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Summary

Iron deficiency is a nutritional problem globally. Iron deficiency anemia is the most common form of nutritional
anemia. An alternative approach to food enrichment with iron that has possible applications is cooking using an iron
pot. When food is cooked using an iron pot, the iron content in the diet increases. However, no information is avail-
able concerning the amount of iron eluted when cooking in irons pots used for different periods of time and the
surface chemical state of these pots. In this study, we evaluated the amount of iron eluted when cooking using new
and old iron pots, and the elemental composition and chemical state of the surface of a new iron pot by X-ray pho-
toelectron spectroscopy. At first, the amount of iron eluted when cooking in an old iron pot was higher than in a
new iron pot. However, the amount of iron eluted when cooking in a new iron pot was increased with increasing
use of a new iron pot. Further studies are needed to resolve these contradictory results on the amount of iron elut-
ed when cooking with iron pots for different periods of time. The surface composition of a new iron pot was pre-
dominantly iron oxides/hydroxides, and the white-colored area on the surface of an iron pot only contained the Fe
metal and carbide.
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Table 1 The elution amount of iron cooked in old and new iron

pot.
Experiment 1 Experiment 2 Experiment 3
Distilled water ~ 0.1% Acetic acid 0.1% Acetic acid
300 mL 300 mL 500 mL
ug mg mg
Old iron pot 323+1.18 934 64 1581 £5.73
New iron pot 1.64 + 042" 1.05 +0.92 3548 +13.99

Data are means * standard deviation (n = 3).

*Significantly different between old and new iron pot at p < 0.05.
The heating time was 3 min from a time when water was
boiled. Data are shown the iron amounts in distilled water or 0.1
% acetic acid after heating.
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Fig. 1 The four areas were examined by X-ray photoelectron
spectroscopy analysis.
The areas of white and black were used in iron elution
experiment. The areas of normal and blue were unused.
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Table 2 The atomic composition in new iron pot surfaces (in % )

C N O Na Si S Ca Fe Cu
White Area 409 18 453 03 04 09 03 99 02
Black Area 396 07 464 ND 20 02 03 109 ND
Blue Area 418 09 452 <01 04 01 03 111 ND
Normal Area 745 06 231 01 05 ND 03 08 ND

Normalized to 100% of the elements detected.
XPS does not detect H or He.
ND, not detected.
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Fig. 2 XPS spectra of iron peaks in new iron pot surfaces.

Table 3 Carbon chemical state in new iron pot surfaces (in % of

Total C*)
Carbide C-C,C-H C-0,C-N  C=0 0-C=0
White Area 7 69 10 3 11
Black Area 7 69 11 3 9
Blue Area 6 70 10 2 12
Normal Area ND 70 16 6 8

*Values in this table are percentages of the total atomic
concentration of the corresponding element shown in Table 2.
ND, not detected.
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Table 4 Oxygen chemical state in new iron pot surfaces (in %

of Total O%)
Inorganic oxide Hydroxides Organic O
White Area 47 46 7
Black Area 56 37 8
Blue Area 63 30 8
Normal Area 3 49 48

*Values in this table are percentages of the total atomic
concentration of the corresponding element shown in Table 2.
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Table 5 Sulfur chemical state in new iron pot surfaces (in % of

Total S¥)
Sulfide Sulfate
White Area 45 55
Black Area ND 100
Blue Area ND 100
Normal Area ND ND

*Values in this table are percentages of the total atomic
concentration of the corresponding element shown in Table 2.
ND, not detected.
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