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Effects of Ripening Temperature on Starch Structure and Storage Protein
Characteristics of Early Maturing Rice Varieties during Grain Filling

Jieun Kwak', Jeom—=Sig Lee', Yong-Jae Won', Hyang—Mee Park', Kang-Su Kwak', Mi-Jung Kim? Choon—Ki Lee',
Sun-Lim Kim', and Mi-Ra Yoon"'

ABSTRACT This study was performed to understand the effects of filling stage temperature on the characteristics of starch and
storage protein and the quality of rice grains. Eight early maturing rice varieties were cultivated in Cheolweon (latitude 38°15°N)
and Suwon (latitude 37°16°N) areas in Korea. Rice grown in Suwon, with relatively high ripening period temperatures, showed
significantly reduced head rice ratio and eating qualities, higher protein and lower amylose contents than rice grown in Cheolweon.
In rice that ripened under high temperature conditions, the starch contained significantly less short-chain amylopectin (DP < 12)
but more intermediate- (DP 13-24) and long- (DP > 25) chain amlylopectin compared to rice that ripened under normal conditions.
In addition, the electrophoretic pattern of rice storage protein under high- temperature conditions revealed decreased prolamin and
increased glutelin contents.
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Table 1. Geographic and climatic conditions of the two test regions.

Climatic conditions for 40 days after heading*

Geographic position

Region Temperature (C) Sunshine hours Rainfall
Latitude Longitude Altitude Aver. Max. Min. (hrs) (mm)

Cheolweon 38°15'(N) 127°15'(E) 192 m 23.6 28.4 19.8 209.3 224.0

Suwon 37°16'(N) 126°59'(E) 37 m 24.6 29.1 21.2 214.4 361.3

* Paddy rice was harvested at 40 days after heading in Cheolweon(July 20 to August 30), and Suwon(July 27 to September 7).

Table 2. Material information, heading date, and head rice ratio.

Year of Maturing Heading date (2014)  Brown/rough rice ratio (%) Head rice ratio (%)

Cultivar
development group C S C S C S

Odae 1982 Early July 24 July 29 82.4 81.2 79.0 81.3
Geumo 1988 «“ July 21 July 30 80.7 79.6 84.7 75.7
Taeseong 2002 «“ July 22 July 28 81.8 80.9 86.0 79.4
Goun 2004 «“ July 18 July 26 81.9 81.1 89.1 75.2
Pyeongweon 2007 «“ July 22 July 28 81.9 79.3 80.0 79.1
Hanseol 2009 «“ July 17 July 24 81.8 80.0 91.8 85.0
Joun 2009 «“ July 17 July 25 82.8 79.8 88.6 86.4
Saeodae 2012 “ July 22 July 26 81.9 82.4 89.1 82.4
Mean - - July 20 July 27 81.9 80.5 86.0 80.6
Paired difference - - 0.07 -1.37 -5.46
p-value - - 0.000 0.005 0.009

C: Cheolweon, S: Suwon, Paired difference: difference between both regions (Suwon minus Cheolweon), p-value: significance
probability based on #-test between the two regions.
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Table 3. Sensory eating quality properties of cooked rice from different regions.

Sensory eating quality (-3 to +3)

Cultivar Appearance Flavor Taste Stickiness Texture Overall quality
C S C S C S C S C S C S

Odae 0.16  -0.25 0.08 -0.32  -0.04 -0.48 044 -0.57 0.04 -046 0.20 -0.78
Geumo -0.13  -0.53  -0.01 -0.32 -0.10 -0.74 -0.13 -097 -0.31 -1.10 -0.30 -1.05
Taeseong -0.33  -0.52  -0.09 -0.12 -036 -0.56 -048 -0.63 -0.44 -0.77 -044  -0.57
Goun -0.02 -034 -0.17 -0.03 -0.15 -0.70 0.16 -0.86 -0.04 -0.87 -0.11 -0.98
Pyeongweon -0.19  -0.58  -0.04 -0.04 -0.12 -0.68 036  -040  0.17 -0.56  0.07 -0.72
Hanseol -043 -08 -0.18 -0.50 0.04 -0.57 -033 -0.86 -032 -0.75 -032 -0.89
Joun -044 -096 -0.14 -036 -0.55 -1.18 -0.60 -1.26 -0.56 -1.41 -044 -1.26
Saeodae 0.21 0.13 -0.03  -028 -0.15 -0.24  0.01 -032  0.25 -042  0.01 -0.40
Mean -0.14  -048 -0.07 -024 -0.18 -0.64 -0.07 -0.73 -0.15 -0.79 -0.16 -0.83
Paired difference -0.34 -0.18 -0.47 -0.66 -0.64 -0.66

p-value 0.000 0.016 0.000 0.000 0.000 0.000

C: Cheolweon, S: Suwon, Paired difference: difference between both regions (Suwon minus Cheolweon), p-value: significance
probability based on z-test between the two regions.
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Fig. 1. Comparison of amylopectin chain length distribution in Odae rice variety cultivated in different regions.

Table 4. Amylose contents and amylopectin chain length properties of rice samples from different regions.

81

Amylose content

Amylopectin chain length distributions (%)

Cultivar (%) DP 6-12 (A) DP 13-24 (B1)  DP 25-36 (B2)  DP > 36 (B3)
C S C S C S C S C S

Odae 1934 19.07  35.56 35.02 5538 5545 7.47 7.75 1.58 1.79
Geumo 18.63 18.53  34.80 34.11 5597  56.46 7.58 7.67 1.68 1.79
Taeseong 1776 1695  34.86 3434 5585 56.00 7.67 7.92 1.64 1.77
Goun 1744 1617 3478 33.83 55.91 56.78 7.65 7.79 1.64 1.62
Pyeongweon 17.80  17.78  34.82 34.02 5590  56.47 7.58 7.67 1.69 1.84
Hanseol 1932 18.69  35.08 34.73 55.43 55.69 7.81 7.85 1.69 1.76
Joun 1824 1828  34.93 3456 55.65 55.88 7.61 7.75 1.71 1.83
Saeodae 2035 1926 35.40 3526  55.53 55.31 7.47 7.65 1.64 1.81
Mean 18.61 18.09  35.03 34.48 5570 56.00 7.60 7.75 1.65 1.77
Paired difference -0.52 -0.54 0.30 0.15 0.12

p-value 0.011 0.000 0.019 0.001 0.001

C: Cheolweon, S: Suwon, Paired difference: difference between two regions (Suwon minus Cheolweon), p-value: significance
probability using #-test between the two regions.



82

/d-& Table 53} ZQkal 5<7] A2 270|3d
£hal g ghepo] A A|zo] ¥8) LER §ojo)
(p <0.01). & & Lof| A A3t BioanalyzerE ©]
FWe 7129 SDS-PAGE 27|95t f41 A3h8
Ehujo} ek BAo] FHsshral wiE v 9l (Kwak
etal.,2016), A 9 ol A Auligt 2 A= o] A4chal g
4 243}, SETI(9F16.7kDa), = 5-7(¢F25.8 kDa), 25
Do) @714 (k212232 KDa)a} 2R ALY 44
(9F36-40.6 kDa), 18] 1 Z2}71(2F 13.4 kDa) 24
Sh9AThFig. 2). o] ATl AL Ry, 2R, 25
99 mEetyl 547 4R oR PREo] 9Lon(Li & Okita
1993; Tanaka ef al., 2005), 2FE UL A 27| = 2k 57

2T 2 CT "

E
9

=
T

ha

M Ee 4
1

o
=
A

)

=

OHEIX|(KOREAN J. CROP SCL.), 63(2), 2018

kDa =7 & A=A Ao ATkt 553710l & A-g-of) ofsf
AFA)(34-39 kDa) ¥} &9 7]A(21-22 kDa) GW o 2 B FHcha
H15]o] Qlth(Hari & White, 1995). Zjul x| & 7+ 2k #] 2chal
A Aa}, R S REY ) HlE2 2ol 7k ¢Sl
g T ETalo) A 2to] & Yetl=t 557] 1L
TU AR AU AR B SFEH &S =
<0.01), ZEY H]E-2 W3 THp < 0.05) (Table
2o Alael 24 ako] vliLg 915 Azt )
S8 2431 A= Table 63} Z4t}. Tran 5(Tran et
al., 2014; Muhammad ef al., 2011)2 &9] AHA] 22HdS
a-1 (39 kDa) o)A a-4 (33-34 kDa)7HA] Y] 7] HESU, &17]

—T AN>» o
/\E)] =Z=dgg| o

22 6-1 (23 kDa)ol| A 5-3 (22 kDa)7HA] Al 71 A=

N
LI ox.
1T EhiA

=

N
O

Lo 4

)

]

fl

W
=)
u =

ox 2 rlo rfo o mx
Il

|

>

Table 5. Protein content and protein fraction properties of rice from different regions.

Protein fraction (%)

Protein content (%)

Cultivar Albumin Globulin Glutelin Prolamin
C S C S C S C S C S

Odae 6.02 7.18 7.50 8.05 11.85 12.65 38.35 49.05 21.90 18.65
Geumo 6.18 7.61 7.70 8.00 10.95 12.05 47.05 50.95 20.75 18.25
Taeseong 6.44 8.13 8.35 10.10 12.00 15.05 38.25 44.45 28.30 19.25
Goun 6.39 8.35 8.90 7.10 13.0 14.10 40.15 48.95 22.95 18.65
Pyeongweon 5.98 7.68 7.20 7.90 13.30 13.00 45.70 44.60 20.75 23.05
Hanseol 6.35 7.77 11.55 8.15 15.10 13.70 35.45 48.45 21.70 16.20
Joun 6.71 8.14 9.80 8.45 11.70 14.60 40.95 42.25 21.70 23.15
Saecodae 5.85 6.69 6.60 6.95 8.30 9.50 41.95 45.55 20.20 16.40
Mean 6.24 7.69 8.45 8.13 12.03 13.08 40.98 46.83 22.28 19.20
Paired difference 1.45 -0.33 1.06 5.80 -3.08
p-value 0.000 0.628 0.277 0.005 0.033

C: Cheolweon, S: Suwon, Paired difference: difference between both regions (Suwon minus Cheolweon), p-value: significance

probability using #-test between the two regions.

Table 6. Sub glutelin fraction properties of rice from different regions.

Acidic-glutelin (%, 36-40.6 kDa)

Basic-glutelin (%, 21-23.2 kDa)

#54 chiclinl  ghicin?  -ghilins  Subtotl el -gluelina  Suboow!

C S C S C S C S C S C S C S
Odae 595 10.05 12.05 12.60 9.40 34.20 3835 49.05 2.70 4.95 825 990 1095 14.85
Geumo 790 935 13.65 13.55 10.75 12.30 32.30 35.20 4.15 485 10.60 10.90 14.75 15.75
Taeseong 6.55 1075 11.75 11.85 8185 9.60 27.15 3220 3.35 4.20 7.75 8.05 11.10 12.25
Goun 620 850 11.80 13.70 945 1140 2745 33.60 3.55 4.70 9.15 10.65 12.70 15.35
Pyeongweon  7.05 9.60 13.85 12.00 10.40 10.35 3130 31.95 4.30 425 10.10 840 1440 12.65
Hanseol 465 940 1230 12.50 870 10.80 25.65 32.70 2.85 5.45 6.95 1030 9.80 15.75
Joun 735 840 1220 12.15 925 9.75 28.80 30.30 3.35 3.40 880 855 1215 11.95
Saeodae 6.65 9.15 12.10 11.75 9.95 10.50 28.70 31.40 4.15 4.75 9.10 940 1325 14.15
Mean 6.54 940 1246 13.09 9.59 10.78 28.59 32.74 3.55 4.57 884 952 1239 14.09
Paired different 2.86 0.05 1.19 4.15 1.02 0.68 1.70
p-value 0.001 0.900 0.013 0.001 0.005 0.253 0.060

C: Cheolweon, S: Suwon, Paired difference: Difference between two regions (Suwon minus Cheolweon), p-value: Significance

probability by z-test between the two regions.
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