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Abstract 

Uon absorption varies widely between subjects and groups of subjects because 
of differences in iron status which markedly influence iron assimilation from the 
gastrointestinal tract. A small dose of isotopically labelled inorganic iron 
termed the reference dose (3 mg iron as FeSOJ has been used extensively 
during the past two decades to standardize food iron absorption in human 
subjects and thereby eliminate the effect of differences in iron status. Recent 
studies from this laboratory have shown that because of the high variability of 
absorption from the reference dose, nortneme iron absorption from a 
standardized meal provides a more reliable means of standardizing absorption 
from regional diets. During the last decade, we have gained extensive 
experience with the use of a hamburger meal for standardization but this would 
not be appropriate for use in regions where iron deficiency is most prevalent. 
We therefore performed initial studies with a rice based meal but we found a 
relatively high variation in absorption from 2.0 to 4. 7% that presumably 
reflects differences in the phytate content of rice flours. We then undertook 
the evaluation of meals prepared with farina, a wheat product that is available 
in most regions of the world. In six different studies from a farina based meal, 
iron absorption ranged from 3.4 to 6.5%. Nonheme iron absorption from the 
farina meal when evaluated in separate laboratories extensively engaged in 
human studies of iron absorption, ranged from 5.1 to 10.8% but when related 
to the FeS04 dose, a more consistent ratio between 0.21 to 0.26 was 
observed with the exception of one laboratory where a very low absorption of 
1.1 % was observed. Percentage absorption from the farina based meal 
decreased when the iron content of the meal was increased and showed the 
expected facilitation of absorption when increasing amounts of ascorbic acid 
were added. Because farina is consumed worldwide, it appears to be suitable 
for use as an international standard meal. By reducing variability and 
measuring iron absorption from food rather than inorganic iron, we believe that 
the use of this standard meal will facilitate comparison of iron absorption data 
obtained in laboratories throughout the world. 

1. SCIENTIFIC BACKGROUND 

Iron deficiency anemia is a major nutritional problem in developing countries. Iron 
deficiency is not generally due to a low iron intake but to poor availability of dietary iron. 
In countries where iron deficiency is prevalent, the intake of heme iron is often negligible 
and the nonheme iron absorption is very low. At the present time, the most commonly 
used methods for determination of nonheme iron absorption are the extrinsic radioiron 
labelling and red blood radioiron utilization technique. Human subjects are fed foods 
labelled with 5 5Fe and 5 9Fe and the amount of radioactivity retained is measured in the 
blood after 2 weeks. Four separate absorption measurements can be made in the same 
subject using this method (1). 
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Iron absorption varies widely between subjects and groups of subjects because of 
marked differences in the iron status of the individuals. Subject to subject variability 
makes it difficult to determine whether the differences in absorption between two test 
meals studied in different groups of subjects relate to the differences in iron status or to 
the meal. 

Most commonly, the effect of differences in iron status is eliminated by obtaining the 
independent measure of the absorption of a reference dose of inorganic iron as FeS0 412]. 
Absorption data can be expressed as the absorption ratio from a meal and the reference 
dose. The absolute amount of iron absorbed from the meal can also be calculated by 
correcting to 4 0 % absorption of the reference which represents absorption in borderline 
iron deficient subjects. 

Because of high variability of absorption of inorganic iron, our laboratory uses a 
standard hamburger meal as a reference meal which provides more reliable means of 
standardizing absorption. The hamburger meal represents a typical western diet containing 
ground beef, bun, french fries and milkshake. Recently, Cook et al. [3] have shown that 
variability of dietary absorption corrected with inorganic iron absorption is higher than 
corrections based on either hamburger meal or serum ferritin. Since serum ferritin 
concentrations vary from day-to-day, it is important that the absorption correction should 
be made on several measurements of serum ferritin in tne same individual when the latter 
method is used. The present study is aimed at standardizing the human absorption data 
using a typical meal which is consumed worldwide. 

2. EXPERIMENTAL METHOD 

For the rice study, rice flours were obtained from American, Indian, Japanese and 
Thai sources. Rice flour (30 g) was cooked with 40 g sugar, 100 g egg white, 1 5 g corn 
oil, 0.8 g salt and 50 mL water for 6-7 min until the mixture had a curd-like appearance. 
When farina was used in the study, wheat was cleaned, tempered, ground and sifted to 
remove coarse materials before it is made into farina. The farina used in this study was 
supplied from the Grain Science Department, Kansas State University, Kansas, USA. Forty 
grams of farina is cooked in 250 ml of water containing 0.5 g salt and then mixed with 
120 ml milk, 14 g sugar and 24 g of butter. Three mg of iron is added as FeCI3 with ihe 
radioiron tag. The total meal contains 407 kcal, 8.7 g protein, 14.8 g fat, and 3.14 mg 
iron. All the test meals were fed to human subjects after 10 h of overnight fasting and no 
food or drink except water was allowed after the meals are consumed. Iron absorption 
was measured using extrinsic dual radio-iron label technique 11). 

3. RESULTS AND DISCUSSION 

To compare the iron absorption values globally, we studied other reference meals 
that are more representative of diets in developing countries. Initial studies were 
performed using rice flour as a reference meal because iron deficiency is common in 
countries where rice is the staple food. The absorption values from the rice flour from four 
different sources ranged from 2.0 to 4.7% iTable I). Subsequent studies have shown that 
absorption from rice is dependent on the phytate content [4) and the percent absorption 
decreases with higher phytate contents. If the milling process is not standard in different 
regions, use of rice as a standard meal may be variable. 

We subsequently evaluated the use of a wheat based meal because wheat is also 
consumed worldwide. Absorption of farina was measured to determine the effect of 
varying iron and ascorbic acid content. A significant (p<.001) 38% and 57% reduction 
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in absorption was observed when the non-heme iron content of the meal was increased 
from 0.1 to 1 and 5 mg, respectively. Although the absorption difference between 5 and 
3 mg iron was not significant (p>0.5), these results are consistent with published data 
of the effect on absorption of increasing the meal content of iron. The effect of ascorbic 
acid was then tested in the farina meal. The mean absorption values were 3 .41 , 8.84, 
11.46 and 17.65% in meals containing 0, 250, 500, and 1,000 mg of ascorbic acid, 
respectively. The increase in iron absorption with ascorbic acid was similar to that 
reported in other studies. 

Good reproducibility of farina absorption was observed when tested in six different 
studies in our laboratory. The mean absorption values ( ± SEM) were 3.4 ± 1.2, 5.1 ± 1.2, 
5.3 ± 1.2, 6.5 ± 1.4, 4 . 6 ± 1.2, and 5.7 ±1 .2 . The corresponding serum ferritin values are 
125, 57, 52, 46, 24 and 24 //g/L, reflecting significant differences in iron status. Since 
iron absorption is inversely related to serum ferritin concentrations, the variation in the 
absorption values are expected. 

Studies were then made to compare iron absorption of farina in four different 
laboratories that are actively involved in human absorption studies. Inorganic iron was 
included for comparison purpose (Table II). With an exception of one lab which observed 
a low absorption of 1 .1%, the mean absorption from farina ranged from 5.1 to 10.2% 
whereas inorganic iron absorption ranged from 26 to 40%. The group which showed the 
lowest absorption from farina also had low absorption from the inorganic iron (3 mg iron 
as FeS0 4). When farina absorption is corrected to 40% of inorganic iron using the mean 
absorption ratio from the meal and the inorganic iron, the mean absorption values were 
8.3, 10.5 and 8.9%. These results suggest that differences in farina absorption observed 
in different laboratories were due to differences in absorptive capacity in that group. Each 
laboratory also included their regional meal to correlate the absorption values with the 
farina meal and the inorganic iron absorption. Better correlations were obtained when the 
regional meal absorption was correlated with farina than inorganic iron absorption. The 
correlation coefficients were 0.63, 0.58, nd 0.35 for inorganic iron and 0.85, 0.67, and 
0.65 for farina in laboratories 1, 2, and 3, respectively. 

4 . CONCLUSIONS 

Measuring iron absorption from food rather than inorganic iron reduces the variability 
of the results. Hence, nonheme iron absorption from a standard meal provides more 
reliable means of standardizing absorption from the regional diets. Our results support the 
use of farina as an international standard meal to compare iron absorption values in 
different studies. 
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TABLE I. EFFECT OF RICE FLOURS ON IRON ABSORPTION 

Packed 
Cell Serum Iron Absorotion 

Subject Age Volume Ferritin Indian American Thailand Japan 
(%) <//g/D (% of dose) 

1 24 43 95 1.40 2.05 2.18 2.22 

2 23 42 47 0.91 0.45 1.82 1.72 

3 25 42 89 1.57 0.92 9.30 2.26 

4 23 43 62 1.81 0.71 5.58 2.17 

5 19 46 44 5.60 8.22 5.25 9.13 

6 18 45 15 16.60 7.27 10.95 4.17 

7 23 45 61 8.58 3.56 4.65 9.72 

Mean* 22 44 52 3.12 2.00 4.75 3.53 

+ 1SE 

-1SE 

65 4.70 3.08 6.33 4.64 

41 2.06 1.29 3.68 2.69 

Geometric mean except age and packed cell volume 

TABLE II. IRON ABSORPTI 
LABORATORIES 

ION FROM FARINA COMPARED IN DIFFERENT 

Serum % Absorpt i on * * 
Laboratory Ferritin* Study Farina Inorganic Iron 

1 35 A 5.1 ±1 .2 14 .7±1 .3 
B 4 .6±1 .2 27 .5±1 .2 
C 5 .7±1.2 37 .0±1 .2 

2 13 10.2±1.4 39 .0±1 .2 

3 27 A 5 .2±1.8 30.5 ±6 .6 
B 7 .4±1.3 42.7 ± 7 . 4 
C 10.8±2.1 37 .4±4 .4 
D 9 .9±2 .0 5O.0±7.2 

* Mean of the studi es 
* * Geometric mean ± SEM 
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