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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.
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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.
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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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