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Physico-ecological Studies on Quality Formation
of Rice Kernel

IV. Effect of storage on eating quality of rice*
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Abstract : We examined the effects of short and long-term storage on the eating quality of rice. The texture of
cooked rice became harder and less sticky after being stored at higher temperatures and moisture contents for
90 days. The texture of rice stored under excessively dry conditions deteriorated only during the early stages of
storage, and became better than rice stored under normal moisture conditions with prolonged storage. The eating
quality of rice stored for 6 years was also analyzed. Most of the change in texture occurred during the first 1 to
2 years, and very little change was observed thereafter. Water-insoluble protein and amylose contents showed no
significant changes. Fat-by-hydrolysis content, however, increased ; this may be a contributing factor in the
deterioration of cooked rice texture during storage. A reduction was also observed in the amount of glutamic acid
in milled rice as well as a decrease in the ratio of glutamic acid both in milled rice and in the exterior of cooked
rice. The pH in the cooking liquid also decreased. These seemed related to the deterioration of the taste of rice.
Key words : Eating quality, Fat-by-hydrolysis, Glutamic acid, Rice, Storage, Taste, Texture.
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It is well known that eating quality of rice
undergoes remarkable change during storage.
Deterioration of eating quality is mainly
related to the change in texture, flavor and
taste, especially texture. Among the main
chemical components of rice kernels, lipids
decompose most quickly. Yasumatsu et al.'®
suggested that free fatty acids which are
produced by hydrolysis of neutral fat during
storage cause deterioration of rheological pro-
perty of cooked rice.

Most reports on eating quality of rice are
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focused on the short-term (within 1 year)
storage and the storage form of brown or
milled rice®!2!9. There are few studies on the
long-term storage of rough rice. The study on
long-term storage would reveal more clearly
the nature of change in eating quality of rice.

Recently, with the spread of combine har-
vester in Japan, newly harvested paddy is
dried at mechanical paddy drying centers
called ““Rice Center” or “Country Elevator™.
At these facilities, there is the necessity for
temporary storage of paddy dried to 189
moisture content. Several experiments have
been undertaken on the preservability of semi
-dried paddy in terms of apparent kernel
quality*” and cooking quality'? of milled rice.
However, there are very few studies on eating
quality.

For this reason, this study was conducted to
determine the effects of the short-term storage
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under different storage temperatures and
moisture contents on texture of cooked rice.
And, to clarify the effects of the long-term
storage on the eating quality of rice, the
change during prolonged storage was inves-
tigated in terms of texture and chemical com-
position such as protein, amylose, fat-by
~-hydrolysis, fat acidity, pH and glutamic acid.
Because we thought that protein, amylose, fat
-by-hydrolysis and fat acidity were the pro-
perties which affected texture, and pH and
glutamic acid were those which related to
taste.

Materials and Methods

Exp. 1. Effects of the short-term storage
under different temperatures and mois-
ture contents on texture

Nonwaxy rice plant (Oryza sativa L.), cv.
Sasanishiki, was used in Exp. 1. It was grown
at the experimental field of Nagoya University
in 1987. The moisture contents of rough rice
were regulated at 12, 15 and 189} with forced-
air drier and silica gel, put in 200 m/ plastic
vessels and sealed. After keeping at 5°C for a
week, they were stored at 10°C, 20°C and 30°C.
Samples were taken out at 0, 30, 60 and 90th
days, dehusked, and milled with a small test
mill (Kett Palest) to a milling rate of 919,

The texture of cooked rice was measured in
a General Foods-Zenken GTX-2-1-N
texturometer. Cooking method, measuring
procedure and analysis of parameters of tex-
ture were the same as Ebata et al.?

Exp. 2. Effects of the long-term storage
on eating quality of rice

Rice plants in Exp. 2 consisted of 4 japonica
nonwaxy, cvs. Koshihikari, Sasanishiki,
Nipponbare and Akibare, 2 indica nonwaxy,
cvs. Te-Tep and Bluebonnet, and 2 waxy, cvs.
Koganemochi and Iwaimochi. They were
grown at the experimental field of Nagoya
University in 1981, 1984, 1985, 1986 and 1987
under the same cultural conditions. After
harvesting, dried rough rice were stored in the
crop shed under ambient temperatures for 0,
I, 2, 3 and 6 years. These samples were
dehusked and milled to a milling rate of 919.

Cooking method of japonica nonwaxy and
waxy rice was as in Exp. 1. For indica non-
waxy rice, however, it was modified as follows ;
milled rice (10g) was cooked with distilled
water in the ratio of 1:2.5 in an aluminium

cup in a rice cooker for 7 min. Protein,
amylose, fat-by-hydrolysis and glutamic acid
both in milled rice and in the exterior of
cooked rice were analyzed by the same
methods as previous papers!®!®. Fat acidity
was measured by AACC method?. The mea-

.surement of pH in the cooking liquid was the

same as Chikubu et al.? Protein and amylose
contents, fat acidity, pH and glutamic acid
values were shown as average values of two
replications. The content of fat-by-hydrolysis
was indicated by three replications.

Results

Exp. 1. Effects of the short-term storage
under different temperatures and mois-
ture contents on texture

Chewiness (Fig. 1), which shows hard char-
acteristics of texture, was the highest at 129
at the beginning of storage, followed by 159
and 189. It increased a little at 1297, and 159,
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Fig. 1. Change in chewiness and stickiness
under different storage temperature and
moisture regimes (cultivar Sasanishiki).

Moisture content ; ——: 1297, —-—:
159, ----: 189,

Temperature ; D, @: 10°C, », a :20°C,
), m:30°C.

O, &, T :chewiness ; @, a, B : stickiness.
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despite storage temperatures. At 189, the
change was slight at 10°C, but remarkable at
20°C and more so at 30°C.

Stickiness (Fig. 1), which indicates sticky
natures of texture, was the highest at 189 at
the beginning of the experiment, followed by
159, and 129,. It decreased in higher temper-
atures and moisture contents, but the change
was the least at 129]. There was only a little
decrease at 10°C.

Ebata et al.®’ considered TPI (i.e. textural
palatability index, which is the value multi-
plied chewiness by stickiness) as a suitable
index for texture of japonica nonwaxy rice.
TPI changed similarily to stickiness (Fig. 2).
At the beginning of storage, the texture at
129, was less than that at 159 and 189.
However, the change in the former was the
least even at high temperature. Initially, TPI
was the highest at 189, but deteriorated rapid-
ly. It was remarkable at higher temperature.
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Fig. 2. Change in the textural palatability

index (TPI) under different storage tem-
perature and moisture regimes (cultivar

Sasanishiki) .

Moisture content ; ——: 1297, ~—-—:
159, ——--:189,.

Temperature ; 0 : 10°C, ~:20°C, J:30°
C.

Exp. 2. Effects of the long-term storage
on eating quality of rice

Chewiness consistently increased for all the
nonwaxy cultivars, except for waxy rice (Fig.
3). On the other hand, both stickiness and
TPI decreased (Figs. 3 and 4). TPI of waxy
rice was not shown. Most of the change in
texture occurred during the first 1 to 2 years,
and very little change was observed thereafter.
The texture of japonica nonwaxy rice deterior-
ated more than indica one. In japonica
nonwaxy rice, the texture deterioration tended
to be less in high eating quality cultivars
(Koshihikari and Sasanishiki) than in stan-
dard eating quality cultivars (Nipponbare
and Akibare) (Figs. 3 and 4).

Although data were not shown, water-insol-
uble protein and amylose contents remained
almost unchanged.

Fat-by-hydrolysis content (Fig. 5) was the
highest in indica nonwaxy rice, followed by
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Fig. 3. Change in chewiness and stickiness

with storage.
[J: Sasanishiki, 4 : Koshihikari, v :
Nipponbare, O : Akibare,

B: Te-Tep, @ : Bluebonnet, a :
Koganemochi, ¥ : Iwaimochi.
—— : chewiness, ---- : stickiness.
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japonica nonwaxy and waxy rice. Japonica
nonwaxy rice, however, increased in the con-
tent more than indica nonwaxy rice. In waxy
rice, the content was relatively constant.

Fat acidity is said to be a reliable index of
deterioration in rice kernel because it signifi-
cantly increases during the early stages of
spoilage. In this experiment, fat acidity (Fig.
6) consistently increased. Japonica nonwaxy
rice increased the most, followed by indica
nonwaxy and waxy rice.

The pH (Fig. 7) in the cooking liquid
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Fig. 4. Change in the textural palatability
index (TPI) with storage.
Symboles are the same as in Fig. 3.
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Fig. 5. Change in the fat-by-hydrolysis con-

tent with storage.

The vertical bars represent +=SE of three
replicates.

Symboles are the same as in Fig. 3.

decreased. Japonica nonwaxy rice decreased
the most, followed by waxy and indica
nonwaxy rice.

The amount of glutamic acid in milled rice
kernels decreased, especially during the first 1
yvear (Fig. 8). However, no remarkable
change was found in the exterior of cooked
rice kernels (Fig. 8). In high eating quality
cultivars, the amount of glutamic acid tended
to remain higher both in milled and in cooked
rice. The ratio of glutamic acid content to total
free amino acids content decreased both in
milled and in cooked rice, particularly during
the first 1 year (Fig. 9). No clear relationships
were found between varieties on change in
glutamic acid ratio in milled and in cooked
rice.
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Fig. 6. Change in fat acidity with storage.
Symboles are the same as in Fig. 3.
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Fig. 7. Change in pH in cooking liquid with
storage.
Symboles are the same as in Fig. 3.
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Fig. 8. Change in the amount of glutamic
acid in 100 milled rice kernels and in the
exterior of 100 cooked rice kernels with
storage.

Upper ; milled rice, Lower ; cooked rice.
Symboles are the same as in Fig. 3.

Discussion

The texture of cooked rice became harder
and less sticky after being stored at higher
temperatures and moisture contents. The dete-
rioration of texture was very slight at 10°C,
though it was remarkable at 30°C. Chikubu et
al.® also suggested that brown rice stored at
low temperature might keep its eating quality
high for a long time, judging from cooking
quality. The effects of storage temperatures on
the texture were more obvious in higher
moisture contents, but were very slight in rice
stored under excessively dry conditions.

It was suggested that the texture might be
deteriorated even during the drying process of
paddy after harvest. Excessive-drying seemed
to make the texture worse. On the contrary,
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Fig. 9. Change in the ratio of the amount of
glutamic acid to total free amino acids in
100 milled rice kernels and in the exterior
of 100 cooked rice kernels with storage.
Upper ; milled rice, Lower ; cooked rice.
Symboles are the same as in Fig. 3.

the texture of rice stored under excessively
moisture conditions was better. This may be
related to the decrease in the swelling quality
during the drying process. However, the tex-
ture of rice stored under excessively moisture
conditions became almost the same as rice
stored under normal moisture (159, moisture
content) and excessively dry conditions after
30 days of storage at 20°C and 30°C. Ishikura
and Masuo” indicated that rice of 189, mois-
ture content could be preserved only 30 days
without any deterioration in the apparent
kernel quality. Our experiment on texture
could ascertain their findings.

The texture of rice stored under excessively
dry conditions was hard and not sticky at the
beginning of storage and did not change so
much even after 90 days. This implies that the
texture of rice stored under excessively dry
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conditions deteriorated only during the early
stages of storage and became better than rice
stored under normal moisture conditions with
prolonged storage. Rice stored under exces-
sively dry conditions is very prone to kernel
cracking. If this could be overcome, excessive
-drying would be worthy of note in long-term
storage.

Ebata and Ishikawa® reported that cooking
quality changed during the first 1 to 2 years of
storage. In this experiment, the texture also
changed remarkably within the first 1 to 2
years during long-term storage. From these
results, it was suggested that both cooking
quality and texture deteriorated especially
during the first 2 years of storage.

In waxy rice, chewiness was almost un-
changed, although stickiness remarkably de-
creased. The texture deterioration in waxy rice
was found to be mainly caused by the deterio-
ration of its sticky property, but not so much
by the hard one. From the change in textural
properties, storability of waxy rice seemed to
be better than nonwaxy rice. Yanase et al.’®,
however, reported that the preservability of
waxy rice was less than nonwaxy rice, based
on the decrease of viability of the embryo and
the increase of fat acidity. Ebata and
Ishikawa® also showed that the long-term
storability of waxy rice was less than nonwaxy
rice judging from cooking quality. Therefore,
more detailed study is needed on eating qual-
ity such as texture for the preservability of
waxy rice.

In the previous papers'*!® we admitted
that the texture was closely related to the
contents of water-insoluble protein, amylose
and fat-by-hydrolysis. However, in this exper-
iment water-insoluble protein and amylose
contents showed no significant change. Hence,
deterioration of the texture during storage
seemed difficult to be explained by the change
in water-insoluble protein and/or amylose
contents. Fat-by-hydrolysis content, however,
increased with storage. This may suggest a
contributing factor in the deterioration of tex-
ture, particularly of the hard features. Texture
deterioration of indica nonwaxy rice was less
than japonica nonwaxy rice. This may be
related to the small change in fat-by-hydroly-
sis content in the former. Manifigat and
Juliano® reported that the content of starch
lipids was the lowest for waxy rice and the

highest for intermediate-amylose rice. More-
over, starch lipids content of the low-amylose
rice was between that of waxy and intermedi-
ate-amylose rice. Japonica and indica rice in
this study belonged to low and intermediate
-amylose rice, respectively®. Our experiment
ascertained results of Manifigat and Juliano?.
Higher amylose content of indica rice has been
considered to be the cause of its harder and
less sticky texture®. Besides amylose, fat-by
-hydrolysis content should also be noted. Fat
-by-hydrolysis content in waxy rice remained
nearly unchanged during storage. This was
suggested to be related to small change in
hard texture of waxy cooked rice.

Increase in fat acidity is caused by the
decomposition of fatty substances, and
thought to be correlated with both the
increase in fat-by-hydrolysis content and the
decrease of pH in the cooking liquid.
Yasumatsu et al.'® suggested that free fatty
acids increase during storage and bind with
amylose in starch, and the increase in fatty
acid-amylose complex may affect maximum
viscosity of amylogram. Therefore, a certain
extent of free fatty acid increased during stor-
age are considered to be binded with amylose
and amylopectin in starch, and affect the
texture. Remaining part is thought to cause
the decrease in pH in the cooking liquid. Fat
acidity in waxy rice was about 1.5 to 2-fold
greater than that in nonwaxy rice at the
beginning of storage. Villareal et al.'” suggest-
ed that higher amount of free fatty acid in
waxy rice might be correlated with its lower
amount of amylose which could be binded
with fatty acids. Change in fat acidity was the
least in waxy rice. This may be related with
the small change in fat-by-hydrolysis content.

The decrease in pH in the cooking liquid
seemed to be related to the deterioration of the
taste of cooked rice. It has been said that
glutamic acid is an important taste substance
of rice. Recently, Saikusa et al.'® reported that
glutamic acid content in the exterior of milled
rice kernels was above the threshold value. In
a previous paper'®, we clarified that high
eating quality cultivars contained higher
amount of glutamic acid, particularly in the
exterior of cooked rice. Matsuzaki et al.!® also
suggested that high eating quality cultivars
had a higher rate of glutamic acid. Therefore,
the decrease in the amount of glutamic acid
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and its ratio may also be correlated with the
deterioration of the taste. In our previous
paper'®, we showed that the easiness of dis-
solving out the “umami’ taste substance was
closely related to the sticky texture through the
easy dissolving out of solids from cooked rice.
In this study, stickiness of texture decreased
during storage. However, the amount of
glutamic acid in the exterior of cooked rice did
not show remarkable change. Long-stored rice
expands more during cooking and increases in
its surface area as compared to newly harvest-
ed rice. The resulting old cooked rice may
easily dissolve out its glutamic acid.

Indica nonwaxy rice showed less change in
texture, fat acidity and pH than japonica
nonwaxy rice. This suggests that indica rice
may have better storability than japonica rice.

References

1. American Association of Cereal Analytical Chem-
ists 1980. Official Methods of Analysis. (13th
ed.). Association of Official Analytical Chemists,
Washington, D.C., Section 14019.

2. Chikubu, S., T. Iwasaki and T. Tani 1960. Studies
on cooking and eating qualities of white rice.
(Part 1). Comparison between japanese rice and
foreign rice. Eiyo to Shokuryo 13:137—140*.

3. Chikubu, S., T. Iwasaki, H. Horiuchi and T. Tani
1965. Changes of chemical qualities in husked rice
during low temperature storage (Part 2). Eiyo to
Shokuryo 18 : 204—209*.

4, Chikubu, S., H. Yanase, I. Endo, M. Kikuchi and
T. Tani 1966. The preservability of paddy half
-dried to different moisture content during tempo-
rary storage. Proc. Crop Sci. Soc. Japan 34 :472
—477*.

. Ebata, M. and S. Ishikawa 1977. Changes in
cooking quality and its varietal differences with
storage of rough rice. Rep. Tokai Breed. Crop Sci.
Soc. Japan 79 :37—41**.

6. Ebata, M., K. Hirasawa and S. Shibata 1982.
Studies on the texture of cooked rice. II. Effects of
kernel size, apparent quality of brown rice and
degree of kernel maturation. Jpn. J. Crop Sci. 51 :
242—247*.

7. Ishikura, N. and Y. Masuo 1969. On the tempo-
rary storage of high moisture rough rice. I. Deteri-
oration in the quality of rough rice of different
moisture content during the storage at controlled
temperatures. Proc. Crop Sci. Soc. Japan 38: 137
—142*,

8. Juliano, B.O. 1968. Relation of some properties of

&}

12.

13.

14.

15.

16.

17.

18.

19.

rice starch and protein to eating quality prefer-
ences for milled rice in Asia. Getreide Mehl 18 : 82
—84.

. Maniiigat, C.C. and B.O. Juliano 1980. Starch

lipids and terir effect on rice starch properties.
Starch/Starke 32 : 76—82.

. Matsuzaki, T., T. Takano, S. Sakamoto and T.

Kuboyama 1992. Relation between eating quality
and chemical components in milled rice and
amino acid contents in cooked rice. Jpn. J. Crop
Sci. 61 :561—567.

. Nagato, K. 1971. Effects of storage and drying on

cooking quality of rice. Proc. Crop Sci. Soc. Japan
40 :299—305*.

Perez, CM. and B.O. Juliano 1981. Texture
changes and storage of rice. J. Texture Stud. 12 :
321—333.

Saikusa, T., Y. Mori and T. Horino 1993. Distri-
bution of free amino acids in Koshihikari grains
and their changes in content when soaked in
water. Jpn. J. Crop Sci. 62 (Extra 1) : 286—287.
Tamaki, M., M. Ebata, T. Tashiro and M. Ishi-
kawa 1989. Physico-ecological studies on quality
formation of rice kernel. 1. Effects of nitrogen top
-dressed at full heading time and air temperature
during ripening period on quality of rice kernel.
Jpn. J. Crop Sci. 58 : 653 —658.

Tamaki, M., M. Ebata, T. Tashiro and M. Ishi-
kawa 1989. Physico-ecological studies on quality
formation of rice kernel. II. Changes in quality of
rice kernel during grain development. Jpn. J.
Crop Sci. 58 : 659—663.

Tamaki, M., M. Ebata, T. Tashiro and M. Ishi-
kawa 1989. Physico-ecological studies on quality
formation of rice kernel. III. Effects of ripening
stage and some ripening conditions on free amino
acids in milled rice kernel and in the exterior of
cooked rice. Jpn. J. Crop Sci. 58 : 695—703.
Villareal, R.M., A.P. Resurreccion, L.B. Suzuki
and B.O. Juliano 1976. Changes in physico-
chemical properties of rice during storage. Starch/
Stiarke 28 : 88—94.

Yanase, H., I. Endo and S. Chikubu 1981. Studies
on quality and processing suitability of glutinous
rice. Part 1. Milling yields, properties of appear-
ance and storage of glutinous rice. Rep. Natl
Food Res. Inst. 38 : 1 —9*.

Yasumatsu, K., S. Moritaka and T. Kakinuma
1964. Effect of the change during storage in lipid
composition of rice on its amylogram. Agric. Biol.
Chem. 28 : 265—272.

In Japanese with English summary.
Translated from Japanese by the present authors.

NII-Electronic Library Service





