Lo Food Sci Nutr
Vol 3, No 3, p 234 ~240(199%)

Effect of Thawing Methods and Storage Periods on
the Quality of Frozen Cooked Rice
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Ahsiract

This study attempted to determine the effect of various thawing methods and storage periods on the guality
of frozen cooked rice. Frozen cooked rice was thawed at four different methods, such as pressure cooking, conventional
cooking, microwave heating and thawing at room lemperature after 10 days, 30 days and 90 days frozen storage. We
conducted a physico~chemical analysis {moisture content, dchydration rates, degree of gelatinization, color value
and texture) and sensory evaluation on the frozen—thawed cocked rice. The study showed that there were no significant
differences on the qualily characteristics of {rozen—thawed cooked rice during the storage period of 80 days. However,
the thawing method of pressure cooking caused high moisture content, rapid dehydration rates, and a high degree
of gelatinization on the cooked rice. Thus, the desirability for the rice diminished because of the excess moisture
coenient and the change of appearance and texture in the rice dee to the high temperature. There were similiar quality
characteristics to the cooked rice after {rozen—thawing whether by conventional cocking or by microwave heating
and just after cooking. Thawing ai room lemperature also caused a significant decrease in quality characteristics.

Rey words® frozen cooked rice, thawing, storage periods, quality

INTRODUCTION

Recently, demands for ready to eat or ready to cook rice
products have increased due to the change of the life styvle.
There are several types of so called instant rices (e.g. can
ned, packed in retort pouches, pre cooked dry and frozen
alter cooking) which can be used conveniently. The qualily
of [rozen cooked rice 1 superior to other instant rices and
its use has Increased gradually,

There are several researches related to the qualily char
acteristics of frozen cooked rice. Chol and Lee (1) studied the
offect of freezing rate and [rozen storage temperature on the
retrogradation, texture and microstructure of frozen cooked
rice. Kainuma (2) reporied that variebies, frogen storage

criods and cooking conditions affected the quality of frozen
cooked rice. Kum ct al. (3) studied the effect of microwave
reheating on the quality of cocked rice. Lee of al. (4) predicted
textural properties of cooked parboiled rice as influenced by
steaming and Treexing conditions.

Vartous factors, such as the quality of cooked rice, con
ditions of freezing, storage veriods and thawing methods
may Influence the quality of frozen cooked rice. The heating
of frozen cooked rice may change the gelatinization rate and
moisture content of the rice. We have (o investigate the
effect of various factors on the qualily of {frozen cocked rice
more thoroughly in order o understand the qualily controi
of frozen cooked rice. The purpose of this study was to
investigate the effect of various thawing methods and stor
age periods on the quality of frozen cooked rice.

MATERIALS AND METHCDS

Rice sample preparation
Japonica Lype fresh milled rice (harvested in 1995, Dpoom

varicty) was used for this study. A 300 g of milled rices was
soaked 450 ml distilled water for 30 min and cooked for
20 min using an automatic electric tice cooker (1.G RJ-1060,
1 liter capacity), and followed by 10 min standing before re-
moval. After 2 hour standing al room temperature, a 300 ¢
of cooked rices was packed with polyethylene wrap in the
shape of rectangular prizm (8-9%10-11 X4-5cm). The co-
oked rice sample was then irozen and stored at -18—-20°C.
Then, frozen cocked rice was thawed at four different
methods, such as pressure cooking, conventional cooking,
microwave heating and thawing at rooms temperature after
10 days, 30 days and 90 days frozen storage. The thawing
conditions were as follows: pressure cooking- heating for 7
min wsing a pressure cookers conventional cooking -heating
for 12 min using a conventional cocker; microwave heating -
heating for 3.5 min using a microwave oven (LG MR-216M,
0 W), thawing at room temperatare -5 hour standing at
room Lemperature,

After the completion of the thawing, the sample was
allowed to stand at room temperature  for 30 min (sample
temp.: 31~35°C) and then evaluated. The rice just cooked,
followed by 30 min of standing, was used as the control sample,

Moisture contents and dchydration rates

Moisture conlents of frozen-thawed cooked rice were
detormined by the oven drying method and dehydration rates
by using the infrared moisture analvzer (5).

Degree of gelatinization

Degree of gelatinization of frozen-thawed cooked rice was
determined by the glucoamylase method (6).

Color value

The color of frozen-thawed cooked rice was measured
using the color difference meter (Tokyo Denshoku Co., Japan,
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TC-3600) and the values of L, a, and b were recorded.

Texture measurement

The texture profile of frozen-thawed cooked rice was
determined with a Texture Analyzer (TA-XT2 Stable Micro
Systems, England) equipped with a 19 mm dia. cylindrical
probe. The rice sample (25 g) was placed in the glass tube
(25 mm height X 40 mm diameter) and compressed to 30% of
its original height using the TPA mode with a probe speed
of 1 mm/s. Results were analyzed with the aid of a XTRAD
computer program and presented as force vs time graph.
Every test was replicated minimum of 5 times and mean
values for each parameter calculated.

Sensory evaluation

Trained seven graduate students mgjoring in food &
nutrition at The Cathclic University of Korea evaluated the
quality characterisrics of frozen-thawed cocked rice. The
evaluation was conducted with thirteen samples which was
composed of one control sample and twelve frozen-thawed
samples from the three levels of storage periods and four
different thawing methods, Panelists were provided with a
set of five randomly coded samples, .. one control sample
and four frozen-thawed samples, and instructed to rinse
their mouth with water before starting and between sample
evaluations. Evaluation was replicated three times and de-
signed for each panel to be able to evaluate all the samples.
Therefore, the control sample received a total of 21 evalua—
tions and each of the frozen- thawed samples received 7
evaluations. Panelists were instructed to evaluate the samples
with respect to appearance, flavor, texture and overall ac-
ceptance using a five-point category scale, in which the
highest score corresponded to the highest intenstty.

Statistical analysis

Data was analvzed by the ANOVA, Means and Pearson
correlation procedure of Statistical Analysis System (7). Mean
separation was made by the Duncan’s multiple range test.

RESULTS AND DISCUSSION

Moisture contents and dehydration rates

Moisture contents of frozen-thawed cooked rice by pr-
essuwre cooking and conventional cooking were significantly
higher than that of the control rice, whereas moisture con-
tents at microwave heating and thawing at room temperature
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were similiar to that of the control rice (Table 1). The huge
increase of the moisture contents at pressure cocking might
be caused by the structure of the pressure cooker In which
the produced vapor cannot get out of the cooker. And moi-
sture contents were not varied among the samples in all the
thawing methods during the storage period of 90 days.
It was known thal the existing form of water in cocked
rice highly affects the eating quality of cooked rice (8), When
the gelatinization of rice is sufficient, water does not release
as easily from the cooked rice because starch and water binds
well. During the storage period of 90 days, dehyvdration rates
of the control rice and frozen-thawed cooked rice by micro-
wave heating and conventional cooking were relatively slow,
whereas those by pressure cooking and thawed at room
temperature were rapid (Figs. 1, 2, 3). The rapid dehydration
rates at pressure cooking and thawing at room temperature
might be caused by the excess free water produced during
the pressure cooking and Iree water due to starch retrogra-
dation during the thawing at room temperature, respectively,

Degree of gelatinization

Degree of gelatinization of the frozen -thawed cooked rice
by pressure cooking was highest among the samyples, whereas
the rice thawed at room temperature was lowest (Fig, 4).
High ternperature at pressure cooking might cause high de-
gree of gelatinization. And there were no significant differences
among the samples in cach thawing method during the stor-
age period of 90 days, so it seems that the quality of frozen -
thawed cooked rice remains high when frozen i 90 days.

Color values

Color values of each sample showed no significant dif-
ferences, but b value of frozen-thawed cooked rice by pre-
ssure cooking seemed a little higher than that of other thawing
methods {Table 2). Shibukawa {9) and Song and Oh (10) also
reported the increase of yellowness in rice by using a pr-
essure cooker.

Texture

Texture of each frozen -thawed cooked rice was shown
in Table 3 and Table 4. The palatability of cooked rice is
highly affected by hardness (11). Hardness of the rice thawed
at room temperature was significantly higher than that of
other thawing methods and the control rice. Also hardness
at pressure cooking was low as compared to that of other
thawing methods and the control rice, There were no signi-

Table 1. Moisture contents of frozen preserved cooked rice at different storage periods with various thawing methods™

Frozen storage period (days) 0 10 20 9%
Thawing methods {contral} ’ :
Pressure cooker 5819068 6777 £ 2.62% 66.22- 1,07 86.07+084™
Conventional cooker 5319+ 068" 6163+ 197 6147 1.53™ 60.77+1,14™™
Micrewave oven 5%.19+0.68" 50.21 F0.26™% 50,68 0.87% 6033+ 1.89™
Thawing at room temp. 58.19% 068" 57.80 081" 5757+008™ 5870+ 1.40™

Yieans in rows and columns with different superscript letters are significantly different (p<0.03). Capital and lower case letters refer

to rows and columns
s .
Values represent mean® SD
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Mg, 2. Dehvdration rates of 30 days frozen preserved cooked rice
by various thawing methods.

feant differences in hardness due Lo the durstion of storage
perlods 1l 80 days. There were almost no stgnificant &
ferences among the samples in adhesiveness, but 1L was
shown that adhesiveness al pressare cooling wag hugher
and that thawed at room (emperature was lower compared
e other thawing methods and the control rice. Storage did
not stgnificantly affect adhesiveness of frozen thawed cooled
rice 1111 90 days. Cohesiveness has an important offect on the
palatability of cooked rice with hardness. Cohesiveness of
frozen -thawed cooked rice by microwave healing showed
a significantly higher level and that thawed 2b room ten-
nerature showed significantly lower level than that of other
thawing methods and the control niee. It scemed that the
change In inner structure of the rice thawed al room tem-
perature was large.

Springiness of frozen-thawed cooked rice by microwave
heating was significantly higher and the rice thawed al room
temperature was low compared to other thawing methods

during the storage period of 90 days, There were no sig
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Fig. 3. Dehyvdration rates of Y0 davs frozen preserved cooked rice
by various thawing methods.
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Wig, 4. Degree of gelatinization of frozen preserved cooked rice at
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nificant differences in chewiness among each rice sample.
Cumminess of frozen-thawed cooked rice by microwave
heating and that thawed at room temperature was signif-
ieantly higher than other thawing methods and the control

rice,

Sensory characteristics

Sensory characteristics of cach [rozen thawed cooked
rice was shown in Table 5.

In appearance, the color of (rozen—thawed cooked rice by
pressure cooking was a little vellowish and glossiness of
the rice thawed ab roorn temperature was less as compared
1o other samples during the storage period of 90 days. Moisgt
on surface of the Nce thawed at room temperature was ow
and that of pressure cooking was high, and il comcided with
the tendency of moisture contents of each rice sample. In
{lavor, there were no significant differences among the rice
samples during the storage period of 90 days, excepl that
flavor of the rice thawed at room temperature was a little
inferior to other rice samples. It scemed that the texture
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Table 2. Color values of frozen preserved cooked rice at different storage periods with vardous thawing methods"™
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Frozen storage period (days) 0
Thawing methods {comtrol) 10 0 %
Lightness (L)
Pressure cooker 7221067 T2EE007 7202257 7201052
Conventional cooker 7227067 722087 720%3087 72141617
Microwave oven 722067 72.8+0.85% 734+0.15™ 7207 1,997
Thawing at room temp. 7224067 T26H 064 73010214 73.40.30%
N oressure cosker 232012 ~26+0.10™ ~25+090M% -337025%
Conventional cooker -23%0.42° -23+0.32% -3.1£0.35" 27033
Microwave oven -2340.12* ~2.51025 -265040% ~24090%
Thawing at room temp. -23+0.12* 2.2+ 062" -23+055"% -3.370.25%
Yellowness (b}
Pressure cooker 54030 58:£0.70% 592061 582010
Conventional cooker 54+0.30" 514081 50046™ 492081
Microwave oven 544030 5.2+0.20% 51+072% 54E070°
Thawiog at room temp. 5.4£0.30" 54064 55+0.10" 53%0.12%

YMeans in rows and columns with different superscript letters are significantly different (p<0.03). Capital and lower case letters refer

to rows and columns
Iy
Values represent mean= SD

Table 3. Hardness, adhesiveness and cohesiveness of frozen preserved cooked rice at different storage periods with various thawing methods™

Frozen storage period (days)

0

Thawing methods {control] 3 10 0 %
Hardness {(g) k
Pressure cooker 3274+ 248" 280.3%41.6™ 3020295 3052 478"
Conventional cooker $7 4t 248" 3207+ 18.4™ 3115451 3161t 196%

Microwave oven
Thawing at room temp.
Adhesivencss
Pressure cooker
Conventional cooker
Microwave oven
Thawing at room temp.
Cohesiveness
Pressure cooker
Conventional cooker
Microwave oven
Thawing at room temp.

997.4+04 8
30740248

1505% 125"
1505+ 126"
1505+ 125"
1505+ 125"

0.414:50.009"
0.414£0.009"
0.414+0008"
0.414::0.008™

33621814
439.4°£775%

168.3£20,1%
152441367
1503:£32.4%
1285+1.1%

0.41840.010™
0.42310,022%
0.460%0.010™
0.391 £0.006%

3206 +376™
4212427

161.5+ 23.8%
147.81599%

15261250
137.7:£95

0.421 30,008
0.41810.006™
0454+ 0.013™
0.400 % 0.000%

P26
4239+133%

165.8510.0™
1453 = 157%
15887 25.2"
14302139

0.419 £0.015
0.405£0.018
0.461 £0,010™
0.417 0,007

"eans in rows and columns with different superscript letters are significantly different (p<0.05). Capital and lower case letters refer

to rows and columns
2
Values represent mean® SD

Table 4. Springiness, chewiness and gumminess of frozen preserved cocked rice at different storage periods with various thawing method;

K]

P

Frozen storage period (davs)
Thawing methods

0
{contrel)

10

30

9N

Springiness
Pressure cooker
Conventional cooker
Microwave oven
Thawing at room temp.
Chewiness
Pressure cooker
Conventional cooker
Microwave oven
Thawing at room temp.
Gumminess
Pressure cooker
Conventional cooker
Microwave oven
Thawing at room temp.

0.641—0.001*
0641 +0.001%
0.641 +0.001°
0.641 £0.001"

1049£196"
1049199
1049+19.8"
1049+ 180%

1106+ 1547
1306+ 154"
1306 T 154"
1306+15.4%

0.682 F 0.008™
0677+ 0,057
0.715+0.007*
0,618+ 0.052"

995 11.5™
1076+ 18.1%
114.4+28%
105.8+24.4%

127.8:617.0™
134830

150.5+5.1™
1721 =280

0.703+0.069™
0.672£0.010
0700 £3,013"
0,627+ 0015

10185081

10054237
1140+18.2%
1040£125

j32.0m8.0M

1384212.0M
157.3+ 18,05
175.4721.3™

0.702:0.0074
0.66270.021"
0.730=:0.036'%
0.643:20.031™

1032+ 6.9%

108.3712.4%
118.814.3%
104.0:10,1%

130.1 6.2
132, £ 16,03
149.1 £ 11,676
167.3:£21.0™

YMeans in rows and columns with different superscript letters are significantly different (p<0.03). Capital and lower case lelters refer

to rows and columns
z
“Values represent meantt SD
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Table 6. Correlation coefficients between each sensory characteristic

. Gloss- Molst on Hoasted Swieety Roasted Sweety  Hard- fregularity. Stick-  Inner  Ease of Overall
Color nutty nutty - of . o Theaccept
ness  surface udor . Laste ness inegs  moisture swalling
odor taste hardness ance

Color - - - - - - -
Glossiness -0.503™ - - - - - - - -
Moist on surface 0673 071¢ - - - - - - - -
Roasted mutty odor -0.260° 04607 (45" - - -
Sweety odor -0237 04987 0340 047 - - - - - - -
Roasted nutty 03327 0600™ 04ERT 0AMTT oA - - -
taste
Sweety taste -0408™ 062577 0561 03477 0R0RTT 08467 - - - - -
Hardness 0720 05707 0700 -03%4™ 02640 -03%5" 04157 - - - - - -
Irregularity of 0479 08427 0387 QU877 -040277 -04247 05T 05T - - : -
hardress
Stickiness -0618™ 068277 0637 040077 04237 04817 05T 080077 0523 - - -
Inner moisture 05607 QRIS Q650 02877 0307 04%7C 047277 -0838™ 030 088

Fase of swalling -0409™ 08907 070377 037077 0465
Overall acceptance 03037 Q380" 0433 03337 o7

05107 0AWTT 0L 05812 05107 051
05677 0516™ 08" 0483 055 0330 45T

*

7, T Significant at p<0.05, p<0.01 and p<0.001, respectively

Table 7. Correlation coefficients between sensory characteristics and mechanical measurements

Sensory characteristics

Mechanical -
measurements Color (ilossiness Moist on Hardness Stickiness  Inner moisture Overall
surface weceptance

Moisture contents -0.927™" 078" 0.867" -0.956"" 0.764" 0.935™ 0.356
Lightness (L) 0.198 -0.422 -0.373 0.256 ~(1.326 -0.294 -0.434
Redness {(a) 0.110 0111 -0.054 0.082 0.042 -0.014 0.260
Yellowness (b) -0.661" 0.157 0.341 -0.563" 0.256 0477 -0.238
Hardness (.802™" -0.9847" -0.935" 0.836" -0.955™ -0.88" 0,855
Adhesiveness -0.803™ 0.852™ 0.872"" -0.863™" 0.895™" 0877 0.633"
Cohesiveness -0.161 0,400 (148 -0.057 0.345 0.185 0.644"

7, TSignificant at p<0.05, p<0.01 and p<0.001, respectively

of frozen-thawed cooked rice by conventional cooking and
microwave heating was similiar to the texture of the rice just
cooked. The rice thawed by pressure cooking was softer,
stickier and had much more Inner moisture as compared to
that of other thawing methods. And there were no significant
differences in texture of each rice sample during the storage
period of 90 davs.

Overall acceptance of the rice thawed at room temperature
was significantly lower during all the storage periods that
were studied. Although there were no significant differences
except thawing at room temperature, overall acceptance at
microwave heating tended to be high and those at pressure
cooking to be low. The decrease in the desirability of the rice
thawed by pressure cooking may bhe caused by the excess
moisture content and the change of appearance and texture
in the rice due to the high temperature,

Correlation between each sensory characteristic was sh—
own in Table 6. Although correlation between overall accep-
tance and other sensory characteristics was not so high,
overall acceptance was posilively correlated with glossiness,
roasted nutty odor, roasted nutty tatste, sweety taste and
stickiness. Besides, glossiness was positively correlated with
moist on surface and hardness was negatively correlated with
moist on surface and inner moisture. Correlation between

sensory characteristics and mechanica: measurements was
shown in Table 7. Sensory hardness and stickiness were
highly correlated with instrumental hardness and adhesiveness,
and they were also highly correlated with moisture contents.
Juliano et al. {12) reported that the harder rice sample had
lower water content regardless of cooking methed. Kim et
al. {13) also reported that sensory hardness and inner mois-
ture were correlated with molsture contents. This study
showed that well gelatinized, soft rice would be palatable,
whereas overall acceptance had a high negative correlation
with the hardness of the rice.
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