cellular metabolism 
and grow th due to its enzym atic  involvem ent in energy 
production and DNA synthesis. Som e other equally essential 
but frequently overlooked functions include catalyzing the 
conversion of carotene into vitamin A, the synthesis o f purines

RESUMEN. Absorción y metabolismo del hierro aminoquelado.
Este artículo resume algunos artículos que describen incrementos 
significativos en la absorción del hierro aminoquelado comparado 
con la absorción de sales inorgánicas de hierro. También se 
demuestra la existencia de un mecanismo en la mucosa intestinal 
que controla la cantidad de hierro aminoquelado que es transferida 
al plasma. Por ejemplo, a mayor nivel de hemoglobina, menor 
cantidad de hierro es transferida al plasma. Considerados en la luz 
de los estudios discutidos, se demuestra que el hierro aminoquelado 
es una fuente segura y efectiva para el tratamiento de la deficiencia 
de hierro y la anemia ferropriva.
Palabras clave: Ferrochel, mecanismo de absorción, anemia 
ferropriva, deficiencia de hierro, hemoglobina.

into nucleic acid, the synthesis o f carnitine to transport fatty 
acids, synthesis o f collagen, its participation in antibodies, 
and the m etal’s involvem ent in detoxication o f drugs in the 
liver (6). Ponka, et al., have postulated that, since iron is a 
co facto r in num erous ce llu la r enzym atic  reactions, it is 
essential for the evolution o f  aerobic life on earth (7).

An adult male body contains about 50 m g Fe/kg o f  body 
weight, whereas a fem ale adult body contains about 35 mg 
Fe/kg (8). Over two thirds o f this iron is concentrated in the 
blood, prim arily in hem oglobin. A bout 3% o f the hem e iron 
resides in the m uscles as m yoglobin. The rem ainder o f the 
functional iron is found in specific enzym es of every living 
cell due to  the essentiality o f  iron for cellular respiration (6).

Iron is found in abundance on our planet and, relative to the 
nutritive am ount required by man, is theoretically plentiful. 
In spite o f this natural abundance, iron deficiency anemia is 
still the largest single nutrient disease affecting the world today 
(9-12). It is estim ated tha t m ore than 500 m illion people 
throughout the world suffer from severe iron deficiency anemia 
(13). In some geographical areas, as high as 58% of the young 
healthy women have been found to be iron deficient, with the 
percentages of deficiency being even higher during pregnancy (14).

This w orldw ide deficiency is, in part, a result o f  diet. 
T he av a ilab ility  o f  iron  from  m any fo o d s is very  low. 
Generally speaking, no m ore than 5% o f vegetable iron is 
absorbed, and while the absorption o f iron from meat, poultry, 
and fish m ay be som ew hat higher, significant w orldw ide 
consum ption o f animal proteins is lim ited to  the m ore affluent

13



14 DeWAYNE ASHMEAD

(15). Consum ption o f  certain foods, such as coffee or tea, 
will generally  reduce iron absorption. The phenols in the 
tea, fo r exam ple, bind dietary iron and render it insoluble. 
Phosphates, phytates, and bran  will inhibit iron absorption, 
sim ilarly (16,17). Conversely, organic acids, such as ascorbic 
acid, (16) am ino acids, (6) or m eat protein, (18) will generally 
enhance absorption o f iron. Because o f  these and many other 
dietary factors, the variance in iron uptake may be as great 
as tenfold (19).

Besides diet, an individual’s iron status is also related to 
his or her needs. A ge and the sex will affect iron requirem ents 
and potential deficiency. O ther individual differences include 
p h y sica l ac tiv ity  ran g in g  from  su ffic ie n t ex e rc ise  to  a 
sedentary lifestyle, lactations, etc. (16).

The general health o f  an individual, as well as the drugs 
he or she is consum ing, is a third factor affecting iron status. 
T he u se  o f  o ra l co n tracep tiv es , asp irin , an tac id s, anti- 
inflam atories, anticoagulants, and steroids m ay all increase 
the risk o f iron deficiency. Diseases o f  the gastrointestinal 
trac t, in c lu d in g  cancer, hem o rrh o id s, o r gyneco log ica l 
diseases, such as intrauterine fibrosis, will result in a greater 
risk o f iron deficiency due to  increased iron requirem ents 
ancl/or an increased inability to efficiently absorb iron (20). 
Illness associated with a fever may also reduce iron utilization, 
even if  the iron is absorbed. This was shown in an experim ent 
on the nutritional response to  infection. W ithin hours after 
inoculation, iron levels began to decline in the plasm a and 
accum ulate as hem osiderin, primarily in the liver. Throughout 
the period o f  infection, this iron rem ained sequestered. Its 
incorporation into new hem oglobin was blocked throughout 
the in fection and absorbed iron  w as sequestered in body 
storage depots (21).

F inally , the  so c ia l-eco n o m ic  h ab its  o f  a popu la tion  
including custom s, religious practices, attitudes, etc., may 
affect the iron status o f the m em bers o f the group. Included 
in this category is the living environm ent o f  the group (20).

Because o f  the global m agnitude o f  iron deficiency, and 
because a dietary supplem ent is unavailable to the m ajority 
o f the population, many governm ents have m andated iron 
fortification o f  basic foods (22,23). Frequently, however, in 
order to  retain palatability and retard oxidation o f  certain 
food com ponents, the iron salts selected for fortification have 

’had low  solubility. Low solubility generally equates to low 
bioavailability (24,25). For example, ferrous fumerate, ferrous 
glycine sulfate, ferrous sulfate, ferrous citrate, ferrous tartrate, 
ferrous pyrophosphate, ferric coline citrate, ferric sulfate, 
ferric citrate, and ferric ethylenediam inetetraacetate showed 
decreasing degrees of iron absorption, respectively, with the 
ferric com pounds being absorbed at less than half o f the first 
three ferrous sources (26). Increasing iron levels in a meal 
does not proportionately increase iron absorption. The mean 
absorption o f nonhem e iron has been reported to decrease

from  18% to 6.4%  as the nonhem e iron content o f  the meals 
was increased from  1.52 m g to 5.72 m g.(27). A lthough 6.4% 
of 5.72 mg is higher than 18% o f 1.52 m g (0.37 mg versus 
0 .2 7  m g ), th e  am o u n t o f  in c re a se d  a b so rp tio n  is  no t 
p roportional to  the increased  dose. It is, in  fact, greatly 
suppressed. Increasing doses o f  unprotected iron is, thus, 
far m ore likely to elicit toxicity, than significantly increasing 
absorbed iron.

In order to enhance iron bioavailability and still avoid 
interactions with food ingredients, chelating iron with amino 
acids has been em ployed. Chelation was first described in 
1893, when W erner wrote, “If  we think o f  the metal ion as 
the center o f the w hole system , then we can m ost simply 
p la c e  th e  m o le c u le s  b o und  to  it a t th e  c o rn e rs  o f  an 
octahedron”(28). In 1920, M organ and D rew  applied the 
nam e, “chelate” to the m olecule described by W erner (29).

N ot all chelates have the sam e biological consequences. 
Chelates can be produced that have little or no nutritional 
value. A  nutritionally viable iron am ino acid chelate must 
have a stability constant that is h igher than the potential 
form ation constants w hich w ould resu lt if  the iron w ere 
che la ted  or com plexed  to  the food  ligands found  in the 
stom ach and intestines (30). This is necessary for the original 
chelate to rem ain intact in the gastrointestinal tract prior to 
absorption. I f  the chelate dissociates in the gut, it has no 
m ore value than ionized iron from  a soluble salt. The stability 
constant should also be high enough to allow the chelate to 
cross the intestinal cell m em brane into the cytoplasm , and 
yet be low enough that the cytoplasm ic ligands are capable 
o f  removing the iron from  the absorbed am ino acid chelate 
by com plexing with the absorbed iron. In this fashion, the 
ra te  o f  delivery to  the target tissue o r enzym e from  the 
m ucosal cell is controlled (31).

A stability constant indicates logarithm ically the affinity 
o f a metal to bond with a ligand. A  ligand with a potentially 
higher stability o r form ation constant will displace a metal 
from  a ligand with a lower stability constant. The strength o f 
a  stability constant is dictated by the num ber o f  m em bers in 
the chelate rings (5- and 6- m em ber rings being m ost stable), 
the num ber of rings, form ed with a single cation, the basic 
bonding strength o f the ligand(s), the size and charge o f the 
ligand(s), the metal being chelated, the resonance effect o f 
the chelate ring, and the steric orientation o f  the rings (32). 
In  vitro  and in v ivo  stud ies have dem onstra ted  tha t the 
A lbion®  iro n 'am in o  acid chelate developed v ia patented 
technology and described in this paper appears sufficiently 
strong to pass through the acid pH  o f the stom ach into the 
duodenum  and still provide reasonable protection o f  the iron 
from  unw anted chem ical reactions with dietary phosphates, 
phytates, fiber, etc. (33). Radioactive isotope studies have 
dem onstrated that once the iron am ino acid chelate has been 
absorbed into the m ucosal tissue, its stability constant is low



THE ABSORPTION AND METABOLISM OF IRON AMINO ACID CHELATE 15

enough to allow hydrolyzation o f the chelate with subsequent 
transport o f the iron to tissues (34).

To form  such an iron am ino acid chelate, each amino acid 
o r ligand , m ust furnish  at least tw o reactive m oieties to 
com bine with the iron atom. The carboxyl group (COOH) o f 
the ligand form s an ionic bond with the cation, whereas the 
alpha-am ino group (NH2) donates an electron pair back into 
a vacant d-orbital o f the m etal ion, thus form ing a coordinate 
covalent bond (35). Each am ino acid ligand form s two bonds 
with the iron ion to produce a stable 5-m em ber ring with the 
iron atom being the closing m em ber o f the ring (36). The 
two ligands tend to orient them selves in the least sterically 
hindered conform ation possible and are tied into the m etal at 
u n ifo rm  te tra h e d ra l  a n g le s  (F ig u re  1) (3 7 ,3 8 ) . T h is  
configuration provides a degree o f protection to the iron by 
lim iting its reactivity  with d ietary com ponents. The sam e 
ligands that pro tect the cation from  reacting with dietary 
substances also reduce the potential for gastric irritability of 
the iron on the mucosal lining because the cation is less likely 
prevented from  com ing in contact with the m ucosal lining 
by the am ino acid ligands.

FIGURE 1
Iron am ino acid chelate com posed of 2 glycine m olecules 
to 1 iron atom  drawn to depict the tetrahedral relationship 

o f the bonds o f carbon, nitrogen, and the iron and the 
resulting perpendicular orientation o f  the two ring 

structures. This figure is based on com puter generated 
m odels resulting from  X -ray diffraction analysis o f metal 

amino acid chelate crystals

Because an iron am ino acid chelate is a different form  of 
iron m olecule com pared to a non-hem e salt, the absorption 
characteristics o f  an iron am ino acid chelate are also different, 
as dem onstrated in a  study involving 10 adult m ale volunteers. 
Each was given 1.5 pCi 59F e S 0 4 and 3.0 pCi 55Fe am ino acid 
chelate sim ultaneously in lOOg o f dry cornm eal which was 
fed as a breakfast porridge. N either isotope source o f  iron 
affected the absorption of the other. Absorption o f iron from  
F e S 0 4was 1.34% com pared to 8.68%  for the chelates. The

difference was highly significant (p<0.0001). The investigator 
concluded, “there was no exchange between the 59F e S 0 4 and 
Ferrochel [55iron am ino acid chelate] in the intestinal pool 
or before entering the m ucosal cell. I f  the F e S 0 4 and the 
[iro n  a m in o  a c id ]  c h e la te  e x c h a n g e d  iro n  b e tw e e n  
themselves, the sam e proportion o f  label would be absorbed 
from  both com pounds. However, [iron am ino acid chelate] 
is consistently absorbed about 5.3 times m ore than F e S 0 4, 
and this is not m odified by the sim ultaneous m ixing with 
F e S 0 4. The [iron am ino acid chelate] is probably entering 
the m ucosal cell as a chelate. A lthough no subjects in this 
experim ent were iron deficient, the results also suggest that 
iron absorption from  the [chelate] and ferrous sulfate was 
regulated similarly by iron status” (24).

For an iron am ino acid chelate to be absorbed into the 
m ucosal tissue, it m ust be a  low  m olecular w eight chelate. 
K ra tze r and V ohra c ite  the  u p p e r lim it fo r  th is  in tac t 
absorption o f chelates as being 1,000 daltons (31). Tiffin 
reported that the am ino acid chelate m ust have a m olecular 
weight o f less than 1,500 daltons if  it is to be absorbed in 
humans. The iron am ino acid chelate described in Figure 1 
has a m olecular w eight o f less then 800 daltons (40).

G e n e ra lly , m o re  iro n  can  be a b s o rb e d  fro m  the  
gastrointestinal tract into the m ucosal cell as a chelate than 
as a salt because, as dem onstrated above, the rate o f uptake 
for the two sources of iron is different (34). Once absorbed 
into the m ucosal tissue, the body regulates how  m uch is 
transferred to the plasm a, thus preventing iron overload and 
toxicity. This regulation is seen in a double blind cross-over 
study in which seven (7) adult m ales and five (5) females 
ingested 18 m g Fe/day as ferrous sulfate for seven (7) days, 
had a w ashout period o f seven (7) days, and then received 
18 mg Fe/day as an am ino acid chelate for seven (7) days. 
M ean absorption o f  the iron am ino acid chelate was 59% 
greater than that o f the ferrous sulfate source, as determ ined 
by fecal analysis (47). The percent o f  increased absorption 
o f the iron am ino acid chelate com pared to F e S 0 4 was highly 
significant (p<0.001) in m ales (7.24%  ±  2.2%  vs. 12.7% ±  
3.6% ) and significant (p = 0.02) in fem ales (13.8%  + 1.8% 
vs. 18.2% ± 3 .7 % ) (42). Regression analysis dem onstrated 
that both iron com pounds follow ed the sam e absorption 
pattern  and w ere possib ly  sub ject to the sam e type o f  
regulation (R2 =  0.9411 with slope =  0.8445 and intercept = 
7.6) (41).

This process o f  absorbing the iron am ino acid chelate 
into the mucosal cell can be described as R 0+Fe-C —JFe C 
(R)^—>Fe-C (R)—>Fe+C+Ri, w here C  is the ligand, and R is 
the receptor inside (i) or outside (o) o f the cell m embrane. 
If  C is m etabolized in the cytoplasm , or if  the pH  is changed 
while Fe is still attached to C, then the iron uptake into the 
cell is irreversible (24,30).

The hydrolysis o f absorbed iron am ino acid chelate within
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m ucosal tissue is clearly dem onstrated in a double isotope in 
vitro study (34). In this study, replicated five tim es, jejunal 
tissue was rem oved from  Sprague-Dawley rats, washed, and 
everted. The ends w ere tied off and the intestines were placed 
in m ucosal solution baths. Serosal solution was injected into 
the everted  in testines. 59Iron chela ted  to  14C -lysine was 
in jected  in to  the m ucosal so lu tion  bath ing  each  everted 
intestine. The ratio o f  iron to lysine in the mucosal solution 
was 1:2.7. Samples o f  the serosal solution were removed 
hourly for five hours, and each sam ple assayed for 59Fe and 
14C. The m ean ratio o f iron to lysine in the serosal solution 
dropped from  w hat it had been in the m ucosal solution to 
1:1.56 ±  0.65. A t the end o f the five hours, the everted 
intestines w ere also assayed fo r 59Fe and 14C, after being 
washed to rem ove external contam ination. The m ean ratio 
o f  iron to lysine in the m ucosal tissue was higher than what 
it had been in the m ucosal solution: 1:3.05 ±  0.049.

This study dem onstrated that there was a significant (p <
0.05) hydrolysis o f the iron am ino acid chelate as it passed 
from  the m ucosal solution through the m ucosal tissue before 
delivery o f  either the iron or am ino acid to the serosal solution 
(42). M ore lysine was retained in the m ucosal tissue than 
iron, indicating that som e o f  the 59Fe was separated from  the 
lysine after absorption into the tissue, and that iron was 
transferred by other m eans to the serosal solution without 
being bonded to the lysine. Less ly sine  was found in the 
serosal solution than in the mucosal solution, also indicating 
hydrolysis o f  som e o f the am ino acid chelate (34).

W hen hydrolysis o f the am ino acid chelate occurs within 
the m ucosal cell, then the m ovem ent o f the metal out o f the 
m ucosal cells and into body tissues is metabolically regulated 
sim ilarly to  the regulation of iron absorbed into m ucosal cells 
from  salts o r from  other food  sources. I f  there w ere no 
regulatory m echanism  in the m ucosal cells to control the 
transfer o f iron to  the plasm a, regardless o f the source, there 
w ould im m ediately  be iron over-loading and subsequent 
toxicity from  iron ingestion, regardless o f whether the iron 
originated from  food or from an am ino acid chelate.

This sim ilarity in regulation o f  iron transferred to the 
plasm a from  iron am ino acid chelate or F e S 0 4 is seen in a 
d o se -resp o n se  study  in  w hich  100 anem ic ad o lescen ts  
received either 120 m g o f  iron as F e S 0 4 (n=27), (or 120 mg 
o f iron (n=26), 60 m g o f iron (n=21), or 30 mg o f iron (n=26) 
as iron am ino acid chelate, daily, for 28 days (43). Each 
source and quantity o f iron was equally effective (p<0.01) 
in restoring the anem ic adolescents’ hem oglobin levels to 
n o rm a l (<11 to  < 1 3 .5  g /d L ) , im p ly in g  th e  g re a te r  
bioavailability o f  the iron am ino acid chelate com pared to 
fe rrous su lfate . W hen the changes in hem oglob in  w ere 
p lo tted , however, the slopes show ing these changes after 
treatm ent with the FeSO, or with different dose levels o f the 
iron am ino acid chelate w ere essentially the same, regardless

o f the quantity o f iron adm inistered (Figure 2). In each case, 
as hem oglobin levels increased, the uptake o f  iron, regardless 
o f the source, decreased (44). These sim ilar data suggest that 
all o f  the absorbed iron sources were regulated sim ilarly by 
the body after absorption.

FIGURE 2
Line graphs showing that the absorption o f iron from  three 
dosage levels o f am ino acid chelate or from  ferrous sulfate 

is directly related to the hem oglobin level
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The transfer o f absorbed iron from  the m ucosal cells to 
the plasm a is controlled by the body’s iron need. After cellular 
hydrolysis, the iron is first delivered to plasm a transferrin in 
the mucosal cell, if  the body has an im m ediate need for iron. 
Each transferrin m olecule can bind to  tw o atom s of iron. 
W hen approxim ately 33% o f the transferrin is saturated with 
iron, it will not pick up any m ore iron. The rem aining ferrous 
iron is oxidized to ferric iron. This iron rem ains com plexed 
to ferritin within the mucosal cells until transferrin calls for 
m ore iron. The iron is then released from  the ferritin through 
reduction o f the ferric iron to ferrous iron and is subsequently 
bonded to transferrin in the blood (6).

The m ucosal cells aggressively conserve iron that is not 
immediately required by the body, the iron being “trapped” 
in the mucosal cell. This could potentially result in toxicity 
w ith in  the  m u c o sa l tis su e  i f  the  iro n  re m a in e d  th e re  
indefinitely. N ature has, however, devised a plan to rem ove 
this non-transferred iron from the intestinal tissue. M ucosal 
cells m igrate up the intestinal villus from  the crypt, the site 
o f their form ation, to  the tip o f the villus, replacing older 
cells as they m ove towards the villus tip. A fter three to four 
days, these cells (and their iron, if  it has not been transferred 
to the plasm a) will reach the top o f the villus w here they will 
be sloughed off and excreted in the feces (6).

I f  all iron  absorbed  into m ucosal tissue is generally  
h an d led  and reg u la ted  s im ila rly , w hat, i f  any, are the 
advantages o f ingesting the iron in the form  o f an am ino acid 
chelate?. There are two basic advantages. The first is that the

120 mg FeAAC 

—♦—  30 mg FeAAC 

—• — 60 mg FeAAC 

—* — 120 mg Fe Sulfate
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am in o  ac id  c h e la ted  iron  is n o t as reac tiv e  w ith  food  
in g red ien ts , w hich  leaves m o re  o f  the iron  p o ten tia lly  
available for absorption. The second advantage is that the 
iron am ino acid chelate is absorbed into m ucosal cells in 
g rea te r  q u an titie s , due , in p a rt, to  en te rin g  in to  few er 
absorptive inhibiting reactions in the gut. The greater am ount 
o f absorbed iron is o f great im portance when iron deficiency 
or anem ia exists. In these cases, m ore iron is m ade available 
for repletion o f the iron need. These advantages are exam ined 
in greater detail below.

W hen dietary iron is ingested with phytic acid, bran, etc., 
the form ation o f  an insoluble precipitate may leave the iron 
unavailable for absorption (45). In those cases, the iron is 
simply elim inated in the feces as part o f a phytate, oxalate, 
p h o sp h a te , e tc . T h e re  is le ss  lik e lih o o d  o f  in so lu b le  
com pounds form ing when that iron is ingested as an amino 
acid chelate because this form o f  iron is shielded by the am ino 
acid ligands o f the chelate and is m ade electrically neutral 
by the charge balancing effects o f the chelating ligands. To 
illu stra te , an ex p erim en t w as dev ised  in w hich cook ies 
con tain ing  know n iron absorption  inh ib ito rs (bran fiber, 
phytates, phosphates, phenols, and tannins) and 30 m g of 
iron as an am ino acid chelate w ere fed to 10 anemic children. 
Blood sam ples from  each child before and after treatm ent 
were obtained by venipuncture and assayed for hem oglobin. 
Each child then received one o f the above described cookies 
per day, for 30 days. There was a significant (p<0.01) increase 
in the m ean hem oglobin level o f the group as the hem oglobin 
rose over the 30 day study from  8 g/dL to 10.1 g/dL, even 
though the iron am ino acid chelate was com bined with a 
m ultitude of dietary iron absorption inhibitors (41).

The sam e characteristics that reduce the reactivity of the 
iron am ino acid chelate in food also reduce its oxidative effect 
on other food ingredients, such as vitam ins (25,46). W hen 
the iron am ino acid chelate was stored with vitamins A, D3, 
tocopherol, K, ascorbic acid, niacinam ide, biotin, folic acid, 
and pyroxidine at 20°C, the degradation o f these vitam ins 
was significantly less (p<0.01) at 180 days, than when stored 
with iron sulfate under the sam e conditions. A t a tem perature 
o f 37°C, the differences between the two sources o f iron on 
vitamin oxidation were even m ore significant (p<0.001). The 
iron  su lfa te  fo rm  s tim u la ted  m ore  rap id  ox id a tio n  and 
inactivation o f  the vitam ins com pared to the iron am ino acid 
chelate.

B e sid e s  b e in g  le s s  a f fe c te d  by  d ie ta ry  a b so rp tio n  
inhibitors, the absorption o f the iron am ino acid chelate is 
not inhibited by the presence o f other m inerals in the diet 
(47-49). For exam ple, normally, ionic iron and ionic copper 
are mutually antagonistic in the small intestine where a high 
dietary level o f either will reduce the absorption o f the other 
(50-55). This antagonism  can be manifested as a decrease in 
hem oglobin values (56).

The lack o f copper and iron antagonism  as am ino acid 
chelates was seen in a double blind study involving 30 healthy 
nonanem ic adult volunteers divided into three groups (5 
m ales and 5 fem ales/group). Blood sam ples w ere obtained 
by venipuncture at the com m encem ent and conclusion o f 
the study, and assayed for hem oglobin (57). One group each 
received 30 mg Fe/day. The second group each received 9.9 
mg Cu/day. The third group each received 30 m g Fe and 9.9 
m g Cu per day. Both the iron and copper were chelated with 
am ino acids. Daily supplem entation continued for 90 days. 
Changes in hem oglobin were analyzed statistically. As seen 
in Table 1, when the copper and iron were ingested as amino 
a c id  c h e la te s ,  th e re  w ere  no s ig n if ic a n t c h a n g e s  in 
hem oglobin, leading to the conclusion that there had been 
no antagonistic com petition betw een the iron and copper 
am ino acid chelates during intestinal absorption, due to both 
m etals being in the form  o f am ino acid chelates.

TABLE 1
M ean 90 day changes in hem oglobin (g/dL ± S.D.) 

following Fe and Cu am ino acid chelate supplementation

Group A 
(30 mg Fe/day)

Group B 
(9,9 mg Cu/Day)

Group C 
(30 mg Fe,

9,9 mg Cu/day)

Before
supplementation 13,90 ± 0,85 a 16,03 ±0,90 a 15,30± l,61a

After
supplementation 14,50 ±0,85 a 16,73 ±0,94 a 15,29+ 1,02 a

a Means not significant (p>0,10)

The second m ajor advantage of iron am ino acid chelates 
over iron salts is that the absorption o f  the chelates into 
mucosal tissue is greater, even under controlled conditions 
(58). In an in vitro study, replicated three (3) tim es, rat jejunal 
segments w ere random ized, washed, and then exposed for 
120 seconds to  identical gastric solutions containing iron 
from  either a sulfate, an oxide, a carbonate, o r from iron 
am ino acid chelate. The control tissue was not exposed to 
any iron source. A fter exposure, each jejunal segment was 
washed thrice to  rem ove external unabsorbed iron and then 
assayed by atom ic absorption spectroscopy for the quantity 
o f iron in the m ucosal tissue. The mean net absorption of 
iron into the m ucosal tissue (after subtracting the am ount o f 
iron in the control tissues) ranged from  4.7 to 7.2 tim es m ore 
fo r the am ino acid chelate than from  the inorganic salts 
(Figure 3).
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FIGURE 3
M ucosal tissue uptake o f iron after 120 seconds of 

exposure to iron from  an am ino acid chelate, carbonate, 
sulfate, or oxide mixed in gastric solution. The absorption 

represents the mean quantity o f three (3) replications
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Although excess iron in the mucosal tissue will be lost as 
the mucosal cells m igrate to the tips o f the intestinal villi, 
nevertheless, greater deposition o f iron into the mucosal tissue 
potentially allows for a quicker recovery from iron deficiency. 
This is seen in a study in w hich twenty fasted 2-day-old 
anemic pigs (10 per group) were adm inistered a single oral 
dose o f  10 pg o f ?9Fe as either FeCI2 or as an amino acid 
chelate (59). The 59Fe was in the form o f 59FeCI,. This 59FeCI, 
was divided into two parts, and one part used to m ake the 
iron am ino acid chelate. Beginning one hour after dosing 
w ith  e i th e r  the F eC I2 o r iron  am ino  ac id  c h e la te  and 
continuing hourly for five hours, blood samples were obtained 
from  each pig, centrifuged, and the red blood cells washed 
and then assayed for 59Fe incorporation. Significantly more 
(p<0.05) iron from the am ino acid chelate was found in the 
red blood cells com pared to the chloride (Figure 4) (42).

FIGURE 4
M ean five hour incorporation o f 59Fe from iron amino acid 
chelate or ferrous chloride into washed red blood cells o f 

20 (10/group) two-day old pigs

A t the end o f 20 hours, all o f  the above pigs in both 
groups were sacrificed. W hole blood, livers, spleens, and 
bone marrows obtained at 20 hours were assayed for 59Fe. 
The 20 hour blood samples were also assayed for hemoglobin. 
The data summ arized in Table 2 dem onstrate that 59Fe tissue 
deposition from  the am ino acid chelate was significantly 
greater in the whole blood (p < 0.01) and red bone marrow 
(p<0.01). There was significantly less (p < 0 .10) 59Fe from 
the amino acid chelate in the liver, suggesting less toxicity. 
These data also indicated that m ore iron was absorbed from 
the chela te  in the 20 hour period and was im m ediately  
av a ilab le  fo r h em o g lo b in  p ro d u c tio n , w h ich  w as also  
significantly higher (p<0.05) (42).

A possible reason for the lower 59Fe liver levels observed 
in T ab le  2 is su g g e s te d  from  a s tu d y  c o n d u c te d  by 
Fairweather-Tait, et al (60) They fed two groups o f 16 each 
weanling male W istar rats a diet containing marginal levels 
o f iron for four weeks and then added 30 mg Fe/kg as ferrous 
sulfate or iron amino acid chelate to the food for 4 weeks. At 
the end of the second four week period all o f the animals were 
sacrificed and their livers removed for iron analysis by atomic 
absorption spectroscopy. Their blood was also analyzed for 
hemoglobin and packed cell volume. The mean hemoglobin 
concentration was significantly higher in the group fed the iron 
amino acid chelate (p<0.001), but there was no difference in 
the packed cell volume. These investigators concluded that 
most o f the absorbed iron from the chelate was immediately 
incorporated into the 13% increase in hemoglobin which they 
observed, rather than being stored in the liver. They also noted, 
that the amount of iron absorbed from the chelate source must 
have been far greater than was reflected in the increased 
hemoglobin in order to meet the anabolic needs o f the rapidly 
growing animals.

A  similar response to the iron am ino acid chelate can be 
seen in anemic human subjects. A group o f 40 infants (Hb < 
11 g/dL) were paired for age, sex, weight, and hem oglobin. 
A fter random assignm ent to 1 o f 2 groups, each was given 5 
mg Fe/kg body weight/day as F e S 0 4 or as iron am ino acid 
chelate for 28 days. Both treatm ents significantly increased 
(p < 0 .0 0 1 )  h e m o g lo b in  le v e ls , b u t on ly  th e  c h e la te  
significantly increased (p<0.005) serum ferritin. Calculated 
bioavailability o f the iron am ino acid chelate was 75.0%  
com pared to 27.8%  fo rF e S 0 4. As suggested by Fairweather- 
Tait, et al. above, this study also dem onstrated that the greater 
bioavailability o f the iron am ino acid chelate allows for the 
rapid incorporation o f iron into hem oglobin first, followed 
by a quicker rep le tion  o f depleted iron pools (i.e. serum  
ferritin) than is possible with F e S 0 4(61).

M ultiple regression analyses o f the hem oglobin changes 
in the above 40 infants dem onstrated that those changes were 
dependent upon the form  o f iron adm inistered as well as the 
hem oglobin level. H em oglobin increases were greatest when
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consum ing  iron am ino  acid  che la te , but the h igher the 
hem og lob in  value, the  lo w er w as the iron  ab so rp tio n , 
regardless o f the iron source. This suggested that in people 
with normal iron levels, there is little potential danger o f iron 
overloading or subsequent toxicity when consum ing foods 
fortified with nutritionally  appropriate  am ounts o f either 
FeSO, or iron am ino acid chelate.

A fter first satisfying hem oglobin requirem ents, the greater 
bioavailability o f the iron am ino acid chelate allows for a 
m ore rapid repletion of the tissue iron stores. This is seen in

a study in which two groups (N= 15/group) o f gestating albino 
rats were fasted for 24 hours and then orally adm inistered 
4.4 u C  59Fe as a single dose as either 59Fe am ino acid chelate 
or 59FeCI, mixed in 25 pL o f water (62). Approxim ately 72 
hours after dosing, or one day before expected parturition, 
all anim als were sacrificed and the ir tissues and fetuses 
removed, dried and assayed for 59Fe. Table 3 sum m arizes 
the results and dem onstrates significant increases in iron 
deposition in certain tissues

TABLE 2
Mean ±  S.D. hem oglobin levels and corrected counts per minute of 59Fe incorporated into pig

tissues 20 hours after oral dosing

Whole Red Bone
Blood Liver Spleen Marrow Hemoglobin

(59Fe ccpm/mL) (59Fe ccpm/mg) (59Fe ccpm/mg) (59Fe ccpm/mg) g/dL

FeAAC 402,7 ±90,7 3,3 ± ,54 8,5 ± 2,5 16,7 ± 5 ,6  11,7 ±2,7
FeCI, 292,3 ±61,2 4,7 ±2,1 7,7 ± 1 ,9  10,9 ±6,1 10,5 ±1,8
% Increase or
decrease ±37,8” -29,8a ±10,4 ±53,3c ±11,4
Chelate vs. Cl,

ap < 0 , 1 0 bp < 0 , 0 5 c p<0,01

TABLE 3
Mean 59Fe incorporation into tissues (ccpm/g dried tissue) 

from gestating rats and their fetuses

Tissue FeCI, Fe Amino 
Acid Chelate

% Increase 
AAC 
FeCI,

Uterus 3,333 4,926 48
Liver 8,167 9,675 18
Kidney 567 950 68
Spleen 134 325 143b
Heart 333 1,425 328b
Lung 1,367 2,925 114»
Fetus 16 46 00 oo

ap < 0,05; bp < 0,01 ; cp < 0,005

In spite o f the highly significant total increase in iron 
deposition into the fetuses from the chelate, no analysis of 
individual fetal tissue was conducted in the above study, due 
to the size o f the fetuses. Nevertheless, by com bining the 
data from the two non-isotope studies in pigs, a pattern of 
iron deposition from the m aternal blood into the fetus can be 
dem onstrated. In the first study, Brady, et aL, sacrificed one 
piglet at birth from each of 12 sows (6 control and 6 treated). 
Each m other had been fed 85 mg o f supplemental Fe daily in 
the feed as iron am ino acid chelate or FeSO, for four weeks4

before expected parturition. A t birth, the piglets farrowed 
from sows consum ing the iron am ino acid chelate had 34.9% 
more iron in their livers, 8.5% m ore iron in their spleens, 
and 3.2% more iron in their skeletal muscles. Hemoglobin 
levels were also 11.3% higher (63).

In the second pig study, Yam am oto, et al., also gave 
gestating sows 60 mg o f supplem ental Fe daily in the feed 
as e ither iron am ino  acid  che la te , o r fe rrous fum arate , 
com m encing four (4) weeks before expected parturition (64). 
At parturition, the newborn piglets from sows fed iron amino 
ac id  ch e la te  had s ig n ific a n tly  g re a te r  (p < 0 .0 1 ) m ean 
hem oglobin levels com pared to piglets from  sows receiving 
ferrous fumarate. Their mean hem atocrit values were also 
significantly higher (p<0.01), as were the mean increases in 
serum ferritin concentration (p<0.001).

W hen the data from  these two pig studies are com bined, 
it can be seen that greater placental transfer o f iron from the 
m other to the fetus occurs when the iron is ingested by the 
pregnant m other as an am ino acid chelate, and that greater 
am ounts o f iron are delivered to the fetus via m aternal blood 
which are subsequently stored in the iron pools o f the fetus 
for use after parturition. A fter birth the serum ferritin levels 
dropped dram atically in both groups as the piglets began 
producing hem oglobin to support their rapid growth rates. 
The chelate group, however, had serum ferritin values that 
were significantly (p<0.05) above the level o f the fumarate 
group. A t four (4) w eeks o f  age, the mean hem oglobin
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concentration in the chelate group was 14.9% higher (p<0.01) 
than in the fum arate group. N either group o f  piglets in these 
two (2) studies received supplem ental iron after parturation. 
The first study showed that m ore iron was stored in the piglets 
farrowed from  m others ingesting fron am ino acid chelate than 
equ iva len t am ounts o f  iron  from  salts. T his po ten tia lly  
allowed for greater hem oglobin production after birth without 
the need for supplem ental dietary iron, which the second 
study dem onstrated.

In summary, the absorption o f the iron as an amino acid 
chelate has been shown to be greater than iron absorption from 
salts, presum ably due to less chem ical reactions that can 
potentially interfere with iron absorption. The iron amino acid 
chelate is well absorbed, whereas the iron from the salt source 
may or may not be. Once absorbed into the mucosal tissue, the 
chelate is hydrolyzed, and the release of the iron into the plasma 
and the rest o f the body tissues and organs is regulated similarly 
to that of any other source o f iron. The amount of iron transferred 
to the body from the mucosal tissue is directly related to the 
body’s iron needs. Greater need results in greater transfer. The 
advantage o f the iron amino acid chelate over other sources of 
supplem ental iron is that its greater bioavailability into the 
mucosal tissue cells results in m ore iron being quickly and 
safely delivered to target tissues of the body in times of need. 
This potentially allows for smaller doses of supplemental iron 
being required to achieve physiological results, which can also 
result in fewer gastric com plaints and reduce risks o f iron 
to x ic ity  tind iro n  o v e rlo a d . A s the  ab o v e  d a ta  have 
demonstrated, iron deficiencies are less likely to occur when 
ingesting even small amounts of iron amino acid chelate because 
o f  its greater bioavailability.
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Bioavailability of iron bis-glycinate chelate in water
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SUMMARY . Iron amino acid chelate is being increasingly 
considered in programs for iron fortification of foods. The 
bioavailability of iron bis-glycinate chelate given in water was 
studied using a double-isotopic method in a group of 14 women. 
Iron absorption from aqueous solutions of 15 mg/L of elemental 
iron as either iron bis-glycine chelate or ferrous ascorbate was not 
significantly  d ifferent (34.6% and 29.9% respectively). 
Standardized iron absorption of the iron bis-glycinate was 46.3% 
(standardized to 40% absorption of the reference dose). There was 
a significant correlations between (In) iron absorption of iron bis- 
glycinate chelate with (In) serum ferritin (r= -0.60, p <0.03) and 
with (In) iron absorption from ferrous ascorbate (r= 0.71, p<0.006), 
suggesting that iron bis-glycinate chelate absorption is indeed 
regulated by the iron stores of the body.
Key words: Ferrochel, absorption, bioavailability, regulation.

RESUMEN. Biodisponibilidad del hierro bis-glicinato quelado 
dado en agua. El hierro am inoácido quelado está siendo 
considerado en forma creciente para programas de fortificación de 
alimentos. La absorción del hierro del bisglicinato dado en agua 
fue estudiada en un grupo de 14 mujeres utilizando la técnica 
doble isotópica. Las absorciones de soluciones acuosas de 15 mg/ 
L de hierro elemental como bis-glicinato o como ascorbato ferroso 
no fueron significativam ente d istin tas (34,6%  y 29,9% 
respectivamente). La absorción estandardizada del bis-glicinato 
de hierro fue 46,3% (estandarizado a 40% absorción de la dosis de 
referencia de ascorbato ferroso). Existió  una correlación 
significativa entre el logaritmo de la absorción del bis-glicinato y 
el logaritmo de la ferritina sérica (r= -0,60, p <0,03) y el logaritmo 
de la absorción del ascorbato ferroso (p= 0,71, p<0,006), sugiriendo 
que la absorción del bis-glicinato de hierro es regulada por los 
depósitos de hierro del organismo.
Palabras clave: Ferrochel, absorción, biodisponibilidad, regulación.

INTRODUCTION

Iron deficiency continues to be one o f  the m ost prevalent 
nutritional deficiencies in the world. For physiological reasons 
the m ost com m only affected groups are infants, children, 
adolescents and women of childbearing age (1).

Fortification o f foods with iron is considered the best 
su sta in ab le  w ay o f  p reven ting  iron  defic iency  (2). The 
sequential steps that should be followed in establishing an 
iron fortification program  have been well defined. Perhaps 
the m ost difficult technical hurdle is finding the adequate 
c o m b in a tio n  o f  iro n  co m p o u n d  an d  fo o d  v e h ic le . 
C onsequently , the use o f an iron  com pound tha t is less 
in fluenced  by inh ib iting  d ie tary  ligands is an appealing 
strategy.

Iron am ino acid chelate is a com pound form ed by two 
glycine molecules bound to an iron atom, resulting in a double 
heterocyclic ring com pound. It has been proposed that this 
configuration protects the iron from  dietary inhibitors and 
intestinal interactions (3). R ecent studies have shown that 
iron bis-glycinate chelate is well absorbed when it is added 
to  foods w ith a predom inance o f inhibitors (4,5).

The aim  o f the study was to etablish the bioavailability 
o f iron bis-glycinate chelate when given in water.

SUBJECTS AND METHODS 

Subjects
Iron absorption studies were perform ed in a group o f 14 

wom en between the ages o f  27 and 51 years. N one were 
pregnant, all used contraceptive intrauterine devices and were 
in apparen t good health . W ritten  in form ed consen t was 
obtained from each volunteer before participation in the study. 
The protocol was reviewed and was found in accordance with 
the standards se t by the Institu te  o f  N utrition  an d 'F o o d  
T ec h n o lo g y ’s E th ic s  C o m m ittee  on H um an  R esearch . 
Radioactive doses w ere approved by the C hilean N uclear 
Energy Commission.

Isotope studies
Iron isotopes (55Fe and 59Fe) o f  high specific activity were 

used as tracers. B oth iso topes are iron (III) ch lorides as 
purchased (Du Pont de N em ours & Co. Inc., W ilmington, 
DE). Isotopes w ere m ixed w ith w ater im m ediately before 
adm in istra tion . Iron  b is-g lyc ina te  che la te  (Ferrochel ®, 
A lbion Laboratories, Ine., Clearfield, U tah) was intrinsically 
labeled during the synthesis of iron am ino acid chelates. This 
process was perform ed by the m anufacturer. T he specific 
activity o f the labeled iron bis-glycinate chelate was 37 kBq
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of 59Fe/mg elemental iron. The preparations were consumed after 
an overnight fast, and no food or beverages other than water were 
permitted for 4 hours following consumption. The amounts of 
aqueous solutions ingested were calculated by differential weight 
o f the glasses. For the calculation o f total radioactivity ingested, 
aliquots of the aqueous solutions were counted in sextuplicate as 
standards. Measurement of blood radioactivity was performed in 
duplicate venous samples according to the method of Eakins and 
Brown (6), and were counted for sufficient time to ensure less than 
3% counting error. A liquid-scintillation counter (Beckman LS 5000 
TD, Beckman Instruments, Inc., Fullerton, CA) was used for the 
double isotope measurements. Percent absorption was calculated 
based on the blood volume estimated from height and weight, 
assuming an 80% red cell utilization of radio iron (7).

On day 1 the subjects received 200 m L of an aqueous 
solution o f 15 mg/L of elem ental iron as iron bis-glycinate 
chelate labeled with 111 kBq o f 55Fe and on day two 200 mL 
o f a reference dose o f 15 m g/L o f elemental iron as ferrous 
ascorbate (m olar ratio 1:2 iron to ascorbic acid) labeled with 
37 kBq of 59FeC13. A venous blood sam ple was obtained two 
weeks later (day 16) to m easure the circulating radioactivity 
and to determ ine the iron status o f  the subjects.

H e m o g lo b in , m ean  c e ll  v o lu m e , f re e  e ry th ro c y te  
protoporphyrin, serum iron, total iron binding capacity and 
serum ferritin were determ ined in the venous blood obtained 
on day 16 (8).

F or co m p ara tiv e  s tu d ies  o f  iron  b ioavailab ility , the 
absorption o f 3 m g o f elem ental iron as ferrous ascorbate is 
used to offset the effect o f differences in iron status am ong 
ind iv iduals (9). F or purposes o f  com parison  all stud ies 
currently refer to 40%  absorption o f the reference dose of 
ferrous ascorbate. This absorption percentage is used because 
it corresponds to that which is obtained in borderline iron 
deficient populations.

Because the percentages o f iron absorption and serum  
ferritin  concen tra tions have a skew ed distribu tion , these 
values were converted to natural logarithms before perform ing 
m ean and SD calculations, and the results were transform ed 
back using antilogarithm s to recover the original units, and 
expressed as geom etric means ±1 SD (7). Statistical analyses 
inc luded  paired  S tuden t t  test and P earson correla tion . 
S ta tis tic a l an a ly ses  w as p e rfo rm ed  on lo g a rith m ic a lly  
transform ed data  using th e  program  SPSS for W indows, 
release 6.0, SPSS Inc., Chicago, IL, 1993.

RESULTS

The iron bioavailability o f the aqueous solutions o f iron 
b is -g ly c in a te  c h e la te  an d  fe rro u s  a sc o rb a te  w ere  n o t 
significantly different (34.6%  and 29.9%  respectively, "'t =  
0.80, p NS). W hen iron absorption was standardized to  40%  
absorption o f the reference dose using the data shown in Table

1, the corresponding percentage o f iron absorption for the 
iron bis-glycinate chelate given in water was 46.3% .

There was a significant inverse correlation between (In) 
serum ferritin and (In) iron absorption from  iron bis-glycinate 
chelate given with w ater (r= -0.60, p <0.03). The correlation 
between the absorption o f (In) ferrous ascorbate and (In) iron 
bis-glycine chelate given with w ater was ( r= 0 .7 1, p <  0.006).

DISCUSSION

The efficacy o f  an iron com pound for supplemehtation 
or food fortification interventions can be predicted from  iron 
bioavailability studies o f the supplem ent or the fortified food. 
Bioavailability o f iron is influenced by the characteristics of 
the iron com pound, total am ount o f iron in the diet, iron 
sta tus o f the ind iv idual, ra te  o f  ery th ro p o iesis , and the 
presence o f inhibitors or enhancers o f  iron absorption present 
in the in testinal lum en or in the d ie t (9 ,10). I f  so lub le 
inorganic iron salts are given with water solutions without 
food, absorption o f  iron is high, but, absorption of iron salts 
decreases markedly when given with foods (11).

O ur results showed that the iron bioavailability o f iron 
bis-glycinate chelate given in water is high, com pared to the 
absorption o f the reference dose o f  ferrous ascorbate. The 
iron absorption of this com pound was calculated to  be 46.3%  
in a population with low iron stores (a population absorbing 
40% of the reference dose of iron ascorbate).

It has been proposed that the iron am ino acid chelate is 
absorbed in the je junum  rather than as inorganic iron in the 
duodenum  (3). Therefore, there has been som e concern about 
the role o f  iron stores on the regulation o f iron absorption 
from  the chelate. The results o f  this study, suggest that the 
absorption o f  the iron bis-glycinate chelate is likely to  be 
controlled by the iron stores o f the subjects. There was an 
inverse relationship between the iron stores o f the body, as 
reflected by serum ferritin, and the absorption o f  the iron 
b is-g lyc ina te  che la te . T h is h o lds  tru e  as w ell w hen we 
com pare the absorption o f  the iron bis-glycinate chelate with 
th a t o f  fe rro u s  a s c o rb a te  w h ich  sh o w ed  an e x c e lle n t 
correla tion  (r= 0 .71). H ow ever, th is co rrela tion  m ay not 
necessarily prove causality. A nother study perform ed in adult 
women also showed an inverse correlation between serum 
ferritin and the absorption o f iron bis-glycinate chelate (12). 
The dem onstration that regulation o f iron absorption by iron 
stores occurs with the iron bis-glycinate chelate should dispel 
the risk o f iron overload if  this com pound was to be used in 
food fortification program s for the population at large. Further 
research is needed to elucidate the mechanism  o f absorption 
of irQn bis-glycine chelate.

We can conclude that in water the absorption of iron bis-glycine 
chelate is high. Studies to compare the bioavailability of the iron 
amino acid chelate when added to different foods are needed.
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TABLE 1
Iron absorption from  iron bis-glycinate chelate 1

Iron Absorption % Ratio
Subject Age

y
Hb
g/L

FEP
ug/dL
Rbc

Sat
%

SF
ug/L

Iron bis­
glycinate 
55Fe 

(A)

Iron
ascorbate
59Fe

(B)

I
A/B

GR 48 133 57.0 26.7 24 33.8 6.0 5.63
EM 43 150 42.8 15.4 29 29.3 8.5 3.45
AC 51 140 60.0 23.1 53 25.1 14.4 1.74
BM 38 132 48.6 20.4 36 29.8 17.6 1.69
LM 49 142 37.1 18.1 21 27.6 28.4 0.97
GR 33 138 54.3 34.3 23 34.3 29.1 1.18
MA 43 148 42.9 17.1 48 32.6 30.3 1.08
YR 45 144 57.2 27.1 16 19.0 32.7 0.58
XM 46 147 88.6 23.9 26 31.0 35.0 0.89
MLG 40 131 45.6 15.2 25 49.5 36.5 1.36
GM 42 143 65.7 25.2 27 32.8 46.2 0.71
PG 43 144 62.9 27.8 32 49.0 72.6 0.67
PA 45 143 49.4 26.1 4 52.9 79.4 0.67
LA 43 118 191.4 9.9 1 61.8 124.0 0.50
Mean 43.5 139.5 64.5 22.2 19 2 34.6 2 29.9 2 1.16 2
SD 4.4 8.2 37.3 6.2 7-53 25.4-47.2 13.4-66.6 0.60-2.25

1 Abbreviations used Hb, hemoglobin; FEP, free erythrocyte protoporphyrin; Sat, transferrin saturation; SF, serum ferritin.
2 Geometric mean and range 1 SD.
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SUMMARY. Iron is estimated to be deficient in the diets of one 
fifth of the world’s population. Iron is commonly provided as a 
supplemental nutrient in industrialized countries for uses of choice. 
In other countries of the world, it may be required as an overt 
addition to the diet to prevent iron deficiency. This may be 
accomplished through fortification of a common food. As a 
micronutrient, iron has a relatively narrow range of safety -  whether 
given as a supplement or fortificant, it must be in a high enough 
dose to be appreciably absorbed, but low enough to avoid toxicity. 
This concern can be ameliorated by careful choice of the form of 
iron administered. A source of iron which has proven to be highly 
bioavailable, yet regulated by dietary need, is iron chelated with 
amino acids. The structural integrity and longevity of these 
compounds have been proven by valid chemical and instrumental 
tests. Proofs of safety of iron amino acid chelate in the dietary 
administration of iron to swine in both multigenerational and 
longevity studies are reported. Formal tests of toxicity utilizing 
ferrous bisglycinate chelate (Ferrochel) carried out in accordance 
to US-FDA guidelines are also summarized. Ferrochel has been 
demonstrated to have a No Observable Adverse Effect Level 
(NOAEL) of at least 500 mg per kg rat body weight, the highest 
dose tested. This and other results of the detailed toxicity test, as 
well as other tests of safety and efficacy, have resulted in the US- 
FDA acknowledging that this product is Generally Recognized As 
Safe (GRAS) under its approved conditions of use as a source of 
iron for food enrichment and fortification purposes.
Key words: Iron, Ferrochel, iron amino acid chelate, NOAEL, 
GRAS.

RESUMEN. Toxicidad e innocuidad de Ferrochel y de otros 
aminoquelados de hierro. Se estima que el hierro es deficiente en 
las dietas de una quinta parte de la población del mundo. En paises 
industrializados el hierro es com únm ente usado como un 
suplemento dietético; en otros paises la adición de hierro a la dieta 
se hace necesaria para prevenir la deficiencia de hierro y la anemia 
ferropriva, lo que se puede lograr fo rtificando alim entos 
seleccionados. El hierro presenta límites estrechos de seguridad y 
cuando se administra ya sea como un suplemento dietético, o como 
un fortificante, debe darse en una cantidad suficiente para que la 
cantidad absorbida sea adecuada, y suficientemente baja para 
prevenir toxicidad. Una fuente de hierro que ha mostrado tener una 
alta biodisponibilidad y ser regulada por las reservas de hierro del 
organismo es el hierro quelado con amino ácidos. La innocuidad 
de este hierro ha sido dem ostra-da por su adm inistración a 
generaciones sucesivas de cerdos en los cuales no se ha encontrado 
ningún efecto nocivo. Pruebas formales de toxicidad del hierro bis- 
glicinato quelado se han llevado a cabo en ratas siguiendo como 
guía protocolos del FDA de los E.E.U.U. En estas pruebas se ha 
encontrado que un nivel de ingesta diaria de 500 mg por kg de peso 
corporal no producen ningún efecto adverso observable (NOAEL). 
Con base en estos y otros resultados, el FDA ha reconocido al 
compuesto como GRAS (Generalmente Reconocido como Innocuo) 
y ha aprobado su uso para suplementación y fortificación de 
alimento.
Palabras clave: Hierro, Ferrochel, hierro aminoquelado, NOAEL, 
GRAS.

INTRODUCTION

F o u r a s p e c ts  o f  iro n  h av e  lo n g  o rc h e s tra te d  the  
significance o f  its use in nutrition. The first is that it is 
absolutely essential to life. It is a required part o f hemoglobin, 
m yoglobin, ferredoxins, cytochrom es, and several enzymes 
ac tiv e  in  p o rp h y rin  sy n th e s is , ox y g en  re g u la tio n  and 
im m unity. I f  iron is absen t from  its n iche w ith in  these 
molecules, they are nonfunctional. The ubiquitous metabolic 
needs fo r these m olecu les m ake the lives o f all aerobic 
organism s im possible w ithout them. Second, the deliberate 
intervention o f  additional bioavailable iron into m etabolic 
system s which are deficient in iron will im prove both the

functional ability o f the m etabolites as well as the systems 
they support, thus reducing iron deficiency and im proving 
the general health o f the individual. Third, as a micronutrient, 
the range o f iron sufficiency is relatively narrow. A bsorption 
o f  iron into the body, transport to  its sites o f  need and the 
p lacem en t of, e lem en ta l iron  in to  th e  ac tu a l m o lecu les  
requiring it are subject to  narrow  ranges o f concentration 
tolerances. A dditions o f  iron which are larger than these 
to lerances can lead to  tox ic ity  expressed  as d iscom fort, 
pathology or even death.

The fourth aspect o f  iron nutrition prom otes a way to 
am eliorate the negative effects o f  the third aspect (toxicity) 
with the positive consequences o f  the second aspect (the
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p o s s ib ility  o f  iro n  re m e d ia tio n ) .  It is  im p o r ta n t th a t 
extradietary iron be supplied to populations who need it, either 
as short term  intervention (supplem entation) or long term 
support (food fortification). The prospect o f intervention and 
the possibility of toxicity need to  be favorably balanced, the 
iron needs to  be sufficiently bioavailable to be efficacious 
and it m ust be sufficiently free from  the toxicities associated 
with iron to be safe to consum e. The fourth aspect, therefore, 
is the form, or source, o f  the nutritional iron which dictates 
its relative bioavailability and safety.

Iron nutrition versus iron toxicity
A lthough the beneficial effects o f iron in the body have 

been recognized from  antiquity and its physiological effects 
have been further elaborated upon since the Renaissance (1,2), 
the recom m ended dosage has been widely disparate. B laud 
recom m ended an F e C 0 3 concoction delivering 193 to 771 
mg iron/day as suitable rem ediation for ‘green sickness’ or 
‘chlorosis’ (1). Bunge thought all iron supplementation was 
ineffective and worthless, while Q uincke and von N oorden 
w ere convinced that no m ore that 1,5 grains (0,1 mg) of daily 
iron were sufficient (3). It was only as recent as the 1930’s 
that the quantitative incorporation o f  iron into hem oglobin 
was conclusively proven (4,5).

T y p ic a l p h a rm a c o lo g ic a l  re c o m m e n d a tio n s  fo r  
therapeutic sources o f iron are ferrous sulfate heptahydrate, 
c o a te d  a n h y d ro u s  fe r ro u s  su lfa te , fe rro u s  g lu c o n a te , 
polysaccharide-iron com plex, and finely ground elemental 
iron. The average dose for treatm ent o f  iron deficiency anem ia 
in adults is around 200 mg iron/day, given in three equal 
doses o f  around 65 m g iron. Children weighing 15 to 30 kg 
are presum ed to tolerate half o f  the adult dose, while small 
children and infants are cited as being able to handle a larger 
relative proportion (5 m g/kg/day). The main consideration 
o f  these recom m ended doses is that they represent “a practical 
com prom ise” between the therapeutic action desired and the 
toxic effects o f  the iron (2). Therefore, maximal doses are 
recom m ended for the highest absorption o f iron ions while 
the toxic effects are parlayed to  their highest tolerance levels. 
T h e  ab o v e ' re c o m m e n d a tio n s  a re  a lso  m ade  on  th e  
presum ption  that the iron  doses are taken on an em pty 
stom ach. This is because the absorption rates o f iron from  its 
salts are typically lim ited to 2-10%  o f  the dose in individuals 
with sufficient iron stores (6), and 10-20% in people suffering 
iron deficiency anem ia (2). These absorbed am ounts o f iron 
shrink by an additional 50-67%  when taken with m eals (7). 
H o w ev er, i t  is  a c k n o w le d g e d  th a t  w h en  a d v e rse  
gastrointestinal effects o f iron salts are encountered, either 
the dose should be reduced or the high-dosed iron should be 
consum ed w ith food (2,8). These adverse effects include 
nausea, heartburn, abdom inal cram ping, vomiting, diarrhea 
and constipation (8). In the event o f  acute toxicity, the initial

feature is still gastrointestinal irritation which confounds the 
perception that a toxic dose has been taken -  the initial signs 
o f  toxicity  are the  sam e as com m on side effects o f  iron 
supplem entation.

Children are m ore inclined to lethal iron toxicities due to 
ingesting relatively high doses com pared to their weights. 
Acute toxicities from  oral iron preparations include the above 
side effects o f gastrointestinal irritation. Vomiting may be 
the first sign. These m ay be follow ed by gastro in testinal 
b le ed in g , le th a rg y  or re s tle s sn e ss , an d  g ray  cyan o sis . 
Follow ing these signs, there m ay be a seem ing recovery 
period of several hours to one to two days. The third phase o f 
tox ic ity  then com m ences and m ay include pneum onitis , 
jaundice, additional signs o f liver toxicity and/or convulsions. 
A dd itiona l sym ptom s are g as tro in tes tin a l b leed in g  and 
neurological m anifestations, including com a. M ost deaths 
occur during this phase. W here individuals survive from  three 
to four days after the acute ingestion o f  iron, recovery is 
generally rapid, although long-term  leukocytosis may occur. 
Pyloric constriction and gastric fibrosis may occasionally 
result. Acute iron toxicity is treated w ith a com bination of 
induced emesis, gastric intubation with N aH C 03 lavage, and 
parenteral chelation o f the iron with deferoxam ine (8,9).

From  a therapeutic standpoint, som e side effects (toxic 
symptoms) are expected from  the ingestion o f  ionic sources 
of iron due to the close proxim ity o f therapeutic and toxic 
doses of iron salts. Adults taking doses o f  200 m g iron/day 
divided into three equal doses could expect these symptoms 
to occur in approxim ately 25%  o f the cases. If  the dose were 
doubled to 400  m g iron/day, then the incidence o f  toxic 
symptoms would increase to approxim ately 40%  (2), although 
individual tests m ay indicate greater toxicities. For instance, 
adolescents and younger children could expect even higher 
incidences o f  toxicity at these dose levels o r even at lower 
doses. In a double-blind nutritional study with adolescents 
having iron deficiency anem ia there was a 33,3%  incidence 
o f side effects in ju s t 120 m g iron/day from  F e S 0 4 (given in 
two daily doses o f 60 m g iron, each contained in two enteric 
coated tablets containing 30 m g o f  iron, each) (10).

Chelation of the iron source for improved bioavailability 
and safety

Oral iron sources which are inorganic salts with at least a 
degree o f solubility are typically absorbed from the duodenal 
segm ent o f the small intestine w here the luminal pH  is low 
and the iron is ionized. I f  the iron is held in a  larger molecule, 
such as in a polysaccharide com plex, then the iron needs to 
be severed from its position in the larger m olecule before it 
can be absorbed by the small intestine. I f  the iron could be 
covalently bound to organic ligands which would reduce the 
charge o f  the cation and provide som e spacial protection on 
the  s id e  o f  the  a tta c h m e n t, then  le ss  to x ic ity  d u e  to
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gastrointestinal irritation w ould be expected. The degree o f 
protection inherent in the m olecule would vary according to 
the strength o f  the ligand bond protecting at least one spacial 
side o f  the metal ion and the potential o f  the rem aining charges 
o f  the iron cation to irritate the surfaces o f the gastrointestinal 
m ucosa or engage in free reactions with m etabolites which 
could contribute to toxic effects in the body.

Chelates are formed when the sam e ligand m olecule bonds 
to  the sam e m etal atom  through m ore than one reactive site 
on the ligand. The ligand thus bends around the metal atom 
form ing a m olecular ring structure o f atoms. The molecular 
ring  sterically  pro tects the m etal atom  w here the ligand 
m oieties are attached, as well as by the physical barrier o f 
th e  lig an d , itse lf , b e tw een  the  tw o m o ie tie s . W hen an 
additional ligand chelates the same m etal atom, the atom is 
sterically m ore protected and sequestered within the molecule. 
Thus, a chelate of elem ental iron, preferably having a m etal 
to  lig a n d  ra tio  o f  1:2 o r g re a te r  w ou ld  p ro v id e  m ore 
sequestration and protection than either a covalently bound 
organic com plex or an organic or inorganic salt. This is 
illustrated in the space filling structure o f an iron bisglycinate 
chelate shown in Figure 1.

FIG U RE 1
Space filling structure of an iron bisglycinate chelate 

molecule. The iron atom appears in the center with
^ n i t r o g e n ,  | | |c a r b o n ,  oxygen and hydrogen 

atoms o f the glycine ligands surrounding the iron atom and 
bound to it via each nitrogen atom and each carboxyl 
oxygen atom . The protective capacities o f  the glycine 
am ino acids with a m etal to ligand ratio o f 1:2 on each 

chelated iron atom are illustrated

Provided that the chelating bonds are sufficiently strong 
to  resist cleavage by digestion or through reactive natural 
foodstuffs (such as, phytic acid, phosphates, tannic acid, and 
other luminal com ponents which can potentially bind nutritive 
m in e ra ls ) , the  ch e la tes  can  p ro tec t th e  m in e ra l a tom s 
sufficiently long to be absorbed and utilized nutritionally. It 
is readily apparent that a 1:1 m etal to  ligand ratio with glycine 
or any other amino acid would leave one side o f the chelated 
m etal unprotected and vulnerable -b o th  1) to  attack by phytic 
acid , phosphates, e tc ., w ith  subsequen t loss o f  nu trien t

capability and 2) to  a greater potential for toxicity due to 
retaining a reactive site (and, therefore, irritative site) on the 
m etal. T he 1:2 m etal to  ligand  ra tio  res tric ts  unw anted 
reactions with dietary com ponents, neutralizes the valence 
o f the ferrous iron and protects the gastrointestinal surfaces 
from  being irritated by close contact w ith the iron atom. 
Supplemental or fortifying levels o f orally administered iron 
given as a bioavailable chelate w ould thus provide m ore 
protection from  iron dam age to the body that requires the iron.

There is precedence dem onstrating the protection gained 
from  chelates (as well as for im proved bioavailability) in 
the natural iron source from animals known as hem e. In this 
molecule, iron is chelated by a cyclic porphyrin ligand which 
is a breakdown product o f blood hem oglobin and m uscle 
myoglobin. Hem e iron is far m ore bioavailable than inorganic 
or ionic sources o f iron. It has been shown that in a diet 
containing only 6% of the total iron as hem e, 30%  of the 
iron absorbed  w as acquired  from  the hem e only, at the 
exclusion o f other dietary sources (2). The absorption o f iron 
as hem e has been shown to be independent o f the presence 
or com position o f concurrently eaten foodstuffs as well as 
being independent o f  iron absorption from  supplem ental 
organic or inorganic iron salts. These traits are also shared 
with m ineral (metal) am ino acid chelates which dem onstrate 
different uptake pathways than either salts or com plexes of 
the same m inerals and which do not com pete with the uptake 
of inorganic m ineral sources (11-13).

W hen any m ineral atom chelates with reactive ligands, a 
new  m olecu le is form ed w hich does not have the  sam e 
properties as either the m ineral ion or the free ligands. The 
new com pound better stabilizes both the m ineral and the 
ligands over that o f their free forms. The overall properties 
o f  the che la ted  m olecu le m ain ly  resem ble  those o f  the 
ligand(s), however, since these contribute the m ost bulk to 
the new molecule. This may explain the predom inant uptake 
o f metal am ino acid chelates in the jejunum  where amino 
acids and other products o f protein hydrolyzation are typically 
absorbed (11).

Structural integrity of iron amino acid chelates
The m olecular structures o f the iron am ino acid chelates 

have been proven through a variety o f  tests which elucidate 
chem ical structures. E lectron param agnetic resonance (EPR) 
has been used to determ ine electron orientations between 
iron  and  the  ch e la tin g  am ino  ac id s  in an  an im al feed 
supplement. In addition to proving the presence o f chelation, 
the experim ent was designed to determ ine the structural 
integrity o f  the product in prem ix, m ixed loose feed and 
pelleted (extruded) feed. Both upper and low er g-values 
dem onstrated that the bond orientations o f the iron atom s in 
each case w ere tetrahedral, which vouched for the integrity 
o f the 1:2, iron:am ino acids, m olar ratio  o f  the chelated
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animal nutrient. Collaborative evidence for the chelation o f 
m e ta l am in o  ac id  c h e la te s  has been  g iv en  th ro u g h  a 
c o m b in a tio n  o f  x - ra y  c ry s ta llo g ra p h y  an d  F o u rie r-  
transform ed infrared spectrom etry (FT-IR).

X-ray diffraction was first applied to prove the chelated 
structure o f  zinc bisglycinate chelate. This com pound was 
used to verify published infrared absorption peaks for metal 
am ino acid chelates. The appropriate absorption peaks were 
then ap p lied  to  the  o th e r m etal am ino  ac id  che la tes to 
determ ine the structural integrity o f these com pounds. The 
m olecular structures o f  these chelates (including iron am ino 
acid chelates m anufactured for both animal and human uses) 
have been proven by these combined instrumental techniques.

The safety of iron amino acid chelates including Ferrochel
T h e sa fe ty  o f  iro n  am in o  ac id  c h e la te s  h as  been  

dem onstrated through a variety of animal tests and human 
clinical studies. Three kinds o f chelated iron products have 
been used in these tests. For clarity, these are herein identified 
as animal grade iron am ino acid chelate for the anim al feed 
grade product m ade from  feed grade ingredients and human 
grade iron am ino acid chelate which utilizes U SP ingredients. 
The third form  is Ferrochel, which is also m ade from  USP 
ingredients and predom inately maintains the chelated iron 
in the ferrous state. Ferrochel may also be referred to as 
ferrous b isg ly c in a te  chela te . T hese p ro d u c ts  have been 
v a lid a ted  as am in o  ac id  ch e la tes  by  F T -IR  an d  o th e r 
appropriate instrum ental methods.

Studies utilizing animal grade iron amino acid chelate. 
Long-term multigenerational feeding of iron amino acid 
chelate in sows

Two breeding sow operations from Ontario Province in 
Canada were chosen as treatment and control farms to conduct 
a  toxicological assessment of animal grade iron amino acid 
chelate (also refenred to as Iron Metalosate) as well as other 
metal amino acid chelates (14,15). Pigs on the treatment farm 
had received this dietary iron amino acid chelate for several 
years, resulting in five generations of pigs which had received 
dietary m inerals in the form  of m etal am ino acid chelates 
(Metalosates). The pigs on both farms were raised under similar 
confinement housing systems and the farms were within 20 
km of each other. All animals received inoculations against 
erysipelas, leptospirosis, Parvo virus and Escherichia coli. The 
tre a tm e n t an im als  ad d itio n a lly  rec e iv e d  Iv o m ec®  for 
deworming and lice control. The breeds o f the sows on both 
farms w ere similar, being mixtures o f  both York and York- 
Landrace stock. The nutritional constituents o f the feeds were 
similar for both treatment and control sows with the exception 
that the treated sows received iron amino acid chelate as a 
supplemental source of iron, as well as other metal amino acid 
chelates.

Four feed rations w ere form ulated  for the pigs at the 
treatment farm. The first two, W eaner and Grower, were fed 
sequentially to all production offspring. Production pigs were 
marketed upon achieving 105 kg weights. Once the sows which 
becam e production sows were grown, they mostly received Dry 
Sow ration. Lactation ration was given to sows starting three 
weeks prior to parturition and continued for 25 days after birth, 
at which time the litters were weaned and began receiving the 
W eaner ration. W hile all four o f the rations contained iron 
amino acid chelate, the greatest am ount was formulated into 
the Lactation ration with the equivalent am ount of 183,86 mg 
iron per kg of finished feed. Additionally, nursing sows were 
allowed to consume 7,257 kg o f the Lactation ration per day 
(which supplied 1334,27 mg iron per day) to nourish their litters, 
while sows on the Dry Sow ration were allowed just 2,722 kg 
o f feed per day (contributing 272,2 m g iron per day). Due to a 
ch a n g e  in  the  L ac ta tio n  ra tio n , p r io r  to  assess in g  the 
contributions o f iron amino acid ;chelate to the health o f the 
sows, all o f the sows in the test group, except one, received 
756,54 mg iron per day from the Lactation ration during their 
last farrowing. All o f the sows also received the iron which 
was inherent in their food. In comparing the Dry Sow ration 
w ith  the L acta tion  rations, it can be seen that the to ta l 
consumption o f  iron as iron amino acid chelate was largely 
dependent on the number of farrowings (litter births) which 
the sows achieved in their lifetimes.

Six breeding sows were chosen for assessment from each 
o f the farm herds. The two sets o f six sows each were delivered 
to a local abattoir (slaughter house) on the same morning. Three 
o f  the six treatm ent anim als represen ted  the fourth filial 
generation o f breeding sows to receive iron amino acid chelate. 
One o f the treatment sows was of the third filial generation and 
the other two were o f the second filial generation. The total 
amounts o f iron from iron amino acid chelate consumed by the 
sows on the basis o f their age and number of farrowings (parity) 
were less in the fourth generation animals since these tended to 
be the youngest sows. One o f these animals had lived long 
en o u g h  to  have six  fa rro w in g s , how ever, so h e r  to ta l 
consumption was greater that the other two. Sows from the 
fourth filial generation thus consumed 131, 193 and 556 g of 
iron. The single individual o f  the th ird  filial generation 
consumed 734 g, while the two individuals o f the second filial 
generation consumed 580 and 687 g.

A local veterinarian, w ho had been certified w ith the 
C anadian Veterinary M edical A ssociation, was enlisted to 
conduct both prem ortem  and postm ortem  exam inations of 
the sows. The veterinarian was kept blind as to which pigs 
had received iron am ino acid chelate (treatm ent sows) and 
which had not (control sows). H e was not appraised o f the 
sow identifications until he had subm itted his written report 
to  Albion Laboratories Inc.

Following euthanasia o f the sows by cerebral electrocution
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and exsanguination, internal organs and skeletal tissues were 
excised for histopathological exam ination. The tissues excised 
included: brain, duodenum , jejunum , ileum, large intestine, 
muscle, heart, liver, spleen, bone marrow, m esenteric lym ph 
node, kidney and ovary. The certified veterinarian excised 
all o f the tissues from  all o f the anim als and m ade all o f  the 
collections from  the sam e parts o f the organs utilized in order 
to standard ize the assessm ents o f  both the treatm ent and 
control anim als. H e also m ade internal exam inations as to 
the health o f  the animals. The tissues w ere trim m ed into small 
blocks (approxim ately,! cm X  1 cm  X  2,5 cm ) fo r ease of 
in f i l t ra t io n  o f  th e  tis su e  f ix a tiv e  an d  fo r  su b se q u e n t 
m icrotom ing for exam ination slides. Following excision, the 
tissue blocks were subm erged in 10% form alin solution in 
small capped bottles and shipped the next day by overnight 
courier to A lbion Laboratories. Following receipt at A lbion, 
the fluid in the bottles was changed out for 10% buffered 
form alin and shipped to a certified veterinary histopathologist 
in the United States. The veterinary report on prem ortem  and 
p o s tm o rte m  e x a m in a tio n s  w as a lso  re v ie w e d  by  th e  
h is to p a th o lo g is t a lth o u g h  h e  w as k ep t b lin d  as to  the 
identifications o f treatm ent and control sow groups in both 
the on-site veterinarian’s report and his own tissue samples 
until he had issued his draft report. A t that tim e, he was 
m ade aware of the sow identifications so he could finalize 
his report as to group and sow identifications.

T h is  s tu d y  w as c o n d u c te d  in  o rd e r  to  a s se ss  tw o 
conditions: 1) the long term effects o f continuous feeding o f 
iron am ino acid chelate on single individuals, and 2) possible 
cum ulative effects o f this iron am ino acid chelate on m ultiple 
generations o f  production sows. The certified veterinary 
histopathologist’s conclusion was that, “N o histopathologic 
tissue alterations w ere observed that could be attributed to 
dietary adm inistration o f Iron M etalosate®  to sows.” He also 
noted that, “W hen the h istopathologic findings in pigs o f 
G roup I [C ontro l] w ere  com pared  to  those o f  G roup  II 
[Treatment], there w ere no biologically significant differences 
between the groups.. It was concluded that no histopathologic 
tissue alterations w ere observed that could be attributed to 
Iron M etalosate®  given as a m ineral prem ix to sows ” (16).

Long-term feeding of iron amino acid chelate in sows 
achieving six or greater parity

This investigation was a com panion study to the long­
term  m ultigenerational study described above. As noted in 
the previous study, three o f the test animals w ere o f  the fourth 
filial generation o f production sows which had received iron 
am ino acid chelate th roughout their lives. Two o f these 
animals had only been alive for a third to a half o f  the tim e o f 
other test anim als in the study. I t was considered im portant 
to  o rg a n iz e  an a d d itio n a l in v e s tig a tio n  to  v e rify  th a t 
production  sows w hich w ere uniform ly older, at least by

production standards, and which had received this iron am ino 
acid chelate th roughout their p roduction  lives, w ould be 
likewise free from  pathology (17). Parity is an additional 
m anner o f  expressing the num ber o f  farrowings which a sow 
has achieved over her p roductive  life tim e. Six parities 
denotes a sow that has lived a longer than average production 
life.

Two farm s in O ntario Province o f  Canada w ere chosen 
for this study. The control farm was the sam e one used for 
the m ultigenerational study, but the trea tm en t farm  was 
different. B oth farm s w ere still w ithin 20 km  of one another, 
how ever. P ig s  a t b o th  fa rm s h ad  b ee n  in o c u la te d  fo r 
erysipelas, leptospirosis, Parvo virus and Escherichia coli. 
The contro l an im als add itiona lly  received  Ivom ec®  for 
internal and external parasites. O f the four sows selected for 
assessm ent from  the control farm, three w ere o f  the Landrace 
breed and one was a York-Landrace cross. E ight sows were 
taken for assessm ent from  the treatm ent farm. All o f these 
were o f  the York-Landrace cross. T he nutritional constituents 
o f the feeds were sim ilar for both treatm ent and control sows 
with the exception that the treated sows received iron am ino 
acid chelate as a supplem ental source o f iron, as well as 
other m inerals in the m etal am ino acid chelate form.

Four feed rations w ere form ulated for the pigs at the 
trea tm e n t farm . T h ese  in c lu d ed  P ig  S ta rte r, G row er, 
Gestation (dry) and Lactation rations. Iron am ino acid chelate 
was supplied in all but the Grower ration. Production pigs 
were fed Pig Starter ration from  weaning at 12-14 kg until 
they were 18-20 kg. This ration contained 110 m g iron per 
kg o f finished feed from  the iron am ino acid chelate source. 
Pigs in this w eight range consum ed an average o f 0,888 kg 
of finished feed per day. Grower ration was given to the 
production pigs from  18-20 kg until m arketed at 100 kg, or 
above. Sows which were kept on the farm for litter production 
w ere then p laced  on either G estation (dry) ration or the 
Lactation ration depending on the stage o f  their pregnancies. 
Two weeks prior to  parturition, pregnant sows received an 
additional product called L itter Booster which also contained 
iron am ino acid chelate. This was supplem ented at the rate 
o f 64,5 m g iron per kg finished feed. The L itter Booster 
addition was continued in each the sow ’s feed until her litter 
was w eaned at a mean o f 26 days after birth. Lactation ration 
was given to  sows starting one w eek prior to parturition and 
continuing until the litters w ere weaned and began receiving 
Pig Starter ration. The greatest am ount o f  iron from  iron 
am ino acid chelate was form ulated into Gestation (dry) ration 
at the inclusion rate o f  225 m g iron per kg o f  finished feed. 
The same iron chelate was form ulated into Lactation ration 
at 189,5 m g iron per kg o f finished feed. Sows on Gestation 
(dry) Sow ration were allowed ju st 2,04 kg o f feed per day, 
while nursing sows w ere allow ed to consum e 7,71 kg o f  
Lactation ration per day to  nourish their litters. W ith the
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consum ption o f  m ore Lactation ration being allowed on a 
per day basis, m ore o f  the chelated iron was consum ed via 
Lactation diet during the days o f its adm inistration. Since 
L itter B ooster com m enced two w eeks prior to  parturition 
and since 2,04 kg o f the Gestation (Dry) ration was being 
given to the gravid sows, they received 591 mg iron per day 
from  two w eeks to one w eek prior to parturition. A t the 
com m encem ent o f  one week prior to parturition, the gravid 
sows were put on Lactation diet with L itter Booster and were 
allowed to consum e 7,71 kg feed per day, until a  m ean o f 26 
days postparturition. D uring this time, the adult sows received 
1958 m g iron per day from  the am ino acid chelated source. 
All pigs also received iron w hich was intrinsic in their feed. 
A t tim es other than two weeks prior to parturition and during 
lactation, the sows received Gestation (Dry) ration and were 
lim ited to 2,04 kg o f feed per day. During this tim e the sows 
received 459 mg iron per day.

The achievem ent o f  six parities for the animals used in 
this study was the m inim um  requirem ent. O f the four control 
sows used in the study, three had achieved six parities while 
the fourth one had reached ten parities. A m ong the eight 
trea tm ent sows, th ree had achieved six parities, tw o had 
passed seven parities, one had achieved eight parities and 
two were at nine parities. Lifetim e ingestion of iron as iron 
am ino acid chelate reflected the age o f the sows as apparent 
from  the respective parity num bers (farrowings) which they 
had achieved. The three treatm ent sows with six parities 
ingested 768, 776 and 785 g iron as iron amino acid chelate 
throughout their lives. T he tw o sows with seven parities 
received 893 and 907 g o f iron in this form  while the sow 
w ith eight parities reached  1073 g iron. Lastly, the two 
treatm ent sows which achieved nine parities ingested 1074 
and 1103 g iron from  the iron am ino acid chelate source 
over the courses o f their lives. All o f these lifetim e ingested 
am ounts o f iron w ere m ore than the highest am ount o f  iron 
ingested by any o f  the six treatm ent sows assessed in the 
long-term  m ultigenerational study reported above.

A  local certified veterinarian was enlisted to conduct both 
prem ortem  and postm ortem  exam inations o f  the sows. The 
veterinarian was kept blind as to which pigs had received 
iron am ino acid chelate (treatm ent sows) and which had not 
(control sows). H e was not appraised o f the sow identifications 
until he had finalized his written report to Albion Laboratories 
Inc.

Following euthanasia o f  the sows, their internal organs 
and skeletal tissues w ere excised by the certified veterinarian 
for histopathological exam ination. The veterinarian m ade all 
of the collections from  the sam e parts o f the organs utilized 
in order to standardize the assessments o f both the treatm ent 
and control animals. He also m ade internal exam inations as 
to the health of the animals. The tissues were trim m ed into 
small blocks (approximately, 0,5 cm  X  1 cm X  2,5 cm) for

ease o f infiltration o f the tissue fixative and m icrotom ing for 
exam ination  slides. The tissues excised  inc luded  brain , 
duodenum , je junum , ileum, large intestine, m uscle, heart, 
liver, spleen, bone marrow, m esenteric lym ph node, kidney 
and  ovary. F o llo w in g  ex c is io n , the  tis su e  b lo ck s w ere  
submerged in 10% buffered form alin solution in small capped 
bottles and these were shipped the next day by courier to 
A lbion Laboratories. Following receipt at A lbion, the fixed 
tis su e s  w ere  sh ip p e d  to th e  sam e c e r tif ie d  v e te rin a ry  
histopathologist in the United States who had assessed the 
slides m ade from  tissues o f  p ig s  used  in  the long-te rm  
m ultigenerational study. In order to  keep the veterinary 
histopathologist blind as to the identifications o f  the sow 
tissues, they were sent to him  as three sets o f  four animals 
each (comprising one set for control animals and two for the 
treatm ent animals). The veterinary report on prem ortem  and 
p o s tm o rte m  e x a m in a tio n s  w as a lso  re v ie w e d  by th e  
h is to p a th o lo g is t although- h e  w as k ep t b lin d  as to  the  
identifications o f the three groups o f sow tissues which he 
had received. A fter he had issued his draft report, he was 
m ade aware o f  the sow identifications so he could finalize 
his report as to  group and sow identifications.

This study was conducted to assure that production sows 
receiving supplem ental iron as iron amino acid chelate did 
not show any cum ulative pathological effects due to the iron 
source. The certified veterinary histopathologist’s conclusion 
was that, “No histopathologic tissue alterations were observed 
that could be attributed to dietary adm inistration o f  the test 
article [Iron A m ino Acid Chelate].”

Studies utilizing Ferrochel
LD^ determination of Ferrochel in rats

The LD50 for Ferrochel (hum an grade ferrous bisglycinate 
chelate) was determ ined using good laboratory  practices 
(GLP) as specified for non-clinical studies by the US-FDA. 
Five m ale and five female rats w ere used for each o f four 
dosing levels. The dosing levels o f  Ferrochel w ere calculated 
to yield 150, 300, 600 and 1200 mg iron/kg body weight. 
These doses were adm inistered to  the rats via oral gavage 
(gastric lavage) on the first day o f the study. All o f the.animals 
w ere observed for toxic effects at 1, 2,5 and 4 hours on the 
day o f  dosing and tw ice a day for the next 14 days. All 
surviving anim als were sacrificed at the end o f the 14 day 
o b se rv a tio n  p erio d , n ec ro p sied , and  g iven  a co m p le te  
exam ination for gross pathology (18).

The oral LD S# for iron in Ferrochel was calculated to  be 
the same for both m ale and fem ale rats. It was 560 mg iron 
(as Ferrochel) per kg body weight o f rat.

90-Day subchronic toxicity study of Ferrochel'in rats 
administered via diet according to US-FDA guidelines

A n ac u te  d o se  L D S0 to x ic ity  te s t su p p lie s  re la tiv e
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inform ation  as to  su scep tib ility  o f  an im al physio log ica l 
system s to relatively large single doses o f  the test article. A 
further assessm en t o f  the  cum ulative effects o f  receiv ing 
potentially toxic o r subtoxic doses can be gained by supplying 
daily (chronic) doses o f the test article over a  period of time. 
The standard 90-day (3-m onth) subchronic toxicity test in 
rats has been designed to provide this inform ation. The term, 
subchronic, im plies that the assessm ent is being m ade over a 
f in ite  p e r io d  o f  tim e  in  an  e f fo r t  to  a n sw e r  sp e c if ic  
physiological questions about the toxicity o f  the test article 
rather than supplying the article to the rats chronically for 
one to  tw o years. W hen young rats are used for the test, 90 
days can bracket the period o f their highest growth rate. In 
addition to a control group o f rats which do not receive the 
article being tested, the actual daily doses o f the test article 
are set by best efforts to bracket a benign dose, a median 
dose and a com prom ised or toxic dose.

A 90-day subchronic toxicity  test was carried out for 
Ferrochel (19). T he rat breed used was Sprague Dawley CD® 
strain. In a prelim inary study on three rats o f each sex at 0, 
300 and 500 mg Ferrochel/kg body weight, one fem ale was 
found with signs o f internal irritation at the 500 m g/kg dose. 
No deaths or other signs o f  toxicity were apparent. It was 
determ ined that the h ighest dose should be set at 500 mg 
Ferrochel/kg rat body weight in anticipation that some toxicity 
would be generated at this level over the course o f  the 90- 
day study allowing an assessm ent o f the toxicity o f  Ferrochel. 
For the 90-day subchronic study, 20 m ale and 20 fem ale rats 
per dosing  level received  e ith e r 0 , 100, 250 or 500 m g 
Ferrochel/kg rat body w eight mixed in their diets, m aking a 
total o f  160 rats involved in the study. Iron  levels from  
Ferrochel w ere confirmed by atom ic absorption spectrom etry 
on alternate weeks throughout the study. Structural integrity 
of the Ferrochel in the feed was confirm ed periodically by 
Fourier-transform ed infrared spectrom etry (FT-IR).

No deaths occurred in any group. Both growth rates and 
feed consum ption fo r the treatm ent anim als m atched the 
co n tro l an im als  fo r all d o sa g e  g roups. P rem ortem  and 
postm ortem  exam inations failed to reveal any pathology that 
could be attributed to the iron dosages. Forty-eight tissues 
from  each o f ten m ales and ten fem ales randomly selected 
from  the 500 m g Ferrochel/kg dose level and the controls 
w ere excised , fixed, m ounted  on m icroscope slides and 
examined. None o f the tissues revealed signs o f iron pathology. 
Additionally, blood chem istries and clinical chem istries were 
also free from  changes due to the increased iron in the rat 
diets. The N o O bservable A dverse Effect Level (NOAEL) 
w as determ ined to  be at least 500 m g Ferrochel/kg body 
weight for both m ale and fem ale rats. Further details o f  this 
90-day subchronic toxicity study and its conclusions have 
been published elsewhere (20).

Physiological control of absorption of Ferrochel
W hen an iron  so u rce  show s h igh  b io a v a ilab ility , a 

com m only expressed concern is for toxic overload o f  iron. 
A t issue is the question as to  w hether the highly bioavailable 
iron source is regulated in a sim ilar fashion to hem e iron or 
inorganic salt sources o f  iron. Subjectively, this has not been 
a concern  fo r the iron  am ino acid chela tes. E arly  L D 50 
estim ates fo r  several o f  the m eta l am ino  ac id  ch e la tes  
ro u tin e ly  in d ic a ted  th a t these  sou rces w ere  sa fe r than 
inorganic m ineral sources (21). Sim ilar inferences have been 
g a in ed  in  a d d itio n a l to x ic o lo g ic a l te s ts , such  as, the  
multi generation pig study (14-16) and the six-parity pig study 
(17), sum m arized  above. A very strong  im plication  o f  
physiological regulation o f  these iron am ino acid chelates is 
the 90-day subchronic toxicity study (19,20) assessing the 
im pact o f  continual high doses o f dietary Ferrochel. The 
finding o f no toxicological evidence, no hem atological or 
biochem ical aberrations and virtually no im pact other than 
normalcy speaks very strongly for the regulation o f tissue 
uptake o f  iron taken as Ferrochel.

M ore d irect m easures o f the regulation o f  iron uptake 
w hen  in  the  am ino  ac id  ch e la ted  fo rm  w ere  m ade  by 
Pineda(22) on data that had been reported by M ervyn (23). 
The data w ere from  a crossover study o f 6 m ale and 6 fem ale 
no n -an em ic  in d iv id u a ls  in the  M oun t S ina i S choo l o f  
M edicine in New York who received 18 mg iron daily from  
F e S 0 4 for a week, follow ed by a w ashout period, then a 
replicate week-long dose o f 18 m g iron/day from  hum an 
grade iron am ino acid chelate. Fecal iron was m easured as 
the reciprocal o f absorbed iron. In all o f the individuals, 
m ore iron was absorbed from  the am ino acid chelated source. 
The m ean im provem ent in absorption was 59%. Since the 
da ta  w ere  ob ta in ed  from  the  sam e ind iv iduals , P in ed a  
arranged the pairs o f  absorbed am ounts o f iron from  the two 
sources from  the least to the greatest. Then he calculated 
linear regressions for both sets. Presum ing different inherent 
needs for iron am ong the subjects o f the test, the data could 
be expected to p lo t the iron needs o f a small sampling o f  a 
population . This resu lted  in tw o regression  lines w hich 
differed in position (due to the higher absorption from  the 
iron amino acid chelate source), but which w ere very sim ilar 
in slope. Pineda additionally plotted the correlation o f iron 
absorbed  from  th e  iron  am ino  acid  che la te  aga in st the 
respective data for iron absorption from  F e S 0 4, w ith the 
paired data arranged from  least to highest. The correlation 
p lot had an r2 o f 0,9411. These paired data indicate a linear 
correlation between the am ounts o f  iron absorbed from  the 
two iron sources and also imply that both iron sources are 
sim ilarly regulated.

A d d itio n a l d a ta  su p p o rtin g  the  reg u la tio n  o f  iro n  
absorption from the am ino acid chelated source have been 
provided by Olivares e t al (24). These researchers noted that
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unm odified cow ’s m ilk would inhibit the absorption o f  any 
non-hem e source o f iron, due to the high concentration of 
iron absorption inhibitors, including casein, calcium , whey 
protein and phosphates. In com paring the iron absorbed from 
Ferrochel (termed: ferrous bis-glycine chelate in this paper) 
versus F e S 0 4, they found that, while absorption o f  iron as 
Ferrochel was decreased by the cow ’s milk, iron from  this 
source was still absorbed from  2 to 2,5 tim es higher than 
iron from F e S 0 4. This suggests that the Ferrochel iron source 
was less influenced by the inhibitors than was ferrous sulfate. 
They additionally  found  an inverse relationship  betw een 
serum ferritin content and iron absorption as Ferrochel. This 
w as c o rre la te d  to  the  ab so rp tio n  o f iron  from  fe rro u s  
ascorbate, thus further suggesting the regulation o f  Ferrochel 
iron absorption.

Data from a study by lost et al. describing the successful 
repletion o f  hem oglobin levels in anemic young children with 
low fortificant doses of Ferrochel also indicate regulation of 
iron uptake against iron stores (25). One hundred and eighty- 
fiv e  y o u n g  c h i ld re n  (1 3 4  b e in g  1 -y ea r o ld  a t th e  
com m encem ent o f  the study) w ere given 3 m g iron as 
Ferrochel in 3 L o f cow ’s m ilk per day. Hemoglobin am ounts 
were m easured initially and at 133 ± 13 and 222 ± 2 days 
in to  the study. M ean  and standard  d ev ia tio n s fo r each 
sam pling  w ere 9,3 ± 1,5, 10,5 ± 1 , 6  and 11,2 ± 1,5 g 
hem oglobin/dL, respectively, dem onstrating the repletion of 
iron deficiency anem ia in the children over the course o f the 
study. T he data  w ere additiona lly  d iv ided by degree of 
anem ia, < 9,4 g hem oglobin/dL whole blood being the most 
severe with 9,5 - 11,0 g hem oglobin/dL being less severe. 
C h ild re n  hav in g  h em o g lo b in  leve ls  > 11,1 g /d L  w ere  
considered normal. O ver the course o f  the study, the greatest 
changes w ere noted  in the m ost severely anem ic group. 
However, am ong children with normal hem oglobin values, 
there were no significant differences in hem oglobin am ounts 
at any o f the m easurem ent tim es (P > 0,10). W hile ferritin 
a ssay s  w ere  n o t a p a r t o f  th is  study , the  h em o g lo b in  
concentrations am ong the norm al children im plied that less 
am ounts o f iron w ere absorbed where there were less needs 
for iron.

T he absorption of iron as Ferrochel has additionally been 
assessed in w hole m aize meal porridge by Bovell-Benjam in, 
Viteri and Allen (13). W hole m aize is high in.phytates which 
norm ally bind iron fortificants and may greatly lim it their 
absorption. In an experim ent involving 10 non-anem ic men 
who consum ed porridge containing 59F eS 0 4 on the first day 
o f  the study and porridge containing 55Fe-ferrous bisglycinate 
che la te  on the second  day, b lood analyses done on the 
sixteenth day revealed that iron from  the bisglycinate chelated 
source was absorbed greater than was iron from  the F e S 0 4 
source. The two sources o f iron w ere additionally consumed 
toge ther in  w ho le  m aize p o rridge  by the sam e 10 m en

following the above blood sam pling and final blood samples 
w ere taken  14 days la ter. T he second  b lo o d  sam p ling  
dem onstrated that there was no exchange o f  the differently 
labeled iron isotopes betw een sources in the whole m aize 
porridge w hen consum ed at the sam e time. The lack o f  label 
exchange in the second experim ent dem onstrated that there 
was no breakdown o f the ferrous bisglycinate in the intestinal 
pool before entering the m ucosal cell. The F e S 0 4 source was 
expected to  breakdow n in the intestine, resu lting  in free 
cationic iron being presented to the intestinal mucosal cells 
for absorption. The absence o f  label exchanging also implies 
that the Ferrochel iron was entering the m ucosal cell intact 
as the bisglycinate chelate. The mean of the differences in 
iron  abso rp tion  betw een  the sep ara te  and  m ixed blood 
samplings was 4,7 tim es greater from  the ferrous bisglycinate 
chelate than from  ferrous sulfate. Additionally, scatter plots 
o f the natural logarithm  (In) o f percent iron absorption versus 
the In o f serum  ferritin concentration for both the ferrous 
bisglycinate and F e S 0 4 sources o f iron yielded regression 
lines with sim ilar correlation coefficients and slopes, although 
the ferrous bisglycinate data potted higher in absorption. This 
dem onstrated that the absorptions of both iron as Ferrochel 
and iron as F e S 0 4 w ere effectively regulated  by the iron 
reserves o f  the body.

Safety of ferrous bisglycinate chelate determined
In 1997, after its review of many scientific papers on the 

efficacy and safety of Ferrochel (ferrous bisglycinate chelate), 
a panel o f scientific experts nationally recognized in the USA 
and representing physiological, toxicological and medicinal 
d isc ip lin e s  co n c lu d e d  th a t F e rro c h e l w as a ffirm ed  as 
“G enerally R ecognized As Safe” (G R A S) as both a food 
fortificant and dietary supplement. In 1999, following the 
self-affirmation o f Ferrochel as GRAS and the subsequent 
review  o f the findings o f  the expert panel, the O ffice o f 
Premarket Approval o f the Center for Food Safety and Applied 
N utrition o f  the U S-FD A  acknow ledged the GRAS self- 
affirmation o f Ferrochel (ferrous bisglycinate chelate) and 
advised that it had no questions or concerns regarding the 
GRAS status o f  this product under its proposed conditions 
of use for food enrichm ent and fortification purposes.

CONCLUSIONS

The im portance o f  iron to the well being and healthy 
functionality of the body cannot be underestim ated. Among 
the pathologies which may result from  the deficiency of any 
physiologically required m ineral, o f  param ount im portance 
and of param ount occurrence are the m orbidities associated 
with iron deficiency anemia. A  fifth o f  the w orld’s entire 
population is estim ated to present this anemia. This is the 
m ajor mineral deficiency to address and solve.
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Inherent in iron are the seeds of its own noncompliance to 
efforts to reduce the effects o f  compromised absorption. In the 
inorgan ic  fo rm , w hich has been  the fo rm  o f cho ice  fo r 
supplementation and fortification attempts in diets where it has 
been low or lacking, iron consistently demonstrates restricted 
b io av ailab ility  w ith , ever g rea te r tox ic  sym ptom s i f  the 
supplementary sources are increased in an attempt to increase 
its absorption. Modifications on the inorganic forms of iron, 
such as, the addition of ascorbic acid to keep the iron in the 
ferrous state prior to absorption, gain some improvements in 
absorption, but apply additional costs to the intervention.

Ferrochel may be the best form  for supplem entation and 
fortification o f iron into hum an diets. It presents iron in the 
ferrous state, resists cleavage once ingested, is absorbed intact 
in its protective state, repletes iron levels at relatively small 
doses, has been proven remarkably nontoxic, even at relatively 
high daily doses, dem onstrates the characteristics o f being 
physiologically regulated, and increases iron absorption over 
that obtainable from  ferrous sulfate, the current standard for 
iron intervention.
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The effect of change in pH on the solubility of iron bis-glycinate 
chelate and other iron compounds

M aría N ieves García-Casal and M iguel Layrisse
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Laboratorio de Fisiopatología- Caracas, Venezuela

SUMMARY. The effect of a pH change from 2 to 6 was tested on 
the solubility of ferrous sulfate, ferrous fumarate, iron bis-glycine 
chelate (Ferrochel) and sodium-iron ethylenediaminetetraacetic acid 
(NaFeEDTA). It was found that at pH 2 ferrous sulfate, Ferrochel 
and NaFeEDTA were completely soluble and only 75% of iron 
from ferrous fumarate was soluble. When pH was raised to 6, iron 
from amino acid chelate and NaFeEDTA remained completely 
soluble while solubility from ferrous sulfate and ferrous fumarate 
decreased 64 and 74%, respectively compared to the amount of 
iron initially soluble at pH 2.These results suggest that iron solubility 
from iron bis-glycine chelate and NaFeEDTA is not affected by pH 
changes within the ranges tested, probably because iron remained 
associated to the respective compounds.
Key words: Iron solubility, pH changes, iron bis-glycine chelate, 
NaFeEDTA, ferrous fumarate, ferrous sulfate.

RESUMEN. Efecto de cambios de pH sobre la solubilidad del 
hierro bis-gücinato quelado y de otros compuestos de hierro.
Se estudió el efecto del cambio de pH de 2 a 6 sobre la solubilidad 
del hierro de sulfato ferroso, fumarato ferroso, hierro bis-glicinato 
quelado (Ferrochel) y ácido etilendiaminotetraacético sódico-férrico 
(NaFeEDTA). Se encontró que a pH 2 el hierro proveniente de 
sulfato, Ferrochel y NaFeEDTA estaba completamente soluble, 
mientras que para el fumarato ferroso solo el 75% del hierro se 
hallaba en solución. Cuando se incrementó el pH a 6, el hierro del 
glicinato quelado y del NaFeEDTA permaneció completamente 
soluble mientras que la solubilidad a partir de sulfato y de fumarato 
disminuyó 64 y 74%, respectivamente comparado con la cantidad 
de hierro soluble a pH 2. Estos resultados sugieren que la solubilidad 
del hierro proveniente del glicinato quelado y del NaFeEDTA no 
fue afectada por los cambios de pH estudiados, probablemente 
debido a que el hierro permanece asociado a los respectivos 
compuestos.
Palabras clave: Solubilidad de hierro, cambios de pH, hierro 
bisglicinato quelado, NaFeEDTA, fumarato ferroso, sulfato ferroso.

INTRODUCTION

A ccording to their solubility iron com pounds have been 
classified as w ater soluble (ferrous sulfate, ferrous gluconate, 
ferrous lactate, ferric am m onium  citrate), poorly water soluble 
but so lu b le  in  d ilu te d  ac ids (fe rro u s fum arate , fe rrous 
succinate, ferric sacharate), poorly soluble in w ater acid 
so lu tio n s  ( fe rr ic  p y ro p h o sp h a te , fe rric  o rth o p h o sfa te , 
e lem en ta l iron ) and p ro tec ted  com pounds (hem oglobin , 
e th y len e d ia m in e te traa ce tic  ac id  (N aFeED TA ), iron  bis- 
glycinate chelate). To establish relative iron bioavailability 
o f these com pounds, absorption values are com pared to a 
standard com pound which is ferrous sulfate, with a relative 
bioavailability o f  100 (1).

D u rin g  th e  la s t  tw o  y ea rs  th e  N u tr itio n a l A n em ia  
L aboratory o f  the Instituto Venezolano de Investigaciones 
Científicas (IV IC), has been studying the properties o f various 
iro n  c o m p o u n d s , in c lu d in g  iro n  b is -g ly c in e  c h e la te  
(Ferrochel), fo r food fortification under various conditions. 
This iron com pound has the advantage o f being soluble in

water and does not change the organoleptic properties o f the 
food vehicle(2). The purpose of the present study was to evaluate 
the solubility o f  iron com pounds (ferrous sulfate, ferrous 
fumarate, Ferrochel and NaFeEDTA) currently used in food 
fortification programs, when the pH  is changed from 2 to 6.

MATERIAL AND METHODS

Iron solubility when the pH  is changed from  2 to 6 was 
evaluated under equal conditions for ferrous sulfate, ferrous 
fu m a ra te , iro n  b is -g ly c in e  c h e la te  (F e r ro c h e l)  and  
ethylenediam inetetraacetic acid (NaFeEDTA). Iron solutions 
o f  each o f  the com pounds m entioned containing 5 m g iron, 
were prepared in 0.1 m ol/L HC1. D uplicate 1-mL aliquots 
w ere taken after 30 m in at room  tem perature to m easure 
soluble iron at pH2, and to the rem aining solution, the pH 
was adjusted to 6 with careful addition o f NaOH (3). After 
standing 10m in at room  temperature, duplicate 1-mL aliquots 
from  the top o f  the solution w ere taken to m easure iron 
concentration by a published digestion m ethod (4).
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The selection o f the iron com pound for fortification is 
im portant in order to avoid interactions with the food vehicle 
or the total meal, because a  m inor change in organoleptic 
characteristics o f the food, will result in consum ers rejection. 
W hen the iron com pound is added, it is necessary to evaluate 
possib le changes in food color, taste or appearance with 
tim e and sto rag e  on adverse  tem pera tu re  and hum idity  
conditions. Solubility, chem ical reactivity, bioavailability and 
co s t are o ther im p o rtan t issues w hen selecting  an iron 
c o m p o u n d . F o r in s ta n c e , fe r ro u s  su lfa te  is  a h ig h ly  
b ioavailab le  and re la tive ly  inexpensive com pound, but 
because o f its reactivity produces undesirable changes in some

RESULTS AND DISCUSSION fortified foods. On the other hand, elem ental iron (reduced, 
electrolytic or carbonyl) is also inexpensive but it has been 
reported to have a low bioavailability depending on particle 
size and the  food veh icle  to be fortified . P ro tected  iron 
com pounds have been reported to have a high bioavailability, 
but they are usually expensive (5-7).

Variations in iron solubility when pH  was changed from 
2 to 6 are presented in Table 1. A t pH  2 iron from  ferrous 
sulfate, Ferrochel and NaFeEDTA was com pletely soluble 
while the am ount o f soluble iron from  ferrous fum arate was 
76 .6%  o f th e  ex p ec ted  am oun t o f  5 m g, a f te r  30  m in 
incubation. Solubility o f  this com pound in acidic solutions 
increases with longer incubation time.

TABLE 1
Iron solubility from  ferrous sulfate, ferrous fumarate, NaFeEDTA and Ferrochel at pH  2 and 6

pH Ferrous sulfate Ferrous fumarate Ferrochel NaFeEDTA
mg % mg % mg % mg %

2 6.22+0.2 a 100.0 3.83±0.1a 100.0 5.71+0.3 a 100.0 5.40+0.1a 100.0
6 2.24±0.2b 36.0 0.99+0.2 b 25.8 5.33+0.2 a 93.3 5.12+0.1 a 94.8
1 Values are means ±  SEM. n = 10. Values in any given column with different letters are significantly different. 
p<0.05. Initial iron content: 5 mg.

Increasing pH  to 6 produced a decrease in solubility for 
ferrous sulfate and ferrous fum arate. A fter 10 m in incubation 
at pH  6 ,64%  o f the iron from  ferrous sulfate becam e insoluble 
while 74% o f the iron from  ferrous fumarate, was precipitated. 
This percentage for ferrous fum arate is based on the am ount 
soluble at pH  2, that was already reduced in approxim ately 
23% . For Ferrochel and NaFeEDTA solutions, the change in 
pH  from  2 to 6 did not m odify the am ount o f soluble iron, 
show ing in  bo th  cases tha t m ore than  90%  rem ained  in 
solution.

T hese  resu lts  in d ica te  th a t iron  from  F errochel and 
NaFeEDTA rem ains soluble even when the pH  is changed 
over a wide range as happens when food m oves from  the 
stom ach to  the sm all intestine. This finding m ay indicate 
th a t the o bserved  h igh  iron  abso rp tion  from  these  two 
com pounds is related to their resistance to pH changes and 
that within the studied range, the m olecules are not altered, 
m ain ta in ing  the ir capability  to keep iron in a protected, 
soluble form.
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SUMMARY. Currently the three main widely used strategies to 
control micronutrient deficiencies are food diversification, fortifi­
cation, and consumption of medicinal supplements. In Tanzania a 
fourth strategy has been evaluated in school children, and is to be 
studied in pregnant and lactating women. The dietary supplement 
comes in the form of a powder used to prepare a fruit flavored 
drink. Children consumed for six months 25 grams per school day 
attended, the powder being added to 200 ml of water. The dietary 
supplement provides between 40 and 100 percent of the RDA of 10 
micronutrients, which includes iron, vitamin A and iodine. Unlike 
medicinal supplements it provides the multiple vitamins and min­
erals in physiologic, not megadoses. In a well conducted randomized 
double blind placebo controlled trial, a dietary supplement in the 
form of a fortified powder fruit drink produced statistically signifi­
cant differences not only in vitamin A and iron status, but also in 
the growth of young school age children.
Key words: Multiple supplementation, Ferrochel, nutritional de­
ficiencies, fortified beverage.

RESUMEN. Suplementación dietética de micronutrientes -  Un 
cuarto nuevo enfoque. Hasta este momento, las tres estrategias 
mas frecuentemente utilizadas para el control de las deficiencias 
de micronutrientes son: diversificación de alimentos, fortificación 
y consumo de suplementos medicinales. En Tanzania, una cuarta 
estrategia fue evaluada en niños escolares y se estudiará en mujeres 
embarazadas y en mujeres lactantes. El suplemento dietético se 
prepara como un polvo usado para preparar una bebida con sabor a 
naranja. Los niños estudiados consumieron durante seis meses, 25 
gramos del polvo disueltos en 200 mL de agua por día de asistencia 
a la escuela. El suplemento provee entre 40 y 100% del RDA de 10 
micronutrientes entre los cuales se encuentra hierro, vitamina A y 
yodo. Contrario a los suplementos medicinales, la bebida provee 
vitaminas y minerales en cantidades fisiológicas y no en dosis 
mayores. En una prueba de campo bien efectuada, randomizada, 
doble ciega con control de placebo, la bebida fortificada produjo 
diferencias estadísticamente significativas, no solo en la condición 
nutricional con relación a hierro, vitamin, a A y yodo, sino también 
en el crecimiento de los niños estudiados.
Palabras clave: Suplementación múltiple, Ferrochel, deficiencias 
nutricionales, bebida fortificadas.

INTRODUCTION

Malnutrition is increasingly recognized as a very prevalent 
and important health problem in many countries, a problem 
that has serious long-term consequences for the child and may 
adversely influence development itself. That m ore than 2,000 
million people live at risk of diseases related to micronutrient 
deficiencies-most commonly vitamin A, iron, and iodine-and 
that most of these people are women of childbearing age and 
young children in developing countries, are facts that are often 
stated and much studied (1). Malnutrition in its severe and not- 
so-severe forms still remains a significant cause and determi­
nant o f mortality, short- and long-term morbidity, and perma­
nently lost productivity and intellectual capacity in societies 
which can ill afford such losses and costs.

D espite these devastating consequences, the range of 
m ethods by which m icronutrient deficiencies are addressed 
have rem ained m uch the same and alm ost consistently fall 
into one o f  the following categories (2).

Food diversification - in some cases this will simply come

about by increasing overall food intake while in other cases 
it com es about through behavioral change which increases 
the consum ption o f  nutrient rich foods. This may be affected 
through diversifying household and/or regional food produc­
tion strategies to ensure that foods rich in the nutrients iden­
tified as deficient becom e available.

Food fortification. The deliberate addition o f  a specific 
nutrient to a food vehicle which is identified as being widely 
consumed in adequate quantities by populations at risk of the 
deficiency. The classic examples being the iodization o f salt; 
and the fortification o f milk with vitamin A and vitamin D.

Medicinal supplements, (a) periodic adm inistration of 
large doses o f a specific m icronutrient, such as vitamin A or 
iodine, which either provide som e protection from  a p ro­
longed period of deficient intake or treats a deficiency which 
has already resulted in clinical symptoms, or (b) medicinal 
am ounts far above the RDA for the nutrient, for exam ple 
iron and folate supplem ents during pregnancy.

These m ethods are, for the m ost part, technically easy 
and cost-effective given the econom ic gains w hich can be
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achieved. Significant achievem ents in reducing m icronutri- 
ent m alnutrition have been m ade using them.

E ach  o f these three standard approaches has its disad­
vantages and limitations. M ost people agree that food diver­
sification offers the best long term  approach that is likely to 
be sustainable. But often it requires m ajor changes either in 
agricultural production, including hom e gardens, or in  higher 
incom es for the poor, allied with nutrition education. So in 
many non-industrialized countries progress is slow, and in 
som e A frican countries with a deteriorating econom ic situa­
tion, food diversification is unlikely to substantially reduce 
m icronutrient deficiencies in the near future.

Conditions for fortification vary depending on the nutri­
ent and the foods eaten in a country. In some countries sev­
eral com m only eaten foods do pass th rough  com m ercial 
processing w here fortification is feasible. Salt iodination 
has greatly reduced iodine deficiency disorders in many coun­
tries. But in many non-industrialized countries it is difficult 
to  find a suitable food vehicle to  fortify with iron or vitamin
A. A suitable food has to be consum ed regularly by those at 
risk of the deficiency w ho are often children and women in 
poor families. Especially in rural areas those suffering from 
m icronutrient deficiencies may purchase few manufactured 
or processed foods.

M edicinal supplem ents are o f two kinds. F irst there are 
those taken in pharm acological doses daily or at frequent 
intervals, and second those prescribed to  be consum ed in 
large doses at intervals o f 4 to as long as 24 m onths. Ferrous 
sulfate and folate are exam ples of the former, and vitam in A 
and lipiodol (containing iodine) are exam ples o f  the latter. 
M edicinal supplem entation is dependent on a delivery sys­
tem  which is often relatively costly if  the supplem ent is to 
reach those at risk. O ther problem s include poor com pli­
ance which is com mon with iron prescribed during pregnancy, 
and low participation rates for exam ple when m assive dose 
vitamin A  supplements are offered over time.

A  W orld B ank  review  o f m icronutrient program s (3), 
found that three com mon problem s arising from  the im ple­
m entation of any or all o f these strategies were: (i) the lack 
o f  appropriate consum er dem and; (ii) the lack o f appropriate 
delivery infrastructure with adequate access for poor women 
and isolated populations; and (iii) the lack o f honest, effi­
cient and technically com petent enforcem ent systems for food 
fortification. Furtherm ore, a key feature o f successful pro­
gram s was consistently found to be “supply” : that is supply 
o f the food itself or seeds and other necessary inputs to allow 
dietary diversification; supply through secure access to for­
tified foods via appropriate food vehicles in adequate quan­
tities; and/or supply through cost-effective, professionally 
prescribed and readily available medicinal supplements.

Dietary supplements - it’s been done before
M icronu trien t d ie tary  supplem ents o ffer a fourth  ap ­

proach, and one which can control deficiencies using a sin­
gle intervention.This approach is unique since it delivers 
m icronutrients that fill the nutritional gap via a vehicle that 
is, o r becom es well accepted by the target group. The sup­
plem entation o f diets with a specific food substance high in 
one or m ore m icronutrients recognized as potentially defi­
cient in the regular diet is not a new concept. N ot so long 
ago children  in industrialized or industrializing  countries 
received a regular dose of cod-liver oil to stave off the ef­
fects o f  vitam in A and D deficiencies. A t the turn o f  the 
century, rickets, the consequence o f prolonged deficient vi­
tamin D intake or lack o f sunshine was very com mon am ongst 
children in the poor com m unities o f industria lized  cities 
where the diets com prised a small range o f foods and there 
was lim ited access to outdoor areas and thus direct sunlight. 
In som e countries, on the shelves o f  remote, small rural and 
urban shops, one can still find bottles o f H aliborange - a 
concoction o f halibut oil high in vitam ins A  and D or o f 
Ribena, to  provide vitamin C. In many countries north and 
south sim ilar products, som e labeled as “tonics,” provide 
m icronutrient supplements. However these tonics often do 
not include those m inerals and vitam ins m ost lacking in lo­
cal diets. O ften, this is a very costly  way o f provid ing  
m icronutrients to target groups that have lim ited income.

In Europe and N orth Am erica, the prom otion of cod-liver 
oil and other healthful dietary supplem ents em powered m oth­
ers with affordable options to prevent rickets in their chil­
dren and where such solutions were not affordable those di­
etary supplem ents w ere available free of charge through pub­
lic health clinics. The developm ent o f  better health care sys­
tems, affordable and diversified food supplies and a growing 
appreciation o f  the health benefits o f  outdoor play presum ­
ably also underlay the decline o f rickets in industrialized 
countries (4). Unfortunately, the concept o f regular dietary 
supplem ent consum ption has not been translated from  in­
dustrialized countries to the populations o f  non-industrial­
ized countries which continue to be at risk, or suffer from 
m icronutrient deficiencies.

Trial of a micronutrient supplement in Tanzania
In Tanzania a random ized double blind placebo control­

led trial o f a  m ultiple-m icronutrient fortified dietary supple­
m ent in school children has been com pleted (5). A  sim ilar 
trial has been planned to assess the feasibility and efficacy 
o f a sim ilar m icronutrient dietary supplem ent in pregnant 
and lactating women.

M icro n u trien t d efic ienc ies inc lud ing  iron defic iency  
anemia, vitam in A deficiency and iodine deficiency disor­
ders are recognized as im portant public health problem s in
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Tanzania (6). The project was a collaborative study involv­
ing the Tanzania Food and Nutrition Centre, Cornell Univer­
sity, UNICEF, the M icronutrient Initiative and the Procter 
and G am ble Company.

The dietary supplem ent used was a fortified powdered 
fruit drink. It was developed and produced especially for 
this project by scientists at the Procter and G am ble Com ­
pany in Cincinnati, Ohio, USA. The product tested consisted 
o f 25 gram s of a  fine white powder in individual serving sa­
chets. One sachet contained 5.4 mg o f iron from  bis-glycinate 
chelate, 1750 IU  o f vitam in A, 45 pg of iodine, 5.25 mg of 
zinc, 72 m g o f  ascorbic acid, 0.6 m g o f riboflavin, 0.14 mg 
o f folic acid, 3 pg o f vitamin B 12, 0.7 mg o f vitamin B 6 and
10.5 mg o f vitam in E. N utrient and product stability evalua­
tions dem onstrated the product is stable up to one year.

In the M pw apw a D istrict o f Dodom a Region 830 chil­
dren attending 6 prim ary schools participated in the study. A 
baseline exam ination included the collection o f  clinical, b io­
chem ical and anthropom etric data. E ligible children were 
then random ly assigned to one o f two groups either to re­
ceive one sachet o f the m icronutrient dietary supplem ent each 
school day attended, o r to consum e a non-fortified product, 
identical in appearance and taste. The research team, school­
teachers, and participants were blinded. Six months later a 
final exam ination was conducted on 775 children.

The results, in term s o f m easures o f iron and vitam in A 
status, plus anthropom etric findings are being published else­
where (5). In summ ary there were no significant differences 
at the baseline in serum retinol levels, nor in term s o f  m eas­
ures o f iron status (including hem oglobin, hem atocrit, zinc 
protoporphyrin, and serum  ferritin).

Six m onths later there were highly significant differences 
between the two groups always in favor o f the m icronutrient 
supplem ented children. In the group with m ild and m oder­
ate anem ia (less than l lg /d L  hem oglobin), there was a  sig­
nificant increase in hem oglobin only in the group that re­
ceived the fortified dietary supplem ent (by 0.92 g/dL) as com ­
pared to that o f the placebo group (by 0.02 g/dL). This was 
confirm ed by a significant increase in ferritin in the treat­
m ent group (by 16pg/L) versus the placebo group (by 2 pg/ 
L). Also, low serum  vitamin A  levels were significantly low­
ered in the fortified group but not in the non-fortified group. 
There was a significant decrease (by 50%) in vitamin A  defi­
ciency as expressed by serum  retinol o f  <20 pg/dL  in the 
group that received the m icronutrient fortified beverage.

Som ewhat surprisingly, although weight, height and BMI 
did not differ between groups at the baseline, the fortified 
group, at follow-up, had gained significantly m ore in all three 
param eters as com pared with the non-fortified group. The 
highly significant gains attributable to m icronutrient supple­
m entation were w eight gain o f 0.55 kg, height gain of 0.57

cm, and BM I (Body M ass Index) o f 0.88 (wt/ht2).
This trial suggests that the m icronutrient supplem ent was 

effective in im proving iron and vitamin A status, as well as 
growth o f children. The supplem ent was extremely popular. 
The fact that prim ary school children would not, com pared 
to pre-school children o r pregnant and lactating w om en, usu­
ally be considered the prim e beneficiaries o f  such a m echa­
nism, is recognized. However, the benefits o f  the school set­
ting in providing a secure delivery mechanism  (schoolteach­
ers prepared the drink and supervised consum ption) and thus 
high com pliance were considered critical for this initial trial. 
A trial with pregnant women is planned.

Some principles and considerations relating to this ap­
proach

The objective o f the trial in Tanzania was to deliver ad­
equate levels o f  bioavailable iron, stable vitam in A  and io­
dine via a beverage that children find highly palatable, and 
that is o f low cost. The m ultiple nutrient fortified pow der 
f ru it  d r in k  d e liv e rs  n u tr ie n ts , ta s te , co n v e n ie n c e  and 
affordability all together. The dietary supplem ent strategy 
recognizes som e o f the key principles incorporated in one or 
all o f the three com m only used intervention m ethods dis­
cussed above: behavioral change via social m arketing; d i­
versification o f  food intake; supply o f  specific vitam ins in 
specific foods; and regular doses o f  vitam ins and minerals 
specific to  regionally  or locally recognized deficiencies. 
These are the underlying m echanism s by which m icronutri­
ent deficiencies are addressed. Just as food diversification 
seeks to create a supply, dem and and taste fo r a new food 
item  so should the prom otion o f a dietary supplem ent; and, 
ju st as medicinal supplem ents aim  to provide a significant 
(albeit pharm acological) dose o f  specific nutrients a well 
developed supplem ent could do the same.

Im portant factors in the developm ent and prom otion o f a 
dietary supplem ent include:

Nutrient composition
A single serving o f  the product should deliver adequate 

levels o f three critically needed (iron, vitam in A  and iodine) 
m icronutrients.

Product acceptance
The addition o f the m icronutrients should not affect the 

accepted taste and color o f  the vehicle. The preparation as 
well as the consum ption o f the product have to be culturally 
accepted. It should not replace, but rather com plem ent other 
foods and beverages.

Product shelf life and nutrient stability
The stability o f  the nutrients added and the product shelf 

life should be evaluated in a  condition that m im ics the envi­
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ronm ent under which it will be stored and prepared for con­
sum ption.

Product efficacy
For a dietary supplem ent to have an im pact on the m icro­

nutrient status o f the population who consum e the product, 
the nutrients have to be bioavailable. Thus, the ability of the 
fortified product to im prove m icronutrient status should be 
dem onstrated by carrying out a well designed clinical study.

Product package and convenience
The product should be o f a kind that can be transported 

easily to poorly accessible rem ote areas and from  stores to 
hom es, and should not be bulky. It should be easy to prepare 
and serve in the home. The package should be strong and air 
tight.

Quality assurance and surveillance
The product should be m ade by following an established 

quality assurance program . The quality o f  the starting m ate­
rials and the process o f m aking the product determ ines the 
quality o f the finished product. To make sure that the prod­
uct is delivering the m icronutrients claim ed in the package 
at the tim e o f consum ption, m onitoring should be done by a 
third party such as a regulatory agency.

Affordability
This is key to success o f the dietary supplem ent strategy. 

It should be within the econom ic reach o f  the target groups. 
The cost o f the product should reflect the value o f the prod­
uct. This has to be recognizable by the targeted consumer.

Raising awareness
The reality is that m any o f the populations suffering from 

m icronutrient deficiencies are not aware o f  the problem . For 
the consum ers to  m ake an inform ed decision in choosing 
between a fortified and sim ilar but unfortified products, they 
have to be educated about the prevalence, consequences and 
prevention o f  m icronutrient malnutrition. Through schools, 
social m arketing and media, the benefits o f the product and 
the consequence o f  m icronutrient m alnutrition have to be 
com m unicated to the consum ers and the professionals.

Partnerships
To accom plish all these elem ents, a partnership has to be 

established am ong the key players, which includes govern­
m ent agencies, industry, international agencies, non-govern­
m ent organizations and the scientific community. Each or­
ganization has expertise and these often com plem ent each 
other. The goal is to succeed in accom plishing a com mon 
goal, w hich  is co m b atin g  m ic ro n u trien t d e fic ien cy  by 
leveraging each stake holder’s strength.

Reviewing som e o f the problem s identified with the other 
approaches to  m icronutrient deficiencies, the dietary sup­
plem ent m ay potentially overcom e som e o f  these. W here 
sufficient appreciation and desire for the food item  is gener­
ated - developed through com m ercial m arketing strategies - 
supply should be ensured through m arket dem and. Political 
will and external, public resources are not necessary inputs 
although they could be of benefit in generating a rapid de­
velopm ent o f  dem and and supply or fo r ensuring access 
through subsidies and/or free supply w here incom e is not 
sufficient. The argum ent for a contribution from  com m er­
cial m anufacturers to the cost o f subsidies and for social- 
m arketing type prom otions should not be overlooked given 
the potential for longer term sales development.

As with the dietary supplem ent practices o f old, this ap­
proach can em power m others and fam ilies with a healthful, 
care-giving practice which they control and can, ideally, ac­
cess with security and at reasonable cost. Im portantly, it is 
technically possible to include several m icronutrients within 
a single food item, thus the process o f addressing a situation 
where there are several deficiencies is sim plified - a clear 
advantage over current fortification and medicinal supple­
mentation strategies.

CONCLUSION

Tanzania is currently taking steps to address the serious 
problems o f iron, vitamin A and iodine deficiencies. Wisely a 
variety o f strategies are being used. Among the interventions 
being used are iron and folate supplements routinely adminis­
tered to pregnant women; programs are in place to deworm 
children in part to reduce anemia; fermentation and germina­
tion or grains is being advocated to improve iron utilization 
and to reduce the action of phytates; vitamin A supplements 
administered to high risk children in many health units; efforts 
to increase the production and consumption o f carotene rich 
foods; legislation in place to ensure iodination of salt from the 
major manufacturers; and other actions to address diseases such 
as malaria which influence nutritional status.

This study is considered an im portant first step in testing 
and further developing the m echanism  o f  dietary supplem en­
tation for addressing m icronutrient deficiencies. A  distinc­
tion is being m ade here between m edicinal supplem ents such 
as ferrous sulphate tablets and dietary supplements. Differ­
ences include the fact that m edicinal supplem ents are taken 
under medical supervision and control, whereas dietary sup­
plem ents for children are controlled by the m other or family, 
and for the pregnant woman by the m other herself. A nother 
im portant difference is that this dietary supplem ent provided 
physiological “doses” o f  each nutrient, w here medicinal sup­
plem ents provide doses o f m icronutrients much above the 
RDA.
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It is not expected or intended that this approach will re­
place current program s and strategies but instead that it will 
provide policy-makers, health-planners, and m ore importantly 
m others and fam ilies, with an additional option. The deci­
sion on which strategy should be pursued or prom oted, and 
how public dollars should be directed for nutrition interven­
tions m ust be assessed on a case by case basis. M oreover, 
consistent with current understandings and experiences which 
show that no single approach will be effective in all settings 
and at all tim es, the developm ent o f a ‘fourth option’ can 
provide an effective means to fill the gaps left by other ap­
proaches. It should be noted that the Procter and Gamble 
Com pany developed and supplied the supplem ent as a proto­
type for this project. The product is not available in the mar­
ketplace.
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SUMMARY. The relative effectiveness of daily supplementation 
of iron deficiency during pregnancy using 15 mg/day of iron from 
iron-bis-glycinate chelate (71 pregnant women), or 40 mg iron from 
ferrous sulfate (74 pregnant women) was evaluated by measuring 
hemoglobin, transferrin saturation and serum ferritin, at the 
beginning of the study (<20 weeks of pregnancy) and at 20-30 weeks 
and 30-40 weeks thereafter. Ingestion for 13 weeks or more was 
considered adequate. Seventy three percent of the Ferrochel 
consuming group and 35% of the ferrous sulfate consuming group 
were considered to have taken the treatment adequately. The 
decrease in levels of all the measured parameters was significantly 
less pronounced in the group that consumed Ferrochel in spite of 
the lower treatment dose. Iron depletion was found in 30.8% of the 
women treated with Ferrochel and in 54.5% of the women than 
consumed ferrous sulfate. Of the factors responsible for non 
compliance taste was reported in 29.8% of the ferrous sulfate 
consumers and none in the groups that consumed Ferrochel. It is 
concluded that daily supplem entation with Ferrochel was 
significantly more effective, in spite of the lower dose, than 
supplementation with ferrous sulfate.
Key words:Ferrochel, iron supplementation, iron deficiency 
anemia, iron deficiency, pregnancy, Ferrochel's tolerance, Ferrochel 
effectiveness.

RESUMEN. Efectividad relativa del hierro bis-glicinato quelado 
(Ferrochel) y del sulfato ferroso en el control de la deficiencia 
de hierro en mujeres embarazadas. La efectividad relativa de la 
suplementación diaria con sulfato ferroso (FeS04) o con hierro 
aminoquelado (Ferrochel, FeAAC) se estudió en 145 mujeres de 
menos de 20 semanas de embarazo distribuidas en dos grupos. Un 
grupo (71 mujeres) fue suplementado con 15 mg de hierro por día 
provenientes de Ferrochel, y el otro (74 mujeres) con 40 mg de 
hierro por día provenientes de sulfato ferroso. Se efectuaron 
mediciones de hemoglobina, ferritina y saturación de trasferrina al 
ingreso al programa (<20 semanas de embarazo), entre 20-30 
semanas y entre 30-40 semanas. La ingesta ininterrumpida por 13 
semanas o más se consideró adecuada. La disminución en los valores 
de todos los parámetros medidos fue menor en el grupo tratado 
con Ferrochel, a pesar de que la  dosis fue mas pequeña. 
Depauperación de hierro se encontró en 30.8% de las mujeres 
tratadas con Ferrochel y en 54.5% de aquellas tratadas con sulfato 
ferroso. Entre los factores informados como responsables del 
abandono del tratamiento se encontró que el sabor fue el factor 
mas importante para las consumidoras de sulfato. Sabor indeseable 
no fue informado por las mujeres que consumieron Ferrochel. Se 
concluye que la suplem entación d iaria con Ferrochel fue 
sifnificativamente mas efectiva a pesar que la dosis usada fue menor 
que la dosis de sulfato ferroso.
Palabras clave: Ferrochel, suplementación con hierro, anemia 
ferropriva, deficiencia de hierro, embarazo, tolerancia a Ferrochel, 
efectividad del Ferrochel.

INTRODUCTION

Pregnant women constitute the m ost vulnerable group for 
iro n  d efic ien cy . A cc o rd in g  to  W H O  e s tim a te s  (1 ), in 
developing countries 56%  o f pregnant women suffer from 
iron deficiency anemia, which indicates that a m uch higher 
proportion may be iron deficient.

Iron deficiency anem ia affects the fetus and the pregnant 
m other leading to  im pairm ent in oxygen supply to the fetus 
favoring the developm ent o f  fetal hypoxia which has been 
associated with prematurity, low birth w eight and neonatal 
and perinatal death (2-5).

The increased need o f iron during pregnancy, specially 
afte r the second  trim ester, m akes iron  supp lem entation  
m a n d a to ry  (6 ). In  m any  c o u n tr ie s , in c lu d in g  B ra z il, 
m andatory supplem entation program s have been established 
to  co n tro l th e  d ev e lo p m e n t o f  iron  d e fic ien c y  d u rin g  
pregnancy (7). Follow ing W H O  suggestions (8), the iron 
com pound m ore frequently used is ferrous sulfate due to  its 
low cost and reasonable availability (9,10).

In spite o f  its efficiency from  a hem atological point o f 
view, ferrous sulfate supplem entation shows low efficacy for 
the control o f  iron deficiency anem ia (11,12), due to poor 
com pliance w ith the treatm ent because o f  its disagreable
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fla v o r  a n d  c o l la te ra l  e f fe c ts  su c h  as  n a u se a , v o m it, 
constipation, diarrhea, abdom inal pain.

B esid es  th e  above p rob lem s, u su a lly  the re  a re  also 
administrative problems such as deficient coverage in the health 
services, lack o f  com pliance and logistic problem s in the 
supplem ent distribution (6). It has to be stressed, that iron 
deficiency anem ia does not present specific signs or symptoms. 
This associated with the lack o f know ledge o f the general 
population on the importance of the disease for the health of 
the mother and the development o f the fetus, and the presence 
o f the normal discomfort associated with pregnancy results in 
a high rate o f abandonment o f the treatment.

Ideally , a supplem entation  w ith a w ell accepted  iron 
com pound accom panied with educational inform ation could 
im prove the com pliance o f the supplem entation resulting in 
a significant reduction in the prevalence o f  iron deficiency 
and iron deficiency anemia.

Brazil has endorsed the com prom ise to reduce by 30% 
the prevalence o f  iron deficiency during pregnancy before 
the year 2000  (6), and has m ade a g rea t e ffo rt fo r  the 
im plem entation o f alternative, efficient m easures that can 
be rapidly incorporated to the prenatal care program s, aiming 
at reaching the established goal o f iron deficiency reduction 
in pregnancy.

A m ong the possible alternatives to control iron deficiency, 
iron  b is-g ly c in e  che la te  (F errochel) has been  used  and 
successfully evaluated in Brazil in iron fortified foods (13,14). 
As a supplem ent has been tested in other countries and has 
shown a great efficacy in reducing iron deficiency and iron 
d e fic ien c y  a n e m ia  in very  sh o rt- tim e  tre a tm e n ts  w ith 
significantly low  doses (15).

Structurally, Ferrochel is a non-ionizable, non reducing 
co m p o u n d  o f  go o d  s ta b ility  th a t d o es n o t ch an g e  the 
organoleptic characteristics o f the foods in which it has been 
used as a fortificant. Formal testing using radiolabeled Ferrochel 
has shown the com pound to have a high bioavailability, 4-7 
times greater than that o f ferrous sulfate, and that its absorption 
is regulated by the iron stores in the body (16).

The present study was designed to com pare the efficacy 
o f iron supplem entation using ferrous sulfate or Ferrochel in 
the control o f iron deficiency during pregnancy.

M A T E R IA L  AND M E T H O D S

The study was conducted  in the com m unity o f  Santo 
A ndré in the State o f Sao Paulo, Brazil. It was designed as a 
prospective longitudinal study in a  cohort o f 145 pregnant 
women that assisted to the prenatal control program  in 6 of 
the 13 B asic H ealth  U nits that had the prenatal program s 
im plem ented.

The study was approved by the Ethics Com m ittee o f the 
Infant Assistance Foundation o f Santo A ndré (FAISA), that

is the institution responsible for the public health services of 
the locality. The study was carried out in a  random  sam ple 
o f pregnant women that volunteered to participate and that 
filled  the  fo llow ing  crite ria : a). L ess than 20  w eeks o f 
p regnancy  as reco rded  in the ir c lin ical reco rd , b). Low  
obstetric risk evaluated by absence of hypertension, diabetes 
and a num ber o f set clinical criteria, and c). N on use o f any 
iron supplem ent prior to  the enrollm ent in the Pregnancy 
Attention Program  (PAG). In 3 o f  the health posts, ferrous 
sulfate in a dose of 200 m g/day (40 mg iron), as recom m ended 
by the M inistry of H ealth o f  Brazil was given (7). In the 
other 3 health posts a supplem ent o f 75 mg o f  Ferrochel/day 
(15 mg iron), was given considering that on the bases of 
bioavailability this low er dose was equivalent to the 40 mg 
o f iron from  ferrous sulfate. The final num ber o f pregnant 
women per group o f  treatm ent is shown in Table 1.

TABLE 1
Com position of sample, tim e and source o f  supplem ent

Sample size Supplement source Elemental iron

74 pregnant women Ferrous sulfate 40 mg/day
71 pregnant women Ferrochel 15 mg/day

To prevent adm inistrative factors, the supplem ents wpre 
guaranteed to all w om en starting from  the 20th. w eek o f 
pregnancy.

A t the tim e of enrollm ent, each enrolled woman received 
a printed message on the im portance o f  anem ia and a form 
to register the daily intake o f supplement, and in the case the 
supplem ent was not taken an explanation o f the reason for 
non com pliance. A  copy o f the supplem ent intake form  was 
attached to the clinical record o f each pregnant women, and 
was actualized after each visit.

A t each  v isit, the a ttending  physician  re in fo rced  the 
in fo rm a tio n  to  each  w om en on the  im p o rta n ce  o f  the 
supp lem ent fo r her health  and .that o f  the fetus. H e/she 
personally supervised that the proper blood sam ple was taken 
for biochem ical analysis when required.

Hem atological m easurem ents w ere carried out in three 
occasions: a t the tim e o f  enrollm ent in the program  (less 
than 20 weeks o f pregnancy), between 20 and 29 weeks o f 
pregnancy, and at 30 or m ore weeks o f  pregnancy. Blood 
was extracted from  a cubital vein and dispensed into two 
tubes. One containing EDTA, was used for the photom etric 
determ ination o f hem oglobin  by the cyanm ethem oglobin 
procedure (17), and the other with no anticoagulant for the 
separation o f serum for the determ ination o f  iron, total iron 
binding capacity, and ferritin by standard m ethods (18,19). 
From  these data, transferrin saturation was calculated.
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As suggested by W HO (20), the criteria used to  establish 
the presence o f anem ia was a hem oglobin level low er than 
11 g/dL. A ll pregnant women with ferritin levels below  12 
pg/L  were consider to be iron depleted (18), and all those 
with transferrin saturation levels below 16% w ere consider 
to be iron deficient (21).

Follow ing the norm  adopted by the Prenatal A ttention 
P ro g ram , a su p p le m e n t in ta k e  fo r le a s t 13 w eeks was 
considered satisfactory (7).

RESULTS AND DISCUSSION

A bout 15% o f all pregnant women in the community of 
Santo André receive prenatal attention in the health centers. 
This means that about 1200 new pregnant women participate 
in the  P renata l A tten tio n  P rogram  per year. O sis e t al, 
com m ented that the majority o f women participating o f the 
public health centers in Brazil come from the population of 
lower familiar income and that this is the only service available 
to them  (22), We confirmed that about 40%  of the women 
studied referred an income of less than U.S. $ 100 per month. 
Sixty three percent o f these women did not complete elementary 
school (8 years). M ost o f the sampled women that worked (20%) 
were employed in general services or did domestic chores. Over 
20% o f the sample studied was conformed by adolescent women 
(less than 20 years), and 42% were primiparas.

The mean number of prenatal visits to the clinics was 6 and 
abou t 30%  did  not attend the clin ics w ith the m inim um  
frequency considered adequate for the control o f their pregnancy. 
This, o f  course, affected the total num ber o f blood samples 
analyzed.

A s stated before, good com pliance in  the supplem ent 
intake is affected negatively by a num ber o f  factors related to 
gastric effects, bad taste or administrative failure. The lack 
o f supplem ent in the Basic Health Units, and the im possibility 
o f  the  p regnant w om en to  buy it locally  are cited  as the 
p rin c ip a l causes o f  non com pliance in supp lem entation  
program s. G illespie, e t al, analyzing the supplem entation 
program s in India, observed that over 80% o f the treated 
women abandoned the program  due to  lack  of supplem ent 
(23). N unez de Cassana (24) also describes sim ilar reasons 
for non com pliance.

To prevent this type o f  problem , in the present study the 
d is trib u ted  supp lem ents w ere alw ays ava ilab le  and non 
com pliance was then due to other factors. T he adequacy of 
supplem ent in take was related to the type o f  supplem ent. 
Seventy three point two percent o f the women treated with 
Ferrochel consum ed the supplem ents for at least 13 weeks, 
while only 35.1 % o f those treated with ferrous sulfate reached 
the 13 week lim it. This is shown in Table 2.

Table 3 presents the frequency of factors responsible for 
noncom pliance as inform ed by the subjects.

TABLE 2
Adequacy o f supplem ent intake as related to iron source

Type of 
Treatment

n Adequacy of intake 
13 weeks or more

Inadequate intake 
less than 13 weeks

Ferrous sulfate 
Ferrochel

74
71

26 (35.1%) 
52 (73.2%)

48 (64.9%) 
19 (26.8%)

TABLE 3
Factors that affected com pliance o f  the supplem ent as 

related to iron source

Factor FeSO,4 FeAAC*

Nausea, womiting,diarrhea 5 (7.5%) 2 (2.9%)
Supplement’s taste 20 (29.8%) 0 (0.0%)
Abandon of prenatal care 18 (26.9%) 14 (20.9%)
Abortion, change of address
forgetfulness 5 (7.5%) 3 (4.5%)

Total 48 (71.6%) 19 (28.4%)

* FeAAC = Ferrochel

Faulty flavor was the principal factor of noncompliance in 
the group  o f  w om en tha t consum ed  the ferrous su lfate  
supplement. In contrast in the Ferrochel treated group, none of 
the women reported faulty flavor. Twice as many women 
reported nausea, vomit or diarrhea as a cause o f noncompliance 
when the supplement was ferrous sulfate than when it was 
Ferrochel.

One im portant factor to consider is that Ferrochel can be 
consum ed with food w ithout altering its bioavailability. This 
fact facilitates its use and may be a contributing factor for 
adequate intake o f  the supplement. Independent o f  the type 
o f treatment, desertion o f  prenatal attention was the principal 
cause for noncom pliance. .

The principal cause o f  inform ation loses was unexplained 
desertion from  the prenatal program . A  m ean o f 22% o f the 
registered women stopped their periodic visits to the Program  
o f A ssistance to Pregnant women. Five point five percent 
reported change o f address, fetal losses or plain forgetfulness 
for interrupting their assistance to the program.

Table 4 presents the mean values and standard deviations 
for hemoglobin and the iron deficiency indicators. From the 
second h a lf o f  gestation , fetal and p lacen tal grow th are 
responsible for the increased need of iron, and is at this stage 
that iron reserves may be depleted, and limitation in adequacy 
o f diet intake becom e m ore apparent. Hem oglobin concen­
tration is diminished up to the end o f pregnancy. The table 
shows that hemoglobin response was similar in both treatments, 
but the response in term s of serum ferritin and transferrin 
saturation was much better in the groups that received Ferrochel 
treatment, in spite o f the lower dose o f iron from the chelate.
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TABLE 4
Changes in concentration o f hem oglobin and serum ferritin and on percent saturation of transferrin during

pregnancy, as related to type o f iron supplem ent

Gestational age Hemoglobin, g/dL 
FeSO, FeAAC*

Serum ferritin pg/L 
FeSO, FeAAC*4

Transferrin saturation % 
FeSO. FeAAc*4

<20 weeks
mean ± s.d 12.3 ± 1.1 12.7 ± 1.0 38.0 + 30.4 38.4 + 35.1 29.2+13.2 27.6+13.0
(N) (65) (67) (58) (49) (64) (62)

20-29 weeks
mean ± s.d 11.4 + 0.7 11.9 + 0.7 14.7 ± 10.5 24.8 + 37.6 23.4+13.7 27 .9+16.4
(N) (40) (33) (33) (24) (37) (29)

30 weeks or more
mean ± s.d. 11.6 ± 1.3 11.9 + 0.9 10.8 + 8.1 14.3 + 10.7 17.7+ 11.1 22.8 ± 13.9
(N) (30) (25) (20) (20) (28) (28)

*FeAAC = Ferrochel. The sample size decreased as pregnancy progressed due to not attendance of some women for blood 
sampling and to losses of samples in the laboratories, as explained in the text.

T he d ia g n o sis  o f  iron  defic iency  du rin g  p regnancy  
presents som e difficulties due to the large intra-individual 
variation associated with the normal blood volume expansion 
during gestation. This may explain the large variability of 
the results obtained (25).

A c c o rd in g  to  M iln e , e t a l .(2 6 ) ,  se ru m  fe r r i t in  
concentration is the m ost sensitive test for the identification 
o f body reserves of iron. Furtherm ore, the decrease in ferritin 
confirm s the etiology o f the anemia.

Contrary to w hat has been described by Puolakka, et al. 
(27), a decrease in the levels o f  serum ferritin was observed 
which was m ore evident in the groups supplem ented with 
ferrous sulfate. This drop in serum ferritin reflects an increase 
in b lood volum e and a rapid  u tilization o f the body iron 
reserves which may becom e depleted during gestation, even 
in the absence o f anemia.

Blood iron transport as m easured by transferrin saturation 
also decreased being m ore m arked in the ferrous sulfate 
supplem ented group.

T he im portance o f  sam ple loss in spite o f  the am ple 
inform ation supplied to  the women enrolled in the program  
has to be stressed. There was some resistance to blood drawing 
which becam e evident even in the first laboratory examination 
(< 20 weeks o f  pregnancy), this becam e m ore serious as 
gestation progressed. As can be appreciated in Table 3, only 
about one third o f the enrolled women gave a blood sample 
at the third control (30 weeks o f gestation or more).

A ll these argum ents becom e m ore ev ident when one 
analyses only those women that in each group gave blood 
samples at the three different testing times. T he sam ple was 
further reduced by sam ple losses in the laboratory. The results 
o f this analysis are presented in Table 5.

This type o f problem was also reported by Papagallo and 
Bull (28) who observed lowering com pliance even when the 
only test they carried out was hem oglobin.

W hen one analyses only those women that have results 
for all the analysis from  the basal sam ple to the last, Table 5, 
there is a clear difference in response to the treatments. A t 
30 or m ore weeks o f  pregnancy the better effectiveness of 
the smaller dose of Ferrochel is clear. None of the biochemical 
param eters m easured was significantly reduced, while in the 
group using ferrous sulfate at higher dose this was not the 
case.Table 6 shows the distribution o f the pregnant women 
sample as related to the presence o f iron deficiency anem ia 
or iron  dep le tion  acco rd ing  to the type  o f  su p p lem en t 
ingested. H ere again, the greater efficacy o f the treatm ent 
with Ferrochel is evident, even when the dose was only about 
one third o f the dose o f ferrous sulfate.

A m ong w om en tha t d id  not consum e adequately  the 
supplem ent about 50%  had anem ia and practically all had 
iron depletion.

CONCLUSIONS

D esertion  from  the supplem entation program  is very 
common in the Brazilian public health services. In m ost cases 
medical consultation is related to pathological episodes and 
not by com pliance with the established program to follow 
the norm al developm ent o f pregnancy. This is specially true 
when blood collection data is analyzed since there is always 
a g rea t resis tan ce  to  b lood  sam pling . This resu lts  in a 
significant reduction of the initial sam ple as was shown in 
Tables 3, 4 and 5.
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The finding of low prevalence of iron deficiency in the 
f irs t  tr im e s te r  o f  p reg n a n cy  is n o t f re q u e n t. L ac k  o f 
com pliance in attending the health services, in taking the 
assigned  supplem ent, and in perm itting  b lood sam pling 
prevented the present study from reaching the starting goals.

Nonetheless, the results obtained strongly point to a higher 
efficacy o f  the chelated iron (Ferrochel) for which acceptance 
was not a problem . We im aging that the greater com pliance 
with the chelate may be due to the fact that the treatment 
can be taken with the m eals causing less negative gastric 
effects.

TABLE 5
Changes in concentration o f hem oglobin and serum ferritin and on percent saturation o f transferrin during

pregnancy, as related to type of iron supplem ent

Gestational age Hemoglobin, g/dL 
FeSO. FeAAC*

Seram ferritin [ig/L 
FeSO, FeAAC*

Transferrin saturation % 
FeSO, FeAAc*

<20 weeks
mean ± s.d 12.3 ± 1.09 ad 12.6+ 1.00 b 41.7 ± 34 .20  ce 43.2 ±41.80 29.9 ± 12.0 f 27.6 ± 12.0
(N) (23) (14) (21) (7) (22) (13)

20-29 weeks
mean ± s.d 11.4 ± 0.73 ad 11.9 ± 0.70 b 17.7 ± 10.50 c 16.5 + 11.01 23.3 ± 13.0 27.3 ± 14.2
(N) (40) (14) (22) (14) (22) (14)

30 or more
mean ± s.d. 11.6+ 1.27 12.2 ± 1.02 10.7 ± 8.14 e 15.1 ± 10.10 17.7 ± 11.1 Of 22.0 ± 16.3
(N) (23) (14) (17) (11) (21) (13)

These data refers to all those pregnant women in the sample that completed the three blood samplings of the study. The differences 
in sample size are due to laboratory loses of sample.
The bars indicate which differences are statistically significant. For ferrous sulfate, Hbl -Hb2 = 0.001; Hbl-Hb3 = 0.05. For 
Ferritin, For FeAAC, Hbl-Hb2 = 0.004. FeAAC = Ferrochel treated group.

TABLE 6
Presence o f iron deficiency anem ia or iron deficiency in 

pregnant women with 30 or m ore weeks of gestation, i 
according to treatm ent and adequacy of supplem ent intake

Adequacy of 
intake

Treatment Iron deficiency 
anemia

Iron depletion

Adequate FeSO, 2 (11.1%) 6 (54.5%)
FeAAC* 0 4 (30.8%)

Inadequate FeSO, 6 (50%) 8 (88.9%)
FeAAC* 3 (50%) 4 (100.0%)

* FeAAC = Ferrochel

6 .
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The use of sweet rolls fortified with iron bis-glycinate chelate in 
the prevention of iron deficiency anemia in preschool children
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SUMMARY. The effectiveness of bread fortified with iron bis- 
glycinate chelate for the control of iron deficiency and iron defi­
ciency anemia was evaluated in 89 preschool children from fami­
lies of low socioeconomic level attending 2 day nurseries of the 
Sao Paulo City Council. During the intervention’s time of 6 months 
the children received besides their usual center’s diet, a daily sup­
plement of two sweet rolls fortified with 2 mg each of iron from 
the chelate for a total daily iron intake of 4 mg. After six months of 
intervention there was a significant decrease in the prevalence of 
iron deficiency anemia from 62 to 22%. There was a mean 
hemoglobin improvement of 1.1 g/dL, and in children with initial 
hemoglobin levels < 11 g/dL the mean increase in hemoglobin was
I.42 g/dL. The total mean plasma ferritin values increased from
II.34 to 20.2 pg/L, and in those children originally iron depleted 
the ferritin values normalized. A significant increase in the “z” 
score for weight/height was also observed. We concluded that the 
use of sweet rolls fortified with 2 mg of iron from the bis-glycinate 
chelate is highly effective for the control of iron deficiency and 
iron deficiency anemia in young children.
Key words: Ferrochel, bread fortification, flour fortification, 
Ferrochel effectiveness in bread, evaluation of bread fortification.

RESUMEN. Uso de bollos fortificados con hierro bis-glicinato 
quelado en la prevención de anemia por deficiencia de hierro 
en preescolares. La efectividad del pan fortificado con hierro bis- 
glicinato quelado para el control de deficiencia de hierro y la anemia 
ferropriva en infantes fue evaluada en 89 niños preescolares 
procedentes de familias de bajo nivel socio-económico, que asistían 
a hogares de día de la municipalidad del Estado de Sao Paulo, Bra- 
zil. La intervención duró 6 meses durante los cuales los niños del 
estudio recibieron dos bollos fortificados con 2 mg de hierro del 
quelado cada uno. Después de 6 meses de intervención, se observó 
una disminución significativa en la prevalencia de anemia ferropriva 
de 62 a 22%. Hubo una mejoría en los niveles de hemoglobina de 
1.1 g/dL en el grupo total, y en aquellos niños que al principio 
mostraban valores <11 g/dL el aumento medio en hemoglobina 
fue de 1.42 g/dL. Los valores medios de ferritina en plasma 
aum entaron de 11.34 a 20.2 pg/L, y todos los niños con 
depauperación de hierro normalizaron sus niveles de ferritina 
plasmática. Al final de la intervención se demostró un aumento 
significativo en el valor de “z” para peso/talla. Se concluye que el 
consumo de los bollos fortificados con 2 mg de hierro del bis- 
glicinato quelado por unidad es altamente efectivo en el control de 
la deficiencia de hierro y la anemia ferropriva.
Palabras clave: Ferrochel, fortificación de pan, fortificación de 
harina, efectividad de Ferrochel en pan, evaluación, de fortificación 
de pan.

INTRODUCTION

M ineral and vitam in nutritional defic ienc ies 'resu lting  
from  inadequate diets affect nearly two thirds o f the world’s 
population. Iron deficiency is the m ost prevalent deficiency 
and the main cause of nutritional anemias affecting almost 
2,5 billion people in the world (1,2).

Studies have shown that iron deficiency is responsible 
for 80% o f all nutritional anem ias affecting children, and 
that 59,1%  o f the w orld’s population is affected by iron de­
ficiency anemia.

A lthough iron deficiency anem ia is m ore prevalent in 
developing countries, it also affects industrialized countries 
where 8% o f the population suffers from  the disease. It is

estimated that in developing countries, nearly 26%  o f men 
and 50%  o f women and children suffer from anemia. In in­
dustrialized countries 10% of children less than one year of 
age suffer from  anemia, whereas in developing countries this 
figure can reach 30 to 80% (3,4).

In Brazil, iron deficiency anem ia is considered a public 
health problem . Data from  the N ational Epidem iology Divi­
sion show that 1,3% o f the total deaths in children result 
from  anemia. In children under 5 years o f age, and in women 
o f childbear- bearing age, 50%  of the total num ber o f deaths 
is associated with iron deficiency anem ia (5).

Studies carried out during the two last decades have shown 
a prevalence o f more than 50% in the areas investigated (6-9).

An inadequate diet is the m ain cause of iron deficiency,
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either because o f its quality, or because o f  the insufficient 
amount o f this m icronutrient available in the population diet.

In 1988, Tudisco (10) exam ined the diets o f  Latin A m eri­
can countries and found, that in m ost places, including B ra­
zil, the iron consum ed cam e predom inantly from  non hem e 
sources, and that the total am ount ingested was below the 
recommended dietary intake (RDI). This fact confirm ed d i­
etary deficiency as the main cause of iron deficiency anem ia 
in the populations studied.

Iron  d e fic ien c y  e ffe c ts  go  b e y o n d  im p a irm e n ts  in 
hemoglobin synthesis affecting besides other organic func­
tions, causing behavioral alterations, reduced physical and 
intellectual perform ance, imm unity and growth (11,12).

In the last decades, controlling iron deficiency anem ia 
has been an im portant goal to achieved by any one concerned 
in solving the nutrition problem s that affects large portion of 
the world population. In 1992, the International Conference 
on N utrition held in Rom e, attended by representatives of 
160 countries, including Brazil, reached what was called a 
goal-com prom ise to reduce iron deficiency anem ia in preg­
nant wom en to 1/3 o f the prevalent at that tim e (3).

The W orld H ealth O rganization (W HO) suggested that 
the disease be controlled by nutritional education program s 
com bined with strategic actions to increase iron consum p­
tion of the populations at risk. This included iron supple­
m entation and food fortification with iron (13).

Some studies on food fortification have shown promising 
results, leading many investigators in the world to believe that 
this is the most effective measure to be taken to prevent and 
control iron deficiency anemia (14-21). Fortification is defined 
as the addition o f  nutrients to food. It is a public health meas­
ure of rapid application, but it requires the selection of foods 
that are commonly consumed by the target population in rela­
tively constant amounts, and to which de micronutrient in defi­
cit can added without altering its organoleptic characteristics 
(22), and without significantly increasing its cost to be con­
sider as a  viable public health measure. The main criteria in 
selecting the nutrients are: proven need, safety and effective­
ness. The effectiveness o f the measure is, o f course, directly 
connected to the selection of the food to be fortified. The cost 
o f fortification, the nutrient bioavailability in the fortified food, 
the shelf life o f the fortified food and its storage conditions are 
goals to be reached. It is also important to select the most ad­
equate level o f fortification, and to promote the development 
o f adequate country legislation to ensure continuity o f the for­
tification programs (23-25).

Several iron salts have been tested such as ferrous sulfate, 
fumarate, gluconate, and lactate. In G uatem ala and in  Egypt, 
NaFeEDTA was tested in the fortification o f  sugar and wheat 
flour (26,27). Bovine hem oglobin concentrate, isolated from 
blood obtained in slaughter houses has been used for the 
fortification o f  biscuits, but it is uncertain if  the product is

com pletely free from  m icrobiological and viral contam ina­
tions Hem  iron is known to be good source o f  iron (28,29), 
but its isolation from  anim al blood m ay pose large problem s 
to com ply with the need o f  control o f biological contam ina­
tion o f  the fortified product. M ost o f the studies with hem 
have been carried out in Chile w here hem  iron bioavailability 
in milk, biscuits and extruded cereals has been investigated 
(29-31).

In  B ra z il, fo rtif ie d  c o o k ie s  co n ta in in g  3% b o v in e  
hem oglobin were given to children 2- 4 years o f  age attend­
ing day care nurseries in the com m unity of Piaui. The chil­
dren were fed 5 cookies (8,3 m g o f  iron) per day, which re­
sulted in a hem oglobin increase o f about 2 grams, from  11 to 
13,2 g/dL. The results o f  the trial show the effectiveness of 
hem  in the prevention o f iron deficiency anem ia (32-34).

The development and availability in the market o f an iron 
bis-glycinate chelate in which, an atom o f iron is bonded to 
two molecules o f glycine by means o f  stable coordinated cova­
lent bonds forming two heterocyclic rings, offered greater for­
tification possibilities due to the high bioavailability o f  the 
chelate, with the added advantage that this compound does not 
provoke organoleptic changes in the fortified food (19,20).

In a study designed to evaluate the bioavailability o f the 
iron am ino acid chelated in whole milk, the authors observed 
that the iron absorption from  3 m g Fe/L was 2 to 2,5 times 
h igher than the observed absorption from  a sim ilar m ilk for­
tified with ferrous sulfate (35,36). The results indicate that 
even in the presence o f the com m on inhibitors inorganic of 
iron absorption present in m ilk (casein, calcium, serum pro­
teins and phosphates) the absorption o f  the am ino chelate 
was not hindered (36).

According to Olivares (35), in milk, the bioavailability 
o f the iron bis-glycinate chelate alone is sim ilar to that ob­
tained with ferrous sulfate plus ascorbic acid (33,35). The 
organoleptic characteristics o f m ilk fortified with the iron 
am ino acid chelated rem ained unchanged (36).

Som e additional studies o f m ilk fortified with iron bis- 
glycinate chelate have been carried out in B razil.The Sâo 
Paulo’s D epartm ent o f  Health conducted a six-m onth study 
w ith 2 year old children who w ere given a m ilk fortified 
with 9 m g of iron from  the am ino acid chelate and 65 mg of 
ascorbic acid per 100 g o f  powdered milk (3 m g o f  iron and
13.6 m g o f  ascorbic acid per 250 ml o f milk). The results 
dem onstrate the effectiveness o f m ilk fortified with the amino 
acid chelate in the prevention of iron deficiency anem ia (21).

In 1995, in a study using Petit-Suisse cheese fortified with 
iron bis-glycinate chelate at a level o f  2 mg o f  iron in 90 g o f 
cheese per day, it was found that after 3 m onths o f  fortified 
cheese consum ption , there w as a sign ifican t increase in 
plasm a ferritin levels from  15.69 to 24,68 pg/L (20).

In the district o f  A ngatuba, Sao Paulo, in a population 
trial in which m ilk fortified with 3 mg iron per liter from
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iron bis-glycinate chelate was adm inistered to  children for a 
period o f  one year, a  m arked decline in the prevalence o f 
iron deficiency anemia, from  62.3%  to 41.8%  was observed 
in six m onths. A t the end o f the year o f consum ption o f iron- 
fortified milk, the anem ia prevalence had dropped to  26.4 
(36).

In 1995, Fisberg, et al, used iron bis-glycinate chelate to 
fortify w heat flour used to bake bread and cookies to a final 
iron level o f  2 mg Fe/50 g o f  bread or 2 mg Fe/5 g biscuit. 
Nearly 900 children from  4 to 6 years o f  age received the 
fortified bread for three m onths at which tim e they showed 
an average increase in hem oglobin o f 0.745 g/dL. O ther 400 
children  from  6 to 36 m onths o f age, received 2 fortified 
cookies per day for three months, and at the end o f the inter­
vention they presented a hem oglobin increase o f 0,720 g/dL. 
The authors concluded that the use in the school meals, o f 
bread or biscuits produced with flour fortified with iron bis- 
glycinate chelate was a safe and effective way o f controlling 
iron deficiency and iron deficiency anemia, and that the for­
tification did not alter the organoleptic characteristics o f b is­
cuits or bread (21).

The aim of the present study was to evaluate the effect of 
consum ption o f sweet rolls fortified with iron bis-glycinate 
chelate, on the nutritional iron condition o f preschool children.

MATERIAL AND METHODS

The study was carried out with preschool children o f low 
socioeconom ic level attending two day nurseries o f the Sao 
Paulo’s City Council. Children were kept in these day nurs­
eries from  7 AM  to 5 PM  from  M onday to Friday and re­
ceived 5 m eals per day.

W hen the study was started, 92 children were attending 
the nurseries, but three found severely anem ic w ere treated 
and discarded from  the study. These three children had an 
initial m ean hem oglobin level below 9 g /dL. O f the rem ain­
ing 89 children, 12 to 72 m onths o f age, 52%  were fem ales 
and 48%  w ere males.

Inform ed written consent and authorization for the study 
was secured, and signed by either the parents or the legal 
guardians o f  all children. The study’s protocol was approved 
by the M edical Ethics Com m ittee o f  the Federal University 
o f Sao Paulo.

The study was divided into two phases: preintervention 
and the intervention proper that lasted 6 months. D uring the 
preintervention phase, all children w ere subjected to clinical 
exam inations carried out by a pediatrician in order to evalu­
ate the clinical status o f each child and establish the pres­
ence o f any preexisting illnesses that could in terfere with 
their norm al growth process.

At the beginning of the intervention, com plete hem atology 
tests w ere obtained from each child. All anthropom etric meas­

urements were carried out by well-trained personnel. The 
same m easurem ents w ere repeated at the end o f the six-month 
period o f  intervention.

D uring the nutritional intervention period children re­
ceived their regular diet plus a sweet roll o f 25 g fortified 
with 2 m g o f iron from  the am ino acid chelate tw ice daily 
for five days a  week. The total daily iron intake o f  4 m g 
corresponded to 40%  o f the RDA) (37).

Body weight, recorded in kilogram s, was obtained using 
a portable electronic digital scale with a  total capacity o f 
150 kg and a  sensitivity o f  100 g. H eight m easurem ents were 
taken using a vertical stadiom eter graduated in centim eters. 
The w eight and height data was analyzed using EPI-IN FO  / 
EPI-NUT 6,02 (C.D.C. Atlanta, GA, U.S.A .). The w eight/ 
height, height/age and weight/age ratios data was evaluated 
according to the “z” score curve using the W orld H ealth 
Organization (W HO) reference standards (38,39).

For the analysis o f hem oglobin and ferritin, 6 m l o f blood 
were collected by venous puncture. Three m L o f whole blood 
was kept in test tubes containing EDTA. This sam ple was 
used for hem oglobin determ inations. From  the rest o f the 6 
mL sam ple serum  was obtained for the determ ination o f  fer­
ritin. Hem oglobin concentration was m easured electronically 
(Cell-Dyn 3000) (40), and the ferritin concentration by stand­
ard radioim m une assay procedures.

Fortified flour for the baking o f  the sw eet rolls was ob­
tained from  Betam ix (J. M acedo Alim entos Ltda. Sao Paulo). 
Each sweet roll w eighed 25 g and contained 2 m g o f iron 
from  b is -g ly c in a te  ch e la te  (A lb ion  L a b o ra to rie s , Inc . 
Clearfield, Utah, U.S.A.). Sweet rolls were selected because 
all subjects w ere used to their consum ption.

RESULTS AND DISCUSSION 

Nutritional condition
A fter the six m onths of intervention, m ean values for 

w eight/age and height/age o f the children had increased sig­
nificantly. A t the beginning o f the intervention, weight/age 
showed an average “z” score o f  - 0,23 and at the end o f  the 
intervention had risen to - 0,07. A t the beginning o f  the in­
tervention, the m ean height/age “z” score was - 0 ,40 and at 
the end - 0,17 (Tablel).

Iron condition
A t the beginning o f the study 28% o f the children had 

hem oglobin levels < 1 1 .0  g/dL, after 6 m onths o f  interven­
tio n  th e  p re v a le n c e  h ad  d e c re a se d  to  9% . T h e  m ean  
hem oglobin level at the beginning o f the study was 11.5 g/ 
dL and at the end 12.6 g/dL. (Table 2, F igure 1).
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TABLE 1
Effect o f  6 m onths o f  consum ption o f sweet rolls fortified 

with iron from  Ferrochel on anthropom etric indexes

Weight/Height Height/Age Weight/Age 
Z score Basal Post-TX Basal Post-TX Basal Post-TX

<-2 2(2%) 1(1%) 7(8%) 2(2%) 3(3%) 2(2%)
>-2<-l 8(9%) 8(9%) 20(23%) 20(23%) 18(20%) 13(15%)
>-l< l 68(77%) 68(77%) 54(60%) 56(63%) 58(65%) 62(70%)
>1 11(12%) 12(13%) 8(9%) 11(12%) 10(11%) 12(13%)
Total 89 89 89 89 89 89
Mean ± S.D.(100%) (100%) (100%) (100%) (100%) (100%)
Calculated z -1,15 -5,5* -4,8*

Wilcoxon critical z= 1,96; *P<0,001

TABLE 2
Effect o f 6 m onths o f consum ption o f  sweet rolls fortified 

with iron from  Ferrochel on the prevalence 
o f anem ia and levels o f hem oglobin

Hemoglobin
group

Basal 
N°. (%) 

g/dL ± s.d.

Hemoglobin 
Post TX 
N°. (%) 

g/dL ± s.d.

Mean change 
in Hb level 

g/dL

<11.00 g/dL 25(28%) 8(9%)
10,00+0,70 11,42±1,23 1,42

>11.00 g/dL 64(72%) 81(91%)
12,07+16,70 13,03±1,03 0,96

Total 89(100%) 89(100%)
Mean±S.D. 11,50±1,11 12,60±1,30 1,10

Wilcoxon test (B) x (TX), calculated z= 6,80. Critical z= 1.96, P 
<0,001. All Post-Tx changes are significant.

FIGURE 1

P < 0 .001 P < 0.001
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HEMOGLOBIN FERRITIN

A t the beginning o f the study the mean hem oglobin level 
was 11,50 g/dL, the average gain after intervention was 1,10 
g/dL. (Table 2, F igure 1). T he prevalence o f m oderate anem ia 
cases (Hb =  9 -1 0  g/dL) dropped from  12% at the beginning 
to  1% a t th e  end , and th e  p reva lence  o f  ch ild ren  w ith 
hem oglobin levels 10-11 g/dL, decreased from  16 to 7% . In 
those children with basal hem oglobin levels below 11 g/dL 
the change after intervention was 1,42 g/dL, and in the group 
with basal levels greater than 11 g/dL the change after inter­
vention was 0,91 g/dL (Table 2).

A t the beginning o f the intervention, o f  the 89 children 
studied, 55 (62% ) had ferritin values o f less than 10 pg/L 
and 34 (38% ) had values greater or equal to 10 pg/L. The 
mean value for all children (89) was 11,34 pg/L. A fter six 
months o f intervention this m ean value had significantly in­
creased to 20,2 pg/L.

The children that at the beginning o f the study had de­
pleted iron stores, w ith ferritin levels below  10 pg//L  (55 
children), after the six months intervention had a mean in­
crease in ferritin level o f  13,03 pg/L (2,36 to l5 ,35  pg/L), see 
Table 3.

TABLE 3
Ferritin prevalence o f low  levels and change after 
6 m onths o f consum ption o f  fortified sweet rolls

Ferritin level 
group

Ferritin
Basal 

Prevalence (%) 
Pg/L

Post TX 
Prevalence (%)

Pg/L
% change

<10.00 pg/L 255(62%) 22(25%)
2,32+2,29 15,35+11,57 661,6

S I0.00 pg/L 34(38%) 67(75%9)
25,93+16,70 28,04+10,30 8,1

Total 89(100%) 89(100%)
11,34+15,51 20,20+12,66 178,1

Wilcoxon test (B) x (TX), calculated z= -6,05. Critical = 1.96, P 
<0,001

I t has previously been shown that iron absorption from 
the bis-glycinate chelate is regulated by the iron stores o f the 

5  body (35). In line with this observation, the children with
7! lower ferritin values that consum ed the iron fortified sweet
t - t

-2 rolls, had the greater response in term s o f increased serum 
S  ferritin levels.

CONCLUSION

A fter 6 m onths of consum ption of sweet rolls fortified 
with 2 m g o f iron from  iron bis-glycinate chelate, we ob­
served that:
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1. The prevalence o f  anem ia decreased significantly from 
28 to 9% , and the prevalence o f  low iron stores decreased 
from  62 to 25%.

2. The mean hem oglobin levels o f the children studied in­
creased  sign ifican tly  (m ean increase  1,10 g/dL ). In 
anem ic children, the increase was higher (1,42 g/dL).

3. The m ean ferritin increase in the total group o f  children 
was 8,9 pg/L, and in children with depleted iron stores, 
the  m ean increase w as 13,03 pg/L.

4 A nthropom etrically, there was a significant increase in 
the “z” score for W eight/Age and Height/Age.

5. Sweet rolls fortified with 2 m g o f iron from  iron bis-
glycinate chelate are effective in the prevention and con­
trol o f iron deficiency anem ia at low cost and are, there­
fore, a good option for usage in program s o f control o f 
iron deficiency anemia.
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The use of sugar fortified with iron tris-glycinate chelate in the 
prevention of iron deficiency anemia in preschool children

Regiane A. Cardoso de Paula, M auro Fisberg 

Sao Marcos University- Sao Paulo, Brazil

SUMMARY. In the present work, the effectiveness of consumption 
for 6 months of iron fortified sugar in the prevention or control of 
iron deficiency anemia was evaluated in 93 children (10-48 months 
old) attending a day care center in Sao Paulo, Brazil. Each child 
consumed 20 g of fortified sugar per day for 5 days a week in 
orange juice during breakfast. Two levels of fortification were tested 
using iron tris-glycinate chelate as the source of iron. Level one 
sugar contained 10 mg of iron /kg of sugar, and level 2, 100 mg of 
iron/kg. The children were assigned to either of the two groups. 
The first group (n=42) received level 1 sugar, and those of group 
two (n=52) received level 2 sugar. The daily iron intake 
corresponded to 2 and 20% of the RDA. At the end of the 6 months 
trial period, significant increases in weight/height ratio was observed 
in both groups. In the group consuming level 1 fortified sugar the 
mean change in hemoglobin concentration was 0,4 g/dL (from 11,3 
grams to 11,7 g/dL), and in the group consuming level two fortified 
sugar the mean hemoglobin increase was also 0,4 g/dL (from 11,6 
to 12,0 g/dL). Both changes were highly significant (p<0.001). When 
only the anemic children were considered (32/93), the increment 
of hemoglobin was l,4g/dL. In anemic children there was a 
significant increase in the levels of serum ferritin. The increase 
was more notorious in group 2 children. We verified that the 
acceptability of the iron-fortified sugar was excellent. There were 
no detectable changes in the organoleptic characteristics of the 
fortified sugar as compared with unfortified sugar. No differences 
in response were observed between the two groups indicating that 
probably the lower level of iron was absorbed more efficiently that 
the higher level. The iron tris-glycinate chelate was very well 
tolerated with no side effects registered. It was concluded that even 
with low iron levels, the consumption of iron fortified sugar is an 
effective, low cost intervention for the control and prevention of 
iron deficiency anemia in preschool children.
Key words: Ferrochel, sugar fortification, effectiveness of iron 
fortified sugar, iron deficiency anemia control.

RESUMEN. El uso de azúcar fortificado con hierro tris-glirinato 
quelado en la  prevención de anemia ferropriva en preescolares.
En el presente estudio se evaluó la efectividad del consumo por 6 
meses de azúcar fortificado con hierro tris-glicinato quelado en la 
prevención o control de anemia ferropriva en niños preescolares. 
Un total de 93 niños atendiendo una centro de cuidado diario fueron 
estudiados. Se utilizaron dos niveles de fortificación. En el nivel 1 
el azúcar fue fortificado con 10 mg de hierro /kg de azúcar, y en el 
nivel 2 con 100 mg de hierro /kg. Los niños se distribuyeron en dos 
grupos. Grupo 1 (42 niños) consumió azúcar con el nivel 1 de 
fortificación. El grupo dos (52 niños) consumió azúcar con el nivel 
2 de fortificación. En ambos grupos el azúcar fortificado fue usado 
por 5 días a la semana en jugo de naranja administrado durante el 
desayuno. El jugo de naranja contenía 20 de azúcar. Al final de los 
6 meses del estudio am bos grupos m ostraron increm entos 
significativos en la razón peso/talla y un incremento medio de 
hemoglobina de 0,4 g/dL. Esta diferencia fue altamente significativa 
(p>0.001). Cuando el incremento en hemoglobina de los niños con 
anemia (32/93) fue analizado, este incremento fue de 1,4 g/dL. 
Dado que am bos grupos tuvieron un increm ento igual en 
hemoglobina se postula que la absorción del hierro en dosis bajas 
es mas alta. En niñs anémicos hubo un increamenmte significative 
en la concentración de femtina en suero. Se pudo verificar que no 
hubo ningún cambio en las características organolépticas del azúcar 
fortificado, y que este fue excelentemente tolerado por todos los 
niños. Se concluye que el azúcar fortificado con hierro tris-glicinato 
quelado puede ser un medio efectivo de control o prevención de 
anemia ferropriva en niños preescolares.
Palabras clave: Ferrochel ‘ fortificación de azúcar, efectividad de 
azúcar fortificado con hierro, control de anemia ferropriva.

INTRODUCTION

Iron deficiency (ID) is a major public health concern due 
to its high prevalence and to the side effects it brings to the 
health of affected population groups. Many factors contribute 
to the high prevalence of ID in underdeveloped countries, 
among then, poor diets, diarrhea, intestinal infections and

intestinal parasites (1-4). All these factors significantly 
contribute to children morbidity (3).

There are many non-hematological effects of ID, such as 
decrease capacity for physical activity, and alterations in the 
learning process and in motor and mental development. ID 
also has a depressing effect on cellular immunity, resulting 
in increased susceptibility to infection (5-7).
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T he high prevalence o f  ID  makes it m andatory to seek 
new  in terventional strategies to  control de deficiency (3).

S tud ies carried  ou t by the W orld H ealth  O rganization 
(W H O ), have shown that ID  is a  m ajor cause o f  health related 
d isorders, and decreased w ork capacity leading to  significant 
econom ic loss in  m any populations. In the U nited States, 
15-20%  o f the population under 18 years o f age, suffers from  
ID , w hile in developing countries up to 51 % o f the population 
is affected (5,8).

In  Brazil, im portant changes in the nutritional status of 
the population have taken place in the last few decades. There 
has been  a g radual reduc tion  in child  m orta lity  rates, a 
d e c re a s e  in  th e  to ta l  p re v a le n c e  o f  p ro te in -e n e rg y  
m alnutrition, especially o f the chronic forms, but at the same 
tim e, the prevalence o f  iron deficiency has increased (8,9).

D ata  from  reg io n a l stud ies has show n th a t the h igh  
prevalence o f  iron deficiency anem ia is a national concern, 
affecting all social groups, but predom inantly in the m ost 
deprived population.

D uring the 80s, in the northeastern part o f the country, 
an e m ia  p rev a len c e  w as 20-75%  in p resc h o o l ch ild ren , 
depending on the studied region (9,10). In the Am azon region, 
approxim ately  50%  o f the preschool ch ildren population  
suffered from  this disease (11,12). In the Southern regions, 
where there is a high consum ption o f beef-based food, Turconi 
and Turconi (13), found that in the M unicipality o f Bento 
G onsalves, 37.4 % o f children aged 0-12 m onths suffered 
from  anemia, and that in the Federal D istrict o f Brasilia, in a 
study o f  279 children below 36 months o f  age attending public 
day-care centers the prevalence was 28.7%  (14).

In 1978, in the city o f Sao Paulo, Sigulem , et al, found an 
anem ia prevalence o f 22%  in children up to 5 years o f age 
(15), and ten years later, M ontero and Szarfac, studying a 
s im ila r  p o p u la tio n , fo u n d  th a t an em ia  p rev a len c e  h ad  
increased to 35,7%  (16). In 1992, the Sao Paulo State Health 
Agency, in a study that covered several areas o f  the State, 
found a prevalence o f  59,1 % in infants that attended the Basic 
Health Units (13,15,16). In another study, part o f the National 
Survey o f M alnutrition and Anemia, carried by the Nutritional 
and H ealth Research C enter o f  Sao M arcos U niversity in 
preschool children, it was found that in the city o f Sao Paulo, 
with the best economic indexes in the country, the prevalence 
o f anemia was up to 75% in children below 5 years o f age 
(14). A ll th ese  rep o rts  m ade it m andato ry  to  s ta rt iron  
supplementation and food fortification programs considered to 
be the most appropriate measures to control the deficiencies.

T he m ajor technical difficulty in planning a fortification 
program is the selection o f  the iron com pound to be used. 
W hen ch o o s in g  th e  iro n  co m p o u n d , th e  o rg an o le p tic  
alterations o f  the food  vehicle, its bioavailability  and its 
m arket price have to be evaluated (8, 24,37). The ideal food 
vehicle is regularly consum ed by the target population in

predictable am ounts.
The fortification o f foods with iron is the m ost effective 

m easure to  control the deficiency in a population. W ith this 
strategy, it is possible to reach all socioeconom ic groups (8).

Ferrous sulfate is the most frequently used iron salt, but 
other salts such as ferrous fum arate and lactate can also be 
u sed , a l th o u g h  a t a h ig h e r  co s t. S o d iu m  iro n  ED TA  
(NaFeEDTA) has been used in sugar fortification in Guatemala 
and in wheat flour in Egypt with limited success (18,8).

The developm ent o f  m ore physiological iron chelates, 
such as iron  bis- and  tris-g ly c in a te  che la tes opens new  
possib ilities  in food  fo rtifica tion , b ecau se  o f  its  h igher 
bioavailability and its lack o f  alteration o f the organoleptic 
characteristics o f the se lected  foods (17,18). W ith these 
com pounds, several types o f  foods have been tested in the 
last decade such as milk, sugar, bread, cookies, grains and 
salt (18-23,38).

In Brazil, several studies in food fortification with iron 
have been carried out in the last decade in an effort to find a 
viable way o f controlling iron deficiency in the population. 
In 1994, Fisberg, et al, w ere able to show that three m onths 
consum ption o f  “petit Suisse” cheese fortified with iron bis- 
glycinate chelate resulted in a significant decrease in anem ia 
prevalence in preschool children (24).

In 1995, T orres, et a l, ev a lu a ted  the im p ac t o f  the 
consum ption o f pow dered cow ’s m ilk fortified with iron bis- 
glycinate chelate on anem ia prevalence o f preschool children. 
The study carried out under the auspices o f the S tate o f  Sao 
Paulo Health A gency established that consum ption for one 
year o f fortified milk, significantly reduced the prevalence 
o f IDA in the studied population (17).

In the city o f Barueri, 1296 children ranging in age from 
6 m onths to 6 years were studied. E ight hundred and ninety 
six o f these children aged 4-6 years received bread fortified 
with 2 m g iron from  the bis-glycinate chelate, and 400, aged 
6 m onths to 3 years received cookies fortified with the same 
am ount o f chelated iron. A t the end o f the study it was found 
that the children that consum ed fortified bread had a mean 
increase in hem oglobin o f  0.74 g/dL, and those consum ing 
the fortified cookies 0.72 g/dL  (25).

In the present study w e tested the effectiveness o f  the 
consum ption o f sugar fortified with either 10 or 100 m g of 
iron per kg from  iron tris-glycinate chelate (a taste free iron 
chelate), on the iron nutritional status o f preschool children. 
A t the tim e o f the study, sugar fortified with 10 m g iron per 
kg was available in the Brazilian market. We also studied the 
effect o f  a tenfold increase in the iron fortification level.

MATERIAL AND METHODS

A day care center from  a Public Institution was chosen 
for the study. The sam ple was conform ed by 93 children aged
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10 to 48 m onths distributed in two groups. A  pediatrician 
carried out physical exam inations o f  all the children. The 
following factors were analyzed: clinical characteristics and 
signs related to previous and current diseases, anthropom etry, 
and hem atological condition. The pediatrician was in charge 
o f  supervision and training o f the personnel involved in the 
intervention program . In two o f the children in the sam ple no 
an th ropom etric  data w as co llec ted  due to  the ir frequen t 
absence at the tim e o f gathering the data.

A t the beginning o f the intervention and six months after, 
all the ch ild ren  w ere sub jected  to  clin ical exam ination , 
an th ro p o m etric  m easu rem en ts and labo ra to ry  tests . A ll 
children with hem oglobin levels < 9,0 g/dL w ere excluded 
from  the study, treated with ferrous sulfate and controlled by 
the pediatrician o f the project. During the observation period, 
no changes w ere made in the diet o f the day-care center, except 
for the use o f sugar fortified with iron tris-glycine chelate as 
a sw eetener in the orange ju ice  ingested by the children. 
Children that failed to attend the day-care center for m ore 
than 10 consecutive days or 18 nonconsecutive days w ere 
excluded from  the statistical analysis.

B lood  sam ples w ere co llec ted  by ven ipunctu re  on a 
peripheral vein using discardable materials. H em oglobin and 
ferritin determ inations w ere carried out at the beginning and 
end o f  the study (6 months). H em oglobin was m easured by 
a u to m a te d  p ro c e d u re s  (2 6 ), an d  se ru m  fe r r i t in  by 
radioim m unoassay (27). Children w ere considered anem ic 
when their hem oglobin levels w ere < 1 1  g/dL (28), and iron 
deficient w hen their serum ferritin levels w ere less than 10 
pg/L (8,27,29).

D ata on weight and height was collected at the beginning 
and end o f the trial. A digital, portable scale with capacity 
for 150 kg  w ith 50 g divisions w as used. C hildren  w ere 
weighed naked or wearing the m inim um  am ount o f  clothes 
possib le, w hen w eather was a concern . E stim ates o f  the 
anthropom etric ratios w eight for age (W /A), height for age 
(H/A) and w eight for height (W /H) w ere calculated using 
the program  EPI -  INFO 6,04 (CDC, Atlanta, GA, U.S.A.). 
The calculated z-score distribution was com pared with W HO 
reference standards (30).

Each child received 20 gram s o f sugar fortified with either 
10 m g o f iron /kg o f sugar (group 1), o r 100 m g o f iron /kg of 
sugar, both in orange juice. The iron used in the fortification 
was iron tris-g lycinate chela te  (A lbion Laboratories, Inc. 
Clearfield, U tah, U.S.A.). This is a taste-free com pound. The 
ingested fortified sugar provided 2% RDA o f iron for group 
1 and 20%  RDA for group 2.

T he com parison o f  the resu lts in the two groups was 
carried  out using param etric and nonparam etric statistics. 
Student “t”  test and two-way analysis o f  variance for a fixed 
significant level o f  5% (31-33).

The use o f  a staple food as a  vehicle for iron fortification 
has always been the goal o f researchers all over the world. 
The fortified food should be consum ed by every risk group 
in a continuous and controlled way, and should have low 
price. Thus, milk, flours, salt and others are being used for 
this purpose.

Sugar is, in fact, a natural option, for it fills the described 
characteristics. The use o f  ferrous salts in sugar deeply alters 
its o rgano lep tic  ch a rac teris tics  p reven ting  its use. This 
problem , was overcom e by the use o f  iron tris-g lycinate 
chelate since it produces only very slight variations in the 
physical characteristics o f sugar and no organoleptic change.

This intervention using iron-fortified sugar is only the 
second world’s trial and the first to overcom e the organoleptic 
problems. Sugar fortified with 10 mg o f  iron from  the am ino 
acid chelated per kg was already available in the Brazilian 
market. Sugar fortified with 100 mg iron /  kg o f  sugar was 
specifically prepared for this study.

Table I shows the anthropom etric characteristics o f the 
population studied.

TABLE 1

RESULTS AND DISCUSSION

Anthropom etric characteristics o f the children enrolled 
in the study

Group Age, months 
mean ± S.D. 

(Range)

Weight, kg 
mean ± S.D. 

(Range)

Height, cm 
mean ± S.D. 

(Range)

1 29,2 ± 9,5 12,9 ± 2,2 89,2 ±8,1
(11,7-40,8) (9,2-17,5) (73,0-102,5)

2 31,4 ± 10,0 13,7 ±2,4 91,7 ±9,0
(10,4-44,8) (9,1-18,7) (71,5-103;5)

P* n.s. n.s. n.s.

Student's “t” test for independent samples

It is noteworthy that in the present study the acceptability 
o f the fortified sugar was excellent regardless o f the iron dose 
used. There was no detectable change in taste in the orange 
juice, or side effect due to the use o f the fortified sugar.

A t the beginning o f  the study, the selected population 
presented a prevalence o f  anem ia o f  33.3% . This value was 
lower than that previously obtained by Torres, e t al, (17), 
but very sim ilar to the values previously obtained in the cities 
o f Barueri (34,35) and Brasilia (14).

In the present study, despite the low level o f  iron added 
to  th e  su g a r  (2  an d  20%  R D A ), a m ean  in c re a se  in 
h e m o g lo b in  le v e ls , o f  0 .4 0  g /d L  in  th e  s ix -m o n th  
consum ption  period  w as observed  in  both  groups. This 
increase is very close to that obtained in a sim ilar tim e with 
m ilk fortified with this sam e iron chelate. Studies conducted
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by us and several other groups have shown that even with 
higher fortification levels in milk, the increase in hemoglobin 
in a six-month period is about 0.5 g/ dL. (17,19,).

A fter the intervention with iron-fortified sugar, there was 
a mean decrease in the prevalence of anem ia of 43.8%  for 
group 1, which received the lower dose o f iron, and o f 66.7% 
for group 2. The total mean prevalence of anemia, came down 
from 33.3 to 18.3%. (Table 2).

TABLE 2
Effect o f intervention on the prevalence levels o f low 

hem oglobin levels

Group Hb basal 
N (%)

Hb post Tx
N (%)

Prevalence 
change (%)

1 < 11 16 (38,1) 7 (16,7) -43,8
>11 26 (61,9) 35 (83,3) +34,6

2 < 11 15 (29,4) 10(19,6) -66,7
>11 36 (70,6) 41 (80,4) +13,9

Total <11 31 (33,3) 17 (18,3) -54,8

ANOVA shows that the differences before and after treatment are 
significant, p = 0.01

If  only anem ic ch ildren  are analyzed, the increase in 
hem oglobin values obtained in the six months period o f sugar 
consum ption is 1.3 g/dL for group 1 and 1.5 g/dL for group
2. These results are highly significant, with the advantage 
that they can be achieved with a  much lower cost and with 
no side effects (35). M oreover, the mean hem oglobin level 
reached normal values in both groups, with no significant 
difference between the groups (Figure 1).

FIGURE 1
Effect o f 6 m onths consum ption o f 20 g of fortified sugar 

per day on hem oglobin levels

10 mg Fe/kg sugar 100 mg Fe/kg sugar

In the group, as a whole, there was no significant change 
in body iron reserves as m easured by serum ferritin levels. 
M ost probably, the period of intervention with levels o f iron 
that are a small fraction o f  the RDA was not long enough to 
a lte r  iron  rese rv es. H ow ever, w hen ch ild ren  w ith iron  
deficiency at the beginning o f intervention were analyzed, 
there was a significant increase in ferritin from 5,0 to 12,2 
pg/L for group 1 and from 6,5 to 15,9 pg/L for group 2 (Figure 
2). This shows a trend toward norm alization o f  ferritin values 
in children with iron deficiency (36).

FIGURE 2
Effect o f 6 months consum ption o f 20 g/day of iron 

fortified sugar on serum ferritin levels o f iron deficient 
children

The trend tow ards increasing hem oglobin and ferritin 
levels o f the children studied, do not seem to be related to 
the dose o f iron used. This may be a reflection o f the small 
doses used, since even with a fortification level o f 100 mg 
iron per kg o f sugar, the iron contribution in the dose taken 
represents only 20%  o f the iron RDA, and it is a know  
phenom enon that at low levels, iron is absorbed more.

W hen assessing the anthropom etric results o f only those 
children considered at nutritional risk at the beginning o f the 
trial, only group 1 presented a significant progress for the 
w eight/height ratio. The biologically m eaning o f these results 
may not have any im portant significance because o f  the short 
tim e o f treatment. There was no relationship between anem ia 
prevalence and nutritional status, probably due to the general 
adequate nutritional level o f the population at the beginning 
o f the trial.

As it was already mentioned, sugar is considered a staple 
food, w ith  low  cost, th a t can be easily  d is trib u ted  for 
popu la tions at risk . Several stud ies have show n tha t its 
adequate use is not related to increase in prevalence o f obesity 
or tooth decay (18,36).
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T he search fo r an effective iron  com pound w ith good 
b ioavailab ility  and o f  un iversal application  has been the 
objective o f  w orldwide research (5). The results obtained in 
this study show that the use o f iron tris-glycinate chelate to  
fortify sugar is an extrem ely useful alternative for the control 
o f  iron deficiency anemia.

The fortification o f  sugar with iron tris-glycinate chelate 
is very satisfactory in preventing iron  deficiency anem ia. 
T here  is no de tec tab le  a lte ra tion  in  the flavor o r in the 
organoleptic characteristics o f  sugar. There is a very slight 
change in color that does not prevent its acceptance in our 
day-care center. How ever, after m onths o f  storage o f the 
fortified sugar, there was a tendency for the form ation of dark 
or yellow ish dots in  the inner part o f the packaging. This 
may affect the com m ercial aspect o f the product, but does 
not m odify the good results obtained in the present trial. We 
have to point out that the sugar used in Brazil is very white 
and pow dered. For general crystallized sugar fortification, 
the necessary technology has been developed considering the 
specific characteristics o f  local sugar to prevent these changes 
from  happening.

T he trial using sugar fortified  w ith iron tris-g lycinate 
chelate resulted in a significant increase in hem oglobin levels 
and in  a reduc tion  in  anem ia prevalence. T here was no 
observable dose related effect, m aybe because o f the very 
low  re la tiv e  doses o f  iron  used . A s expected  from  an 
absorption and regulation  po in t o f  view, the effects w ere 
e v id en t on ly  in  c h ild ren  w ho p rese n ted  an em ia  at the  
beginning o f  the trial.

No side effects w ere encountered during the duration o f 
the trial w ith either level o f sugar fortification. On the contrary, 
th e re  w as an ex ce llen t to le rab ility  and accep tance. W e 
conclude, therefore, that sugar fortified with iron tris-glycinate 
chelate in low  doses, is an effective m eans in preventing iron 
deficiency anem ia in populations at risk.
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Oscar Pineda  

CELANEM , D irector

As m entioned in practically all the papers presented in 
this supplem ent, Iron Deficiency and Iron Deficiency Anemia 
persist as the m ost im portant single nutrient deficiency in 
the world, in spite o f several decades o f efforts to achieve its 
control.

Food fortification with iron has been m andatory in a 
num ber o f countries but no overall im provem ent has been 
obtained. We know now that the iron com pounds used in 
countryw ide fortification program s show low bioavailability, 
which is further reduced by com pounds normally present in 
the diets.

Through the years, CELANEM  has devoted a significant 
am ount o f tim e and effort to stimulate research on uses of 
Ferrochel (iron am ino acid chelate, iron bis-glycinate chelate, 
which include formal bioavailability studies in water and in 
different food matrixes. These studies have consistently shown 
that Ferrochel is well absorbed, even in the presence o f 
inh ib ito rs, does not p roduce gastric d iscom fort, has low 
toxicity, is well tolerated, and its absorption is regulated by 
the iron stores o f the body.

In this supplem ent work is presented on the chemistry of 
chelation , on the absorption, m etabolism , regulation and 
toxicity o f Ferrochel, and on im portant applications when 
the chelate is given as a supplem ent or in fortified foods, 
presenting further evidence o f the effectiveness o f the iron 
am ino acid in the control o f iron deficiency anemia.

W hen pharm aceutical preparations were marketed in the 
early 1990s (in tablets, syrups and pediatric drops) they 
rapidly gained recognition, confidence and support from the 
medical profession due to its great effectiveness in the control 
o f iron deficiency anem ia using smaller doses than with any 
other iron com pound. The mean treatm ent tim e was reduced 
to 4-6  weeks. A t the present tim e, in C entral and South 
A m erica and in South Africa, these preparations have gained 
medical recognition and have becom e the treatm ent o f  choice 
for iron deficiency anemia.

The application  o f  iron bis- and tris-chelates in food 
fortification has been extensively studied and its effectiveness 
evaluated after short tim es o f consum ption o f the fortified 
foods. The pioneering studies of m ilk fortification with low 
levels o f iron proved to be so effective that in the State o f

Sao Paulo, Brazil, fortification becam e m andatory for state 
supported assistance program s for small children. At the 
present time, milk and dairies are fortified with Ferrochel in 
A rgentine, C hile, Paraguay, E cuador, B razil, C olom bia, 
Venezuela, Central Am erica, M exico, Europe, Saudi Arabia, 
South Africa, and Thailand and the use o f Ferrochel is rapidly 
gaining recognition in a num ber o f other countries.

The studies by C ornb lu th , et al on p regnant women 
supplem entation  w ith F erro ch el’s iron, p resented  in this 
supplement, show that 15 mg o f iron from  the chelate are 
more effective than 40 mg o f iron from ferrous sulfate.

In food fortification two further examples are presented, 
fo rtif ic a tio n  o f  b rea d  and fo rtif ic a tio n  o f  sugar. T he 
consumption for six m onths o f  sweet rolls fortified with iron 
from Ferrochel resulted in a highly significant im provem ent 
in the iron status o f the tested population. Studies carried out 
by Bovell-Benjam in, et al, have confirmed that even in the 
p resence o f  high concen tra tions of phytates, the iron of 
Ferrochel is absorbed 4-7 tim es better than that o f ferrous 
sulfate (1).

Regarding sugar fortification, the only other trial we are 
aware off is that o f  Viteri, et a], (2) carried out in the early 
1970s and in which after 4 years o f consum ption o f sugar 
fo rtified  w ith  N aF eE D T A , th e re  w as on ly  a m arg inal 
im provem ent in the iron status o f  the tested populations. 
Furtherm ore, the organoleptic characteristics of the sugar 
were significantly altered.

In contrast, the studies by Cardoso de Paula and Fisberg 
presented here show a great effectiveness in im proving the 
iron condition o f  the population tested, when 20 g per day of 
sugar fortified with low levels of iron tris-glycinate chelate 
(10 and 100 mg o f iron per kg o f  sugar) were consumed. 
With the tris-chelate there was no detectable change in the 
o rg an o lep tic  ch a ra c te ris tic s  o f  the fo rtified  sugar. Its 
e ffec tiveness eva lua ted  a fte r  on ly  six m onths o f  sugar 
consum ption showed highly significant im provem ents in the 
iron condition o f the population tested.

It has been shown, that Ferrochel added to multivitamin 
preparations does not affect the stability o f  the vitamins. This 
is especially im portant in preparations containing vitamin A 
that deteriorates very rapidly in the presence o f inorganic
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iron  com p o u n d s (3 ,4 ). A s show n by G arc ia-C asa l and 
Layrisse, in this supplem ent, Ferrochel rem ains soluble at 
different pHs, and its bioavailability is not altered.

T he characteristics and effectiveness o f  F errochel in 
c lin ica l stud ies and field  tria ls  e ith e r p resen ted  here or 
previously published indicate that Ferrochel is, at the present 2. 
time, the best available iron com pound to use in the control 
o f  iron deficiency and iron deficiency anemia.

We consider that the inform ation presented here will assist 
the public health com m unity in gaining a better understanding 
o f the chemical characteristics o f the iron chelates and on its ^ 
physiology, and stim ulate its use in program s geared to a 
better control o f  iron deficiency and iron deficiency anem ia 4 
in a short time.
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