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ABSTRACT OF THE DISCLOSURE

A rice cooking system for a microwave oven comprises
an inner cooking container for containing rice and rice
cooking water, a main outer container holding the inner
container with a space in between their side surfaces, a
1id covering the outer container, and a foam control sheet
having a plurality of small holes 52 and supported between
the outer container and the 1id. The inner cooking
container is made of metal and has a folded or rolled a rim.
A step at the bottom of the outer container locates the
inner cooking container so that its outer wall is spaced

from the outer container.
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RICE COOKING SYSTEM FOR MICROWAVE OVEN

FIELD OF THE INVENTION

[0001) This invention relates to a system for cooking
rice in a microwave oven. It relates more particularly to
a cooking system capable of separating and removing rice
bran (fat), which gives rice a peculiar odor or turns its
color to a yellowish white, and which is capable of heating
a quantity of rice evenly as a whole, by preventing sudden
local heating, and which is capable of improving the flavor

of cooked rice.

BACKGROUND OF THE INVENTION

[0002] A microwave oven has beén used conventionally as
a convenient tool with which food and drink can be heated
easily. A container made of heat-resistant plastic sheet
and having a hermétically sealed 1id, is widely used as a
container in which food (including fresh food and processed
food) is heated and cooked in a microwave oven.

[0003] Among such containers with a hermetically sealed
1id, there is a rice cooker for a microwave oven as shown
in Figure 13, the purpose of which is to cook rice. Such a
container is described in unexamined Japanese Patent
Publication No. 052069/1996. The rice cooker 1 comprises
an inner container 2 containing rice and rice cooking water,
an outer container 3 holding the inner container 2 with
space between them, an outer 1id 4 covering both the outer
container 3 and the inner container 2, and a microwave
blocking layer S, provided for convection of rice cooking
water in the inner container 2. A water-conducting opening
8 is formed on the inner container 2 so that the inner

container 2 may be connected to the outer container 3, and
1A
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some rice cooking water may flow into space A formed
between the inner container 2 and the outer container 3 as
heat-retaining water.

[0004] Since this rice cooker is heated only from the
bottom of the inner container 2 due to the microwave
blocking layer 5, it is said to achieve effective
convection within its contents, and to prevent boiling over
or dehydration due to local heating.

[0005] Despite the microwave blocking layer S formed on
the upper part of the rice cooker, microwave energy
received from the side can cause excessive 16ca1 heating,
resulting in uneven heating.

[0006] During cooking of rice, ingredients contained in
thé rice dissolve, forming a paste foam that risés inside
the rice cooker. The components of the foam are remixed
with the rice by convection. The paste foam contains two
kinds of ingredients: gelatinized starch (carbohydrate),
which gives rice glutinousness and flavor, and rice bran
(fat), which gives rice an unpleasant odor and turns its
color from white to yellowish white.

[0007) This rice bran has been a problem, since it may
not be separated at the time of rice cooking, not only when
it is cooked in a conventional rice cooker for a microwave
oven, but also when it is cooked in a common electric rice
cooker, a gas rice cooker, or a pot heated by gas, charcoal,
or -firewood etc.

[0008] In view of the above problems, the invention aims
to provide a rice cooking system for a microwave oven,
which is capable of separating and removing rice bran which

gives rice a peculiar odor and turns the color of rice to
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yellowish white; which is capable of heating rice evenly as
a whole by preventing sudden local heating; and which
generally produces a cooked rice having a superior

appearance and flavor.

SUMMARY OF THE INVENTION

[0009] The céoking system according to the invention,
comprises an inner cooking container, having a side surface,
for containing a food and cooking water, an outer container,
also having a side surface, holding thebinner container,
with a space between the side surfaces of the containers, a
1id covering the outer container, and a sheet having a
plurality of holes supported between the outer container
and the 1id. The inner container is made of metal, and has
a folded or rolled rim at the top of its outer surface. A
step is provided at the bottom of the outer container for
locating the inner container in fixed relationship to the
outer container. Preferably, a cap is fitted on an upper
part of the 1id, allowing steam to be released between the
1id and the cap. The area of the holes of the foam control
sheet is preferably not more than 2.5% of the total area of
the sheet, except that the sheet may be provided with a
central hole having cuts extending from the edge of the
central hole, in which case the total area of the holes in
the sheet, including the hole in the center of the sheet,
is not greater than 8.5% of the total area of the sheet.
[0010] The sheet having holes returns to the rice only
gelatinized carbohydrate starch, while separating out and
removing rice bran, which is carried into the space between

the inner and outer containers.
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BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is an exploded perspective view of a rice
cooking system for a microwave oven in accordance with a
first embodiment of the invention;

[0012] FIG. 2 is an exploded cross-sectional view of the
main components of the rice cooking system of FIG. 1;

[0013] FIG. 3(a) is a cross-sectional view showing the
manner in which the components of the rice cooking system
of FIGs. 1 and 2 fit together;

[0014] FIG. 3(b) is an enlarged cross-sectional view
showing details of the relationship between the 1id and the
outer container;

[0015] FIG. 4 is a schematic view showing the rice
cooking system as cooking begins;

[0016] FIG. 5 is a schematic view showing the rice
cooking system at about 5 to 6 minutes after cooking
begins;

[0017] FIG. 6 is a schematic view showing the rice
cooking system at about 9 to 10 minutes after cooking
begins;

[0018] FIGS. 7, 8ameschematic views showing the rice
cooking system at about 13 to 14 gnd 17 to 18 minutes

after cooking begins, respectively;

[0019] FIG. 9 is a schematic view showing the rice
cooking system at about 18 minutes after cooking begins;
[0020] FIG. 10 is an exploded perspectiye view of a rice
cooking system for a microwave oven in accordance with a
second embodiment of the invention;

[0021] FIG. 11 is an exploded cross-sectional view of
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the main components of the rice cooking system of FIG. 10;
[0022) FIG. 12 is a cross-sectional view illustrating
factors which determine the size of a central hole in the
foam control sheet of the second embodiment; and

[0023] FIG. 13 is schematic cross-sectionalvview of a

conventional rice cooking system for a microwave oven.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] A rice cooking system in accordance with the
first embodiment of the invention will be explained with
reference to FIGs. 1 and 2, in which an inner container 20
is positioned inside an outer container 30 closed by a 1id
40. A foam control sheet 50, having a plﬁrality of small
holes 52, fits between, and is suppbrted by, the outer
container and the lid. The foam control sheet is space
from, but overlies, the upper edge of the inner container.
A cap 60 fits into a recess in the 1id 40, and during
cooking, steam is released between the lid and the cap.
[0025] The inner container 20 holds rice and cooking
water. The inner container is disposed within the outer
container, the side walls of the respective inner and outer
containers being spaced from each other. A step section 34,
provided on a bottom 32 of the outer container 30,
maintains the inner container 20 in coaxial relationship
with the outer container.

[0026] The inner container 20 is made of metal,
preferably aluminum or stainless steel, and its rim 22 is
folded or rolled. Folding or rolling of the rim of the
inner container 20 prevents the generation of sparks which

occurs when a container of metal materials are used in a
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microwave oven. The manner in which the generation of
sparks is prevented is explained in unexamined Japanese
Patent Publication No. 57285/2000. Spark preyention
enables a container made of metal to be used safely in a
microwave oven.

[0027] The foam control sheet 50 is made of a non-woven
fabric. The small holes 52 preferably have a diameter of
about 2 mm, and a total area of about 2.5% or less of the
area of the foam control sheet 50. It is desirable that
the foam control sheet 50 be as thin as possible so that
the outer container 30 and the 1id 40 may be fitted to each
other as shown in FIG. 3. However, when the strength and
flexibility of the sheet are considered, a suitable sheet
thickness is around 50 micron.

[0028] A "non-woven fabric" is a sheet fabric comprising
a mixture of synthetic fibers and synthetic resins. A non-
woven is preferably used for the foam control sheet of the
invention. because the non-woven fabric does not lose
strength, even if it is wet, and has excellent flexibility,
[0029) During the cooking of rice, ingredients contained
in rice dissolve, forming a paste, which foams and rises
within the cooking container 20. As the foam rises, it
contacts the foam control sheet 50. Among these paste-
forming ingredients are gelatinized starch. Gelatinized
starch contributes to the flavor of the rice, and has a
high specific gravity. When the foam contacts the foam
control sheet 50, which is in an arcuate shape due to the
pressure underneath it, the foam breaks up and the starch
returns to the inner container 20. On the other hand, the

foam also contains rice bran foam, which causes unpleasant
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odors and a change in the color of the rice. The rice bran
foam has a lower specific gravity and therefore moves
toward the edge of the foam control sheet 50, where it
forms into drops. These drops gather and fall into the
space formed between the outer surface of the inner
container 20 and the inner surface of the outer container
30. Thus, the foam control sheet 50 separates the rice
bran foam component from the gelatinized starch foam
component, and prevents the rice bran foam from returning
to the inner container 20.

{o030]) In FIGs. 4-9, arrows in the figures indicate the
moving direction of steam, starch, or rice bran, etc. FIG.
4, which shows a rice cooking system 10 when cooking begins,
the cooking container 20 typically holds.140g (one cup) of
rice and 270g of rice cooking water. The rice cooking
system 10 according to the invention requires about 1.25
times és much water as is required for ordinary rice
cooking. The weight ratio of rice to water is set from
about 1 to 1.8 to about 1 to 1.95. It is desirable to soak
rice in water for about 20- 30 minutes in advance.
Therefore, instead of water, various kinds of soup or juice
may be used for the cooking water. The rice is preferably
washed thoroughly before being put into the inner container
20. Pre-washed rice may be used, and when pre-washed rice
is used, the amount of water is preferably increased by 3-
10%.

[0031] FIG. 5 shows the rice cooking system 10, about 5
to 6 minutes after cooking begins. At this stage in the
cooking process, a large amount of steam is released from

the inner container 20. The steam passes through the foam
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control sheet 50, and fills the 1lid 40.

[0032] FIG. 6 shows the rice cooking system 10, about 9
to 10 minutes after cooking begins. At this time, the rice
at the bottom of the inner container 20 begins to move and
circulate. The rice absorbs water and expands, and the
starch component of the rice is gelatinized. Boiling of
the water turns the gelatinized starch into foam, which
expands and rises. The foam contacts the foam control
sheet 50, and the pressure underneath the foam control
sheet causes the sheet to deform graduﬁlly, and assume and
arcuate shape. Among the foam components, the relatively
heavy carbohydrate starch engages the foam control sheet 50,
and the bubbles of the foam explode, allowing the starch to
return to the inner container 20.

[0033] The rice bran foam, which causes rice to have an
unpleasant odor and changes the colér of the rice, has a
low specific gravity, and therefore moves toward the rim of
the foam control sheet 50, where it forms into drops and
runs down into the space between the outer wall of the
inner container 20 and the inner wall of the outer
container 30. The rice bran accumulating in this space
does not return to the rice being cooked in container 20.
In addition, the liquid containing this rice bran has a
temperature that can be 20-30% higher (on the Celsius
scale) than the temperature of the liquid within the inner
container 20. Thus, the liquid containing the rice bran
can impart heat to the wall and the bottom of the container
20 during cooking, and may also steam the cooked rice after
cooking.

[0034]) A portion of the foam having a low degree of
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adhesiveness passes through the foam control sheet 50 and
enters into the space between the foam control sheet and
the 1id 40. There, it forms a thin, weak foam, which
expands and rises toward the upper part of the 1id 40.
However, when this form contacts the cap 60, which fits in
a recess in the upper part of the 1id 40, it is broken and
drops back onto the foam control sheet 50. Therefore, the
foam produced the rice cooking system is prevented from
spilling out of the rice cooking system 10.

[0035] As shown in FIG. 7, at about 13-14 minutes-after
cooking begins, the cooking of the rice proceeds further in
container 20, and the rice is about 60% cooked. The volume
ratio of rice expands, and the ratio of rice to hot water
reaches about 80:20.

[0036] As shown in FIG. 8, at about 16-17 minutes after
cooking begins, the rice is about 90% cooked. At this time,
the volume ratio of rice expands further, so that the ratio
of rice to hot water reaches about 95:5.

[0037] As shown in FIG. 9, at about 18 minutes after
cooking begins, cooking is completed. At this time, a
quantity of paste adheres to the foam control sheet 50.
[0038] After completion of cooking, the 1id 40 and the
foam control sheet 50 are removed, and the rice is stirred.
Then, 1id 40 is placed back on the outer container 30,
without the foam control sheet, and the rice is steamed for
3-5 minutes.

{0039} It has been found that the rice cooked using th?
system and method described above does not have an
unpleasant odor. Each grain has a silver-like shine and a

plump and tender core. The resulting rice has been found
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to have a delicious flavor.

[0040] Since the rice cooking system according to the
invention effectively separates and removes rice bran,'
which causes an unpleasant odor and change of color, the
system is particularly suitable for cooking old rice.
[0041] Although the invention has been described in the
context of cooking rice, the system may also be used to
cook, for example, pasta, beans, dried foods, and cooked
food, etc.

[0042] In the second embodiment depicted in FIGs. 10-12,
parts identical to those shown in FIGs. 1 - 9 are
designated by the same reference numbers. The principal
difference between the first and second embodiments is that,
in the second embodiment, rice cooking system 12, a foam
control sheet 51 has not only a plurality of small holes 52
corresponding to those in the foam control sheet previously
described, but also a larger central hole 54, which has
radial cuts in its edge, as seen in FIG. 10.

[0043] In the second embodiment, even when foam with
high adhesion is formed rapidly, and high pressure is
momentarily applied to the foam control sheet 51 which will
frequently occur as cooking of rice begins, the pressure
may be released through the hole 54, and therefore, it is
not necessary to provide a strong fit between the outer
container 30 and the 1id 40.

{00441} Referring to FIG. 12, the size of the central
hole 54 having radial cuts is determined on the basis of
the height hl and diameter W2 of the outer container 30,
the height h2 and diameter W2 of the inner container 20,

the height difference h3 betﬁeen height hl of the container

10
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main body 30 and height h2 of the cooking container 20. It
is preferable that lengths of the cuts at the edge of the
hole 54 be 30-40% of the diameter of the hole 54, and that
the diameter of the hole 54 be about 15% of the diameter of
the outer container 30. Moreover, it is preferable that
the total area of the small holes 52 and the hole 54 with
cuts in the edge be about 8.5% or less of the total area of
the foam control sheet 50.

[0045] As described above, according to the invention,
the foam control sheet with holes returns only gelatinized
starch (carbohydrate) to the rice. This gelatinized starch
imparts glutinousness and flavor to rice. At the same time,
the foam control sheet separates and removes rice bran
(fat), which is contained in the foam generated in the
cooking process and gives rice an unpleasant odor and turns
the color of the rice from white to yellowish white.
Therefore the foam control sheet, when, used in the cooking
system described, effectively prevents unpleasant odors and
color change, which are common problems, especially when
cooking old rice.

[0046] In addition, the rim of the inner cooking
container, which is made of metal, is folded or rolled.

The folding or rolling of the rim prevents sudden local
heating and avoids generation of sparks in microwave
cooking. The cooking system heats the rice evenly as a
whole, and is capable of producing, relatively easily, a
cooked rice having a superior flavor, with shiny, silver-

like grains and a plump and tender core.

11
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CLAIMS

1. A cooking system for a microwave oven, comprising
an inner cooking container, having a side surface, for
containing a food and cooking water, an outer container,
also having a side surface, holding said inner container
with a space between the side surfaces of said containers,
a iid covering said outer container, and a sheet having a
plurality of holes supported between said outer container
and said 1id, wherein the inner container is made of metal
and has a folded or rolled rim at the top of its outer
surface, and wherein a step is provided at the bottom of
the outer container for locating the inner container in

fixed relationship to the outer container.

2. A cooking system for a microwave oven as claimed
in claim 1, wherein a cap is fitted on an upper part of
said 1id, said cap allowing steam to be released between

said 1id and said cap.

3. A cooking system for a microwave oven as claimed
in claim 1, wherein the area of the holes of said sheet is

not more than 2.5% of the total area of said sheet.
4. A cooking systém for a microwave oven as claimed
in claim 2, wherein the area of the holes of said sheet is

not more than 2.5% of the total area of said sheet.

5. A rice cooking system for a microwave oven as

12
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claimed in claim 1, wherein a hole having an edge, with

cuts in said edge, is provided in the center of said sheet.

6. A cooking system for a microwave oven as claimed
in claim 2, wherein a hole having an edge, with cuts in

said edge, is provided in the center of said sheet.

7. A cooking system for a microwave oven as claimed
in claim 5, wherein the total area of the holes in said
sheet, including said hole in the center of said sheet, is

not greater than 8.5% of the total area of said sheet.

8. A cooking system for a microwave oven as claimed
in claim 6, wherein the total area of the holes in said
sheet, including said hole in the center of said sheet, is

not greater than 8.5% of the total area of said sheet.

DATED 29 JULY 2004
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ATTORNEYS FOR:
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and NOBUMASA YOKOO
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FIG. 3(a)

FIG. 3(b)
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FIG. 4

FIG. 5
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FIG. 6

FIG. 7
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