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Abstract 

Currently it is accepted that iron absorbed from infant formulas is less than 10 
%. However, the composition of such formulas has changed considerably and 
there is no recent information on the effects of these modifications. Iron 
bioavailability from infant formulas with different levels of iron fortification (8 
and 12 mg of iron /L) and from a standard meal based on a wheat cream 
("farina" flour) was measured by a double radioisotopic technique lEakins & 
Brown) in 13 adult female volunteers. Iron bioavailability in infant formulas 
was very high. Eighteen and 20.6 percent of the iron was absorbed in the 8 
and 12 mg iron/L fortified formulas respectively (geometric means corrected to 
40 % of reference dose absorption). The corresponding value for iron 
absorption from the standard meal was 6.7%. These high and non significant 
differences in iron bioavailability from the two formulas and the fact that daily 
consumption of 750 ml of formula supplies more iron than recommended would 
permit a lowering of the current iron fortification level of 12 mg/L. Iron 
availability of the Standard Meal measured with FLAIR modifications of Miller's 
in vitro technique was 4.42%. The percentage of dialyzable zinc was 2.04%. 
Research activities for next year will be based on the validation and application 
of the in vitro technique in Chilean and Ecuadorian foods. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

The importance of iron in nutrition has been a topic of concern in Third World as well 
as in maternal and child health care in developed countries I I ' 'on deficiency anaemia 
may manifest itself in reduced capacity to do work (2], and in an impairment of the body's 
immune system [3]. In pregnant women there is a high risk of increased morbidity, 
premature delivery and a low birth weight |4). Recent studies done by Lozoff in the USA 
and by Walter et al. in Chile suggest that iron deficiency affect the child's cognitive 
development (5). 

The only way that nutritional iron deficiency can be alleviated is by increasing iron 
intake either by providing medicinal iron (supplementation) or adding iron to the diet 
(fortification). It is now well recognized that the best approach for preventing iron 
deficiency is food fortification. 
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The population of Chile is estimated to be 13 millions. The annual growth rate is 
1.7% based on a crude birth rate of 23 per 1000; fertility rate is 3.0 and the crude death 
rate is 6.1 per 1000. The vast majority of the population live in urban areas (83%). 
Primary education is free, universal, and compulsory from ages of 6 to 15 years, 
accounting for Chile's high literacy rate of 95%. 

General mortality and life expectancy indicators rank Chile high worldwide. Life 
expectancy at birth for both sexes is 67.0 years. In 1940. Chile had one of the highest 
infant mortality rates of Latin America (193/1000). This rate has been steadily declining 
to 15/1000 in 1990. The dramatic improvement in infant mortality rates can largely be 
attributed to long standing government-sponsored intervention programmes. They were 
established through the National Health Service created in 1952 to integrate the 
independent systems serving different populations. 

The improvement in chiid nutritional status is attributed to many factors: health and 
immunization programmes, milk distribution programmes, treatment programmes for 
malnourished children, pregnancy control and hospital-based births, decreased 
low-birth-weight of newborns, family planning programmes, and improvements in 
sanitation. In spite of these improvements, iron deficiency anaem.a continues as a major 
public health problem, affecting small children and pregnant women. Thirty per-cent of 
infants under 2 years of age are anaemic and 65% have biochemical evidence of iron 
deficit (6|. Being aware of the magnitude of this problem we have developed at INTA 
different strategies to implement iron fortification of foods at a national level. Strategies 
such as milk fortification with ferrous sulfate and ascorbic acid [7-121, fortification of a 
rice-based infant cereal with hemoglobin (13, 14], and biscuits fortified with hemoglobin 
for school age children [7.15,16.171. 

Despite all these efforts, the milk, which is freely delivered to 80% of Chilean infants 
through the National Feeding Programme, is not fortified with iron 1121. There is evidence 
suggesting that infants fed whole cow's milk present a larger iron loss in the form of 
gastrointestinal bleeding. This fact further enhancers deterioration in iron nutrition status 
in infants. We designed an infant formula at INTA which is possible to be industrialized 
in our country to replace the current milk delivered. The consumption of this formula, 
fortified with 7 mg of iron per liter, prevented iron deficiency anaemia in infants at 9 
months of age in a field trial 1121. Iron bioavailability of modern infant formulas has not 
been measured. 

The surprisingly low prevalence of iron deficiency in the remainder of the population 
may be explained by the high consumption of bread made with ferrous sulfate fortified 
wheat flour, according to national legislation [181. 

Iron bioavailability studies in order to analyze the dietary iron in typical diets, evaluate 
absorption enhancers and study the absorption of iron from fortified foods are a very 
important step in planning and implementing a programme of food fortification. In vivo 
measurements in human subjects are of a high cost and technical difficulty and have high 
requirements in laboratory facilities. In vitro studies represent a rapid and low cost 
screening test accessible to any laboratory and permit selection of food vehicles and 
fortificants to be confirmed by in vivo measurements in humans. To count with a 
validated in vitro technique becomes essential for quality control of fortification levels in 
foodstuffs. 

Several approaches have been used to predict the bioavailability of iron sources (191. 
Dialysis measurements, the most used of the in vitro methods, test iron availability by 
simulating in vitro gastrointestinal digestion and can be performed at a small fraction of 
the cost of animal studies. According to data published by the International Nutritional 
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Anemia Consultative Group (INACG), the main limitation of this in vitro technique was the 
variability due to the fact that technical experience with the method was limited in some 
laboratories. Even relatively small variations in incubation time can lead to pronounced 
differences in dialyzable iron. With further experience and refinements, this method will 
probably produce results comparable to those obtained with hemoglobin repletion 
techniques. 

Since we have a large experience in the field of food fortification we are interested 
in transferring validated in vitro and in vivo techniques for measurement of iron availability 
in human diets to combat iron deficiency in the Latin American Region. So, the objectives 
of this project are: 

1. To standardize a modification of an in vitro iron availability technique. [FLAIR 
protocol based in Miller et al., [20] using colorimetric, atomic absorption 
spectrometry and radioisotopic measurements. 

2. To validate this technique with double isotopic measurement of iron bioavailability 
in humans and, 

3. To transfer the in vitro technique to other laboratories. 

All these studies will be performed in foods to be used in nutritional 
intervention programmes. 

During the first year, we evaluated iron bioavailability in selected typical Ecuadorian 
foods to be used in nutritional intervention programmes and its interaction with some 
accompanying foods or beverages. The measurements were done in humans using a 
double isotonic method. Iron absorption from wheat flour foods was good (9%). When 
vermicelli soup was eaten together with lemonade sweetened with raw sugar cane, mean 
iron absorption was the highest (15%). Camomile infusion does not affect iron absorption 
from bread. If vermicelli and bread are made with iron fortified wheat flour, according to 
bioavailability data obtained in this study, they will supply an important amount of iron to 
the Ecuadorian diet. This amount could be doubled if they are accompanied by drinks such 
as lemonade. Measurements of dialyzable iron in these Ecuadorian foods showed the 
same tendency. At the moment, these experiments are being replicated in Ecuador. We 
will report on these results next year. 

During the second year the programme of work is : 

To continue with the on-going studies on iron bioavailability using in vivo isotope 
techniques. In particular for the study of infant formula products and the standard 
meal ("Farina" flour). 

To continue with the validation of the in vitro method and to apply it in studies of 
selected Chilean and Ecuadorian foods. 

2. EXPERIMENTAL METHOD. 

2 .1 . Iron bioavailability study. 

Iron bioavailability was measured from the Standard Meal based on a wheat cream 
"Farina flour", which will be studied by all the participants in this CRP, in order to obtain 
quality assurance; and from two infant formulas with different levels of iron fortification. 
A double isotopic technique with extrinsic tagging of foods was used. 
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Subjects 

Thirteen muciparous women, in apparent good health, ranging in age from 37 to 48 
years participated. All of them used contraceptive methods, were of low socioeconomic 
level and lived in Santiago. One subject had iron deficiency anaemia, the remainder 
presented a wide range of iron status reflected by serum ferritin levels (Table I). Written 
informed consent was obtained from each volunteer before the study. This protocol is in 
accordance with the standards of the Institute of Nutrition and Food Technology's Ethics 
Committee of Human Research and, additionally, radioactive test doses have been 
approved by the Chilean Commission of Nuclear Energy. 

Composition of foods 

Standard Meal. The standard meal was prepared with "Farina" flour using the 
ingredients and instructions provided by Dr. James Cook. The ingredients used were: 
"Farina" flour (40 g), water (250 ml), salt (0.5 g), 2 % fat milk (120 ml), butter (14 g), 
sugar i24 g), iron (3 mg as FeS0 4 .7H 20). Twenty servings were prepared as follows: heat 
water to boiling, add salt, slowly stir in "Farina", cook until "Farina" thickens, remove from 
heat and add milk, butter, sugar, and iron. 

Infant formulas. They correspond to a commercial infant formula with two different 
levels of iron fortification (Similac, Ross Lab.). Their nutrient composition meets the 
concentrations of nutrients recommended by the Committee on Nutrition of the American 
Academy of Pediatrics and required by the Infant Formulas Act of 1980. Formula-8 
(Similac-8) contains 8 mg of iron per litre reconstituted as indicated; Formula-12 
(Similac-12) contains 12 mg of iron per litre. Both contain fiO mg of ascorbic acid and 5.1 
mg of zinc per litre. 

Absorption measurements 

All test foods were administered between 8.00 and 9.00 hours after a 10 h fast. 
Only water was allowed for 3 h following the test foods. 

On dav 1. 30 ml of blood was drawn for measurement of iron status and background 
blood radioactivity. Then the subjects received the Standard Meal (400 g) extrinsically 
labeled with 37 kBq of 5 9FeCI 3. Iron content 3.92 mg. 

On dav 2, they received 250 ml of Formula-8 labeled with 111 kBq of 5 5FeCI 3 . Iron 
content:2.70 mg. 

On dav 14, 20 ml of blood was obtained to measure the radioactivity incorporated into 
erythrocytes; then they received 250 ml of the Formula-12 and labelled with 111 kBq of 
5 6 FeCI 3 . Iron content: 3.65 mg. 

On dav 15, they drank 50 ml of a fresh prepared aqueous solution of a standard 3 mg 
dose of iron as ferrous sulphate, containing 2:1 molar ratio of ascorbic acid to iron, labeled 
with 37 kBq of 5 9FeCI 3 . 

On dav 28, a second blood sample was obtained in order to calculate the increase of blood 
radioactivity. 

Assays for 5 5Fe and 5 9Fe were performed on duplicate 10 ml blood samoles and in 
6 samples of the test food ingested according to the method of Eakins and Brown [21]. 
The activity of radioisotopes in the processed samples were determined using a liquid 
scintillation counter (Beckma.i LS 5000 TD). 
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The percentage absorption values were calculated on the assumption that a 100% 
of the absorbed radioactivity was present in the hemoglobin of the circulating erythrocytes. 
Blood volume of each subject was estimated based on sex, weight and height I22], Iron 
concentration and iron binding capacity are measured by the Fischer and Price technique 
and serum ferritin using an immunoassay technique (ELISA) established in our laboratory 
according to INACG. 

Statistical Analysis 

Because of the highly skewed distribution of Fe absorption when expressed as a 
percentage of the administered dose, individual values were converted to logarithms for 
statistical analysis and the results converted to antilogarithms to recover the original units, 
according to Cook et a!. [23]. All values for the Fe absorption and ratios are reported as 
geometric means. When absorption for any pair of test meals was compared in the same 
subject, a paired t test was used to determine whether the mean difference in log 
absorption values differ significantly from zero. 

2.2. In vitro availability studies. 

Iron availability was measured irom the preparation of the Standard Meal described 
using the standardized protoco' (HLAIR) based on method of Miller et al. [20J. 

The reagents and equipment employed were those recommended by the FLAIR 
protocol, excepting the membrane dialysis tubing which we could not import. Locally we 
obtained a membrane dialysis tubing Spectrum, cylinder diameter 14.6 mm, molecular 
weight cut off (wco) 6-8,000. 

The methodology used was according to the protocol. The dialyzable iron was 
measured by atomic absorption spectrometry (AAS) and 5 9Fe by radioactivity counting. 

The equation used to calculate the % of dialyzable iron was: 

jjg Fe/g d i a lysa t e x g d ia lysa te 
x 1 0 0 

pg Fe/g of meal x 20 g 

3. RESULTS OBTAINED. 

3 .1 . Iron bioavailability study. 

Iron bioavailability from the infant formulas was very high. Absorption values 
corrected to 40% absorption of the reference dose showed that 17.7% of the iron was 
absorbed from the formula fortified with 8 mg of iron/L and 20.6% from the 12 mg of 
iron/L formula. The difference in iron absorption is not statistically significant (17.7 vs 
20.6%, t = 1.18, NS). In both cases, an infant consuming 750 ml of formula/day will be 
able to absorb more than 1 mg of iron, enough to cover daily iron requirements for this age 
(Tables II and III). 

There is no data in the literature on the bioavailability of iron in infant formulas based 
on cow's milk since 1975 [24]. Traditionally it has been assumed that 4 % of iron is 
absorbed from formulas fortified with 12 mg of iron/L [25]. These results corroborate 
recent unpublished evidence from our group showing that the iron in a commercial formula 
(NAN-8, Nestle" Lab) and in the infant formula designed at INTA is more available than 
previously documented (Table III). This fact can be explained by the important 
physicochemical changes introduced to its processing in recent years. 
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These results suggest that the level of fortification of 12 mg of iron per liter, as is 
currently practiced in North America, could be lowered to 8 mg. 

Table II shows the iron absorption values uncorrected and corrected to a mean 
reference value of 4 0 % of absorption of the reference dose. We introduced also the 
correction based on serum ferritin concentrations described by Cook et a/. [26]. Each 
subject had only one ferritin measurement. Absorption values corrected by these two 
methods did not show agreement, although log absorption values from the reference dose 
and log serum ferritin concentrations show a high linear correlation (r = 0.82, p< 0.0001). 
These preliminary results need further analysis. 

Iron absorption from the Standard Meai corrected to 40% absorption of the reference 
dose was 6.7%. The comparison of the absorption values from the Standard Meal 
obtained in different laboratories will be of great importance in getting quality assurance 
for this technique. 

3.2. In vitro iron and zinc dialyzability studies 

The results of this work are summarized in Table IV. 

4. CONCLUSIONS. 

• Iron absorption from the Standard Meal corrected to 40% of absorption of the 
reference dose was 6.96%. 

• Iron availability of the Standard Meal measured with FLAIR modifications of Miller's 
in vitro technique was 4.42%. 

• Iron bioavailability of infant formulas was very high. Thus, 17.7% of the iron is 
absorbed from the formula fortified with 8 mg of Fe/L and 20.6% from the 12 mg 
of Fe/L formula. 

• The high bioavailability from both formulas permits lowering of the currently iron 
fortification level of 1 2 mg/L. 

• To lower the iron fortification level make possible the replacement of metal cans by 
other kinds of packaging, reducing the cost of infant formulas. 

5. FUTURE PLANS: 

Research activities for next year will be based on the validation and application of the 
in vitro technique in Chilean and Ecuadorian foods. 
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TABLE I. IRON NUTRITION STATUS OF THE SUBJECTS 

Subj Age Ht Hb Fe TIBC FeH"IBC SF* 
(y) (%) (g/L) U/g/dL) (//g/dL) (%) Uiq/U 

AG 48 40.2 134 75 375 19.9 
MMu 38 44.1 152 74 277 26.6 8.6 
MS 36 40.9 147 114 379 30.1 9.8 
AR 40 42.1 141 65 295 22.1 11.2 
AP 45 38.0 131 91 247 26.8 54 
MMe 38 40.0 135 72 312 23.2 23.8 

CG 39 32.5 104 21 298 6.9 5.5 
AA 37 46.2 157 63 310 20.1 46.2 
MJ 38 41.9 138 69 351 19.6 
HT 39 42.0 143 118 317 37.2 35.9 
GE 43 39.1 138 84 227 36.9 58.5 
MLe 42 45.2 157 74 236 31.3 68.2 
LM 39 36.4 124 91 230 39.5 100.4 

Mean 38 40.6 138 78 296 26.9 21.5 
SD 3.7 14 24 52 9.4 (7-62) 

This subject was removed because of hemoglobin value over 2SD 

MLa 44 51.0 17.6 128 359 35.5 94.7 



TABLE II. IRON ABSORPTION (% OF DOSE) 

Subj Standard Formula-8 Formula-12 Reference 
Meal 
"Fe 5 5Fe 5 5Fe 

Dose 
5 9 Fe 

AG 9.0 26.6 35.2 97.6 

MMu 18.6 46.2 35.4 78.9 

MS 15.5 52.1 43.7 6E.0 

AR 13.5 28.4 32.7 59.9 

AP 9.3 42.3 33.5 40.6 

MMe 1.6 6.4 13.2 36.8 

CG 3.4 6.7 5.5 30.6 

AA 1.6 4.4 8.0 28.8 

MJ 3.5 4.3 9.9 26.6 

HT 10.6 5 7 10.1 19.7 

GE 4.5 14.0 7.4 17.5 

MLe 2.7 16.3 26.7 11.2 

LM 2.7 7.6 6.6 6.2 

GMean 5.4 13.7 16.0 31.0 

Range 
±1SD 

2.3-12.8 2.5-34.8 7.4-34.5 14.1-68.4 

Values corrected to 40% of absorption from the reference dose 

GMean 6.96 17.7 20.6 

Values corrected to 40% by employing serum ferritin method. 

GMean 2.9 7.7 8.4 
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TABLE III. IRON SUPPLY FROM INFANT FORMULAS 

Infant Iron Absorption Iron Absorbed 
Formulas corrected to 4 0 % RD from 750 mL (mo) 

Formula-8 mg/L 18.0 1.06 
Similac, Ross Lab. 

Formula-12 mg/L 21.1 1.85 
Similac, Ross Lab. 

NAN-8 mg/L 20.0 1.05 
Nestle 

INTA-7 mg/L 18.0 1.08 
Non-commercial 

TABLE IV. DIALIZABLE IRON AND ZINC FROM THE STANDARD MEAL 

Cialyzable (%) 

Samples Iron Zinc 

1 3.63 1.93 

2 3.51 2.20 

3 3.25 1.96 

4 3.43 1.77 

5 3^1 2.30 

Mean 3.43 2.04 

SD 0.14 0.20 

CV (%) 4.0 9.7 


