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Narrative Summary

The prime objective of this AID contract is to develop inter-
vention strategies to combat nutritional iron deficiency. The
following five areas of activity were proposed in the original
contract: 1) factors affecting iron biocavailakility of food,
2) iron availability from LDC diets, 3) development of iron
fortification systems, 4) food technology, and 5) pilot for-
tification trials. With few exceptions, thcse areas involve
measurements of radioiron absorption in man. A total of 656
iron absorption measurements have been performed during the
past year in 164 volunteer subjects. The salient features are
as follows.

Most of the effort during the past year has focused on the
development of iron fortification systems. Several studies
were performed to further define the effect of soy protein on
iron absorption. The inhibitory effect of soy is of major
importance in iron nutrition because infant protein supple-
ments contain large quantities of the protein. We have shown
that several soy products (whole soybean, fat free soy flour,
textur ed soy protein, and isolated soy protein) markedly in-
hibit the absorption of nonheme iron and this inhibition is
enhanced by the process of protein pur ification. Baking does
not destroy the inhibiting effect but the latter can be partly
reversed by ascorbic acid or meat products.

The other major focus has been on sodium iron EDTA (NaFeEDTA)
because of interest in using it for fortification of sugar and
other food vehicles. We have demonstrated conclusively that
NaFeEDTA exchanges completely with dietary nonheme iron. Of
more practical importance is that EDTA blocks the enhancing
effect of animal foods or ascorbic acid on nonheme iron ab-
sorption. We have found that NaFeEDTA improves iron absorption
from a meal with low iron availability but impairs absorption
from a meal of high availability.

In studies of iron availability from LDC diets, two diets
typical for low and moder “.o income families in the Philippines
were studied. Iron absorption from six separate mea’ls was
remarkably similar and uniformly low.




A. General Background

Iron deficiency anemia is widely recognized as the most pre-

valent nutritional deficiency in the world. Whilie the impact of
the anemia which accompanies iron lack has not been fully
defined, severe iron deficiency is known to impair work cap-
acity, increase the risk of maternal and infant morbidity and
mortality, reduce resistance to infection, and impair the phys-
ical and mental growth of school-age children.

Two major approaches have been discussed as intervention stra-
tegies to combat iron deficiency anemia. The most direct
approach is iron supplementation or the supply of medicinal iron
to children or pregnant women. However, iron supplementation
programs are costly to administer and usually fail due to lack
of compliance. An alternative to iron supplementation is some
form of dietary manipulation; either add ing more iron to the diet
(iron fortification) or adding a substance that increases food
iron availability (enhancement fortification). A critical
question at present concerns the efficacy of either or both of
these procedures because their effectiveness has never been
clearly established. Furthermore, because no single method of
iron delivery will be suitable in all LDCs, several forti-
fication systems should be made available which could be applied
in specific situations with minimal modification.

The pur pose of the present project is to develop methods of iron
delivery that would be suitable for field testing and eventual
implementation on a national level. The optimal approach will
depend on the level of dietary iron and the degree of its
availability. At one extreme, diets with low-iron content but
high availability would be best suited to iron fortification. On
the other hand, a diet with high content but low assimilation
would be more suitable for enhancement fortification. The best
strategy may be to employ both of these approaches in tandem.



B. Statement of Project Objectives

The development of an effective food intervention strategy to
combat iron deficiency requires consideration of the absorption
of a particular form of iron, its stability when added to a
particular food vehicle, and the effect that it may have on the
vehicle itself. The selected food vehicle must be consumed in
sufficient quantities by the deficient population, be compat-
ible with the form of added iron, and be centrally processed to
permit adequate regulation of the fortification process.

Before selecting a particular fortification strategy, a number
of studies must be conducted in human subjects with radio-
isotopes to determine basal iron availability of the diet, to
measur~ absorption of fortification iron, and to estimate the
gain in iron balance that would be achieved with implementation
of the strategy. Field trials will eventually be required to
establish the effectiveness of a given strategy but such trials
are costly and should be limited to those approaches that appear
most promising.

The present project as originally submitted was to conduct
research in 5 closely related areas:

(1) Evaluation of factors affecting food iron avail-
ability.

(2) Measurement of iron availability from LDC diets.

(3) Development of effective systems of iron or en-
hancement fortification.

(4) Food technology studies to establish iron/vehicle
compatability.

(5) Pilot fortification trials to measure the effi-

cacy of the intervention strategy.



There has been nu major change in these basic objectives as
defined in the original contract. Efforts in developing iron
fortification systems depend largely on isotopic studies of food
iron absorption. These studies are still the core of the present
contract. As compared with the initial year, a much greater
investment was placed during the second year of this contract in
the development of delivery systems for iron fortification
although factors affecting food iron availability continue to be
of interest. Studies were initiated dur ing the past year to
measure iron availability from LDC diets; two Filipino diets
were recently evaluated and studies will be undertaken shortly
to measure iron availability from a typical Egyptian diet. Other
areas of potential collaboration of this type include Guyana,
the Caribbean, and Cameroon. Limited food technology studies
have been conducted in relation to rice fortification although
these studies are not supported under this contract. We plan to
conduct some pilot iron fortification trials (iron absorption
studies) in the coming year to examine the efficacy of iron
fortification of rice.

C. Continued Relevance of Objectives

The stated objectives of this contract remain relevant and there
will be no major modification of these in the coming year. The
program is gradually expanding with respect to collaborations in
LDCs.

D. Accomplishments to Date

The body of this progress report is contained in the following
appendices:

Appendix A: Iron absorption studies

Bppendix B: Publications

Appendix C: LDC collaborations

Appendix D: Iron bioavailability protocol



A detailed description of 16 separate iron absorption studies

conducted during this second year are contained in Appendix A.

Each of these studies is presented under headings of summary,

rationale, design, results, and comment. The following is a list

of these studies:

M. Page Subjects Title

11 7 12 Effect of Cooked and Uncooked Egg
Albumin

12 14 10 Effect of Soy Isolates on Iron Ab-
sorption

13 23 9 Effect of Coffee on Iron Absorption

14 32 11 Radioiron Exchange with NaFeEDTA

15 40 9 Iron Absorption from Filipino Low

' Cost Meals

16 48 8 Iron Absorption from Filipino Mod-
erate Cost Meals

17 57 9 Effect of Cooking Soy Protein Iso-
lates

18 66 8 Interaction of NaFeEDTA and Ascorbic

' Acid

19 74 10 Interaction of NeTeEDTA and Coffee

20 81 14 NaFeEDTA Absorption at Two Iron
Levels

21 89 11 Effect of Soy Protein on a Meal Con-
taining Meat

22 96 8 Interaction of NaFeEDTA and Ascorbic
Acid

23 102 10 Interaction of NaFeEDTA and Meat

24 112 Effect of Coffee Before, During, and
After a Meal

25 119 11 Interaction of Soy Protein and Ascor-
bic Acid

26 128 7 Interaction of Soy Protein and Meat



Of the 16 studies performed this past year, only three were
directed solely to the identification of dietary factors

affecting food iron bioavailability. In the first year

tentative evidence was obtained that conalbumin, a con-
stituent of egg albumin, inhibits nonheme iron absorption.
Additional evidence that ovalbumin impairs absorption is
based on . :Tent studies showing that when the protein content
of the SS meal 1is reduced, a dramatic increase in iron
absorption occurs. Study 11 was performed to determine
whether prior heating of egg albumin to destroy the iron
binding activity of conalbumin abolishes the inhibitory
effect of ovalbumin. A slightly higher absorption was
observed from a high iron meal when the protein was cooked
prior to administration. The results are consistent with a
modest inhibitory effect of conalbumin. However, the mag-
nitude of this effect was considered too small to be of
importance in a normal diet.

Studies during the first year demonstrated a pronounced
inhibitory effect of coffee on iron absorption. Two studies
were performed during the past year to further define this
effect. In study 13 the SS meal was consumed without coffee,
with drip coffee, and with one and two cups of instant coffee;
a striking 72, 83, and 91% inhibition respectively was
observed in the absorption of nonheme iron. Because much of
this beverage may be consumed apart from meals, study 24 was
performed to determine whether coffee ingested apart from a
meal might influence absorption. The study was performed
with a high availability meal (hamburger). Basal absorption
(no coffee) of 8.1% absorption fell to 5.6% when coffee was
ingested either during the meal or one hour following. A



lesser decrease, to 6.3%, was observed when coffee was taken
one hour before the meal. These two studies demonstrate
conclusively that coffee, as well as tea, severely inhibits
absorption of dietary iron. From the standpoint of iron
putrition, sugar may be less desirable as a vehicle for iron
fortification in countries with a high consumption of coffee.

Most of the remaining iron absorption studies were directed
to the development of iron fortification systems. During the

first year of this contract, soy protein was identified as a
potent inhibitor of nonheme iron absorption and was believed
to account for the consistently low assimilation of iron
contained in various infant protein supplements. A major
effort was made during the past year to define more clearly
the inhibiting effect of soy. Study 12 was performed to
determine whether all soy products impair iron absorption.
When full fat soy flour, textured soy protein, and isolated
soy protein were substituted for ovalbumin in the SS meal,
iron absorption fell from 5.5% to 1.0, 1.9, and 0.4% re-
spectively. Soy inhibition therefore appears to be enhanced
with the process of protein purification.

Our observations with soy contradict earlier studies in the
literature indicating a relatively high biocavailability of
iron contained in whole soybeans. Study 17 was performed to
determine whether this discrepancy was related to the method
of preparing soybean; in earlier studies showing high avail-
ability, soybeans were bniled at low temperature before ser-
ving. A slight but significant increase in absorption was
observed when isolated soy protein or wholew50ybean was baked
prior to administration, but the degree bf change was too
small to account for the inhibition of soy observed in our



recent studies. Two other studies with soy were performed to
determine the extent to which the inhibitory effect of soybean
is counteracted by substances in the diet that enhance iron
availability. In study 25, 100 mg ascorbic acid added to the SS
meal containing isolated soy protein produced a striking in-
crease in iron absorption, from 0.56 to 3.2%. The same quantity
of ascorbic acid increased absorption with egg albumin in the SS
meal from 5.1 to 10.2%. In study 26 a similar but less dramatic
effect was seen when meat was added to a soy-containing meal.
Iron absorption from a soy meal increased from 0.36 to 1.44% when
ingested with meat as compared with an increase from 5.9 to 7.5%.
with an ovalbumin meal. In conclusion, the inhibitory effect of
soy can be partly neutralized by enhancers such as ascorbic acid
or animal foods.

A major effort was made in the past vear to define more precisely
the advantages and/or disadvantages of NaFeEDTA for irocn for-
tification. This iron form is of key importance at present
because of its use for fortification of sugar in a field study
in Guatemala. Interest in NaFeEDTA for iron fortification is
partiy based on the reduction in unwanted reactions with food
such as discoloration and rancidity which may occur with other
forms of iron. There is mounting interest in several countries
for fortifying other food products such as salt, wheat, rice,
etc. Our studies of EDTA during the past year were designed to
determine more completely its effect on iron availability and
its interaction with other dietar y substances known to influence

iron absorption.

The effect of EDTA on nonheme iron absorption is still contro-
versial. An earlier study showed progressive inhibition in iron
absorption with increasing amounts of EDTA. These results were

in sharp contrast to the findings of Layrisse (Venezuela) and



Viteri (Guatemala) who reported that NaFeEDTA is absorbed at
least as well as the common pool of dietary nonheme iron, and in
some instances is more available. One possible explanation for
these discrepancies is that NajEDTA was used in the study
demonstrating an inhibitory effect of the chelate, whereas
NaFeEDTA was employed in later studies that demonstrated favor-
able absorption. With this background, studies were performed
during the past year to compare absorption of NaFeEDTA with
absorption of a mixture of FeCl3 and NagEDTA. 1In study 14
absorption of NaFeEDTA (synthesized prior to administration)
was identical to absorption from a mixtur e of NagEDTA and FeClj
when added to the same meal, and bcch forms of iron exchanged

completely with dietary nonheme iron.

The same question was examined in study 20 where the degree of
exchange between NaFeEDTA and dietary nonheme iron was examined
at two levels of iron intake. Absorption of (FeCl3 + NagEDTA)
and NaFeEDTA was again the same although when the iron and EDTA
content of the meal was increased ten-fold, percentage absorp-
tion was actually higher than absorption with the low iron meal.
The higher quantity of NaFeEDTA may have facilitated absorption
of nonheme iron as compared with the low iron meal. In study 22
the extent to wvhich NaFeEDTA exchanges with dietary nonheme iron
in the presence of ascorbic acid was evaluated. Absorption of
NaFeEDTA and iron ascorbate added to the same meal was again
identical although somewhat higher absorption of both radioiron
forms was observed when ascorbic acid was added before EDTA.

A second study was performed with NaFeEDTA to determine its
interaction with ascorbic acid. In study 18 the addition of 200
mg ascorbic acid to.the SS meal (egg albumin) produced the
expected sharp increase in absorption, from 7.3 to 23.2%.
However , when radioiron was added to the SS meal in the form of
NaFeEDTA, there was only a slight increase in iron absorption,
from 6.8 to 7.3%. Therefore, there is a strong neutralizing
effect of NaFeEDTA on ascorbic acid, the most potent enhancer of
nonheme iron absorption that has been identified to date.
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The interaction between NaFeEDTA and coffee was examined in
study 19 because of the interest in using this form of iron for
sugar fortification. When taken with water, NaFeEDTA was
absorbed slightly better than FeCl3 (5.0 and 3.8% respec-
tively). When these forms of radioiron were taken with coffee
rather than water, absorption fell sharply to 1.57 and 1.14%
respectively. EDTA was therefore unable to counteract the
inhibiting effect of coffee on iron absorption.

The most important of the EDTA studies was study 23 which was
designed to determine the interaction between NaFeEDTA and meat
on nonheme iron absorption. When the SS meal was administered
without meat, mean absorption was 1.1% with FeCl3 and 2.1% with
NaFeEDTA; this twofold difference was statistically signifi-
cant., When meat was taken with these meals, absorption of
NaFeEDTA and FeCl3 rose to 6.24 and 5.4% respectively, con-
sistent with the well known enhancing effect of meat. This
study demonstrated that meat enhances the absorption of NaFe-
EDTA but does so less dramatically than nonheme iron in the
absence of EDTA.

More importantly, study 23 provides evidence that the avail-
ability of NaFeEDTA in relation to nonheme iron absorption
depends on basal availability of the meal. With a low avail-
ability meal, absorption was twofold higher with NaFeEDTA than
with FeCl3 (1.1 and 2.1% respectively), whereas NaFeEDTA was
less well absorbed than FeCl3 from a high availability meal
containing meat (5.4 and 6.2% respectively). This observation
may explain the disparity in results with EDTA. 1In earlier
studies by Cook and Monsen, progressive inhibition by EDTA was
demonstrated in studies employing a high availability meal
(STD) while Latin Amer ican workers demonstrated an enhancing
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effect of EDTA by using meals with relatively low iron bio-
availability. The choice of NaFeEDTA for iron fortification
may depend, therefore, on basal availability of a diet in a

given geographic region.

The first studies to assess iron bioavailability of LDC diets

were conducted during the second year and the results are
presented in studies 15 and 1l6. Two diets were chosen as

typical for low income and moderate income families in the
Philippines. With each of these diets, absorption of nonheme
iron was measured from breakfast, lunch, and dinner meals.
Yoods for this study were purchased locally (Kansas City), but
were served as they would be eaten in the Philippines. The main
objective of this study was to test the validity of measuring
absorption from typical LDC diets using food items and vol-
unteer subjects from the U.S. rather %than the LDC. The
counterpart of this study is currently being conducted in the
Philippines - that is, administration of the same meals to
volunteer subjects in the Philippines with food purchased

there.

The results of the measur ements in Kansas City were instructive
from the standpoint of iron nutrition. First, absorption of
nonheme iron was the same with low and moderate income diets.
The main difference was the content of heme iron which was
significantly higher with the moderate income diet. However,
the middle income diet offered no advantages in either avail-
ability of nonheme iron or in total iron content. Presumably,
iron balance would be more favorable with the middle income diet
because of its higher content of heme iron. However, it should
be noted that absorption of heme iron was assumed to be 40% and

was not measured directly. Moreover, the content of heme iron
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is no adequate method for determining dietary nonheme iron. The
content of heme iron in the two Philippine diets is critically
important because our iron absorption values suggest that
little would be accomplished by fortification with nonheme

iron.

Several steps were taken during the second year to facilitate
collaboration in developing countries. Studies will be under-

taken within the next few weeks of iron bioavailability from a
typical Egyptian diet and preliminary efforts have been made to
study diets in other LDCs.
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E. Dissemination and Utilization of Research Results

The £indings that have been developed under this contract have
been communicated through formal presentations at national
and international meetings, through exchange on an informal
basis between investigators visiting the iron nutrition unit
in Kansas City, and by reciprocal visits by co-investigators
in LDCs. The following is a summary of these various avenues
of communication.

l. Presentations

a. Dr. Cook presented recent findings on food iron
nutrition at the Workshop on Nutrition and Health;
Cairo, Egypt, October 20-22, 19769.

b. Dr. Cook presented an overview of the findings ob-
tained during the first year of the contract at the
annual meeting of the International Nutritional Ane-
mia Consultative Group (INACG); Cairo, Egypt, October
24-26, 1979.

c. Dr. Cook presented a paper entitled "Nutritional Iron
Deficiency" at Ohio State University; Columbus, Ohio,
November 14, 1979.

d. Dr. Cook was the chairman of the Nutritional Anemia
symposium held at the American Society of Hematology
annual meetings; Phoenix, Arizona, December 1-4,
1979. Drs. Finch, Crosby, Hallberg, and Viteri par-
ticipated in this symposium.

e. Dr. Lynch presented a paper entitled "Interaction of
Vitamin C and iron" at the New York Academy of Sciences
Annual Meeting; New York, February 3-5, 1980.

£, Dr. Lynch presented a paper entitled "Food Iron
Absorption" and Dr. Cook presented a paper on "Newer
Prospectives in Iron Nutrition" to the Philippine
Association of Nutrition and the Philippine Society
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of Dietitians and Nutritionists, Inc.; Manila, Phil-
ippines, March 14, 1980.

Dr. Cook was a visiting professor at Cornell Uni-
versity, Division of Nutritional Sciences, and pre-
sented a paper entitled "Food Iron Absorption in Man";
Ithaca, New York, March 23-24, 1980.

Dr. Morck presented a paper entitled "Enhancement of
Food Iron Absorption by Ascorbyl Palmitate" at the
annual FASEB meetings; Anaheim, California, April 13-
16, 1980.

Dr . Cook presented a paper entitled "Animal Products
and Iron Absorption" at the International Symposium
on Animal Products in Human Nutrition; Iowa State
University, Ames, Iowa, June 2-3, 1980.

Dr. Cook presented a paper entitled "Evaluation of Iron

Status" at the International Society of Hematology
meetings; Montreal, Canada, August 15-20, 1980.

Scientific Publications

Pre-reprints of the following publications are included

in Appendix B.

a.

Simpson, K.M., Morris, E.R., and Cook, J.D. The
inhibitory effect of bran on iron absorption in man.
American Journal of Clinical Nutrition (in press).

Lynch, S.L. and Cook, J.D. Interaction of vitamin C
and iron. Annals of the New York Academy of Science

(in press).

Cook, J.D., Morck, T.A., Skikne, B.S., and Lynch, S.R.
The importance of animal products in human iron nu-
trition. The Nutrition Foundation (in press).
Morck, T.A., Lynch, S.R., and Cook) J.D. Iron
availability from infant food supplements. (in pre-

paration).
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Scientific Exchange

The following individuals visited our research laboratory

at the University of Kansas Medical Center during the sec-

ond year of the contract.

a.

f.

g.

Pensri Pootrakul, M.D., Division of Hematology,
Siriraj Hospital, Mahidol University, Bangkok, Thai-
land, September-October 1979.

Anita Marzan, Nuclear Research Associate IV, Phil-
ippines Atomic Energy Commission, Quezon City, Phil-
ippines, September-October 1979.

William K. Simmons, Ph.D., Caribbean Food and Nutri-
tion Institute, Jamaica, West Indies, September 3-8,
1979.

Benjamin de la Cruz, M.D., Biomedical Research Div-
ision, Philippine Atomic Energy Commission, Quezon
City, Philippines, September 17-29, 1979.

Vernon Young, Ph.D. and Morteza Janghorbani, Ph.D.,
Department of Nutrition, Massachusetts Institute of
Technology, Boston, Deceinber 12, 1979.

Dan Hopkins Ph.D. and Fred Steinke, Ph.D., Nutritional
Biochemistry Laboratory, Ralston Purina Co., St.
Louis, Missouri, December 12, 1979.

Juanita Madriaga, Food and Nutrition Institute, Ma-
nila, Philippines, April-July 1980.

h. Ernest Beutler, M.I., Department of Clinical Research,

Scripps Clinic and Research Foundation, La Jolla,
California, May 20-21, 1980.

Allan Forbes, Associate Director for Nutrition and
Consumer Sciences, Food and Drug Administration, May
28-29, 1980.

Malee Sritongkul, Siriraj Hospital, Mahidol Univer-
sity, Bangkok, Thailand, July 1980-June 1981.

Sally Mulhern, Ph.D., Food and Drug Administration,
September 10-11, 1980.
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F. Statement of Expenditures and Obligations

Category Amt. Awarded* Amt. Used** % Used
Personnel $ 90,482 $ 63,520 70
Travel 7,800 8,736 100
Shipping 8,000 - -
Equipment 5,000 3,300 66
Supplies 16,750 10,242 61
Volunteers 22,500 11,015 49
Contracts 4,305 , 2,623 61
Publication 1,000 939 94
$155,837 $100, 375 64
Indirect Costs 54,289 38,1.°7 70

Total $210,126 $138,487 66

* Total three-year award (1 October 77-30 September 81).

** Second year (1 September 79-31 August 80).

About 15% of the total effort was invested in studying factors
influencing iron availability, 70% of the effort in developing
iron fortification systems and the remaining 15% in evaluating
iron biocavailability of LDC diets. These proportions can be
applied directly to the total figure of $100,375 in direct costs
to determine the amount actually expended in these three
categories of work activity. Thus, $15,056 was for factors
affecting food iron availability, $70,263 for studies to de-
velop a fortification system, and $15,056 for studying iron
bioavailability in LDC diets.
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The total expenditures during the second 12 months of this
‘contract were $100,375 as compared with the budgeted amount of
$155,837. The major reason for the disparity in budgeted and
expended amounts relates to the difficulty in volunteer re-
cruitment. Whereas we can still obtain volunteers, it has been
difficult at times and several studies had to be delayed in the
past year because of this problem. In addition, the number of
subjects who entered each study was often much below that
planned. Finally, recruitment of volunteer subjects is not
feasible during the summer months or during school breaks.
Another factor contributing to low expenditure relates to the
difficulty in developing effective collaborations in LDCs. For
example, it has taken Ms. Marzan nearly a year to initiate the
counterpart of the iron availability study in the Philippines
because of delays in funding and difficulty in obtaining
supplies.

G. Work Plan and Budget Forecast for the Coming Year

The work on this contract will continue to follow the guidelines
outlined in the original proposal. Much of the effort will
still be devoted to studies of food iron absorption in man, but
there will be a greater investment in developing overseas
collaboration. The major areas of proposed study are:

1. Factors affecting food iron availability.

It is planned to make a limited but continued investment
in identifying biochemical factors that influence avail-
ability of food iron. Studies in this area during the
first two years have included comparisons of purified
proteins, and the effects of soy products, coffee, and
bran.

It is estimated that 3-4 separate studies will be per-
formed in this area in the coming year. We hope to



develop further information on the importance of fiber.
One study will involve a comparison of purified sources
of fiber (e.g. pectin, cellulose) to determine whether
any one formof fiber is particularly inhibitory. We plan
to perform a study in which two meals are designed that
have comparable energy, protein, carbohydrate, and fat
content but which differ maximally in the content of
naturally-occurring fiber. One additional study may be
performed with coffee to determine whether, like tea,
tannate is responsible for its inhibiting effect.

One of the striking features in our studies during the
first 2 years is that virtually all nonanimal sources of
proteins inhibit iron absorption. This has been observed
not only with soy but with other semipurified proteins
such as casein or ovalbumin. For example, by reducing the
protein content of the SS meal, mean absorption of
nonheme iron is increased approximately three-fold. One
approach to studying the protein effect may be to pre-
digest these purified proteins in vitro prior to admin-
istration but such tests meals are usually highly un-
palatable. Another approach would be to administer the
same quantity of amino acids as would be contained in the
whole protein and then attempt to identify those amino
acid(s) that facilitate or impair iron absorption. Fin-
ally, the relative importance of different forms of
carbohydrate and fat have been neglected in our studies

to date in that we have only studied a single source of
purified carbohydrate (dextrimaltose) and fat (corn
0il). It would be of interest to determine the extent to
which these semipurified ingredients are representative
of other foods in their respective categories.

18
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2. Development of iron fortification systems.

The major effort during the coming year will still be the
development of effective methods of iron fortification.
During the first year or the contract, iron absorption
from infant protein supplements was extremely low due
mainly to isolated soy protein as well as a high content
of calcium and phosphate. Since iron deficiency during
infancy occurs regularly without iron fortification,
iron deficiency might be reduced by a more effective
method of fortification. Simply adding additional a-
mounts of iron to infant protein supplements (currently
ferrous fumarate is used) will not improve iron balance
significantly. We plan to examine systems that would
enhance the availability of iron contained in these
infant supplements. Recent studies suggest that NaFe-
EDTA may be better absorbed than the common pool of
nonheme iron when added to foods of very low avail-
ability. We therefore plan to compare absorption of
ferrous fumarate with NaFeEDTA when used to fortify CSM.
A three to fouvr-fold increase in iron absorption of the
iron may have major impact on iron nutrition in infancy.
If EDTA does not enhance iron availability, we may
perform feasibility studies of adding ascorbic acid to
CSM to enhance iron availability.

The pros and cons of various food vehicles has been
discussed at length in the application for this contract
and will not be reviewed here. However, because rice is
the staple food for a large portion of the world's
population and has a fairly even distribution of intake
in the population, it has advantages as a food vehicle.



During the past year, we have been conducting feasibility
studies with Hoffmann-LaRoche to develop a system for
coating rice. Whole grain rice is coated by rinse-
resistent technic and diluted 1:199 with unenriched
rice. We have been able to coat rice with ferrous sulfate
in this way at level that would increase iron intake in
a rice-eating population by approximately 8 mg/day.
There is only a minimal difference in color between
premix and uncoated rice grains, and less than 99% of the
iron is eluted by conventional rinse tests. In the last
3 months, we have prepared o large batch of radiolabeled
premix (radioactive ferrous sulfate) in sufficient a-
mounts to conduct aproximately 80 iron absorption tests.
We will perform pilot fortification studies with this
material in Kansas City within the next 2-3 months. It
is anticipated that the radioiron used to coat rice (7 gm
ferrous sulfate/lb. rice) is absorbed to the same extent
as the common pool of nonheme iron, but there are other
technical reasons that could result in reduced avail-
ability of this iron. If pilot studies in Kansas are
successful, we will continue these in the Philippines.

One of the vexing problems in iron fortification programs
has been the difficulty in determining the bioavail-
ability of various iron forms that might be used for iron
fortification without resorting to radioactive measure-
ments. There are a variety of in vitro methods (such as
‘solubility, particle size, etc.) and some animal models
such as the hemoglobin repletion assay in the rat that are
presently used to assess bioavailability but the cor-
relation with iron absorption in man is inconsistent. In
collaboration with Dr. Allen Forbes who heads a task

20



force at INACG to develop protocols for iron avail-
ability, we plan to perform certain studies in the coming
year in human subjects; the protocol for this project is
included in Appendix D. Briefly, it will involve study-
ing three types of fortification iron that differ widely
in their availability. These iron compounds will be
radiolabeled and a battery of in vitro and animal mea-
surements will be performed to evaluate biocavailability.
In addition to in vitro measurements, two different
animal assays will be used (hemoglobin repletion method
and radioiron absorption). Finally, these labeled com-
pounds will be administered to human volunteers to mea-
sure iron availability in man. By correlating these
results with studies in animals and in vitro methods, it
is hoped to develop a simplified and more practical
approach for monitoring iron biocavailability. As many as
Six separate iron absorption studies may be required as
part of this project which could account for 40-50% of our
efforts in the coming year.

Bioavailability of LDC Diets

A major objective in the initial contract was to measure
availability in various LDC diets. These studies have
progressed slowly because of the difficulty in identi-
fying sources of support for studies in LDCs. One of the
more effective collaborations to date has been in the
Philippines and further collaboration is planned. This
be particularly important if there are any major dis-
parities in the data currently being obtained in Kansas
and in the Philippines. We also plan to conduct pilot
studies of radiolabeled fortified rice as described
previously. Finally, we hope to perform some preliminary
studies with bagoong, a fish paste, that is a close second
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candidate to rice as a vehicle for iron fortification
(see Appendix C).

Dr. Shobaki, a nutritional biochemist from Cairo, Egypt
will spend 2 months in our laboratory beginning in
October of the present year. During this time we will
plan to measure iron availability from one or more
typical Egyptian diets using foods purchased locally. It
is hoped that the counterpart of these studies cai be
performed in Cairo on his return as is being done with the
Philippine collaboration.

There are three other LDCs with the potential for col-
laboration in studies of food iron availabiltiy during
the coming year. Dr. Lynch recently completed a three-
week study of anemia in Cameroon and his report is
included in Appendix C. While iron deficiency was not the
sole cause of anemia, it was thought to be an important
component. We hope to have an opportunity to study iron
availability from that diet which is predominantly vege-
table and believed to have low availability of iron.
Another possible country is Guyana, and a report of a site
visit to that country in 1978 is also included in the
Appendix. A study is currently being conducted in Guyana
to identify causes of anemia in that country. If iron
deficiency again surfaces as the major cause, there is a
potential for collaborative studies of iron avail-
ability. Finally, a meeting is planned for the Caribbeci
in January, 1981 by Dr. Gurney and Dr. Simmons. Data on
the prevalence of iron deficiency anemia in the Caribbean
will be reviewed and it is hoped that some collaborative
efforts can be developed to measure iron availability of
diets from those regions.



GENERAL METHODOLOGY

The following .s an interim report of investigations of food
iron availability performed under USAID Contract No. DSAN-C-
0045 from 1 September 1979 to 30 August 1980. The results are
presented as a series of 16 consecutively-numbered absorption
studies performed in groups of 7-15 subjects each. The fol-
lowing aspects of methodology and data analysis are common to
all of these studies.

Experimental Subjects. Each study was performed'in normal male

volunteer subjects between the ages of 18 and 65 years. Fully
informed consent was obtained from the subjects, all of whom
were remunerated for their participation in the studies. The
majority of subjects were enrolled as medical or dental stu-
dents at the University of Missouri, Kansas City. None of the
subjects gave a history of hematological abnormalities or
diseases known to influence the gastrointestinal absorption of
iron. The majority of volunteers had normal iron status as
gauged as serum ferritin levels; an occasional subject had mild
iron deficiency due to either participation in other exper-

imental studies or frequent blood donations.

Test Meals. Except for absorption from the reference dose or
inorganic iron which is described below, the test meals con-
tained either a mixture of food items or a combination of semi-
purified dietary ingredients. The methodology used to measure
the absorption of nonheme dietary iron was based on the princ-
iple of extrinsic radioiron tagging. With this technic, it is
possible to measure absorption from the common pool of nonheme
iron that is formed when several food items are ingested in the
same meal. Extrinsic tagging is performed by adding 0.1 mg
elemental iron as labelled FeClj3 to the meal. This radioiron
label is either mixed with the entire meal when studying liquid
diets or is added to one of the liquid items in a conventional

meal.



Composition of the test meals differed in each study depending
on the nature of the experiment; specific meals are described
under each study. Many studies were performed with one of two
standardized meals that have been used extensively in published
studies from this laboratory. The first meal was designed to
represent a typical American meal. Originally this meal
consisted of beef, corn, potatoes, bread, margarine, peaches
and ice milk; it contained a total of 696 kcal; 29.4 gm protein,
67.6 gm carbohydrate, 34.9 gm fat, 202 gm calcium, 414 mg
phosphorus and 4.1 mg iron. To facilitate the preparation of
large number of test meals for the AID studies, a similar type
of meal was purchased the day before each study from a local
McDonald's Restaurant. The meal consisted of a quarter-pound
hamburger, reqular size order of french fries, and one-half of
a vanilla milkshake. The french fries and hamburger were
reheated in a microwave oven immediately prior to adminis-
tration. The milkshake served as a convenient vehicle for
introduction of the extrinsic tag or other test materials. The
composition of this standard (STD) meal as determined by
analysis at WARF Institute is as follows: 791 kcal, 33.7 gm
protein, 85 gm carbohydrate, 35.3 gm fat, 662 mg calcium, 361
mg phosphorus, and 5.7 mg iron. In a preliminary study
performed in 10 male volunteer subjects, absorption from the
original standard meal and the McDonald's meal averaged 4.0 and
3.6% respectively, a difference that was not statistically

significant.

A second test meal that has been used extensively in published
ctudies of food iron absorption from this laboratory was
designed to match identically the biochemical composition of
the original standard meal. The meal consists of semi-purified
ingredients, the amount of which can be altered in each ex-
periment so as to standardize total content of the major dietary
ingredients in each test meal. This semisynthetic (SS) meal
contains 37.4 gm egg albumin as protein, 66.8 gm dextrimaltose



as carbohydrate, 34.8 gm corn oil as fat, and sufficient dibasic
calcium phosphate, dibasic potassium phosphate, and ferric
chloride to bring the calcium, phosphorus, and iron content to
262, 361, and 4.1 mg, respectively. The composition of the SS
meal was not revised to match the biochemical composition of the
STD meal obtained from McDonald's.

A final test dose that was used in many studies consisted of a
solution of inorganic iron and is referred to as reference
absorption (REF). This test dose ~o>ntained 3 mg iron as ferrous
sulfate and 2 moles freshly prepared ascorbic acid/mole of iron
in 50 ml iron-free water. The purpose of the REF test is to
provide a measure of the intestinal avidity of iron in each
subject and thereby permit standardization of absorption mea-
surements performed in groups of subjects that differ in iron
status. By expressing absorption from a given test meal as a
ratio of REF absorption, the effect of differences in iron

status between subjects or groups of subjects is eliminated.

Iron Absorption Measurements. In all studies four iron ab-

sorption tests were performed in each subject as two sets of
parallel double isotope measurements. The day before the first
meal the subjects reported to the laboratory, were told the
nature of the study, and gave their informed consent. Age,
height, and weight of each subject was recorded, and 30 ml whole
blood was obtained for measurements of hematocrit, serum iron,
total iron-binding capacity, serum ferritin, and background
blood radicactivity. On the following day, the first test meal
tagged with either °9Fe or 95Fe was administered to fasting
subjects between 8 and 10 a.m.; nothing further was allowed by
mouth for 4 hours. A second meal tagged with the alternate form
of radioiron was fed under identical conditions the following
day. Fourteen days later the subjects returned to the labor-
atory and 10 ml whole blood was obtained for duplicate mea-

surements of 99Fe and 99Fe. A second pair of absorption tests



were again performed with 59Fe and 25Fe on two successive days,
and a final blood sample was obtained 14 days later to measure
the rise in 23Fe and 52Fe blood radiocactivity. The total dose
of radicactivity administered to each subject was 4 uCi 29¥e and
10 uCi 35Fe.

Simultaneous measurement of 25Fe and °9Fe activity in 10 ml
blood (day 0 x 1, day 14 x 2, day 28 x 2) was performed by liquid
scintillation counting using a modification of the Eakins and
Brown method. Standards representative of each test dose were
processed along with the blood samples. Percentage absorption
was calculated from whole blood radiocactivity and total blood
volume, the latter estimated on the basis of height and weight.
In these iron replete volunteers it was assumed that 80% of the
absorbed iron was incorporated into circulating red cells 14
days after administering each test meal.

Statistical Analysis and Data Presentation. 1Iron absorption

measurements expressed as a percent of the administered dose
are highly skewed and the degree of skewing is particularly
marked at low levels of absorption which are frequently en-
countered in studies of food iron availability. Pr evious
studies of this problem have established that log transfor-
mation of percentage absorption will produce a Gaussian dis-
tribution. Statistical analysis was performed on logarithms of
percentage absorption and the results transformed as antilogs

to recover the original units of percent absorption.

When testing thé significance of differences in mean absorption
between any two test meals in a given study, analysis was
performed on logarithms. Student's t was calculated to de-
termine whether the mean difference in log absorption between
any pair of méals was significantly different than zero; this
is equivalent to testing in original units for a ratio different

than unity.



In the main table prepared for each study, percent absorption
from each meal is listed individually in each subject and the
most important ratios are similarly tabulated. Also included
for each study is a table which lists mean absorption +1 SE for
all possible meal combinations. The reciprocal mean ratio
(1/ratio) is also listed for each meal but not the associated
+1 SE which can be calculated as reciprocals of +1 SE for the
original ratios. Values for Student's t and the associated P
values are also listed for each meal. In addition, correlation
coefficients for absorption from each pair of meals (performed
on logarithms) are listed together with the associated P value.
These correlation coefficients reflect the precision of each
paired comparison. Lower correlation coefficients are usually
obtained when comparing absorption from test meals admin-
istered 14 days apart rather than 24 hours apart--that is, when
comparing absorption from either meals A or B with either meals
C or D. Note that the meal designations (A,B,C,D) do not
necessarily indicate the order in which the meals were actually
administered; this order was sometimes altered in the tables to
emphasize the most important comparisons in eacu study. Graphs
are also included for each study showing percentage absorption
and the important absorption ratios, both plotted on a log-
arithmic scale.



APPENDIX A

IRON ABSORPTION STUDIES



STUDY 11

EFFECT OF COOKED AND UNCOOKED EGG ALBUMIN

SUMMARY

To determine whether conalbumin, an iron binding protein con-
tained in egg albumin, impairs iron absorption, cooked and
uncooked albumin were administered as the protein source in the
SS meal. No effect was seen at the usual iron content of the
SS meal (4.1 mg) but when the study was repeated at double the
iron concentration, a small but significant 29% increase in
absorption was observed with the precookad protein. A bor-
derline increase in iron absorption was also observed when the
iron content of the meal was increased to exceed the iron
binding capacity of conalbumin. It is concluded that the iron
binding protein, conalbumin has a minimal affect on iron

assimilation.



RATIONALE

The SS meal, used extensively in this laboratory during the past
5 years, contains ovalbumin as the protein source which is
simply spray-dried egg white. Conalbumin constitutes about 12%
of this protein which is similar, if not identical, to trans-
ferrin, the iron binding protein in serum. The SS meal contains
4.4 gm conalbumin, an amount capable of binding approximately
4.4 mg iron.

Conalbumin could impair iron absorption by binding iron and
rendering it unavailable to the intestinal mucosa. However,
iron binding by this protein is strongly pH dependent; the
affinity for iron is lost at a pH below 6. Thus, minimal binding
may occur in the proximal duodenum where iron uptake by tl.e
intestinal mucosa is maximum. It is of interest that recent
animal studies indicate that a transferrin-like protein may
actually be excreted by the intestinal mucosal and complex iron
to facilitate uptake by the mucosal cell.

In a previous study (study 4), egg albumin was administered with
uncooked ovalbumin and with albumin that had been cooked at 70°C
for 15 minutes, a temperature that is known to destroy the iron
binding capacity of transferrin. If ovalbumin affects iron
absorption, it was reasoned that cooking the protein would
ablate this effect. Absorption with uncooked ovalbumin aver-
aged 2.49% and with prior heating, 6.21%; the increase in
absorption was highly significant (p< 0.001).



In the present study, the effect of precooking ovalbumin was
again examined at the usual iron level of the SS meal (4.1 mg).
In a second pair of test meals, the content of the SS meal was
doubled to 8.2 mg, a level that far exceeds the iron binding
capacity of conalbumin. If conalbumin impairs iron absorption,
an increase would be anticipated at a higher iron content.

DESIGN

Four separate test meals were administered to 12 male volunteer
subjects. All fou:r meals consisted of the SS meal with no added
calcium or phosphate. The protein source in meals A and C was
uncooked ovalbumin whereac in meals B and D, the ovalbumin was
precooked at 70°C for 15 minutes. Meals A and B contained the
usual amount of iron--0.4 mg as ovalbumin and 3.7 mg as ferric
chloride added in 1 ml 0.01 NHCl. To meals Dand C, 7.8 mg iron
as FeCl3 was added to bring the total iron content to 8.2 mg.

Meal Ovalbumin Iron
A Uncooked 4,1
B Cooked 4.1
C Uncooked 8.2
D Cooked 8.2

RESULTS

The results are shown in Table 11-1. Absorption from meal A
averaged 3.0% which is similar to the means of 2.5% and 4.7% in
studies 4 and 5 respectively with this same test meal. Mean
absorption from meal B was virtually identical, 3.03%.

Surprisingly, absorption increased when the iron content was
doubled; absorption from meals C and meal D averaged 3.7 and
4.8% respectively. The increase was not significant with
uncooked albumin (mean ratio C/A=1.24, p=0.16) but was sig-



nificant wifh cooked albumin (mean ratio D/B=1.58, p=0.02). In
addition, significantly hiagker absorption was observed when
the protein was heated prior to administration (mean ratio
D/C=1.29, p< 0.01). |

COMMENT

In contrast to a previous study, iron absorption was not higher
when ovalbumin was cooked and added to a meal containing 4.1 mg
iron. There is no obvious explanation for the disparity in the
two results. However, when the quantity of iron in the test
meal was doubled, absorption increased rather than decreased as
one would predict; absorption is usually inversely propor-
tional to the size of the test meal. Moreover, there was a
significant 58% increase in absorption when cooked ovalbumin
was administered at this higher iron dose. No definite con-
clusion in regard to the effect of conalbumin on iron absorption
can be drawn from this study. While the results do not exclude
the possibility that conalbumin impairs iron assimilation, the

inhibition, if it exists, is minimal.

10



TABLE 11-1
STUDY 11. The Effect of Uncooked and Cooked Egg Albumin on Iron Absorption.

Packed TRON ABSORPTION
Cell Serum Tsf Serum Low Iron High Iron Absorption Ratio
Subject Age Volume Iron Sat Ferritin Uncooked(A) Cooked(B) Uncooked{C) Cooked(D) B/A D/C C/A D/B
(2)  (ug/d1l) (%) (ng/ml) (% of dose) (% of dose)

1 25 43 88 31 59 0.81 0.83 2.91 5.12 1.02 1.75 3.59 6.16

2 34 43 150 56 132 1.27 1.95 1.77 2.68 1.53 1.51 1.39 1.37

3 27 43 92 33 79 1.31 1.30 2.73 3.33 0.99 1.21 2.08 2.56

4 21 44 52 13 115 2.07 1.42 2.21 2.82 0.68 1.27 1.06 1.98

5 21 48 102 30 26 2.15 1.91 3.66 3.00 0.88 0.81 1.78 1.57

6 25 46 128 38 62 3.10 2.47 4.51 8.30 0.79 1.84 1.45 3.36

7 23 46 78 26 22 3.50 4.17 2.93 4.10 1.19 1.39 0.83 0.98

8 28 41 106 40 94 4.30 5.41 2.05 3.08 1.25 1.50 0.47 0.56

9 21 47 96 28 25 5.25 5.48 8.48 11.35 1.04 1.33 1.61 2.07
10 23 44 102 24 105 5.41 1.25 2.07 1.71 0.23 0.82 0.38 1.36
11 22 46 103 28 94 5.50 6.68 3.05 4.02 1.21 1.31 0.55 0.60
12 41 36 27 6 5 12.38 42.60 44 .47 47.32 3.44 1.06 3.59 1.11
MEAN 26 44 114 29 51* 3.00* 3.03* 3.73* 4.79* 1.01* 1.29* 1.24* 1.58*
-1 SE 2.40 2.23 2.89 3.71 0.85 1.19 1.01 1.30

+1 SE 3.75 4.13 4,82 6.19 1.21 1.38 1.53 1.92

* geometric mean



TABLE 11-2.

STUDY 11. The Effect of Uncooked and Cooked Egg Albumin on Iron Absorption.
ABSORPTION RATIOS
A/B A/C A/D B/C B/D C/D
Mean Ratio 0.99 0.80 0.63 0.81 0.63 0.78
-1 SE 0.83 0.65 0.49 0.67 0.52 0.72
+1 SE 1.18 0.99 0.79 0.98 0.77 0.84
1/ Ratio 1.01 1.24 1.60 1.23 1.58 1.29
Student's t 0.064 1.031 1.989 1.087 2.315 3.392
P value 0.475 0.162 0.036 0.150 0.020 0.003
Corre]ati?n; 0.823 0.620 0.521 0.791 0.771 0.957
r

P value <0.001 0.016 0.041 0.001 0.002 < 0.001

* Log scale

¢l
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STUDY 12

EFFECT OF SOY ISOLATES ON IRON ABSORPTION

SUMMARY

The effect on iron absorption of the following soy isclates was tested
by making protein equivalent substitutions for ovalbumin in the SS
meal: full fat soy flour (FFSF), textured soy protein (TSP) and
isolated soy protein (ISP). Mean absorption from the SS meal of 5.5%
fell significantly with all three soy isolates; mean absorption
averaged 0.4%, 1.9% and 1.0% with ISP, TSP, and FFSF respectively. It
is concluded that soy products markedly inhibit iron absorption and
this inhibition is enhanced in the purification of soy protein.



RATIONALE

In a previous study (study 4), isolated soy protein (ISP)
markedly inhibited iron absorption from the SS meal as compared
with egg albumin; absorption averaged 0.46 and 2.49% respect-
ively. However, published studies with intrinsically tagged
soybeans have shown a relatively high availability of iron as
have studies of extrinsically labeled soy. Moreover, ISP is
about 60% as available as ferrous sulfate based on the rat
hemoglobin repletion assay. The present study was undertaken
to determine whether inhibition by ISP was related to the
purification process; various soy isolates were substituted
for ovalbumin in the SS meal to determine their effect on iron
assimilation.

There are several steps involved in processing soybeans to
obtain ISP (Figure 12-1). After soybeans are cracked, de-
hulled, and flaked, the food can be ground to obtain full fat
soy flour (FFSF). Alternatively, the flakes can be extracted
with solvent to remove soybean oil; the higher protein flakes
are then either ground to obtain defatted soy flour (DFSF) or
extruded to obtain granules with a meat-like consistency upon
dehydration. This latter isolate is marketed as textured soy
protein (TSP). Water extraction of the defatted flakes pre-
cipitates about one-third of the total protein. The soluble
fraction is then acidified to pH 4.5 (isoelectric point for soy
protein) which causes about one-half of the remaining soy
protein to precipitate. The soluble fraction (termed 'whey')
which contains about one-third of total soy protein, is dis-
carded and the precipitate is then marketed as ISP. As the
protein content of these soy fractions increases (due to
solvent extraction and isoeleFtric precipitation), the iron
content per unit weight increases in parallel.

15



DESIGN

Four separate meals were fed to 10 male volunteer subjects. The
ovalbumin in the SS meal was used as a basis for comparing iron
absorption from different soy isolates. Meal A was the SS meal
with one-half quantities of ovalbumin and no added calcium or
phosphate; the protein content was lowered to maintain a
reasonable total meal volume when substituting soy products
having a lower protein concentration. In meal B, ISP (Supro
710, Ralston Purina Co.) was substituted for egg albumin in
protein equivalent amounts. In meal C, the protein source was
TSP, (Supro 50A, Ralston Purina Co.), while meal D contained
FFSF (El Molino Mills, City of Industry, CA). The composition
of the four test meals is shown in Table 12-1. The amount of
dextrimaltose and corn oil in each of the meals was varied to
maintain the same total content of these constituents. FeClj
was added to bring the total iron content of each meal to 4.1

mg.

Meals A, B, and D were thoroughly mixed and served as a drink.
For meal C containing TSP, dry protein granules were hydrated
in a styrofoam bowl with twice their weight of water. This
mixture was then heated in a microwave oven and a portion of the
liquid (containing fat and carbohydrate) was poured over it.
TSP was eaten with a spoon while the other components of the SS
meal were taken as a drink. Meal C was the most difficult for
the subjects to ingest and many complained of nausea for several
hours following the test meal. Side effects of the other meals

were minimal.

RESULTS
The results are listed in Table 12-2. Iron absorption from meal
A averaged 5.5%, nearly double the absorption observed with the

16



SS meal in previous studies; the difference is explained by the
lower content of ovalbumin used in the present study.

Compared to ovalbumin, all meals containing soy isolates
sharply inhibited iron absorption. Absorption with ISP (meal
B), averaged 0.41% which represented an inhibiton of 92% rel-
ative toovalbumin. Absorption with TSP (meal C) averaged 1.9%,
an inhibition of 65% relative to meal A. Absorption with FFSF
(meal D) averaged 0.97%, an B82% reduction relative to ov-
albumin.

Absorption from all meals containing any one of the soy isolates
also differs significantly from each other (see Table 12-3).
Even when absorption was relatively similar, as with meals C and
D (TSP and FFSF), the difference was still highly significant
(mean ratio C/D=1.95, p<« .01). '

COMMENT

All soy products examined in this study showed a marked in-
hibition in iron absorption as compared with ovalbumin. Ap-
parently there are substances in this protein that bind iron and
render it unavailable to the intestinal mucosa. The extremely
low value of 0.4% for ISD is virtually identical to the mean of
0.45% observed in study 4. Because the same degree of in-
hibition was observed in the present study with half quantities
of protein, the iron binding capacity of ISP is high and is
still not saturated at an iron protein ratio in this study of
4 mg/15 g.

The inhibiting effect of soy products is closely related to the
protein content. For example, FFSF contains 42% as much protein
as ISP on an equal weight basis and the absorption ratio for
ISP:FFSF (A/D) averaged 0.42. The result with TSP is not

17



entirely consistent with this hypothesis because the protein
content of FFSF is 37% as compared with 51% for TSP and yet mean
absorption with TSP was significantly higher than FFSP (mean
ratio C/D=1.95, p< 0.01). The difference may relate to the
extrusion process that is applied to defat soy flour and obtain
a texture similar to that of meat. The high temperature and
pressure conditions in the extrusion process may in part
neutralize the inhibiting factor. The inhibiting effect of soy
might also relate to its content of phytic acid which is
concentrated in parallel with protein during purification. ISP
contains 1.8% phytic acid but the phytate content of the other
soy products is unknown. Recent studies with wheat bran,
however, indicate that phytate content is much less inhibitory
to iron absorption than previously believed.

All three soy products studied in this report inhibited iron
absorption and the greatest inhibition was seen with ISP. The
nature of this inhibiting effect is not known but the present
results suggest that it may be protein or nitrogenous in nature.
If the biochemical nature of the inhibition can be identified
and perhaps eliminated, the nutritive value of soy products as

food supplements will be enhanced.
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TABLE 12-1. Composition of Test Meals.

Amount Energy Protein Iron
(gm) (kcal) (gm) (mg)
MEAL 1
Egg albumin 18 68 15 0.1
Dextrimaltose 67 254 - -
Corn oil 35 308 - -
FeCl3'6H20 19* - - 3.9
Water 220 - - -
Total 340 630 15 4.0
MEAL 2
ISP 17 53 15 2.0
Dextrimaltose 67 257 - -
Corn oil 35 380 - -
FeClj36H,0 10* - - 2.0
Water 220 - - -
Total 340 618 15 4.0
MEAL 3
TSP 29 93 15 3.3
Dextrimaltose 57 219 - -
Ccorn oil 35 305 - -
FeCl3"6H,0 3* - - 0.7
Water 220 - - -
Total 340 617 15 4.0
MEAL 4
FFSF 40 169 15 3.4
Dextrimaltose 55 210 - -
Corn oil 27 236 - -
FeCl3'6H20 3% - - 0.6
Waterx 228 - - -
Total 350 615 15 4.0



TARLF 12-2

STUDY 12.

The Effect of Soy Products on Iron Absorption.

Packed
Cell Serum Tsf Serum Iron Absorption Absorption Ratio
Subject Age Volume Iron Sat Ferritin ALB (A) ISP (B) TSP (C) FSF (D) C/B D/B C/D
(%) (ug/d1) (%)  (ng/ml) (% of dose)

1 24 44 163 40 83 2.01 0.16 1.00 0.81 6.25 5.06 1.23

2 21 46 105 31 105 3.28 0.52 0.90 0.91 1.73 1.75 0.98

3 35 40 99 28 149 3.46 0.28 1.71 0.40 6.11 1.43 4.27

4 24 46 117 39 59 3.75 0.61 3.30 1.52 5.41 2.49 2.17

5 42 42 106 29 94 4.11 0.13 1.47 0.46 11.31 2.49 3.19

6 25 47 144 40 30 5.53 0.17 2.40 0.57 14.12  3.35 4.21

7 24 44 78 19 112 6.08 0.33 2.82 1.21 8.55 3.67 2.33

8 24 46 107 27 46 8.37 1.27 2.73 4.67 2.15 3.68 0.58

9 34 46 96 26 86 14.03 1.55 1.06 0.66 0.68 0.43 1.60
10 25 42 81 22 26 18.36 0.72 4.43 1.85 6.15 2.57 2.39
MEAN 28 44 110 30 69* 5.50* 0.41* 1.91* 0.97* 4.62* 2.37* 1.95%
-1 SE 4.42 0.31 1.60 0.77 3.43 1.89 1.59

+1 SE 6.83 0.54 2.27 1.23 6.21 2.96 2.39

* geometric mean

&
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TABLE 12-3

STUDY 12. The Effect of Soy Products on Iron Absorption.

ABSORPTION RATIOS
778 A7C 7D B/C B/D 70
Mean Ratio 13.30 2.88 5.62 0.22 0.42 1.95
SE 10.81 2.35 4.37 0.16 0.34 1.59
+1 SE 16.37 3.53 7.22 0.29 0.53 1 2.39
1/ Ratio 0.08 0.35 0.18 4.62 2.37 0.51
Student's t 12.462 5.169 6.888 5.163 3.834 3.298
P value 0.001 0.001 0.001 0.001 0.002 0.004
Corre]ati?n; 0.664 0.471 0.385 0.185 0.618 0.542
r
P value 0.018 0.084 0.135 0.304 0.028 0.053
* Log scale
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STUDY 13

EFFECT OF COFFEE ON IRON ABSORPTION

SUMMARY

The effect of coffee on nonheme iron absorption from the
SS meal was evaluated in 9 volunteer subjects. Iron
absorption from the SS meal taken without coffee aver-
aged 5.9%. When consumed with drip and instant coffee,
absorption fell significantly to 1.64 and 0.97%, re-
spectively. When taken with two cups of instant coffee,
absorption was further reduced to 0.53%. This study
demonstrates a striking inhibition of iron absorption
by coffee similar to that previously observed with tea.
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"RATIONALE
In a previous study (study 9), the effect of coffee and

tea on iron abscrption from the STD meal was examined.
Baseline absorption of 3.7% decreased to 2.3 and 1.3%
when the meal was taken with coffee and tea respect-
ively. The present study was performed to extend this
observation - a) to evaluate the effect of coffee on
a meatless meal, b) to determine whether the type of
coffee affected the inhibition, and c) to determine if
further inhibition occurs when the amount of coffee is
doubled.

DESIGN

Eight men and one post-menopausal woman participated in
this study. All four test meals consisted of the SS meal
without added calcium and phosphate salts and one-half
protein (ovalbumin) content (same as meal A in study
12). The amount of water added to the SS meal was
decreased (220 ml) so that liquid intake would be the
same as meals consumed with coffee. Meal A was taken
with 200 ml waer, meal B with drip coffee prepared by
mixing 250 ml water with 7 gm coffee, and meal C with
instant coffee prepared by mixing 1.5 gm coffee (Tast-
er's Choice) with 200 ml water. In meal D, twice the
amount of instant coffee (3.0 gm) was taken in the same
volume of water (200 ml). Sufficient FeCl3 was added to
all meals to bring the total iron content to 4.1 mg.

One additional methodologic question was addressed in
this study. In all prior studies, the interval between
administering a test meal and drawing blood to measure
incorporated red cell activity has been 14 days. We have
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consistently observed a much higher correlation in
absorption between test meals given on two successive
days than when given 14 days apart. One explanation is
that absorbed radioiron is not fully incorporated into
circulating red cells by day 14. If true, increasing the
interval between administration of the test meal and
blood sampling, would alter absorption values. This
question was examined in this study by obtaining blood
samples on all subjects on both day 14 and day 21
following administration of the labeled test meal. 1In
other words, instead of feeding the second pair of meals
on day 14, blood was drawn on day 14 and day 21; meals
C and D were then administered on the following day.
Similarly, blood was drawn on day 35 and again on day 42
of the study, 14 and 21 days following administration of
the second pair of test meals.

RESULTS

The results are outlined in table 13-1. Mean absorption
from the SS meal averaged 5.88%, a value almost iden-
tical to that obtained from this meal in study 12
(5.55%). Administration of coffee with the SS meal
produced a striking inhibition. Mean absorption with
drip coffee was 1.64% while absorption with single and
double strength instant coffee averaged .97 and .53%
respectively. Absorption from all meals taken with
coffee was significantly lower than when the SS meal was
taken with water. Mean ratios in (with/without) coffee
averaged 0.28, 0.17, and 0.09 with drip, instant, and
double strength instant respectively; thus, inhibition
averaged 72, 83, and 91% respectively.
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Differences in absorption between all three meals taken
with coffee were also statistically significant. Ab-
sorption with instant coffee was significantly lower
than with percolated beverage (ratio C/B=0.59, p=.045)
and the efferct of doubling the amount of instant coffee
was also significant (mean ratio D/C=0.55, p=.002).

A comparison of iron absorption values based on samples
obtained 14 and 21 days following test meal . admin-
istration are listed in Table 13-3. The differences are
small but not negligible; for meal C, 7% higher ab-
sorption was obtained when the sampling interval was 21
rather than 14 days although in no instance did this
change the level of statistical significance between
absorption studies. In some instances, absorption
ratios changed by as much as 5%.

COMMENT

This study provides convincing evidence that coffee
inhibits iron absorption and that the degree of inhi-
bition can be influenced by both the type and strength
of coffee used. It is of interest that coffee inhibition
with the STD meal (containing meat) was less pronounced
(about 47%) than that observed with the SS meal in the
present study--72 and 83% with drip and instant coffee
respectively. 1In a previous study by Derman et al (Br.
J. Nutr. 38:261, 1977), one cup of coffee produced an
inhibition of 59% with a maize meal containing 100 mg

ascorbic acid.

The results of the present study have an important
bearing on iron nutrition in view of the high con-
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sumption of coffee throughout the world. Indeed, when
the equivalent of two cups of coffee are ingested with
a meal, absorption is reduced by a factor of 10. This
may also have an important bearing on the vehicle used
for iron fortification. The use of sugar as a vehicle
has the disadvantage that a significant amount of this
fortification iron in adults would be ingested with

coffee.
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TABLE 13-1

STUDY 13. Effect of Coffee on Iron Absorption From a Semisynthetic Meal.

Packed IRON ABSORPTION

Cell Serum Tsf Serum Coffee Absorption Ratio

Subject Age Volume Iron Sat Ferritin SS Meal Drip Instant Instantx2 B/A C/A D/A C/B D/B D/C
(%) (ug/d1) {%)  (ng/ml) (% of dose)
A B C D

1 44 50 166 41 55 1.35 1.06 0.36 0.23 0.78 0.26 0.17 0.33 0.21 0.63
2 30 49 197 50 76 3.22 2.45 2.57 1.65 0.76 0.79 0.51 1.04 0.67 0.64
3 24 39 183 50 114 4.48 1.88 0.43 0.33 0.41 0.02 0.07 0.22 0.17 0.76
4 23 43 126 35 114 5.11 i.10 0.27 0.23 0.21 0.05 0.04 0.24 0.20 0.85
5 24 44 145 38 132 6.22 0.86 0.40 0.17 0.13 0.06 0.02 0.46 0.19 0.42
6 50 37 123 28 56 9.03 3.37 2.45 2.21 0.37 0.27 0.24 0.72 0.65 0.90
7 28 45 118 28 46 9.51 0.83 2.62 1.43 0.08 0.27 0.15 3.15 1.72 0.54
8 27 45 157 39 86 10.00 1.91 1.1 0.28 0.19 0.11 0.02 0.58 0.14 0.25
9 31 43 106 20 181 15.98 3.56 2.65 0.90 0.22 0.16 0.05 0.74 0.25 0.33
MEAN 31 44 147 38 87* 5.88* 1.64* 0.97* 0.53* 0.28* 0.17* 0.09* 0.59* 0.33* 0.55
-1 SE 4.60 1.36 0.70 0.38 0.22 0.12 0.07 0.45 0.25 0.48
+1 SE 7.52 1.98 1.36 0.75 0.36 0.22 0.13 0.78 0.43 0.64

* geometric mean
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TABLE 13-2

STUDY 13. Effect of Coffee on Iron Absorption From a Semisynthetic Meal.

ABSORPTION RATIOS
A/B A/C A/D B/C B/D C/D
Mean Ratio 3.58 6.03 10.90 1.68 3.05 1.81
-1 SE 2.79 4.53 7.78 1.28 2.31 1.57
+]1 SE 4.59 8.01 15.29 2.21 4.01 2.09
1/ Ratio 0.28 0.17 0.09 0.59 0.33 0.55
Student's t 5.14 6.30 7.07 1.92 4.03 4.11
P value 0.0004 0.0001 0.0001 0.0453 0.0018 0.0017
Corre]ation; 0.367 0.543 0.343 0.576 0.553 0.905
(r
P value 0.165 0.065 0.183 0.052 0.061 0.0004

* Log scale
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TABLE 13-3.

Effect of Interval Between Meal Administration and Blood Sampling.

Interval Mean Iron Absorption Iron Absorption Ratio

MEAL A/B C/D A B C D B/A C/A D/A C/B D/B D/C
(weeks)
2 2 5.51 1.53 0.91 0.55 .278 .165 .099 .594 .357 .601
2 3 5.92 1.65 0.91 0.55 .279 .154 .092 .552 .332 .601
3 2 5.47 1.53 0.97 0.53 .279 .178 .098 .637 .352 .552
3 3 5.88 1.64 0.97 0.53 .279 .165 .091 .594 .328 .552
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STUDY 14

STUDY OF RADIOIRON EXCHANGE WITH NaFeEDTA

SUMMARY

The present study was the first of a series to better define the
value of sodium iron EDTA for iron fortification. In the
present study complete isotopic exchange was observed between
nonheme dietary iron of the SS meal {labeled extrinsically) and
either preformed NaFeEDTA or a mixture of disodium EDTA and
ferric chloride (NajEDTA + FeCl3). Furthermore, no difference
was observed in absorption of the preformed complex (NaFeEDTA)
and (NaEDTA and FeClj3) added separately at the time of admin-
istration.
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RATIONALE

There has been much interest in recent years in the use of
NaFeEDTA as a compound for food iron fortification. Studies
more than a decade ago by Garby demonstrated an increase in
hemoglobin levels when used for iron fortification of £fish
sauce in Thailand. More recently, a large fortification trial
has been undertaken in Guatemala to examine the efficacy of
sugar fortified with NaFeEDTA. Preliminary studies that led to
this trial indicated that this form of iron avoids certain
unfavorable reactions with foods such as discoloration or
rancidity. For example, when ferrous sulfate is added to tea,
a heavy black precipitate forms immediately whereas the same
amount of iron added as NaFeEDTA produces discoloration only
very slowly. Of perhaps even greater importance is the fact
that NaFeEDTA has been shown in certain instances to be better

absorbed than the common pool of dietary nonheme iron.

The effect of EDTA on iron absorption has not always been found
favorable. For example, in one study from this laboratory,
increasing doses of NajEDTA impaired iron assimilation from the
STD meal (Cook and Monsen, AJCN, 29:614, 1976). The disparity
with subsequent reports could be accounted for in two ways.
First of all, the amount of NajEDTA added was much larger in the
study by Cook and Monsen than the amount proposed for iron
fortification. Second, NajsEDTA was used in the study by Cook
and Monsen whereas preformed NaFeEDTA was used in studies

reporting favorable absorption of NaFeEDTA.

The present  study was undertaken as the first in a series to
better define the availability of NaFeEDTA when used for iron
fortification. The objectives were two-fold. First, we wanted
to determine whether or not NaleEDTA exchanges completely with

the nonheme pool of dietary iron. Some studies have demon-
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strated complete exchange while others have suggested Ehaﬁ the
complex is better absorbed than the common pool of nonheme
dietary iron. The second question was whether the disparity in
previous reports was due to the fact that preformed NaFeEDTA was
used in some studies whereas a mixture of NagEDTA and iron was
used in others.

DESIGN

In the present study only two test meals were administered
(meals 1 and 2), but each of the meals was doubly tagged with
59Fe and P9Fe. Four separate iron absorption measur ements were
therefore obtained: A and B with meal 1 and C and D with meal
2. Both test meals consisted of the SS meal with half protein
and no added calcium or phosphate. This is the same meal as that
used in studies 12 and 13. The meals were fed to 11 male

volunteer subjects.

In both meals 1 and 2, the common pool of nonheme iron was tagged
extrinsically by adding 2 mg iron as 99FeCl3-6H50. This
extrinsic tag was thoroughly mixed with the meals before adding
the second label. Absorption of this radioiron is designated
'test B' for meal 1 and 'test D' for meal 2. Note that this
radioiron labeling technic is the same as that used in all
previous studies to measure nonheme iron absorption from the SS
meal .

Meal 1 was designed to measure absorption when NaFeEDTA is not
preformed chemically. An aqueous solution of NajEDTA (5.2 mg)
was mixed with 55FeCl3 (1 mg iron) and added in 1 ml volume to
the meal. Note that the FeCl3 and NajzEDTA were premixed in
solution before adding them to the SS meal. Absorption of this

radioiron is designated as 'test A'.
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For meal 2, radioiron was added as preformed NaFeEDTA in an
amount that provided 1 mg iron and 5.3 mg EDTA, the same total
quantity as in meal 1. Absorption of this radioiron is referred
to as 'test C'.

NaFeEDTA in this study was synthesized by the method of Sawyer
and McKinney (J. Amer. Chem. Soc. 82:4191, 1960). This pro-
cedure entails mixing equimolar Fe(NO3)3°9Ho0 with
NaEDTA-2H0; 95FeCl3 is added at this point for radiolabeling.
The pH of the mixture is then raised to 5.0 with sodium

bicarbonate and the yellow-gold iron complex is precipitated by
adding ethanol. After discarding the supernatant, the pre-
cipitated NaFeEDTA is dissolved in a minimal amount of water and
reprecipitated with ethanol three times. The final precipitate
was dried in an oven at 60°C overnight.

RESULTS

The absorption data is listed in table 14-1. Absorption of the
extrinsic tag in the SS meal averaged 5.88% in meal 1 (column
B) and 6.06% in meal 2 (column D). These values are almost
identical to those observed in studies 12 and 13. The 3%
difference in meeén absorption between meals 1 and 2 (B and D)
is not significant indicating that the form in which EDTA is
added does not alter absorption of nonheme iron.

When FeCl3 and NajEDTA were simply mixed in the solution before
adding it to the SS meal (A), absorption averaged 5.42% as
compared with 5.88% from the extrinsic tag (B); this small
difference (mean ratio A/B=0.92) was statistically significant
at the 0.1% level. Adifference of only 8% would not be detected
as significant if the two isotopes are administered on two
successive days. However, when 55Fe and 3%Fe are added to the
same meal, day-to-day variations are eliminated thereby allow-
ing detection of much smaller differences as significant; this
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is reflected in the correlation coefficient between A and B of
0.987. While the difference in absorption of A and B was
statistically significant, the difference is not regarded as
meaningful. When preformed NaFeEDTA was added to the SS meal
in meal 2 (C), absorption was exactly equal to the absorption
of nonheme iron (D); mean ratio C/D=1.00.

COMMENT

There are two important observations in this study and both are
negative. In the first instance, NaFeEDTA, whether preformed
or simply added together as FeCl3 and NazEDTA at the time of
administration, are absorbed identically to the common pool of
nonheme iron. Thus, although a higher absorption of NaFeEDTA
has been reported in some studies, this was not observed in this

report.

The second observation is that there is no difference in
absorption when NaFeEDTA is added as a preformed complex or
simply added as EDTA and iron. The previous report by Cook and
Monsen in which increasing levels of NaEDTA were shown to
impair iron absorption cannot be explained by use of the NasEDTA
rather than NaFeEDTA. Also note that the amount of EDTA used
in this study (5.2 mg) is far less than the minimal level of 25
mg EDTA shown in the previous study by Cook and Monsen to

inhibit iron absorption.



TABLE 14-1

STUDY 14.

Comparison of Pre-Formed NaFeEDTA With FeCl3 and Na,EDTA.

IRON ABSORPTION

Packed Meal 1 Meal 2
Cell Serum FeCl3 + NagEDTA  FeClg NaFeEDTA FeClg Absorption Ratio
Subject Age Volume Ferritin (A) (B) (C) (D) ‘A/B C/D
{%) {ng/m1) (% of dose) (% of dose)
1 26 42 115 2.67 2.81 2.12 2.22 0.95 0.95
2 24 46 88 3.00 3.73 3.12 3.28 0.80 0.95
3 19 41 55 4.12 4.17 5.77 5.48 0.99 1.05
4 27 45 144 4.63 4.57 8.01 8.25 1.01 0.97
5 31 48 82 5.55 6.53 7.03 7.98 0.85 0.88
6 26 45 110 5.63 5.97 6.40 5.97 0.94 1.07
7 30 46 95 6.38 6.77 5.31 5.58 0.94 0.95
8 24 47 32 6.57 7.30 8.17 8.11 0.90 1.00
9 31 45 77 6.85 7.66 9.37 8.80 0.89 1.06
10 24 46 108 7.16 7.85 4.36 4.22 0.91 1.03
11 27 47 45 12.27 12.75 17.57 16.50 0.96 1.06
MEAN 26 45 80 5.42% 5.88* 6.09* 6.09* 0.92* 1.00*
-1 SE 4.77 5.18 5.13 5.18 0.90 0.98
+1 SE 6.17 6.68 7.22 7.18 0.94 1.02

* geometric mean
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TABLE 14-2

STUDY 14. Comparison of Pre-Formed NaFeEDTA With FeCl3 and NagEDTA.

ABSORPTION RATIOS

A/B A/C A/D B/C B/D Cc/D

Mean Ratio 0.92 0.89 0.89 0.97 0.97 1.00
-1 SE 0.90 0.81 0.81 0.88 0.88 0.98

+]1 SE 0.94 0.98 0.98 1.07 1.06 1.02

1/ Ratio 1.09 1.12 1.12 1.03 1.04 1.00
Student's t . 4.06 1.24 1.27 0.34 0.36 0.07
P value 0.001 0.121 0.117 0.370 0.362 0.472
Corre]ati?n; 0.987 0.842 0.826 0.814 0.803 0.994

r

P value <1076 0.0006 0.0009 0.0011 0.0014 <10-6

*Log scale
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STUDY 15

IRON ABSORPTION FROM FILIPINO LOW COST MEALS

SUMMARY

Iron absorption was measured from morning, noon, and evening
meals believed to be typical for the lower socioeconomic class
in Manila, Philippines. Mean absorption from breakfast, lunch,
and dinner averaged 1.71, 1.31, and 3.49% respectively. The
total iron content in these meals was 10.5 mg. Based on these
observations, the total amount of iron absorbed daily from this
diet was only 0.28 mg, far below the amount required to maintain

normal iron balance.
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RATIONALE

An essential preliminary step in developing an iron fort-
ification program in a given country is to first measure iron
availability from that diet. If the diet is relatively low in
iron content but has a high availability, iron fortification is
likely to be effective in combating iron deficiency. On the
other hand, if the diet contains a high amount of iron but that
iron is poorly assimilated, the addition of a substance to the
diet which enhances iron availability is likely to be more
effective than the addition of more iron.

This study and the one that follows were undertaken to measure
iron availability from two types of Filipino diets. The present
study was performed with a diet believed to be typical for the
low socioeconomic group and therefore has been designated the
'low cost meal'. The selection of this diet was made by Mrs.
Anita Marzan from Manila, Philippines (Philippine Atomic En-
ergy Commission). The purchase of the foods and their prep-
aration was supervised by Mrs. Marzan and Ms. Mely Ong, a
Filipino technician working in our laboratory. The composition
of the three meals is listed in table 15-1. All food items were
purchased in a local Chinese grocery store.

It is planned that Mrs. Marzan, on her return to the Philippines
will study iron absorption from these identical meals in
Filipino volunteer subjects using foods purchased in Manila.
Therefore, there are four major objectives to the present
study. First the data will provide a measure of iron avail-
ability from a typical Philippine diet. Second, it will test
the validity of performing iron absorption measurements in
normal American volunteers rather than in subjects in the LDC.
Theoretically, any differences in iron status will be elimin-
ated by expressing food iron absorption as aratio of absorption
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from a reference dose of inorganic iron. Reference dose
measurements were performed in this study (meal D) and will also
be performed in studies in the Philippines. The third objective
is to compare iron absorption with foods purchased in the USA
rather than the LDC. The fourth objective is to monitor and
validate measurements of 99Fe and 29Fe blood radioactivity
performed in the Philippines in Mrs. Marzan's laboratory. A
portion of the blood samples obtained in the Philippines will
be shipped to the University of Kansas Medical Center for

replicate measurements.

DESIGN

A total of four iron absorption tests were performed in each of
10 male volunteer subjects. Three of the test meals were chosen
to represent typical Philippine meals (Table 15-1). Breakfast
consisted of rice, fried whole fish, tomatoes, black coffee,
and sugar. Lunch consisted of a mungo bean dish containing
pork, tomatoes, and seasonings. The dinner consisted of a soup-
like dish of sweet potatoes, cabbage, bean sprouts, and a small
quantity of pork. All meals were served with 150 g rice. The
fourth meal consisted of a solution containing 3 mg iron as
radioactive ferrous sulfate and a 2:1 molar ratio of freshly
prepared ascorbic acid (reference dose). All the meals were
prepared on the morning of their administration to the volun-
teers, all of whom had fasted overnight. The subjects en-
countered no difficulty in ingesting the meals with the ex-
ception of subject 7 who refused to eat fried whole fish for
breakfast.

RESULTS

The absorption data is outlined in Table 15-2. Mean absorpton
from the breakfast, lunch, and dinner meals averaged 1.71,
1.13, and 3.49% respectively. Absorption from the reference
dose averaged 19.24%. Differences between each of the meals and
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the reference dose were all highly significant. In addition,
absorption from the dinner meal (C) was significantly higher
than absorpton from either breakfast (mean ratio A/C=.49,
p=.013) or lunch (mean ratio B/C=.32, p<.001).

Iron absorption ratios for each of the meals relative to
reference dose absorption are listed in Table 15-3; mean ratios
for breakfast, lunch, and dinner were .09, .06, and .18 re-
spectively.

COMMENT
See study 16.
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TABLE 15-1. Composition of Low Cost Filipino Meals.
Weight Energy Protein Fat CHO Fiber Iron Vitamin C
(g) (kcal) (9) ()  (9) (g) (mg) (mg)
BREAKFAST
Rice 150 233 3.8 0.6 51.3 0.15 0.90 --
Fried dilis 25 82 17.1 1.0 -- - 0.60 3.6
Tomato 100 20 1.2 0.3 4.2 0.70 0.60 23.0
Coffee 2 3 -- -- 0.7 - 0.11 -
Sugar 10 35 -- - 9.8 -- 0.01 -
0il 7/ 62 -- 7.0 -- -- -- -
Total 294 435 22.1 8.9 66.0 0.85 2.22 26.6
LUNCH
Rice 150 233 3.8 0.6 51.3 0.15 0.90 --
Pork 30 137 3.6 0.2 -- -- 0.54 --
Mungo beans 56 17 2.3 0.1 2.8 0.50 0.66 10.0
Tomato 17 3 0.2 0.1 0.1 0.12 0.11 3.9
Onion 11 3 0.2 -- 0.7 0.09 0.12 2.1
Garlic 1 2 0.1 -- 0.4 0.01 0.02 0.1
0il 6 53 -- -- - -- -- --
Salt 2 -- - -- -- - -- --
Total 273 448 10.2 1.0 55.3 0.87 2.35 16. 1
DINNER
Rice 150 233 3.8 0.6 51.3 0.15 0.90 --
Pork 21 96 2.5 9.5 -- -- 0.38 -
Sweet potato 57 66 0.7 0.2 15.6 0.52 0.52 17.2
Cabbage 83 18 1.3 0.3 3.7 0.67 0.67 38.3
Bean sprouts 54 60 7.1 0.4 10.9 0.33 3.38 3.8
Onion 5 1 0.1 -- 0.3 0.04 0.05 0.8
Garlic 1 2 -- 7.5 -- -- 0.02 --
0il 8 66 -- - -- -- - -
Salt 2 -- -- -- -- - - -
Soy sauce 3 -- - -- - -- -- --
Total 384 542 15.5 18.5 81.8 1.71 5.92 60.1
Combined Total 951 1425 47.8 28.4 203.1 3.43 10.49 102.8




TABLE 15-2

STUDY 15. 1Iron Availability from Filipino Low Cost Meals.

Packed IRON ABSORPTION
Cell Serum Breakfast Lunch Dinner REF Absorption Ratio
Subject Age Volume Ferritin (A) (B) (C) (D) A/D B/D C/D
(%) (ng/m1) (% of dose)
1 20 42 133 0.22 0.51 1.47 10.01 0.02 0.05 0.14
2 22 45 140 0.35 0.40 1.66 9.40 0.03 0.04 0.17
3 30 41 52 0.65 0.16 1.42 15.78 0.04 0.01 0.08
4 19 50 93 2.51 1.28 2.56 17.17 0.14 0.07 0.14
5 35 47 78 2.70 0.83 2.43 15.17 0.17 0.05 0.16
6 28 46 36 3.41 3.2] 7.83 22.21 0.11 0.10 0.26
7 18 48 63 3.51 3.90 13.32 28.17 0.12 0.13 0.47
8 18 48 18 5.30 3.82 8.36 39.51 0.13 0.09 0.21
9 18 43 52 5.97 1.88 4.15 28.85 0.20 0.06 0.14
MEAN 23 46 63* 1.71* 1.13*  3.49* 19.24* 0.09* 0.06* 0.18*
-1 SE 1.14 0.78 2.64 16.25 0.07 0.05 0.16
+1 SE 2.57 1.64 4.61 22.78 0.12 0.08 0.21

* geometric mean



TABLE 15-3
STUDY 15. Iron Availability From Filipino Low Cost Meals.

ABSORPTION RATIOS

A/B A/C A/D 8/C B/D c/D
Mean Ratio 1.51 0.49 0.09 0.32 0.06 0.18
-1 SE 1.18 0.38 0.07 0.28 0.05 0.16
+]1 SE 1.94 0.64 0.12 0.38 0.08 0.21
1/ Ratio 0.66 2.04 11.22 3.08 16.96 5.50
Student's t 1.66 2.73 9.08 7.33 11.13 10.98
P value 0.068 0.013 <105 .00004 <10% <103
Corre]ati?n; 0.79¢ 0.770 0.892 0.929 0.816 0.870
r
P value 0.0049 0.0075 0.0006 0.0001 0.0036 0.0011

*Log scale

9%
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STUDY 16

IRON ABSORFTION FROM FTLIPINO MODERATE COST MEALS

SUMMARY

Iron absorption was measured from morning, noon, and evening
meals believed to be typical for the people in the middle
socioeconomic class in the Philippines. Mean absorption from
breakfast, lunch, and dinner averaged 1.55, 1.49, and 1.46%
respectively as compared with a reference dose absorption of
12.6%.
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RATIONALE

The rationale for this study is outlined in study 15. The
present study was performed to evaluate food iron availability
from typical Filipino meals eaten by the middle socioeconomic
class in that country.

DESIGN

The design of this study was exactly the same as that outlined
in study 15. Eight normal male volunteers were given a total
of four separate iron absorption tests; the meals consisted of
breakfast (A), lunch (B), and dinner (C). The composition of
the meals is shown in Table 16-1. The total caloric content of
the three meals was 2,093 kcal with a total iron content of
15.61 mg. The fourth test meal consisted of the reference dose

containing 3 mg iron as ferrous sulfate.

RESULTS

Mean absorption values are listed in Table 16-2. Absorption
from breakfast, lunch, and dinner averaged 1.55, 1.49, and
1.46% respectively as compared to a reference dose absorption
of 12.58%. Absorption from all Filipino meals was signif-
icantly lower than the reference dose. However, none of the
differences in absorption between the three Filipino meals were
significant. All three mean absorption ratios for test

meal/reference dose averaged 0.12.

COMMENT

One interesting point in these studies (15 and 16) is the fact
that although the meals were believed to be typical for low and
moderate income groups, iron absorption from all six meals was
remarkably similar. 1In fact, the only meal that appeared to
have a slightly improved availability is dinner for the low
income family. Clearly, when measured on the basis of nonheme
iron availability, no advantage was observed between the two
types of diet.
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If one makes certain assumptions, the amount of iron absorbed
from these two diets can be calculated. The first assumption
requirzd is that for meat products, approximately half the
total iron content is in the form of heme iron. (There is ample
precedent for this assumption in the existing literature).
Second, absorption of this heme iron is assumed to be 40%. The
assumption is valid because heme iron absorption, unlike non-
heme iron, is little affected by the diet or the iron status of
the subject.

The calculations are outlined in table 16-4. The total nonheme
iron content of each meal was obtained from food composition
tables; all meat and fish products were assumed to contain 50%
heme iron. For the low income diet, nonheme iron content
totaled 9.90 mg of which .27 mg was absorbed. The total heme
iron content is only .76 mg but because of much higher assim-
ilation, 0.31 mg heme iron is absorbed daily to give a total
daily absorption of .58 mg. The total iron intake of 10.66 mg
is far below the recommended intake of 18 mg iron daily in the
U.S. It is interesting to calculate the amount of nonheme iron
required in this diet as fortification to achieve . higher
emount of 1.0 mg absorbed iron daily. An average percentage
absorption of nonheme iron from the low cost and moderate cost
diets in these studies is around 2%. Thus, to obtain another
.4 mg iron daily from nonheme iron, an additional .4/.02=20 mg
iron would be required. Thus, the nonheme iron content of the
diet would have to be increased three-fold in order to achieve
an absorption level consistent with current estimates of min-

imal iron requirements.

Calculatiphs are also listed for the moderate cost diet which
has a much higher total iron intake of 15.61 mg daily (vs. 10.66
mg for the low cost meal) of which 2.39 mg is heme iron and 13.22



nonheme iron. Due largely to the higher content of heme, the
estimated total daily absorption from this diet is 1.17 mg,
nearly twice that of the low cost diet. Note that the moderate
cost diet is more advantageous not because of highér avail-
ability and/or higher content of iron but because of the higher
proportion of dietary iron in the form of heme. 1Indeed, most
of the absorbed iron in this diet is derived from heme.

The findings in this study should be extrapolated with some
caution. Nevertheless, they indicate that iron availability
for a typical diet in the Philippines is very low, at least when
normal adult males in the U.S. are used as volunteer subjects.
Second, although the heme content of the Philippine diet is low,
it still provides a major source of absorbed iron--over 50% wi .h
a low cost diet and more than 80% with a moderate cost diet. It
will be very interesting to see the extent to which the results
measured in Filipino volunteer subjects with foods purchased in

that country will differ from the data presented here.
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TABLE 16-1. Composition of Moderate Cost Filipino Meals.

Weight Energy Protein Fat CHO Fiber Iron Vitamin C

(g) (keal) (g9) () (ag) (9) (mg) (mg)

BREAKFAST
Rice 150 233 3.8 0.6 51.3 0.15 0.90 -
Sausage 32 114 6.8 9.4 2.1 -- 0.96 --
Egg, boiled 60 98 7.7 6.9 0.5 -- 1.92 --
Tomato 85 17 1.0 0.3 3.0 0.60 0.51 19.5
Coffee 2 3 -- 0.7 -- -- 0.11 --
Orange 100 40 0.8 0.2 9.9 0.40 0.30 43.0
011 7 62 -- 7.0 -- -- -- --
Evap. milk 12 16 0.8 1.0 1.1 -- 0.02 0.1
Total 448 583 20.9 26.1 68.5 1.15 4,72 62.6
LUNCH
Rice 150 233 3.8 0.6 51.3 0.15 0.90 --
Bamboo shoots 130 26 2.0 0.7 4.6 1.56 -- --
Brd. Shrimp 70 61 12.3 0.6 0.6 -- 1.12 0.7
Banana 115 115 1.4 0.3 30.0 0.69 0.92 16.1
0il 7 62 -- 7.0 -- -- -- -=
Total 472 497 19.5 9.2 86.5 2.40 2.94 16.8
DINNER
Rice 200 310 5.0 0.8 68.4 0.20 1.20 --
Spare ribs 210 410 36.1 28.3 -~ -- 2.70 --
Cabbage 80 18 1.3 0.2 3.5 0.64 0.64 36.8
Potato 170 122 3.2 0.2 27.7 0.51 1.36 18.7
Beans 24 83 5.1 0.4 15.3 1.06 2.03 0.5
Sugar 21 73 0.4 -- 20.4 -- 0.02 -
Total 705 1016 51.1 29.9 135.3 2.41 7.95 56.0

Combined Total 1625 2096 91.5 65.2 290.3 5.96 15.61 135.4




TABLE 16-2

STUDY 16. Iron Availability From Filipino Moderate Cost Meals.

Packed TIRON ABSORPTION
Cell Serum Breakfast Lunch Dinner REF Absorption Ratio
Subject Age Volume Ferritin (A) (B) (C) (D) A/D B/D c/D
(%) (ng/m1) (% of dose)
1 41 42 179 0.46 0.92 1.05 7.06 0.06 0.13 0.14
2 51 44 115 0.52 0.52 0.32 10.35 0.05 0.05 0.03
3 50 44 153 0.96 0.63 0.67 7.88 0.12 0.07 0.08
4 40 45 212 1.33 0.37 1.58 9.05 0.14 0.04 0.17
5 27 45 48 1.81 2.56 1.56 16.51 0.10 0.15 0.09
6 18 47 28 2.01 2.27 0.95 25.18 0.07 0.09 0.03
7 18 46 35 4.87 7.23 6.08 11.40 0.42 0.63 0.53
8 31 46 35 6.20 5.31 6.71 25.53 0.24 0.20 0.26
MEAN 35 45 76* 1.556% 1.49* 1.46* 12.58* 0.12* 0.12* 0.12*
-1 SE 1.11 1.00 1.01 10.54 0.10 0.09 0.08
+1 SE 2.15 2.21 2.11 15.03 0.16 0.16 0.16

* geometric mean

€S



TABLE 16-3

STUDY 16. Iron Availability from Filipino Moderate Cost Meals.

ABSORPTION RATIOS

A/B A/C A/D B/C B/D c/D

Mean Ratio 1.04 1.06 0.12 1.02 0.12 0.12

-1 SE 0.84 0.89 0.10 0.79 0.09 0.08

+1 SE 1.29 1.26 0.16 1.31 0.16 0.16

1/ Ratio 0.96 0.94 8.11 0.98 8.42 8.58

Student's t 0.17 0.32 8.43 0.07 6.92 6.37
P value 0.434 0.379 0.00003 0.4718 0.0001 £,.0002
Corre]ati?n; 0.835 0.881 0.5¢3 0.788 0.648 0.405

r

P value 0.0049 0.0019 0.0603 0.0101 0.0409 0.159

*Log scale



TABLE 16-4. Iron Absorption from Philippine Diets

Iron Content Nonheme Absorbed Iron
Nonheme Heme Absorption Nonheme Heme Total
(mg) (%) (mg)
LOW COST MEAL

Breakfast 1.92 0.30 1.7 0.03 0.12 0.15
Lunch 2.08 0.27 1.31 0.03 0.11 0.14
Dinner 5.90 0.19 3.49 0.21 0.08 0.29
Total 9.90 0.76 0.27 0.31 0.58

MODERATE COST MEAL
Breakfast 4.24 0.48 1.55 0.07 0.19 0.27
Lunch 2.38 0.56 1.49 0.04 0.22 0.26
Dinner 6.60 1.35 1.46 0.10 0.54 0.64
Total 13.22 2.39 0.22 0.95 1.17
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STUDY 17

EFFECT OF COOKING SOY PROTEIN ISOLATES

SUMMARY

This study was undertaken to determine whether a difference in
the methods of preparing soy products would account for the
discrepancy between previous studies showing high iron ab-
sorption from soy products and our recent studies showing low
iron availability. Baking isolated soy protein increased mean
absorption from 0.64 to 1.2% and this two-fold increase was
highly significant (p<0.001). Baking of whole soybean simi-
larly increased mean absorption from 1.06 to 1.60% and this 50%
increase was also statistically significant (p4.05). When
given in protein equivalent quantities, there was no signif-
icant difference in iron absorption from isolated soy protein
and whole soybean.
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RATIONALE
Several previous studies in this series have demonstrated a

marked inhibition in iron absorption when the test meal con-
tains soy protein; mean absorption has been consistently less
than 1%. These findings conflict with previous studies of iron
availability from soy products when administered as a single
food item. Mean iron absorption from biosynthetically labeled
soybean was in the order of 18%. Soybean was prepared in that
study by shelling, grinding, diluting with water to obtain a
porridge-like consistency, and then baking in an oven at 350-
400°F for one hour. The present study was undertaken to
determine whether prolonged baking of either whole soybean or
isolated soy protein affects iron availability.

DESIGN

Studies were performed in nine male volunteer subjects. The
first pair of test meals (A and B) examined the effect of baking
ISP while the second set (C and D) examined the effect of baking
whole soybean. In the first pair of meals ISP was substituted
for egg albumin in the SS meal with no added calcium or
phosphate. Meals C and D contained only soybean. Two milli-
grams iron as FeCl3 was added to all test meals to raise the
total iron content to 4.1 mg/meal; however, the iron content of
whole soybean used in meal C and D was lower than anticipated.

The recipe for meals A and B is as follows:

gram/person
ISP (Supro 710) 16.9
Dextrimaltose 66.8
Corn oil 34.8
Vanilla flavoring -
Water 221.5

Total 340.0
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In meal A, ISP as obtained from the manufacturer was added to
the 5SS meal. For meal B, the amount of ISP required for the
study was mixed with three volumes water and spread to a 1/4"
thickness on a lightly greased cooking sheet. After baking at
400° for 1 hour and allowing the water to evaporate, the dry
residue was finely ground with a mortar and pestle and then
added to the other SS meal constituents. The baked ISP had a
definite grittiness because it was no longer water-dispersible
and it tended to settle to the bottom of the cup from which the
dose was taken. The taste was not altered appreciably.

To prepare meal C, 1 kg whole soybean (Arrowhead Mills) was
mixed with 2 L water. After soaking about 10 hours the water
was poured off to remove any dirt and extraneous hulls. A
further 3 L water was then added along with 4 medium size onions
(diced), 4 bay leaves, 10 g salt, and 10 g monosodium glutamate.
The beans were boiled for 2 hours and the supernatant discarded.
Individual 100 g portions of the boiled beans were refrigerated
overnight; servings were heated for 20 seconds in a microwave
oven and then eaten with plastic spoons. Deionized water (100
ml) containing radioiron in 0.01 N HC1 and 0.1 mg iron as FeClj

was taken with the meal.

Aliquots (100 g) of boiled soybean used in meal C were prepared
for meal D as follows. Soybean were baked on a lightly oiled
cooking sheet at 400°F for 45 minutes with periodic turning.
The boiled beans turned to a light brown, crunchy bean. The 100
g aliquots were scraped quantitatively from the sheets,
weighed, and served with a glass of water containing radioiron
with 0.1 mg carrier iron as for meal C. The average weight of
the baked soybean was 38 g, indicating a moisture loss of 62%.

The iron content of the boiled and baked soybean was measured
by wet digestion. The soybean used in meal C provided 1.3 mg
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iron/meal (1.3 mg iron/100 g) while baked soybean used for meal
D contained 0.56 mg iron/meal or 1.4 mg iron/100 g.

RESULTS

The results are shown in the accompanying tables. For ISP,
absorption averaged 0.6% when added directly to the SS meal as
compared to 1.28% when the ISP was baked prior to admin-
istration. The mean ratio of 1.99 indicated a highly sig-
nificant increase in absorption (t=4.81, p<0.001). Iron
absorption also increased when whole soybean was baked, but
this difference was less pronounced. Mean absorption from
boiled (unbaked) soybean averaged 1.06% an increase to 1.60%
when baked. The mean absorption ratio of 1.50 was significant
(£=2.01, p=0.04).

This study also provided a comparison in iron absorption from
ISP and whole soybean although the SS meal was served with ISP
whereas whole soybean was consumed alone. The carbohydrate and
fat in the SS meal have been found in previous studies to be
relatively neutral with respect to iron absorption. With both
baked and unbaked products, absorption was slightly higher from
whole soybean than from ISP. Thus, the mean ratio for uncooked
soy products (C/A) averaged 1.65 (t=1.62, p=0.07). Slightly
higher ubsorption was also observed with the baked products;
absorption ratio D/B averaged 1.25 but this 25% difference was
not statistically significant (t=0.75, p=0.24).

COMMENT

#hile iron absorption with ISP remained very low, meal B is the
first in which mean absorption from a meal containing soy has
been greater than 1%. With both ISP and whole soybean, a
significant loss of inhibition occurs when the product is baked
orior to administration. It is obvious, however, from the
relatively small two-fold increase in iron absorption that the

60



61

inhibitory effect of soybean is essentially heat stable. Bak-
ing ISP would not be feasible because this destroys the physical
properties of water dispersibility for which this particular
product was designed (Supro 710, Ralston Purina).



TABLE 17-1

STUDY 17. Effect on Iron Absorption of Cooked Isclated Soy Protein and Whole Soybeans.

IRON ABSORPTION

Packed Isolated Soy Protein Whole Soybeans
Cell Serum Uncooked Cooked Boiled Baked Absorption Ratio
yubject Age Volume Ferritin (A) (B) (C) (D) B/A D/C C/A D/B
(%) (ng/ml) (% of dose)
1 22 41 14 0.26 0.51 0.63 0.96 1.96 1.52 2.42 1.88
2 27 46 172 0.37 1.16 1.37 0.72 3.13 0.52 3.70 0.62
3 20 45 55 0.52 1.08 1.38 2.62 2.07 1.90 2.65 2.43
4 29 46 132 0.53 1.48 0.85 0.9/ 2.79 1.14 1.60 0.65
5 19 45 61 0.68 2.45 0.18 0.92 3.60 5.11 0.26 0.37
6 35 44 35 0.70 1.15 4.06 7.07 1.64 1.74 5.80 6.14
7 18 46 32 0.85 1.67 1.65 1.65 1.96 1.00 1.94 0.98
8 25 46 139 0.87 0.83 1.02 1.82 0.95 1.78 1.17 2.19
9 20 46 56 2.10 2.61 1.43 2.02 1.24 1.41 0.68 0.77
MEAN 24 45 46* 0.64* 1.28%* 1.06* 1.60* 1.99* 1.50* 1.65* 1.25*%
-1 SE 0.53 1.08 0.%9 1.26 1.73 1.23 1.21 0.93
+1 SE 0.78 1.52 1.41 2.02 2.30 1.84 2.25 1.67

* geometric mean
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TABLE 17-2

STUDY 17. Effect on lron Absorption of Cooked Isolated Soy Protein and

Whole Soybeans

AJB

A/C A/D B/C B/D c/D

Mean Ratio 0.50 0.61 0.40 1.21 0.80 .67
-1 SE 0.44 .44 0.32 0.85 0.60 .54

+1 SE 0.58 .83 0.51 1.72 1.07 .81

1/ Ratio 1.99 .65 2.48 0.83 1.25 .50
Student's t 4.81 .62 3.79 0.53 0.75 .01
P value 0.0007 0.072 0.0027 0.304 0.236 .040
Corre]at;o?* 0.705 .200 0.394 -0.164 -0.002 .705

r

P value 0.017 0.303 0.147 0.336 0.497 .017

* Jog scale
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STUDY 18

INTERACTION OF NaFeEDTA AND ASCORBIC ACID

SUMMARY

The addition of 200 mg ascorbic acid to a modified SS meal
produced the expected increase in mean absorption from 8.07 to
23.3%. However, when iron was added to the SS meal as NaFeEDTA
rather than FeCl3, mean absorption increased from 6.78 to
7.34%, a difference that was not statistically significant. It
is concluded that the enhancing effect of ascorbic acid is
largely ablated when iron in the meal 1is in the form of
NaFeEDTA.
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RATIONALE

The rationale for studying NaFeEDTA has been outlined in
previous studies; there is now widespread interest in using
this form of iron for fortification. 1In study 14 no difference
could be detected when preformed NaFeEDTA was added rather than
NagEDTA and FeCl3. This and several subsequent studies will
examine the interaction of NajEDTA with substances that either
enhance or impair the assimilation of nonheme iron.

Many of the factors that influence iron availability are
believed to do so by their ability to form an iron chelate
complex. The effect of a given chelate on iron absorption
depends on its relative affinity for iron. For example, a
highly potent iron chelate, desferrioxamine, is capable of
completely ablating assimilation of iron from the gastro-
intestinal tract, presumably by failing to release its iron to
the intestinal mucosa. Ascorbic acid, on the other hand, forus
a chelate with iron that greatly enhances the assimilation of
dietary iron. The present study was designed to determine the
relative affinity for iron of EDTA and ascorbic acid. Yor
example, if EDTA was added to a meal and complexed much of the
iron in the nonheme pool, subsequent addition of ascorbic acid

may show little or no further enhancement.

DESIGN

Eight male volunter subjects participated in this study. All
received four separate test meals. All meals consisted of the
medified SS meal (one-half protein, no added calcium or phos-
phate). To meal B, which served as the control, iron was addzsd
as FeCl3z. 1In meal A, the same amount of iron was added as
preformed NaFeEDTA. Meals C and D were identical to meals A and
B respectively except that 200 mg ascorbic acid was added. Both
ascorbic acid and radioiron were added to the meals immediately
prior to ingestion.



In summary, the four test meals were as follows:

Meal
A NaFeEDTA
B FeCls
Cc NaFeEDTA + AA
D FeCl3z + AA

RESULTS

The results of the study are presented in Table 18-1. Mean
absorption from the modified SS meal (meal B) averaged 8.07%,
slightly higher than has been observed in previous studies.
When iron was added as NaFeEDTA rather than FeClj (meal A),
absorption averaged 6.78%; the difference was not statist-
ically significant (mean ratio A/B=0.84, p=.23).

When ascorbic acid was added to the SS meal containing FeClj,
there was a marked increase in absorption to 23.23% (mean ratio
D/B=2.88, p=.004). When the same quantity of ascorbic acid was
added to the SS meal containing NaFeEDTA (meal C), there was
only a slight increase in absorption to 7.34% and the ratio was
not statistically significant (mean ratio C/A=0.92, p=.39).

COMMENT

This study shows very clearly that a large dose of ascorbic acid
is unable co enhance the absorption of iron from a meal when the
form of iron is NaFeEDTA. However, extrapolation of these
results to a normal diet or iron fortification with NaFeEDTA
should be made with caution. The native iron content of the SS
meal employed in these studies is extremely low (0.2 mg), and
therefore virtually all of the iron contained in the SS meal was
derived from FeCl3 or NaFeEDTA. If used for iron fortification,
the ratio of NaFeEDTA:nonheme dietary iron would be 0.3-0.4
rather than the ratcvio of over 20 in this study.
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The present findings may have some relevance in iron fort-
ification programs. Numerous studies have demonstrated that
ascorbic acid is an extremely potent enhancer of iron ab-
sorption. If the enhancing effect of ascorbic acid is elim-
inated in the presence of EDTA, this form of iron may not be
desirable for fortification with regard to iron bicavail-
ability. Additional studies are required to determine if this
blocking effect of ascorbic acid by NaFeEDTA persists when the
proportion of NaFeEDTA and native iron is more nearly balanced.



TABLE 18-1
STUDY 18. Effzect of Ascorbic Acid on Absorption of Iron as NaFeEDTA.

IRON ABSORPTION

Packed Without Ascorbic Acid With Ascorbic Acid
Cell Serum NaFeEDTA FeCl3 NaFeEDTA  FeCl3 Absorption Ratio
Subject Age Volume Ferritin (A) (B) (C) (D) A/B c/D C/A D/B
(2} {ng/m1) (% of dose) (% of dose)
1 25 44 68 4.00 7.06 4.55 22.92 0.56 0.19 1.14 3.25
2 19 47 34 4.98 9.00 12.37 38.82 0.55 0.31 2.48 4.31
3 23 45 124 5.65 9.05 6.07 6.65 0.62 0.91 1.07 0.73
4 22 48 42 5.92 4.62 17.12 39.02 1.28 0.43 2.89 8.45
5 21 45 25 6.92 13.78 11.33 41.41 0.50 0.27 1.64 3.01
6 26 45 53 7.51 6.78 1.97 17.70 1.10 0.1 0.26 2.61
7 21 47 35 9.77 16.41 9.08 18.61 0.59 0.48 0.93 1.13
8 21 45 20 13.30 4.43 7.12 26.90 3.00 0.26 0.54 6.07
MEAN 22 46 43* 6.78* 8.07* 7.34% 23.23* 0.84* 0.32x 1.09* 2.88*
-1 SE 5.92 6.84 5.77 18.74 0.68 0.25 0.82 2.17
+1 SE 7.76 9.52 9.33 28.78 1.05 n0.40 1.43 3.84

* geometric mean
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TABLE 18-2

STUCY 18. Effect of Ascorbic Acid on Absorption of Iron as NaFeEDTA.

ABSORPTION RATIOS

A/B A/C A/D B/C B/D C/D
Mean Ratio 0.84 0.92 0.29 1.10 0.35 0.32
-1 SE 0.68 0.70 0.23 0.83 0.26 0.2%
+1 SE 1.05 1.22 0.38 1.48 0.4€ 0.40
1/ Ratio 1.19 1.08 3.42 0.¢1 2.88 3.16
Student's t 0.79 0.28 4.87 0.34 3.67 5.17
P value 0.227 0.392 0.0009 0.37 0.004 0.0006
Correlati?n; 0.047 0.030 ¢.005 0.114 0.132 0.523
r
P value 0.455 0.472 0.495 0.393 0.377 0.092
*Log scale
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STUDY 19

INTERACTION BETWEEN NaFeEDTA AND COFFEE

CUMMARY

The present study examines the interaction between NaFeEDTA and
coffee taken without food. When taken with water, the ab-
sorption of NaFeEDTA was slightly lower than that of FeCl3 (3.83
and 5.04% respectively). When taken with coffee, absorption
of FeCl3 and NaFeEDTA fell significantly to 1.57 and 1.14%
respectively. Whether taken with water or coffee, the dif-
ferences in the absorption of FeCl3 and NaFeEDTA were not
statistically significant.



RATIONALE ,
Several previous studies in this series have demonstrated the

inhibiting effect of coffee on the absorption of nonheme
dietary iron. In certain developing countries, sugar may serve
as a practical vehicle for iron fortification. One problem with
sugar is that the fortification iron may discolor hot beverages
such as tea or coffee. This problem can be overcome to some
extent i.f iron is supplied in sugar in the form of NaFeEDTA. The
present study was performed to determine whether the inhibiting
effect of coffee on iron absorption prevailed when iron was
ingested as NaFeEDTA cather than FeClj.

DESIGN

Studies were performed in 10 adult male volunteers. Four
separate test doses were administered to each subject. In meals
A and B, radioiron was administered in 200 ml water whereas in
meals D and C, the same forms of radioiron were added to 200 ml
coffee (1.5 g coffee per subject). No food was administered
with these beverages. The total iron content of each test meal
was 3.0 mg iron. Iron was added as FeCl3 to meals B and D and
as NaFeEDTA in meals A and C. Summary of the test meals is as

follows:
Meal
A NaFeEDTA + Hp0
B FeCl3 + Hj0
C NaFeEDTA + Coffee
D FeCl3 + Coffee
RESULTS

When FeClj was taken with water (B) absorption averaged 5.04%.
When FeClj was taken with coffee (D), mean absorption decreased
sharply to 1.57%, a difference that was highly significant
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(mean ratio B/D =.31, t=5.44, p=.0002).

Mean absorption of NaFeEDTA when ingested with water (A)
averaged 3.83%. Although slightly lower than absorption of
FeClj with water, the difference was not statistically sig-
nificant (mean ratio A/B=.76, p=.089). When NaFeEDTA was
ingested with coffee (C), there was again a striking decrease
in mean abscorption to 1.14%, a difference that was highly
significant (absorption ratio C/A=.30, p<.0001). When taken
with coffee, absorption of NaFeEDTA was slightly lower than
FeCl3 but this was not statistically significant (mean ratio
C/D=.73, p=.100). It is interesting that the reduction in iron
absorption by coffee was virtually identical for FeCl3 and
NaFeEDTA (69% for FeCl3, meals B/D; 70% for NaFeEDTA, meals
A/C).

COMMENT

While these test meals contain no foods, the findings have
nutritional significance in countries that might use NaFeEDTA
and sugar for iron fortification. Much of the iron contained
in sugar would be consumed with coffee, at least in adult
subjects. In the present study, NaFeEDTA did not prohibit the
reaction of iron with coffee that reduces the availability of
nonheme iron. Indeed, the mean absorption ratio witﬂywithout
coffee averaged 0.30 with EDTA and 0.31 with water. This 70%
reduction in iron absorption by coffee is somewhat greater than
the 40% inhibition observed in Study 9 but not as marked as the
84% inhibition observed in Study 13. It is interesting that the
inhibiting effect of coffee seems to be similar whether the
beverage is consumed alone or with a meal; the previous ratios
were obtained when coffee was consumed with a S7D meal. The
conclusicn from this study is that NaFeEDTA confers no ad-
vantage over inorganic iron with respect to the inhibiting
effect of coffee.
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TABLE 19-1

STUDY 19. Effect of Coffee on Absorption of Iron as NaFeEDTA.

IRON ABSORPTION

Packed H20 Coffee . .
Cell Serum NaFeEDTA FeCl3  NaFeEDIA FeCl3 Absorption Ratio
Subject Age Volume  Ferritin (A) (B) (C) (D) A/B c/D A/C B/D
(%) (ng/m1) (¢ of dose)

1 - 28 47 395 1.42 1.60 0.40 0.17 0.89 2.35 0.28 0.11
2 32 46 141 2.55 4.15 0.72 0.92 0.61 0.78 0.28 0.22
3 31 44 179 2.61 7.38 0.63 0.95 0.35 0.66 0.24 0.13
4 19 45 60 3.30 1.73 1.08 1.02 1.91 1.06 0.33 0.59
5 30 47 55 3.57 1.98 0.83 0.90 1.80 0.92 0.23 0.45
6 18 45 31 4.10 5.97 0.72 4.50 0.69 0.16 0.18 0.75
7 28 46 122 4.13 3.23 1.75 1.50 1.28 1.17 0.42 0.47
8 28 45 102 4.78 9.82 1.01 1.66 0.49 0.61 0.21 0.17
9 25 44 65 5.68  11.53 4.95 5.48 0.49 0.90 0.87 0.48
10 27 49 27 13.60  29.30 3.71  11.02 0.46 0.34 0.27 0.38
MEAN 26 46 86* 3.83*  5.04* 1.14*  1.57*  0.76* 0.73*  0.30*  0.31*
-1 SE 3.18 3.74 0.88 1.08 0.63 0.58 0.26 0.25

+1 SE 4.62 6.79 1.47 2.28 0.92 0.92 0.34 0.39

* geometric mean
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TABLE 19-2
STUDY 19. Effect of Coffee on Absorption of Iron as NaFeEDTA.

ABSORPTION RATIOS

A/B A/C A/D B/C B/D C/D
Mean Ratio 0.76 3.36 2.44 4.42 3.21 0.73
-1 SE 0.63 2.92 1.97 3.49 2.59 0.58
+1 SE 0.92 3.87 3.02 5.59 3.98 0.92
1/ Ratio 1.31 0.30 0.41 0.23 0.31 1.38
Student's t 1.46 8.56 4.20 6.32 5.44 1.38
F value 0.089 <10° 0.001 0.00007 0.0002 0.100
Corre]ati?n; 0.794 0.832 0.920 0.645 0.817 0.79
r
P value 0.0030 0.0014 0.00008 0.0218 0.0019 0.0031
*Log scale
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STUDY 20

EFFECT OF IRON LEVEL ON ABSORPTION OF NaFeEDTA

SUMMARY

A five-fold increase in the iron content of a modified SS meal
produced a borderline increase in percentage absorption of both
nonheme dietary iron and NaFeEDTA. At both iron levels,
absorption of NaFeEDTA was about 10% higher than nonheme iron.
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RATIONAL&

The present study was undertaken to further examine the assim-
ilation of NaFeEDTA when taken with food. It is anticipated
that the effect on iron absorption will depend to some extent
on the level of iron EDTA contained in the meal. For example,
in a previous studies the addition of NaEDTA in amounts greater
than 25 mg EDTA to a meal containing 4.1 mg iron progressively
inhibited iron absorption. Yet smaller quantities of NaFeEDTA
have been shown by other workers to provide equal if not better
assimilation than the common pool of nonheme dietary iron. The
present study examines absorption at two levels of NaFeEDTA.

A second question in this study is the possible interaction
between EDTA and calcium/phosphate salts. Calcium and phos-
phate have been shown in previous studies to inhibit the ab-
sorption of nonheme iron. EDTA has a greater affinity for
calcium than it does for iron. It was considered possible that
NaFeEDTA might enhance absorption from the SS meal by binding
calcium and phosphate.

DESIGN

Two separate meals, both of them tagged with double iron
isotopes, were fed to 14 normal male volunteers. Both meals
consisted of the SS meal containing one-half the usual quantity
of egg albumin but with calcium and phosphate added. The iron
and chelate content of both test meals is listed in Table 20-
1. Meal 1 contained 0.5 mg iron as 9FeEDTA and 0.5 mg iron as
59FeCl3 to give a total of 1.18 mg iron. A solution of NayEDTA
was also added to this meal to obtain an equimolar ratio with
iron. Meal 2 was the same as meal 1 except that the quantities
of added iron were much larger,5.0 mg iron as NaFeEDTA and 5.0
mg as FeCl3; NajyEDTA was added separately. In meals 1 and 2,
NaFeEDTA was added first, followed by NajsEDTA, and finally
FeClj,
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RESULTS

The results are summarized in Table 20-2. Mean absorption from
both test meals was lower than in previous studies, presumably
because of calcium and phosphate salts added to the meal. Mean
absorption of NaFeEDTA at a low iron level averaged 1.61% and
FeCl3 1.49%. This study showed a slight advantage in absorption
of preformed NaFeEDTA; the mean ratio A/B averaged 1.08 and was
statistically significant (t=2.07, p=.029). It should be noted
that ordinarily it would be impossible to detect a 10% dif-
ference in absorption. However, because both tracers were
contained in the same meal, day-to-day variability in ab-
sorption was eliminated and this small difference can be rec-

ognized as significant.

Similar results were observed with the meal of higher iron
content. Mean absorption of NaFeEDTA averaged 2.18% (meal C)
as compared to 1.95% for FeCl3 (meal D). As in the case for meal
1, the absorption ratio C/D was significant (mean ratio
C/D=1.12, p=.001) but this small difference is not believed to
have biological significance. The slightly higher absorption
of both tracers from a meal of higher iron content achieved
borderline statistical significance; mean absorption ratio
C/A=1.35, p=.059 and mean ratio D/B=1.30, p=.08.

COMMENT ,
As in previous studies, the absorption of preformed NaFeEDTA
was essentially the same as separate addition of FeCl3 and
NasEDTA. Absorption of the preformed chelate was slightly
higher with both the low and high iron content meal, but the
difference was minimal. These findinds provide further evi-
dence in support of the concept of a common pool of nonheme

iron.
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It was of interest in this study that a ten-fold increase in
iron content of the test meal did not reduce percentage ab-
sorption as anticipated, but actually led to a borderline
increase in iron assimilation. This study would support the
notion that in meals containing both Fe and EDTA it is the
iron:chelate ratio that determines absorption rather than the
total iron content of the meal.

There was no control meal in which talcium and phosphate were
not added to the meal. Nevertheless, t“he presence of NaFeEDTA
did not appear to alter the inhibiting effect of calcium and
phosphate salts on iron absorptien. For example, when no
calcium and phosphate were added to this modified SS meal
(studies 12 and 13), mean absorption was on the order of 5-6%.
Absorption values of 1-2% observed in the present study are
consistent with pronounced inhibition by calcium and phos-
phate, similar if not identical in degree to that observed in

earlier studies.
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TABLE 20-~1. Iron and EDTA Content
IRON
(mg)
MEAL 1
FeCl3 0.59
NaFeEDTA 0.59
Na,EDTA -
Total 1.38
MEAL 2
FeCl3 5.0
NaFeEDTA 5.0
NaoEDTA -
10.0

EDTA

(mg)

3.45

6.54

EDTA/Fe=4.74

26.20

29.39

55.59

EDTA/Fe = 5.45
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TABLE 20-2
STUDY 20.

TRON_ABSORPTION

Absorption of Iron as Na*FeEDTA or FeCl;+NayEDTA Added to a Semisynthetic Meal.

Packed Meal 1 {0.59 mg Fe) Meal 2 (5.0 mg Fe)
Cell Serum Na*FeEDTA  NaoEOTA+  Na*FeEDTA  NapEDTA + Absorption Ratio
Subject Age Volume Ferritin (A) FeCl3 (B) (C) FeCl3 (D) A/B C/D C/A D/B
(%) (ng/ml) (% of dose) (% of dose)

1 23 44 69 0.20 0.23 1.41 1.26 0.86 1.11 7.05 5.47
2 23 44 169 0.62 0.57 1.23 1.13 1.08 1.08 1.98 1.98
3 19 48 84 0.63 0.72 2.41 2.41 0.87 1.00 3.82 3.34
4 21 46 29 0.97 0.92 0.97 0.75 1.056 1.29 1.00 0.81
5 19 44 84 1.30 1.16 1.16 1.07 1.12 1.08 0.89 0.92
6 21 44 52 1.57 1.43 1.98 1.72 1.09 1.15 1.26 1.20
7 19 46 71 1.73 1.41 1.13 0.83 1.22 1.36 0.65 0.58
8 24 46 104 1.86 1.41 2.10 1.80 1.31 1.16  1.12 1.27
9 19 48 115 2.1 2.13 1.98 1.68 0.99 1.17 0.93 0.78
10 19 47 19 2.13 1.82 4.38 4.06 1.17  1.07 2.05 2.23
11 21 48 127 3.06 2.45 3.36 2.76 1.24  1.2] 1.09 1.12
12 46 54 54 3.86 2.98 2.65 2.63 1.29 1.00 0.68 0.88
13 37 46 52 4.82 4.83 4.26 4.11 0.99 1.03 0.88 0.85
14 18 48 30 6.63 7.30 7.62 8.08 0.90 0.94 1.14 1.10
MEAN 22 46 64* 1.61* 1.49% 2.18* 1.95* 1.08* 1.12* 1.35* 1.30*
-1 SE 1.26 1.18 1.85 1.62 1.04 1.09 1.13 1.10

+1 SE 2.06 1.89 2.56 2.33 1.12  1.15 1.61 1.54

* geometric mean
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TABLE 20-3
STUDY 20. Absorption of Iron as Na*FeEDTA or FeCl3 +NayEDTA Added to a Semisynthetic Meal.

ABSORPTION RATIOS

A/B A/C A/D B/C B/D c/D

Mean Ratio 1.08 0.74 0.83 0.69 0.77 1.12
-1 SE 1.04 0.62 0.69 0.59 0.65 1.09

+1 SE A 1.21 0.89 1.00 0.80 0.91 1.15

1/ Ratio 0.93 1.35 1.21 1.46 1.30 0.89
Student's t 2.07 1.67 1.00 2.37 1.59 4.11
P value 0.029 0.059 0.168 0.017 0.068 0.001
Corre]ati?n; 0.988 0.688 0.651 0.739 0.709 0.993

r
P value <106 0.003 0.006 0.001 0.002 <106

* log scale
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STUDY 21

EFFECT OF SOY PROTEIN ON IRON ABSORPTION
FROM A MEAL CONTAINING MEAT

SUMMARY

The present study examined the effect of a soybean product
(textured soy protein) on iron absorption from the STD meal.
When soy protein was mixed in a 1:3 ratio with meat, there was
a highly significant (50-60%) reduction in assimilation of
nonheme iron from the meal. This observation confirms and
extends previous studies showing a marked inhibition on iron
absorption by soy products.
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RATIONALE

Several previous studies have documented in various ways the
inhibiting effect of soy products on the absorption of nonheme
iron but none of these studies were performed with meals
containing meat. The present study was designed to assess the
effect of soybean protein on such a meal. The use of meat
extenders such as textured soy protein has increased rapidly as
the cost of beef has increased. The maximum substitution that
is feasible for consumer acceptance is 30% soy. The present
study examined the effect of adding soy protein to ground beef
ata level of 30% by weight.

DESIGN

Eleven male volunteer subjects participated in this study.
Four separate test meals were administered. Meals A, B, and C
each consisted of some variation of the STD meal consisting of
a hamburger, french fries, and a vanilla milkshake. Meal A
contained 100 g beef (uncooked weiyht) and was identical to the
STD meal used in previous studies except that the beef was not
purchased at McDonald's (usual uncooked weight of beef in STD
meal is 113 g). In meal B, 30 g textured soy protein was added
to 100 g ground beef; the amoiint of beef was not reduced in
proportion. 1In meal C, on the other hand, only 70 g beef was
mixed with 30 g soy protein. To prepare meals A and B containing
soy, the soy was first moistened with an equal quantity of water
and then mixed with the beef to form a patty. All meat patties
(including that for meal A) were broiled for 5-7 minutes per
side, refrigerated overnight, and then heated in a microwave
oven immediately before serving. The radioiron label con-
sisted of 0.1 mg iron as FeCl3 in 1 ml 0.1 N HC1l added to the
milkshake. Meal D consisted of the reference dose of 3 mg
ferrous sulfate containing a 2:1 molar ratio of freshly pre-

pared ascorbic acid.
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RESULTS
Mean iron absorption values are listed in Table 21-1. Mean
absorption from the STD meal (A) averaged 3.2%. When 30 g
textured soy protein was added to the meal, iron absorption fell
to 1.24%. Mean absorption fromi.. 1 C containing only 70 g beef
(and 30 g soy) averaged 1.51%. These reductions in iron
absorption with meals containing soy were highly significant.
The mean absorption ratio with:without soy was 0.39 for meal B
(t=7.47, p<.0001) and 0.47 for meal C (t=4.32, p=.0008) which
represent 61% and 53% decreases in iron absorption respec-
tively. There was only a small difference in absorption from
a soy-containing meal when 100 g and 70 g meat was used; mean
absorption ratio B/C=1.22, p=.04. This difference is pre-
sumably due to the higher content of the meat in meal B which
is known to facilitate nonheme iron absorption.

Mean reference dose absorption in these subjecte averaged
19.9%, a value similar to that observed in previous studies.
Absorption ratios for meals A, B, and C averaged 16, 6, and 8%

of the reference dose respectively.

COMMENTS

The f£inding that 30 g soy protein reduces iron absorption by 50-
60% from a meal containing 70-100 g beef is in keeping with
prior studies showing a marked inhibition in iron absorption by
soy products. Actually, the textured soy protein used in the
present study is the product that gave the highest iron ab-
sorption value (1.91%) of any of the soy proteins studied
previously by substitution in the SS meal. These studies again
demonstrate that soy products contain a potent inhibitor of
iron absorption in a meat-containing meal of relatively high
iron availability. It is also apparent that the advantage of
a high meat intake with respect to food iron availability may
be lost by extending meat products with soy protein.



TABLE 21-1

STUDY 21. Effect of Soy Protein on Iron Absorption From a Standard Meal.

IRON ABSORPTION

Packed 30g soy+ 30g soy+
Cell Serum 100g meat 100g meat 709 meat REF Absorption Ratio
Subject Age Volume Ferritin (A) (B) (C) (D) B/A C/A B/C A/D B/D C/D
(%) (ng/m1) (% of dose)
1 36 44 60 0.48 0.13 0.25 17.80 0.27 0.52 0.52 0.02 0.001 0.01
2 22 44 70 1.43 1.16 1.08 14.05 0.81 0.75 1.07 0.10 0.08 0.07
3 18 39 33 2.30 1.16 1.22 17.91 0.50 0.53 0.95 0.12 0.06 0.06
4 19 44 59 2.41 0.78 0.60 7.73 0.32 0.24 1.30 0.31 0.10 0.07
5 18 48 41 3.10 1.06 0.85 31.95 0.34 0.27 1.24 0.09 0.03 0.02
6 18 46 61 3.47 1.55 3.25 23.43 0.44 0.93 0.47 0.14 0.06 0.13
7 19 49 60 3.76 1.31 1.75 13.71 0.3 0.46 0.74 0.27 0.09 0.12
8 37 41 51 3.81 0.88 0.91 7.88 0.23 0.23 0.96 0.48 0.11 0.1
9 18 48 61 3.91 0.82 0.91 19.46 0.20 0.23 0.90 0.20 0.04 o0.04
10 20 46 31 10.76 5.47 8.08 36.85 0.60 0.75 0.80 0.29 0.17 0.21
11 29 49 27 14.61 7.87 15.62 95.83 0.53 1.06 0.50 0.15 0.08 0.16
MEAN 23 45 48* 3.20* 1.24* 1.51* 19.88* 0.39* 0.47* 0.82* 0.16* 0.06* 0.08*
-1 SE 2.43 0.89 1.06 16.02 0.34 0.40 0.73 0.13 0.05 0.06
+1 SE 4.21 1.72 2.17 24.68 0.44 0.5 0.91 0.20 0.08 0.10

* geometric mean



TABLE 21-2

STUDY 21. Effect of Soy Proteins on Iron Absorption From a Standard Meal.

ABSORPTION RATIOS

A/B A/C A/D B/C B/D C/D
Mean Ratio 2.58 2.10 0.16 0.82 0.06 0.08
-1 SE 2.27 1.77 0.13 0.73 0.05 0.06
+1 SE 2.93 2.50 0.20 0.9 0.08 0.10
1/ Ratio 0.39 0.47 6.21 1.22 16.02 13.08
Student's t 7.47 4.32 7.79 1.89 10.89 10.41
P value 0.00001 0.0008 <10-5 0.044 <10-6 <10-6
Corre]atz‘or)l* 0.988 0.688 0.651 0.739 0.709 0.993
r
P value <106 0.003 0.006 0.001 0.002 <1076

* Log scale
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STUDY 22

INTERACTION OF ASCORBIC ACID AND NaFeEDTA

SUMMARY

The purpose of the present study was to determine whether
complete isotopic exchange occurs between NaFeEDTA and iron
ascorbate. 99FeCl3 (1.95 mg) and NaFeEDTA (1.95 mg iron) were
added to a modified SS meal containing 200 mg ascorbic acid.
Absorption of both forms of radioiron was virtually identical,
in keeping with the concept of common pool of nonheme dietary
iron. Slightly higher absorption was obtained when ascorbic
acid was added before radioiron rather than after, but the
difference was not statistically significant.

96



RATIONALE

Both EDTA and ascorbic acid form chelates with iron that
maintain its solubility at physiologic pH. In study 18,
ascorbic acid failed to enhance the absorption of NaFeEDTA
added to the SS meal. The results suggested that one form of
chelated iron (e.g., NaFeEDTA) can block the enhancing effect
of a second chelate. This conclusion argues against the
hypothesis of a common pool of nonheme dietary iron which stat«s
that in whatever form iron is ingested, it will exchange
completely with other forms of iron in the same meal. The
present study was designed to examine the extent of radioiron
exchange between two iron chelates (NaFeEDTA and ascorbic acid)
by determining the effect of the order in which they were added
to the SS meal.

DESIGN

Two doubly tagged test meals were fed to eight male volunteer
subjects. Both meals consisted of the modified SS meal con-
taining half quantities of protein and no added calcium or
phosphate. The two test meals were identical and differed only
in the order in which radioiron and ascorbic acid were added.
The following were added to both meals: 59FeCl3, 1.9 mg iron
(test B inmeal 1 and D in meal 2); NaFeEDTA, 1.95 mg iron (test
A in meal 1 and C in meal 2); ascorbic acid, 200 mg. All of these
compounds were added in a volume of 1 ml 0.1 N HC1 to the SS meal

immediately prior to administration.

The order of addition was as follows:

Meal 1 Meal 2
1. FeClj 1. Ascorbic acid
2. NaFeEDTA 2. FeClj

3. Ascorbic acid 3. NaFeEDTA
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RESULTS ,
The findings are presented in Table 22-1. They indicate that
complete isotopic exchange occurred regardless of the order in

which radioiron was added. When ascorbic acid was added after

NaFeEDTA (meal 1), absorption from NaFeEDTA and FeCl3 averaged
8.86 and 9.08% respectively, a difference that was not sta-
tistically significant. When ascorbic acid was added before
radioiron (meal 2) absorption of NaFeEDTA and FeCl3 averaged
13.50 and 13.05% respectively. Again, this small difference is
not statistically significant. A comparison of absorption from
meals 1 and 2 indicated higher absorption values when the
ascorbic acid was added first but the difference was only
marginally significant; mean ratio A/C = 0.66 (t=1.80, p=.057)
and mean ratio B/D = 0.70 (t=1.50, p=0.088).

COMMENT

The somewhat higher absorption from meal 2 is not explained. 1If
complete isotopic exchange occurs between NaFeEDTA and nonheme
iron (FeCl3), then the order of addition should not influence
iron absorption. It is interesting that subjects 6-8 with high
absorption values showed no change in iron absorption with
early ascorbate addition, whereas those with low levels of iron
absorption absorbed much better from the second meal. It is
possible that blood drawn for the first pair of absorption
measurements enhanced iron absorption from the second meal.
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TABLE 22-1

STUDY 22. Effect of Order of Addition of Ascorbic Acid and Iron Salts on Iron Absorption From a
Semisynthetic Meal.

IRON ABSORPTION

Packed AA Added Last AA Added First
Cell Serum Na*FeEDTA FeCl3 Na*FeEDTA FeCl3 Absorption Ratio
Subject Age Volume Ferritin (A) (B)” (C) (D) A/B c/D A/C B/D -
(%) (ng/mi) (% of dose)
1 25 41 89 1.45 1.43 7.78 7.48 1.01 1.04 0.18 0.19
2 35 44 22 5.02 5.05 11.02 10.43 0.99 1.05 0.45 0.48
3 22 43 95 6.12 6.41 4.31 4.11 G.95 1.04 1.41 1.55
4 20 48 20 10.88 11.06 14.68 14.26 0.97 1.02 0.73 0.77
5 35 49 70 11.53 11.63 28.23 27.93 0.99 1.01 0.40 0.41
6 29 45 93 15.13 15.36 14.40 13.98 0.98 1.03 1.05 1.09
7 20 48 13 17.48 18.48 17.00 16.41 0.94 1.03 1.02 1.12
8 20 46 21 26.08 27.38 29.58 28.82 0.95 1.02 0.88 0.95
MEAN 26 46 40* 8.86* 9.08* 13.50* 13.05* 0.98* 1.02* 0.66* 0.70*
-1 SE 6.43 6.54 10.77 10.37 0.97 1.03 0.52 0.55
+1 SE 12.59 12.59 16.94 16.43 0.98 1.04 0.83 0.89

* geometric mean
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TABLE 22-2

STUDY 22. Effect of Order of Addition of Ascorbic Acid and Iron Saits on Iron Absorption From a
Semisynthetic Meal.

ABSORPTION RATIOS

A/B A/C A/D B/C B/D /D

Mean Ratio 0.98 0.66 0.68 0.67 0.70 1.03

-1 SE 0.97 0.52 0.54 0.53 0.55 1.03

+1 SE 0.98 0.83 0.86 0.86 0.89 1.04

1/ Ratio 1.02 1.52 1.47 1.49 1.44 0.97

Student's t 2.78 1.80 1.65 1.65 1.50 7.05

P value  0.013 0.057 0.071 0.072 0.088 0.001

Correlation® . 0.99 0.68 0.68 0.68 0.67 0.99
(r)

P value <106 0.031 0.031 0.033 0.033 <106

* log scale
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STUDY 23

INTERACTION OF NaFeEDTA AND MEAT

SUMMARY

When egg albumin in the SS meal was substituted for beef, a
pronounced increase in mean absorption from 1.11 to 6.24% was
observed (mean ratio, 5.60). However, when iron in these meals
was NaFeEDTA rather than FeClj, the increase in absorption by
beef was less pronounced; mean absorption increased from 2.05
to 5.4% (mean ratio, 2.63). Thus, as with ascorbic acid, the
enhancing effect of meat is less pronounced when iron is present
as NaFeEDTA.

An important additional finding in this study was that NaFeEDTA
is better absorbed than dietary nonheme iron with a low avail-
ability meal (SS) but less well absorbed with a high avail-
ability meal. The relative availability of NaFeEDTA therefore
depends on basal availability of the meal.
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RATIONALE

In study 18, the presence of NaFeEDTA in the SS meal was shown
to block the enhancing effect of ascorbic acid on absorption of
nonheme iron. Meat is another compound that is known to enhance
the absorption of nonheme dietary iron. The present study was
designed to determine whether the enhancing effect of meat is
also lost when the iron in the meal is in the form of NaFeEDTA.

DESIGN

Four separate test meals were fed to 10 normal male volunteers.
The first pair of meals (A and B).consisted of the original SS
meal (full protein) plus added calcium and phosphate salts.
Meals C and D consisted of the SS meal in which lean beef (136
g) was substituted for egg albumin. Ground beef was broiled 6~
7 minutes on each side and ingested with the other components
of the SS meal.

All of the meals differed with regard to the type of iron that
was added. In meal A, 3.7 mg iron was added as FeCl3 in 0.1 N
HCl. 1In meal B, the same quantity of iron was furnished as
NaFeEDTA. In meals C and D, the amount of added iron was reduced
to adjust for the iron content of beef. The latter value,
determined prior to the study from food composition tables, was
37 ug iron/g beef. Subsequent chemical analysis cave a value
of only 28 ug iron/g beef; as a result the total iron content
of meals C and D was less than anticipated. To meal C, 0.5 mg
iron as NaFeEDTA was added and the same amount of iron as FeClj
to meal D. These iron additions brought the total iron content
of meals C and D to 2.9 mg iron rather than 4.1 mg as planned
prior to the study.
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The meal composition was as follows:

Meal A SS + NaFeEDTA
B S§ + FeClj
C SS/Beef + NaFeEDTA
D SS/Beef + FeCljy

Nutrient composition of the meals is outlined in Table 23-1.
RESULTS

Iron absorption values are listed in Table 23-1. Mean ab-
sorption from the SS meal averaged 1.11% when iron was added as
FeCl3 and 2.05% when added as NaFeEDTA. The very low value of
1.11 mean absorption is consistent with previous values with
the SS meal. There was a significantly higher absorption when
iron was added as NaFeEDTA; mean ratio A/B=1.84, p=0.039.

As anticipated, absorption was substantially higher when beef
was substituted for egg albumin in the SS meal. Mean absorption
with FeCl3 was 6.24% as compared to 5.41% with NaFeEDTA. The
slightly higher mean absorption with FeCl3 as compared with
NaFeEDTA (mean ratio D/C=1.15) did not attain statistical
significance (t=1.38, p=0.10).

Regardless of the form of added iron, meat significantly
enhanced absorption from the SS meal. With meals containing
FeCl3, mean absorption increased from 1.11 to 6.24%, giving a
mean ratio (D/B) of 5.60 (t=5.58, p<0.001). The increase with
meat was less pronounced with NaFeEDTA; mean absorption rose
from 2.05 to 5.41%, giving a mean ratiio C/D of 2.63 (t=11.22,
p €0.001). These studies indicate that NaFeEDTA also impairs
the enhancement of nonheme iron absorption produced by meat and
agrees with the findings obtained with ascorbic acid. Meat

produces a 5.6-fold increase in absorption of nonheme iron
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(FeCl3 but an increase of only 2.6 with NaFeEDTA.

COMMENT

A very pronounced effect of meat on nonheme iron absorption was
observed in this study (5.6-fold increase). There are several
factors other than meat per se that may account for this
dramatic effect. In the first instance, deletion of egg albumin
from the SS meal may produce an artifactual increase in iron
absorption; egg albumin has been shown in other studies to
inhibit iron absorption. Second, to balance the phosphate
content of meat, greater amounts of inorganic phosphate were
added to meals A and B than to the beef- substituted meals;
inorganic phosphate produces a greater inhibiticn of iron
absorption than organic phosphate. Finally, the nonheme iron
content of meals C and D (1.7 mg) was substantially lower than
meals A and B (4.1 mg). Despite these considerations, the
higher absorption observed in beef-substituted meals (C and D)
is for the most part due to the enhancing effect of meat.

As in the case of ascorbic acid, the enhancing effect of meat
was significantly blunted when iron was present as NaFeEDTA
rather than FeCl3, although the enhancing effect of meat was
less affected by EDTA than was ascorbic acid. In contrast to
the study of ascorbic acid and NaFeEDTA interaction (study 18),
calcium phosphate salts were added to the meals in the present
study; the enhancing effect of meat may have been more apparent
because of binding of free calcium by this chelate. Other
factors listed above may explain the fact that meat further
enhanced absorption of NaFeEDTA. For example, the iron content
of meal C was lower than meal A and what appeared to be an

enhancing effect of meat may have been due in part to a
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reduction in the pool of nonheme iron.

One key observation relevant to the action of NaFeEDTA was seen
in this study. When absorption was low, as with the SS meal
(1.11%), a significant, nearly twofold higher absorption, was
observed with the NaFeEDTA as compared with FeClj3. This
enhancement agrees with some of the observations reported by
Dr. Viteri and Dr. Layrisse, both of whom have indicated that
with certain types of foods, NaFeEDTA may promote absorption.
However, at the much higher level of absorption observed with
the beef-substituted SS meal, iron absorption was actually
lower with the meal containing NaFeEDTA (5.41%) than with FeCl3
(6.24%); this difference was only 15%, but it approached
statistical significance. It appears that the relative ab-
sorption of NaFeEDTA depends on basal availability of iron from
the meal. When iron absorption is very low, NaFeEDTA may
promote absorption whereas with a high availability meal,
NaFeEDTA may be less well absorbed than dietary nonheme iron.
This may well explain the discrepancy in the literature between
earlier studies by Cook and Monsen showing an inhibition in
absorption by EDTA and subsequent studies in Guatemala and
Venezuela suggesting an e¢gqual or better absorption of NaFeEDTA.
In the former study, absorption was measured from a high
availability meal (STD); one could predict that increasing
amounts of EDTA would impair iron absorption. On the other
hand, many studies by Viteri and Layrisse were performed with
low availability meals and, as observed in the present study,
NaFeEDTA may promote absorption in this setting.
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TABLE 23-1.

Composition of Test Meals

SS Meal (A, B)

Ovalbumin
Dextrimaltose
Corn 0il
CaHPOy4

K2HPO4

Iron*

Total

Beef Substituted
SS Meal (C, D)

Beef
Dextrimaltose
Corn 0il
CaHPO4

KoHPOy4

Iron*

Total

Weight Energy Protein CHO Fat C P Fe
37.0 136 29 2 - 24 40 0.4
67.0 254 - 66 - - - -
35.0 308 - - - - - -

0.6 - - - 35 178 138 -
1.3 - - - - - 236 -
- - - - - - - 3.7
698 29 68 35 202 414 4.1

94.0 178 29 - 6 12 252 2.4
69.0 262 - 68 - - - -
29.0 258 - - 29 - - -
0.6 - - - - 199 147 -
0.9 - - - - - 162 -
- - - - - - - 0.5
698 29 68 35 211 561 2.9

* as FeCl3 or NaFeEDTA

LOT



TABLE 23-2

STUDY 23. Effect of Beef Protein on Iron Absorption From Na*FeEDTA in a Semisynthetic Meal.

IRON ABSORPTION

Packed SS Meal SS + Beef
Cell Serum Na*FeEDTA FeCly Na*FeEDTA FeCls Absorption Ratio
Subject Age Volume Ferritin (A) (B) (C) (D) C/A D/B A/B C/D
(%) (ng/m1) (%2 of dose)
1 22 44 71 0.76 0.08 1.98 2.72 2.60 34.00 9.50 0.72
2 51 46 83 0.76 0.23 3.02 1.78 3.97 7.73 3.30 1.69
3 25 42 84 0.83 0.67 1.82 2.60 2.19 3.88 1.23 0.70
4 33 44 300 1.36 0.58 2.92 2.23 2.14 3.84 2.34 1.30
5 24 44 56 1.57 0.23 4.70 6.56 2.99 28.52 6.82 0.71
6 30 44 31 1.97 3.10 6.36 10.57 3.22 3.40 0.63 0.60
7 34 44 33 3.92 3.55 8.68 10.96 2.21 3.08 1.10 0.79
8 23 42 8 4.96 4.50 17.75 16.80 3.57 3.73 1.10 1.05
9 25 48 49 5.50 11.82 14.57 20.17 2.64 1.70 0.46 0.72
10 29 46 75 6.36 3.1 10.23 12.46 1.60 4,00 2.04 0.82
MEAN 30 44 55 2.05* 1.11* 5.41* 6.24* 2.63* 5.60* 1.84* 0.87*
-1 SE 1.57 0.66 4.18 4.67 2.41 4.1 1.36 0.78
+1 SE 2.69 1.86 7.01 8.33 2.87 7.62 2.51 0.96

* geometric mean

80T



TABLE 23-3

STUDY 23. Effect of Beef Protein on Iron Absorption From Na*FeEDTA in a Semisynthetic Meal.

ABSORPTION RATI 6 S

A/B A/C A/D B/C B/D Cc/D

Mean Ratio 1.85 0.38 0.33 0.21 0.17 0.87
-1 SE 1.36 0.35 0.29 0.15 0.13 0.78

+1 SE 2.51 0.41 0.37 0.28 0.24 0.96

1/ Ratio 0.54 2.63 3.03 4.86 5.60 1.15
Student's t 1.99 11.22 9.82 4.91 5.58 1.38
P value 0.039 <108 <105 0.0004 0.0002 0.100
Correlation* 0.87 0.9¢ 0.92 G.85 0.85 0.94

(r)
P value 0.0005 0.00002 0.00008 0.0009 0.0010 0.00003

* log scale

60T
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STUDY 24

EFFECT OF COFFEE BEFORE, DURING, AND AFTER A MEAL

SUMMARY

In previous studies coffee has been shown to inhibit absorption
of nonheme iron when ingested with a meal. The present study
compared tne effect of drinking coffee one hour before the meal,
with the meal, and one hour after the meal. A 44% reduction in

nonheme iron absorption was observed when coffee was ingested

before and during a meal, but no effect when taken one hour

later.
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RATIONALE

In previous studies tea was shown to inhibit absorption of
nonheme iron when ingested simultaneously with a meal. How-
ever, much of the coffee consumed in both the U.S. and de-
veloping countries is taken between meals. The present study
was performed to determine the effect of coffee served before,
during, and after a hamburger meal.

DESIGN

Seven male volunteer subjects were given separate test meals,
all of which consisted of a quarter-pound hamburger plus bun.
This meal varied from the STD meal in that the milkshake and
french fries were not included. The four meals differed only
in regard to the beverage consumed. Meal A was taken with
water. Meals B, C, and D were taken with hot coffee prepared
by mixing 200 ml boiling water with 1.5 g instant coffee
(Taster 's Choice). 1In meal B, the coffee was given one hour
before the meal, in meal C the coffee was consumed dur ing the
meal, and in meal D the coffee was ingested one hour later. In
all four test meals dietary nonheme iron was tagged by adding
0.1 mg iron as FeCl3 in 1 ml 0.1 N HCl to the hamburger after
it had been heated in a microwave oven. Meals B, C, and D were
identical except for the time the coffee was ingected.

RESULTS

Mean iron absorption from the meal containing no coffee (A)
averaged 8.1%. When coffee was taken one hour before the meal
(B) , absorption averaged 6.3% and this decrease was not statis-
tically significant; mean ratio B/A=0.78, p=0.092.

Virtually identical mean absorption values were obtained when
the coffee was taken either with the meal (C) or one hour
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following the meal (D); mean absorption was 4.6% in both cases.
The mean ratio relative to absorption with no coffee averaged
0.56 in both cases; the difference was also statistically
significant in both cases (p=0.034, 0.036).

COMMENT

The findings in the present study were very similar to study 9
when tea and coffee were served with a quarter-pound hamburger.
Mean absorption without coffee was somewhat higher in the
present study but the difference can probably be accounted for
by differences in iron status. The mean serum ferritin in the
present study was 36 ng/ml as compared with 60 ng/ml in study
9.

In the present study an inhibiting effect of coffee on iron
absorption was observed when the beverage was taken with or
following a meal, but not when it was taken one hour before. The
findings agree with what is known about gastric emptying time.
When the beverage is taken one hour prior to the meal it will
have left the stomach by the time of the meal. On the other
hand, most of the hamburger would remain in the stomach one hour
later and therefore still be inhibited by coffee. It should be
noted that although coffee ingested one hour before the meal did
not produce a statistically significant decrease in absorp-

tion, mean absorption, nevertheless, was 20% lower.

The important finding in this study is that the inhibition of
iron absorption produced by coffee is not confined to simul-
taneous ingestion. Since much of the coffee taken in this
country is with a meal or one to two hours following, coffee may
inhibit the absorption of a large portion of dietary iron.
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TABLE 24-1

STUDY 24. Effect of Time of Administration of Coffee on Iron Absorption From a Standard Meal.

IRON ABSORPTION

Packed STD Coffee Added
Cell Serum Meal Before With After Absorption Ratios
Subject Age Volume Ferritin (A) (B) (c) (D) B/A C/A D/A B/C B/D C/D
(%) (ng/mi) (% of dose)
1 24 46 28 1.86 3.00 1.73 2.72 1.61 0.93 1.46 1.73 1.10 0.63
2 19 49 51 3.98 3.18 4.37 3.90 0.79 1.09 0.97 0.72 0.81 1.12
3 25 44 95 5.48 2.20 3.33 2.53 0.40 0.60 0.46 0.66 0.86 0.31
4 25 46 48 9.81 8.67 2.00 2.02 0.88 0.20 0.20 4.33 4.29 0.99
5 19 48 30 10.61 8.78 2.76 2.76 0.82 0.26 0.26 3.18 3.18 1.00
6 18 50 22 19.95 17.76 10.16 13.93 0.88 0.50 0.9 1.74 1.27 0.72
7 28 44 22 27.72 14.06 30.13 19.52 0.50 1.08 0.70 0.46 0.72 1.54
MEAN 23 47 37* 8.12* 6.30* 4.58* 4,55 0.78* 0.56* 0.56* 1.38* 1.38* 1.01*
-1 SE 5.70 4.62 3.12 3.23 0.66 0.44 0.43 1.00 1.06 0.89
+1 SE 11.57 8.60 6.72 6.41 0.92 0.73 0.73 1.89 1.81 1.13

* geometric mean
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TABLE 24-2

STUDY 24. Effect of Time of Administration of Coffee on Iron Absorption From a Standard Meal.

ABSORPTION RATIOS

A/B A/C A/D B/C B/D C/D

Mean Ratio .29 77 .78 1.38 1.38 1.01

-1 SE .09 .37 .37 1.00 1.06 0.89

+i SE .52 2.29 2.34 1.89 1.81 1.13

1/ Ratio .78 0.56 0.56 0.73 0.72 0.99

Student's t .50 2.23 2.18 1.00 1.23 0.05
P value .092 0.034 0.036 0.177 0.133 0.479
Corre]ati?n* .879 0.759 0.709 0.598 0.673 0.953

r)

P value .005 0.024 0.037 0.078 0.049 0.0004

* Jog scale
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STUDY 25

INTERACTION OF SOY PROTEIN AND ASCORBIC ACID

SUMMARY

The addition of 100 mg ascorbic acid to the SS meal containing
egg albumin increased iron absorption from 5.1 to 10.2% (mean
absorption ratio, 2.0). Addition of the same quantity of
ascorbic acid to an SS meal containing soy protein increased
iron absorption from 0.56 to 3.2% (mean absorption ratio,
5.69). These results indicate that the inhibitory effect of soy
protein on nonheme iron absorption can be partly abolished by
ascorbic acid.
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RATIONALE

Several studies during the past two years in this laboratory
have demonstrated a pronounced inhibiting effect of soy protein
on nonheme iron absorption. This inhibition exists for all
soybean fractions, including whole soybeans, full fat soy
flour, textured soy protein, and isolated soy protein. In study
21 this inhibition was also shown to exist when textured soy
protein was added to hamburger as a meat extender. The present
study was designed to determine the interaction between soy
protein and ascorbic acid.

DESIGN

The present study was performed in 1l male volunteer subjects.
All four test meals consisted of the SS meal or some modi-
fication thercof. Meals C and D were the SS meal with half
protein (egg albumin) and no added calcium or phosphate. Meals
A and B consisted of the SS meal in which isolated soy protein
(ISP) was substituted for egg albumin. Thus, all meals con-
tained dextrimaltose, corn oil, water, and either ISP (A and B)
or egg albumin (C and D). One-hundred milligrams freshly
prepared ascorbic acid was added to meals B and D but not to A
and C. Since the iron content of egg albumin is very low (0.2
mg) as compared to ISP (2.1), 2.0 mg iron (FeClj) was added to
meals A and B and 3.9 mg to meals C and D; the total iron content
of all meals was 4.1 mg. All meals were tagged by adding
radioiron (1 ml in 0.1 N HCl) to the carrier iron and mixing
thoroughly with the meal prior to serving. In meals B and D the
ascorbic acid was added after addition of the carrier iron.
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In summary, the meals for this study were as follows:

Meal A ISP
B ISP + AA
C ALB
D ALB + AA

RESULTS

The data in this study is summarized in Table 25-1. Mean
absorption of the SS meal (egg albumin) averaged 5.05% as
compared to 0.56% from the SS meal containing ISP. This
inhibitory effect of soy protein was highly significant (mean
ratio A/B=0.11, p 10-6).

A significant increase in iron absorption was observed with
both test meals with the addition of 100 mg ascorbic acid. 1In
the SS meal with egg albumin, absorption increased to 10.19%
(mean absorption ratio D/C=2.02, p <0.001). Even greater
relative enhancement was seen when ascorbic acid was added to
the SS meal containing ISP; mean absorption increased to 3.20%,
giving an absorption ratio B/A=5.68. It is interesting that
mean absorption with the SS meal (egg albumin) without ascorbic
acid (5.1%) was similar to absorption with ISP with ascorbic
acid (mean absorption 3.2%); the mean ratio B/C=0.63, p=0.06.
Thus, the inhibiting effect of soy protein nearly balanced the
enhancing effect of 100 mg ascorbic acid.

COMMENT

The enhancing effect of ascorbic acid is clearly demonstrated
in this study regardless of the basal absorption or the source
of protein. However, the degree of enhancement was greater when
basal absorption was low. When basal absorption was high (egg
albumin), the absorption ratio averaged 2.02. When basal
absorption was low (soy), the ratio averaged 5.69.
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It is of interest to compare these absorption ratios with those
reported previously with 100 mg ascorbic acid; the studies are
compared in table 25-3. When the five studies with 100 mg
ascorbic acid are taken together , the results indicate that the
relative enhancement of iron absorption is dependent on the
basal level of absorption. Thus, in a previous study when the
SS meal was given with full quantities of egg albumin and
inorganic calcium and phosphorus, mean absorption averaged
only 0.8%; with the addition of 100 mg ascorbic acid the
absorption ratio was 4.14. This ratio is very similar to the
present study with ISP where iron absorption increased from 0.6
to 3.2% giving a ratio of 5.69. When basal absorption is
higher, the enhancement ratio is less. For example, in a
previous study, a ratio of only 1.67 was observed when 100 mg
ascorbic acid was added to a STD meal with a basal absorption
of 4.1%. This is similar to an absorption ratio of 2.0 observed
in the present study with a modified SS meal containing half
quantities of eqgg albumin. Therefore, there appears to be
nothing unique about the interaction of the inhibiting effect
of soy and the enhancing effect of ascorbic. acid.
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TABLE 25-1

STUDY 25. Effect on Iron Absorption of 100 mg Ascorbic Acid Added to Semisynthetic Meals Made With
Isolated Soy Protein and With Egg Albumin.

Packed IRON ABSORPTION
Cell Serum Isolated Soy Protein Egg Albumin Absorption Ratio
Subject Age Volume Ferritin Alone (A) +AA (B) Alone(C) +AA (D) B/A D/C A/C B/C B/D-
(%) (ng/m1) (% of dose) (% of dose)
1 24 1 2 0.23 4.91 5.77 11.53 21.34 1.99 0.03 0.42 0.85
2 26 42 38 0.33 1.93 6.37 8.67 5.84 1.36 0.05 0.22 0.30
3 33 42 49 0.36 1.25 8.93 11.75 3.47 1.31 0.04 0.10 0.13
4 50 43 .72 0.43 1.56 3.36 7.65 3.62 2.27 0.12 0.20 0.46
5 24 45 15 0.46 11.01 3.53 10.33 23.92 2.92 0.13 1.06 3.11
6 19 47 29 0.48 3.68 2.06 5.17 7.66 2.50 0.23 0.71 1.78
7 24 47 130 0.80 3.40 4.90 12.43 4,25 2.53 0.16 0.27 0.69
8 25 44 72 0.82 2.47 3.20 8.15 3.01 2.54 0.25 0.30 0.77
9 26 42 24 0.82 2.97 13.38 19.82 3.62 1.48 0.06 0.14 0.22
10 20 44 32 0.90 4,32 4.90 14.86 4,80 3.03 0.18 0.29 0.88
11 23 45 36 1.45 4.53 6.63 8.68 3.12 1.30 0.21 0.52 0.68
MEAN 27 44 31* 0.56* 3.20* 5.05* 10.19* 5.69* 2.02* 0.11* 0.31* 0.63*
-1 SE 0.47 2.66 4.31 9.14 4,55 1.83 0.09 0.26 0.49
+1 SE 0.66 3.84 5.91 11.37 7.10 2.23 0.14 0.39 0.83

* geoiiletric .iean
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TABLE 25-2

STUDY 25. Effect on Iron Absorption of 100 mg Ascorbic Acid Added to Semisynthetic Meals Made With

Isolated Soy Protein and Egg Albumin.

ABSORPTION RATIOS

A/B A/C A/D B/C B/D c/D

Mean Ratio 0.18 0.11 0.06 0.63 0.31 0.50

-1 SE 0.14 0.09 0.05 0.49 0.26 0.49

+1 SE 0.22 0.14 0.07 0.83 0.39 0.55

1/ Ratio  5.69 8.96 18.10 1.58 3.18 2.02

Student's t 7.82 10.12 16.14 1.70 5.68 7.04
P value <105 <106 <106 0.060 0.0001 0.00002

Corre]ati?n* 0.180 0.089 0.181 0.234 0.094 0.779

r)
P value 0.297 0.396 0.297 0.235 0.391 0.002

* Jog scale
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TABLE 25-3. Effect of Ascorbic Acid (]J00 mg) on Iron Absorption.
Iron Absorption
Meal ~AA +AA Ratio
Previous™
SS + Ca/P 0.8 3.2 4.14
Ss - Ca/P 2.1 7.9 3.77
STD 4.1 6.9 1.67
Present
MSs* +EAt 5.1 10.2 2.02
MSS + ISP 0.6 3.2 5.69

+ AJCN 30:235, 1975

*

t

modified SS (1/2 protein)

egg albumin
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