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Reduction of the soy-induced inhibition of
 
nonheme iron absorption'-3
 

Timothy A. Morck, Ph.D., Sean R. Lynch, M.D., andJames D. Cook, M.D. 

ABSTRACT 
 Recent studies in normal men have demonstiated that soy products have apronounced inhibitory effect on the absorption ofnonheme dietary iron. The purpose of the presentinvestigation was to explore approaches to overcoming this inhibitkn. A modest but significantincrease in iron absorption was observed when test meals containing either isolated soy protein orwhole soybeans were baked at 200'C. The addition of 100 r g ascorbic acid to a meal containingisolated soy p:otein had a more dramatic effect, increasing mean absorption from 0.6 to 3.2%. Asimilar but less pronounced increase ws observed when meat was added to the isolated soy proteinmeal. These results indic.te that the inhibitory effect of soy can be reversed to some extent bysubstances known to enhance nonheme iron absorption. Am J Clin Nuir 1982;36:219-228. 
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Introduction informed c'-nsent was obtained from each volunteer 
before the study. Experimental procedures were in ac-In a recent study comparing the effects of cordance with the standards of the I-Tuman Subjectssemipurified proteins, we observed that sev- Committee at the University of Kansas Medical Center.eral soy products inhibited nonheme iron In study I (nine subjects), iron availability from wholesoybeans and from a meal containing isolated soy proteinabsorption (1). When protein equivalent (SP) was determiacd both before and after extensiveamounts were substituted for egg albumen baking of the soy component. The ether two studies,(EA) in a meal containing no meat products, each with seven subjects, examined the effect of addingdecreases in iron absorption ranged from 65 the known iron absorption enhancers ascorbic acidto 92%. 8imilarly, when 30 g dry textured soy (study II) and beef (study If!) to semipurified mealscontaining either EA or SP as the protein source.
flour was added to a meal containing either


100 or 70 g ground beef, absorption was Absorption measarements

reduced by 61 and 53%, respectively. Since Dcuble sequential radioiron labels werc used to meassoy products are agood source ofhigh quali
ty tire iron absorption from four separate test meals ineachsubject. All meals were adn-.inistered between 7 and 9
proteit, the feasibility of counteracting their AM after an overnight fast, and only water was allowed
inhibitory ef'e,ton iron absorption by dietary 
 for the subsequent 3 h. The absorption of nonheme ironmanipulatio, meiits careful consideration, was measured by adding variable quantities of FeCl3 inTwo appro trves were examined in this re- I ml 0.01 N HCI labeled with either 2 Ci4 Fe or 5SCi'Fe to the test meals. Percentage absorption was deterport: 1)extensi ve heating of soy products to demined from incorporated red cell radioactivity as
destroy possible inhibitory compounds, and scribed previously (I, 2).

2) adding enhancers of iron absorption to

meals containing soy products to improve Test mCealsiron availability. With the exception ofmeals C and D in study Iwhich 

contained whole soybeans, all test meals consisted of aMethods 'From the Division of Hematology, Department ofSubjects Medicine, University of Kansas Medical Center, Kansas 
Twenty-six male subjects ranging in age from Cit , KS.18 to -Supported by Contract DSAN-C-0045 from the US50 yr participated in three separate iron absorption stud-

ies. 
Agency for International Development.All wer. in good health and denied a history of "Address reprint requests to: James D. C- k, M.D.,gastrointestinal disorders that might affect iron absorp- Director of Hematology, University of kk .-as Medicaltion. Iron status was uniformly normal with the exception Center, Kansas City, KS 66103.of one volunteer who had a serum ferritin level of 2 jg/ Received October 2, 1981.I, indicative pf markedly reduced iron stores. Written Acccped for publication February 9, 1982. 
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mixture of semipurified ingredients 
 which were thor-oughly mixed and served as a drink (SS meal). This meal 

serving of these light brovin, crur,chy, toasted soybeans
contained was 38 g,indicating a 62% loss of moisture. Individualcorn syrup solids (Dri-Swcet 36, Hubinger portions of boiledCo., Keokuk, or baked beans 
carbohydrate 

VA) and corn oil which provided 66.8 g prepa'ation: 13.Oand 14 6 
(iron content after 

and 34.8 g fat, respectively. The protein 	 . ppm, respectively) were servedcomponent, a variable under study, consisted of either 
with 100 ml deionized water containing 3.0 Ing iron.Er. throcyte radioiron concentration wa. measured by18.4 g spray-dried EA (Mon~ik Egg Corporation, KansasCity, MO) or 16.9 g SP (Supro 710, Ralston Purina Co., 
the method of Eakins and Brown (3) and serum ferritinby the 2-site radioimmunometric technique (4).St. Louis, MO). Both of these products provided 14.7 g 	 Thefrequency distribution of iron absorption measurementsprotein per meal. Their iron content differed significantly(EA:l0.9 ppm, SP:117.2 ppm). 	
when expressed as a percentage of the administered doseis logarithmic (5). Aborption data wereIn the first part of study I (meals A and B) the effect therefore con

of baking SP on iron absorption from the SS mea!was 
verted to logarithms for statistical analysis and the results

examined. A slurry of SP in -ater 
reconverted to recover the original units. When comparv.as prepared (1:3 byweight). It was spread onto a lig,.jv greased cookie sheet 	
ing absorption between any pair of test meals in the samesubjects, a paired t test wasand baked for I h at 200*C. The dri.. residue was finely 	

used to determine whethermeanground with a mortar and pestle and aad:uto the other 
log of the meal ratios differed significantly from

meal ingredients. Baking destroyed the watt, 	
zero. This is equivalent to testing whether the mean ratio'ispersi- in percentage absorption differed from 1.0.
bility of SP resulting in a gritty precipitate that se,:'ed
out of the liquid meal while standing. Taste was not Resultsappreciably altered. Ferric chloride providing 2.0 mgiron and the radioiron label were added to both mealsbringing the total iron content to 4.0 mg per serving. Effect of baking (study I)The effect of heating whole soybeans was studied in Mean absorptionthe second part 	 from the SS meal conof study I (meals C and D). Driedsoybeans (Arrowhead Mills, Inc., Herford, TX) were firstsoaked in water overnight. This water was discarded and 

taining uncooked SP (meal A) averaged0.64% (Table 1). When SP was baked (mealfresh water added together with diced onions, salt, mon- B), mean absorption increased to 1.28%. Theosodium glutamate, and bay leaves. After boiling for 2 absorption ratio B/A (1.99) was highly Sigh, the liquid was decanted and 100-g portions of boiledsoybeans 	 ausorptionpratio0B/A.(1.99)iaswere weighed out. Additional 1O0-g portions nificant (p < 0.001). higly piowere placed on greased cookie sheets and baked at 200,C A similar but less profor 45 min with periodic turning. Average weight per 
nounced increase in absorption was observedwhen boiled soybeans (meal C) were further 

TABLE I

Effect of baking isolated SP and whole soybeans
 
on iron absorption (study 1)
 

Iron absorption 
Absorption ratio 

PackedSubject 	 Isolated SPAge volume Serum	 Whole so)-- ancell ferrilinSujc UncookedelBae g Baked 1oiledold BakedBkd B/A D/C C/l 
 D/B 

(A) (t) (C)yr % 	 (0)pgll 
 % of dor 
22 41 14 0.26 0.51 0.63 0.962 27 	 1.96 1.5246 172 0.37 	 2.42 1.881.1c, 1.373 20 45 	 0.72 3.13 0.52 3.7055 0.52 1.08 1.38 	 0.62

4 	 2.63 2.0729 46 	 1.90 2.65132 0.53 	 2.431.48 0.855 	 0.97 2.7919 45 	 1.14 1.6061 0.68 2.45 0.18 0.92 	 0.65
6 35 	 3.60 5.1144 35 0.70 1.15 	 0.26 0.374.06 7.077 18 	 1.64 1.7446 32 	 5.80 6.140.85 1.67 1.65 1.658 25 	 1.96 1.0046 139 0.87 	 1.94 0.980.83 1.02 1.829 20 	 0.95 1.7846 56 2.10 2.61 1.43 	 1.17 2.192.02 1.24 1.41 0.68 t0.77 

Mean* 24 45 46 0.64 1.28 1.06 1.60 1.99t 1.50f i.65§ 1.25§ 
.	 -1 SE 0.53 1.08 0.80 1.26 1.73+1 SE 0.78 1.52 	 1.23 1.211.41 2.02 2.30 1.84 0.93 

2.25 !.67* Geometric values except age and packed cell volume. 
t p < 0.001.
 
t p < 0.0.
 
§p NS.
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TABLE 2 
Effect on iron absorption of 100 mg ascorbic acid (AA)
added to semisynthetic meals made with 
isolated SP and with EA 

Iron absorption Absorption ratio
Packed serumSubject Age cell oSEvolume ferritin 

Alone (A) 
yr % Pg/ 

1 24 41 2 0.23 
2 26 42 38 0.33 
3 1 33 42 49 0.36 
4 50 43 72 0.43 
5 24 45 15 0.46 
6 19 47 29 0.48 
7 24 47 130 0.80 
8 25 44 72 0.82 
9 26 42 24 0.82 

10 20 44 32 0.90 
1i 23 .45 36 1.45 

Mean* 27 44 31 0.56 
-I SE 0.47 
+1 SE 0.66 

Geometric values except age and packed cell volume. 
t p <0.0001. 

baked (meal D). Mean absorption from meal 
C averaged 1.06% and increased to 1.60%
after baking (meal D), (ratio D/C = 1.50, p
< 0.05). 

Effect ofascorbicacid (study II) 
The effect of adding :00 mg ascorbic acidto the SS meal containing either SP (meals A 

and B)or EA (meals C and D) was examined,
The total iron content of each serving was 
adjusted to 4.0 mg by the addition of 2.0 and 
3.9 mg iron as ferric chloride t3 SP and EA
meals, respectively. Absorption from the SP 
meal without ascorbic acid was very low,
averaging 0.56% (Table 2). When ascorbic 
acid was added, absorption increased signifi-
cantly to 3.20% (meal ratio B/A = 5.69, p < 
0.001). Absorption of 5.05% iron from meal 
C containing EA was much higher than from 
meal A containing SP. With the addition of
ascorbic acid (meal D), absorption increased 
over 2-fold to 10.19% (D/C = 2.2, p < 0.001).

The value of0.11 for mean absorption ratio 
A/C indicates an 89% inhibition of iron ab-
sorption when SP was substituted for EA in
the SS meal. The degree to which 100 mg
ascorbic acid reduced this inhibitory effect is 
;ndicated by the absorption ratio B/C = 0.63. 

+AA (B) Alone (C) +AA (D) 
B/A D/C A/C B/D 

%ofdo re 
4.91 
1.93 
1.25 
1.56 

11.01 
3.68 
3.40 
2.47 
2.97 
4.32 
4.53 

5.77 
6.37 
8.93 
3.36 
3.53 
2.06 
4.90 
3.20 

13.38 
4.90 
6.63 

11.53 
8.67 

11.75 
7.65 

10.33 
5.17 

12.43 
8.15 

19.8i 
14.86 
8.68 

21.34 
5.84 
3.47 
3.62 

23.93 
7.66 
4.25 
3.01 
3.62 
4.86 
3.12 

1.99 
1.36 
1.31 

2.27 
2.92 
2.50 
2.53 
2.54 
1.48 
3.03 
1.30 

0.03 
0.05 
0.04 
0.12 
0.13 
0.23 
0.16 
0.25 
0.06 
0.18 
0.21 

0.42 
0.22 
0.10 
0.20 
1.06 
0.71 
0.27 
0.30 
0.14 
0.29 
0.52 

3.20 
2.66 
3.84 

5.05 
4.31 
5.91 

10.19 
9.14 

11.37 

5.69t 
4.55 
7.10 

2.02t 
1.83 
2.23 

0.1 It 
0.09 
0.14 

0.31t 
0.26 
0.39 

Although iron absorption from meal B with 
SP and ascorbic acid rerAained 37% lower
than from meal C with EA alone, this differ
ence was not statistically significant. 

Effect of beef (study III) 

A 100-g ground beef patty was broiled and 
served with the SS meal containing SP (meal
B) or EA (meal D). Meals A and B contained 
2.1 mg nonheme iron derived from SP while 
EA provided 0.2 mg iron in meals C and D.
In meals B and D, the beef contributed 1.5 
mg total iron and 0.5 mg nonheme iron.
Sufficient FeC13 was added to all the meals 
to raise the iron content to 5.6 mg.


When beef was to
added the EA meal,
ab.,orption increased by only 26% (5.94 to 
7.47%; p < 0.05) (Table 3). However, absorp
ticn increased nearly 4-fold, from 0.36 to
1.44% (p < 0.001) when beef was added to
the meal containing SP. Absorption from 
meal B (SP + beef) expressed as a ratio to 
that of meal C (EA alone) equals 0.25 show
ing a highly significant difference (p < 0.001).
Therefore, the enhancing effect of beef failed 
to completely reverse the inhibiting effect of 
SP in this meal. 
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TABLE 3
Effect on iron absorption of 100 g beef added to
semisynthetic meals made with isolazed 
SP and with EA 

Packed 
 Iron absorption Absorplion ratio
Subject Age celle Scrumevou fen~tin W ated SP EAvolume 

Alone (A) 
)r % ug/i
23 45 89 0.11

2 28 44 76 0.12 
3 23 50 39 0.18
4 21 44 80 0.35
5 24 46 94 0.75
6 19 44 45 0.77
7 19 45 18 1.95 

Mean* 22 45 55 0.36 
-1SE 0.24 
+1 SE 0.55 

Geometric values except age and packed cell volume. 
t p < 0.C001.
 
tp= NS.
 
§ p < 0.01. 

Discussion 

We recently reported an inhibitory effect
of soy products on nonheme iron absorption
(1). The observations made in that reoort,
although similar to findings described hiere,
are at variance with some earlier studies in
which much better absorption from soy-based meals was recorded (6, 7). It seemed
possible that ihe discrepancy might have re-sulted from 'ifferences in the methods used 
to prepart, test meals containing soybeans. Inthe earlier investigations, ground soybeans
were boiled in watei"to a thick paste and then
baked at 150 to 200'C for 45 to 60 min.Ironabsorption from these baked soybean meals 
was approximately 2.6 times greater than ab-
sorption from boiled beans in a later study
performed in Jamaican children (8). In thepresent study, baking soybeans produced
only a modest 50 to 100% increase in iron
absorption and the iron was still considerably
less available than it was in the SS meals
containing EA. It should also be noted that
extensive heating is not a practical solution
for preparations like SP since unacceptable
changes in their functional properties may
occur such as the reduced water dispersibility
noted in this study. 

Another approach to counteracting the in-hibitory effect of soy is to add substances that
enhance the absorption of nonheme iron. The 

B/A D/C AIC BID

+Beef(B) Alone (C) +Beef(D) 

% of dose 
0.28 2.05 4.12 2.54 2.00 0.05 0.061.01 3.90 6.68 8.41 1.71 0.03 0.150.75 4.02 8.67 4.16 2.15 0.04 0.080.88 1.65 1.27 2.51 0.76 0.21 0.693.45 6.22 4.07 4.60 0.65 0.12 0.842.36 17.48 20.71 1L06 1.18 0.048.48 45.61 51.03 4.34 1.11 0.04 

0.11 
0.16 

1.44 5.94 7.47 3.90t 1.26t 0.06t 0.19§0.94 3.79 4.75 3.33 1.05 0.05 0.132.20 9.30 11.76 4.58 1.50 0.08 0.28 

two that are most effective are ascorbic acid 
and meat (2). When 100 mg ascorbic acidwere added (study II), iron absorption from
the SP meal was only slightly lower than
from the meal with EA and no ascorbic acid
(3.20 versus 5.05% or 0.13 versus 0.21 mg
iron), a difference that is not statistically sig
nificant. However, when beef was added tothe meal with SP (study III), only 1.44% (0.07
mg) nonheme iron was absorbed compared
to 5.94% (0.33 mg) from the meal containing
EA alone. It is apparent from this study that
the small enhancing effect of beef would be
of little practical value for counteracting the
inhibition caused by SP. 

Our observations indicate that ascorbic
acid partially reverses the soy-induced inhi
bition of nonheme iron absorption although
the increase in amount of iron absorbed may
be considerably less than when the same 
amount of ascorbic acid is added to a less
inhibitory meal. For example, the addition of
ascorbic acid to the soy-based meal in study
II resulted in a more than 5-fold increase in
percentage absorption compared to only a 2
fold increase when it was added to the meal
with EA. However, the absolute increase in
absorbed iron was only 0.11 mg in the case
of the soy meal as compared to 0.2 mg with 
EA. 

There are several prac'tical limitations to
the use of ascor.bi.c acid for enhancing iron 
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absorption. It is expensive and unstable in
oxidizing environments. Sayers et al. (6) re-ported no improvement in iron absorption
when 100 mg ascorbic acid was added to soy
flour before it was boiled and baked; 85% ofthe reduced form of the vitamin was lostduring baking. The enhancing effect of as-
corbic acid is better preserved when the food 
is only boiled (6). Furthermore, much of the
vitamin would probably be lost during stor-
age. I 

Another approach to overcoming the low
availability of iron in soy-containing meals 
that should be considered is the addition of
fortification iron to the meal. This would 
supply additional iron if percentage absorp-tion remained constant. Because of the low
availability of iron in these meals, relatively
large amounts of fortification iron would beneeded. The use of iron in a form suchee.Teueoironraof
sodium iron EDTA merits consideration 
si:ice absorption of iron from this compound
is less affected by inhibitory ligands in cereals
than more conventional forms of fortification 
iron (9).It is clear from our studies that the adverse
effect of soy products on nonheme iron ab-
sorption can be modified. However, neitherextensive heating nor the addition of the ma-
jor enhancers of iron absorption completely 
reverse, it. Our studies emphasize the need 

for a better understanding of the factor or
factors responsible for this effect in order todevelop effective strategies for combatting it. 

L1 
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