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Effect of multiple cultivation condition on grain yield, quality and taste of rice cultivar “Tsuyahime”
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Physicochemical measurements of rice palatability in China
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Estimation Formula for Rice Palatability Based on Physico-chemical Measurements
(1 Quality and Safety Institute of Agricultural Products, Heilongjiang Academy of Agricultural Sciences,
2 Satake Inc. 3 Niigata Univ. of Pharm. Appl. Life Sci)
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Physicochemical measurements of Japonica rice in Heilongjiang Province of China
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Effect of Types of Cooking Water on the Palatability of Rice Varieties in China

Ping Li"?, Xin Zhang™?, Jing Cui’, Zhonggiu Cui*, Akihito Kusutani’, Yuji Matsue’
(* College of Basic Science, Tianjin Agricultural University, Tianjin 300384, China
2 International Joint Research Center of Technology Innovation and Achievement Transformation on Palatability of Rice,
Tianjin Agricultural University, Tianjin 300384, China
? College of Agronomy and Resource Environment, Tianjin Agricultural University, Tianjin 300384, China
4 Tianjin Rice Research Institute, Tianjin 300384, China)

The palatabiliy of rice refers to the evaluation of cooked rice by the human senses, including
appearance, aroma, taste, stickiness, hardness, and the overall eating quality represents the palatability
of cooked rice. The factors affecting the palatability of rice include genetic characteristics (variety),
production technology and the environment of the place of origin, and genetic characteristics is the
most important. In addition, it is an indisputable fact that the cooking method also has a influence on
the palatability of rice, including the type of cooking water, the soaking time, and the amount of water
added, and so on. Among the cooking methods, the type of cooking water has an important effect on
the palatability of rice. As far as we know, there is no research on the effects of type of cooking water
on the palatability of rice varieties in China. Therefore, we carried out this experiment.

[Materials and Methods]
1. Tested cultivars: Jinyuan 45, main varieties in Tianjin; Jinchuan 1: good palatability variety; Jinyuan
E28: good palatability variety.
2. types of cooking water: natural mineral water 1 (soft water); ultra-pure water (soft water); tap water
(medium hardness water); distilled water (soft water); natural mineral water 2 (hard water); drinking
pure water (soft water).
3. Cooking methods: the weight ratio of rice to water was 1:1.25 and soaking time was 30 min. Jinyuan
45 cooked with tap water served as the control in sensory evaluation.
4. Sensory evaluation: The following attributes, appearance, aroma, taste, stickiness, hardness, were
evaluated by 20 panelists who were specially trained and the overall eating quality of the cooked rice
was also scored.
5. Physical properties of cooked rice: Hardness and adhesion of cooked rice were measured using a
Texture analyzer (RHS1A type, Satake Corporation, Japan).
6. RVA spectrum of starch gelatinization properties were determined using Rapid Visco Analyser
( RVA-4 type, Newport Scientific, Australia).

[Results and Discussion]

1. Sensory evaluation: Effect of type of cooking water on the palatability of cooked rice existed
difference among varieties(Fig.1). For good palatability varieties such as Jinchuan 1 and Jinyuan E28,
the palatability of cooked rice was not affected by the type of cooking water, while for the general
palatability variety, such as Jinyuan 45, the influence was relatively large, and even if cooked with
good quality water, the palatability will not be greatly improved. From the average of the six water
treatments(Fig.2), there was a significant palatability difference between Jinyuan 45 and the other two
varieties with good palatability such as Jinchuan 1 and Jinyuan E28(P<0.05), which indicating that the
palatability of good quality rice varieties were less affected by the type of cooking water, on the other
hand, the variety with general palatability such as Jinyuan 45 was greatly affected by the type of
cooking water. Therefore, it is particularly important to strengthen the breeding of high-quality
palatability varieties.



2. Physical properties of cooked rice: Among the properties of water, hardness had the greatest effect

on the palatability of rice. Cooking with soft water, such as ultra-pure water, drinking pure water and

distilled water, could result in the smaller H/-H value, which indicated good palatability, so the most

suitable water for cooking rice is soft water(Table 1).

3. RVA spectrum of starch gelatinization properties: Many families use tap water to cook rice in life.

The highest viscosity and disintegration values of the starch pasting of Jinchuan 1 were significantly

higher than those of Jinyuan E28 and Jinyuan 45 (P<0.001), and its highest viscosity appeared earlier

than the other two varities rice.(Fig.3 and Table 2).
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Table 1 Effect of six types of cooking water on H/-H of different rice varieties

cooking water

varieties Natural mineral ~ Ultra-pure Distilled Natural mineral Drinking
Tap water
water 1 water water water 2 pure water
Jinchuan 1 7.663 7.545 8.078 8.027 8.905 7.904
Jinyuan E28 8.611 6.773 8.995 7.380 9.025 7.912
Jinyuan 45 13.015 10.304 14.266 11.521 14.372 12.924
Table 2 Effect of tap water on starch gelatinization properties of different rice varieties
varieties
paste properties
Jinchuan 1 Jinyuan E28 Jinyuan 45

highest viscosity (RVU)
disintegration value

(RVU)

312.47+3.80a

173.1746.21a

245.67+4.38b

122.36+4.56b

214.03+0.63c

99.42+5.13b

Note: different lowercase letters on the same line indicated significant differences among different treatments at 0.001 level.



HENZZRC AR OBE S . REPE, ORISR 2 BREE & BAREER 0D 5%
R G0 BEE T - BIGBE T - IS - IRIR? - AL - IRIEKE
(B R RFRRBITIEAT « 2 REERERE)
Characterization of environmental and genetic factors on texture properties of tenth filial generation of
indicaXjaponica rice crosses
Ximing Xu'!, Xiukun Li! ,Li Li!, Mingxiao Li', Lian Wu! ,Xin Zhang? , Jing Cui? , Zhengjin Xu'"
Institution:
1. Rice Research Institute of Shenyang Agricultural University/Key Laboratory of Northern Japonica
Rice Genetics and Breeding, Ministry of Education and Liaoning Province/Key Laboratory of Northeast
Rice Biology and Genetics and Breeding, Ministry of Agriculture, Shenyang 110866, China
2. China-Japan Joint Research Center on Palatability and Quality of Rice, Tianjin Agricultural University,
Tianjin 300384 China

Rice (Oryza sativa) is a staple food crop in the world, especially Asia. Indica (Xian) and Japonica
(Geng) are two representative subspecies of Oryza sativa. Indica (Xian) was grew high temperature, high
humidity and medium light environment, however, Japonica (Geng) was cultivated medium temperature,
medium humidity and high light environment. Texture properties are important indicators for evaluating
the physical properties of rice and closely related to palatability.

[Materials and Methods)
1. We divided 151 recombinant inbred lines (RILs) of tenth filial generation, which were derived from
a cross between the indica variety'Luhui 99'and the japonica variety ‘Shennong 265’ .
2. RILs and their parents were cultivated in four different ecological environments (Liaoning, Sichuan,
Jiangsu and Guangdong).
3. The air temperature, humidity and sunlight were measured by iMETOS (Pessl Instruments GmbH,
Weiz, Austria) at four areas. in 0~45 days after heading (DAH) for each line in four areas.
4. The texture properties (Hardness, Stickiness, Stickiness/Hardness and Springiness) of cooked rice was
measured with a Hardness-Stickiness texture analyzer (RHS1A; SATAKE Co. Ltd., Japan).
5. The data were analyzed using SPSS 23.0 and Origin 9.0.

[Results and Discussions]
1. Environmental factors had a significant impact on texture properties of parent varieties. Environment
had the most significant effect on stickiness, followed by springiness. It showed ‘Shennong265’ less than
‘Luhui99’ of hardness in Liaoning, Sichuan and Jiangsu, the opposite effect in Guangdong.
‘Shennong265’ was less than ‘Luhui99’ of stickiness & stickiness/hardness(S/H) in Sichuan and
Guangdong, the opposite effect in Liaoning and Jiangsu. Meantime, 151 RILs population of texture
properties had high degree of separation in four areas. Both parents and 151 RILs, the correlation degree
of environmental conditions to texture properties was ranked as temperature > humidity > light. The
effect of temperature on texture properties was mainly in grain filling stage and ripening stage, especially,
5~15 DAH had the greatest effect, and night temperature showed a stronger correlation efficiency to
texture properties than the day temperature, meantime, daily temperature range had contrary effects. The
effect of humidity on texture properties was mainly in the middle of grain filling stage. Night humidity
showed a stronger correlation efficiency to texture properties than the day humidity; the effect of light



on texture properties was mainly in the early & middle of grain filling stage. The light indicators include
Solar radiation, Light hour and Lux meter.

2. Entirely, texture properties were significantly correlated with quality of rice, especially amylose
content and total protein content. Amylose content was positively correlated with hardness and
springiness, and negatively correlated with stickiness and stickiness/hardness. Total protein content
showed a positive correlation with results of hardness and stickiness, contrary in springiness. Correlation
analysis between texture properties and four areas which were different environments, and the numbers
of significant correlation environmental factors were ranked as Liaoning > Jiangsu > Sichuan >
Guangdong.

3. Genetic analysis included /ndica-allelic frequency analysis and a quantitative trait loci (QTL) analysis
for texture properties in this study. /ndica-allelic frequency analysis showed no significant correlation
between Indica-allelic frequency and texture properties of RILs population. However, QTL analysis
showed many positions which control texture properties, except Chromosome 2 & 11. 9 QTLs of rice
hardness, 8 of stickiness, 8 QTLs of stickiness/hardness, and only one QTL springiness were founded.
Besides, the loci of texture properties on chromosome 5, 7 and 10 appeared more frequently.

This study evaluated the critical period of the filling period by calculating the dynamic changes in the
correlation between texture properties and climatic parameters. These results suggested that grain filling
stage was an important stage of texture properties of rice. So, the date of sowing can be adjusted to
improve texture properties to adapt to environmental changes. Moreover, increasing indica-allelic
frequency and keeping texture qualities was acceptable in different environments, while should avoid

QTLs of texture properties be exchanged.

iaoning-Shenyang|

- . Fig.2 The dynamic analysis of the correlation of environmental traits to
Fig.1 The areas of test distribution

Texture properties of rice. The correlation efficiency of environmental
factors (Daily average temperature, Relative humidity and Solar radiation)

Table 1 The Correlation Efficiency Between to A. Hardness; B. Stickiness; C. Stickiness/Hardness; D.

Texture properties and Environmental Springiness;( Abscissa: Frequency of Indica; Ordinate: Correlation

factors (Part) coefficient; Correlation coefficient of dot line =+0.08, Significant at 5%

A
Area Hardness  Stickiness  Stickiness/Hardness  Springiness
Entirely  Daily average temperatore  -0.065% 0.160%* 0.151% -0.243==

Relative humidity 0.065* -0.376%* -0.346%* 0.343%*

Solar radiation -0.118** -0.248%* -0.186%* 0.199**

Day temperature -0.087** 0.079** 0.087* -0.154%*

Day humidity 0.063* 0.136%* 0.100* -0.268%*

Night temperature -0.051 0.388** 0348 -0.462%%

Night humidity 0.045 -0.462%* -0.414%* 0.467**

Daily range temperature -0.021 -0.443%% -0.380%* 0.583%*

Fig.3 Four cultivar areas for Texture properties and Indica-frequency distribution of

rice A. Hardness; B. Stickiness; C. Stickiness/Hardness; D. Springiness



Characteristics of Cooking and Eating Quality of
Nanjing Series japonica Rice with Good Taste

Wang Cailin, Zhang Yadong, Zhao Chunfang, Chen Tao, Zhu Zhen, Zhao Qingyong,
Yao Shu, Zhou Lihui, Huang Shuangjie, Lu Kai
Institute of Food Crops, Jiangsu Academy of Agricultural Sciences / Nanjing Branch of Chinese
National Center for Rice Improvement / Jiangsu High Quality Rice R & D Center, Nanjing, China
210014

In recent years, semi-waxy japonica rice varieties "Nanjing 46", "Nanjing 5055" and
"Nanjing 9108" containing translucent endosperm mutant with low amylose content gene Wx-
mq (hereinafter referred to as semi glutinous gene) have been well received by consumers in
the middle and lower reaches of the Yangtze River in China because of their soft, fragrant and
semi glutinous characteristics. These varieties are not only good in eating quality, but also high
in yield and resistance to stripe virus disease. They have been recommended as the main
varieties in Jiangsu Province for many years. Among them, "Nanjing 5055" and "Nanjing 9108"
have been recognized as super rice by the Ministry of Agriculture. In 2016, "Nanjing 9108" has
been listed as the leading rice varieties in the middle and lower reaches of the Yangtze River
by the Ministry of Agriculture. High-quality rice developed with these varieties is well-known
to the public and has a strong market response. It has been awarded the honorary titles of
"Golden Award Rice" and "Golden Award Variety" for more than 20 times. In March 2016, it
won the "Best Award" in the competition with other high-quality rice such as Koshihikari from
Japan. At present, Nanjing series varieties have become the raw grains which were rush to be
buy by rice processing enterprises and grain departments in Jiangsu, Zhejiang, Anhui and
Shanghai. In recent years, when price of rice grain has fallen and it is difficult to sell grain,
Nanjing rice varieties with good eating quality have been purchased at a higher price, and the
demand exceeds supply. According to incomplete statistics, in 2017, more than 500 enterprises
in Jiangsu Province took Nanjing 46, Nanjing 5055 and Nanjing 9108 as raw grains. Through
order production and price-increase purchase, farmers'enthusiasm for planting has been greatly
enhanced, and the dual development of high-quality rice industry and seed industry has been
promoted, and the popularization area has expanded rapidly. By 2017, Nanjing 46, Nanjing
5055 and Nanjing 9108 had been planted over 3 million hectare, effectively promoting the
development of high-quality rice industry in Jiangsu Province and its surrounding areas,
making important contributions to the adjustment of the supply-side structure of the rice

industry, improving quality and efficiency, and ensuring food security.



In order to clarify the taste quality characteristics of Nanjing 46, Nanjing 5055, Nanjing
9108 and their parents Kanto 194, Wujing 13 and Wuxiangjing 14, the chemical components,
amylopectin branching structure, gelatinization characteristics and RVA viscosity of rice were
determined and correlation analyzed with cooking and eating quality. The results showed that
compared with the japonica rice varieties Wujing 13 and Wuxiangjing 14, the Nanjing series
rice varieties had higher taste value, higher amylose content, peak time, hot slurry viscosity,
lower final viscosity, lower recovery value, reduction value, and retrogradation rate, and higher
disintegration value; the branching structure of amylopectin A chain (DP6-12) had a larger
proportion, while B1 had a lower restoring value. The chain (DP13-24) had smaller proportion.
The cooking and eating quality and amylopectin branching structure of Nanjing varieties were
similar to those of Kanto 194, but different from those of Wujing 13 and Wuxiangjing 14. The
results showed that the cooking and eating quality traits of Nanjing series varieties were
inherited from Kanto 194, and were controlled by major Wx gene locus and other amylopectin
synthesis related genes. Lower amylose content and branching structure of amylopectin with
more A-chain and less Bl-chain were the main reasons for the excellent eating quality of
Nanjing series japonica rice varieties.

Key words: Nanjing series, japonica rice; good taste; cooking and eating quality

This research was supported by the earmarked fund for China Agriculture Research
System (CARS-01-62) and Jiangsu Agriculture Science and Technology Innovation Fund
(CX[12]11003) .



Effects of SS //a and SS//la Alleles on Cooking and
Eating Quality Traits of semi-glutinous japonica rice
Yao Shu, Liu Yanqing, Hu Qingfeng, Zhao Chunfang, Zhang Yadong, Zhou Lihui,
Zhao Qingyong, Wang Cailin

Institute of Food Crops, Jiangsu Academy of Agricultural Sciences/Jiangsu High Quality Rice
R&D Center/Nanjing Branch of China National Center for Rice Improvement, Nanjing, China
210014; “Corresponding author, E-mail: clwang@jaas.ac.cn

In order to clarify the reason for the difference of amylose content in different semi-
glutinous japonica varieties with the same Wx-mq allele, we reported the effect of nitrogen
application and sowing date (temperature) on amylose content of semi-glutinous japonica rice
in the previous symposium. The results show that both increasing nitrogen application and
delaying sowing date could decrease amylose content. However, the reduction was at most
within one percentage point. This results suggested that the difference of amylose content in
different semi- glutinous japonica varieties with the same Wx-mgq allele was mainly caused by

genetic factors.

In this report, sixty-four semi-glutinous lines derived from hybrid progenies of Wujing13
and Kanto194 with polymorphisms in starch synthase gene SS//a and SSI/la, were selected as
test materials. SS//a and SSI/la genotypes were identified by molecular markers. Genetic effect
of SSIla and SSIlla on amylose content, gel consistency, gelatinization temperature and RVA
profiles characteristics in the same Wx-mq gene background were studied to provide the
theoretical basis for the breeding of new varieties with excellent eating quality. The results
showed that SS//a and SSI/la had significant effects on the characteristic values of amylose
content (AC), gelatinization temperature (GT), gel consistency (GC) and rapid visco-analyser
(RVA) profile, and the two genes of which have interactive effects. The SSI/a and SSI//a alleles
from Wujing13, a non-waxy parent, had a tendency to increase AC value with a respective
increment of 1.87 and 1.23 percentage and the results were similar in two years. There was no
significant difference in GT between SS//a and SSIIla genotypes of different parents, while the
GT of genotype SSIIa™SSIIIa™ was significantly higher than that of SSI/a™SSIIla™. The result
indicates that the GT was not significantly affected by single SS//a and SSIlla genes but

remarkably influenced by the combination of the two genes. The GT of genotype SSIla™SSIlIa



"l was 1.34°C higher than that of SSIla’SSIlla™”. The GC among different genotypes was
significantly different. For example, the SSI/a allele from Wujing 13 (SSIla™) and SSIlla allele
from Kanto 194 (SS1/la™) could increase the GC of 8.74mm and 9.62mm respectively. From
the joint effect of the two genes, the GC of genotype SSI/a™SSIIIa™? was 10.64mm higher than
that of genotype SSIla™SSIlla™ and was 16.95mm higher than that of SSI/a”SSIlla™. The SSIla
allele (SSIla™) from Wujing 13, a non-waxy parent, increased the peak viscosity, hot paste
viscosity, cold paste viscosity and breakdown value, while it decreased the consistence value
and setback value in the meanwhile. However, the effect of SSI//a allele SSIIIa” from Wujing
13 was just the opposite, which decreased the peak viscosity, hot paste viscosity, cold paste
viscosity, breakdown value and increased the consistence value and consistence value. In terms
of the joint effects of the two genes, the peak viscosity, hot paste viscosity and cold paste
viscosity were the largest in SSIla’SSIIIa™ genotype, the breakdown value and consistence
value were the largest in SSIla”SSIIla® genotype, and the setback value in SSIla™”SSIlla™
genotype was the least. According to the manifestations of all characters, the 4 genotype food
quality of SSIla and SSIIIa site were the best in SSI/a”SSIIIa™ genotype, 11.54% of AC value,
comparably lower GT, GC, peak viscosity, hot paste viscosity, cold paste viscosity and

breakdown value were the largest, and the consistence value was the lowest.

Keywords: starch-synthesizing genes; cooking and eating quality; genetic effects



Variation of Cooking and Eating Quality of semi-
glutinous japonica Rice Varieties Grown in Different
Locations

Zhao Qingyong, Zhao Chunfang, Zhang Yadong, Zhu Zhen, Chen Tao, Yao Shu, Zhou
Lihui, Wang Cailin

Institute of Food Crops, Jiangsu Academy of Agricultural Sciences, Jiangsu High Quality Rice
R&D Center, Nanjing Branch of China National Center for Rice Improvement, Nanjing, China
210014; “Corresponding author, E-mail: clwang@jaas.ac.cn

For its soft texture and elite palatability, soft rice is very popular for people who live in
Northern and Eastern of China. In this study, six soft japonica rice cultivars and one normal
Japonica rice variety were used to study the variation of cooking and eating quality traits planted
in 10 different locations of Jiangsu province, China. There were significant differences in taste
value of cooked rice, amylose content, gel consistency, and RVA characteristics among semi-
glutinous rice varieties. Amylose content varied from 8.56% to 10.20% among six soft japonica
rice. With the increase of amylose content, gel consistency, gelatinization temperature and
breakdown viscosity were decreased, while peak viscosity, though viscosity, final viscosity and
setback viscosity were increased. When semi-glutinous rice varieties were compared with
normal rice varieties, semi-glutinous rice varieties had lower amylose content, though viscosity,
final viscosity, setback viscosity, consistency viscosity and peak time, and higher taste value of
milled rice, gel consistency, peak viscosity and breakdown viscosity. The differences of almost
all the traits among locations were also significant by analysis variance. In general, the taste
value of cooked rice were better for rice varieties planted in Guannan County, Lianyun District,
Tongshan District and Fengxian County with higher latitude than planted in Sihong County,
Siyang County, Sucheng District and Suining County. The variation coefficients of the same
variety varied differently among locations. Among six semi-glutinous rice varieties, Nanjing
2728, Nanjing 505 and Ning 5718 had smaller variation coefficients in almost all the
investigated traits among different locations. Thus, their cooking and eating quality traits were
rarely influenced by environmental factors. In view of their good cooking and eating quality,
Nanjing 2728, Nanjing 505 and Ning 5718 could be cultivated widely in Huaibei area of Jiangsu

Province, China.

Key words: japonica rice; cooking and eating quality; location



Difference in Fine Structure of Starch Granule and

Its Relationship with Eating Quality in Rice

Zhang Yadong, Zhao Chunfang, Lu Kai, Zhou Lihui, Chen Tao, Zhao Qingyong, Yao
Shu, Wang Cailin”®

Institute of Food Crops, Jiangsu Academy of Agricultural Sciences/Jiangsu High Quality Rice
R&D Center/Nanjing Branch of China National Center for Rice Improvement, Nanjing, China
210014; “Corresponding author, E-mail: clwang@jaas.ac.cn

Nanjing series rice varieties, a type of soft rice varieties, bred by Jiangsu Academy of
Agricultural Sciences are very popular for the population in Jiangsu province and nearby
regions. Their amylose content varied from 8 % to 12%, and their cooked rice texture was
between the glutinous rice and the common japonica rice. The starch content is related to
quality, but the relationship between starch structure and quality is poorly studied. Here we
compared starch granule structure of Nanjing series soft rice varieties with other indica, waxy
and japonica rice varieties. It was found that there were more micropores in Nanjing rice
varieties and the waxy rice than those in common indica and japonica rice varieties which
exhibited the arranged dense structure. The decrease of amylose content may affect starch
granule structure, accompanied with the starch physicochemical characteristics. On the other
hand, the microspore structure of starch granule reduced the penetration of light and increased
scattering, causing the translucent appearance of Nanjing series rice varieties. The gel
permeation chromatography (GPC) showed that the short chains AP1 (Amylopectin 1) and the
medium long chains AP2 (Amylopectin 2) of the amylopectin in Nanjing series soft rice
varieties were significantly higher than those in common japonica rice varieties, but the
increase level of the short chains of the amylopectin was larger. To quantitatively analyze the
fine structure of amylopectin, the branch chain length of the amylopectin was studied. Nanjing
series soft rice varieties had the similar fine structure of amylopectin with glutinous rice variety,
but had large differences with common japonica rice varieties. The ultrastructure of cooked
rice showed more loose and had larger pore size in Nanjing series soft rice than in common
Japonica rice, showing the easy pasting characteristics in Nanjing series of soft rice. However,
the structure of cooked rice in common japonica rice varieties was compact and the pore size
was very small. These features of fine structure of starch granule and the ultrastructure of cook
rice provide important information for explaining elite palatability of Nanjing series soft rice

varieties.

Key words:Nanjing series varieties, starch granule structure; amylopectin chain;
palatability
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