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ABSTRACT

Radioiron absorption tests are performed in human volunteer subjecis to measure

iron absorption from five infant food supplements. These product: included corn-soya-milk, com-
soy blend, wheat-soy blend, wheat protein concentrate blend, and whey-soy drink mix. In iron
replete adult males. mean percentage absorption ranged from 0.6 to 1.4%. By selating these results
1o absorption from a reference dose of inorganic iron, it was estimated that iron-deficient infants
would absorb between 1.7 and 4.15 of the iron contained in the infant foods. These results indicate
that this fortification iron is poorly ahsorbed. and probably supplies only about half of the daily

iron requirement for iron deficient children between 6 months and 3 yr of age.
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Introduction

Food supplements are distributed to un-
dernourished infants and children in devel-
oping countries as part of the Food for Peace
Program of the U.S. Department of Ag.icul-
ture. Corn meal, wheat flour or protein con-
centrate, soy flour, nonfat dricd milk, and
sweet cheese whey are combined in varying
proportions. The foods are distributed in dry
form and are cither diluted in waler and
consumed as a drink or porridge, or mixed
with other foods to enhance protein and ca
loric intake.

Iron, as ferrous fumarate, is added at a
level of 7.8 mg iron/50 g. Ferrous fumarate
is well absorbed in the fasting state (1), but
its assimilation when added to food has not
been adequately studied. In the present study,
extrinsic radioiron tagging was used to mea-
sure iron absorption from the following five
infant food supplements: corn-soya-milk
(CSM) (2), corn-soy blend (CSB) (3), wheat-
soy blend (WSB) (4), whealt protein concen-
tratc blend (WPC) (5), and whey-soy drink
mix (WSD) (6). The protein content of these
foods is listed in Table 1.

Mecthods

Studies werc performed in 27 adult male volunteers
ranging in age from 18 10 45 yr. Ali subjcts gave written
informsd consent before their patticipation in the study
20d procedures followed were in accord with the cthical
standards of the Human Subjects Commitice of the
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University of Kansas Medical Center. None had a his-
tory of hematological abnormalities or disor. 13 known
1o influence gastrointestinal absorption. lron status was
judged 10 be normal in 25 of the subjects oa iz basis of
hematocrit, transfersin saturation, and serum ferritin.
Two had reduced iron stores as determined by scrum
ferritin levels of 12 and 13 g/l

The subjects were divided into two groups of 13 and
14 individuals each. Four scparate iron ahsorption lesis
were performed in cach subject using dusl radioiron
labels. In both you‘rs. one of the Last meals consisted of
CSM, the most widely distributed infant food supple-
ment. The second and third test meals differed in the
two studies, consisting of WSR and WPC in study | and
CSB and WSD in study 2. In both, the fourth test meal
was a reference dose (REF) of inorganic radiciron con-
taining 3 mg iron as ferrous sulfate and 19 mg focahly
dissolved ascorbic acid. The effect of dif"erences in iron
status between the two study groups was minimized by
cxpressing iron absorption from the infant foods as a
ratio with respect to REF absorption. CSM wag admin-
istered in both studies to gauge the accuracy of this
adjustment.

All test meals were administered between 7and 9 AM
after an overnight fast and water alone was uilowed for
3 hr. The infant foods were prepared the day before
serving, weighed into individual portions, and refriger-
ated overnight. Each m eal contained 50 to 59 g dry
product, 20 g sucrose, |  salt, and 170 to 225 mi water.
M:neral and vitamin mixes were included in the praduct
formulation and brought the total content to 9 mg iron
and 20 mg ascorbic acid per serving. The meals were
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{RON AVAILABILITY FROM INFANT FOODS

TABLL
Perventizge of total protein contributed
by major ingredients

CSM SK | WSt wsh
Sov 5 6 s 6 M
Curnmeat 27 K1)
Mk pis
Wheat 45 39
Whev 26
Total 100 100 1 100 100

tagged entrinsically by adding 0.1 mg iron as ferric
chioride in | ml 001 N HCl and either 2 uCi Feor 5
uC1 “'Fe 17). WSD was served as 2 coll beverage and
the remaining foods were heated in a microwave oven
and served as a hot porsidge.

Rlood was drawn on the Ist day of the study for
measurement of scrum iran, iron-binding capacity. se-
rum ferritin, and background redioactivity. Meals A and
B. tagged scparately with cither "Fe or “Fe. were then
administered on 2 successive dzas. Blood wus obtained
14 days later 1 measure incorporated red cell radioac-
uvits and meals Cand D were tien piven on 2 successive
days. A final blood sample was drawn 2 wk later to
measure the rise in circuliting red cell radioactivity. All
radioron assays were perfernied on duplicatc 10-ml
samples of whole blood using a modification af the
method of Eakins and Brown (81, Perceniage absorpiini
in each subject was calculated on the basis of a blood
volume cestimated from the height and weight (9). Red
cell incorpuration of absorbed radioactivity was assumed
{0 be 8¢ 110) Scrum iron was measured by the ICSH
method (11), iron-binding capacity by a magnesium
carbonate technic (12), and cerum ferritin by a 2-site
immunoradiometric assey (13).

Because of the highly skewed distribution of iron
absorption duta when expressed as a percentage of the
administered dose, stutistical aralysis was performed on
logarithins and the results iransformed 1o antilogarithms
10 recover the original units (14). One-way analysis of
vanance was used o compare sbsorption from the five
infant fowds after adjustment for REF absorpiion

Results

Iron status measurements and iron absorp-
tion values for both studies are listed in Table
2. Tron absorption from all supplements was
remarkably low; nearly two-thirds &f the ab-
sorption valucs were less than 17 Geometric
mean values ranged from 0.6¢- for CSM in
study 2 to 1.4% for the same food in study 1.
Absorption from the REF dose averaged 26.8
and 13.4% in studies | and 2, respectively.
This difference is presumably related to dif-
forences in iron status cven though mean
«erum ferritin levels in the two groups do not
rcflect such a difference.

Absorption data were corrected for difie:-
ences in iron status by eapressing cach value
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as a ratio with respect to REF absorption
(Fig. 1). The accuricy of this correction can
be assessed by comparing the absorption ra-
tios obtained for CSM in stody | and 2.
Uncorrected  percentage  absorpii.” from
CSM differed by 60% in the two studies
whereas the absorption ratios of 0.052 and
0.043 differed by less than 20% (Tuble 3).
Onc-way analysis of variance was performed
on logarithms of absorption ratios and
showed marginal significance (F = 2.70,P <
0.05). However, Duncan's multiple range
tests {15) failed to show a sig=ificant differ-
cnce between any of the iz.iant supplements.

Discussion

An important advantage of expressing ab-
sorption in relation to a reference dose is that
percentage absorption can be predictzd in
subjects with differing iron status. The rela-
tively low means for REF absorption of 27
and 13% in the present study arc typical
values for iron replete individuals. A much
higher percentage REF absorption of about
60% would be observed in the iron-deficient
children who would receive these food sup-
plements. Iron absorption from cach of the
foods has been calculated for REF absorption
of 60 in Table 3. Values range from 1.7%
with both WSB and WPC to 4.1% for CSB;
intcrmediate values of 3.1 and 2.6% were
obtained with CSM and 2.9% for WSD. The
corrected values arc remarkably similar de-
spite variations in the composition of each
supplement. Thus, children who take 100-g
supplement daily might derive only 0.30 to
0.74 mg iron daily from these infant foods.

The extremely low assimilation of iron con-
wained in infant foods was uncxpscted. Nev-
crtheless, these results are comparable to
those obtained in a previous study in Jamai-
can infants reported by Ashworth and March
(16). Absorption from CSM averaged 6% in
that study compared to mean REF absorp-
tion of 64%. When adjusted to 60% REF
absorption, CSM absorption was 5.7% in
comparison with lower vaiues of 2.6 and 3.1
observed in the present study. Much of the
disparity between the two studics can be ex-
plained by the fact that arithmetic n:cans
rather than geometric means were calculated
in the report by Ashworth and March (16).
Geometric values arc invariably lower than
arithmetic means, especially when percentage
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TABLE 2
tron bivavailability from infant foad supplements
Subject Age Pocledcell  Serwem icon T8 Lerum fermitin Irom aborpiivn
% e/ b ag/mi % of dese
CsM wis WK REF
Study 1
! 18 43 {2 41 56 058 072 070 1086
2 18 47 104 23 58 062 070 (.58 3233
i) 24 $1 n k]| 1" 065 028 042 1896
4 20 48 172 46 105 070 C©40 045 27.18
5 18 46 84 21 n 0.71 047 151 4288
6 k]| 4 142 39 107 100 061 033 1146
7 19 50 106 29 » 103 035 067 2340
8 19 46 1e ] 44 1.28 .22 047 19.66
9 20 46 100 25 54 216 091 120 35146
10 20 49 123 L} 40 217 0S8 040 2300
1 21 49 89 1] 67 222 045 03} 25
12 18 50 134 40 41 4.10 193 097 468
13 20 45 150 39 13 1231 968 708 4935
Mecant 21 48 123 n 52 140 076 077 2682
M CSB  WSD  REF
Study 2 ’
] 26 44 144 s 126 003 058 037 113
2 45 4] 136 49 86 012 028 0.3 kN7
3 b3 41 156 46 62 027 045 038 1137
4 24 48 118 28 24 033 050 062 1287
5 27 44 9 25 1] 041 025 023 1.22
6 22 42 18 36 79 047 038 047 5.70
7 2 42 69 21 26 066 046 028 17.00
8 25 46 173 4 28 0.71 128 080 1471
9 25 44 140 k1] 30 07 075 068 23.78
10 24 47 86 23 n .13 186 125 1842
1" 29 40 108 30 43 1.32 177 130 lam
12 24 41 112 n 65 1.56 1.30 5.67 41.5)
13 4 46 168 57 56 217 313 om2 1
14 Y 43 94 25 12 " 422 1040 46> 6247
Meant 28 4 123 35 48 057 092 Ce5 136

* Transferrin saturation,

t Values for serum ferritin and iron absorption tests are geometric means.

absorption is low. Their data can be corrected
to gcometric means by assigning values of
0.1% to two subjects reported as absorbing no
iron. When adjusted to REF absorption of
60%, absorption from CSM in iron-deficient
children averages 3.1% as compared to values
of 2.6 and 3.1% obtained in iron-replete males
in the present study. The remarkable similar-
ity in results obtained in subjects with widely
different iron status underscores the impor-
tance of REF corrections. It also demwon-
strates the validity of measuring food tron
availability in subjects who may differ greatly
from the population that will consume the
food. Further validation will be difficult be-
causc of the concern in administering radio-
isotopes to children.

Another aspect of methodology relating to
the present siudy is that absorption of the
fortification iron, ferrous fumarate, was mea-
sured by adding an extrinsic radioiron tag
(ferric chioride) rather than using radiola-
beled ferrous fumarate. Previous studies have
shown that complete exchange occurs be-
tween dietary iron and fortification iron when
the latter is added as ferric chloride or ferrous
sulfate (17, 18;. However, an extrinsic tag
may not exchange completely with fortifica-
tion iron when the latter is highly insoluble
such as ferric orthophosphate or sodium iron
pyrophosphate (17). There is no evidence that
an extrinsic lag is less well absorbed than
conventional forms of added fortification
iron. If the extrinsic tag did not cxchange
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F1G. 1. Absorption of iron from infant food supple-
nichts expressed a3 & ratio with respect 1o absorption
from a standard reference dose of inorganic iron. Ratios
are plotted on a logarithmic scale. The horizontal bars
depict gcometric means.

FABLE 2}

Iroa absorption from infant food supplements
adjusted for iron status

Adjusted absarp-

Sty Test meal L’::@: MelREF  ~—— e —
% i ]
——— im —
& of dase
| CSM 1.40 0.052 312 056
wsB 0.76 0.028 1.68 030
wirC 0.77 0.028 1.68 030
2 CSM 0.57 0.043 258 046
CSB 0.92 0.069 414 0724
wsb 1.96 0.049 294 052

® Corrected to (0% REF absorption und 18 mg Fe/
1) ¢ dry product.

completely with ferrons fumarate in this
study, falsely high rather than low absorption
vilues would have been observed.

The reccommended intake of iron is 15 mg/
day for children 6 months to 3 yr oi age (19,
20). These values are based on the assump-
tion that 10% of diztary iron is absorbed by
the average child although two to three imes
this amount may be absorbed by iron-defi-
cient children (21, 22). The results of the
present study indicate that the iron added to
infant food supplements may not fulfill the
duily requitement of 0.7 to 1.0 mg absorbed
iton (23). Since we cstimated that iren-defi-
cient children would absorb only 0.3 to 0.7
my iron from 100 g of product, the WHO/
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UNICEF recommended quantity of 80 to 100
g CSM/day might satisfy only about one-half
of their iron requirements, It is unlikely that
the typical dictin a developing country would
furnish the balance of Gaily iron needs.

There are at least two factors that could
account for the low availability of fortifica-
tion iron added to intert foods. Calcivm and
phosphorous salts impair the abserpiion of
food iron when combined in the same meal
but rot when added separstely (24). Specifi-
cations for the mineral mixes used in each of
the five products tested in thiz study require
the inclusion of either tricelcivm phosphate
or a combination of calcium carbonate and
dicalcium phosphate. We have recently ob-
served a substantial increase in iron absoep-
tion from CSM when these minerals ase om-
ted \T. A. Morck, S. R. Lynch, and J. D.
Cook, unpublished obzervation). A second
possibility for low absorption in this study is
the presence of soy protein. We have noted a
striking inhibition of food iron absorptici
with & variety of soy rmducts ranging from
whole soybean to isolated soy protein (23).
The importance of this inhibitory eifect of
soy on iron absorption from infant foods
cannot be assessed from the data contained
in this report because so! protein contributed
between 45 o 75% of the toial protein in sach
of the five infant foods examined.

Poor availability of fortification iron is not
in itself adequate justification for eliminating
calcium and phosphate or soy protein from
infant foods. Availability could be improved
by increasing the level of ascorbic acid in the
vitamin mix (26). Altcrnatively, it may be
possible to add a form of iron, the absorption
of which is less inhibited by food. Recent
studies suggest that sodium iron EDTA may
be less inhibited than other iron salts in cer-
tain dicts and may thereforc enhance iron
absorption from infant foods (27, 28).
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studics: ADM Milling Company, Shawnee Miscion, KS;
Kruuse Milling Company, Milwaukee, WI; Laubofl
Grain Compary. Danville, IL; and Merrick Foods, Un-
ion Centar, W1

Refercnces
1. Brisc "1, Ha!lberg I.. Absorbability of different irun

compound:. Acix Med Scand 1962:17 I{suppl
376):23-38.



AGRE}

hl

1n

Agriculiural Stabilization and Conservation Service.
Purchase of corn-soya-milk for use in export pro-
grams. Shawnce Mission, KS, 1975. (USDA an-
nouncement CSM-7.)

- Agricultural Stabilization and Conservation Service.

Purchase of corn-suy blend for use in export pro-
grams. Shawnee Mission, KS. 1978. (USDA an-
nouncement CSB-2.)

. Agriculiural Stabilization and Conservation Service,

Purchase of wheat-soy blend for use in export pro-
grams. Shawnee Mission, KS, 1975, (USDA un-
nounccement \VSB-5.)

. Agricultural Stabilization and Conservation Service.

Purchase of wheat protein concentrate blend for use
in export programs. Shawnee Mission, KS, 1978,
(USDA announcement WPC-1.)

. Agricultural Stabilization and Conservation Service.

Whey-soy drink ix for use in export programs.
Shawnee Mission, KS, 1975. (USDA announcement
WwD-3.)

. Cook JD. Layrisse M, Martines-Torres C, Walker

R, Monsen E, Finch CA. Food iron absorption
mcasured by an extrinsic tag. J Clin Invest 1972:51:
80515,

- Lakin< JD, Brown DA. An approved method for the

simultaneous determination of iron-$3 and iron-59
tn blood by liquid scintillation counting. Int J Appl
Rad lostopes 1966:17:391-7.

. Wennesland R. Brown E. Hopper [, et al. Red cell,

plasnmiz and blood volume in heulthy men measured
by radiochromium (CR") cell 1agging and hemato-
crit. influence of age. sumatetype and habits of
physicat activity on the variance after regression of
volumes to height and weight combined. J Clin
Invest 1959:38:1065-77.

Hosiin F. Marsagha G. Finch CA. Blood ferroki-
netics in normal man. J Chin fnvest 1947.46:1- 9.

- International Committee for Standardivation in

Hematology (lron Panel). Recommendaticns for
measurement of serum iron in human blood. br J
Haemato! 197%;35:291-4.

. Cook JU. An evaluation of adsorption methods for

measurement of plasma iron- inding capacity. § Lab
Clin Med 1970.76:497- 506,

Mues LEM, Lipschitz DA, Bicber CP, Cook JD.
Mcasurement of serum ferritin by a 2-site immuno-
radiometric assay. Anal Biochem 1974:66:209--24,

14.
15.

i6.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Mo RCK ET AL

Ceok JD. Layrisse M, Finch CA. The measurement
of iron absorption. Blood 1969;33:421-9.

Duncan DB. Multiple range and multiple F tests.
Biomctrics 1955:11:1-42.

Ashworth A, March Y. lron fortification of dried
skim milk and maize-soya-bean-milk mixture
(CSM): availability of iron in Jamaican infants. Br
J Nutr 1973:30:577-84.

Cook JD, Minnich V, Moore CV, Rasmussen A,
Bradley WB, Finch CA. Absorption of fortification
iron in bread. Am J Clin Nutr 1973;26:861-72.

. Layrisse M, Martinez-Torres C, Cook 2D, Walker

R. Finch CA. Iron fortification of food: its measure-
meni by the extrinsic tug method. Blcod 1973:44:
333-52.

Committee on Nutrition, American Academy of Pe-
diatrics. Iron supplementation for infants. Pediatrics
1972;58:765-8.

National Research Council, Food and Nutrition
Board, Committee on Dictary Allowances. Recom-
mended Daily Allowances. 9t ed. Washington,
D.C.: National Academy of Sciences, 1980.

Schulz J. Smith NJ. A quantitative study of the
absorption of food iron in infants and children. Am
J Dis Child 1958;95:109-19.

Schulz J. Smith NJ. A quantitative study of the
absorption of iron salts in infants and children. Am
J Dis Child 1958:95:120-5.

Nutritional Anaemias. Geneva: WHO, Technical
Report Series no. 503 1972,

Monsen ER. Cook JD. Food iron absarption ia
human subjects. IV. The effects of calcium and
1 osphate salt, on the absorption of nonheme iron.
Am J Clir Nut. 1976:29:1142-8.

Cook JD. Morck TA, Lynch SR. The inhibitory
fMects of soy pridducts on ponheme iron absorption
in man. Am J Clin Nutr 34:2622. 1981,

Caook JD, Mounaen ER. Vitamin C, the common cold
and iron absorption. Am J Clin Nutr 1977:30:235-
41.

Layrisse M, Martinez-Torres C. Fe(IIEDTA com-
plex as iron fortification. Am J Clin Nutr 1977:30:
1166-74.

Viteri FE, Garcia-lbancz R, Torun B. Sadium iron
NaFeEDTA as an iron fortification compound in
Central America. Absorption studies. Am J Clin
Nutr 1978:31:961-71.



