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Effects of shading and high-temperature treatments on appearance quality of
brown rice and palatability of cooked rice

Yuuki Ishizuki® and Kuniyuki Saitoh®
(Course of Applied Plant Science)

We examined the appearance quality and palatability of milled rice for each grain-thickness group.
The rice cultivars, Nipponbare and Hinohikari, were cultivated at the paddy field of Field Science
Center, Okayama University in 2009. For high-temperature treatment, both sides of the transparent
chamber were opened when the temperature exceeded 36 degrees C, and closed when lower than 25
degrees C, and 50% shading treatment with black cloth was applied during the grain-filling period. After
harvesting, the grains of brown rice were sorted according to thickness using a rice grader, and classi-
fied into eight grain thickness groups, less than 1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, and over 2.2mm. The
appearance quality of grains was measured, and milled grains were cooked, and the palatability and
physical properties were measured. The brown rice yield in high-temperature plots was 10-21% less than
control due to the decrease in the ripening percentage and 1000-grains weight. Yield in the shading plot
dropped to 16-24% less than control mainly due to the decrease in the ripening percentage. The per-
centage occupation of grains with 1.8-1.9mm thickness was higher in Hinohikari than Nipponbare. In
high-temperature plots, thickness of 1.8-2.0mm decreased and thickness of higher than 2.0mm increased
in both cultivars. The shading treatment increased thickness of lower than 1.9mm markedly. It was
cleared that the shading decreased grain thickening growth and grains was distributed more among
thinner groups, and high-temperature promoted the grain thickening growth despite the decrease in
1000-grains weight. In both cultivars, the lower the grain thickness group, the lower the percentage of
perfect grain due to the increase in the percentage of chalky grain. The palatability value of milled rice
was greater in Hinohikari than Nipponbare. The lower the grain thickness group, the lower the palat-
ability value and stickiness, and those tendencies were remarkable in Nipponbare than Hinohikari. The
shading and high-temperature treatments decreased the palatability value and the stickiness, especially
in Nipponbare. The palatability value decreased with lower the grain thickness group due to an increase
in the percentage occupation of chalky grains.
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R AT, Ak, EIRDA FOEEIZED XD L

& WA RIET AR DIL, SRS BT

il

PR, KA O B E IR E R R AW S b
L CEID EAAHEIL L CETB Y, W AEEN
DFELFLIN TN D, KREEICG 2 2 w85 b 1
ROTHFREERH ETHROTELETHY, TNET
R B DRERIREE 12 AT OV TIEE { D
Lpsdp 100 KRB SN O®mERIC LY, k-
WE - BIGEGOKTrE SN, NErHI e 2
ENHIE IR TWAY, FAEIMoOERIILERED
HRBRMEFEESELZARABMBELR TSRS S
L 00121010 - Ze sl oo H IR b SRS & #I L <
FIROFEZPE LTI AT KE KT EE5

HIRS R 2 B L T B B 5.

—707, BRRLKIMTHEHIZB W TIKRDERIC L 5%
B CRIIE R H3f7bh, Kz st U<l L
TWa, —RICiET 5Kk, RAEREFIFETL.80~1.90
mDHEH 5%\ F il ST, RARIRIEAK Z BRI L T
BREE, $obLROMEZEDDL Z EMfTHONLTY

Received October 1, 2011
a) EILKZAFRB AR ZHRR
(The Graduate School of Natural Science and
Technology, Okayama University)


https://core.ac.uk/display/12533193?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

26 AR #i 14

5. F7o, KROSBUE L EEYREBEIC XD S
SR ENT WD, IETIIREOMBIFEE LT, FFAL
HIREEE WIS ThILCwWA, BITE, RIERRIE
Offi H O EREITRRERIZ 2 L o T BHENE L,
fift H ORREME & KOS & OBRIZO VTR 2 3%
WIRIIZ S 5.

AWFFETlE, THHAROEIMFETH S HARK, v/
A1) D 2 SFEE RV, SR S E AL 2 it L 7o oK & R
JEERIRCERIL, B BIgy, JREUEPREE, BESHEY
FtEflio T, KIZKROKIE & AR E SRR D FRIZ
BT B 25 L 72D THET 5.

mHETE

1. HEHREEHEERE

20094F (2 F LR BRI LB B 7« — L FRME
v F—OKHEKHWIZERE L7z =— o A2 (I
HEBFASEE) CRREESSE 217 - 72, BRI H AR &
e/ eh) o2 R, BITICEWRY PR L
%, 6 H11HA M EELT 20k /nd TR HE (1
B3 AM) 1T o 77, U= — b AN TSRS .5
¥e/md (52130 cm, KERI18 cm) TTAHZ FHEL 72, HilE
WFEO AR E L, #ERPEALE LP #4140E-80 (N-P,05-
K,O, 14-14-14) # &5 Cl0a X4y 8 kgl L7z, 7K
BIIX 9 H20H £ CHEEACIRAE & L, M, JRddif)
BRI EATICHE - 72,

2. HBRROEE
ABRIXIZHARE, /e h) ofmfEicox, diEx
(EATHE:, 3.8%X17.3m, 65.7nd) , EwiEXK(¥=—)

N A 2.1%x15.0m, 31.5nd, I H BB E % B4l
20 M E TR, 8 H20H LA H H35C TRl L, %
[B125C TR 5 & O i), B (HIAEII DI B g
s GESEEE50% ) A, 3.8X17.3m, 65.7 i) ® 3
AERX 2372 (Fig. 1). mimX, dXIzowTig,
Thermo Recorder BA && O (T AND D #1:# TR-71S)
 FV TR A e L7,

Control plot
Fig. 1

High-temperature plot
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Photograph of experimental plots.
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Table 1  Yield and yield components
No. of No.of No.of  Percentage 1000-grain Sink Brown rice
Cultivar Plot . spikelets spikelets  of ripened weight capacity yield
panicles (panicle’) (10°m?) spikelets (g) (gm?) (gm?
Nipponbare Control 321 92.2 29.2 92.0 22.4 655 603
High-temp. 343 77.2 26.5 85.1 21.1 560 477
Shading 339 75.1 25.3 82.1 22.0 557 457
Hinohikari ~ Control 363 88.9 32.2 88.9 22.0 709 630
High-temp. 351 93.3 32.7 83.9 20.8 681 567
Shading 357 89.3 31.9 76.9 21.6 689 530
LSD .05 ns 5.6 1.2 3.7 1.0 34 24

Means followed by the same letter are not significantly different at 5% Level according to Fisher’s PLSD.

Table 2 Percentage distribution of grain weight at different thickness groups (%)
Grain thickness group (mm)
Cultivar Plot

<1.6 1.6~1.7 1.7~1.8 1.8~1.9 1.9~2.0 2.0~2.1 2.1~2.2 =2.2

Nipponbar Control 0.7 0.7 1.8 8.8 39.1 45.3 3.3 0.1
High-temp. 0.8 0.6 1.4 6.0 28.5 55.1 7.2 0.3

Sading 2.9 2.0 3.1 9.6 36.5 42.0 3.7 0.2

Hinohikari Control 0.8 0.9 2.8 11.1 33.6 43.2 7.0 0.5
High-temp. 2.0 1.6 3.4 9.3 24.1 45.6 12.5 1.4

Sading 3.1 2.3 5.6 17.5 38.3 30.2 2.8 0.1

LSDy.05 0.76 0.58 1.09 3.01 4.15 6.79 2.66 0.33
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Control
H <1.6
Nipponbare B1.6~1.7
High-temp. B1.7~1.8
B18~1.9
Nipponbare 1.9~2.0
Shading B20~21
Hinohikari 02.1~2.2
Control 0 =22
Hinohikari
High-temp.
Hinohikari
Shading
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 1009
Fig. 3 Percentage distribution of grain weight at different thickness groups.
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Effect of thickness and appearance quality of brown rice growing under high-temperature and shading treatments.
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Fig. 5
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Taste Value

Hinohikari (LSDo.5=0.42)

= Control
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(LSD.0s=0.42) Appearance
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Hardness
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Palatability value of cooked rice growing under high-temperature and shading treatments.

Each value is the mean of six replication measured by Taste Analyzer.
Palatability values are expressed by the relative value.
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Fig. 6 Palatability value of cooked rice at each grain thickness group.
Each value is the mean of six replication measured by Taste Analyzer. Palatability values are expressed by the relative

value.
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Table 3 Simple correlation coefficients between palatability values of cooked rice and appearance quality of brown rice in
Nipponbare (upper) and Hinohikari (lower)
Nipponbare items a) b) c) d) e) f) 2) h) 1) 3) k) ) m) n) 0) D)
a) Taste value - 0.99 —0.98 0.99 1.00 —0.78 0.33 0.76 0.47 0.91 —0.40 —0.73 0.02 —0.86  0.68 —0.72
b) Appearance ok — —0.99 0.9 098 —0.83 0.28 0.75 0.49 0.84 —0.35 —0.64 0.08 —0.87 0.63 —0.67
¢) Hardness — ok — %k - —-0.94 —0.98 0.84 —0.30 —0.77 —0.49 —0.83 0.30 0.61 —0.14 0.87 —0.60 0.70
d) Stickiness ok Aok — %k - 0.99 -0.72 0.35 0.75 0.46 0.95 —0.44 —0.80 —0.04 —0.84 0.70 —0.74
e) Balance index Aok Aok — ok Aok — —-0.78 0.33 0.76 0.47 091 —0.40 —-0.73 0.02 —0.86  0.68 —0.72
f) Hardness (Kgf) K ok ** — ok — ok - —0.01 —0.61 —0.45 —0.55 0.13 0.40 —0.16 0.73 —0.40 0.36
g) Stickiness (Kgf) - 0.78  0.11 0.41 —0.24 —0.27 0.17 —0.47 0.11 —0.36
h) Balance index ok *k — %k *k *k — ok ok - 0.40 0.70 —0.26 —0.50 0.21 —0.80 0.36 —0.57
i) Elasticity * * —% * * —% - 0.31 0.11 —0.18 0.46 —0.48 0.16 —0.46
j) Perfect ok ok — ok ok Aok — kK ok - —0.52 —0.90 —-0.14 —0.79 0.68 —0.74
k) Green immature —% —% - 0.69 0.33 0.31 —0.53 —0.05
1) White immature — %ok — ok Fok — ok — ok —% — ¥k Hok - 0.29 0.57 —0.69 0.49
m) Other immature * — —0.33 —0.33 —0.23
n) Dead — ok — ok Hok — ok — ok Hok —x% — ok —x% — ok *ok — —0.47  0.61
o) Fissured Hok sk — sk ok sk sk —% — ok —% — —0.38
p) Others — ok — ok ok — sk — ok — ok —% — sk * ok -
Hinohikari items a) b) c) d) e) f) 2) h) ) 3 k) ) m) n) 0) D)
a) Taste value - 0.99 —0.97 0.9 1.00 —0.65 0.10 0.72 0.54 0.72 —0.39 —0.70 0.22 —0.97 0.4 —0.91
b) Appearance ok — —0.99 094 099 —0.64 0.14 0.74 053 0.66 —0.3¢4 —0.63 0.27 —0.97 0.40 —0.88
¢) Hardness — ok —kk - —-0.90 —0.97 0.65 —0.13 —0.74 —0.53 —0.61 0.25 0.57 —0.32 0.96 —0.38 0.8
d) Stickiness ok Aok — Kk — 0.98 —0.63 0.07 0.67 0.53 0.79 —0.48 —0.80 0.12 —0.94 0.48 —0.89
e) Balance index Aok Aok — sk ok — —-0.65 0.10 0.72 0.54 0.72 —0.38 —0.70 0.22 —0.97 0.44 —0.91
f) Hardness (Kgf) K ok ** — ok — ok — 0.52 —0.51 —0.47 —0.45 0.23 0.59 —0.28 0.64 —0.36 0.54
g) Stickiness (Kgf) * - 0.46  0.07 —0.06 0.11  0.26 0.07 —0.13 —0.30 —0.07
h) Balance index ok Aok — ok Hok *ok —x% * - 0.55  0.38 —0.13 —0.33 0.33 —0.74 0.04 —0.60
i) Elasticity ok ok — kK ok Aok —% Aok - 0.18 —0.05 —0.24 0.54 —0.53 —0.18 —0.51
j) Perfect ok ok — ok ok Aok —% - —0.84 —0.94 —0.47 —0.71 0.75 —0.71
k) Green immature —% — %k — 0.78 0.67 0.35 —0.62 0.34
1) White immature —kk —kk ok —kk —kk ok —kk Fk - 0.33 0.68 —0.73 0.67
m) Other immature $ok —% Hok — —0.21 —0.57 —0.18
n) Dead — ok — ok Hok — ok — ok Hok — ok — ok — ok *ok — —0.42  0.86
o) Fissured * * * *ok — %ok — ok — ok —% — —0.43
p) Others — ok — ok ok — sk — ok ok — ok —% — sk ok ok —% -
Upper triangle | correlation coefficients. Lower triangle : significance level (*; 5%, *; 1%).
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