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Abstract

The relationship between rice and the fluid during cooking was investigated to
examine the factors affecting the quality of cooked rice and a new rice cooking
method was proposed to improve the unpalatability of aged Milyang 23-long grain
rice variety.

The changes of heights of rice-bed and the fluid during cooking were measured
with a laboratory cooking apparatus made of flat bottomed graduated glass cylinder.
Around the boiling, a sudden disappearance of the fluid was observed and then
thin film was formed on the rice grainms.

This film coating was fortified by the addition of 1-2%(w/w) of glutinous rice
powder as a film forming agent. The artificial coating on the cooked rice of low
quality remarkably improved the glosé, moisture content and shape and the extent
of leaching of rice solid into the fluid was reduced with the treatment.

Introduction

As the demand of rice increased in Korea,
Indica-Japonica hybrid of long grain variety
was introduced as a high-yielding new vari-
ety.® But it exhibits less stickiness than the

short grain variety, common in Korea.® The
similar eating quality was observed in aged
rice, displaying poorer chew-feeling and worse
off-flavor than new rice.® Therefore, it is
necessary to develope a method improving the
unpalatability of these rices of low quality.
The factors affecting the palatability of coo-
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ked rice were regarded as appearance, texture,
flavor and doneness, and those were reported
to be closely related to rice varieties, ®>changes
of rice property on storage®’ and rice cooking
methods used, @0V

The physical characteristics of rice were
determined by water absorption, volume expa
nsion, color and gloss of cooked rice and the
total solid in the residual cooking water. They
were intimately related to the chemical char-
acteristics such as amylose and amylopectin
contents, bluevalue, alkali number and gelati-
nization temperature. 7:%

Since the quality of traditional Korean rice
is remarkably different from that of long
grain, studies on the physical properties in
the cooking process are required to find a
way to improve the unpalatability of Indica
Japonica hybrid rice.

We analyzed physical phenomena during
cooking to determine the factors of cooking
quality on the palatability of the rice. An
artificial film coating method with glutinous
rice powder was developed to improve the
unpalatability of the rice of low quality.

Materials and Methods

Materials

Two year old rice Milyang 23, Indica Japo-
nica hybrid), purchased from market, used as
the rice in cooking.

Milled glutinonous rice, Hangang, was pow-
dered to 120 mesh and used as a coating agent

in cooking rice.

Experimental apparatus and cooking

method

For the observation of the physical behavior
of rice and the fluid, a graduated glass cylin-
der equipped with reflux condenser, as shown
in Fig. 1, was used.

Fifty gram of rice and 100 ml of tap water
were mixed and cooked in the apparatus on

Glass tube
(900 mm)

Glass
cylinder
(950 mm)

Asbestose
sheet
Electric
heater

Fig. 1. Experimental apparatus for rice cook-
ing.

- S

electric heater.

The heights of rice-bed and the fluid were
measured by reading the graduated scale and
the physical behavior of rice and the fluid

was observed during cooking.

Artificial film coating method

Rice of 150g was washed and soaked with
370 ml of tap water for 30min. at 20°C and
then a various amount of glutinous rice pow-
der in the range of 0,1 and 2% (w/w) was
added. The rice cooking was carried ina
electric rice cooker(Samyang Co., Ltd.) for

18min.

Measurement of grain dimension and
moisture content of cooked rice

The cooked rice grains were measured for
length and width by calipers to examine the
effect of the added glutinous rice powder on
the dimension of cooked grain. The moisture
content(wet basis) was determined by the

conventional drying oven method.
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Fig. 2. Schematic representation of rice cooking process in the experimental apparatus.
FH: height of rice-fluid, RH: height of rice-bed.

Drying method of cooked rice

Fifteen grains of cooked rice were dried on
SemX3cm metal wire mesh at 40°C and air
velocity of Scm/sec.

The moisture retention ratio(M/M. was de-
termined, where M. and M were the moisture
contents(9, dry basis) of the cooked rice at
the initial and final states of drying, respe”
<ctively.

Leaching of rice in rice-fluid

Ten gram of rice and g.4g of glutinous rice
powder were put together into 70ml of distil-
led water equilibrated at 87°C in a beaker. The
beaker was kept at 87°C and then the content
of the leaching rice solid in the fluid was
measured. The grains leached for 10,20,30,40,
50 and 60min. were placed into a small circular
basket(15¢m dia.,8cm height) of 0. 8mm plastic
screen and carefully washed five times with
500m! of distilled water. The grains were dried
and the content of the leaching rice solid det-
ermined by the following equation.

Content of |leaching solid (%) = {(W1-W3)
JW 1) XX LCPeereruravase ) .
“Where, W; apd W, are the weights of dry

materials of [the unleached and leached rice,

respectively.

The leache

paper for 1n

and weighed

I grains were spreaded on filter
nin. to remove the surface fluid

to determine the water absorption

with the follgwing equation.

Rice-bed
Rice-fluld

g
g

Height (mm)

Boiting

16 0
Cooking time [ min)

2 8

Fig. 3. Changes of heights of rice-bed and
the fluid during cooking.

Water absorption (%) = {{W3-Wy4) /W4 X100
eeencreneens creennen e (2)
Where, W3 and W, are the weights of the sur-
face fluid-removed leached rice and its dry
material, respctively.

Results and Discussion

Interaction between rice and the fluid
during cooking

In order to examine the factors affecting
the quality of cooked rice, it was necessary
for physical phenomena during cooking to be
observed.

The time course cooking patterns were tra-
ced and the changes of heights of rice-bed and
the fluid were measured as shown in Fig. 2
and 3.

The heights of rice and the fluid gradually
went up and the changes of the fluid heights
were accompanied with those of rice-bed until
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Rice movement in
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(arrows indicate birections) rice-fluid

Rice vibration in
gelatinized thick

Rice-fluid

i fill
Air bubble N/ Coating film
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Rice
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on rice surface

Fig. 4. Patterns of the coating film formation on the rice.

boiling. This is probably attributed to the flu
idity of rice- fluid through the wvoids in the
bed due to the solid content increase.

After the vapor front reached the upper
suface of rice-bed, the fluid level was sudde-
nly disappeared and a little changes of the
bed-structure were observed. This reveals that
it is possible for the surface of the rice to be
covered with the thick rice-fluid at the last
stage of the cooking process and results the
formation of coating film on the grains.

Since the coating phenomena were occurred
at the last stage of the cooking process, it
was regarded as an important factor determ-
ining the cooked rice quality.

Movement of rice grains in rice-fluid

The movement of the individual rice grains
in the fluid during cooking was observed in
the apparatus(Fig. 1) and its patterns were
given in Fig. 4. During the vigorous boiling
period, the rice was mixed well and then the
mixing extent gradually was decreased. The-
reafter, only mild vibration was continued
until the end of the cooking process.

A mild vibration is believed to helpthe for-

mation of coating film on the rice grains.

Effects of the treatment with glutinous
rice powder on the cooked rice

As mentioned before, the relationship betw-
een rice and the fluid during cooking was

considered as an important factor affecting

the quality of cooked rice and the leaching
rice solid in the fluid was reasoned to deter-
mine the properties of the surface of cooked
rice. Hogan et al.® reported that the more the
amount of total solid taken into the fluid from
rice during cooking was stickier the cooked
rice was. Therefore, a rice cooking method
treating with a sticky glutinous rice powder
and some characteristics on that were investi-

gated on the various aspects.

1. Shape and moisture content of the cooked
rice
Figure 5. shows that the cooked rices treated
with the powder are glossy and have the sha-
pes of elliptical type, while the untreated one
having dull club type. The reason for this can
be explained as follows. First, the artificial
increase of total solid in rice-fluid by the
added powder causes the formation of the

glossier coating film on the cooked rice. Sec-

Fig. 5. Effects of the amount of added gluti-
nous rice powder on the the rice app-
earance.
A: control,

B: 1%, C: 2%
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‘Table 1. Effects of the addition of glutinous
rice powder on water content and
dimension of the cooked rice.

Addition of Water Dimension (mm)

glutinous rice content

powder (%) (%) Length Breadth
0 57.55 11.2 2.1
1 60. 8 9.8 2. 45
2 61.45 10.5 2.3

.ond, the decrease of soluble solid concentra-
tion gradient between rice and the fluid, red-
aices the extent of the leaching of rice solid,
prevents the surface of rice from cracking,
and keeps the cooked rice retaining its intact
elliptical shape.

Table 1 presents data of the moisture con-
tents and the dimensions of cooked rice. The
powder-treated rice showed the higher moi-
sture content than het untreated one. This
is attributed to the addition of the moisture
in the crevice of the powder-treated rice sur-
rounded by the fortified coating film and
that of the moisture of the glutinous rice
powder film itself. The powdertreated rice
had a tendency to be shorter in length and
wider in breadth than the untreated one, and
this indicates that the excessive volume ex-

pansion of the grains was reduced.

2. Effect of the coating film on moisture
retention

From both Fig. 5 and Table 1 a fortified
coating film was certainly formed on the coo-
ked rice by the solubilized glutinous rice pow
der. The coating film was expected to affect
the drying of the cooked rice represented by
‘the moisture retention ratio.

The moisture retention ratios of cooked rice
in hot air drier at 40°C were shown in Fig.6.

Those of the powder-treated rice were hig-
her for 1 hour and then a little lower than
those of the untreated one. This effect is pro-
bably because the fortified coating film with
the added powder influenced the resistance

to the water vapor transfer from the surface

0.5

Air temp.,40 C 3
velocity, 5 cm/sec

o
w
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Moisture retention ratio ( M /Mg )
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Fig. 6. Comparision of the moisture retention
capability between the film coated and
uncoated rice drying condition.

of cooked rice.

From this result, the existance of the coa-
ting film of glutinous rice powder could be
ascertained and the effect of the fortified film
on the restraint of the hardening of the coo-
ked rice was expected.

3. Leaching rice solid in the fluid

When rice was cooked at 87°C with more
water than that of conventional cooking method,
the extent of the rice leaching lowered with
495 (W /W) powder treatment (Fig. 6). This is
due to the decrease of the concentration gra-
dient of the soluble solid as previously discu-
ssed.

Desikachar et el. @ reported that the loss of
rice solid to rice-fluid was attributed to the
damage of cell structure accompanied with
the swelling of the starch during cooking. We
could, therefore, postulate that the treatment
with glutinous rice powder might decrease the
damage of the rice structure to a great extent
and this closely agreed with the fact that the
powder-treated rice had a undamaged shape

after cocking as resulted before.
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Fig. 7. Effect of the added glutinous rice
powder on the leaching in rice-fluid
at 87°C.
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Fig. 8. Comparison of water absorption bet-
ween the glutinous rice powder (GR-P)
treated rice and the untreated one at
87°C.

4. Water absorption of rice in the fluid

The reduction of the rice leaching was exp-
ected to restrain the swelling of rice starch
represented by the water absorption.

The water absorption values of the powder-
treated rice were less than those of the untr-
eated one as observed in Fig. 8. This reveals
that the powder treatment prevent the starch
of the rice from swelling and this effect is
expected to promote the cohesiveness of the

cooked rice.

The coating effect on cooked rice become a

new physical factor of cooking quality and
provide a new approach to improve the unpa-

latability of the rice of low quality.
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