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Abstract

To determine the amount of phytate in rice grains from various cultivars, two methods were employed
and compared in respect of the accuracy and conveniency. Phytate in rice samples was extracted with HCI,
and then the extracts were subjected to an anion-exchange column. Finally, the phytate in eluate was
quantitated using two methods: one method is based on the complex formation between ferric ion and
sulfosalicylic acid in the presence of phytate, and the other is the prior acid digestion of phytate sample,
followed by the colorimetric determination of liberated phosphorus. Although two methods showed similar
values of phytate in rice samples, the former method is simpler and more precise than the latter. Moreover,
the former is more reliable for the samples with lower phytate levels. Especially, the dilution condition
of rice sample before anion exchange column separation was important for the recovery of phytate in rice
samples. Based on the former method, the amount of phytate in rice of various cultivars was estimated
to range from 7.3 mg/g to 12.4 mg/g rice. This method would be useful for the determination of phytate
in crop samples with a lower level of phytate, one of anti-nutrients in some agricultural plants.
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INTRODUCTION

Rice is one of the major crops cultivated throughout
the world, especially in Asia. Most of the production
is used in cooked form for human consumption as a
protein source of adequate nutritional quality. However,
the presence of a number of anti-nutritional factors in
the rice seed meal has limited the application of rice
as major foodstuff (1). One of the constituents, largely
blamed for complexing with dietary essential minerals
and rendering them poorly available to monogastric
animals, is phytate (myo-inositol 1,2,3,4,5,6-hexaphos-
phate), one of major sources of phosphorus in plant seeds
(2,3). For example, the reduced availability of zinc ions
associated with plant protein diets is attributed primarily
to the binding of zinc ions by phytate (3,4). Nonetheless,
because of its chelating properties, inositol hexaphos-
phate has been successfully used to prevent renal stone
formation (5,6). Additionally, phytate consumption in the
diet is considered to have an anti-carcinogenic activity
(7). Inositol compounds have also been found to play
an important role as second messengers in intracellular
signal transduction system (8).

Although qualitative and quantitative analyses for the
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estimation of phytic acid in plant stuffs such as legumes
and cereals have been developed (9-14), the phytate ions
in a different mineral and protein environment do not
necessarily behave in exactly the same way for a given
assay procedure. Therefore, one must be wary of directly
applying to other foods the methodology developed for
the determination of phytic acid in a particular plant
product. In this regard, experimental conditions should
be reevaluated for each foodstuff. High-performance lig-
uid chromatography (HPLC) had been developed for
phytate routine analysis in foodstuffs (14,15). However,
this method may not be adequate for the determination
of phytate in rice samples containing a low level of
phytate ions. In addition, inductively coupled plasma
atomic emission spectrometry (10) and 31P NMR (16)
were introduced for the quantitative determination of
phosphorus from phytate. But these methods demand a
sophisticated technology inavailable in many laborato-
ries, thus lacking in the conveniency. Although the
colorimetric method, based on the precipitation of in-
soluble ferric phytate in acidic solution (9), and its di-
gestion with concentrated H,SO4 and concentrated HNO;
to liberate phosphorus (10), was reported, the digestion
stage required careful monitoring to minimize losses due
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to incomplete or excessive digestion. Separately, a sim-
ple method to quantitatively assess total phytate content
in food stuffs has been developed based on the inter-
action between ferric chloride and sulfosalicylic acid
(9,13,17). In particular, the Wade method (9) has been
reproducible for the rapid determination of phytate at low
concentrations (8). Nonetheless, this method has not been
used for the analysis of rice samples (1,13).

Here, we evaluated the usefulness of the new method
in determining phytate content in rice samples, and
examined the variation of phytate content among various
cultivars of Korean rice seeds, which is not reported the
phytate determination by Wade method (9).

MATERIALS AND METHODS

Rice materials

The five different rice cultivars (R1~R5) were harvested
from National Crop Experimental Station, RDA, Suwon
at 2003. And seven different rice cultivars were harvested
from Chungnam Agricultural and Research Extention
Services at 2004. Paddy rice was dehulled by laboratory
scale huller (THU 35A, Satake, Japan, or SYTH-88,
Ssangyoung, Korea), and then the brown rice was milled
by laboratory scale whitener (MC-250, Satake, Japan or
MC-90A, Tester, Korea), and then polished rice was
finally obtained. After milling, the polished rice was stored
at freezer (-70°C). Before experiment, the rice sample
was ground by mill (Perten 3600, Perten Instrument Co.,
Sweden) and sieved by mesh (60 mesh, 250 pm), and
then used for experimental analyses.

Reagents

Calcium and sodiums phytates were obtained from
Sigma Chemical Co. Dowex 1 (AG 1-X4 resin, 100~200
mesh) was purchased from Bio-Rad laboratories. 1-Amino-
2-naphthol-4-sulfonic acid, sodium molybdate, sodium
sulfite, and anhydrous S-sulfosalicylic acid dihydrate
were obtained from Hayashi Pure Chemical Industries,
Ltd, Japan, Kokusan Chemical Werks, Ltd, Shimakyu’s
Pure Chemicals, Ltd, and Junsei Chemical Co., Ltd,
respectively. Other reagents including iron (I1I) chloride
were of analytical grade. Polished rice or soybean grains
were milled, and passed through a 0.7 mm sieve to
produce the rice powder.

Separation of phytate from seed samples

Acid extraction of phytate from powder of rice or
soybean was carried out by slightly modifying the
procedure of Oberleas and Harland (12). Each seed
powder (2 g) was extracted with 40 mL of 2.4% HCI
(0.65 M), which proved to be efficient in extracting
phytate from crops.

Anion-exchange purification of phytate

In order to avoid the effect of inorganic phosphorous
and other interfering compounds, the purification of
phytate sample through anion-exchange resin is nec-
essary (12). For this purpose, glass barrel Econo-column
(0.7 X 15 cm; Bio-Rad laboratories) containing 0.5 g AG
[-X4 anion exchange resin was employed. In order to
ensure the saturation of resin chloride form, the columns
should be washed first with 0.7 M NaCl (15 mL) fol-
lowed by distilled water (30 mL). After 1 week or 3
experiments, the resin should be replaced. First, the 2.4%
HCI extract was centrifuged (1,000 rpm X 10 min), and
then 10 mL of supernatant was diluted to 20 mL (rice)
or 50 mL (soybean) with distilled water. Ten mL of the
diluted sample was accurately applied onto the column
(0.5 g), and then the column was eluted with 15 mL
of 0.1 M NaCl to remove inorganic phosphate ions.
Finally, phytate was eluted with 10 mL of 0.7 M NaCl.

Determination of phytate by Wade method

The eluate (100 pL) from anionic exchange column was
transferred into the test tube (10 mL), to which 0.25 mL
of Wade reagent (0.03% FeCl; - 6HO; 0.3% sulfosalicylic
acid, stable) and 0.65 mL of D.W. were included (9,13).
The mixture was stirred on the vortex mixer (>5 sec),
and then centrifuged at room temperature (8,000 rpm X
10 min). Finally, the absorbance of the supernatant was
read at 500 nm. The difference of absorbance between
the control (250 pL Wade reagent+750 pL distilling
water) and each phytate sample was expressed as a
practical value of absorbance of each sample. For the
preparation of standard phytate curve, 100 pL of each
standard phytate (100~600 pg/mL) in distilled water
was added to 250 PL of Wade reagent, and then the
mixture was diluted to 1 mL with distilled water.

Calculation

From the standard curve, the amount of phytate in the
eluant obtained from the column is determined as A
(mg/mL). Actual amount (mg/g sample) is estimated as
follows: amount of phytate (mg/g sample)=A X2 X 40/2,
where A, phytate mg/eluant mL; 2, dilution factor before
ion exchange separation; 40/2, extraction solvent (40 mL)
/ sample weight (g). Data are expressed as means (n=6
determinations) £ SD.

Determination of phytate by acid digestion method

Determination of phytate by acid digestion was
performed by the modification of AOAC method (10).
The phytate sample (1.0 mL) from ionic resin column
was digested with 0.5 ml of sulfuric acid (95%) and 3
mL of nitric acid (65%) under hood at medium heat
temperature (>100°C) until the thick yellow vapor dis-
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appeared, approximately 2 or 3 min after boiling started.
Heating was continued for another 5 min at medium heat,
then for another 5 min at low temperature. After the
container flask was cooled down, 10 mL of distilled
water was included to dissolve the residue for 10 min,
if necessary, under the heating at low temperature. This
procedure was repeated two times or more. The solution
(25 ~30 mL), after cooling down, was transferred to 50
mL vol. flask, to which 2 mL of molybdate solution
(2.5% ammonium molybdate in I M H,S0,), and 1 mL
of sulfonic acid reagent (0.16 g 1-amino-2-naphthol-4-
sulfonic acid, 1.92 g Na;SOs, and 9.6 g NaHSO; in 100
mL vol. flask) were included. Finally, the solution was
diluted to 50 mL with distilled water, and after 15 min
stirring, the absorbance was read at 640 nm. The phytate
amount was determined according to the following equa-
tion; Phytate, mg/g sample=mean K X A X20/(0.282 X
1,000), where A, absorbance of solution;-average P (1g)/
A; phytate, 28.2% P; 20, sample extraction factor (extrac-
tion of 2 g sample with 40 mL acid); 0.282, P/phytate;
1,000, weight ratio factor (mg/g); mean K, Table 1.

Preparation of standard phosphate curve

Standard phosphate solution (80 ng/mL) was prepared
by including dried desiccated K acid phosphate (0.35 g)
and 10 N H,SO4 (10 mL) in H>O (500 mL), and diluting
the mixture to 1 L with HyO. Aliquot (1, 3 and 5 mL)
of standard phytate solution was taken into 50 mL vol.
flasks, to which 20 mL of D.W.; 2 mL of molybdate
solution and 1 mL of sulfonic acid solution were includ-
ed. Finally, the mixture was diluted to 50 mL with dis-
tilled water, and after 15 min stirring, the solution was
read at 640 nm. The mean K was calculated as Table 1.

RESULTS AND DISCUSSION

Although the acid digestion method (10) has been used
for the determination of phytate in samples of crops, this
method requires a complete removal of phosphate ions
present in the sample (18), and a long time digestion
of the phytate samples with strong acids, thus posing
a limitation of convenience. Such a disadvantage of acid
digestion may be encountered with plant samples con-
taining a low level (<1%) of phytate because of the loss
of phytate during the acid digestion procedure. Recently,

Table 1. The mean K for phytate determination

Std P solution, mL ug P A K, amount (P)/A
1.0 80 0.1713 466.93
3.0 240 0.5053 47493
5.0 400 0.8367 478.09

Mean K=473.32.

another method, Wade procedure, was introduced for the
simple determination of phytate ions in plant samples
containing a low level of phytate (13). This method is
based on the theory that the absorbance of ferric ion
sulfosalicylic acid complex at 500 nm is decreased in
the presence of phytate, which stoichiometrically chelate
with the ferric ions. Here, the method was slightly mod-
ified to conveniently determine phytate in rice samples.
When the decrease in absorbance of the complex at 500
nm was plotted against phytate concentration, a good
relationship was obtained with a coefficient (rz) of 0.999
(Fig. 1). The standard curve prepared with purified cal-
cium phytate was similar to that obtained with sodium
phytate.

Based on this standard curve of phytate, the optimal
time for the acid (2.4% HCI) extraction of phytate from
rice powder sample was determined. As shown in Fig.
2, the extraction of rice powder sample with was max-
imally achieved within 1 hr, indicating that the acid
extraction of phytate was readily achieved under the
condition used.

Next, we examined the effect of pH on the separation
of phytate on anion-exchange column. When the solution
of standard phytate dissolved in distilled water was
adjusted to pH 1.0 or 6.0, and then applied on the anion
exchange column, the final yield after column separation
was almost the same between pH 1.0 and pH 6.0 with
a recovery of more than 95%, indicating a negligible
effect of pH (pH 1 or 6) on the recovery of phytate in
the column separation (Table 1).

In the subsequent experiment, the pH of rice extract
for the recovery of phytate in the column separation, the

080
0.40
030

020

OD at 500 nm

010 r

0.00 : ; : ; '
0 100 200 300 400 500 600 700
Concentration of standard phytate (zg/mg)
Fig. 1. Standard curve for the phytate determination according
to Wade method. A standard solution of sodium phytate (100~
600 ug/mL) was prepared by dissolving the sodium phytate
in distilled water, and the aliquot (100 upL) of each con-
centration was added to Wade reagent (250 pL) in 10 mL test
tube, and then the final volume was adjusted to 1 mL with
distilled water.
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Fig. 2. Time-dependent effect on extraction of phytate from
rice sample. Rice powder sample (2 g) was extracted with 40
mL of 2.4% HCI for various times (0.5 ~24 hr). Then, after
2-fold dilution, the mixture was centrifuged (5,000 rpm, 10
min), and the supernatant was applied onto exchange column
for the separation of phytate as described in Methods.

extract from the rice (Ilpoom cultivar), was subjected to
pH adjustment (pH 6.0), and then the sample was applied
on the anion exchange column. Table 2 indicates that
the recovery after pH adjustment (pH 6.0) was lower
than that without pH adjustment; 6.91£0.079 mg/g (no
pH adjustment) vs. 6.5320.22 (pH 6.0). This might be
somewhat different from the effect of pH on the recovery
of standard phytate on the anion exchange column (Table
2). This difference might be ascribed to the effect of
NaCl produced from the pH adjustment of rice extract
with NaOH. Thus, the pH adjustment of the rice extract

Table 2. Effect of pH on the recovery of standard phytate
on anion exchange column

pH Yield (%)
1.0 97.35+0.62
6.0 95.70+0.93

The solution of standard phytate (0.15 mg/mL), dissolved in
distilled water, was adjusted to pH 1.0 or 6.0, and then the
solution (1 mL) was applied onto the anion exchange column.
The final yield after column separation was determined as
described in Fig. 2.

Table 3. Effect of dilution on recovery of rice phytate

led to the decrease in the recovery of phytate. Instead,
the effect of sample dilution on the recovery of phytate
in the column separation was examined, since the dilu-
tion of rice sample with distilled water might contribute
to the reduction in concentration of salt, which might
interfere with phytate binding to the exchange column
(13).

As shown in Table 3, the direct loading of the rice
sample onto the column resulted in a sharp reduction
of the recovery, indicating that some compounds, such
as salts, in crude rice sample might interfere with the
phytate recovery. Alternatively, this might be caused by
the limited capacity of ionic resin column (0.5 g). In
contrast, the 5-fold dilution resulted in the slightly lower
recovery of phytate, compared to 2-fold dilution. This
might be explained by the notion that the 5-fold dilution
of rice sample led to a lower recovery due to non-specific
adsorption of phytate to column or resin. Thus, it seems
that the recovery of phytate on ionic exchange column
may depend on the concentration of phytate or salts in
the sample. This might be consistent with the previous
reports that the sample containing less than 1% phytate
should be diluted less than 25-fold (13).

To validate the accuracy and precision of Wade
method for the determination of phytate ions in rice
samples, we assessed the phytate content in rice extract,
2-fold diluted, to which no or known amounts of stan-
dard phytate were added. Table 4 shows that a good
recovery was found in all cases with recovery values
of >95%. These results indicate that the conditions used
here are suitable for assessing total phytate in rice
samples.

From this, the level (6.9~16.9 mg/g) of phytate in
the rice sample can be determined with a confidence by
the Wade method. In a separate study, the phytate con-
tent in rice was also determined using the acid digestion
method, and the values were compared to those obtained
using Wade method. As shown in Table 5, there was
no significant difference of values (7.3~11.1 mg/g) be-
tween two methods. However, the recovery after acid
digestion in the digestion container was limited to 85%
despite repeated experiments. Moreover, compared to the

Dilution fold Sample A (R3)

Sample B (R4) Sample C (R5)

5-folds 11.05+£2.20
2-folds 11.97+0.29
1-fold 5.67+0.03

8.60t1.32 7.58+1.62
9.2410.50 8.31£0.65
5.38£0.30 -

Each rice powder of three cultivars (Ilpoom cultivar) was extracted with 2.4% HCI, diluted with distilled water by 1-fold,
2-folds or 5-folds, and the recovery after anion exchange column separation was determined as described in Fig. 2. -, Not

determined.
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Table 4. Validation of precision and accuracy of the phytate assessment procedure

acii}gc]itaz;;) T;):Illlterr)l}tly(t;f): Phytate assessed (%) Recovery (%)
0 0.691 0.691 100
0.5 1.191 1.181+0.001 (3) 99.1*+1.1
1.0 1.691 1.6430.001 (7) 96.9t1.3

Standard phytate amounts (0.5 or 1.0%) were added to a crude rice sample containing 0.691% phytate. The mixture was centrifuged
and then the supernatant, after 2-fold dilution, was applied onto exchange column.

Table 5. Comparison between Wade method and acid digestion method

Amount (mg/g)

Method
R1 R2 R3 R4 R5
Wade method 7.28+0.58 7.58+0.36 11.05%£2.20 8.611+1.32 7.58£1.62
Digestion method 7.25t1.76 7.48 £ 1.05 11.06*=0.49 8.35+0.29 7.4111.04

For the determination of phytate in rice powder sample (R1~RS5), acid digestion method and Wade method were carried out
as described in experimental methods. Values were expressed as mg amount of phyate per g powder of rice from different

cultivars.

Wade method, the acid digestion method was more
cumbersome, and took a longer time; the final step of
Wade method took 30 min, while that of the digestion
method took more than 6 hr.

When the amount of phytate was determined under
optimal condition of Wade method, the amount of phytate
among rice samples from seven different cultivars ranged
from 9.5 mg/g to 12.4 mg/g rice (Fig. 3).

In an independent study, where the amount of phytate
in soybean samples were determined using Wade meth-
od, the phytate amount in soy bean ranged from 19.4
mg/g to 22.4 mg/g rice (data not shown). In comparison,
the level of phytate in rice was approximately twice
lower than that (~ 18 mg/g) in soybean, but higher than
that (2 mg/g) in wheat flour (13). Based on the above,
the Wade method is suggested to be a chosen method
for the determination of phytate in crops. Especially, it
would be useful for the determination of phytate in rice
samples with a lower phytate level with a confidence.
Thus, it could be employed to quantitatively assess the
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Fig. 3. Amount of phytate in Korean rice of seven different
cultivars. The amount of phytate was determined according
to Wade method as described in experimental methods (p<0.05).

phytate, one of antinutrients in some agricultural plants.

ACKNOWLEDGEMENTS

This research was supported by Ministry of Science
& Technology (MOST), Korean government (Project
No. M1-0337-02-0001-03-B10-02-000-00).

REFERENCES

1. Fruhbeck G, Alonso R, Marzo F, Santidrian S. 1995. A
modified method for the indirect quantitative analysis of
phytate in foodstuffs. Analytical Biochemistry 225: 206-
212.

2. Dorsch JA, Cook A, Young KA, Anderson JM, Bauman
AT, Volkmann CJ, Murthy PP, Raboy V. 2003. Seed
phosphorus and inositol phosphate phenotype of barley
low phytic acid genotypes. Phytochemistry 62: 691-706.

3. Lestienne I, Caporiccio B, Besancon P, Rochette I, Treche
S. 2005. Relative contribution of phytates, fibers, and
tannins to low iron and zinc in vitro solubility in pearl
millet (Pennisetum glaucum) flour and grain fractions. J
Agric Food Chem 53: 8342-8348.

4. Lonnerdal B. 2000. Dietary factors influencing zinc ab-
sorption. J Nutr 130: 1378-1383.

5. Grases F, Sohnel O, Costa-Bauza A, Ramis M, Wang Z.
2001. Study on concretions developed around urinary
catheters and mechanisms of renal calculi development.
Nephron 88: 320-328.

6. Ohkawa T, Ebisuno S, Kitagawa M, Morimoto S,
Miyazaki Y, Yasukawa S. 1984. Rice bran treatment for
patients with hypercalciuric stones: experimental and
clinical studies. J Urol 132: 1140-1145.

7. Steer TE, Gee JN, Johnson IT, Gibson GR. 2004.
Biodiversity of human faecal bacteria isolated from phytic
acid enriched chemostat fermenters. Curr Issues Intest
Microbiol 5: 23-39.

8. Pivovarov AS. 1995. Plasticity of cholinoreceptors of
neurons of the common snail after effects on inositol-1,
4,5-triphosphate- and Ca2+-dependant mobilization of stored
Ca®* and the level of phosphatidic acid. Neurosci Behav



72

10.

11.

12.

13.

Long Shuang Huang et al.

Physiol 25: 474-482.

. Wade HE, Morgan DM. 1955. Fractionation of phosphates

by paper ionophoresis and chromatography. Biochem J 60:
264-270.

Phytate in foods anion-exchange method. 1990. AOAC
Offical methods of analysis. 15th ed. Association of
official analytical chemists, Washington DC. p 800-801.
Munoz JA, Valiente M. 2003. Determination of phytic
acid in urine by inductively coupled plasma mass
spectrometrty. Anal Chem 75: 6374-6378.

Oberleas D, Harland BF. 1977. Nutritional agents which
affect metabolic zinc status. Prog Clin Biol Res 14: 11-27.
Latta M, Eskin M. 1980. A simple and rapid colorimetric
method for phytate determination. J Agric Food Chem 28:

1313-1315.

14.

15.

17.

18.

Xu P, Price J, Aggett PJ. 1992. Recent advances in
methodology for analysis of phytate and inositol phosphates
in foods. Prog Food Nutr Sci 16: 245-262.

Reddy NR, Pierson MD, Sathe SK, Salunkhe DK. 1989.
Phytates in cereals and legumes. BocaReton, FL. p 27-38.

. Crans DC, Mikus M, Marshman RW, 1993, 31P NMR

examination of phosphorus metabolites in the aqueous,
acidic, and organic extracts of Phaseolus vulgaris seeds.
Anal Biochem 209: 85-94.

Oberleas D. 1971. The determination of phytate and
inositol phosphates. Methods Biochem Anal 20: 87-101.
Ellis R, Morris ER, Philpot C. 1997. Quantitative de-
termination of phytate in the presence of high Inorgainc
phosphate. Anal Biochem 77: 536-539.

(Received January 11, 2006; Accepted February 21, 2006)



