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̢
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̡ ̡ ̡ ̡ ̢ 

The 40 Yearsô Retrospect on 

the Rice Way 

Mei-Chu Hong*, Cheng-Hong Li, Yi-

Chien Wu, Chih-Yung Teng, Jia-Ling 

Yang 

Taichung District Agricultural Research 

and Extension Station, Council of Agri-

culture, Executive Yuan, Changhua 

County, 515008 Taiwan R. O. C.  

ABSTRACT 

Taichung District Agricultural Re-

search and Extension Station (TDARES) 

has been conducting rice research for 

over a century. In the early stages, 

TDARES was famous for breeding three 

high-yield and high-quality varieties: 

óTaichung 65ô, óTaichung Native 1ô and 

óTaichung Sen 10ô. After moving to the 

current location in 1984, the Rice Quality 

Research Laboratory was established. It 

is the first experimental unit in Taiwan 

that simultaneously conducts research in 

three aspects: rice quality, rice breeding, 

and rice cultivation. Initially, TDARES 

aimed to establish rice quality grading 

* Corresponding email: hongmeic@tdais.gov.tw 
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systems and evaluation techniques to im-

prove the quality of rice, as well as to as-

sist the industry of high-quality rice pro-

duction and supply system. Also, in re-

spond to the impacts of trade liberation, 

TDARES engaged in cross-disciplinary 

and collaborative research with universi-

ties to deepen its rice quality research and 

develop efficient rice quality evaluation 

techniques. As a result, TDARES facili-

tated the exportation of domestically pro-

duced rice to Japan successfully, boosting 

the confidence in citizens to Taiwanese 

rice. In recent years, in response to cli-

mate change and decreasing rice con-

sumption per capita, TDARES has not 

only bred high-quality óTaichung 194ô, 

processing-suitable óTaichung Sen 197ô 

and healthy-taste óTaichung 200ô, but 

also developed climate-resilient and pre-

cision cultivation techniques. Moreover, 

TDARES has explored diversified rice 

products, enhancing the competitiveness 

of Taiwanese rice industry. In the face of 

future challenges, the aims of TDARES 

are to achieve carbon reduction, promote 

sustainability and diversity through the 

selection of high-quality rice varieties 

and the development of low-carbon emis-

sion and adaptable cultivation systems. 

Further supporting the industry in devel-

oping diverse uses and functional rice 

products through robust research on rice 

quality, and promoting the value-added 

rice industry in Taiwan. 

Keywords: Rice quality, Breeding vari-

ety, Cultivation technique, 

Climate-tolerance, Diversi-

fied uses. 
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Development and Prospect of 

Rice Varieties for Diversified 

Utilization in Taiwan 

Su-Jein Chang*, Chia-Yu Lin 

Miaoli District Agricultural Research and 

Extension Station, Council of Agricul-

ture, Executive Yuan, Miaoli County, 

363201, Taiwan R. O. C.  

ABSTRACT 

 The main objective of the develop-

ment of rice varieties for diversified uti-

lization in Taiwan is that the goals of rice 

breeding rolls according to changes in the 

industrial environment, and in recent 

years, the rice industry environment has 

changed from "quantity" to "quality"; 

Functional rice needs to be in line with 

the trend of the international indus-

try.  The development of rice varieties in 

Taiwan has also undergone a transfor-

mation of breeding goals from "quantity" 

to "quality", and "quality" is combined 

with function, resilience and ecology, 

pushing rice varieties to a situation of di-

versified utilization. The diversified use 

of rice was classified in this article as fol-

lows: good rice, traditional processed 

rice, functional/nutritional health care, 

biological/abiotic stress-tolerance, water 

conservation/environmental affinity, etc. 

* Corresponding email: sujein@mdais.gov.tw 



13 
 

After entering the WTO in 2002, there 

were 10, 5, 12, 15 and 5 varieties released 

in the above 5 terms, respectively. The 

development of diversified rice varieties 

is enhanced by changes in environmental 

parameters. In terms of function, in view 

of the increase in hypertension, hypergly-

cemia, hyperlipidemia, dialysis and el-

derly groups in Taiwan, we will actively 

engage in rice varieties with low glyce-

mic index (GI), low protein, or sarcope-

nia in the future; In terms of environmen-

tal adaptation, varieties with low nitrogen 

input, low methane emission and high 

carbon exchange rate are required. 

Keywords: Rice varieties, Rice diversi-

fied utilization.  
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The Impact of High Temperature 

on Rice Yields and Quality 

Fang-Yu Chang*, Chi-Chieh Hu, Chih-Wen 

Wu 

Kaohsiung District Agricultural Research 

and Extension Station, Council of Agricul-

ture, Executive Yuan, Pingtung County 

908126, Taiwan R. O. C.  

ABSTRACT 

 The impact of global warming on rice 

production became more serious. High tem-

perature can affect both rice yields and qual-

ity. Especially, the impact of high nigh tem-

perature (HNT) on rice yield is more serious 

than high day temperature. In this article, we 

not only reviewed the current studies of high 

temperature on rice quality (chalky grains 

and palatability), but also introduced the 

study of the reduction of endosperm cell size 

under HNT from the viewpoint of plant water 

relation. The formation of chalky grains un-

der high temperature was caused by inhibit-

ing the gene expression related to starch and 

ABA biosynthesis; promoting the gene ex-

pression of amylase and the content of hydro-

gen peroxide in caryopses. It also caused the 

dysfunction of protein disulfide isomerase 

and declining the ratio of short chain/long 

chain of amylopectin. Also, the current study 

showed that the mild shoot water deficit was 

occurred under HNT. Osmotic adjustment in 

HNT treated endosperm cells lead to a partial 

* Corresponding email: fychang@mail.kdais.gov.tw 
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inhibition of the biosynthesis of starch and 

cell wall. Because the declining growth-in-

duced water potential slowed down the cell 

expansion under HNT, the smaller endo-

sperm cell size and grain weight was ob-

served at maturity. Nowadays, the water 

management during rice grain filling stage is 

one of the strategies to cope with the high 

temperature stress in Japan. However, re-

cently, the rice production in Taiwan encoun-

tered high temperature stress coupled with 

water deficit. It is an urgent issue to setup a 

new cultivation method for rice production in 

Taiwan in the near future. 

Keywords: Rice, High temperature, Chalky 

grains, Osmotic adjustment, Cell 

expansion. 
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The Impact of Taiwan Weedy 

Rice Volunteers on Grain 

Quality and the Benefits of 

Contamination Control  

Dong-Hong Wu*, Chih-Yun Ting, Meng-

Ting Hsieh, Chih-Lu Wang, Pei-Rong 

Du, Ya-Lun Zhong, Yong-Bin Zhang, 

Charng-Pei Li 

Taiwan Agricultural Research Institute, 

Council of Agriculture, Executive Yuan, 

Taichung City 413008, Taiwan R. O. C.  

ABSTRACT 

In Taiwan, the prevalence of weedy 

rice (WR) contamination in Taiwan 

paddy field has experienced a significant 

increase. This weed contamination leads 

to a reduction in the yield and commodity 

value of cultivated rice. To combat this, 

* Corresponding email: dhwu@tari.gov.tw 
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many farmers use tillage to promote 

weed decomposition in gap between sea-

sons. However, this practice can increase 

the density of soil seedbank, leading to 

harm in subsequent crops. To address this 

issue and establish effective weed control 

methods, we conducted a study that col-

lected 4,031 seed lots through stratified 

sampling from the Meinong contract 

farming area, public stock paddy area, 

and Sanyuan public stock paddy area 

from 2018 to 2020. We used this data to 

establish a contamination map and find 

out the guidance of key hotspots, cover-

ing a multi-year total of 2,375 hectares. 

After we extended our weedy rice control 

guidance to the Meinong contract farm-

ing area, the control benefit reached 2.85 

million NTD in 2020. Additionally, we 

set up a weed control experiment plot 4 

rotations in 2 years to observe the occur-

rence rate of volunteer seedlings under 

different cultivation models. The results 

showed that while herbicides effectively 

controlled the occurrence of seedbank 

seedlings, the number of volunteer seed-

lings did not decrease and even in-

creased. This increased the risk of red 

rice contamination in subsequent crops, 

compressing the growth space of culti-

vated rice. Based on these findings, con-

ventional cultivation management is no 

longer effective in controlling the occur-

rence rate of weedy rice in the paddy 

fields. We recommend using certified 

rice seeds in weed control strategies, as 

well as rice straw degrading fungi to re-

duce the burial of weedy rice seeds dur-

ing tillage. The induction of weed seed 

germination through post-harvest pro-

longed inundation followed by the appli-

cation of pre-emergent herbicides can re-

duce the density of weed seedbank and 

minimize the occurrence of contamina-

tion rate. 

Keywords: Weedy rice, Red rice, Seed-

mediated contamination, 

Soil seedbank, Volunteer, 

Grain quality. 
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Climate change and global warming 

are the most important issues at present. 

The temperature will rise by 2.4 oC in the 

middle of this century, and even up to 4.4 

oC in the end of the century. The trend of 

warming will lead to a significant impact 

on grain yield and quality. Facing the 

harsh climate in the future, the rice indus-

try urgently needs to develop strategies to 

stabilize the production and market of 

rice in Taiwan. This article will introduce 

various coping strategies for rice produc-

tion, including forecasting, adjustment of 

cultivation period, field grain number 

management, grain fertilizer manage-

ment, irrigation management and breed-

ing research. forecasting strategies in-

clude climate and crop model forecasts. 

The results show that rising night temper-

atures and water shortages will occur 

more frequently in the future, which will 

lead to a decrease in rice sterility, in-

crease in chalky grain rate, and a deterio-

ration in appearance quality. In terms of 

cultivation period adjustment, it is possi-

ble to advance or delay transplanting by 

using a single-phase cropping system in 

summer, so as to avoid the risk of high 

temperature during the grain filling pe-

riod. However, the risk of typhoon and 

bird damage must still be considered. In 

terms of grain number in the field, con-

trolling the grain number per area with 

proper fertilization and drying manage-

ment can increase the available carbohy-

drates and reduce the occurrence of 

chalky particles. In terms of grain ferti-

lizer management, an appropriate amount 

of nitrogen fertilizer can be applied after 

heading to improve the physiological ac-

tivities of grain filling and reduce the 

chalky grain rate. In terms of irrigation 

management, the application of intermit-

tent irrigation, running water irrigation or 

deep water irrigation can promote root 

development and improve rice quality. As 

for the breeding of heat-resistant varie-

ties, many rice quality-related genes have 

been located and molecular markers have 

been established, which can be used as an 

important reference for breeding. How-

ever, some genes are polygenic or have 

pleiotropic effects, and caution should be 

paid during the breeding process. The 

trend and impact of climate change and 

global warming are dynamic, and the for-

mulation and implementation of rice pro-

duction strategies should also be dis-

cussed and revised continuously. This is 

also the main responsibility of rice re-

searchers in the future. 

Keywords: Rice, Climate change, 

Warming, Rice quality, 

Transplanting time, Yield 

component, Alternative wet-

ting and drying (AWD), 

Root management, Heat-tol-

erant variety. 
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̢ ó ô

ó 67ô DNA

ó ô ó ô

ó ô
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 (Simple sequence repeat) 

6 qGCR6 ̢

F2:3F3:4

qGCR6 6

SNP2171SNP2215 43.9 kb

̢ 

̡ ̡ ̢ 

Example of Molecular-As-

sisted Technology for Devel-

oping High-Quality Rice Vari-

eties 

Rong-Kuen Chen, Yann-Rong Lin, 

Sheng-Shan Wang 

Tainan District Agricultural Research and 

Extension Station, Council of Agricul-

ture, Executive Yuan, Chiayi County, 

611002 Taiwan R. O. C.  

ABSTRACT 

This study uses molecular marker-

assisted breeding techniques to develop 

and select rice varieties with quantitative 

trait loci related to excellent rice taste 

quality. Taking the Japanese rice variety 

óKoshihikariô introduced to Taiwan as an 

example, it is sensitive to light cycles, re-

sulting in extremely early heading, de-

creased yield, and rice quality. Therefore, 

molecular marker-assisted backcross 

breeding techniques were used to select 

for the óTainung 67ô gene for photoperiod 

insensitivity as a DNA molecular marker 

* Corresponding email:  rkchen@mail.tndais.gov.tw 
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for foreground selection, and óKoshihi-

kariô background selection was carried 

out to introduce the photoperiod insensi-

tivity gene from Taiwanese rice varieties 

into óKoshihikariô. This resulted in a new 

rice variety with a heading and flowering 

period similar to that of Taiwanese rice 

varieties, but with a genetic background 

mostly derived from óKoshihikariô, 

achieving the goal of localizing óKoshihi-

kariô. In addition, the difference in rice 

glossiness between 8 óKoshihikariô near-

isogenic lines was further compared by 

SSR polymorphic markers, and a signifi-

cant difference was found at the qGCR6 

locus on the short arm of chromosome 6 

in the genetic map. Using F2:3 and F3:4 

backcross selfing lines of óKoshihikariô 

near-isogenic lines as a mapping popula-

tion, rice glossiness and genotype analy-

sis were carried out, and the qGCR6 locus 

for rice glossiness was finally located be-

tween the molecular markers SNP2171 

and SNP2215 on the distal end of chro-

mosome 6, a 43.9 kb chromosome inter-

val that can be further applied to improve 

the quality of rice for consumption. 

Keywords: High-quality rice varieties, 

Molecular-assisted technol-

ogy, Genetic mapping of 

cooked rice glossiness.  

 

2005

̡

̢  

(Marker-assisted selection, MAS) 

̢MAS

DNA

 (

2014; Collard et al. 2008)̢ 

 

̡

̡ ̢

̢

̡

̢ 

6

(Wx) Wx



60 

(Mikami et al. 2008; Isshiki et al. 2008; 

Tran et al. 2011)

 (Takeuchi et al. 2006; 

Lou et al. 2009)̢  (Alk) 

II (Soluble 

starch synthase II) 

(Zhenyu et al. 2003)̢

QTL 3

6  

(Takeuchi et al. 2008) ̡

6

 (Wang et al. 2017)̢2012

ó

16ô

 ( 2012)2019

ó

16 ô ó 13 ô

ó

19ô ( 2019)̢ 

 (Foreground selection) 

 (Background selection; Jena and 

Mackill 2008)̢

̢

 (

2014)̢

̢ 

Ǻ 16 ǻ  

 ( ̡

) 

̢

ó 67 ô

 (hd6, hd1, ehd1) DNA

 (Yano et al. 2000; Takahashi et al. 

2001; Kojima et al. 2002; Doi et al. 

2004)

ó 67 ô  (

) ó ô

 ( )

 ( 1)̢

ó 67 ô ó

ô  (

2010)̢ BC4F2 8

3



61 

hd1̡ehd1

Hd6

1001044 (

2 2011)

ó 16ô ( 2012)̢ 

ó 16 ô ó ô

̢

2 ó

67 ô ó ô

94% ó ô

13.3

20.4 ( 3)̢

ó

ô  ( 1)

ó ô  (

4) ó ô ̡

 ( 2012)

̢ 

qGCR6  

̢

ó 16 ô 8

2  ( 2) 87-111̡

87-14387-233

5 87

SSR

6 qGCR6

 ( 5)̢

87-

15587-233 F2:3F3:4

̢

 (Toyo-

taste meter, MA-30A;  Toyo Rice  Cor-

poration, Wakayama, Japan)  

̢

qGCR6

6

SNP2171 SNP2215

43.9 kb  ( 6)

10   

(Wang et al. 2017)

̢ 

 

̢

̢ 

 

̡ ̡ ̢2012̢

16 ̢

 60: 1-12̢ 

̡ ̡ ̢2014̢

̢p.35-

44̢

̢ ̢



62 

̢ 

̡ ̡ ̡ ̢

2010̢ hd1̡

Hd6ehd1

̢  7: 

1-20̢ 

̡ ̡ ̡ ̡

̡ ̡ ̢2019̢

19 ̢

 74: 1-12̢ 

̡ ̡ ̡ ̡

̢2011̢Hd1̡Hd6Ehd1

̢ ̡

 8: 45-57̢ 

Collard BC, DJ Mackill (2008) Marker-

assisted selection: An approach for 

precision plant breeding in the 

twenty-first century. Philos. Trans. 

R. Soc. Lond. B. Biol. Sci. 363: 

557-572. 

Doi K., T. Izawa, T. Fuse, U. Yamanou-

chi, T. Kubo, Z. Shimatani, M. 

Yano, A. Yoshimura. 2004. Ehd1, a 

B-type response regulator in rice, 

confers short-day promotion of 

flowering and controls FT-like gene 

expression independently of Hd1. 

Genes Dev. 18: 926-936 

Isshiki M, Y Matsuda, A Takasaki, HL 

Wong, H Satoh, K Shimamoto 

(2008) Du3, a mRNA cap-binding 

protein gene, regulates amylose 

content in Japonica rice seeds. Plant 

Biotechno. 25: 483-487. 

Jena KK, DJ Mackill (2008) Molecular 

markers and their use in marker-as-

sisted selection in rice. Crop Sci. 

48: 1266-1276. 

Kojima S, Y Takahashi, Y Kobayashi, L 

Monna, T Sasaki, T Araki, M Yano 

(2002) Hd3a, a rice ortholog of the 

Arabidopsis FT gene, promotes 

transition to flowering downstream 

of Hd1 under short-day conditions. 

Plant Cell Physiol. 43: 1096-1105. 

Lou J, L Chen, GH Yue, QJ Lou, HW 

Mei, L Xiong (2009) QTL mapping 

of grain quality traits in rice. J. Ce-

real Sci. 50: 145-151. 

Mikami L, V Dung, HY Hirano, Y Sano. 

(2008) Effects of the two most com-

mon Wx alleles on different genetic 

backgrounds in rice. Plant Breed. 

119: 505-508. 

Takahashi Y, A Shomura, T Sasaki, M 

Yano (2001) Hd6, a rice quantitative 

trait locus involved in photoperiod 

sensitivity, encodes the alpha subu-

nit of protein kinase CK2Ŭ. Proc. 

Natl. Acad. Sci. USA 98: 7922-

7927. 

Takeuchi Y, T Ebitani, T Yamamoto, H 

Sato, H Ohta, H Hirayashi, H Kato, 

K Ando, H Nemoto, T Imbe, M 

Yano (2008) Development of iso-

genic lines of rice cultivar Koshihi-

kari with early and late heading by 

marker-assisted selection.  Breed-

ing Sci. 56: 405-413. 

Tran NA, VD Daygon, AP Resurreccion, 

RP Cuevas, HM Corpuz, MA Fitz-

gerald (2011) A single nucleotide 

polymorphism in the Waxy gene ex-

plains a significant component of 

gel consistency. Theor. Appl. 

Genet. 123: 519-525. 



63 

Wang SS, KY Chen, YR Lin, RK Chen 

(2017) Genetic mapping of the 

qGCR6 locus affecting glossiness of 

cooked rice. Euphytica 2017: 213-

115. 

Yano M, Y Katayose, M Ashikari, U Ya-

manouchi, L Monna, T Fuse, T 

Baba, K Yamamoto, Y Umehara, Y 

Nagamura, T Sasaki (2000) Hd1, a 

major photoperiod sensitivity quan-

titative trait locus in rice, is closely 

related to the Arabidopsis flowering 

time gene CONSTANS. Plant Cell 

12: 2473-2483. 

Zhenyu G, Z Dali, C Xia, Z Yihua, Y 

Meixian, H Danian, L Jiayang, Q 

Qian (2003) Map-based cloning of 

the ALK gene, which controls the 

gelatinization temperature of rice. 

Sci. China Chem. 46: 661-668. 

 

https://www.ricedata.cn/reference/papers.aspx?id=52356
https://www.ricedata.cn/reference/papers.aspx?id=52356
https://www.ricedata.cn/reference/papers.aspx?id=52356


64 

1. 67̡ 16  

  
     

(%) (%) (%) (mm) (mm) 

 

2010 

67  12.3 a* 8.2 a 14.5 a 4.79 b 2.89 a 

 5.2 b 2.1 b 2.1 b 4.88 a 2.60 c 

16  5.0 b 1.3 b 1.9 b 4.88 a 2.71 b 

2011 

67  11.4 a 18.9 a 2.1 a 4.61 c 2.85 a 

 3.8 b 0.9 b 1.2 b 4.98 a 2.80 a 

16  3.9 b 2.6 b 0.9 b 4.81 b 2.84 a 

* Values of same column followed by the same letter are not significantly different at 5 
% level of least square difference test. 

 

 

 

2. 8  

 

DTH day to heading, PH plant height, PN panicle number per plant, SPP spikelet number per panicle, 

GF grain fertility, GW 1000 grain weight, PC protein content, GCR glossiness of cooked rice deter-

mined by Toyo-taste meter. 
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Aspects of Diversifying Pro-

cessed Rice Products  

Hung-Yi Song* 

Agriculture and Food Agency, Council of 

Agriculture, Executive Yuan, Taipei City 

100212, Taiwan R. O. C.  

ABSTRACT 

Rice has been the most important 

food in Taiwan. Every year, Taiwanese 

harvest about 1.3-1.4 million metric tons 

of rice paddy. Rice has not only been 

served as staple food at every familyôs 

kitchen, but also used as indigent of tra-

ditional rice products. However, as Tai-

wanese diet became more diversify due 

to foreign culture influence, the demand 

of the rice has gradually decreased. As 

most traditional rice products are made 

with indica rice or glutinous rice, it often 

suffers some major shortcomings in shelf 

life, distribution, and transportation. To 

reverse the decline of rice consumption, 

* Corresponding email: litahung@mail.afa.gov.tw 
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we need to be creative and seek new use 

cases of rice. The Agriculture and Food 

Agency (AFA) has been working to pro-

mote the diversification of rice in recent 

years. It uses japonica rice as raw mate-

rial and grinds it into rice flour and guides 

the industry in developing various rice 

products for sale on consumer channels. 

The AFA promotes the popularization of 

novel diversifying rice products through 

the establishment of raw material supply 

chain, talent training, lecture promotion, 

creative competition, etc.  

Keywords: Rice flour, Japonica rice, Di-

versifying rice products. 
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Exploring the Health Benefits 

of Rice 

Yu-Hsin Chen*, Cheng-Hong Li 

Taichung District Agricultural Research 

and Extension Station, Council of Agri-

culture, Executive Yuan, Changhua 

County, Taiwan, 515008 Taiwan R. O. C.  

ABSTRACT 

Rice serves as the staple food for 

Taiwanese citizens, with the diversified 

dietary habits, Taiwanôs annual rice con-

sumption per capita has been decreasing 

gradually. This trend contradicts the con-

current increase in obesity rates, suggest-

ing that rice consumption is not a princi-

pal factor contributing to obesity in Tai-

wan. Brown rice contains bran, embryo, 

and endosperm, therefore keeping the in-

tegrity of nutrients and functional metab-

olites. In the realm of health-related rice 

research over the past two decades, it has 

been discovered that active components 

* Corresponding email: ychen@tdais.gov.tw 
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such as gamma-oryzanol are noted for 

their capacity to reduce serum lipids, pro-

mote weight loss, lower blood sugar, and 

enhance antioxidant enzymes. Colored 

rice varieties, including black, purple, 

and red rice, are rich in phenolic com-

pounds, flavonoids, and anthocyanins, 

playing a significant role in antioxidation 

and preventing obesity and cancer. When 

considering the glycemic index, various 

types of rice, such as polished rice, brown 

rice, and parboiled rice, all present a no-

ticeably lower value than white bread. 

Parboiled rice is a medium-low GI food, 

depending on the varieties and pro-

cessing conditions, and can be developed 

for T2D patients and weight control. Fol-

lowing the food pyramid guideline pub-

lished by the Ministry of Health and Wel-

fare, the intervention of designed nutri-

tion-balanced meals with white rice as 

staple food were served to hyper-

lipidemia patients. The meals were ad-

ministered twice daily, 5 days a week for 

8 weeks. The results showed that total 

cholesterol and LDL-cholesterol are sig-

nificantly reduced (P<0.001), and partic-

ipants' body weight showed a decreasing 

trend. Long-term (>1 year) prospective 

clinical studies have indicated that a daily 

intake of 300g of white rice does not in-

crease the risk of type II diabetes mellitus 

(T2D), intake of 50g of brown rice daily 

can reduce 16% risk of T2D. They echo 

the findings of extensive data studies sug-

gesting a negative correlation between 

rice consumption and obesity. All this ev-

idence suggests rice is a healthy food op-

tion and should be promoted to improve 

people's health.  

Keywords: Obesity, Diabetes, Polyphe-

nols, Parboiled rice. 
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GI W̢olever(1986)18

5

 (Insulin dependent diabetes 

mellitus, IDDM)13

 (Non-Insulin dependent dia-

betes mellitus, NIDDM) 

̢

GI 100 GI

83  (100, P<0.01)

67 (P<0.01)

̢ 

Larsen(2000)

T2DM

̢ 9 T2DM

4  (WB) 

3

 (NP)̡  (TP) 

 (PP)̢

50
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 (MeanÑSEM; WB: 

626Ñ80; NP: 335Ñ43; TP: 274Ñ53; PP: 

231Ñ37mmol/1*180mi; P<0.001)̢

GI NP 55̡TP 46̡PP

39 PP NP (P<0.05)̢

 (Differential 

scanning calorimetry, DSC) 

-

PP  (Retrtogra-

dation)  (Amylopectin)

 (Amylose)

GI

̢ 

ǯ

 

2017-2020

18

27%̡

11%̡ 26%̢ 107

̡ ̡

1.721.78̡1.431.47

̡1.361.43

̡

̢

̡

3

2018

 (  (TC) > 

200mg/dL)  

(TC> 200mg/Dl (TG) > 

200mg/dL) ̪

̫

̢ 

̡ ̡

̡ 58

1:1:1

̪  (WR)̡̫̪  

(BBR)̫ ̪  (JBR)̫

100g

 (WR)̡  (BBR) 

 (JBR) 3 ̢

HACCP

̡ 5

8 ̢ 0̡ 4̡ 8

(Visit 1, 2 and 3) 

̢ 

2020

0 8

TC̡

 (LDL-C)̡  (Creatinine) 

TC 17.7 mg/dl 

(P<0.001)L̡DL-C 16.2 mg/dl 

(P<0.001)̡Creatinine0.03 

mg/dl (P<0.054 2)̢ 

̡

̡
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AST̡ ̡

BMI

 (P<0.1)

̢

 ( 4)̢

2

0.82

̢ 

 

ǯ

 

̡

̡

132 100

 (g/day/capita)  

(kcal/day/capita) 

̡ ̡

̡ ̡ ̡ ̡

̢ ̪2015 ̡

̫(Global Burden of 

Diseases, Injuries, and Risk Factors 

Study 2015 database) 

̡  (Healthy life 

expectancy, HALE) 

GDP̡65

̢

 ( ̡ ̡ ) 

 (Imai et al. 2019)̢ 

 (ɓÑSE; -

0.70Ñ0.19, P<0.001)  

 (-19.4Ñ4.3, P<0.001)

̢

50

1%̢

2019

2019 ̪ ̡ ̫

 (Imai et al. 2019)̢

̢ 

ǯ ǯ

 

 (International 

Diabetes Federation, IDF) 

2019 4.63

 (Saeedi et al. 

2019)̢ ̪2019 ̫

9.3% 220

̢

̢ 

̡ ̡

GI 

̢ 

Sun  (2010) 

19.6 ̡

3

5
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2

1

50g

16%̢ 

Yu  (2022) 

̡

PubMed̡EMBASE

Cochrane database

19

8 1  

(Prospective cohort study)

577,426

197,22811  

(Randomized controlled trial, RCT)

1,034̢ 19 15

(Pooled relative risk, RR)1.16 (95% 

Confidence interval (CI): 1.02-1.32)

16% ̢

300

 

(158g) 0.97 (95% CI: 0.92-

1.02)̢ 300

 (158) 

13% ̢

11% (95% CI: 0.81-

0.97) 50

13% 

(95% CI: 0.80-0.94)

̢ 

 

300

̢

44

120

150

54

̢ GI GI

100 GI 80-90

60-80 GI

̢ 

50

13%

25-50%

̢

10%

GI

GI ̢

̢ 

̢ 
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1.  1993-2016  

 

Year 

 

over weight 

 

Obseity 

 (kg) 

Consumption of rice and wheat per cap-

ita per year (kg) 

 24ʾBMIʾ27 BMIʿ27 Rice Wheat 

1993-1996 21.5% 11.8% 60-59 30 

2005-2008 25.5% 17.9% 50-49 37-38 

2013-2016 22.8% 23.0% 45 37-38 

̪ ̢̫ 

 

 

 

 

 

 

 

2.  (

2016N5) 

 

( 100 ) 

 

 ( 9 )  

 

 ( 9 )  

    

 (kcal) 364 353 361 387 406 362 

 (kcal) 355 352 353 379 388 338 

 (g) 12.5 14.3 13.2 11.0 10.0 12.6 

 (g) 7.4 6.6 11.0 13.7 10.9 14.1 

 (g) 2.3 0.6 2.9 7.4 10.2 2.6 

 (g) 0.6 0.2 0.6 1.1 1.9 0.5 

 (g) 1.1 0.3 1.6 2.0 1.5 1.5 

 (g) 76.6 78.2 71.3 65.9 67.4 69.2 

 (g) 4.5 0.6 3.5 3.8 8.5 11.3 
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3.  (

2016N5) 

 

( 100 ) 

- 

 

- 

9  

    

E 
      

  E  3.98 0.17 3.25 3.21 3.69 3.50 

  Ŭ- E  1.68 0.14 1.05 0.36 1.55 1.65 

  Ŭ-  1.51 0.14 0.81 0.02 1.30 1.27 

  ɓ-  0.08 0.00 0.02 0.11 0.24 0.56 

  ɔ-  1.36 0.03 2.30 2.87 1.46 1.60 

  ŭ-  1.04 0.00 0.12 0.20 0.69 0.07 

B &C 
      

  B1 0.33 0.06 0.53 0.43 0.50 0.41 

  B2 0.05 0.02 0.11 0.13 0.07 0.10 

   5.43 1.05 4.49 4.97 0.83 5.39 

  B6 0.14 0.12 0.42 0.22 0.09 0.27 

   27.1 12.3 69.1 62.2 61.1 73.3 

  C 0.1 0.0 5.0 0.0 11.9 5.1 

mg/100g 
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4 . (visit 1)̡ 4 8 (visit 2̡3)

 

 

Test results at base line and following visit  

 

Visit 1 

 

Visit 2 

 

Visit 3 

P value 

Visit 1-3 

 Mean  

 HbA1c (%) 5.96 5.9 5.93 0.4108 

TG (mg/dL) 149.58 155.37 157.05 0.6237 

TC(mg/dL) 228.74 215.47 211.05 0.0005 

HDL-C(mg/dL) 60.16 57.16 58 0.2387 

LDL-C(mg/dL) 149 136.32 134 0.0007 

BUN(mg/dL) 13.74 13.63 12.47 0.1582 

Creatinine(mg/dL) 0.78 0.77 0.76 0.0218 

AST(IU/L) 25.16 22.68 21.05 0.0836 

ALT(IU/L) 22.63 20.95 20.16 0.1597 

BODY WEIGHT (kg) 66.83 65.98 66.12 0.0950 

BMI (kg/m2) 25.4 25.09 25.14 0.0920 

AC (mg/dL) 98.47 96.58 98.63 0.9105 

eGFR (ml/min/1.73m2) 89.23 91.65 92.56 0.0539 

 systolic blood pressure (mmHg) 129.74 127.37 127.79 0.4702 

 diastolic blood pressure(mmHg) 80.0 77.79 77.16 0.2236 

CAP (dB/m) 266.68 -- 261.37 0.4942 

 Liver fibrosis index (kPa) 4.86 -- 4.89 0.8941 

Abbreviations: AC: fasting blood glucose; ALT: alanine aminotransferase; AST : 

aspartate aminotransferase; BMI : body mass index; BUN: blood urea nitrogen; CAP : 

controlled attenuation parameter; CI:  confidence interval; eGFR: estimated 

Glomerular filtration rate; HbA1c:  glycosylated hemoglobin; HDL: high density 

lipoprotein; LDL: low density lipoprotein; LFS:  liver fat score; TC: total cholesterol; 

TG: triglycerides. 
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1  

1̡ 1̡ 1̡ 2̡ 1̡ 3̡
3̡ 1 

1  
2  

3  

 

ó 1 ô

̢  ( ) 

ó 1 ô

̢ 

ó 1 ô

̢

ó 1 ô

ó 1 ô

̪ 1 ̫ ̢ ó 1 ô

ó 1 ô ó 1 ô

1928 1

ó 1 ô ó 1 ô

67 ó 1 ô

ó 1 ô ̢ó 1 ô

̢ ó 1 ô Indica 

type ̢ 

̪ 1 ̫

ó 1 ô ó 1 ô

ó 1 ô

̢

̢ 

̡ó 1 ô̡ ̡ ̡ ̡ ̡ ̡

̢ 

* Corresponding email: dahpyngs@hdares.gov.tw 



96 
 

Development and Multiple 

Utilization of the Rice Variety 

Yoshino No. 1 

Ta-Ping Hsuan, Chia-Shing Huang, 

Ching-Meng Tseng, Ya-Jiun Fan, Li-

Hwa Du, Yue-Ie C. Hsing, Fu-Jin Wei, 

Jui-Chia Lee 

Hualien District Agricultural Research 

and Extension Station, Council of Agri-

culture, Executive Yuan, Hualien 

County, Taiwan, 973044 Taiwan R. O. C.  

ABSTRACT 

 The rice variety "Yoshino No. 1" is 

one of the earliest successful Japonica 

rice varieties developed and cultivated in 

Taiwan for over a hundred years and is 

still actively cultivated by farmers and 

available to consumers. The Hualien Sta-

tion has been actively involved in seed 

preservation work and has specifically 

focused on purifying the "Yoshino No. 1" 

variety, providing it to local farmers in-

terested in cultivation, ensuring the con-

tinuous existence of this variety. 

According to local elders, it is be-

lieved that "Yoshino No. 1" was brought 

to Taiwan and improved by Japanese im-

migrant Aoki Shigeru. It was also known 

as the Emperor's rice, offered as a tribute 

to the Emperor of Japan, although the de-

tails are unclear. To further understand 

the history of "Yoshino No. 1," the Hual-

ien Station commissioned Dr. Fan Ya-

Jiun, a historian, to assist in the research 

and established a project team to explore 

relevant historical records and interview 

local elders. Many interesting historical 

materials about "Yoshino No. 1" that 

were previously unknown were discov-

ered, and these findings were compiled 

and published in the book "Yoshino No. 

1 Rice." This article will introduce the 

new discoveries related to "Yoshino No. 

1," including finding the Japanese-era 

household registration data of the Aoki 

family, who brought "Yoshino No. 1" to 

Taiwan, and exploring the origin of 

"Yoshino No. 1." It will also discuss the 

records of three instances when "Yoshino 

No. 1" was offered as tribute rice to the 

Emperor of Japan during the Japanese co-

lonial era, with the surprising revelation 

that the first tribute field in 1928 was lo-

cated in the rice experimental field of the 

Hualien Station. After Taiwan's retroces-

sion, "Yoshino No. 1" became a precious 

rice variety in the Hualien area, highly 

sought after by private rice mills and fa-

vored by affluent consumers or used for 

gifting, and it was even presented to the 

President at that time. "Yoshino No. 1" 

has also been used as breeding material 

for rice varieties, and the genetic back-

ground of "Yoshino No. 1" can be found 

in many important rice varieties in Tai-

wan, such as Tainung 67. It was also 

highly regarded as a raw material for 

making sake during the Japanese colonial 

era and served as the main ingredient in 

famous sake brands such as Zuiko and 

Kaisen. It has been confirmed that 

"Yoshino No. 1" is a pure Japanese vari-

ety and did not crossbreed with local In-

dica rice varieties in Taiwan. 
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This article is mainly based on the 

book "Yoshino No. 1 Rice" published by 

the Hualien Station, introducing newly 

discovered historical materials about 

Yoshino No. 1. It delves deeper into cer-

tain details mentioned in the book and 

also discusses the recent utilization of 

Yoshino No. 1 rice.  

Keywords: Rice, Yoshino No. 1, 

Yoshino Village, Japanese 

immigrant village, Imperial 

Grain Fields, Emperor's rice, 

Multiple utilization, Sake, 

Amazake.  
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̢ ̢

2,236 1,465

65.50% 459 20.53%

̢ 
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̡ ̡ ̢ 

The Current and Future De-

velopment of Diversified Use 

of Rice 

Chao-Kai Liang* 

Hong Yuan Rice Factory, Puyan Town-

ship, Changhua County 516018, Taiwan 

R. O. C.  

 ABSTRACT 

 The rice industry has the most com-

parative advantage among various crops. 

According to the different natures of rice, 

it can be divided into three categories: Ja-

ponica rice, Indica rice and glutinous 

* Corresponding email: info@satc.com.tw 
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rice. Rice is facing competition from 

Western-style foods, resulting consump-

tion of rice as stable food. Therefore, pol-

icies are adopted to reduce production  

on the production side, and to strengthen 

the promotion of rice on the consumption 

side. Due to the different natures of rice, 

there are different ways of utilization. In 

order to examine the diversified utiliza-

tion of domestic rice in recent years, this 

article will discuss the comparison of 

production, consumption and rice pro-

cessing, and propose the improvement di-

rection of domestic rice diversified utili-

zation. 

The mainstream of rice production 

in Taiwan is Japonica rice and Indica rice. 

The ratio of glutinous rice of Japonica 

type and glutinous rice of Indica type is 

4.63%, which is slightly higher than that 

of Indica rice. The output of Indica rice 

fluctuates greatly from year to year, fol-

lowed by Indica rice (long) and glutinous 

rice of Japonica type, and the most stable 

output is Japonica rice. In recent years, 

the average annual domestic supply is 

1,277,800 metric tons, the ratio of annual 

processing rice to domestic supply is 

maintained between 3.2% and 3.9%, and 

the ratio of edible rice to domestic supply 

is maintained between 93.7% and 94.3%. 

It shows that the ratio of processing rice 

and edible rice to domestic rice supply is 

very stable. The amount of cereals used 

for processing is highest with wheat, fol-

lowed by rice. In recent years, the aver-

age annual import quantity of processed 

rice products is 2,236 metric tons, of 

which 1,465 metric tons of rice crackers 

is the highest, accounting for 65.50%, 

followed by rice noodles with an average 

of 459 metric tons, accounting for 

20.53%. Imports of processed rice prod-

ucts have little impact on domestic rice 

consumption. 

Due to the inconvenient of rice food 

and unable to meet the diversified needs 

of consumers seeking innovation and 

change, the consumption has declined. 

Therefore, it is suggested that in the fu-

ture, policies can be multi-pronged, con-

tinue to reduce production at the produc-

tion side, encourage increased rice con-

sumption at the consumption side, and 

guide rice processors between production 

and consumption to invest in the devel-

opment and diversified utilization of new 

products. 

Keywords: Rice industry, Rice food pro-

cessing, Diverse utilization 

of rice. 
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1.  

       

2012 1,225,454 15,153 55,201 29,297 43,110 1,368,215 

2013 1,144,375 11,324 53,335 25,101 41,320 1,275,456 

2014 1,262,244 12,702 52,843 27,982 43,622 1,399,392 

2015 1,145,141 10,418 45,323 25,223 34,256 1,260,362 

2016 1,151,455 8,860 43,329 22,081 38,404 1,264,128 

2017 1,276,230 11,141 43,710 24,058 40,932 1,396,071 

2018 1,436,177 11,133 47,968 26,276 40,088 1,561,642 

2019 1,324,967 8,104 39,269 24,881 31,030 1,428,251 

2020 1,284,970 7,223 36,582 21,343 37,060 1,387,177 

2021 1,145,729 7,138 35,585 18,244 34,971 1,241,667 

 1,239,674 10,320 45,314 24,449 38,479 1,358,236 

(%) 91.27 0.76 3.34 1.80 2.83 100.00 

 96,962  2,542  6,990  3,239  4,113  99,563  

 7.82  24.63  15.43  13.25  10.69  7.33  

 

̢ 
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2.  

       
(%) (kg) (%) (%) 

2012 1,368.2  156.8  24.8  1,279.4  43.1  1,206.8  88.0  45.64  3.4  94.33 

2013 1,275.5  138.8  22.5  1,270.7  48.0  1,192.6  88.0  44.96  3.8  93.85 

2014 1,399.4  130.2  30.0  1,297.0  50.5  1,215.3  88.0  45.70  3.9  93.70 

2015 1,260.4  152.9  93.3  1,298.1  50.4  1,217.8  88.0  45.67  3.9  93.81 

2016 1,264.1  150.8  104.6  1,267.1  47.8  1,188.5  88.0  44.48  3.8  93.80 

2017 1,396.1  154.2  28.6  1,294.4  47.0  1,216.0  88.0  45.43  3.6  93.94 

2018 1,561.6  127.5  74.5  1,298.4  47.1  1,219.6  88.0  45.52  3.6  93.93 

2019 1,428.3  139.7  112.5  1,295.4  45.9  1,218.1  88.0  45.43  3.5  94.04 

2020 1,387.2  127.8  264.2  1,260.0  43.1  1,182.9  88.0  44.14  3.4  93.88 

2021 1,241.7  127.9  227.6  1,217.5  39.3  1,147.5  88.0  43.03  3.2  94.25 

 1,358.20 140.7 98.2 1,277.80 46.2 1,200.50 88 45 3.6 94 

 99.55 12.07 85.47 25.63 3.50 23.09 0.00 0.87 0.24 0.20 

 7.33 8.58 87.04 2.01 7.58 1.92 0.00 1.94 6.61 0.21 
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