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Iron in the Soy-Derived Foods
-Study on the Transition of Iron and Ferritin During the
Food Processing of Soybean Seed-

Taro MASUDA"

Laboratory of Food Quality Design and Development, Division of Agronomy and Horticultural
Science, Graduate School of Agriculture, Kyoto University, Uji, Kyoto 611-0011

ABSTRACT

Iron is an essential transition metal for virtually all the living kingdoms. Soybean
seed, which is one of the most major staple crops, contains a large amount of iron.
Thus, it is expected as a candidate for sustainable food-derived iron source. It
is suggested that the iron storage protein ferritin largely contributes to the net
iron content in the seed of soybean. Previously, the author showed that ferritin
is composed of two types of subunits, SFER1 and SFER2, in soybean dry seeds.
In the present study, the author investigated the contribution of ferritin to the
iron content of soy-derived processed foods, such as tofu. Ferritin was detected
in many kinds of soy-derived foods except the fermented soy foods. Furthermore,
ferritin purified from the tofu extract was folded properly and formed oligomer,
similar to the structure of native soybean ferritin, indicating that soybean ferritin
was stable during the heat treatment of food processing. Judging from the
ferritin and iron recovery in the purification process, most of the soluble iron was
contained in ferritin oligomer. However, the iron contents of ferritin from tofu was
approximately 1150 Fe atoms per molecule, while native ferritin oligomer, which
was purified from dry seeds, contained 2590 atoms. These results suggested that
ferritin oligomer was maintained stably and still contained large portion of iron in
tofu, although partial denaturation induced iron release from ferritin shell during
heat treatment. Soy Protein Research, Japan 18, 58-63, 2015.
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Fig. 1. Iron contents and ferritin distribution in various soy-derived foods.
(@) Iron contents of soy-derived foods. Error bars indicate S.E. of three independent analyses. (b) Reduced
SDS-PAGE analysis of soy-derived food extracts. The gel was stained with Coomassie Brilliant Blue
R-250. Lane 1; Okara, lane 2; Soy-milk. lane 3; Tofu, lane 4; Fried tofu, lane 5; Natto, and lane 6; Miso. (c)
Immuno blot analysis of soy-derived food extracts. Lane numbers indicate the same samples as the panel
(b). Lane C indicates the control load of purified soybean ferritin.
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Fig. 2. Purification of ferritin from tofu.
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(a) Purified ferritin from dry soybean seeds (lane 1), tofu extract (lane 2), and tofu supernatant (lane 3). (b)
The elution chart of the size exclusion chromatography. From upper one, the chart indicates tofu ferritin
from extract, from supernatant, recombinant soybean ferritin, recombinant human H chain ferritin, and

bovine serum albumin.
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Fig. 3. CD spectra of purified ferritin from tofu.
(@) CD spectra of tofu ferritin purified from extract and supernatant, and recombinant soybean ferritin.
Molar ellipticity in far UV region was recorded by scanning the wave-length from 250 to 190 nm. (b) The
molar ellipticity at a wavelength of 222 nm was taken in the range of 20-90 O (DT = 05 ) with an

acquisition time of 0.2 s after an equilibration time of 30 s at each temperature step.
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Fig. 4. Iron and ferritin recovery during the purification steps.
(@) and (c) indicate the average iron recovery during the ferritin purification step from tofu extract
and supernatant, respectively. Error bars indicate S.E. of three to five independent analyses. (b) and (d)
indicate the iron and ferritin recovery, which was determined by dot blot analyses. In these figures,
number 1, 2, 3, and 4 mean the following purification steps. 1, Crude sample, 2; after salting out and
dialysis, 3; after anion exchange chromatography, 4; after size exclusion chromatography (the final
purification step).
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Table 1. Iron contents of purified ferritin oligomer
Molecular type No. of iron atom per
(Ferritin from) ferritin oligomer

Dry seed 2,590+ 143"
Tofu extract 1,148+ 130"
Tofu supernatant 1,000+ 62.6°

Iron content s of purified ferritin oligomer.

The iron contents of purified ferritin from dry seed,
tofu extract, and tofu supernatant were calculated
from the protein and iron concentration of each
sample. Values indicate means* SE, and asterisk
shows significant dilerence at p<0.05.
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