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ABSTRACT To intensively analyze and examine the changes
in palatability of cooked rice and structural properties of
rice grains influenced by increased nitrogen topdressing
during the panicle formation and ripening stage, a series of
experiments were carried out using three japonica rice
cultivars with contrasting rice quality characteristics. The
protein content of brown rice increased maximally up to
35~47% of that in standard N6 plot with the increase in
nitrogen topdressing fertilizer during 20 days before heading
to 10 days after flowering. The high-yielding rice cultivars
showing poor palatability of cooked rice revealed larger
increase in protein content of rice grains by increased nitro-
gen topdressing. Under the same nitrogen level of 15 kg
per 10a with nitrogen topdressing at 3 kg/10a, high-yielding
rice cultivars, Yumehikari and Reihou showed the signi-
ficant increase in protein content of brown rice when top-
dressing was applied at 10 days after flowering as compared
with when it was applied at 30 days after transplanting.
Although the variation in amylose content of milled rice as
affected by nitrogen topdressing level was relatively small,
it decreased within 1% with the opposite tendency against
increased protein content of brown rice by increased nitro-
gen topdressing. The total score of sensory evaluation was
higher in the order of Hinohikari < Yumehikari < Reihou
in panel test. It decreased significantly by increased amounts
of nitrogen topdressing during 20 days before heading to
10 days after flowering when nitrogen level was higher
than 12 kg/10a. The more poor palatable rice cultivar in
panel test revealed the larger decreasing in total score of
sensory evaluation by higher nitrogen topdressing rates. All
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sensory evaluation components were largely affected by the
change in protein content of brown rice rather than amylose
content of milled rice. The influence of protein content to
palatability of cooked rice was larger in poor-palatable rice
than in high-palatable rice. The protein content decreased
drastically from outer layer to inner layer of rice grains,
while the amylose content increased on the contrary. The
high-palatable rice exhibited higher distribution of protein
content on bran layer but lower distribution of protein con-
tent on the layer of polished rice as compared with the
poor-palatable rice. Especially, the high-palatable rice showed
also significantly lower distribution of amylose content on
the outer layer of polished rice as compared with the poor-
palatable rice.

Keywords : rice, grain quality, nitrogen application, protein,
amylose, palatability

FIZ 24 st Bdol B8 AdCIXWA E5] A
MU b2 del N U chgo A ade] A4 vt
A e o] I Alohdg 4 gl A Selo g
of 7bg dure FAY 944E 23l Aol B3k 44
Szol Gt vRo] Aol uFsksi A et %
) 1ol & 2u|Fo] 19909] 119.6 ke A FA3| 7ha
3o] 2006410t 79 kg O = WolA WA WG £ 1T &
2 B auFo] WX FAYAL ek

1o AT B8l et e e fA1sHEA 4
H7h 94k A BF Aol MR sete] S0m=A
A 2R ROl W £ LEY A B uF
Hl&o] 90%ol4F ol A Hjgla, w3t QFan] AL 9]



14 OHEIX|(KOREAN J. CROP SCI.), 54(1), 2009

AR ARleEs $3es AXE AT 10a
Aol 11 kg o2 gropAith. T2} o= o
E2 4A&2 ol W] Yste] 20 kg/10a o] A A

W o
22 33 gom 1% 2Fo] F 4¢3 Mo

K

%

1o
o
i
e
do
.-
o
Lo
o
)

I

o
=)

o I
d

¥

N
)
)

d
it
N

AR WA 57
x4 A

o]

wg, *
>
i
1> o
-
o X
i i
S 2
p
£
< o
> b
i)
-3
1
tlo 4 o

1

we
o
Lo
ok
2
A

=
o
ox
N
i
1o 4
A

rg >
N
ox,
1o ox
&
r
toh
o o

1
K
1% r
tlo
N,
o
2
= 1>
i
4
T
L
=)
rJ
olr
—

>
i
T
T

of
o}
=
2
9
woh
)
r
o
ol
2
fr
2,

o
AC)
)
A
Eﬁ' o,
olrt
s
il %
e,
O
g}T e |

of flo
i)
P‘l
RS
P
ok
iz
)i
(o]

=)
=,
ot
)
e
i
filo
jus)
=
[
L
o
%
[}
ol
Kl
N
N

2

,ﬂ

ot

o 1
N
N

HE 3O
52
=
-3
1
1=
k=)

o
(o]
)
=)
il
st
X
H1
Ry e
rT
Am
oX
i
1o

N rlo
o ok

o
Ir re
ks
oL ox,
K o
RN
Y
B
K
x0,
lo
L
(o]
)

Ug=1=)
o ©
2
oo‘ng,
=
w &£

Y

3
fr
i)

tlo m Hi
ol
-3
1o
it
a
N
N
i)
B~
>
=z 2
o 1o o e Kuofr

rlr o

ot
ot
)
2
kY
l O
X
4
off
Q‘L

5 H
3

=

o

HURS

o &z

X
AT = AU

2o

18 uE
10

r
=

filo
N

~ & X
3o
N

s
o
N
H1

(r de

~ o
ot
Sc)
ol
%

2 N 2

>£ b
i
o
ikt
ox
o
O
re
re
-4

—

bs
ot JIJ OIN il

Ny g_?l_:
=2
o
o
il

« 8

>

o
2

W ok

by o

2

filo
p

v =

2

ofi

o,

b
>
=

[PA RS R O W 1
D> [

A
o [|r ot

1o
i

i
ofN
U
l-']I
o]

it

N
>
2h?
1%
ok
k
>
=)
1o

Table 1. Protein content, amylose content, and eating quality by panel test of three rice varieties
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Variety Protein content in brown rice (%) Amylose content (%) Palatability (-3~+3)
Hinohikari 7.44 18.95
Yumehikari 7.74 20.51

Reihou 7.56 21.56

% Level of nitrogen fertilizer: 9 kg/10a

Table 2. Growth and yield components of three rice varieties

Variety Heading date No. of panicle/m2

No. of Spikelets/

Grain ripened ratio

1000 grain weight

panicle (%) (2

Hinohikari Aug. 30 312 73.4 91.3 22.0
Yumehikari Sep. 8 306 94.9 83.8 22.1
Reihou Sep. 5 345 75.8 89.9 239

% Level of nitrogen fertilizer : 9 kg/10a
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Table 3. Nitrogen application rate and time in the experiment (kg/10a)

Application time

Treatment T T ]
Basal 30 DAT 20 DBH 10 DBH 10 DAH Total
N6 6 0 0 0 0 6
N9 6 0 3 0 0 9
N12 6 0 3 3 0 12
N15T 6 3 3 3 0 15
NI15H 6 0 3 3 3 15
N19 6 0 3 5 5 19

'DAT: days after transplanting, ‘DBH: days before heading, 'DAH: days after heading
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Table 4. Changes in protein content of brown rice in each of three rice cultivars influenced by increasing the amounts of nitrogen
topdressing at 20 days or 10 days before heading and 10 days after heading

Protein content (%)

Treatment
Hinohikari Yumehikari Reihou

N6 7.14% (100) 6.96° (100) 7.14% (100)*
N9 7.44% (104) 7.74% (111) 7.56" (106)

N12 8.27° (116) 8.21° (118) 8.93° (125)

N15H 9.16° (128) 9.28" (133) 9.40° (132)
N19 9.64° (135) 9.94° (143) 10.47* (147)

Ave. 8.33 8.43 8.70

"The estimates followed by a common letter in a column were not significantly different at 5% level.
j:Figures in parenthesis were indicate index compare to N6.
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Table 5. Comparison of protein content in brown rice between topdressing of nitrogen fertilizer at 30 days after transplanting
and at 10 days after heading on the same total 15 kg/10a of nitrogen fertilizer application

Protein content(%)

Treatment - — . B
Hinohikari Yumehikari Reihou
NI15T' 8.93" (100) 8.51° (100) 8.63" (100)
N15H* 9.16" (103) 9.28" (109) 9.40" (109)

'N15T: Topdressing of 3 kg/10a nitrogen fertilizer at 30 days after transplanting and two times of respective 3kg/10a additional
topdressing of nitrogen fertilizer at 20 days and 10 days before heading stage.
*N15H: Three times topdressing of respective 3 kg/10a nitrogen fertilizer at 20 days and 10 days before heading and at 10
days after heading.

The estimates followed by a common letter in a column were not significantly different at 5% level.

Flgures in parenthesis were indicate index compare to NI15T.
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Table 6. Changes in amylose content of polished rice in each of three rice cultivars, influenced by increasing the topdressing
amounts of nitrogen fertilizer at 20 days or 10 days before heading and at 10 days after heading

Amylose content (%)

Treatment

Hinohikari Yumehikari Reihou
N6 18.97° 20.46° 21.53"
N9 18.95° 20.51° 21.56"
NI12 18.67" 20.32° 20.66™
N15H 18.33" 19.82° 20.92°
N19 18.12¢ 19.75° 20.44°
Ave. 18.61 20.17 21.02

"The estimates followed by a common letter in a column were not significantly different at 5% level.

Table 7. Comparison of amylose content in polished rice between topdressing of nitrogen fertilizer at 30 days after transplanting
and at 10 days after heading on the same total 15kg/10a level of nitrogen fertilizer application

Amylose content (%)

Treatment — — -
Hinohikari Yumehikari Reihou
NI5T' 18.71° 20.76° 21.83%
N15H 18.33* 19.82° 20.92°

'NI5T and NI15H: Refer to Table 5.
"The estimates followed by a common letter in a column were not significantly different at 5% level.
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Protein content(%)

Fig. 1. Changing aspect of protein and amylose content in
rice grain of three varieties influenced by increasing
topdressing amounts of nitrogen fertilizer.
**Significant at 1% level.
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Table 8. Change in total score of sensory evaluation of cooked rice influenced by increased topdressing amounts of nitrogen

fertilizer
Total score of palatability of cooked rice
Treatment

Hinohikari Yumehikari Reihou
N6 0.95° 1.12° 0.64""
N9 0.96" 0.68" 0.28"
NI2 0.62" 0.48" -0.19°
NI15T 0.50 0.40° -0.22°
NI15H 0.67" -0.08° -0.56°
N19 -0.28° -0.28° -1.04°
Ave. 0.57 0.39 -0.18

"The estimates followed by a common letter in a column were not significantly different at 5% level.



19

Table 9. Linear contribution of protein and amylose content of rice grain in each of three rice cultivars under the condition
influenced by increased topdressing amounts of nitrogen fertilizer at tillering, panicle formation and early ripening stage

Palatability components

Variety .
Appearance Taste Stickiness Texture Total score
o Protein 0.412 0.615 0.773 0.410 0.743
Hinohikari
Amylose 0.648 0.629 0.740 0.320 0.716
o Protein 0.947 0.895 0.760 0.623 0.830
Yumehikari
Amylose 0.413 0.479 0.284 0.452 0.540
Protein 0.951 0.972 0.962 0.887 0.974
Reihou
Amylose 0.503 0.464 0.549 0.635 0.497

"The linear contributions were suggested by the coefficient of determination between protein or amylose content of rice grain

and palatability components of cooked rice in panel test.

Table 10. Changes in brown rice yield influenced by increased topdressing amounts of nitrogen fertilizer at tillering, panicle

formation and early ripening stage

Brown rice yield (kg/10a)

Treatment

Hinohikari Yumehikari Reihou
N6 447° 479° 516
N9 461%° 565% 561°
N12 464 577% 567
NIST 490° 595° 585°
N15H 479 551° 582°
N19 475" 544° 575%
Ave. 469.3 551.8 564.3

"The estimates followed by a common letter in a column is not significantly different at 5% level.
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Table 11. Difference in distribution of protein content on the milled layer of rice grain in three rice cultivars, influenced by

increasing the amount of nitrogen topdressing

Variety Treatment

Protein content (%) in each layer of rice grain

L1’ L2 L3 L4 LS

N6 13.57° 16.48° 11.48° 9.46° 6.09"

o N12 13.69° 18.39° 12.14° 11.12° 7.08°
Hinohikari N19 14.58" 18.43° 13.74° 12.44° 827"
Ave. 13.95 17.77 12.45 11.01 7.15

N6 13.74° 15.23° 11.84° 9.34° 5.89°

o N12 14.16° 15.58" 12.38" 10.95° 6.90°
Yumehikari N19 15.17° 16.12" 13.80° 11.78" 8.87°
Ave. 14.36 15.64 12.67 10.69 7.22

N6 14.04* 13.21° 10.83° 9.46° 6.31°

, N12 14.40° 14.46 12.44° 11.01° 7.68°
Reihou N19 14.10° 14.76" 12.73 12.01° 9.40°
Ave. 14.18 14.14 12.00 10.83 7.80

"Classified layer of rice grain by the proportion of milling (weight ratio compared to whole grain of brown rice).

"The estimates followed by a common letter in a column of each cultivar were not significantly different at 5% level.
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% Relative index of protein content :

in each layer of rice grain. L1: 100-93%, L2: 93-91%, L3: 91-89%, L4: 89-87%, L5: 87-0%. *, **: Significantly
different from N6 plot at 5% and 1% level, respectively.
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Table 12. Difference in distribution of amylose content on the milled layer of rice grain in three rice cultivars influenced by
increasing the amount of nitrogen topdressing

Amylose content(%) in each layer of rice grain

Variety Treatment :
Ll L2 L3 L4 L5
N6 0.20" 3.00° 920 13.06° 19.88%
S NI2 0.26" 2.83" 8.00° 12.40° 19.60"
Hinohikari N19 0.19* 2.68" 8.24° 11.75¢ 19.32"
Ave. 0.22 2.84 8.49 12.40 19.60
N6 0.43" 4.15° 10.84° 18.31° 18.11°
o NI2 027" 561° 11.10° 16.12° 18.16"
Yumehikari N19 0.22° 4.88 10.64° 16.44° 17.77°
Ave. 031 4.88 10.86 16.96 18.01
N6 0.95" 7.85" 13.44° 15.91° 18.61°
, NI2 0.86" 561° 11.62° 15.95" 18.07*
Reihou N19 0.63" 6.77° 12.87° 16.40° 18.29°
Ave. 0.81 6.74 12.64 16.12 18.32

'Classified layer of rice grain by the proportion of milling (weight ratio compared to whole grain of brown rice).
*The estimates followed by a common letter in a column of each cultivar were not significantly different at 5% level.
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Fig. 4. Influence of increased topdressing nitrogen fertilizer on the relative distribution of amylose content in each layer of rice
grain.
% Relative index of amylose content: Relative index of amylose content in each layer of rice grain compared to amylose
content of N6 plot materials as 100 in each rice variety.
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