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Effects of Rising Temperature on Grain Quality, Palatability and
physicochemical Properties of Rice

Izumi Oh-e?, Yuji Matsue®, Kuniyuki Saitoh?’ and Toshiro Kuroda?®
(Course of Applied Plant Science)

The effect of high temperatures on grain quality, palatability of cooked rice and physicochemical

characteristics of rice was examined in a temperature gradient chamber (TGC). Experimental plots

going from TG1 (near the air intake side) and TG4 (near the air exhaust side) along the temperature

gradient in TGC, corresponding to low and high temperature, and an open field plot (outside of TGC)

were arranged. The mean and maximum air-temperatures in TG4 were 2.8°C and 5.9°C higher, respec-

tively, than those in TG1. Brown rice yield per m? in outside (572 g) was the highest, and those in TG1
(503 g) and TG4 (180g) were 12.1 and 68.6 % lower than outside, respectively. This yield decline was due
to the decrease in the number of panicles and percentage of ripened grains, and an increase in the per-

centage of sterile spikelets. Most of the immature grain was milky white grains (10.8-14.6 %) and white

berry grains (10.7-43.4%), and other white immature grain accounted for only 0-2.6 % . The grains from

the outside plot were separated into perfect grain and milky white grain. The overall eating quality (+
3 to —3) was in the order of perfect grains (0.31) > outside (0.00) > milky white grains (—0.56) >
TG1 (—1.0) > TG4 (—1.44). This indicates that the palatability of perfect and milky white grains was
superior to and inferior to that of normal grain, and high temperatures deteriorate the eating quality of

cooked rice. In the physicochemical characteristics of rice, the protein content showed a small variation
(8.6-8.9%) between normal, perfect and milky white grains, but that in TG1 (9.9%) and TG4 (9.8%)
were higher than that in the outside. Amylose content of each plot was in the same order as the overall

eating quality. This showed that amylose content did not affect the palatability because amylose content

is normally negatively correlated with overall eating quality. H/-H ratio, a texture characteristic, was

smaller in perfect grains than in normal grains, and that in milky white grains was larger than normal
grains. This shows that the higher the share of milky white grains, the higher the H/-H ratio. Despite the
superior eating quality, H/-H in TG1 was larger than that in TG4. Thus, the effect of H/-H ratio on the
palatability of cooked rice grown in TGC was not clear.
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20054 |2 B LU RS A SRk R LB B 7 1 — L Rk
v F = ORI E S N7z TGC W THIFEBRZ 4T -
72. TGC 1%, & - #JIT, Horie 59, =Y %2 5%
LT, EE30m, M2.1m, &32.1m THREHIAIZE
BEIN, BEOEBAEICENZT A VL (ALY =5
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10a47-0 8kgx M L7-. MR, WAEOREIE, 18
1TI2hE- 72,
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7. ROEBIEZE4HE
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TGC W&, BOE O TG1 » 50 TG 4
WA o CREAEDE L, &FXOFE - s,
AL >TG1 >TG 4 DIEICE -7z (Table 1). Bl
I ToOEFRHeShOKIRIE, SiRX TG4 T
13 TG 1 ICHRTPEBAIRT2.8C, ®EAinT5.9C L
A7z, REARE, RREHEL TRV XS
FALN ol B E TG1 0TI TO.4
T, ®EZIRT0.9C LAY, WX TIZFELD LF
¥ RERILTENZENLOC, 3.1CEL kot

MR E220 0 B o B3 o &1L, TGl Ik~ T
TG4 THIHRAM2.6C, REAMS.4COLEANA LN
72, BPALX E TG 1 #H~5% L, FHRIRT.2C, &5
RIRTO.8C DDA SN, FAEL D & - IE5Im T
ZFNZNn0.9C, 1.5C Ll 7.

ERHORIRIE 5 IR DR <, I3RFEICR A%
& o7 (Fig. 1). TGC PNDIRIEAELIL 8 B & 18 £
THALN, TOEITIOF~14EIZP T TRELARD,
TG1IZERT TG4 T ATLACO EAPASNR
7o ERHIIEHERHE &I TGC WIZIREEA LA E
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Table 1  The mean, maximum and minimum air temperature of whole growth season and ripening period
Outside TG1 TG4 TG4-TG1 Normal Year
Whole growth season Average 27.8 28.2 31.1 2.8 25.9
Maximum 32.9 33.8 39.7 5.9 29.8
Minimum 22.8 22.6 22.4 —0.2 22.1
Ripening period Average 27.9 28.1 30.8 2.6 27.0
Maximum 32.6 33.4 38.8 5.4 31.1
Minimum 23.3 22.9 22.7 —0.2 23.3

Whole growth season and Ripening period were from transplanting to maturity,heading to 20 days after heading, respectively.

U7z%, ZOEIERALY /AL, TG
TG4 TIIRATL2CHO ERIZE L F o7,
2. N8, TXRINEBRE

i ) FEBULE ALK (421.8) THRH %<, TGC NN
TG1 (281.2), TG4 (261.5) Tla*n%Nn33.3%,
38.0% A L7z (Table 2). —HFI%ut TG1 (121.5)
>TG4 (100.8) =Bt (94.8) DNEE 72, B0
WL, Bh6 (40,0000 TRbE <, TG1 (34,000,
TG4 (26,400) TIZZFN2N15.0%, 34.0%1ET L7
BHREILEIX (65.9%) & TGl (72.4%) DX
FEIBAMETIZ o 7288, TG4 (37.3%) TIdEH L Wik
TSRO b, TR EIZESL (21.8g)>TG1 (20.6
g)>TG4 (18.4g) DIEE %Y, TG4 TIXBH/XIZH
NT15.6%/NE L o fz, o8 D AEZCKRIE L, FAHX
O572g b E <, TG1 (503g) <Ti12.1%, TG4

(2T

S
3

-

(180g) TI68.6% A L7z, A, BIXE TG
1T7.3, 9.2%ETH-72h%, TG4 TIZ19.4% L FH L
WAEH D FSEDSFRD ST,

BB AL TG (70.4%) > %44 (61.1%) >TG 4
(39.1%) DNEIZE L, TG4 TIEARBK OB SN L
72720%F L AMBIWEAME T L 72 (Table 3). £#kio
HEMEE AL E, TG4 >HI>TG1 DNEIZE L 7>
7z FLETRL, IR OERIZZN2E110.8~14.6%, 10.7
~43.4% OHPAIZ B > 7228, TOMOILETIL0 ~2.6%
EANE L, RPREAEORIIIFLER L JEAR T H©
57z,
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Fig. 1  Diurnal changes in hourly average of temperature in TGC on a fine and cloudy day.
Table 2 Yield and yield component
No. of No. of No. of Percentage 1000- Brown rice Percentage
Plot panicles spikelets spikelets of ripened grains yield of sterile
(m?) panicle ! (10°m®) grains weight (g) (gm?) spikelets

Outside 421.8 94.8 40.0 65.9 21.8 572.2 9.2
TG1 281.2 121.5 34.0 72.4 20.6 503.0 7.3
TG4 261.5 100.8 26.4 37.3 18.4 179.7 19.4
LSDo.05 105.5 19.2 10.1 18.0 1.6 124.4 7.7
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(0.31)> B4 IX (0.000> 5L (—0.56)>TG1 >
(—=1.00)>TG4 (—1.44) DNEE 7Y, R THE- 7.
SAELEEER (0.13) TER, LB (—0.32), TG1
(—0.50) TRRET, TG4 (—1.25) TIFFELWET
MALINTz, Fz, BR, WD ICBWTH A FHN & Rk
2, EBRCEN, FLE, TG1l, TG4 T4 -7 M
R (0.00) CTilIEMEKEFUMEERL, FLE (0.31),
TG1 (0.50), TG4 (0.69) T <, KAWL % HAH
maxRL7z.

KOFALFEA R E 2D L, ¥ U R HEHRIE
TGC OHVTHERE SN2 8h), 4k, LI T8.6~8.9% D
TREZRL, TGC WTHEESN TG (9.9%), TG4
(9.8%) THIMML7z (Table 5). 7 I 0—AHARIL,
ki (18.4%) >%44 (17.6%) >%LH (16.9%) >TG 1
(16.4%)>TG4 (15.9%) DNEE %, TG4 TII#k
ICHART25% DT A SN 7 I 07T 2 EORK

FILKFRFEFMEME  Vol. 96

EHREEE, 7L —2 ¥ U dENRZEN320~367 RVU, 193
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(73.2) \ZH_TESRL (45.7) /&L, FLE (118.7)
TREL o7, TGC WORERIX Tl TG1 (158.7)
IZHART TG4 (130.1) TIhEL oz,
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1. N8, ZTXRNAEBRE

FEBUTEPAFXIZIERT TG 1, TG4 T33.3~38.0% i
B, BEANEIE TG TRE/MXIZENTI2.1%D
WP EF o200, TG4 TIE19.4% D3 L wWisL
&7z (Table 2). TG1 Tld—RE oM, Bt
BENM L L L THINORBEIVNE L %572, TG4
TiE TG 1 L FFRIC—FE OB A SN2 b DD,
BHAE, THEOKT, FREOWINI LD E L VK

Table 3 Appearance quality of brown rice
Percentage of damaged grain (%)
Normal *
Plots grain Milky White White White White White Green Subtotal Others
ubtota
white core based belly back side rice
Outside 61.1 12.5 0.7 0.6 22.3 0.7 0 2.3 38.9 0
TG1 70.4 10.8 2.6 1.4 10.7 1.7 0 2.0 29.1 0.4
TG4 39.1 14.6 0.5 0.8 43.4 0.9 0 0.7 60.9 0
LSDy.05 24.4 ns ns ns 21.5 ns ns ns 24.7 ns
Others showes the opeque grain and rusty grain etc.
Table 4 Palatability values of cooked rice
0O 1l eati
Plots vera .e atns Appearance Taste Stickness Hardness
quality
Perfect grain 0.31d 0.13c 0.25¢ 0.44c 0.00b
Milky white —0.56¢ —0.32b —0.31b —0.38b 0.31ab
TG1 —1.00b —0.50b —0.63b —0.75ab 0.50a
TG4 —1.44a —1.25a —1.06a —0.93a 0.69a
Means followed by the same letter are not significantly different at 5% level according to Fisher’'s PLSD.
Table 5 Physicochemical properties of rice
Texural

Protein Amylose

Amylographic characteristics o
characteristics

Plots content content R0 (T.U)
(%) (%) Maximum Breakdown
. . H/-H
viscosity value
Outside 8.6a 17.6d 340.0b 194.0a 73.2ab
Perfect grain 8.7ab 18.4e 339.0b 194.0a 45.7a
Milky white 8.9b 16.9¢ 320.0a 188.0a 118.7bc
TG1 9.9 16.4b 344.0b 193.0a 158.7¢
TG4 9.8c 15.9a 367.0c 203.0b 130.1c

R.V.U. . Rapid visco unit, T.U. . Textural unit, H : Hardness, -H : Stickiness.
Means followed by the same letter are not significantly different at 5% level according to Fisher's PLSD.
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BPALX & FEHER & L - AR O AT, FPAHX T
BRCEN, FLATSHY, RIKOFBAILKRBO LK%
KT X2 EDbhrosz. £72, TGC NTIE TG 12
HRT TG4 THY, TG4 TIIEERA R DL LKL 7
572 (Table 4). HAKkDSy oV BEHERy R D &
(Table 5), ¥4}, ki, FLEITIX8.6~8.90Z R %R
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