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Effect of Types of Cooking Water on the Palatability of Rice Varieties in China

Ping Li1, 2, Xin Zhang2, 3, Jing Cui2, Zhongqiu Cui4, Akihito Kusutani2, Yuji Matsue2

(1 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
3 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. 
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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).

                     
    Fig.1 Effect of six types of cooking water on the palatability        Fig.2 Sensory evaluation of different rice 
varieties of different rice varieties                                     (average of 6 kinds of water)

Fig.3 Effect of tap water on starch gelatinization properties of different rice varieties 

Table 1 Effect of six types of cooking water on H/-H of different rice varieties 

Table 2  Effect of tap water on starch gelatinization properties of different rice varieties

paste properties
varieties

Jinchuan 1 Jinyuan E28 Jinyuan 45

highest viscosity RVU 312.47±3.80a 245.67±4.38b 214.03±0.63c

disintegration value

RVU
173.17±6.21a 122.36±4.56b 99.42±5.13b

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

varieties

cooking water

Natural mineral 

water 1

Ultra-pure 

water
Tap water

Distilled 

water

Natural mineral 

water 2

Drinking

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

－ 34－ － 35－



日印交配後代の硬さ、粘性、弾力性に対する環境と遺伝要因の影響

徐錫明 1・李秀坤 1・李麗 1・李鳴暁 1・武立安 1・張欣 2・崔晶 2・徐正進 1*

（1瀋陽農業大学水稲研究所・2天津農学院）

Characterization of environmental and genetic factors on texture properties of tenth filial generation of
indica×MaSRnica  rice crosses

Ximing Xu1, Xiukun Li1 ,Li Li1, Mingxiao Li1, Lian Wu1 ,Xin Zhang2 , Jing Cui2 , Zhengjin Xu1*

Institution漡
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 (2U\]a  VaWiYa) is a staple food crop in the world, especially Asia. Indica  (;ian) and -aSRnica  
(*HnJ) are two representative subspecies of 2U\]a  VaWiYa. Indica (;ian) was grew high temperature, high
humidity and medium light environment, however, -aSRnica (*HnJ) 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.

ɉMaterials and MethodsɊ
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 MaSRnica  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.

ɉResults and DiscussionsɊ
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 Indica-allelic frequency analysis and a quantitative trait loci (QTL) analysis
for texture properties in this study. Indica-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.

               

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

Texture properties of rice. The correlation efficiency of environmental

factors (Daily average temperature, Relative humidity and Solar radiation)

to A. Hardness; B. Stickiness; C. Stickiness/Hardness; D.

Springiness;( Abscissa: Frequency of Indica; Ordinate: Correlation
coefficient；Correlation coefficient of dot line =±0.08, Significant at 5%

level in t-test)

Table 1 The Correlation Efficiency Between 

Texture properties and Environmental 

factors（Part）

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

rice A. Hardness; B. Stickiness; C. Stickiness/Hardness; D. Springiness
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日本水稲品質・食味研究会ଇ

ୈ̍৚ 本会は，日本水稲品質・食味研究会 	+BQBOFTF 4PDJFUZ GPS 3JDF 2VBMJUZ 
BOE 1BMBUBCJMJUZ
 +4321 
とশする．

ୈ 2 ৚ 本会は水稲の品質・食味にؔするֶज़のൃలおよび࣮用ٕज़のৼڵをਤると
．に，ಉֶの࢜の਌ກをް͘する͜とを໨తとするڞ

ୈ 3 ৚ 本会の会員は，本会の໨తおよび事ۀ಺༰にࢍಉし，ॴ定のखଓ͖を行った
個人会員，ஂମ会員およびࢍॿ会員とする．

ୈ 4 ৚ 本会の事務局をࣜג会ࣾڞ立にお͘．

ୈ 5 ৚ 本会はୈ 2 ৚の໨తをୡ੒するたΊ，つ͗の事ۀを行う．
   1．研究ൃද会，ߨԋ会なͲの開࠵
   2．会ใのൃ行
   3．研究およびௐࠪの࣮ࢪ
       4．そのଞ，͜の会の໨తをୡ੒するたΊにඞ要な事ۀ

ୈ � ৚ 本会にೖ会しようとする者は，氏名，ॴଐ，࿈བྷઌ，そのଞのඞ要事߲を໌
記したจॻに会අをఴ͑て本会にਃしࠐΉものとする．また，本会をୀ会し
ようとする場合は，その旨をจॻで本会に࿈བྷしなければならない．

ୈ � ৚ 本会に，つ͗の໾員をお͘．会長̍名，෭会長̎名，ධٞ員数名とし，事務
局長̍名，会޿，ܭใはධٞ員から選ग़する．

ୈ � ৚ 会長は，そのଞの໾員とٞڠしながら会務を౷ׅし，本会を୅දする．෭会
長は会長を補ࠤし，会長に事ނあると͖΍長ظに౉りෆࡏとなる場合に，そ
の୅理を務Ίる．ධٞҕ員は，ॏ要な会務を৹ٞし，ࣥ行する．

ୈ � ৚  会長は個人会員の投票により，個人会員の中から選ग़する．選ग़ํ๏のৄࡉ
はผに，͜れを定Ίる．෭会長，ධٞ員および事務局長は，個人会員の中か
ら会長がҕ৤する．

ୈ 10 ৚  ໾員の任ظは，ҕ৤日ʙ̏年とする．

ෟଇ
1 本会の会ଇは，ઃ立の日 200� 年 11 月 13 日からࢪ行する．

2 本会の໾員は，࣍のとおりとする．
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会  長 দߐ༐࣍（۝भେֶେֶӃ೶ֶ研究Ӄ・ಛ任ڭत）
෭ 会 長 େ௶研Ұ（৽ׁༀՊେֶԠ用ੜ໋Պֶ෦・ڭत）

୮໺  ٱ（๺ւಓถഴվྑڠ会）
ධٞҕ員 ೇ୩জ人（߳઒େֶ名༪ڭत）
  ૿ଜҖ޺（ژ౎෎立େֶେֶӃੜ໋ڥ؀Պֶ研究Պ・ڭत）

（研究ॴۀ૯合ηϯλʔ೶ۀ೶ݝҵ৓）ੜلᖒؠ
খྛຑࢠ（෱Ҫݝ೶ݧࢼۀ場）
ඌܗ෢จ（෱Ԭݝ೶ྛۀ૯合ݧࢼ場・اը෦長）
ཛྷढ़੒（஍ํಠ立行੓๏人ेޒ ๺ւಓ立૯合研究ߏػ）

事務局長 ཛྷढ़੒（ಉ上）ेޒ
会ܭ୲当 খྛຑࢠ（ಉ上）
ใ୲当޿ ੜ（ಉ上）لᖒؠ

3 本会の事務をॲ理するたΊɺ事務局をࣜג会ࣾڞ立（౦ژ౎中ԝ۠৽઒ 2�22�4
৽ڞ立Ϗϧ̎'）にઃஔする．事務局員の任໔は会長が行う．

4  本会のઃ立当ॳの໾員の任ظは，͜の会のઃ立の日から 201̏年 3 月 31 日まで
とする．なおɺ૯会により任ظはվਖ਼で͖る．

5 本会のઃ立当ॳの事ܭۀըおよびऩࢧ༧ࢉは，ઃ立૯会の定Ίると͜Ζによる．

� 本会のઃ立当ॳの年会අは，࣍に͛ܝるֹとする．
   年会අ  個人会අ     ̏，̌̌̌ԁ

       ஂମ会員   ̍̌，̌̌̌ԁ
ॿ会員ࢍ         Ұ̌̎ޱ，̌̌̌ԁ
        ऴ਎会員   ̑̌，̌̌̌ԁ（ೲೖは 1 ճのΈとする）

                                                                      以上
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II．日本水稲品質・食味研究会会長選挙要領
（2015 年 11 月 14 日公布）

1．選挙は事務局長が管理する．
2．有権者は個人会員である会員とする．
3．会長選挙について

事務局長は会員の立候補または推薦を受け付け，候補者の氏名，経歴，選挙公約等
を会員に公示しなければならない．
事務局長は有権者に選挙投票用紙を送付し，投票されたものを開票して 1 名を選
ぶ．
候補者が 1 名の場合は信任の可否を投票する．過半数の信任が得られなかった場
合は，その旨を会員に公示し，有権者は会員中より 1 名を選び投票する．
候補者がない場合はその旨を会員に公示し，有権者は会員中より 1 名を選び投票
する．投票はいずれも無記名とする．

4．開票は前会長立会の下，事務局長において行う．
5．当選者の決定
（1）会 長
最多得票者．ただし最多得票者 2 名以上の場合はその中の最年長者とする．
信任投票では有効投票数の過半数を得た候補者．

－ 62－ － 63－
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