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The physicochemical properties of 10 Chinese varieties were compared with those of Japanese varie-
ties. Chinese and Japanese varieties were not significantly different in amylose content. However, maxi-
mum viscosity and breakdown value were significantly lower in the Chinese varieties than in the Japanese
varieties, and protein content and hardness/adhesion ratio were higher in the Chinese varieties. In the
Japanese varieties, the lower the amylose content, the lower was the protein content, which is a preferable
quality for palatability. However, the lower the amylose content, the higher was the protein content in the
Chinese varieties. In the Japanese varieties, the protein content was negatively correlated with amylogram
properties and positively with texture properties, but the opposite tendency was observed in the Chinese
varieties. Among the physicochemical properties of the Chinese varieties, the most serious problem was
protein content; especially there is a need to disrupt the negative correlation between protein content and
amylose content.
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INTRODUCTION

Concerning the physicochemical properties of rice,
the lower the amylose content, the higher was the vis-
cosity which increases palatability (Inatsu, 1988; Matsue,
1993, 2012). Furthermore, rice with lower protein con-
tent is soft when cooked and has high viscosity which
increases its palatability. In the amylogram properties of
polished rice flour, the higher the maximum viscosity and
breakdown value, the higher was the viscosity which
results in higher palatability. Concerning the texture
properties, the lower the hardness/adhesion ratio, the
stronger was the viscosity of cooked rice and the higher
was the palatability. Therefore, the combination of these
physicochemical properties is necessary to produce highly
palatable rice. Selection based on these properties is
essential for breeding highly palatable rice.

Recently, the physicochemical properties of rice
have also been investigated in China. However, few of
these studies compared the physicochemical properties
of a large number of varieties and their genetic correla-
tion. Cui et al. (2016b) investigated and compared the
physicochemical properties of 260 varieties from various
districts of China. They found a negative genetic correla-
tion between amylose and protein contents, and pointed
out the importance of the disruption of the correlation in
breeding palatable rice (Cui et al. 2016b). Except for
this report, only a few studies have analyzed the physic-
ochemical properties of Chinese varieties and only a few
of them examined the physicochemical properties of
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Chinese varieties and their correlation with those of
Japanese varieties (Cui et al. 1999a, 1999b, 2000; Bian et
al. 2006). Therefore in this study the physicochemical
properties of Chinese and Japanese varieties were com-
pared, and the correlation between them was examined.

MATERIALS AND METHODES

Used varieties and cultivation method

In this experiment, 10 Chinese and Japanese varie-
ties in Table 1 were used. These varieties were grown at
the experimental field of Tianjin Agricultural University
and Fukuoka Agricultural Research Center in 2008.
Chinese varieties were cultivated at the Tianjin Stock
Seed Farm at the density of 22.5hills m*® (30 cm row
spacing and 15cm hill spacing), one plant per hill.
Nitrogen fertilizer was applied four times, 24.0 gm™ in
total. Japanese varieties were cultivated at a density of
22.5 hills m* (30 cm row spacing and 15 em hill spacing),
one plant per hill. Amount of nitrogen application varied
with the variety; it was 7.0 gm® for Yumetsukushi and
Tsukushiroman, 7.5 gm™” for Koshihikari and Mineasahi,
8.5gm™* for Kinuhikari and Hinohikari, 9.0 gm™® for
Nipponbare and Tsukushiwase, and 12.0gm® for
Nishihomare and Tsuyaotome in total, and divided into
three times.

Methods of measuring physicochemical properties

Brown rice was polished to 91~ 92%, and it was used
to investigate physicochemical properties at the China—
Japan Joint Research Center on Palatability and Quality
of Rice in Tianjin Agricultural University. Amylose and
protein contents of the polished rice were measured with
an auto—analyzer AA-3 (BRAN LUEBBE Co.). Protein
content was shown on a dry matter basis. Amylogram
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Table 1. Outline of Chinese and Japanese varieties

Country No. Variety Feature Region
1 Jinyuan4b High yielding
2 Jinchuanl Highly palatabule
. L Hebei
3 No.47 High yielding Province
4 DB16 High yielding
5 DB14 High yielding
China
6 Jinyuan47 Highly appearance quality
S . L Huabei
7 bA/dr06 The hybrid rice, high yielding Region
8 bA/dr17 The hybrid rice, high yielding
9 JinyuanD1 High yielding Hebei
10 E28 High yielding Province
11 Koshihikari Highly palatabule
12 Kinuhikari Highly palatabule Japan
13 Mineasahi Highly palatabule
14 Yumetsukushi Highly palatabule Fukuoka Prefecture
15 Nipponbare Moderately palatabule Japan
Japan 16 Tsukushiroman Highly palatabule
Fukuoka Prefecture
17 Tsukushiwase High yielding
18 Hinohikari Highly palatabule
Western Japan
19 Nishihomare High yielding
20 Tsuyaotome Highly palatabule Fukuoka
Prefecture

properties of polished rice flour, maximum and minimum
viscosities were measured by using a Rapid Visco Analyzer
RVA (NEWPORAT SCIENTIFIC Co.), and breakdown
value was obtained from the difference between them.
The texture properties of cooked rice, hardness and adhe-
sion were measured with Rice Hardness—Viscosity Meter
RHS - 1A (SATAKE Co.) and hardness /adhesion ratio
was calculated.

RESULTS

Varietal difference in physicochemical properties

Table 2 shows the physicochemical properties of the
Chinese and Japanese varieties. The amylose contents of
the Chinese varieties were 15.3 (No. 47) ~ 18.4% (Jinyuan
D1), and those of the Japanese varieties were 14.8
(Tsukushiroman) ~ 17.8% (Nishihomare). The mean val-
ues were 17.0% and 16.2%, respectively, and there was
no significant difference between the mean values in the
Chinese and Japanese varieties. The protein content was
8.4% (Jinyuan D47 and E28) ~ 11.3% (No. 47) in the
Chinese varieties, and 6.7% (Hinohikari) ~ 8.3%
(Nishihomare) in the Japanese varieties. The mean val-
ues were 9.2 and 7.5%, respectively, and the values were
significantly higher in the Chinese varieties than in the
Japanese varieties.

The maximum viscosity was 120 RVU (Jinyuan D1) ~
227 RVU (Jinchuan 1) in the Chinese varieties, and 225
RVU (Nishihomare) ~ 289 (Kinuhikari) in the Japanese
varieties. The breakdown value was 36 RVU (Jinyuan

D1) ~ 97RVU (No. 47) in the Chinese varieties, and
83 RVU (Nishihomare) ~ 124 RVU (Koshihikari) in the
Japanese varieties. The hardness /adhusion ratio was 6.9
(Jinchuan 1) ~ 35.6 (Jinyuan 47) in the Chinese varie-
ties, and 4.3 (Tsukushiroman) ~ 6.0 (Nishihomare) in the
Japanese varieties. The mean values of maximum vis-
cosity were 167 RVU in the Chinese varieties and 260 RVU
in the Japanese varieties. The mean breakdown value
was 62 RVU and 111 RVU, in the Chinese and Japanese
varieties, respectively, and the mean hardness /adhesion
ratio was 18.2 and 5.2, respectively. The maximum vis-
cosity and breakdown value were significantly higher in
the Japanese varieties and hardness / adhesion ratio was
significantly higher in the Chinese varieties.

Mutual correlation of physicochemical properties

Fig. 1 shows the relationship between amylose and
protein contents. In the Chinese varieties, a significant
negative correlation was observed between them, but in
the Japanese varieties, a positive but not significant cor-
relation was observed.

Table 3 shows the mutual correlation coefficients
among physicochemical properties. In both Chinese and
Japanese varieties, the amylose content was negatively
correlated with maximum viscosity and breakdown value,
and positively with hardness/adhesion ratio. However, in
the Chinese varieties, the correlation coefficient between
amylose content and hardness/adhesion ratio was not sig-
nificant. On the other hand, the protein content of
Chinese varieties was correlated positively, though not
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Table 2. Physicochemical properties of Chinese and Japanese varieties

Amylose Protein Maximum Breakdown
Country No. Variety content content viscosity value A diiz(ij;fi;/tio
(%) (%) RVD) RVD)
1 Jinyuan4b 17.6 8.7 136 47 11.6
2 Jinchuanl 15.7 9.4 227 75 6.9
3 No.47 15.3 11.3 223 97 23.5
4 DB16 16.9 8.9 188 78 114
5 DB14 17.1 10.1 140 49 11.7
China
6 Jinyuan47 18.0 8.4 148 52 35.6
7 bA/dr06 17.8 8.6 152 54 15.6
8 bA/dr17 16.3 9.5 160 61 21.2
9 JinyuanD1 18.4 85 120 36 26.8
10 E28 17.2 8.4 178 72 17.8
11 Koshihikari 155 7.5 248 124 5.0
12 Kinuhikari 16.2 7.6 289 113 5.6
13 Mineasahi 16.3 7.7 247 106 5.7
14 Yumetsukushi 15.9 7.9 275 117 4.9
Japan 15 Nipponbare 16.9 7.3 250 108 5.4
16 Tsukushiroman 14.8 7.3 285 121 4.3
17 Tsukushiwase 16.0 6.8 266 122 5.4
18 Hinohikari 15.7 6.7 258 104 4.7
19 Nishihomare 17.8 8.3 225 83 6.0
20 Tsuyaotome 16.6 7.4 260 112 5.2
Mean Chinese varieties 17.0a 9.2a 167b 62b 18.2a
value Japanese varieties 16.2a 7.5b 260a 111a 5.2b
The different small alphabets are significantly different at 5% level.
12 Chinese varieties 9 Japanese varieties DISCUSSION
S 1 07875 % 1=0.514" PY The lower the amylose content and protein content,
z ® ; 8 ™ the higher was the palatability of rice (Inatsu, 1988;
% 10 () % ° Y '.. Matsue, 1993, 2012). The standard value for palatable
§ o® 9 rice in Japan is an amylose content of less the 20.0%,
£ 9 ° g o® and protein content of less than 8.5% (Matsue 1993).
O\. Furthermore, the higher the maximum viscosity and the
§ ’ ' 0 breakdown value, the higher was the palatability of rice.
14 16 18 20 4 15 16 17 18

Amylose content (%) Amylose content (%)

Fig. 1. Correlation between amylose content and protein content.
**#: Significant at 1% level.
ns: Not Significant.

significantly, with maximum viscosity and breakdown
value, and negatively with hardness/adhesion ratio. By
contrast, in the Japanese varieties, the protein content
was correlated negatively with maximum viscosity and
breakdown value, but positively with hardness/adhesion
ratio. In both Chinese and Japanese varieties, there was
a strong positive correlation between maximum viscosity
and breakdown value.

The standard value for palatable rice is a maximum vis-
cosity higher than 300 RVU and breakdown value larger
than 100. There is no standard for hardness/adhesion
ratio, but Cui et al. (2016b) reported the standard to be
a hardness/adhesion ratio of less than 20.

The mean value of amylose content was higher in the
Chinese varieties than in the Japanese varieties though
not significantly (Table 2). And there were no Japanese
or Chinese varieties with amylose content higher than
20%. The highest and the lowest protein contents were
11.3 and 8.4%, respectively, in the Chinese varieties and
8.3% and 6.7%), respectively, in the Japanese varieties.
Thus the lowest value in the Chinese varieties was much
the same as the highest value in the Japanese varieties.
Therefore, the mean value was significantly higher in the
Chinese varieties than in the Japanese varieties. Only one
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Table 3. Correlation coefficient among physicochemical properties

Country Physicochemical property PC MV BD H/-H
Amylose content (AC) —0.787** —0.874%* —0.841%* 0.343
Protein content (PC) 0.529 0.588 -0.121
China Maximum viscosity (MV) 0.932%#* —0.305
Breakdown value(BD) -0.190
Hardness/adhesion ratio (H/~H)
Amylose content (AC) 0.514 -0.670* —0.797#* 0.849%*
Protein content (PC) -0.327 -0.474 0.492
Japan Maximum viscosity (MV) 0.668* -0.536
Breakdown value(BD) —0.591

Hardness/adhesion ratio (H/~H)

® kR Significant at 5%, 1% and 0.1% level, respectively.

of the Chinese varieties met the standard value of pro-
tein content, but all of the Japanese varieties met the
standard.

None of the Chinese and Japanese varieties had maxi-
mum viscosity meeting the standard of 300 RVU, but the
maximum viscosity was higher than 200 RVU in all
Japanese varieties. In the Chinese varieties, the maxi-
mum viscosity was higher than 200 RVU only in Junchuan
1 and No. 47. Thus, the maximum viscosity in the Chinese
varieties was significantly lower than that in the Japanese
varieties on the average. The breakdown value was
lower than the standard value in all Chinese varieties,
but in 9 of the Japanese varieties excluding Nishihomare.
In the Chinese variety Jinyuan D1, the breakdown value
was as low as 36 RVU. Therefore, the mean value of
breakdown was significantly lower in the Chinese varie-
ties. The hardness/adhesion ratio was lower than 10 in
the Chinese varieties, although it was 7 in Jinchuan 1. In
all Japanese varieties, it was lower than 10 with a maxi-
mum of 6 in Nishihomare. The lowest hardness/adhesion
ratio in the Chinese varieties was similar to the highest
hardness/adhesion ratio in the Japanese varieties, which
was the same tendency as in protein content. The mean
value of the hardness/adhesion ratio was significantly
higher in the Chinese varieties. Thus, the Chinese varie-
ties used in this study had an amylose content similar to
that in the Japanese varieties, but had lower maximum
viscosity and breakdown value than the Japanese varie-
ties, and the Chinese varieties had a higher protein con-
tent and hardness/adhesion ratio than the Japanese vari-
eties.

Among the Chinese varieties, Jinchuan 1 had the
most preferable physicochemical properties though the
protein content was slightly higher. No. 47 had the low-
est amylose content and superior amylogram properties,
but had an extremely high protein content and high hard-
ness/adhesion ratio. Jinchuan D1 had a low protein con-
tent, but as a whole the worst physicochemical proper-
ties. Among the Japanese varieties, Tsukushihomare and
Yumetsukushi had superior physicochemical properties
and Nishihomare had the worst. However, the physico-

chemical properties of Nishihomare were as a whole sim-
ilar to or slightly higher than the average of the Chinese
varieties.

There was a significantly negative correlation between
amylose and protein contents in the Chinese varieties,
but not significant, a positive correlation in the Japanese
varieties (Fig. 1). In the Chinese varieties, the varieties
with a low amylose content had a high maximum viscos-
ity and breakdown value and low hardness/adhesion ratio
which tended to be preferable for palatability (Table 3).
However, in the Chinese varieties, the varieties with a
low protein content had a low maximum viscosity and
breakdown value and high hardness/adhesion ratio which
are not preferable for palatability (Cui et al., 2016b).
Thus, the problem in physicochemical properties of
Chinese varieties is protein content, and disruption of
genetic negative correlation between protein content and
amylose content is the most important subject in the
Chinese varieties as Cui et al. (2016b) pointed out.

As mentioned above, the Chinese varieties had
markedly lower physicochemical properties than the
Japanese varieties. However, as described above, the
Chinese and Japanese varieties were cultivated under dif-
ferent cultivation conditions. Especially, the amount of
nitrogen application which affects the nitrogen content
of grains was 2-3 times larger in the Chinese varieties
than in the Japanese varieties. To obtain correct informa-
tion of physicochemical properties, it is necessary to com-
pare the Chinese and Japanese varieties under the same
condition. Cui et al. (1999a 1999b, 2000, 2001) reported
that the Chinese varieties had lower palatability than the
Japanese varieties under the same cultivation condition.
Furthermore, Bian et al. (2006) compared the physico-
chemical properties of Chinese varieties with those of
Japanese varieties raised in different years, and reported
that the palatability of Chinese varieties was similar to
that of Japanese varieties bred in the 1970s. However,
many Chinese varieties have superior individual physico-
chemical properties and by crossing these varieties, it
should be possible to breed high palatable varieties in
the near future.
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