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ABSTRACT

Brown rice-added breads were prepared with and without crude and
purified Aspergillus niger phytase preparations. By adding 30% (w/w) brown
rice flour and no phytase preparation, the phytate (myo-inositol hexaphos-
phate; IP6) content of the bread was increased and the loaf volume was
reduced. The direct addition of a food-additive grade phytase preparation
(3,000 U) resulted in a significant decrease in the IP6 content. However, it
collapsed the bread crust. The crude phytase preparation had significant
protease and amylase activities. A simple chromatographic method for the
separation of phytase activity from the protease and amylase activities was
developed. By using purified phytase, the IP6 content was reduced without any
adverse effects on the rising of the bread, which indicates that protease and
amylase may be responsible for the collapse of the crust by the commercial
phytase preparation.

PRACTICAL APPLICATIONS

Phytate in unrefined cereals and beans lowers bioavailability of minerals.
On the other hand, these materials are rich in health-promoting components.
To reduce the phytate in them during processing, some commercially available
phytase preparations are now used. However, we found that such preparation
contains significant amylase and protease activities, which may cause adverse
effect on the appearance and textural properties of final products. To solve
these problems, a simple and inexpensive procedure for separation of phyatase
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from amylase and protease was developed in the present study. The purified
phytase can reduce phytate in brown rice-added bread without adverse effect
on rising of bread. These results would encourage prepare the phytase prepa-
ration in high purity in an industrial scale to improve nutritional value of
unrefined cereal- and bean-based functional foods.

INTRODUCTION

Whole grains of rice, wheat, rye, etc., are richer than refined grains in
various minerals, dietary fiber, vitamins and other bioactive components (The
Council for Science and Technology 2005). Therefore, these unrefined cereals
are used as ingredients in bread because of their health-promoting activities
(Fukui et al. 1997; Haros et al. 2001; Lopez et al. 2001; Porres et al. 2001).
These unrefined cereals, however, also contain relatively high amounts of
phytate (myo-inositol hexaphosphate, IP6). More than 70% of the total phos-
phorus is stored in the form of IP6 in these unrefined cereals (Rosa et al. 1999).
IP6 has a strong ability to chelate multivalent metal ions, particularly zinc,
calcium and iron, which results in the formation of highly insoluble salts with
poor bioavailability (Hotz and Gibson 2001; Nolan and Duffin 1987). Animal
experiments have demonstrated that the ingestion of a meal that contains more
than 1% IP6 decreases intestinal absorption of metal ions and induces the metal
ion deficiency (Hirabayashi et al. 1998; Grases et al. 2001). Humans who rely
on unrefined cereals as their major source of dietary energy frequently show
nutritional disturbances in the absorption of iron (Shaw et al. 1995; Sandberg
et al. 1996; Minihane and Rimbach 2002).

Sandberg et al. (1989) demonstrated that during the storage, fermenta-
tion, germination and food processing of unrefined these cereals, IP6 is hydro-
lyzed by phytases and is converted into lower inositol phosphates; from
inositol pentaphosphate (IP5) to inositol monophosphate (IP1). They also dem-
onstrated the metal complexes with IP1-IP4 are more soluble than those with
IP5 and IP6. These authors also demonstrated that the enzymatic hydrolysis of
the IP6 in unrefined cereals improves mineral absorption in humans (Sandberg
et al. 1996). These studies have suggested that only IP6 and IP5 have a negative
effect on the bioavailability of minerals from cereals.

Besides minerals, vitamins and dietary fiber, brown rice is rich in bio-
active components that have health-promoting activities; for example,
g-aminobutyric acid (GABA), g-oryzanol, and feruric acid. These components
show antihypertensive (GABA), antioxidant, and anti-hypercholesterolemic
(g-oryzanol and feruric acid) activities (Sugano and Tsuji 1997; Xu et al. 2001;
Hayakawa et al. 2002). However, the consumption of brown rice in the
steamed and fried forms, which are the most common methods of cooking
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refined rice, is not very prevalent because of the poor swelling and textural
properties of brown rice. Alternatively, the use of brown rice as an ingredient
in bread is gaining popularity in Japan.

In the previous study, the present authors found that IP6 in brown rice-
added bread can be hydrolyzed by adding food-additive grade phytase during
the bread-making process (Matsuo et al. 2005). However, the crust of the
bread collapsed following the addition of the commercial phytase preparation.
These facts suggest that the crude phytase preparation available commercially
may contain a certain component that can degrade the gluten and/or the starch
network in bread. Protease and/or amylase may be responsible for this phe-
nomenon. The objective of the present study is to decrease IP6 in brown
rice-added bread without adverse effects. For this purpose, a simple chromato-
graphic method for separating the phytase activity from the amylase and
protease activities in the food-additive grade phytase preparation was
developed.

MATERIALS AND METHODS

Materials and Reagents

Roasted brown rice flour was purchased from Chigario Co., Ltd. (Tokyo,
Japan). The other ingredients that are listed in Table 1 were purchased from a
local supermarket.

The food-additive grade A. niger phytase preparation (Phytase
Amano 3000) was obtained from Amano Enzyme Inc. (Nagoya, Japan), which
can be also obtained from Amano Enzyme Europe (Chipping Norton, UK)

TABLE 1.
INGREDIENTS FOR WHEAT BREAD AND BROWN RICE-ADDED BREADS

Ingredients Wheat bread
(g)

Brown rice-added
breads (g)

Brown rice flour 0 84
Wheat hard flour 280 196
Skim milk powder 6 6
Sugar 17 17
Butter 11 11
Salt 5 5
Dry yeast 2.8 2.8
Water 200 200*

Total 521.8 521.8

* In some cases, 3,000 U of the crude or purified phytase preparation was added.
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as Phytase DS. IP6 was obtained from Sigma-Aldrich Co. (St. Louis, MO).
Trichloroacetic acid (TCA), sodium dodecylsulfate (SDS), and 2,4,6-
trinitrobenzenesulfonic acid (TNBS) were obtained from Nacalai Tesque Inc.
(Kyoto, Japan). Hexaammonium heptamolybdate tetrahydrate was obtained
from Wako Pure Chemical Inc. (Osaka, Japan). Hammarsten casein was
obtained from Merck & Co. Inc. (Darmstadt, Germany). All the other reagents
were of analytical grade or better.

Preparation of Amylase- and Protease-Free Phytase by Using
Anion-Exchange Chromatography

Two grams of the crude phytase preparation was dissolved in 50 mL of
0.02 M sodium acetate buffer, pH 6.0, and dialyzed against the same buffer.
The undialyzable content was loaded on a column (15 cm ¥ 10 mm internal
diameter [i.d.) packed with TSK gel Super Q-Toyopearl 650S (Tosoh Co.,
Tokyo, Japan) that was pre-equilibrated with the same buffer. The absorbed
proteins were eluted using 200 mL of a linear gradient of 0–0.5 M NaCl in the
same buffer at 1.5 mL/min. Fractions were collected every 1 min. In some
cases, 0.02 M sodium citrate buffer or 0.02 M Tris–HCl buffer, pH 6.0, was
used instead of the sodium acetate buffer.

Preparation of Bread

The wheat and brown rice-added breads were prepared by the methods
described previously (Matsuo et al. 2005) by using an automatic bread maker
(SD-RT102, Matsushita Electric Industrial Co., Ltd., Osaka, Japan). In the
later case, 30% of the wheat flour was replaced with brown rice flour. The
ingredients used in the breads are shown in Table 1. In some cases, crude and
purified A. niger phytase preparations were added to water to obtain a
concentration of 3,000 U/bread.

Enzyme Assay

Phytase activity was measured using IP6 as the substrate. The enzyme
reaction mixture comprised of 10 mL of sample, 20 mL of 0.02 M sodium
acetate buffer, pH 6.0, and 10 mL of 20 mM IP6; it was incubated for 30 min at
37C in a 96-well plastic microplate. The enzyme reaction was terminated by
adding 40 mL of 10% TCA to the mixture. To the reaction mixture, 160 mL of
1 N sulfuric acid containing 0.42% ammonium molybdate tetrahydrate and
10% ascorbic acid was added as described by Bruce (1966). The absorbance at
595 nm was measured by using a microplate reader (Model 550, Bio-Rad Labo-
ratories, Inc., Hercules, CA). One unit of phytase activity was defined as the
release of 1 mmol of inorganic phosphate from IP6 per minute at pH 6.0 and 37C.
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Amylase activity was measured by using soluble starch as the substrate as
described by Hostettler et al. (1951). The reaction mixture comprised of 10 mL
of sample, 70 mL of 0.02 M sodium acetate buffer, pH 6.0, and 80 mL of 1%
starch aqueous solution; it was incubated for 20 min at 37C. To the reaction
mixture, 40 mL of 1% 3,5-dinitrosalicylic acid was added. Then the reaction
mixture was heated in a boiling water bath for 5 min and diluted to one-third
with water. The absorbance at 500 nm was measured using the microplate
reader.

Protease activity was measured using succinylcasein as the substrate by
the method of Hatakeyama et al. (1992). The reaction mixture comprised of
10 mL of sample and 40 mL of the 0.25% succinylcasein; it was incubated for
15 min at 37C in the microplate. The reaction was terminated by adding 25 mL
of 0.1 M NaOH containing 0.19 M sodium tetraborate and 5% SDS. Then,
15 mL of 20 mM TNBS was added to the reaction mixture and allowed to stand
for 5 min at room temperature. The absorbance at 405 nm was measured using
the microplate reader.

Determination of IP6

Extraction of IP6 from the samples was carried out by the method of Latta
and Eskin (1980) with slight modifications (Matsuo et al. 2005). Measurement
of IP6 was carried out by high-performance liquid chromatography (HPLC)
with post-column colorimetric detection according to the method of Cilliers
and Van Niekerk (1986) with slight modifications. IP6 was separated from its
degradation products and other chelating substances by using the anion-
exchange column TSK gel DEAE-5PW (12.5 cm ¥ 4.6 mm, i.d., Tosoh Co.) in
the isocratic mode. Elution was carried out at 0.5 mL/min with 0.01 M nitric
acid containing 0.15 M sodium nitrate. A post-column reagent comprising
0.03% FeCl3·6H2O and 0.3% sulfosalicylic acid in water (Wade and Morgan
1955) was delivered at 0.3 mL/min. Before colorimetric detection, the eluents
were mixed in a Teflon tube coil (1 m ¥ 1 mm, i.d.). The decrease in the
absorbance at 500 nm was recorded.

Other Analyses

After baking, the breads were allowed to stand for 60 min on a stainless
steel mesh tray at room temperature. Then, the weight and loaf volume were
measured. The loaf volume was determined by applying the rapeseed displace-
ment method. The loaves of bread were vertically cut into five slices, and one
slice was cut into small pieces in order to measure the moisture and IP6

contents. The moisture content of the bread was determined by weighing the
bread after it was dried for 2 h at 120C.
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Statistics

The differences in weight, loaf volume, and moisture and IP6 contents
of the breads were analyzed by one-way analysis of variance by using
StatView 4.11 (Abacus Concepts Inc., Berkeley, CA). Significant differences
between the groups were evaluated by Fisher’s protected least significant
differences test.

RESULTS

Purification of Phytase

The crude phytase preparation showed amylase and protease activities.
To obtain an amylase- and protease-free phytase preparation, anion-exchange
chromatography using the TSK gel Super Q-Toyopearl 650S was carried out.
As shown in Fig. 1, phytase can be separated from most of the amylase and
protease by using a simple linear gradient of NaCl in a sodium acetate buffer.

FIG. 1. SEPARATION OF PHYTASE FROM AMYLASE AND PROTEASE IN THE CRUDE
PHYTASE PREPARATION BY ANION-EXCHANGE CHROMATOGRAPHY

Fraction indicated by the bar was collected and used as the purified phytase preparation. Sodium
acetate buffer system was used. See Materials and Methods for experimental details.
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The phytase fraction as indicated by the bar in Fig. 1 was collected, dialyzed
against distilled water, and used as the purified phytase preparation.

Contrastingly, phytase could be co-eluted with amylase and protease
by using abovementioned gradient elution of NaCl in the sodium citrate or
Tris–HCl buffer.

Effects of Crude and Purified Phytase Preparations on Bread

As shown in Table 2, there were no significant differences in weight and
moisture content between the breads prepared in the present study. Replace-
ment of 30% of wheat flour by brown rice flour significantly reduced loaf
volume and increased IP6 content. The brown rice-added bread lacking the
phytase preparation is referred to as the control brown rice-added bread in the
following section. The crude and purified phytase preparations were added as
ingredients while preparing the experimental brown rice-added breads. Addi-
tion of the crude phytase preparation (3,000 U) significantly reduced the IP6

content. It decreased loaf volume (Table 2) and collapsed the bread crust
(Fig. 2). On the other hand, the appearance and loaf volume of the bread with
the purified phytase was similar to those of the control bread; however, the IP6

content decreased to the same extent in the bread with the crude phytase
(Table 2 and Fig. 2).

DISCUSSION

It has been reported that IP6 can be degraded during the bread-making
process by the direct addition of food-additive grade phytase to the ingredients

TABLE 2.
EFFECT OF BROWN RICE FLOUR AND PHYTASE PREPARATIONS ON THE LOAF

VOLUME AND IP6 CONTENT

Brown rice-added breads

Wheat bread Control Phytase preparations

Crude Purified

Weight (g) 445.3 � 10.5a 4151.7 � 17.6a 445.0 � 5.0a 458.0 � 12.6a
Loaf volume (mL) 2130 � 60a 1022 � 48b 817 � 28c 1042 � 48b
Moisture (%) 38.5 � 1.4a 37.4 � 2.3a 37.0 � 2.8a 33.0 � 12a
IP6 (mg/dry matter) Trace a 120.3 � 21.9b 44.5 � 2.2c 49.0 � 1.0c

Values are expressed as mean � standard deviation, n = 3.
Values marked with different alphabets in the same row mean significant difference (P < 0.05).
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(Haros et al. 2001; Matsuo et al. 2005). However, we found that the addition
of a crude phytase preparation reduced the loaf volume and collapsed the bread
crust (Matsuo et al. 2005). The present study reveals the presence of amylase
and protease activities in the crude phytase preparation. The amylase- and
protease-free purified phytase preparation neither decreased the loaf volume
nor collapsed the crust. These results suggest that the amylase and protease
present in the crude phytase preparation might be responsible for the negative
effect on the rising properties of the bread.

Fungal amylase has been used in the baking industry to accelerate fer-
mentation (Fred 1975). Indeed, the bread with crude phytase preparation with
amylase activity had larger crumb grains than the control bread (Fig. 2), which
indicates that the amylase in the crude phytase preparation formed oligosac-
charides from starch and consequently enhanced fermentation. Fungal pro-
tease has been also used to reduce the dough-mixing time; however, the
addition of excessive amounts of protease makes the dough slack (Fred 1975).
Indeed, the addition of one-tenth the amount of the crude phytase preparation
neither decreased the loaf volume nor caused collapse of the bread crust (data
not shown). These facts suggest that the protease in the crude phytase pre-
paration may degrade gluten and deteriorate the gluten network in the present
bread-making process. Therefore, the dough could not retain the CO2 gas
generated during fermentation, which might be stimulated by the action of the
amylase in the crude phytase preparation. Consequently, the loaf volume
decreased and the bread crust collapsed.

The amylase- and protease-free phytase preparation can be obtained from
the crude preparation by using TSK gel Super Q-Toyopearl 650S column

FIG. 2. EFFECT OF ADDITION OF PHYTASE PREPARATIONS ON THE
APPEARANCE OF THE BREAD

(A) Brown rice-added control bread. (B) Addition of the crude phytase preparation. (C) Addition of
the purified phytase preparation. Collapse of the bread crust is observed in B.
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chromatography. Compared with the conventional HPLC resin, this resin is
inexpensive and has been registered in the Drug Master File of the Food and
Drug Administration. Therefore, this resin has potential for the production of
food-additive grade enzyme preparations. Moreover, a simple linear gradient
of NaCl was used for phytase purification. Three buffer systems – sodium
acetate, sodium citrate and Tris–HCl buffers – were used for the purification.
Phytase activity can be separated from amylase and protease activities only by
using the sodium acetate buffer system. In the other cases, the phytase was
retained by the column more strongly and eluted with the amylase and pro-
tease. Therefore, the presence of the acetate anion as a counter ion is critical
for the separation of phytase from amylase and protease by this chromatog-
raphy. All eluents used in this system are suitable for use in food processing.

Recently, fungal phytase preparations have been used in the food industry
to reduce the IP6 contents of other foodstuffs and also to separate conglycinin
and glycinin from soy protein isolates (Saito et al. 2001). In some cases,
contamination with amylase and protease in these preparations might have
adverse effects on the final products. The simple chromatographic purification
method for phytase developed in the present study would be useful in improv-
ing the nutritional and functional properties of cereal- and legume-based
products.
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