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EFFECT OF RICE ON ORAL IRON ABSORPTION
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MASAFUMI SEKI, M.D. ( B8 ¥ ); STUART C. FINCH, M.D.

Department of Medicine
R I

SUMMARY: Serial serum iron levels were determined in six adults following the administration of 50 mg
of inorganic iron alone; with 120 g of rice; and with"two boiled eggs. The serum iron response to oral
inorganic iron was greatly modified by ingestion of rice in four normal adults, but showed little change in
two adults with mild iron deficiency. Eggs ingested with iron did not diminish subsequent serum iron
increases in both normal and iron deficient persons. Although the number of subjects is small, the results
suggest that dietary rice may reduce oral iron absorption and may contribute to the high prevalence of
iron deficiency anemia in Japan.
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INTRODUCTION # B

The purpose of this study was to determine whether or RO H IS, Ko BERA BBIUERE O B £ 4
not the ingestion of rice impairs iron absorption. The TAREIPERLSAILTEZLTHS. ZOMBEERN
problem was investigated in a small group of adult subjects TALD, PHEOKAE *‘f& e J-ifﬁ-t [WE FER M =Py
by means of an oral iron tolerance test. BiaiT 4 - 7.

The incidence of iron deficiency has been shown to be
high in Japan despite adequate dietary iron intake.!* In
the ABCC-JNIH Adult Health Study population in
Hiroshima about 1.3% of the men and 13.7% of the
women have iron deficiency anemia.* Although menorrha-
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gia, pregnancy, lactation, and blood loss through the
gastrointestinal tract probably account for most of this
anemia there is the distinct possibility that impaired
absorption of food iron also might contribute. Attention
was focused on rice because of the large quantities
consumed in Japan.

MATERIALS AND METHODS

The subjects for this study were three nurses and three
physicians at ABCC. Two of the nurses had mild iron
deficiency anemia with hemoglobin values of 11.3 and
11.6 g/100 ml and serum iron values below 70y g/100 ml.
The three physicians and the other nurse did not have
anemia and the serum iron values were 1004 g/100ml or
greater.

The iron tolerance test consisted of the oral administration
of 50 mg of inorganic iron in the form of ferrous sulfate
to the fasting subject with serum iron values taken at 1,
2, and 3 hours after iron administration. The serum iron
method was that described by Schade et al.® The
characteristics of the iron tolerance curve were used as
the index of iron absorption. For example, a sustained
rise in the serum iron of 100xg/100ml or greater
presumably was the result of significant absorption of the
iron administered. Failure of the serum iron level to
increase following the ingestion of ferrous sulfate suggested
little or no iron absorption.

One week after the initial test it was repeated in an
identical manner except that 120 g of hoiled rice was given
with the iron. A final test was performed 7-10 days later.
In this test the iron was given with two boiled eggs which
were isocaloric with the rice. The composition of the egg
and rice meals are shown in Table 1.
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TABLE 1 TEST MEAL COMPOSITION

#1 HEaEOms
i Bolled Rice 120g 2 Boiled Whole Eggs

K W a2
Calories # 2 — 169 152
Water g T8 75
Protein #H @ g 2.6 127
Fat - 0505 i 0.4 11.2
Carbohydrate A {t# g 38.8
Iron 2k mg 0.1 2.6
Phosphorus  # mg 78 230
Caleium # b2 2 mg 2 65




RESULTS

The iron tolerance curves following the administration of
iron alone, iron plus rice, and iron plus eggs are”shown
for the non-anemic subjects in Figure 1 and for the iron
deficient subjects in Figure 2. The change from the
fasting values are expressed in pg/100ml in Figures 3
and 4.

Following the administration of iron alone serum iron
values rose from 60 to 160 gg/100ml in each of the
non-iron-deficient adult subjects. Serum iron increases of
170 g/100ml and 200 p.g/100 ml occurred in the iron
deficient subjects. Each of the four subjects without
anemia showed a flat iron tolerance curve when rice was
ingested along with the iron. Rice had little or no effect
in modifying the serum iron response in the subjects with
mild iron deficiency.

In both normal subjects and those with iron deficiency,
the ingestion of iron with eggs produced serum iron
changes virtually identical with those resulting from
iron alone.

DISCUSSION

The results suggest that the rice diminished the absorption
of inorganic iron in the non-iron-deficient adult but had no
appreciable effect in the iron deficient subjects. This
conclusion is based on the assumption that a flat iron
tolerance curve represents little or no iron absorption.
In the interpretation of these studies it must be appreciated,
however, that the iron tolerance method for determining
iron absorption is crude. The serum iron concentration
is a function of iron entering the plasma from several
sources (iron depots, hemoglobin catabolism, and intestinal
tract absorption), its removal for erythropoiesis, and
transport to various clep(:-ts‘»G During an iron tolerance test
it is unlikely that there is any substantial change in the
rate of erythropoiesis, exchange of iron between depots,
or the rate of hemoglobin turnover. Thus, a flat iron
tolerance curve might be the result of either decreased or
delayed absorption of iron from the intestinal tract. In
these studies there is no way of being certain that the
flat curves with the rice meal were not due to delayed
rather than decreased iron absorption.

The iron tolerance test has been used widely for the
detection of iron deficiency.”'* Some investigators have
found excellent correlation between the shape of the curve
and the presence of iron deficiency.”!" Others have found
it unreliable. !:'* Most investigators generally agree that
it is not the best method for detecting iron deficiency but
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some have found it useful as a rough screening procedure.
The iron tolerance test has been extensively applied also
as a test of iron absorption.!® Although the shape of the
iron curve is related to iron absorption the correlation
between the iron tolerance method and more quantitative
415 Much more

definitive are studies of iron absorption with radioactive
16,17

methods has not been impressive.
iron techniques.

In our study it must be emphasized that the iron admini-
stered was inorganic and the amounts consumed were
greatly above physiologic levels. Any effect from the
modest rice meal might be greatly enhanced if the
quantity of iron to be blocked was only the few milligrams
usually contained in an average meal. On the other hand,
the effect noted for inorganic iron may not apply to
dietary organic iron.

Two dietary substances, phytate and phosphate, are
known to be potent chelating agents for iron. Their
presence in the diet may result in impaired iron absorp-
tion.'"®!® The phosphorus content is much lower in rice
than eggs but information on the phytate content of Tice
is not available. Sharpe et al demonstrated, however,
that added soluble phytate reduces iron absorption, but
they were unable to show a relationship between the
phytate content of rolled oats and the amount of iron
absorbed.?’ Their studies also showed a good relationship
between the total solid content of the test meal and the
amount of iron absorbed. Thus, with rice it is possible
that neither phosphate nor phytate is responsible for
reduced iron absorption. More likely it is a surface
absorption effect, but additional studies will be necessary
to clarify this point.

The most common causes for iron deficiency in an adult
population are either excessive blood loss or inadequate
intake of iron in the diet. There is little evidence that
blood loss is excessive in the Japanese despite a moderate

2L Daily average dietary

amount of intestinal parasitism.
iron intake in the Hiroshima area has been estimated at
13.0 mg £3.3 for men and 11.7mg £2.7 for women.??
These values are only slightly below the 15 -20mg daily
intake for the average adult in the United States and should

be adequate for replacement of usual iron losses.??

These studies suggest that rice may impair absorption of
iron from the gastrointestinal tract of man. On the other
hand, eggs did not appear to decrease absorption. The
effect probably is modest, but could be important in a
population consuming large amounts of rice with each
meal. It is unlikely that rice would completely block iron
absorption in the presence of a greatly increased capacity
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SERUM IRON ug /100ml

FIGURE 1 SERUM IRON VALUES OF 4 HEALTHY ADULTS FOLLOWING 50 mg IRON ALONE, 50 mg
IRON PLUS 120 ¢ RICE, AND 50 mg IRON PLUS 2 BOILED EGGS
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FIGURE 2 SERUM IRON VALUES OF 2 ADULTS WITH MILD IRON DEFICIENCY FOLLOWING
50 mg IRON ALONE, 50mg [RON PLUS 120g RICE, AND 50 mg IRON PLUS 2 BOILED EGGS
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FIGURE 3 CHANGE IN SERUM IRON VALUES FROM INITIAL FASTING LEVELS FOR 4 HEALTHY ADULTS
FOLLOWING 50mg IRON ALONE, 50 mg IRON PLUS 120 g RICE, AND 50mg IRON PLUS 2 BOILED EGGS
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FIGURE 4 CHANGE IN SERUM IRON VALUES FROM INITIAL FASTING LEVELS FOR 2 ADULTS
WITH MILD IRON DEFICIENCY FOLLOWING 50 mg IRON ALONE, 50 mg IRON PLUS
120 g RICE, AND 50 mg IRON PLUS 2 BOILED EGGS
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for iron absorption but its effect may be great enough to
prevent adequate replenishment of physiological body iron
losses and thus to keep iron reserves at a suboptimal level.

The evidence for rice blockade of iron absorption presented
in this report should be evaluated by means of radio iron
absorption studies in both normal and iron deficient
human subjects.
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