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Iron absorption from three typical West African meals was measured in fourteen subjects using the 
extrinsic-tag technique with s9Fe and 55Fe. All meals consisted of maize as the staple food. Meals were 
prepared in Benin under realistic conditions from locally grown foods. Of the non-haem-Fe in the meals 
3573% did not exchange with the added inorganic radio-Fe tracer, depending on the degree of Fe 
contamination of meals. Non-haem-Fe absorption was low in each maize meal, but was even lower for 
those eaten with a vegetable sauce than for those eaten with a fish sauce. When haem-Fe absorption was 
included, 700-160 pg Fe was absorbed. Expressed on an energy basis, the bioavailable nutrient density 
was 3.2-70 pg/lOO kJ (13.4-29.5 ,ug/lOO kcal). These findings suggest that total Fe available in the 
typical diets of West African countries does not meet the physiological requirements of large proportions 
of the population. 

Food iron absorption : Contamination iron: African meals 

Food in Africa, as in many developing countries, is often contaminated by iron from soil 
residues in cereals and vegetables, or by dust that has settled on the surface during air 
drying (Hercberg et al. 1987~). The Fe content of African meals is therefore often much 
higher than the content of native food Fe, as calculated from food composition tables. The 
bioavailability of this contaminating Fe is poorly documented, but it seems to be quite low 
in view of the high prevalence of Fe deficiency in African countries. 

The absorption of non-haem-Fe may be determined by measuring the proportion of 
radio-Fe absorbed and multiplying by the proportion of non-haem-Fe present in the meal 
(Cook et al. 1972). The extrinsic tag method has been demonstrated over the years to be 
a reliable technique for measuring the absorption of non-haem-Fe in a meal (Hallberg, 
1980). However, it implies a complete isotopic exchange between an inorganic radio-Fe 
tracer added to the meal and the native non-haem-Fe compounds in the foods, which may 
not necessarily be the case for contaminating Fe. Hallberg & Bjorn-Rasmussen (1981) 
described an in vitro method for assessing the extent of isotopic exchange between native 
non-haem-Fe and an added inorganic radio-Fe tracer. The combination of the 
measurement of exchangeability of non-haem-Fe and the use of the extrinsic-tag method 
make it possible to evaluate the absorption of non-haem-Fe from meals contaminated with 
Fe. Moreover several findings (Hallberg et al. 1979) have shown that the amount of haem- 
Fe absorbed may be estimated using a value of 25 YO. Thus, in developing countries, total 
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Fe absorbed (non-haem- and haem-Fe) may be evaluated from typical meals prepared in 
the home from locally grown foods. Paradoxically, little information exists on Fe 
absorption from meals contaminated with Fe and no information is available concerning 
African meals. 

The present study was conducted in order to measure food Fe absorption from different 
kinds of typical West African meals under realistic field conditions in populations where 
meals may be contaminated with Fe from the soil, dust or water, and where Fe deficiency 
has been demonstrated to be highly prevalent. 

MATERIALS A N D  METHODS 

Materials 
The study was conducted in fourteen Beninese men aged 24.5 (sn 0.53; range 23-28) years. 
All subjects were medical students or were employed in the hospital at Cotonou. They all 
considered themselves to be healthy. All volunteers were informed in detail about the 
purpose of the study and the nature of the investigation, and gave written informed consent 
before their participation in the study ; procedures followed were in accord with standards 
of the ethical committee of the CNAM. 

Fe absorption tests 
Fe absorption tests were performed in each subject by a double radioisotope technique. 
After obtaining blood samples for measurement of background radioactivity and Fe status, 
meals A and B, labelled respectively with 3pCi 55FeC1, or 1.5 pCi 59FeCl, were 
administered on consecutive mornings (day 1 and day 2) after an overnight fast. After 2 
weeks (day 15), a blood sample was withdrawn to determine the absorption of the two 
radio-Fe isotopes, and the third meal (meal C) labelled with 3 ,uCi "FeCI, was served. The 
following day (day 16), an oral reference dose of inorganic Fe containing 3 mg elemental 
Fe in the form of ferrous ascorbate labelled with 59Fe was served in a cold beverage. After 
2 weeks, a second blood sample was drawn to measure the absorption from meal C and the 
reference dose. This was calculated from the increase in blood radioactivity between days 
16 and 29. Assays for 55Fe and 59Fe were performed on duplicate 10 ml blood samples using 
a modification of the method of Eakins & Brown (1966). Absorption was determined on 
the basis of blood volume estimated from height and weight. Erythrocyte incorporation of 
absorbed radioactivity was assumed to be 80% 2 weeks after ingestion of radio-Fe. 
Determination of 55Fe and "Fe was carried out using liquid scintillation counting (Delta 
300, 6890 Liquid Scintillation System, Searle Analytic Inc.). 

Experimental design 
The study was performed in a restaurant kitchen in Cotonou, Benin, under close 
supervision of the organizing team. Foods were bought in the Cotonou local market and 
standard procedures were used for cooking. All food items were carefully weighed using a 
Terraillon balance. All test meals were administered between 09.00 and 1 1 .OO hours after 
an overnight fast, and water alone was allowed for 3 h. 

Type of meals 
Meals were typical diets consumed by the majority of people living in South Benin and in 
other countries of West Africa. 

MealA : maize paste ('Wo') with vegetable sauce (g/subject). Maize flour (1 10) was made 
up into a paste with 340 ml water. Vegetable sauce (210) consisted of green leaves 98, 
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tomatoes 49, onions 10, fried fish 20, palm oil 9, red peppers 2, concentrated tomato sauce 
3.5, salt, and black pepper. 

Meal B :  fermented maize paste (‘Akassa’) with fish sauce and leaf sauce (‘Crin-Crin’) 
(g/subject). Maize flour (160 g) was made up into a paste with 190 ml water. The paste was 
left to ferment for 24 h. Fish sauce (120) consisted of fresh fish 69, tomatoes 41, onions 11, 
concentrated tomato sauce 4, red peppers 2, peanut oil 5, black pepper, and salt. Crin-Crin 
sauce (40) was composed of green leaves 14 with dried fish. salt and water. 

Meal C: maize paste (Wo) with fish sauce and leaf sauce (Crin-crin) (g/subject). Maize 
flour (120) was made up into a paste with 230 ml water. Fish sauce (120) consisted of fresh 
fish 26, tomatoes 57, onions 11, concentrated tomato sauce 5, peanut oil 5, red peppers 3, 
black pepper, and salt. Crin-Crin sauce (40) was identical to that in meal B. 

Chemical composition of‘ meals 
All meals were duplicated and mixed for analysis of chemical composition. Proteins, fat 
and carbohydrates were measured according to the Association of Analytical Chemists 
(1975) methods, and total Fe and non-haem-Fe according to Schriker & Miller (1982). The 
proportion of non-haem-Fe that exchanged with an added inorganic tracer was determined 
by the method described by Hallberg & Bjorn-Rasmussen (1981). This is an in vitro 
technique in which foods are digested with pepsin and trypsin in the presence of radio-Fe. 
The extent of isotopic exchange between the tracer and the non-haem-Fe in the food was 
calculated from the specific activity in the food and in an extract of bathophenantroline in 
isoamyl alcohol obtained after digesting the foods. 

Measurrment of Fe status 
The haemoglobin concentration was measured using a Coulter Counter model S, and 
erythrocyte protoporphyrin was estimated using an automatic model 5 hematofluorometer 
(Aviv Biomedical). Serum Fe was measured by the colorimetric method using ferrozine 
(Giovanello et al. 1968). A nephelometry assay (laser nephelometer Behring) was used to 
measure transferrin, and total Fe-binding capacity was calculated (Conrad et al. 1978). 
Serum ferritin was determined using an enzyme-linked immunosorbent assay (Voller & De 
Savigny, 1981). 

Treatment of results 
Because of the highly skewed distribution of Fe absorption values when expressed as a 
percentage of the administered dose, individual values were converted to logarithms for 
statistical analysis and the results were reconverted to antilogarithms to recover the original 
units (Cook et al. 1969). All values for Fe absorption and meal ratios are reported as 
geometric means. 

R E S U L T S  

Table I shows the nutrient content of the three meals studied for Fe absorption. The Fe 
content (mg) was 6.55 for meal A, 6.33 for meal B and 4.70 for meal C, corresponding to 
an Fe density of 0.286, 0.208 and 0.239 mg/kJ (1.20, 0-87 and 1.00 mg/100 kcal). Haem- 
and non-haem-Fe contents of meals and results of studies on the exchangeability of non- 
haem-Fe in test meals are shown in Table 1. Non-haem-Fe represented (YO total Fe) 98.3 
for meal A, 94.1 for meal B and 97-2 for meal C. The three meals contained some Fe that 
did not exchange with the added inorganic tracer. The exchangeability of non-haem-Fe 
varied from 39 to 73% according to the meal. 

Anthropometric values, Fe status measurements and Fe absorption tests of the three 
meals for the fourteen volunteers are listed in Table 2. Non-haem-Fe absorption was low 
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Table 1. Nutritional composition, iron content and exchangeuhle non-harm-Fe f o r  the 
three typical West Ajricun meals 

- _  ~ ~ ~ _ _ ~ ~ ~ _ _ ~  _ _ _ ~  ~ ~ 
_ _ _ _ _  ~ _ _ - _ _  ~ - .  

Fe Exchdngeable 
non-haem- Fc _ _ ~ _  _ _ ~  Energy 

_ _ ~  ~- Protein Lipids CdrbohydrdteS Totdl Non-hdem Haem - - 

Meal kJ (kcal) (g) (6) (mg) 0%) (w) (mg) % mg 
~ _ _ _ _  ~ ~ _ _ _  - _  - ~ 

A 2280 545 225 I3 0 84 3 655  644 011 585 374 
B 3037 726 232 23.2 102 6 633  598 035  389 233 

1966 470 200 9 6  75 7 470 457 013  728 332 C 
~~ _ ~ ~ ~ _ _  _ _ ~ ~  _ _  - _ _ ~ ~ _ _  -~ ~- _ _ ~ ~  - ~ _ _ _ ~  ~ _ _ _ _  ~ ~ _ _  - - - ~  

Meal A, maize paste (Wo) with vegetable sauce, meal B, fermented m d i x  pdste (Akasw) with fish \ a w e  m d  
leaf sauce (Criii-Ciin), meal C, maize paste (Wo) with fish %lice dnd leaf snuce (Crin-Crin). for detdils, see 
pp 542 543 

Table 2. CharacteristicA of volunteers and non-huem-iron uhsorption for the three typicul 
West African meuls 

_ _ _ _ _ _  ~ ~- -~ ~ ~ ~ _ _ _  _ _  -~ - ~_ _ _  - _ - 

Eryth- 
Trnns- rocyte Non-hdem-Fe 
ferrin proto- Serum absolptlon (%I 

Sub- Serum u t u r -  porph- ferr- ~ - - - Refer- 
ject Age Height Wt Hb Fe ation yrin itiri Men1 Meal Meal ence 
no (years) (cm) (kg) (g/l) (pmol/l) ("%) (,ug/g Hb) (pg/l) A B C dose* 

I 26 175 55 164 145 021 1 9  154 0 5  1 7  0 2  2 3  
2 23 165 55 158 187 024 2 9  55 1 3  2 3  X 8  705 
3 23 167 78 151 167 026 1 8  35 10 3X 3 1  5 5 0  
4 25 167 61 158 I 5 0  021  2 3  49 0 4  1 9  102 651 
5 23 174 55  164 183 022 1 9  53 2 0  4 4  0 6  8 3  
6 23 169 46 142 192 031 1 7  85 I 0  3 8  0 5  9 9  
7 23 157 51 165 302 051  2 2  112 0 1  1 5  7 3  335 
8 28 174 72 146 202 0 3 1  2 0  42 2 2  7 1  118  159 
9 25 175 69 148 100 0 15 2 0  7 1  10 3 7  1 7  212 

10 24 176 60 150 196 029  2 5  68 0 8  0 8  5 2  270 
1 1  24 164 43 169 233 028  2 1  Y3 2 9  6 3  6 0  3 8 1  
12 23 172 54 150 1 4 4  018  2 4  50 5 8  8 0  9 4  5 1 7  
13 26 178 71 138 159 024  2 5  29 2 7  5 9  6 1  526 
14 27 177 70 145 236 030  2 4  59 1 4  1 7  2 2  141 
Medn 25 171 60 153 185 027 2 2  571 1 2 t  3 It 3 2 1  240t 

~ -~ ~ _ _ _ - _  ~-~ ~~~ 

_ - -  SEM 053 160 267 2 4  128 002  008 - 
_ ~ _ _  ~ _ _ _ _ _ _  _ _  _ _  -~ ~~ -~ -~ ~ ~ ~ -~ _~ ~~ ~- ~_ ~- _~ ~- _~ _ - 

Hb, haemoglohin 
* Reference dose 3 mg elemental Fc in thc form of ferrous 'iscorhnte Idbelled with '"Fe served in n cold 

t Geometric mean 
beverage 

in each meal, particularly for the maize meal eaten with a vegetable sauce (meal A). The 
geometric mean percentage of Fe absorption of exchangeable non-haem-Fe varied from 1.2 
to 3.2% according to the meal. This corresponded to amounts of absorbed Fe (pg) of 45 
for meal A, 72 for meal B and 106 for meal C .  The absorption of haem-Fe was not 
measured. An estimate of the amount of haem-Fe absorbed was made using an absorption 
value of 25% based on previous work (Hallberg et al. 1979). When including haem-Fe 
absorption, 73.0, 160 and 139pg Fe were absorbed. This corresponded to a global 
coefficient of absorption (%) of 1.1,  2.5 and 3.0 according to the total Fe content of meals, 
or, respectively, 1.9, 6.0 and 4.0 if results were related to exchangeable Fe content. 
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Expressed per unit of energy, the bioavailable nutrient density for meals A, B and C 
corresponded to 3.20, 5.26 and 7.05 ,ug/kJ ( 1  3.4, 22.0 and 29.5 pg/100 kcal) respectively. 

DISCUSSION 

Although Fe deficiency is particularly prevalent in African countries, few studies on dietary 
Fe absorption have been performed on typical African diets, and no study on West African 
meals is available. This is unfortunate since, in many African countries, Fe deficiency is 
widespread despite a high dietary intake, which may be related to a high degree of Fe 
contamination. From the present study, it clearly appears that Fe contamination may be 
relatively important in common Beninese foods. The amount of Fe contamination is much 
higher than the Fe content of native food. These findings are consistent with our previous 
findings concerning Fe content in Senegalese foods (Guiro & Hercberg, 1988). 
Contaminating Fe exchanged only partially with the organic radio-Fe tracer. Thus, using 
the extrinsic tag method, it is not possible to calculate the amount of Fe absorbed from the 
percentage of radio-Fe using the total Fe-haem-Fe content of foods. Contaminating Fe 
does not completely enter the common non-haem-Fe pool from which Fe is thought to be 
absorbed. Some of this Fe exchanges with the radiotracer. The part of non-haem-Fe that 
does not exchange with the radiotracer is unavailable for absorption. 

Our results indicate that Fe absorption is, in general, very low (between 1.1 and 3.0 %) 
in typical West African diets. These coefficients are higher when results are not related to 
total Fe content of meals (native and contaminating Fe) but are related only to 
exchangeable Fe. However, in absolute terms, the amount of absorbed Fe is very low. From 
a public health viewpoint, the most valid concept for predicting the coverage of Fe 
requirements in populations is that of bioavailable nutrient density (Fe absorbed/unit 
energy intake). 

We observed that variations in Fe absorption from the different meals were due in large 
part to variations in the quantities of animal tissue proteins (particularly fish) contained in 
the meals. In our study, maize meal with vegetable sauce had a lower Fe absorption than 
the same maize meal with fish sauce. Fermentation of maize seemed to increase Fe 
absorption. 

It is probable that the amounts of absorbed Fe are higher in Fe-deficient subjects. 
Previous findings (Hallberg, 1980; Magnusson et a[. 1981; Hallberg et ul. 1983) have 
demonstrated that absorption of the reference dose in subjects with depleted Fe stores is 
about 40 Yo. If we express absorption from the tested meals as the value corresponding to 
a reference absorption of 40 %, the absorption coefficient will be extrapolated to 1.9 '10 for 
maize meal with vegetable sauce and to 4.9 and 6.0% for maize meal with fish sauce. 

Non-haem-Fe absorption thus appears to be very low in typical African meals. These 
results are consistent with values observed for Latin-American diets, in which non-haem- 
Fe absorption varied between 1 and 4 %  (Cook et ul. 1971). On the whole, total Fe 
absorption was higher in Latin-American diets than in African diets, due to haem-Fe 
intakes related to a higher intake of meat and fish. 

Our results enable us to understand why a large proportion of the population, which 
consumes diets deficient in absorbable Fe, develops varying degrees of Fe deficiency, 
especially in those groups with high physiological Fe requirements. Recent epidemiological 
studies which we performed in Benin (Hercberg et al. 1986, 1987a, b,  1988) in a population 
consuming this type of diet show that Fe deficiency (defined by a reliable combination of 
several independent Fe indicators) was present in 31 YO of menstruating women, 73 YO of 
pregnant women, 25 O/O of adolescents and 13 YO of adult men. 

These findings suggest that total Fe available in the typical diets of West African 
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countries does not meet the physiological requirements of large proportions of the 
population. Absorption studies would be particularly useful for correlating the prevalance 
of Fe deficiency in a population with certain types of diets and as a guide in fortification 
programs. 

This work was supported by a ‘Contrat de Recherche Externe’ de 1’TNSERM (Tnstitut 
National de la Santi et de la Recherche Mtdicale), no. 867003. 
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