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ABSTRACT 

In selected typical Ecuitorian foods to be used in nutritional intervention programmes, 

we measured iron bioavailability in humans, with a double isotopic method. The interaction 

with some accompanied foods or beverages was also studied. Iron bioavailability 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 do not affect iron absorption from bread. 

At the same time, we will validate an in vitro iron availability technique comparing it 

with the results obtained in other laboratories involved in the present CRP and with the 

results obtained in the same foods with in vivo double isotopic. We will also start studies 

of in vitro zinc availability. 
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1. INTRODUCTION 

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 [1]. Iron deficiency anaemia may manifest 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 USA and by Walter et al. in our research group suggest that iron 
deficiency affect the child 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. 

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 programn e of food fortification. In this working paper I will 
describe the background of the probiem of iron deficiency in Chile and in Ecuador, I will show the 
protocol, some preliminary results and the future plan of work from the project related with 
bioavailability of iron from native and fortified foods to be used in combating iron deficiency in other 
Latin american country, Ecuador. 

The population of Chile was estimated to be 12 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 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 child 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 newborns, family 
planing programmes, improvements in sanitation. 

In spite of these improvements, iron deficiency anaemia continues as a major public health 
problem, affecting small children and pregnant women. Thirty percent of the infants under two 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 in our research group at INTA different strategies to 
implement iron fortification of foods at a national level. The most important ones are listed below: 

Milk fortification with ferrous sulphate and ascorbic acid |7-12]. 

Fortification of a rice-based infant cereal with haemoglobin [13,14]. 

Biscuits fortification with haemoglobin for school age children [15,16,7]. 
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Despite all these efforts, at the present time the milk delivered freely to Chilean infants through 
the long lasting National Programme is not fortified with iron [12]. The low prevalence of iron 
deficiency in the rest of the population may be explained by the high consumption of bread made with 
ferrous sulphate fortified wheat flour, according to national legislation [17]. 

Since we have at INTA-U de Chile a large experience in the field of food fortification, we 
started a relationship to support a group from the Universidad Central del Ecuador on their plans to 
combat iron deficiency in that country. 

Ecuador is a country with a serious iron deficiency anaemia problem. Prevalence studies 
[18-19] show that this condition is widespread in the population (Table I). In this country, several 
governmental organizations such as the Ministry of Health, the Universidad Central del Ecuador and 
the Consejo Nacional de Desarrollo del Ecuador (CONADE) have decided to implement a national 
programme aiming to combat iron deficiency. This programme will include food fortification, 
weaning food development along with agricultural production and nutritional education. 

Iron consumption is very insufficient, specially in children. Traditionally wheat is not the main 
staple food in Ecuador, however, at present vermicelli in different preparations is a highly consumed 
food and bread made of wheat flour is a valuable food for the population. Characteristics of wheat 
milling, bread and vermicelli consumption made these foods good vehicles to be fortified. 

The next step was the measurement of iron bioavailability from the selected foods to be fortified 
and its interaction with the rest of the diet. At present the Ecuatorian group is not able to develop 
this kind of studies, so we took advantage of oi r experience and facilities in the field, to perform the 
absorption studies of these foods in our laboratory. In this respect, we think that radioisotopic studies 
done in human, because of their high costs, technical difficulties and high requirement in laboratory 
facilities, should be done in only a few regional centres of reference. In this regard, it is very 
important that screening tests to predict iron bioavailability, such as in vitro techniques, could be 
accessible at local laboratories. With this technique, it will be possible to select the best one among 
different possible vehicles and fortificants before the testing in humans. Besides, to count with it 
become essential for a quality control of the different batches during the development of national 
programmes. 

Our intention is to transfer the validated techniques through stays of fellows in our laboratory, 
in this case a Medical Doctor from the Ecuatorian group, financed by the UNU. is working with us. 

Several approaches have been used to predict the bioavailability of iron sources [20]. Dialysis 
measurements, the most used of the in vitro methods, test iron availability simulating in vitro 
gastrointestinal digestion system and can be performed at small fraction of the cost of animal studies. 
According to data published by the International Nutritional Anaemia Consultative Group (INACG), 
the main limitation of this in vitro technique was the variability due to the fact that technical experi
ence with the method was limited in some laboratories. Even relatively small variations in incubation 
time can lead to pronounced differences in dialysable iron. With further experience and refinements, 
this method will probably produce results comparable to those obtained with haemoglobin repletion 
techniques [21]. 

In the present project we intend to measure iron availability of foods using in vitro dialysis 
method and in vivo double radioisotopic method in order to comrare the results obtained in the same 
laboratory and in the same meals. In this way, we will be providing data base for validation of this 
screening tests. 



4 - 4 

2. OBJECTIVES. 

To standardize a modification of an in vitro iron availability technique (Miller et al. [21]) 
using eolorimetric, atomic absorption spectrometry and radioisotopic measurements. 

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

To transfer the in vitro technique to other laboratories. 

ALL THESE STUDIES WILL BE PERFORMED IN TYPICAL ECUATORIAN FOODS TO 
BE USED IN NUTRITIONAL INTERVENTION PROGRAMMES. 

During the first year, we have developed the following research studies: 

Isotopic iron absorption studies from fortified bread and vermicelli ingested as single 
"bods, and the effect of locally consumed beverages such as lemonade and camomile 
infusion sweetened with raw sugar cane, "panela". 

In vitro absorption study measuring dialysable iion in the same situations. An Ecuatorian 
Research Fellow (MD) participated in this study. 

3. MATERIAL AND METHODS. 

3.1 in vivo absorption study. 

It was performed in 13 adult female volunteers using a double isotopic technique with extrinsic 
tagging of foods. 

3.3.1. Subjects. 

Thirteen muciparous women, in apparent good health, ranging in age from 35 to 50 years 
part'dpated. All of them used contraceptive uterine devices, were of low socioeconomic level and 
lived in Santiago. Iron status resulted normal in all subjects, although the range of iron status, 
reflected by serum ferritin levels, was wide (Table II). 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. 

3.1.2. Foods. 

Ecuatorian wheat flour (70 % of extraction), intrinsic Fe: 1.45 mg/lOOg. Ferrous sulphate as 
fortificant (Fe = 3mg/100g) was added. Vermicelli and bread were prepared in a domestic way. 
The radioactive iron was added to the dough. Table III shows that the distribution of the isotopic 
labelling in samples of bread and vermicelli randomly obtained was quite homogeneous. 

Vermicelli soup: Vermicelli 85 g (dry weight), with potatoes (40g), onion (3.6g), lard (5.3g), 
paprika and salt. Iron content 5.3 mg/serving. 

Bread: Wheat flour (lOOg), lard (25g), sugar (I4g), milk (15g), egg (lOg), leaven (0.6g) and 
salt(O.lg). Iron content 3.1 mg/lOOg. 
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Lemonade: Fresh lemon juice (10%), serving of 150 ml = 10 mg of ascorbic acid, raw sugar 
cane "panela" (7.5%). 

Camomile infusion: Sweetened with raw sugar cane juice (5%). Serving of 150 ml. Tannin 
content 24.5 mg/100 ml. 

3.1.3. Absorption measurements. 

All test foods were eaten between 8:00 and 9:00 hours after a 10 h fast. Only water was 
allowed for 3 h following the test foods. 

On day 1, subjects received vermicelli as -ingle food (158 g) extrinsically labelled with 3 fid 
ofMFeCl 3. 

On day 2, they received vermicelli (85g) as soup labelled this time with 1 /iCi of *TeCI3. 

On day 14, venous samples was obtained to determine the haematologic characteristics of the 
subjects and to measure the radioactivity incorporated into erythrocytes; then they received vermicelli 
soup (85g) and lemonade (150 ml) labelled with 1 /xCi of''FeC^. 

On day 15, subjects received bread (70 g) labelled with 3 /iCi of 55FeCI3. 

On day 28, a second blood sample was obtained in order to calculate the increase of blood 
radioactivity between days 14 and 28 then the same subjects received bread (70g) with camomile 
infusion (MFeCl3). 

On day 29 they drunk an aqueous solution of a standard 3 mg dose of iron as ferrous sulphate, 
containing a 2:1 molar ratio of ascorbic acid to iron, labelled with 1 /tCi of ''FeClj. 

On day 42, a third blood sample was obtained in order to measure the increase of blood 
radioactivity between days 28 and 42. 

Assays for MFe and wFe were performed on duplicate 10 ml blood samples and in 6 samples 
of the test food ingested according to the method of Eakins and Brown [22]. The activity of 
radioisotopes in the processed samples will be determined using a liquid scintillation counter 
(Beckman LS 5000 TD). 

The percentage absorption values were be calculated on the assumption that a 100% of the 
absorbed radioactivity was present in the haemoglobin of the circulating erythrocytes. Blood volume 
of each subject was estimated based on sex, weight and height [23]. Iron concentration and iron 
binding capacity are measured by the Fischer and Price technique and serum ferritin using an 
immunoassay technique. 

3.1.4. Statistical A nalysis. 

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 anti-logarithms to recover the original units, according to Cook et al [24]. 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 0. 
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3.2. in vitro absorption study. 

Iron availability was assayed in one sample of each meal used in "in vivo" study. A 
modification of the method of Miller et al was used [21]. After blending, the meals, were adjusted 
to pH2 with 6 N HC1. Samples of the frozen meals were liquefied in a 37°C shaking water bath. 
Pepsin was added in an amount that provided O.S g of pepsin per 100 g of meal. The samples were 
incubated in a 37°C shaking water bath for two hours. After incubation, samples were removed 
for measurement of titratable acidity, and non-haem iron concentration. Twenty grams triplicate 
aliquots of the pepsin digest are mixed with NaHC03 until the pH reaches 7, then 5 ml of pancreatic 
bile are added. The digested mixture is homogenized and incubated at 37°C during 2 hours in a 
shaking water bath. Segments of dialysis tubing (molecular weight cutoff of 6-8000) containing 9.5 
g of the digested mixture were deposited in 20 ml of water in a 100 ml beaker. The beakers were 
sealed with parafilm and incubated in a 37°C shaking water bath during 2 hours. At the end of the 
incubation period, the dialysis tubes wcr; removed, the dialysate sample from the beaker was placed 
in a conic tube and 3 ml of HC1 6N were added, the mixture was homogenized and placed in a 
boiling water shaking bath for 15 minutes. Then, 2 ml of TCA (10%) were added plus water until 
reach 22.5 ml. The treated dialysate is centrifuged at 2500 rpm for 15 min. Non-haem iron, in the 
digested mixture and in the dialysate sample, were determined using colorimetry. 

Iron availability was expressed as a percentage, using the following equation: 

Dialysable iron (colorimetric spectrometry). 

jig Fe/g dialysate x g dialysate 
% = x 100 

/xg Fe/g of meal x 20 g 

4. RESULTS AND COMMENTS. 

Bioavailability of iron from wheat flour fortified foods was good, a mean absorption value of 
9 % (Tables VI, V). These results are comparable to other studies done by us |17) and by other 
authors [25,26]. 

The highest mean absorption, in this study, was obtained when vermicelli soup was eaten 
together with lemonade sweetened with raw sugar cane (Figure 1). This result is difficult to explain, 
because the ascorbic acid dose in the lemonade was too low (10 mg/serving) to be responsibie for the 
enhancing effect. However, we cannot exclude a possible combined effect of citric acid, ascorbic acid 
and some other compound present in raw sugar cane. It is mandatory to analyze this food chemically. 

Camomile infusion is not affecting iron absorption from bread. This herb has a low content 
of tannin when compared with tea or other herbs (Table V). 

Preliminary results of dialysable Fe measured in the Ecuatorian foods are shown in figure 2. 
With this technique, results obtained through in vivo study were reproduced quite closely, excepting 
higher iron availability in vermicelli soup when compared with vermicelli alone (Table VI). 

If vermicelli and bread are made with iron fortified wheat flour, according to bioavailability 
data obtained in this study, it is possible to say that they will supply an important amount of iron to 
the Ecuatorian diet. This amount could be double if they are accompanied with drinks such as 
lemonade (Table VII). 
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5. PLAN OF FUTURE WORK. 

5.1. In vitro iron availability studies. 

All the in vitro studies will be done, using the method proposed by the FLAIR study (group of 
European laboratories), in order to obtain results mat can be compared between different centres. 

5.1.1. To obtain the coefficient of variation in an adequate number of samples. (10 samples of 
each meal used in "in vivo" studies). 

5.1.2. To compare the measurement of dialysable iron using colorimetry vs atomic absorption 
spectrometry and radioactive counting methods. 

5.1.3. To repeat the complete protocol related to in vitro studies with local facilities in Ecuador 
to compare them with the results obtained in Chile. 

The Fellow (MD) trained in our Unit Research will be in charge of these studies. 

5.2. In vitro zinc availability studies. 

Employing the method proposed by the FLAIR study, we will start the measurement of zinc 
availability. 

5.3. In vivo iron bioavailability studies. 

5.3.1. To study bioavailability from a standard meal. ("Farina" flour). 

5.3.2. To determine iron bioavailability in two infant's modified cow milk formula developed 
and produced in Chile and compare them with a commercial infant formula. 
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TABLE I 

PREVALENCE OF ANAEMIA IN ECUADOR. 

Group Anaemia (%) 

Infants 6 to 12 months 70 
Infants 12 to 24 months 40 
Children 2 to 6 years 23 
Children 7 to 12 years 36 
Women 30 
Men 30 
Pregnant women 60 

TABLE II 

IRON NUTRITION STATUS OF THE SUBJECTS. 

Subject Age 
y 

Height 
% 

Hb 
g/dL 

Fe 
Mg/dL 

IBC 
Mg/dL 

Fe/TIBC 
% 

FS* 

U 
LG 
IF 
AT 
FA 
IZ 
PD 
MF 
JC 
GR 
LS 
RC 
EZ 

50 
40 
37 
39 
35 
37 
36 
43 
35 
42 
38 
40 
39 

39.3 
41.1 
41.1 
45.1 
39.2 
44.1 
38.2 
38.5 
37.7 
40.9 
39.2 
37.3 
40.5 

13.3 
14.0 
14.2 
15.7 
13.4 
14.9 
13.2 
13.0 
12.6 
13.9 
13.3 
12.9 
13.6 

79 
113 
113 
128 
153 
87 
64 
124 
57 
124 
104 
80 
78 

267 
266 
230 
398 
344 
304 
268 
301 
328 
372 
266 
338 
266 

29.5 
42.5 
48.8 
32.1 
44.4 
28.4 
23.8 
41.3 
17.5 
33.4 
39.1 
23.5 
29.4 

117.0 
64.1 
84.2 

135.2 
79.2 
41.3 
51.9 
26.9 
22.7 
29.1 
60.7 
54.4 
24.8 

Mean 

SD 

39 

4 

40.2 

2.2 

13.7 

0.8 

100 

27 

303 

47 

33.4 

9.0 

52.2 

(29.7-91.5) 

* Geometric mean and 1 SD. 
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TABLE III 

DISTRIBUTION OF ISOTOPICAL LABELLING IN LABELLED FOODS. 
(epm/g). 

Vermicelli 

»Fe 

Vermicelli 
soup 

5 , Fe 

Vermicelli 
Soup 

panela 

5 ,Fe 

Bread 

5 5 F e 

Bread 
Camomile 
"panela" 

*Fe 

Ferrous 
ascorbate 

»Fe 

1 
2 
3 
4 
5 
6 

14153 
13420 
15865 
15972 

14558 
14375 
13955 
13918 

10625 
10996 
9097 
8817 

59286 
55801 
55139 
54641 
52867 
50231 

65414 
62775 
52239 
51909 
59090 

29971 
30426 
30413 
30375 

N 4 4 4 6 5 4 

Mean 14853 13257 9905 55863 58386 30296 

SD 1098 972 675 2618 5456 188 

CV* 7.4 7.4 6.8 4.7 9.4 0.6 

* Coefficient of variation. 
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TABLE IV 

IRON ABSORPTION FROM FORTIFIED VERMICELLI. 
(% of Dose) 

Subject Vermicelli Vermicelli Vermicelli Ferrous 
soup soup + 

lemonade 
Ascorbate 

U 1.8 1.3 2.3 5.0 
LG 0.9 1.1 3.5 7.1 
IF 12.0 6.6 10.0 13.1 
AT 1.0 2.9 2.7 15.0 
FA 22.8 28.3 35.6 20.2 
IZ 4.7 3.5 8.6 27.0 
PD 36.0 31.5 44.3 33.3 
MF 4.6 1.3 11.4 53.0 
JC 17.5 21.5 16.7 59.6 
GR 9.5 6.1 18.6 69.9 
LS 3.0 5.1 4.0 74.4 
RC 10.0 10.6 22.4 83.1 
EZ 15.7 17.8 35.3 85.0 

Geometric 
Mean 6.4 6.0 10.9 29.8 

Range of 2.1 - 19.7 2.0- 18.8 4.1 -29.2 11.8-75.1 
1 SD 

Geometric m ean corrected tc ) 40 % of absor ption of the ref erence dose. 

8.5 8.1 14.7 
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TABLE V. 

IRON ABSORPTION FROM BREAD. 
(% of Dose) 

Subject Bread Bread 
1 

Ferrous 
Camomile Ascorbate 

U 4.0 4.4 5.0 
U3 3.7 3.1 7.1 
IF 7.7 3.6 13.1 
AT 2.2 1.9 15.0 
FA 19.6 2.0 20.2 
XL 3.0 5.7 27.0 
PD 37.3 12.6 33.3 
MF 11.8 12.2 53.0 
JC 13.5 25.5 59.6 
GR 8.9 7.1 69.9 
LS 2.2 6.5 74.4 
RC 8.6 20.2 83.1 
EZ 12.6 22.2 85.0 

Geometric 
Mean 7.4 6.9 29.8 

Range of 2.0- 17.0 3.0 - 16.2 11.8-75.1 
1 SD 

Geometric mean corrected to 40 % c f absorption of the reference dose. 

9.9 9.3 
= = = = ^ = 
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TABLE VI 

IRON AVAILABILITY FROM ECUATORIAN FOODS. 
IN VITRO VERSUS IN VIVO (HUMANS) TECHNIQUES. 

(Preliminary results). 

Food 
Dialysable 

iron 
% 

Absorption of 
iron 

Vermicelli 2.0 8.5 

Vermicelli soup 4.5 8.1 

Vermicelli soup + lemonade + panela 10.0 14.7 

Bread 3.5 9.9 

Bread + Camomile infusion + panela 3.2 9.3 

TABLE VII 

IRON SUPPLY FROM ECUATORIAN FOODS. 

Food Iron content Iron Absorbed | 
mg/lOOg m 8 

Vermicelli (lOOg) 4.8 0.4 

Vermicelli soup (lOOg) 5.3 C 4 

Vermicelli soup and lemonade 5.3 0.8 

Bread (lOOg) 3.1 0.3 
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Figure 1 

Iron bioavailability from Ecuatorian 
foods. In vivo technique 18 
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Figure 2 
Iron availability from Ecuatorian 

foods. In vitro technique 
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