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ABSTRACI Radioiron absorption tests are performed in human volunteer subjects to measure 
iron absorption from five infant food supplements. These produci.: 'ecluded corn-soya-milk. corn
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 IA%. by relating these results 
to absorption from a reference dose of inorganic iron, it was estimated that iron-deficient ia*hnts 
would absorb between 1.7 and 4.IF of the iron contained in the infant foods. These results indicate 
that this fortification iron ispoorly absorbed. and probably supplies only about half of the daily 
iron requirement for iron deficient children between 6 months and 3 yr of age. Am. J. Cks. 
Nit:r. 34: 2630-2634. 1981. 
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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 AgAcul-
lure. Corn meal, wheat flour or protein con-
centrate, soy flour, nonfat dried milk, and 
sweet cheese whey are combined in varying 
proportions. The foods are distributei in dry 
form znd are either diluted in waer and 
consumed as a drink or porridge, or mixed 
with other foods to enhance p-otein and ca 

loric intake. 
Iron, as ferrous fumarate, is added at a 

level of 7.8 mg iron/50 g. Ferrous fumarate 
butis well absorbed in the fasting state (I), 

its assimil3tbon when added to food has not 

been adequately studied. In the present study, 
extrinsic radioiron tagging was used to men-
sure iron absorption from the following five 
infant food supplements: corn-soya-milk

2) yblend (3), wheat-(CSB
(CSM) (2), corn-soy bh 
soy blend (WSB) (4), wheat protein concen-
irate blenO (WPC) (5), and whey-soy drink 
mix (WSD) (6). The protein content of these 

foods is listed in Table I. 

Methol. 

Studies were performed in 27 adult male volunteers 
ranging in age from 18 to 45 yr. Ali subjcts ave written 
inf-rnica consent before their patticip.tion in the study 
?rid procedures followed %erc in accord with the ethical 
standards of the luman Subjects Committee of the 

University uf Kansas Medical Center. None had ahis
tory of hematological abnormalities or disotrn known 
to influence gastrointestinal absorption. Iron status was 
judged to be normal in 25 or the subjems -- ihc basis of 
hematocrit, transferrin saturation, and serum ferritin. 
Two had reduced iron stores as deta-mined by serum 
ferritin levels of 12 and 13 ig/I. 

The subjects were divided into two proups of 13 and 
14 individuals each. Four separate iron absorption tests 
were performed in each subject using dust radioiron 
labels. In both groups, one of the test meals consisted of 
CSM, the most widely dittributed infant food supple
ment. The second and third test meah differed in the 
two studies. conisiingofWSAl and WPC in study I and 

CSB and WSD in study 2.In both, the fourth test meal 
was areference dose (REF) of inorganic radioiron con
taining 3 mg iron as ferrous sulfate and 19 ms froihly 
dissolved ascorbic acid. The effect ofdirrerces in iron 
status between the two study groups was minimized by 

aexpressing iron absorption from the infant foods as 
ratio with respect to REF absorption. CSM waL Admin
istered in both studies to gauge the aceuracy of this 
adjustment. 

All test meals were administered between 7and 9 AM 
after an overnight fast and water alone was llowed for 
3 hr. The infant foods were prepared the day before 
sering, weighed into individual portions. and refriger
ated overnight. Each a tal contained 50 to 59 gdry 
product, 20 gsucrose, I ssalt, and 170 to 225 mt water. 
Mneraland vitamin mixes were included in the prduct 
formulation and brought the total content to 9 mig iron 
and 20 mg ascorbic acid per serving. The meats were 
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T..I.L I 
I'cr.cntiquc of totalprotein contributed 

laoriitgredients -. 

-( s1 s WsI, WKC WsI 

so% 45 63 .55 -6 74 
(.rnme.l 
Milk 

27 
2Y 

37 

Whe.,t 4 39 

Whey 26, 

Total'; 100 100 IOo too 100 

0.1 mg iron as ferric
tagged extrinsically by adding 

or 5chloride in I ml 0.01 N tICI and either 2 uCi '1-c 
was scr'ed as a cold beverage andpCt "Ic17). WSD 

in a microwave oventhe remaining fodls were heated 
and erved as ahot porridge. 

of the stud% forBlkxd was drawn on the I3tday 
mcasurement of serum iron. iron-binding capacity. se-
rum fcrritin, and background rcdioactivitv. Meals A and 

or '"Fc. were then
B. tagged separately u ith either *Fc 
administered on 2successive dJas. Blood was obtained 
14 da.'s later to measure incorporated red cell radioac-
t%t,.tand meals ('std D were then given on 2 SuccCSivc 

blood sample %%j, drawn 2 -k laterAllit, and 13% in the present study arc typicaldas. A final 
measurc the rise in circulatin--red cell radioactivit. 

1O-ml
radioiron assays were performed on duplicate 
of whole blood using a modification of thesamp!es 

,Si. Perccenagc absorpfi,itmethod of Eakins and Brown 
in each subject was calculated on the basis of a blood 
t,,lurnccsimated from the height and weight (9 Red 

cell incorpration of"rborbeJ radioactivity was as,ted 

to bc XlJ' IV) Serum iron Aa. measured by the ICSII 

method til). iron-binding capacit% b% a magnesium 
carbonate technic (12). and "crum ferritin by a 2-site 
immunoradiometric assay (13i. 

highly skewcd dit tribution of iron
Blecause of the 

aborption data when cxprcs.-.d as a percentage ofthe 

admini,tcrcd doe, statistical analvsis was pcrformed on 

lIarithir and the results transformed to antilogarithms 

to re:oier the original units 14). One-wa) analysis of 

variancc was used to compare absorption front the five 

infant foo-ds alter adjustment for R f7 zb.;orption 

Re~titl 

Iron status measurements and iron absorp-
tion values for both studies are listed in Table 

n absorption from all supplements was2. Ir 
remarkably low; nearly two-thirds cf the ab-

sorption valtes were less than Ir.Geometric 
- for CSMmean values ranged from 0.61r in 

food in study i.study 2 to 1.4% for the same 
Absorption from the REF dose averaged 26.8 
and 13.4% in studies I and 2, respectively, 
This difference is presumably related to dif-

fcrcnces in iron status evcn though mean 

,erurm fcrritin levels in the two groups do not 

rcflect stich adifference. 
Absorption data were corrected for ditfet-

ences in irot! status by expressing each value 

as a ratio with respect to REF absorption 
(Fig. 1). The accuracy of this correction can 
be assessed by comparing the absorption ra

and 2.tios obtained for CSM in st,,Iy I 
absorpii-.- fromUncorrected percentage 

CSM differed by 60% in the two studies 
whereas the absorption ratios of 0.052 and 
0.043 differed by less than 20% (Table 3). 
One-way analysis of variance was performed 

on logarithms of absorption ratios and 
showed marginal significance (F - 2.70, P< 

multiple range0.05). However, Duncan's 
failed to show a sir.'icant differtests (15) 

ence between any of the irant supplements. 

Discussion 

An important advantage of expressing ab

sorption in relation to a reference dose is that 
percentage absorption can be predicted in 
subjects with differing iron status. The rela
tively low means for REF absoiption of 27 

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 each 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; 

and 2.6 were
intermediate values of 3.1
i 
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 assimilAiion of iron con
tained in infant foods was unexpected. Nev

are comparable toertheless, these results 
those obtained in a previous study in Jamai
can infants reported by Ashworth and March 

(16). Absorption from CSM averaged 6% in 
REF absorpthat study compared to mean 

tion of 64%. When adjusted to 60% REF 

absorption. CSM absorption was 5.7% in 

comparison with lower values of 2.6 and 3.1 
observed in the present study. Much of the 

disparity between the two studies can be ex

plained by the fact that arithmetic means 

rather than geometric means were calculated 
in the report by Ashworth and March (16). 
Geometric values are invariably lower than 

arithmetic means, especially when percentage 
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Iron biujvailability from infant (od supplemenis 

Sul~l A|€ ol.meCCU SFad. TS" Sru ru.min lv.. .IN@ p.AbSubject Age 

Cs'I Ws1 WPC KUF 

Study I 
I Is 48 164 41 56 0.58 0.72 0.71 10.86 
2 I8 47 104 23 53 0.62 0.70 1.55 32.33 
3 24 51 113 31 113 0.65 0.28 0.42 11.96 
4 20 48 172 46 105 0.70 0.40 0.45 27.18 
5 Is 46 84 21 37 0.71 0.47 1.51 42.38 
6 31 45 142 39 107 1.00 0.61 0.33 11.46 
7 19 50 106 9 39 1.03 0.35 0.67 23.40 
8 19 46 119 4 44 1.28 1.22 0.47 19.66 
9 20 46 t00 25 54 2.16 0.91 1.20 51.46 

10 20 49 123 34 40 2.17 0.58 0.40 23.00 
II 21 49 89 24 67 2.22 0.45 0.31 33.25 
12 Is 50 134 40 41 4.10 1.93 0.97 46.83 
13 20 45 150 39 13 12.531 9.68 7.08 49.35 

Meant 21 49 123 33 52 1.40 0.76 0.77" 26.82 

CSN C31 Ws) REF 
Study 2 

I 26 44 144 35 126 0.03 0.538 0.37 11.35 
2 45 41 136 49 86 0.12 0.28 0.13 3.11 
3 27 41 156 46 62 0.27 0.45 0.38 11.37 
4 24 48 118 28 24 0.33 0.50 0.62 12.87 
5 27 44 99 25 81 0.41 0.25 0.23 1.22 
6 22 42 I1S 36 79 0.47 0.33 0.17 5.70 
7 27 42 69 21 26 0.66 0.46 0.28 17.00 
8 25 46 173 44 28 0.71 1.28 0.30 14.71 
9 25 44 140 38 30 0.76 0.75 0.68 23.78 

10 24 47 86 23 72 1.13 .36 1.25 33.2 
11 29 40 108 30 43 1.32 1.77 1.50 S2.12 
12 24 42 112 32 65 1.56 1.80 5.67 41.53 
13 42 46 168 57 56 2.17 3.73 0.52 17.27 
14 31 45 94 25 12 4.22 10.40 4.63 62.47 

Meant 28 44 123 35 48 0.57 0.92 C.65 13.36 

Transferrin saturation. 
I Values for serum fcrritin and iron absorption tests arc geometric means. 

absorption is low. Their data can be corrected Another aspect of methodology relating to 
to geometric means by assigning values of the present study i6 that absorption of the 
0.1%to two subjects reported as absorbing no fortification iron, ferrous fumarate, was mea
iron. When adjusted to REF absorption of sured by adding an extrinsic radioiron tag 
60%, absorption from CSM in iron-deficient (ferric chloride) rather than using radiola
children averages 3.1%as compared to values beled ferrous fumarate. Previous studies have 
of 2.6 and 3.1% obtained in iron-replete males shown that complete exchange occurs be
in the present study. The remarkable similar- tween dietary iron and fortification iron when 
ity in results obtained in subjects with widely the latter is added as ferric chloride or ferrous 
different iron status underscores the impor- sulfate (17, 18). However, an extrinsic tag 
lance of REF corrections. It also denton- may not exchange completely with fortifica
strates the validity of measuring food iron tion iron when the latter is highly insoluble 
availability in subjects who may differ greatly such as ferric orthophosphate or sodium iron 
from the population that will consume the pyrophosphate (17).Thcre is noevidence that 
food. Further validation will be difficult be- an extrinsic tag is less well absorbed than 
catse of the concern in administering radio- conventional forms of added fortification 
isotope.%to children. iron. If the extrinsic tag did not cxchange 
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1o UNICEF recommended quantity of 80 to 100 
STuY I SUDY 2 g CSM/day might satisfy only about one-half 

0.5 of their iron requirements. It is unlikely that 
the typical diet in a developing country would 

*.. furnish the balance of daily iron needs. 
,.". .There are at least two factors that could 

et0. 
0r. 

.0-
S- "-. 

- .. 

_or 

cs. was WPc cau can WW 

FIG. 1. Absorptioa o iron rom infant f s 
nicit, expressed as a ratio with respect to absoup. 
from astandard rcference dose of inorganic iron. Ratios 
:,rc plotted on a logarithmic %cale. The horizontal bars 
depict geometric means. 

CAI.E 3 
Iron absorption from infant food supplements 
adjusted for iron status 

Adjusted a 
Suj% a MalMeal 

g,,m.
4 

-- -, 

- f ,das, 
I CSM 1.40 0,052 3.12 0.56 

WS 0.76 0.028 1.68 0.30 
WKC 0.77 0.028 1.68 0.30 

2 CSM 0.57 0.043 2.58 0.46 

CSB 
WSI) 

0.92 
1.96 

0.069 
0.049 

4.14 
2.94 

0.74 
0.52 

Corrected to 60t REF absorption and 18 mg Fe/ 
100I dry product. 

completely with ferro,.s fumarate inthis 

itudy, falsely high rather than low absorption 
values would have been observed. 

The recommended intake of iton is 15 mg/ 
day for children 6 months to 3 yr of agc (19, 
20). These values are based on the assump
tiotn that 10% of dietary iron is absorbed by 
the average child althoUgh two to three times 

this amount may be absorbed by iron-dKft-
Licnt children (21, 22). The results of t!;c 
present study indicate that the iron added to 

infant food supplements may not fulfill the 
daily requitement of 0.7 tu 1.0 mg absorbed 
ilon (23). Since we estimated that irn-deft-
ci'mt children would ab-orb only 0.3 to 0.7 
ni% iron from 100 g of product, the WHO/ 

account for the low availability of forifica
tion iron added to inxiint foods. Calcium and 
phosphorous salts impair the absorption of 
food iron when combined in #he same meal 
but n when added separately (24). Specifi
cations for the mineral mixes used in each of 
the five products tetted in thi! study rlquire 
the inclusion of either tsiclcium phosphate 

a combination of calcium carbonate and 
dicalcium phosphate. We have mrcently ob

served a substantial increase iniron abserp
tion from CSM whan theze minerals are omi
ted (T. A. Morck, S. R. Lynch, and J.D. 
Cook, unpublished observation). A second 
possibility for low absorption in this study is 

the preence of soy protein. We have noted a 
striking inhibition of food iron abzorptioa 
with a variety of soy products raning from 
whole soybean to iso ated soy protein (25).
Te inoranc 
The importance of this inhibitory effec of 
soy on iron ro i t. 
soy absorption from iant foo s 
cannot be assessed from the data contained 
in this report because so, protein contributed 
hetween 45 to 75% of the totil protein in ach 
of the ive 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 
vitamrin mix (26). Alternatively, 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 diets and may therefore enhance iron 
aFhorption from infant foods (27, 28). 0 

The authors acknowledge the cooperation of the follow

ang companies in providing the materials used in these 
studies: ADM Miling Company, Shawnee Mision, KS; 
grause Milling Company. Milwisukee. WI: Lauhoff 
Grain Company. Danville, IL; and Merrick Foods, Un
ion Centr. Wl. 
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