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A total of 60 food samples commonly consumed in China were analyzed for phytate using the anion-
exchange method and for calcium, iron, and zinc using atomic absorption spectrophotometry. The
foods analyzed included those based on cereal grains and soybean. Phytate contents expressed on
a wet weight basis ranged from 0 for foods made from starches to 1878 mg/100 g for dried stick-
shaped soybean milk film. The calcium contents were between 2.08 mg/100 g for ground corn and
760.67 mg/100 g for diced fried soybean curd. The lowest values of iron and zinc were 0.04 mg/100
g for Panjin pearl rice cooked with discarding extra water and 0.08 mg/100 g for potato and bean
starches, while the highest values of iron and zinc were observed in dried stick-shaped soybean milk
film. Although many foods were relatively rich in calcium, zinc, and iron, many also contained a higher
level of phytate. Of the 60 food samples, 34 foods had a phytate/calcium molar ratio >0.24, 53 foods
had a phytate/iron molar ratio >1, 31 foods had a phytate/zinc molar ratio >15, and only 7 foods had
a phytate × calcium/zinc >200. Phytate in foods impair the bioavailability of calcium, iron, and zinc,
which to some extent depends upon food processing and cooking methods.
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INTRODUCTION

The diets of people in China are based on plant foods, which
provide at least 50% of the dietary energy and nutrients (1).
Plant-food-based diets are rich in bioactive compounds, which
are believed to be beneficial for the prevention of noncom-
municable chronic diseases, such as cancer, diabetes mellitus,
etc. However, on the other hand, plant-food-based diets are also
rich in phytate. Phytate can decrease the bioavailability of critical
nutrients such as zinc, iron, calcium (2,3), and magnesium (4)
because of its high binding affinities to minerals; on the other
hand, phytate may act as an antioxidant and anticarcinogen (5).

Phytate exerts its inhibitory effect on the absorption of
minerals by forming insoluble and undigestable complexes (6).
The effect of phytate on the bioavailability of minerals depends
upon not only the amount of phytate and minerals in the diets
but also the ratio of phytate/minerals. The relative bioavailability
of minerals can be predicted from the molar ratio of phytate/
minerals in the food and diet (7-13).

There have been studies on the phytate contents of different
foods and diets in other countries (14-16). However, these data

may not suitable for use in assessing the phytate intake of people
in China because of the fact that large discrepancies exist in
food variety, food processing, cooking methods, and food
consumption between China and other countries. For this reason,
the phytate contents and its inhibitory effect on the bioavail-
ability of minerals have never been assessed in the foods and
diets of people in China because of the lack of data in the China
Food Composition Table (17). Therefore, the purpose of this
study is, first, to examine the phytate content in foods commonly
consumed in China and provide basic data for the China Food
Composition Table; second, to assess the inhibitory effect of
phytate on the bioavailability of calcium, iron, and zinc in foods
commonly consumed; and last, to compare the phytate contents
and its possible inhibitory effect on the bioavailability of
minerals in China with other studies.

MATERIALS AND METHODS

Samples Selection and Collection.The information on food
consumption from the 2002 China National Nutrition and Health Survey
(1) was used for food sample selection. A total of 60 kinds of food
samples including 18 wheat flour and products, 14 soybean products,
9 rice products, 8 corn products, 6 other grains, and 5 starch products
were selected. A total of 5 different samples of each kind of food were
purchased from 5 supermarkets in Beijing, China. Panjin pearl rice
was cooked with four methods in the lab of the National Institute for
Nutrition and Food Safety, Chinese Center for Disease Control and
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Prevention. Tap water were added with a ratio of 1.5:1 (weight/weight)
before cooking. Rice was cooked for 10 min after boiling and discarding
extra water and then steamed for 20 min. Rice was cooked with an
electric pot for 40 min after boiling. Rice was steamed with a pot for
40 min after boiling. Rice was cooked with a pressure pot for 10 min
after boiling. The same amount of each of the 5 samples was ground
(Phillip Model HR2839), mixed, and transferred into a screw-capped
plastic bottle and was stored at-20 °C until analysis.

Determination of Phytate, Calcium, Iron, Zinc, and Moisture.
The anion-exchange method (18) was used for determination of the
phytate content.

Samples were accurately weighed (∼1.00-2.00 g) and transferred
into 100 mL conical flasks. A total of∼40-50 mL of Na2SO4 (100
g/L)-HCl (1.2%) were added. Flasks were capped and shaken vigorously
for 2 h on arotator at ambient laboratory temperature. The supernatant
solutions were then filtered through qualitative filter paper. In some
instances, i.e., rice and oat cereals, a gel formed in the flask, and
therefore, the sample was hard to filter. In those cases, the supernatant
was centrifuged (Beckman TJ-6R, Lynchburg, VA) before filtration.

A total of 10 mL of filtered extract was diluted to 30 mL with
distilled water after mixing with 1 mL of 30 g/L NaOH and then passed
through an anion resin column (resin, AG1-X4,∼100-200 mesh, Bio-
Rad Laboratory, Inc., CA; column, 0.8× 10 cm, Beijing Glass
Instrumental Factory). The column was washed before use with 20 mL
of 0.5 mol/L NaCl solution and deionized water until no Cl- can be
detected.

The column was washed with 15 mL of distilled water and 20 mL
of 0.05 mol/L NaCl solution after sample application. The eluate from
the resin was eluted with 0.7 mol/L NaCl to 25 mL. The postcolumn
reagent was made up as a 0.03% FeCl3 solution containing 0.3%
sulfosalicylic acid. A total of 4 mL of the reagent was added into 5
mL of collected eluate and then centrifuged at 3000 rps for 10 min.
The absorbance of the supernatant was measured at 500 nm using a
spectrophotometer (LKB 4053, U.K.).

A calibration curve for the colorimetric method was obtained by
using phytate standards (P-8810 Sigma Co.). The phytate content of
samples was calculated using the standard curve.

The contents of calcium, iron, and zinc in foods were measured by
atomic absorption spectrophotometry (Perkin-Elmer 1100B, Norwalk,
CT). Spectrophotometry measurements were calibrated using com-
mercial standards (National Center for Standard Substance, Beijing,
China). The standard curves were controlled using chloride solutions
of the metals. Relative standard deviations were less than 10%.

Quality Control. Duplicate sample solutions from each food sample
were analyzed. The measurement was repeated until the relative
standard deviation (RSD, %) was within 10%. Recovery experiments
were done in every batch (6 samples) by adding 1 mL of 10 mg/mL
standard phytate (P-8810 Sigma Co.) to the extracting samples. The
average recovery rate of the standard sample was 100.49% (n ) 10,
RSD ) 1.30).

Statistical Analysis. The means and standard deviations of the
phytate, calcium, iron, and zinc content of foods were calculated. The
analysis results were expressed as M( SD. A comparison of the
difference in phytate contents between each two kinds of foods was
applied using ANOVA factorial analysis with a Turkey post-hoc
comparison. Differences were considered significant atp < 0.05. All
statistical analysis was done with the SAS Statistical Package (SAS
8.2e for Windows, SAS Institute, Inc.).

RESULTS AND DISCUSSION

Rice and Products.Rice is the staple food, especially for
people from southern regions of China. On average, people
consume 238 g of rice and its products per day in China (1).

A total of 8 samples of rice and products were analyzed. The
phytate, calcium, iron, and zinc content of the foods are
presented inTable 1. Phytate contents ranged from 55 mg/100
g for Thailand rice to 183 mg/100 g for Heilongjian rice, while
calcium contents ranged from 2.52 mg/100 g for Panjin pearl
rice to 4.74 mg/100 g for Tianjin Xiao Zhan rice. The range of

iron contents was between 0.12 mg/100 g for Thailand rice and
0.19 mg/100 g for Heilongjiang rice, whereas that of zinc was
between 1.09 mg/100 g for Tianjin Xiao Zhan rice and 1.76
mg/100 g for Thailand rice. Variations were found in phytate
and minerals contents between different brands of commercial
rice. The variability of the phytate content of rice was also found
in other studies, which ranged from 6 to 60 mg/100 g (19-21).

The most common methods for cooking rice in China are
boiling and steaming with or without discarding the excessive
water. To study the effect of different cooking methods on the
phytate content, Panjin pearl rice was cooked with 4 different
methods, i.e., steamed after boiling and discarding the excessive
water and steamed, boiled, and cooked with a pressure pot
without discarding the cooking water. Significant differences
in phytate contents were found between uncooked and cooked
rice for each cooking method (p < 0.001). Rice steamed after
boiling and discarding the excessive water had a greater degree
of phytate reduction (78.6%) than cooked with a pressure pot
(48.7%), boiled (43.7%), and steamed (40.3%) without discard-
ing the cooking water. No significant differences in the phytate
content were found between steamed, boiled, and cooked with
a pressure pot. The result from the present study was similar to
that of Almana (22), who reported that discarding excessive
water in cooking rice may result in phytate degradation of∼37-
65%, while retaining the water only results in degradation of
12%. The influence on the minerals content was also found with
different cooking methods. Both the iron and zinc content of
rice with four methods decreased compared with the raw
material, while the calcium content increased, which might be
caused by the high content of calcium in the cooking water
(23).

Because phytate is heat-stable, significant reduction during
cooking or any conventional heat-processing method is not
expected unless the cooking water is discarded, because some
nutrients will be solved in the cooking water (24). Discarding
cooking water will also result in a certain loss of nutrients at
the same time. This method may not be effective in improving
the bioavailability of minerals.

Studies in humans indicate that the absorption of zinc and
iron from a meal corresponds directly to its phytate content (25,
26). The phytate/minerals molar ratios are used to predict its
inhibitory effect on the bioavaiability of minerals. The phytate/
calcium molar ratio>0.24 will impair calcium bioavailability
(8). The phytate/iron molar ratio>1 is regarded as indicative
of poor iron bioavailability (27). Zinc absorption is greatly
reduced and results in a negative zinc balance when the phytate/
zinc molar ratio is 15 (10). When diets are high in both phytate
and calcium, phytate× calcium/zinc is a more useful assessment
of zinc bioavailability than the phytate/zinc molar ratio (13).

Table 2 summarized the molar ratios of phytate/minerals of
foods. The molar ratios of phytate/calcium of all rice were>0.24
except for rice that was steam-cooked with discarding the
cooking water, which was 0.11. All ratios of phytate/iron were
>1, while that of phytate/zinc and phytate× calcium/zinc were
below the critical values. These ratio indices indicated that the
bioavailability of calcium and iron but not zinc would be
impaired by phytate in rice and products.

Wheat and Products.Wheat and wheat products are another
staple food, especially for people from northern regions of
China. On average, people consume 140 g of wheat and its
products per day (1).

Phytate contents ranged from 3 mg/100 g for fresh wheat
noodle to 420 mg/100 g for standard wheat flour, while calcium
contents ranged from 11.1 mg/100 g for wheat flour (50%

10286 J. Agric. Food Chem., Vol. 53, No. 26, 2005 Ma et al.



extraction rate) to 250.3 mg/100 g for wheat flake. The range
of iron contents was between 0.41 mg/100 g for wheat flour
(50% extraction rate) and 5.41 mg/100 g for fried wheat gluten,
whereas that for zinc was between 0.47 mg/100 g for unleavened
wheat pancake and 2.75 mg/100 g for fresh wheat gluten.
Variations were found in both phytate and minerals contents
between different foods made from wheat flour (Table 1). The
phytate content in wheat gluten was comparable to that reported
by Wallace and Satterlee (28).

The phytate content reported in other studies also shows a
wide variation depending upon the flour extraction rate, flour
types, and cooking method. The values reported for wheat flour
were between 154 and 1750 mg/100 g (14, 15, 29-32). The
phytate content in the present study is within the above range.

Because phytate is distributed in larger proportions in external
covers in the pericarp and in the aleurone layer of wheat (33),
therefore, simple dehulling or milling may be effective in
removing significant amounts of phytate. However, it should

be noticed that food processing and cooking will also result in
the loss of minerals to some extent (34). In the present study,
we have found that the phytate content of two refined flours
decreased significantly as compared with the standard refined
flour. At the same time, a certain amount of minerals loss was
observed. A similar result can be seen in other reports (31,35);
an 80% extraction rate resulted in a reduction of∼30-40% of
phytate in comparison to the raw material.

People consume plenty of foods made from wheat flour.
Steamed bread and pancake with and without the fermentation
process and noodles are the most favorable foods for people in
China. Studies indicated that the phytate contents varied
considerably because of different preparation and cooking
methods. During bread making, the content of phytate decreases
as the action of phytases as well as the high temperature (36).
Other factors affect phytate hydrolysis, including the type and
extraction rate of flour and fermentation techniques (22, 37,
38).

Table 1. Phytate, Calcium, Iron, and Zinc Content of Cereal-Based Foodsa

food type
moisture
(g/100 g)

phytate
(mg/100 g)

calcium
(mg/100 g)

iron
(mg/100 g)

zinc
(mg/100 g)

rice and products (9)
Thailand rice 13.4 55 ± 2 3.77 ± 0.19 0.12 ± 0.04 1.76 ± 0.11
Tianjin Xiao Zhan 17.2 92 ± 3 4.74 ± 0.25 0.19 ± 0.02 1.09 ± 0.02
Heilongjiang rice 13.3 183 ± 4 2.56 ± 0.06 0.19 ± 0.01 1.63 ± 0.02
Panjin pearl rice 14.1 131 ± 0 2.52 ± 0.19 0.16 ± 0.01 1.15 ± 0.06
Panjin pearl rice,

steamed after half boiling,
discard extra water

61.4 14 ± 1 7.71 ± 0.69 0.04 ± 0.00 0.44 ± 0.01

Panjin pearl rice, boiling 59.2 35 ± 1 9.06 ± 0.56 0.10 ± 0.02 0.56 ± 0.00
Panjin pearl rice, steamed 58.6 38 ± 0 7.08 ± 0.47 0.10 ± 0.01 0.51 ± 0.00
Panjin pearl rice,

cooked with pressure pot
53.4 38 ± 0 9.07 ± 0.69 0.16 ± 0.00 0.56 ± 0.03

rice noodle, dried 12.4 14 ± 3 14.01 ± 0.63 0.72 ± 0.03 0.46 ± 0.01
wheat and products (18)

wheat flour, 85% extraction rate 12.0 420 ± 0 21.56 ± 1.36 1.35 ± 0.05 0.78 ± 0.02
wheat flour, 75% extraction rate 12.3 117 ± 3 18.38 ± 0.79 1.27 ± 0.05 0.57 ± 0.01
wheat flour, 50% extraction rate 12.7 37 ± 4 11.12 ± 1.06 0.41 ± 0.01 0.52 ± 0.04
twisted wheat roll, steamed 37.3 77 ± 3 20.01 ± 1.20 0.68 ± 0.07 0.60 ± 0.01
wheat bread, steamed 37.0 38 ± 0 15.87 ± 0.06 0.75 ± 0.04 0.53 ± 0.02
whole wheat bread, steamed 42.6 173 ± 11 16.12 ± 0.06 1.00 ± 0.02 0.85 ± 0.02
wheat bread, white, baked 31.3 20 ± 2 35.68 ± 0.15 0.68 ± 0.02 0.73 ± 0.01
whole wheat bread, baked 32.0 176 ± 3 29.17 ± 1.55 0.88 ± 0.03 1.25 ± 0.12
wheat pancake, unleavened 39.6 14 ± 0 14.17 ± 0.76 0.89 ± 0.12 0.47 ± 0.00
wheat pancake, leavened 35.3 7 ± 1 23.74 ± 1.21 0.78 ± 0.04 0.58 ± 0.03
wheat noodle, fresh 28.1 3 ± 0 22.12 ± 0.16 1.15 ± 0.08 0.57 ± 0.06
wheat noodle, dried 11.7 158 ± 14 27.73 ± 0.80 1.87 ± 0.54 0.79 ± 0.02
instant noodle 3.6 103 ± 3 15.83 ± 0.92 1.15 ± 0.26 0.55 ± 0.04
spaghetti 10.7 248 ± 5 24.55 ± 1.31 0.87 ± 0.03 0.75 ± 0.03
whole wheat biscuit 1.3 304 ± 21 39.32 ± 1.40 1.63 ± 0.15 0.71 ± 0.06
wheat flake 2.4 138 ± 8 250.25 ± 7.29 3.22 ± 0.25 0.76 ± 0.02
wheat gluten, fresh 63.1 134 ± 2 20.54 ± 0.33 3.02 ± 0.03 2.75 ± 0.04
wheat gluten, fried 7.2 266 ± 4 27.19 ± 0.52 5.41 ± 0.39 1.98 ± 0.07

corn and products (8)
fresh corn 57.9 300 ± 4 6.38 ± 0.02 0.34 ± 0.03 0.12 ± 0.00
fresh corn, boiled 49.3 196 ± 7 2.71 ± 0.12 2.58 ± 0.25 0.13 ± 0.02
ground corn 13.4 100 ± 3 2.08 ± 0.03 0.43 ± 0.00 0.63 ± 0.08
corn flour 12.1 310 ± 6 5.01 ± 0.42 1.03 ± 0.02 0.63 ± 0.01
corn flake 13.1 275 ± 0 2.58 ± 0.08 1.65 ± 0.01 0.79 ± 0.01
baked corn bread, unleavened 41.8 18 ± 0 16.64 ± 0.26 0.61 ± 0.02 0.61 ± 0.00
steamed corn bread, unleavened 41.1 61 ± 6 18.41 ± 0.62 0.83 ± 0.01 0.46 ± 0.03
steamed corn bread, leavened 42.3 76 ± 2 20.62 ± 0.41 0.70 ± 0.00 0.54 ± 0.00

other grains (6)
buckwheat noodle, dried 12.2 223 ± 5 54.29 ± 0.26 1.69 ± 0.05 1.69 ± 0.11
oat flake 9.2 871 ± 44 45.83 ± 0.06 2.34 ± 0.39 1.26 ± 0.05
millet 11.4 522 ± 18 10.70 ± 0.24 2.54 ± 0.09 1.80 ± 0.03
sorghum 11.1 427 ± 9 6.48 ± 0.45 0.94 ± 0.09 0.41 ± 0.02
black sesame powder 4.0 440 ± 22 327.74 ± 77.32 1.67 ± 0.35 0.84 ± 0.08
seed of Job’s tears 9.9 1419 ± 41 5.88 ± 0.10 1.85 ± 0.08 2.74 ± 0.13

a Data are expressed as mean ± SD on a wet weight basis.
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In the present study, we found that the whole wheat bread
had a higher phytate value than white bread no matter whether
it is baked or steamed, while the leavened pancake had only
50% of the phytate content as that of the leavened pancake (7
versus 14 mg/100 g). This showed the effect of the processing
and cooking on phytate hydrolysis. Similar results have been
seen in other studies (7,14, 38).

Of the 18 wheat and products, 16 had a phytate/iron molar
ratio >1, 10 had a phytate/calcium ratio>0.24, and only 7 had
a phytate/zinc molar ratio above the critical value. The molar
ratios of phytate× calcium/zinc of foods were all below 200.
The bioavailability of iron was more likely to be affected by
phytate in this kind of food.

Corn and Corn Products. Although less corn and products
are consumed in comparison to rice and wheat, they are still
frequently consumed foods, especially for people in some poor
rural areas of China.

Phytate contents were between 18 mg/100 g for unleavened
baked corn bread and 310 mg/100 g for corn flour, while

calcium contents ranged from 2.08 mg/100 g for ground corn
to 20.62 mg/100 g for leavened steamed corn bread. The phytate
content of corn flour in the present study is much lower than
1078 mg/100 g reported by Garcia-Estepa et al. (14, 29). The
range of iron contents was between 0.34 mg/100 g for fresh
corn and 2.58 mg/100 g for boiled fresh corn, whereas that of
zinc was between 0.12 mg/100 g for fresh corn and 0.79 mg/
100 g for corn flake.

Unlike for wheat and rice, 88% of phytate is present in the
germ of corn (39); therefore, removing the germ portion is an
effective way to remove a significant amount of phytate form
corn. We have found that, on average, corn products had lower
phytate values than those in corn and corn flour. This result
indicated that phytate degrades to a certain degree during food
processing and cooking.

The molar ratio of phytate/iron of all corn and products was
>1, while that of phytate× calcium/zinc was<200. The molar
ratios of phytate/calcium and zinc of corn and products were
above the critical levels, except for unleavened baked corn bread
and two corn bread (Table 2). This is indicated that phytate in
most corn and products affect the bioavailability of minerals.

Other Grains. In general, the phytate content of other grains
was higher than that of rice, wheat, and corn. Seed of Job’s
tears had the highest value of phytate, 1419 mg/100 g; zinc,
2.74 mg/100 g; and the lowest calcium content, 5.88 mg/100
g, while dried buckwheat noodle had the lowest phytate value,
223 mg/100 g. The highest values of calcium and iron were
observed in black sesame powder. Sorghum had the lowest
amounts of zinc and iron content as 0.41 and 0.94 mg/100 g,
respectively (Table 1).

All of the molar ratios of phytate/minerals were above the
critical values, excepts phytate/calcium for black sesame powder
and phytate/zinc for buckwheat dried noodle (Table 2), which
hence predicts a low bioavailability of calcium, iron, and zinc
for these foods.

Soybean Products.Soy products are commonly consumed
all over China. There are more than a hundred kind of soy
products made by different methods. Soy and its products are
good sources for both protein and minerals, and they are also
the major source of phytate because of the high content.

Table 3 presents the phytate and minerals contents of soy
foods. Soy food products had the highest content of phytate as
well as calcium, zinc, and iron as compared with other foods,
although a wide variation was found. The ranges of phytate
contents were between 130 mg/100 g for lactonic soybean curd
and 1878 mg/100 g for dried soybean milk film. The range of
calcium was between 12.55 mg/100 g for lactonic soybean curd
and 760 mg/100 g for diced fried soybean curd. The iron
contents ranged from 0.37 mg/100 g for lactonic soybean curd
to 6.13 mg/100 g for dried soybean milk film, whereas that of
zinc was from 0.37 mg/100 g for lactonic soybean curd to 3.50
mg/100 g for dried soybean milk film. The phytate content of
soy products was lower than reported by other studies (40-
42).

The production of soy products undergoes soaking, grinding,
and boiling. Phytate will be degraded throughout the procedures.
Soaking may remove∼6-28% phytate, and the longer the
periods of soaking, the greater losses in the phytate content (18).
Grinding enables endogenesis phytase to come into contact with
more phytate and thus catalyzes the hydrolysis procedure.
Boiling or pressure boiling may also cause a certain loss of
phytate. Then, different curdle reagents are added, and the curd
may experience various squeeze methods and cooking methods,
which may result in various degradations of phytate. However,

Table 2. Molar Ratios of Phytate to Calcium, Iron, Zinc, and Phytate ×
Calcium/Zinc of Cereal-Based Foods

food type
phytate/
calcium

phytate/
iron

phytate/
zinc

phytate ×
calcium/

zinc

rice and products (9)
Thailand rice 0.88 39.40 3.07 0.29
Tianjin Xiao Zhan 1.18 40.46 8.29 0.98
Heilongjiang rice 4.32 83.27 11.01 0.71
Panjin pearl rice 3.15 69.67 11.27 0.71
Panjin pearl rice, steamed after half

boiling, discard extra water
0.11 29.16 3.09 0.59

Panjin pearl rice, boiling 0.24 29.89 6.20 1.40
Panjin pearl rice, steamed 0.32 31.97 7.28 1.29
Panjin pearl rice,

cooked with pressure pot
0.25 20.02 6.64 1.51

rice noodle, dried 0.06 1.64 2.96 1.04
wheat and products (18)

wheat flour, 85% extraction rate 1.18 26.46 80.23 43.24
wheat flour, 75% extraction rate 0.39 7.81 14.74 6.78
wheat flour, 50% extraction rate 0.20 7.63 6.47 1.80
twisted wheat roll, steamed 0.23 9.61 12.60 6.31
wheat bread, steamed 0.14 4.24 7.05 2.80
whole wheat bread, steamed 0.65 14.68 20.06 8.08
wheat bread, white, baked 0.03 2.47 2.69 2.40
whole wheat bread, baked 0.37 17.00 13.91 10.15
wheat pancake, unleavened 0.06 1.37 3.02 1.07
wheat pancake, leavened 0.02 0.79 1.24 0.74
wheat noodle, fresh 0.01 0.24 0.58 0.32
wheat noodle, dried 0.35 7.16 19.80 13.72
instant noodle 0.40 7.64 18.37 7.27
spaghetti 0.61 24.12 32.63 20.03
whole wheat biscuit 0.47 15.87 42.29 41.56
wheat flake 0.03 3.64 17.98 112.52
wheat gluten, fresh 0.39 3.76 4.80 2.46
wheat gluten, fried 0.59 4.17 13.25 9.01

corn and products (8)
fresh corn 2.85 75.79 243.97 38.90
fresh corn, boiled 4.39 6.45 149.68 10.13
ground corn 2.91 19.68 15.61 0.81
corn flour 3.75 25.48 48.18 6.03
corn flake 6.44 14.15 34.18 2.21
baked corn bread, unleavened 0.07 2.54 2.98 1.24
steamed corn bread, unleavened 0.20 6.24 13.11 6.04
steamed corn bread, leavened 0.22 9.23 13.85 7.14

other grains (6)
buckwheat noodle, dried 0.25 11.21 13.04 17.70
oat flake 1.15 31.59 68.14 78.04
millet 2.96 17.46 28.53 7.63
sorghum 3.99 38.60 103.21 16.72
black sesame powder 0.20 22.33 51.83 169.05
seed of Job’s tears 14.62 65.07 51.03 7.51
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the study indicated that food processing also lead to the decrease
of minerals and vitamins content of foods (24, 38).

Table 4 lists the molar ratios of phytate/minerals of soy
products. The ranges of phytate to calcium, iron, zinc, and
phytate× calcium/zinc molar ratios were 0.06-0.63, 15.68-
61.35, 34.72-68.06, and 10.89-1025.07, respectively. A total
of 8 of 14 soy products had the phytate/calcium molar ratio
above the critical level. All of the soy products had phytate to
iron and zinc ratios above the critical values. A total of 7 of 14
soy products had phytate× calcium/zinc molar ratio were>200.
When the four ratios are taken into account together, the phytate
in soy products will inhibit the absorption of calcium, iron, and
zinc.

Food Made from Starch. Table 5presents the phytate and
minerals contents of foods made from different starches. It
shows that foods made of starch contained no detectable phytate.
The calcium contents ranged from 5.58 mg/100 g for cornstarch
to 63.09 mg/100 g for lotus starch, while the range of iron
contents was from 0.38 mg/100 g for potato starch to 3.79 mg/
100 g for sweet potato starch vermicelli. Potato and bean starch
vermicelli had the lowest zinc value of 0.08 mg/100 g, while
sweet potato starch vermicelli had the highest value at 0.14 mg/
100 g.

Because foods made of starch have undetectable phytate, the
effect of phytate on the bioavailability of minerals in this kind
of food can be neglected.

Although a dietary pattern has changed in recent years in
China, the diets of people are plant-based. Rice, wheat, and their
products are staple foods for most people, while corn and corn
products are staple foods for a few people living in rural areas.
Grains are the main source of phytate. Both the phytate contents
of grains and the molar ratios of phytate/minerals imply that
phytate in the diet of people in China impair the bioavailability
of iron and calcium.

In conclusion, variations of phytate contents are found in
foods commonly consumed in China and can be observed in
the same kind of food prepared by different processing and
cooking methods. The indices of molar ratios of phytate/minerals
predict that phytate shows the inhibitory effect on the bioavail-
ability of minerals in those foods to a certain extent; therefore,
optimal food processing and cooking methods should be chosen
to minimize this effect.
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