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Abstract

In agreement with the original objective of our work, we evaluated the bioavailability
of this new iron source used in the fortification of fluid cow's milk. With this purpose
studies of absorption were carried out in mice, demonstrating that this new iron
source has a high bioavailability when it is added to fluid milk. Afterwards,
according to the objective of this CRP, we organized a study to determine the
breast-milk intake and the amount of iron ingested to the baby, in order to evaluate
the correlation between the iron intake and its nutritional status in children near the
weaning period.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

At the beginning, the objective of our work was to evaluate the bioavailability of a
new iron source used in the fortification of fluid cow's milk and to determine the importance
of its use in children after their nursing. In Argentina there is high prevalence of anemia in
children after their weaning (about 50%) as a consequence of the consumption of non-iron
fortified pasteurized fluid cow milk 1. Afterwards, in agreement with the proposal of Dr. Carla
Fjeld, we have planned a study of breast-milk intake, with the purpose to determine the
correlation between the iron intake from the breast-milk and the nutritional status of the baby
for this micronutrient near the weaning period (4 months). With this purpose we associated
with other group of professionals from the "Hospital Materno Infantil Ramon Sarda" and
planned the study to be carried out. At this moment we are ready to start the experimental
part of this study.

Since April 1997, the start of the project, we have done the following:

a) Iron absorption studies in experimental animals (mice), by total body measurement
method, with the purpose to evaluate the iron absorption from this new iron source
(micro-encapsulated ferrous sulfate, called SFE-171) used to fortify fluid cow's milk.
Moreover this value is to be considered as reference value in order to compare it with the
iron absorption values obtained by the double iron labeling method.

b) Standardization of a spectrophotometric method with ferrozine reagent to determine the
mass of iron in the milk fortified with SFE-171 as iron source.

c) Standardization of the different methods used to evaluate the nutritional iron status in
animals and human beings, such as hemoglobin concentration, hematocrit, free
erythrocyte protoporphyrin and ferritin.

d) At this moment we are working in the resolution of the 55Fe and 59Fe mixture by the
method of the dual label DPM measurements in liquid scintillation analysis. In this way
we can determine the total iron of both radioisotopes in the same sample and calculate
the iron absorption. Afterwards we will compare this result with the value obtained by the

1 CALVO, E., GNAZZO, N., Prevalence of iron deficiency in children aged 9-24 months from a large urban area
of Argentina, Am. J. Clin. Nutr. 52 (1990) 534-540.
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method of the total body measurement considered as reference method. By means of
this methodology we can determine the iron absorption in adult human beings.

e) In agreement with the proposal of Dr. Carla Fjeld, we have planned a study of breast-milk
intake, with the purpose of determining the iron intake in children near the weaning period
and determine the iron nutritional state of the children for this micronutrient. With this
intention we evaluated several local hospitals, and the "Hospital Materno Infantil Ramon
Sarda" was the one that met all the requirements for the performance of the proposed
studies, due to the fact that in this institution there are, approximately 1500 feeding
babies per year. The group of the professionals that work in this project was selected, as
it can be observed in the enclosed list. Afterwards, the work protocol was discussed and
the auxiliary personnel were instructed on the characteristics of the test and in the
sampling process.

f) In July 1997, we were able to start with the studies, but they could not be initiated
because the video containing the details of the methodology that will be applied was not
received until November 1997, due to custom problems. The same problem took place in
the case of deuterium acquisition.

2. METHODS

a) To determine the iron absorption in mice by total body measurement we used the
method described by J. Boccio, et al2.

b) The iron mass was measurement by the method proposed by L. Stookey3.

c) The standardization of the different methods used to evaluate the nutritional iron
status were made by the following methods: Hemoglobin concentrations by Drabkin's
technique; hematocrit by the micromethod and free erythrocyte protoporphyrin (FEP)
by a ZP hematofluorometer AVIV Model 206D. All of these techniques were
described by B. Henry, et al4.

d) To resolve the mixture 55Fe and 59Fe in the same sample we used the method of the
dual label DPM measurements in liquid scintillation analysis, proposed by Kessler6.

e) The volume of the milk intake will be determined by the method "Dose to the
mother", proposed by B. Caballero, et al6.

3. RESULTS

The absorption values of SFE-171, as well as that of the other iron sources used for
comparative purposes are shown in Table I. The absorption of SFE-171 in milk (11.9±4.8%)
does not differ significantly from the values obtained with the reference standard, ferrous
ascorbate in water (13.5±4.5%). The absorption of ferrous sulfate in milk (7.4+4.1%) was
significantly lower (p<0.01) than that of the other groups.

2 BOCCIO, J., ZUBILLAGA, M., CARO, R., GOTELU, C, GOTELLI, M., WEILL, R., New procedure to fortify fluid
milk and derivatives with iron. Comparative study in mice, J. Nutr. Sci. Vitaminol, 41 (1995) 619-626.
3 STOOKEY, L., New method to measure iron by spectrophotometric determination. Analytical chemistry, 42
(1970)779-781.
4
 TODD-SANFORD-DAVIDSOHN, Clinical diagnosis and management by laboratory methods (1988). 17th Edition,

W.B. Saunders & Co., Philadelphia, USA.
5 KESSLER, M., Liquid scintillation analysis (1989). Publication N° 169-3052. Packard Instrument Co. Inc.,
USA.
6
 CABALLERO, B., et al., Am. J. Clin. Nutr. (1997). In Press.

14



The absorption and metabolism of iron is significantly affected by the nutritional
status of the organism for this element. Therefore, it is important to demonstrate in a
comparative study that all the animals have the same nutritional status for this micronutrient.
With this purpose hematological studies were carried out in each animal of the different
groups. As is shown in Table II, no case showed a statistically significant difference for any
of the studied parameters, demonstrating the homogeneity of the nutritional status for iron of
the different groups.

All values are expressed as MEAN ± SD. None of the cases showed a statistically
significant difference. These hematological results demonstrate the homogeneous iron state
of the different experimental groups.

At this moment we are working in the resolution of the mixture 55Fe and 59Fe, until
now we could not resolved this item properly, because we have some problems in the
determination of the degree of overlapping between both spectra due to software problems.

On the other hand we organized the experimental part of the studies of breast-milk
intake together with the professionals of the "Hospital Ramon Sarda".

4. PLANS FOR THE FUTURE WORK

In agreement with the objective of this CRP, during this project stage, the breast-milk
intake in children near the weaning period will be evaluated, and the quantity of iron
ingested by the baby will be determined as well as the nutritional state for this micronutrient.

TABLE I. IRON ABSORPTION FROM DIFFERENT IRON SOURCES.

Iron Source Ferrous Ascorbate Ferrous SFE-171
in Water1 Sulfate in Milk2

in Milk2

Absorption % ± SD 13.5 ±4.5 7.4 ±4.1* 11.9 ±4.8
Number of Animals 30 30 30

1-Molar ratio ascorbic acid/iron = 1.
2-Heated 30 minutes at 100°C.
*-Value statistically different for the other groups (p<0.01).

TABLE II. HEMATOLOGICAL PATTERNS FOR DIFFERENT ANIMAL GROUPS.

Group
Ferrous Ascorbate1

Ferrous Sulfate2

SFE-1712

1 = in water
2 = in milk
3 = free erythrocyte protoporphyrin
4 = red blood cell

Hematocrit
%

50.0 ±1.1
49.8 ± 0.9
50.2 ±1.2

Hemoglobin
g/DI

15.1 ±0.9
14.8 ±0.8
14.9 ±0.9

M-9 /
71
70
70

FEP3

dL RBC4

.3 ±4.5

.6 ±4.1

.9 ±3.9

15


