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A B ST R AC T The paper describes the use of an ex-
trinsic tag of inorganic radioiron to determine the total
absorption of nonheme iron from a complete meal. The
method was developed by measuring the iron absorbed
from vegetable foods containing biosynthetically in-
corporated 'Fe (intrinsic tag) and from '9Fe added as a
small dose of inorganic iron to the same meal (extrinsic
tag). In studies with maize, black bean, and wheat, a
consistent extrinsic: intrinsic radioiron absorption ratio
averaging 1.10 was observed. Similar results were ob-
tained with either ferrous or ferric iron as the extrinsic
tag, and with doses of the latter ranging from 0.001 to
0.5 mg iron added to a test meal containing 2-4 mg of
food iron. Adding the radioiron at different stages in
preparation of the test meal also had little effect. Sepa-
rate administration of the extrinsic tag was less satis-
factory when small portions of a single food were em-
ployed, but with a complete meal, the separate dose was
preferable. The extrinsic tag provided a valid measure
of absorption despite marked differences in the iron
status of the subject, and with wide changes in ab-
sorption imposed by adding desferrioxamine or ascorbic
acid to the test meal. These findings indicate that there
is a common pool of nonheme iron, the absorption of
which is influenced by various blocking or enhancing
substances present in the meal.

INTRODUCTION
The principle of employing biosynthetically tagged foods,
described originally by Moore and Dubach (1) has been
applied extensively in studies of iron availability from
various plant and vegetable foods (2-13). Although
these studies have yielded useful information, this kind
of approach has serious limitations. Not only is the
preparation of labeled foods difficult, but their absorp-
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tion differs depending upon whether the tagged food is
eaten by itself or with other foods (7, 11, 12). Thus,
results obtained by biosynthetic labeling may have little
bearing on the problem of iron absorption from a normal
diet.
The objective of the present study was to measure the

combined absorption of nonheme iron from all food
sources in a regular meal. A comparison was made be-
tween the absorption of 'Fe incorporated biosynthetically
into the food by hydroponic culture (intrinsic tag) and
a tracer dose of inorganic 'Fe (extrinsic tag) adminis-
tered in the same meal. The close and highly consistent
relationship observed between the absorption of these
two tags indicates the feasibility of assessing the absorp-
tion of nonheme iron in a normal diet by using an ex-
trinsic label.

METHODS
Experimental subjects. Iron absorption was measured in

180 volunteer subjects from an agricultural area of Vene-
zuela and from Seattle, Washington. Except for a high preva-
lence of iron deficiency, all of the subjects were otherwise
healthy and free of disorders known to affect the absorption
of iron. Measurements of packed cell volume, serum iron
(14), and iron-binding capacity (15, 16) were performed in
all subjects. The results of these tests in the 96 females and
84 males are listed individually in Tables IV and V of the
Appendix and summarized in Table I.
Radioiron absorption measurements. The test meal tagged

with 'Fe and 'Fe was eaten in the morning by subjects
who had fasted overnight and were allowed no further food
or drink for 3 hr. The amount of radioactivity in the food
administered was determined by counting three weighed
samples and extrapolating these counts to the weight of the
total test meal. 2 wk later, radioiron absorption from this
meal was calculated from the 'Fe and "5Fe activity in the
subjects' blood, using an estimated total blood volume based
on sex, height, and weight (17). Red cell incorporation of
absorbed radioiron was assumed to be 90% in all subjects.

Immediately after this study, the subjects were again
fasted and then given orally 3 mg iron as 'FeSO4 and as-
corbic acid (2 moles ascorbate per mole of iron) to provide
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TABLE I
Iron Status of Composite Group of 169 Volunteer Subjects

Median 10-90 Percentile

Age, yr 33.0 16-55
Hematocrit, % 40.0 35.2-45.5
Serum iron, ,ug/100 ml 80.0 29-133
Transferrin saturation, % 24.0 7.2-40.6
Inorganic iron absorption*, % 35.1 6.0-80.6

* Reference dose of 3 mg ferrous ascorbate.

a reference dose. Absorption of this iron was determined in
blood obtained 2 wk later from the rise in '9Fe activity over
the previous level.
Double isotope counting of 'Fe and 'Fe was performed

either by liquid scintillation counting as described by Eakins
and Brown (18) or Dern and Hart (19, 20), or by the
separate assay of 'Fe activity with a 3-inch NaI well-type
scintillation counter and 'Fe activity with a proportional
counter recently designed for direct measurement of blood
'Fe activity (21). Sufficient counts were obtained on dupli-
cate samples to reduce the net counting rate error to less
than ±2% in subjects absorbing more than 1%o of the test
dose.

Preparation of labeled foods. The preparation of biosyn-
thetically tagged corn, wheat, soybean, and black bean was
performed by adding 'Fe to hydroponic culture media as
previously described (5, 10). The harvested foods contained
between 25 and 120 jug Fe/g of dry food and ranged in SA
from 45 to 90 gCi/mg Fe. Labeled food was mixed with
two to four times its weight of unlabeled carrier food to
obtain test meals containing 10 ,uCi 'Fe and either 2 mg
elemental iron (maize and wheat) or 3 mg elemental iron
(soybean and black bean).
The extrinsic tag was prepared by mixing 5 ,uCi "Fe Cl3

(SA, 10-15 mCi/mg) with varying amounts of carrier FeCls.
The dose of the extrinsic tag was usually 0.1 mg iron with
the exceptions noted later. The time of its administration in
relation to the test meal was varied as part of the experi-
mental design, as indicated in the appropriate sections.
Maize was prepared by boiling finely ground radioactive

corn to obtain a gruel. Carrier maize was boiled separately
and then ground to prepare a dough. The extrinsic tag solu-
tion was either added to the water used to boil the radio-
active maize or was thoroughly homogenized with the radio-
active gruel after boiling. The radioactive and carrier maize
preparations were then thoroughly homogenized and divided
into carefully weighed individual portions of approximately
100 g which were placed in aluminum pans and baked before
administration.

Labeled black beans were boiled together with carrier
beans in five to six times their weight of water in aluminum
pots. The swollen beans were then mashed, mixed with the
extrinsic tag solution, and cooked further before dispensing.
Soybean meals were prepared as described previously (10);
in this case, the extrinsic tag was taken separately in a
small volume of water at the conclusion of the meal. Wheat
was prepared as previously described (5), and the extrinsic
tag was incorporated by adding it to the water used for
making the wheat dough. Veal muscle was made into meat
patties for ingestion with a test meal of labeled maize.
The validity of using an extrinsic tag to measure nonheme

iron absorption from a complete meal was tested with a 700

cal standard meal of potatoes, beef, bread, margarine, peaches,
milk, and hydroponically-labeled '6Fe maize (Table II).
This meal, estimated to have 4.5 mg elemental iron from
food composition tables (22), was found to contain 4.0 mg
by actual measurement. The extrinsic tag was incorporated
in two ways. In the first, 0.1 mg iron as FeCl3 was thor-
oughly mixed with the boiled maize, which was later ho-
mogenized in a Waring blendor with the remaining foods
of the meal. In the alternate method, the extrinsic tag was
administered separately at the end of the meal. These two
methods of extrinsic tagging were tested in alternate subjects.

Statistical analysis. Food iron absorption was expressed
in relation to the absorption of a standard reference dose of
ferrous ascorbate in each subject. This method of expression
provides an adjustment for differences in absorption due to
individual variations in iron balance (10). Because of the
skewed distribution of iron absorption data, the mean and
standard deviation of the ratio between food iron and ferrous
ascorbate absorption (absorption index) were calculated on
the logarithmic scale and retransformed as antilogarithms to
recover the original units (10).
The relationship between extrinsic and intrinsic radioiron

absorption from the same meal (the E: I ratio) was first
analyzed by least squares regression. As shown in Fig. 1,
the results were consistent with a regression line fitted
through the origin. The variability about the regression line
with simultaneous absorption measurements was constant at
increasing levels of per cent absorption. Thus, the E: I
ratio could be calculated from the slope of a least squares
regression line fitted through the origin (reference 23, p.
166). The standard error of the estimate was used to com-
pare the variability of the ratios in different studies using
Bartlett's test (reference 23, p. 296). In studies with
homogeneous variances, differences in the E: I ratio were
tested by covariance analysis (24).

RESULTS
Preliminary studies dealt with the valence of the iron
employed as an extrinsic tag. In 18 studies on 6 subjects
in which FeSO4 was added to maize, the mean absorp-
tion index for the extrinsic tag (geometric mean ratio of
extrinsic tag to reference dose absorption) was 0.19.
In 15 studies on 5 subjects in which FeCl3 was used,

TABLE I I
Composition of Meal Used to Evaluate Extrinsic Tag

Food
Food item Weight energy Protein Iron

g cal g mg

55Fe corn 110 36 0.9 0.2
Instant potatoes 110 36 0.7 0.2
Lean beef 100 180 20.7 3.1
Bread 23 62 2.0 0.6
Margarine 20 144 0.1 0.0
Peaches 120 94 0.5 0.3
Ice milk 100 152 4.8 0.1

Total 583 704 29.7 4.5*

* The meal contained 4.0 mg iron by actual measurement.
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the mean absorption index was 0.22. Trivalent iron was
used in subsequent studies.
The effect of varying the dose of extrinsic tag was

examined over a range from less than 0.001-0.5 mg Fe
as FeCih added to the labeled maize. The results ob-
tained in three groups of subjects (studies 1, 2, and 3)
are listed individually in Table IV of the Appendix and
summarized in Table III. The mean E: I ratio in the
three studies varied from 0.97 to 1.10 with an over-all
mean of 1.06. An intermediate dose of 0.1 mg Fe as
FeCl, was chosen for extrinsic labeling in subsequent
studies.
The effect of varying the manner of adding the ex-

trinsic tag was next examined (Table III). With test
meals of maize, Fe as FeCls was added before boiling in
amounts of 0.001 mg (study 4) and 0.1 mg (study 5).
In both instances, the mean E: I ratio was 1.12. When
the iron was given separately, the ratios obtained were
1.43 with maize (study 6) and 1.27 with soybean (study
7). However, the variability of the ratio in individual
subjects (SE of the estimate, 2.99 and 2.19) was greatly
increased by this method of iron administration.

Absorption of the extrinsic tag was also examined
with hydroponically labeled wheat (study 8) and black
bean (study 9) by adding 0.1 mg Fe as FeCl3 to boiled
food before baking. The mean E: I ratio was 1.18 with
wheat and 0.99 with black bean as compared with 1.06
obtained with similarly tagged maize. These differences
are not statistically significant.

In studies described so far, the mean absorption of
food iron (intrinsic tag) in the various groups fell
within the relatively narrow range of 1.5-6.3%, with
individual subjects showing variations from 0.1 to
24.4%. To examine the validity of using an extrinsic
tag at extremes in food iron absorption, test doses of
maize were mixed with 500 mg of either desferrioxa-
mine 1 or ascorbic acid before administration (studies
10 and 11). Mean absorption of intrinsic tag was de-
pressed to 0.6% with desferrioxamine, and increased to
22.0% with ascorbic acid. Nevertheless, the mean E: I
ratios remained similar to those obtained previously,
being 1.14 and 1.01 respectively.
The validity of the extrinsic tag for test meals contain-

ing more than a single food was then examined. The
addition of veal muscle caused an increase in mean ab-
sorption of maize iron (intrinsic tag) to 9.7%. Never-
theless, the E: I ratio of 1.16 was similar to that obtained
with maize alone. In the final two studies, iron absorbed
from the 700 cal complete meal was measured. When
extrinsic tag was given after the test meal prepared in
the normal manner (study 13), the E: I ratio was 1.28.
With earlier addition of the extrinsic tag and complete
homogenization of the meal (study 14), the ratio was

1 Desferal, Ciba Pharmaceutical Co., Summit, N. J.
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FIGURE 1 Food iron absorption from test meals tagged
simultaneously with intrinsic and extrinsic radioiron. In-
cluded are all studies performed with an extrinsic tag of
0.1 mg iron or less added to a normal test meal before ad-
ministration (studies 1, 2, 4, 5, 8, 9, 12, and 14 listed in
Table III). The mean ratio between absorption of extrinsic
and intrinsic radioiron for the composite data is 1.10 (95%o
confidence limits 1.09-1.10) calculated as the slope of the
least squares regression line fitted through the origin and
represented by the solid line. The interrupted line represents
a 1 : 1 ratio.

1.06. Thus, the presence of several foods in a meal ap-
peared to have little or no effect on the E: I ratio as
compared with giving a single food (study 2).
To permit statistical comparison of the E: I ratio cal-

culated for the various studies listed in Table III, it was
necessary that the results have similar variability in the
ratio estimate. After excluding studies 6, 7, and 11 which
had the highest, and study 9, the lowest values for the
SE of the estimate, homogeneous variance was established
with the remaining 10 studies. It could then be shown
that the ratio of 1.28 observed with separate administra-
tion of the extrinsic tag to a complete meal (study 14)
was significantly higher, and the ratio of 0.97 observed
with an extrinsic dose of 0.5 mg Fe as FeCh3 added to
maize (study 3) was significantly lower than the group
as a whole. The ratio among the remaining eight studies
are plotted in Fig. 1. They showed no statistical differ-
ences when tested by covariance analysis (F = 1.59,
7/82 degrees of freedom, P > 0.10).

DISCUSSION
The daily turnover of iron in normal human subjects is
small, amounting to only about 0.9 mg in adult men
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TABLE I I I
Comparison of Intrintsic and

Extrinsic tag
No. of Tsf.4

Study Test meal Dose Method* Subjects Age$ Hematocritt sat.I

mg Fe yr % %
1 Maize 0.001 Mixed A 13 30 ±4 40 ±1 23 43

2 Maize 0.1 MixedA 18 30 42 40 41 26 ±3

3 Maize 0.5 Mixed A 12 36 ±4 38 ±2 15 ±3

4 Maize 0.001 Mixed B 12 31 ±5 40 +1 26 ±3

5 Maize 0.1 Mixed B 15 33 ±3 40 ±1 21 ±3

6 Maize 0.1 Separate 11 33 ±5 43 A1 31 i3

7 Soybean 0.1 Separate 11 31 46 42 ± 1 25 ±4

8 Wheat 0.1 Mixed A 13 41 44 38 41 23 43

9 Black bean 0.1 Mixed A 8 33 ±7 41 ±1 28 ±4

10 Maize plus 500 mg 0.1 Mixed A 12 41 ±2 41 41 23 42
desferrioxamine

11 Maize plus 500 mg 0.1 Mixed A 14 41 ±4 40 ±i1 23 ±4
ascorbic acid

12 Maize plus veal 0.1 Mixed A 8 45 45 39 ±2 19 4

13 Maize with 0.1 Separate 11 22 ±1 41 ±t1 34 ±4
complete meal

14 Maize with 0.1 Mixed A 11 22 ±1 41 41 34 44
complete meal

* In methods A and B, the extrinsic tag was added to the intrinsically labeled food, after and before boiling,
respectively.
$ Mean ISEM.
U Geometric mean. Values in parenthesis represent ± 1 SEM calculated on the logarithmic scale and retransformed
as antilogarithms.
§ Transferrin saturation.
¶ Slope ±SE of the slope for a least squares regression line fitted through the origin.
** SE of the estimate.

(25). The absorptive process plays a key regulatory
role, but current methods for measuring food iron ab-
sorption are unsatisfactory. Chemical balance studies
lack the sensitivity required to measure the small quan-
tity of iron absorbed from the normal diet. Biosynthetic
labeling provides accurate measurements of iron avail-
ability from individual foods but not from a mixture of
foods. The present study was undertaken to determine
whether adding an extrinsic tag of inorganic radioiron
to a normal meal might provide a reasonable measure of
nonheme iron absorption.

There is some evidence in the literature to suggest
that an extrinsic tag might be suitable. Sharpe, Peacock,
Cooke, and Harris (26) found that marked inhibition of
absorption occurs when food is added to a test dose of
inorganic radioiron, and suggested that the degree of
inhibition is related to the bulk of food added. The ad-
dition of an extrinsic tag to a standard meal was later
proposed by Pirzio-Biroli and coworkers (27) as a

practical approach to studying clinical abnormalities in
the absorption of food iron. While the standard meal
technique has since been widely applied for this pur-
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Extrinsic Labeling of Food Iron

Absorption ratios

Iron absorption Intrinsicli Extrinsicli Extrinsic/Intrinsic

Intrinsicil Extrinsic|l Reference|| Reference Reference b + Sb¶ SEE**

% of dose

2.7 3.1 29.8 0.09 0.10 1.10 -0.01 0.29
(1.9-3.8) (2.2-4.3) (23.9-37.2) (0.06-0.13) (0.08-0.14)

4.8 5.0 48.7 0.10 0.10 1.06 ±40.01 0.39
(3.9-5.8) (4.1-6.1) (43.3-54.6) (0.08-0.12) (0.09-0.12)

3.9 3.8 49.1 0.08 0.08 0.97 --0.02 0.30
(3.3-4.6) (3.2-4.5) (41.5-58.3) (0.07-0.09) (0.07-0.09)

1.6 2.0 30.0 0.05 0.07 1.12 -0.03 0.42
(1.2-2.3) (1.5-2.7) (23.6-38.2) (0.04-0.07) (0.05-0.08)

4.0 4.6 45.2 0.09 0.10 1.12 ±-0.01 0.35
(3.6-5.2) (3.6-5.9) (36.3-56.2) (0.07-0.11) (0.08-0.13)

2.6 3.8 18.5 0.14 0.21 1.43 ±t0.12 2.99
(1.6-4.2) (2.3-6.3) (13.6-25.1) (0.09-0.23) (0.13-0.34)

6.3 7.8 42.2 0.15 0.19 1.27 -0.06 2.19
(4.3-9.1) (5.4-11.3) (30.6-58.2) (0.10-0.22) (0.13-0.26)

2.6 3.0 21.6 0.12 0.14 1.18 -0.02 0.49
(2.0-3.4) (2.3-4.0) (18.1-25.9) (0.09-0.16) (0.11-0.18)

1.5 1.2 25.5 0.06 0.06 0.99 -0.05 0.26
(1.2-2.0) (0.8-1.7) (23.0-28.2) (0.05-0.07) (0.03-0.07)

0.6 0.7 40.7 0.01 0.02 1.14 -0.04 0.12
(0.5-0.7) (0.6-0.8) (35.5-46.7) (0.01-0.02) (0.01-0.02)

22.0 22.5 36.5 0.60 0.62 1.01 -0.01 1.12
(16.9-28.5) (17.3-29.2) (30.1-44.2) (0.52-0.70) (0.53-0.71)

9.7 11.6 47.0 0.21 0.25 1.16 4-0.01 0.45
(7.5-12.5) (9.2-14.6) (40.4-54.5) (0.16-0.26) (0.20-0.31)

5.6 7.2 - 1.28 -0.02 0.70
(4.4-7.1) (5.7-9.3)

3.4 4.0 - 1.06 ±t0.02 0.61
(2.5-4.7) (2.9-5.3)

pose (26-33), any implication that the results provide
a valid measure of iron absorption from the meal has
been carefully avoided.

Schulz and Smith (4) compared the absorption of in-
trinsic and extrinsic iron, reporting a mean absorption
of 9.1% in 10 children given milk labeled in vivo as com-
pared with the mean of 10.6% in 10 children given a
test dose of milk to which radioiron had been added.
In a similar study with a test meal of eggs, a mean ab-
sorption of 11 and 12% with intrinsic and extrinsic
tagging was reported in five and three children, re-

spectively. These studies did show a general agreement
in the two labeling methods, but they did not supply
sufficient data to permit firm conclusions about the gen-
eral validity of the extrinsic tag method.

In the present study, dual isotope measurements of
absorption from a single test dose of food labeled in-
trinsically with 'Fe and extrinsically with 'Fe, have
provided precise estimates of the relative absorption of
the two labels. For example, correlation coefficients be-
tween log percentage absorption of intrinsic and extrin-
sic radioiron given in the same test meals were greater
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than 0.99 in all but two of the studies listed in Table
III (exceptions were studies 6 and 7 in which the
extrinsic tag was not mixed with the test meal of single
food). The close correlation is also reflected in the SE
of the ratio estimate which was less than ±5%. While
the 10% greater absorption of the extrinsic tag was
statistically significant, this magnitude of error is of little
concern in the evaluation of food iron absorption, and
appropriate adjustments can be made if necessary.

Several methods of adding the extrinsic tag to the
test meal yielded similar results. Thus, no differences
were observed between ferrous and ferric salt; nor did
varying the dose of the extrinsic tag from 0.001 to 0.1
mg iron have any measurable effect. The finding of a
slightly lower ratio of 0.97 when the extrinsic tag dose
was 0.5 mg Fe is in keeping with other studies of food
iron supplementation in which a ratio close to unity was
obtained with much larger doses of extrinsic tag.'

Administering the extrinsic tag separately from the
test meal of a single food causes a significantly greater
variation in the E:I ratio among the individual sub-
jects. This effect was presumably due to incomplete mix-
ing of the tag with the smaller amount of food, because
separate administration of the tag with a complete meal
gave a variability in the E: I ratio no greater than
when the 'Fe was mixed with the food. With smaller
test meals, as well as with the complete meal, separate
administration of the extrinsic tag was associated with
a significantly higher E:I ratio of approximately 1.3.
However, in studies with a complete meal, it appears
preferable to accept this higher ratio associated with
separate administration of the extrinsic tag rather than
to homogenize the meal, because the reduced palatability
of the homogenized meal may in itself have an adverse
effect. This is suggested by the significantly reduced
absorption of intrinsic radioiron from homogenized
(study 13) vs. unhomogenized (study 14) food. The
subjects in this study were able to ingest the homog-
enized meal only after it had been partially frozen.
A theoretical objection to extrinsic tagging was raised

by Moore after a careful review of data obtained by
biosynthetic tagging and with the standard meal tech-
nique (34). Although in normal subjects the two meth-
ods gave comparable results, in iron-deficient subjects
the mean absorption of 43.4% in 38 subjects given a
standard meal was appreciably higher than the mean
of 18.9% in 48 patients given biosynthetically labeled
foods. This suggestion that an extrinsic tag cannot be
relied upon to measure the absorption of native food
iron in subjects with iron deficiency is not supported by
the findings in the present study. In applying the criteria

2 Layrisse, M., and C. Martinez-Torres. Unpublished
observations.

established in 1968 by a scientific working committee of
the WHO (35) to the 158 subjects listed in the ap-
pendix, 16.5% were anemic (hematocrit below 36% in
women and 39% in men), 22.8% were iron-deficient
based on a serum iron below 50 tg/100 ml and 25.3%
were iron-deficient as defined by a transferrin saturation
below 15%. A total of 112 or 70.9% of the subjects
were normal by all the criteria listed above, although if
the level of inorganic iron absorption is taken as a
criteria of iron status (36), the mean absorption of
33.1% in the female population and 38.8% in the male
subjects suggests a high prevalence of iron depletion. In
this mixed population of normal and iron-deficientisub-
jects, no correlation was found between the E: I ratio
and the transferrin saturation (r = - 0.08, P > 0.2).
The practical application of extrinsic tagging in stud-

ies of food iron absorption must take into account our
present understanding of the absorptive mechanism of
food iron. There is now good evidence that iron is ab-
sorbed in two forms: reduced ionized (nonheme) iron
and heme iron. While nonheme iron absorption is al-
tered by the addition of either blocking substances such
as desferrioxamine or phytate, or enhancing substances
such as ascorbic acid or animal muscle, the absorption of
heme iron is unaffected. We have obtained evidence in
other studies that with extrinsic tagging, heme iron
absorption must be considered an independent system.2
Total iron absorption from a meal containing both ani-
mal and vegetable foods can be measured by determin-
ing heme and nonheme iron in the meal by chemical
methods, and by employing double extrinsic tags of
heme and inorganic iron. However, because heme iron
constitutes little, if any of the dietary iron in geographic
areas where iron deficiency is most prevalent, and be-
cause heme iron absorption appears to be independent
of the diet composition, measurement of nonheme iron
absorption is perhaps of more immediate concern in
studies of food iron availability.
The present finding that absorption of iron added to

food closely approaches the absorption of native non-
heme food iron has important implications for under-
standing food iron absorption. The emphasis in absorp-
tion studies with isolated test doses of biosynthetically
tagged foods has been directed to the biological form
of iron within the food. The findings in the present study
however, suggest that a common pool of nonheme iron
is formed by foods ingested in the same meal, and that
the availability of this iron is determined by the com-
posite effect of substances in the meal which either
block or facilitate absorption. It would seem appropriate
in future studies to clarify the nature of these factors
and to define their relative importance in the absorption
of dietary iron.
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APPENDIX-TABLES IV AND V

TABLE IV
Absorption of Food Iron from Test Meals Tagged Simultaneously with Intrinsic and Extrinsic Radioiron

Iron absorption

Extrinsic
Sex and Serum Transferrin
age Hematocrit iron saturation Intrinsic Extrinsic Reference Intrinsic

% jpg/100 ml % %

Ferric chloride 0.001 mg iron, added to maize after boiling

1 F 24 36 57
2 F 39 40 80
3 F 48 39 87
4 F 54 41 113
5 F 22 39 48
6 M 25 47 69
7 F 15 44 114
8 M 25 45 107
9 M 32 41 53
10 M 23 41 39
11 M 18 44 69
12 M 15 36 88
13 M 50 32 38

21
34
27
37
14
18
34
28
17
9
21
21
9

0.4
0.4
0.7
1.1
1.7
1.6
4.3
5.1
6.1
7.2
7.8
7,9

18.6

0.6
0.6
0.8
1.6
1.7
1.8
4.9
5.7
6.0
7.8
8.1
8.9

20.7

17.3 1.25
23.7 1.25
38.0 1.17
16.0 1.40
14.4 1.07
61.6 1.14
27.1 1.13
43.6 1.11
4.8 0.98

41.8 1.08
40.3 1.04
91.1 1.13
75.3 1.11

Ferric chloride 0.1 mg iron, added to maize after boiling

1 F 27
2 M 48
3 F 33
4 M 37
5 F 26
6 F 22
7 M 15
8 M 45
9 F 34
10 F 22
11 M 35
12 F 21
13 F 39
14 M 18
15 M 45
16 M 18
17 F 35
18 M 18

41
44
43
46
38
39
43
44
35
39
47
41
37
48
35
24
33
41

72
99
74
126
80
73

182
128
65
92
98
134
62
154
20
12
29
52

27
29
18
37
29
23
53
36
17
32
30
41
25
49
6
3
6
14

1.7
2.0
2.0
2.1
2.4
2.6
2.7
2.9
3.7
4.4
4.7
6.8
7.0
9.1

13.9
14.4
15.1
24.4

2.1
2.1
2.8
2.2
2.3
2. 8
2.2
3.2
4.0
4.3
4.4
6.4
7.3
9.2

15.3
15.4
16.0
26.0

26.8 1.27
47.8 1.06
75.7 1.39
42.3 1.05
48.2 0.95
31.7 1.09
17.8 0.83
47.8 1.12
74.6 1.09
35.8 0.98
19.2 0.95
54.6 0.95
51.8 1.05
63.8 1.01
81.7 1.10
81.0 1.07
85.9 1.06
82.1 1.06

Ferric chloride 0.5 mg iron, added to maize after boiling

1 F 54
2 F 46
3 M 51
4 M 16
5 F 47
6 M 34
7 F 22
8 F 25
9 F 27

10 M 50
11 M 16
12 F 40

46
38
38
44
25
44
41
25
37
46
41
28

93
45
25
66
13
37
112
12
26

126
105
13

28
14
6
18
3
8

29
2
6

32
30
3

1.6 1.6 19.7 1.00
1.9 1.7 22.3 0.88
2.2 2.1 41.8 0.95
2.6 2.6 98.0 1.00
3.8 3.8 50.2 1.00
3.9 4.0 81.8 1.03
4.4 4.4 46.4 1.00
4.4 4.3 20.0 0.98
4.7 4.8 69.6 1.02
5.7 6.2 64.7 1.10
9.1 8.3 98.2 0.91
9.8 9.3 66.1 0.9S
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TABLE IV-(Continued)

Iron absorption

Extrinsic
Sex and Serum Transferrin
age Hematocrit iron saturation Intrinsic Extrinsic Reference Intrinsic

% ;Sg/100 ml % %

Ferric chloride 0.001 mg iron, added to maize after boiling
1 F 30 39 107 35 0.2 0.4 28.9 2.00
2 F 63 40 79 23 0.4 0.6 8.7 1.25
3 F 14 39 93 23 0.6 0.7 31.3 1.20
4 F 40 40 54 16 0.7 1.0 20.1 1.50
5 F 57 39 66 22 1.8 2.0 5.3 1.13
6 F 35 40 110 34 1.9 1.9 22.0 1.00
7 F 30 41 126 33 1.9 2.2 39.7 1.18
8 F 19 42 77 24 2.3 3.8 38.3 1.62
9 F 20 40 65 19 2.6 2.4 46.0 0.96
10 F 39 38 89 28 3.6 3.7 58.1 1.03
11 M 14 40 143 40 6.8 7.2 79.4 1.07
12 F 14 43 38 10 10.6 12.0 89.1 1.14

Ferric chloride 0.1 mg iron, added to maize after boiling
1 M 50 38 45 12 0.4 0.6 62.8 1.25
2 M 50 43 42 14 1.0 1.0 - 1.00
3 M 55 41 118 32 1.2 1.4 16.3 1.18
4 M 23 45 180 52 1.7 2.0 16.2 1.20
5 F 40 36 50 13 2.3 2.7 1.14
6 F 24 38 80 20 2.8 3.4 87.9 1.24
7 F 24 40 47 13 4.1 4.4 63.1 1.08
8 F 45 37 70 19 6.9 8.2 61.6 1.19
9 M 16 36 21 4 7.1 8.4 96.6 1.19
10 F 25 41 100 27 7.2 8.3 68.6 1.15
11 F 17 41 141 37 8.4 9.4 67.8 1.12
12 F 48 42 51 13 9.7 11.1 90.7 1.15
13 M 21 48 112 32 10.0 10.4 39.4 1.04
14 F 33 37 68 19 10.0 11.7 39.7 1.17
15 M 25 32 24 6 15.8 17.3 90.0 1.10

Ferric chloride 0.1 mg iron, administered with maize separately
1 M 65 40 76 25 0.1 0.1 31.4 1.00
2 M 35 40 97 32 0.4 0.6 2.9 1.25
3 M 38 45 121 30 1.0 1.7 8.9 1.67
4 M 45 46 104 29 1.2 2.8 47.1 2.27
5 M 24 48 147 53 1.7 1.7 16.0 1.00
6 M 36 49 53 15 3.4 7.1 8.1 2.06
7 M 36 44 103 27 7.4 10.0 9.2 1.34
8 M 16 43 112 35 8.4 15.9 30.9 1.88
9 M 15 38 115 33 11.2 22.1 80.7 1.97
10 M 15 40 97 27 12.7 14.3 59.1 1.13
11 F 36 40 105 39 12.9 14.3 13.0 1.11

Ferric chloride 0.1 mg iron, administered with soybean separately
1 M 78 44 112 36 0.2 0.3 22.2 1.50
2 M 23 43 98 31 3.1 2.9 14.8 0.93
3 M 17 42 136 42 4.2 5.3 5.0 1.26
4 M 21 42 41 13 5.2 7.7 85.1 1.47
5 M 21 47 145 36 9.4 10.1 13.6 1.07
6 M 22 46 78 19 10.1 11.4 67.0 1.13
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TABLE IV- (Continued)

Iron absorption

Extrinsic
Sex and Serum Transferrin
age Hematocrit iron saturation Intrinsic Extrinsic Reference Intrinsic

% Ag/lOO ml % %
Ferric chloride 0.1 mg iron, administered with soybean separately--(Continued)

7 F 16 41 91 20 10.2
8 M 37 34 31 7 10.3
9 F 60 42 131 38 10.4
10 M 34 38 45 9 17.7
11 M 17 44 57 20 21.1

Ferric chloride 0.1 mg iron, added to wheat after boiling
1 F 23 39 74
2 F 43 43 128
3 F 45 39 88
4 F 55 38 68
5 F 50 37 51
6 F 22 38 83
7 F 20 37 122
8 F 28 42 109
9 F 34 41 85
10 F 60 38 28
11 M 60 35 27
12 F 40 26 14
13 F 56 39 74

24
35
30
22
19
21
39
34
26
7
7
3

20

0.8
0.9
0.9
0.9
1.2
2.2
2.3
3.2
4.0
4.8
8.2
9.3

14.3

Ferric chloride 0.1 mg iron, added to black bean after boiling
1 M 46 42 108 35
2 F 22 40 112 43
3 F 14 39 98 22
4 F 22 49 78 21
5 M 56 45 51 20
6 M 63 43 131 44
7 F 25 39 44 12
8 F 14 39 84 21

14.0
16.8
11.1
19.2
30.1

0.8
0.9
1.4
1.4
1.2
2.4
2.2
3.3
4.0
6.2

10.7
10.7
16.8

111.4 1.37
117.6 1.62
91.0 1.06
93.6 1.09
53.8 1.43

48.2 1.00
20.2 1.00
13.1 1.63
17.1 1.63
17.2 1.00
13.8 1.10
8.6 0.95
9.4 1.03
21.6 1.00
51.9 1.30
66.7 1.30
35.9 1.14
20.3 1.17

0.5 0.2 18.6 0.36
0.6 0.4 20.8 0.59
1.5 1.2 41.2 0.81
1.7 1.5 23.8 0.90
1.9 1.6 18.4 0.84
2.2 2.2 28.6 0.99
3.0 3.4 25.7 1.12
3.1 3.2 34.6 1.01

Ferric chloride 0.1 mg iron, added after boiling to maize plus 500 mg desferrioxamine
1 M 44 44 88 25 0.2 0.4 63.7 2.00
2 F 37 35 138 29 0.2 0.2 55.1 1.00
3 F 55 39 106 29 0.3 0.3 36.3 1.00
4 F 41 40 75 32 0.3 0.4 27.2 1.33
5 M 39 45 69 22 0.3 0.6 31.4 1.67
6 M 49 43 78 20 0.7 0.9 69.3 1.33
7 F 46 39 118 34 0.7 0.8 35.7 1.17
8 F 44 38 56 17 0.8 0.9 12.9 1.14
9 F 33 40 65 21 0.9 1.1 40.8 1.25
10 M 32 46 63 13 1.0 1.2 40.1 1.22
11 F 38 38 69 21 1.3 1.4 59.8 1.08
12 M 30 37 19 5 1.4 1.4 60.9 1.00

Ferric chloride 0.1 mg iron, added after boiling to maize plus 500 mg ascorbic acid
1 F 70 40 99 24 3.4 3.4 8.8 1.00
2 M 55 43 75 30 4.1 4.3 10.5 1.06
3 F 40 38 44 13 8.5 9.0 31.4 1.05
4 F 53 44 48 13 15.6 16.6 20.1 1.06
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TABLE IV-(Continued)

Iron absorption

Extrinsic
Sex and Serum Transferrin

age Hematocrit iron saturation Intrinsic Extrinsic Reference Intrinsic

% jui/10 ml%1
Ferric chloride 0.1 mg iron, added after boiling to maize plus 500 mg ascorbic acid-( Continued)

5 M 52 40 150 44 17.7 18.3 69.0 1.04
6 M 51 38 163 54 19.3 19.1 20.6 0.99
7 M 33 48 91 24 20.4 20.2 34.6 0.99
8 M 40 42 83 25 21.7 21.9 49.3 1.01
9 F 40 39 65 17 32.2 33.8 61.4 1.05
10 M 45 38 38 9 48.6 49.7 72.3 1.02
11 F 33 26 14 2 49.3 52.2 69.0 1.06
12 M 17 41 104 35 52.9 52.3 69.0 0.99
13 M 23 37 18 4 67.7 69.7 34.8 1.03
14 M 17 42 73 18 78.3 77.0 70.9 0.98

Ferric chloride 0.1 mg iron, added to maize after boiling and administered with veal
1 M 56 41 57 17 2.8 4.0 36.8 1.43
2 F 52 37 55 19 4.4 5.5 36.6 1.25
3 F 40 38 33 9 7.2 8.3 38.0 1.15
4 M 52 43 98 29 11.2 12.9 78.4 1.15
5 F 15 40 74 17 13.9 16.4 22.9 1.18
6 M 38 46 122 38 16.0 17.9 71.9 1.12
7 F 58 36 43 13 16.7 19.6 61.8 1.17
8 F 48 28 15 4 21.1 24.2 58.0 1.15

TABLE V
Absorption of Maize Labeled with Intrinsic and Extrinsic Radioiron and Administered with a Complete Meal

Iron absorption

Normal meal Homogenized meal
Sex and Packed RBC Serum Transferrin

age volume iron saturation Intrinsic Extrinsic Intrinsic Extrinsic

% '"g/lOO ml % %
1 F 18 39 145 45 2.7 3.7 4.4 6.1
2 F 19 40 151 52 2.8 3.7 5.2 6.2
3 F 21 42 121 28 2.8 3.3 1.2 1.3
4 F 23 42 130 47 3.5 4.3 3.5 4.3
5 F 23 41 116 34 3.5 4.8 0.9 1.0
6 F 34 46 109 34 5.2 6.3 3.4 4.3
7 F 18 34 52 19 8.0 9.8 2.5 2.4
8 F 18 41 116 34 9.7 14.0 4.5 5.0
9 F 20 46 199 39 11.3 15.6 2.4 2.7
10 F 18 41 116 29 13.8 17.7 8.9 9.7
11 F 25 40 32 10 32.0 40.2 38.0 39.9
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