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Abstract : The amylose content, amylographic characteristics and storage proteins of milled rice grains on the
primary and secondary rachis branches were investigated. The amylose content of grains on the primary rachis
branches with superior palatability was higher than that on the secondary rachis branches. Grains on the primary
rachis branches showed higher maximum viscosity and breakdown values, and lower gelatinization temperature
than those on the secondary rachis branches. These results suggested that the palatability of cooked rice of grains
with high amylose content and amylogram values was superior to that with low amylose content and amylogram
values within a cultivar under the same cultural conditions. In terms of protein fraction in the starchy endosperm,
there was little difference in prolamin content and in albumin + globulin content between grains on primary and
those on secondary rachis branches, whereas total protein content and glutelin content of grains on the primary
rachis branches were noticeably lower than those on the secondary rachis branches for all the cultivars. Total
protein, glutelin and prolamin content of a good palatability cultivar, Koshihikari were lower than those of
moderate palatability cultivars Nipponbare and Reihou. These results indicate that, among storage proteins,
glutelin and prolamin play important roles in rice palatability and that it is possible to use glutelin as an indicator
of palatability within a single cultivar and prolamin as an indicator of palatability among cultivars.

Key words : Amylographic characteristics, Amylose, Glutelin, Palatability, Prolamin, Rachis branch, Storage
proteins, Rice.

KMBZHEIT3 1 REFFRLE 2 KRBT I 0—REFE, 7I0J5LEEBLUTRS o/ 0BDHE
DER MTER - NHFEEE - LEME— (BREEERESHERE " UNAZBERRELS)

E S 1REERE 2REBRCBITA7 S0 —R8FK, 7 305 A0S X UEESY v/ 7 BO4HE
DEBRIZDOWTRET Lz, BRPIEN TR LIREFERO 7 S 0 —X§EERIF, 2 REFRMICHERTE»? >
Jo. LIREHER D7 2 075 NFEER, 2 REBRICEXTRERSEREL, 7V -2y vidRkEl, #
{LFIRRE B, o Tz, Lzt TRESEHSHCHEOR—RENTR 7 T 0 —X8EESHL, REf
BiEEL, 7v—28 7 r@3REL, SHLEHBEBEEREVCROALRKIZENS Z E3HEEL 2, &S v
NRIBEOREWDWTHD E, LIRBAERIE 2 REBBRLICHART, 703 S v EFRETAVTI v+ 7 a7y
VOESEROERZFAS L TRPoIN, GOV RIBBLUINVT ) VOSBRI EL -T2, £, B
B v BOSEOEBILEI I 1 RKEFER & 2 RIEFRECESEr o7, BEHETRET2L, RE
HREVED Y £V IRHARE, VA R VICHART, DIREER, 2 REER L bI&Et 0y Vo, JuvT Y
VEBIVTSUS I VEBRRE, o, ThHDZ M, KORKIZEIANT) VESOT I VBEER
BEERLTHED, A—RENTREAVT ) 28, REHTIR 707 I VSARFHEOREL LCHERTE
LIEBEZON,
F—I—F:7iurlsal, TIa—X, STV, K BE, B, BES VN E, Tus sy,

Rachis branches of rice, on which spikelets
are differentiating, are composed of primary
and secondary branches and they are the
components of the panicled ear. Each spikelet
is connected with a main stem through vascu-
lar bundles to transfer nutritional substances

* Present address: Faculty of Agriculture, Kyushu
University, Kasuya, Fukuoka 811-23, Japan.

# Takebe, M. 1993. Determination of rice grains proteins
extracted by enzyme. Research report of the National
Agricultural Research Center. Series Soil and Ferti-
lizer, 15—16 (In Japanese).

necessary to grain development. Chaudhry
and Nagato? reported that the development
of vascular bundles is not uniform but differ-
ent between primary and secondary rachis
branches. In addition, grains located on the
primary rachis branches were superior in coo-
ked rice palatability to those located on the
secondary rachis branches and the poor
palatability of the grains on the secondary
rachis branches could lower the overall
palatability of the whole ear as reported by
Matsue et al.?. These two facts imply that the
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accumulation of storage components in rice
grains is different between grains on the pri-
mary and secondary rachis branches.

Among accumulating components in rice
grains, protein and starch occupy the large
quantities, and they are now widely accepted
as good indicators to evaluate rice palatability.
Amylose, one component of grain starch, is
considered to be closely related with cooked
rice stickiness and its content is used as a
marker to evaluate rice palatability. On the
other hand, little is known about the relation-
ship between individual rice storage protein
and palatability although whole protein con-
tent as well as amylose content in grains is the
markers of rice palatability.

The present study was conducted to investi-
gate the difference in chemical property of
amylose, four kinds of storage protein and
amylographic characteristics between rice
grains collected from primary and from secon-
dary rachis branches separately. The relation-
ship between each of the chemical compo-
nents and rice palatability, and possibility of
improvement for rice palatability by modifica-
tion of ear morphology were discussed.

Materials and Methods

Three Japanese rice cultivars with different
palatability ; Koshihikari (a highly palatable
cultivar), Nipponbare and Reihou (a moder-
ately palatable cultivar), were used. These
cultivars were grown at the experimental field
of the Buzen Branch of Fukuoka Agricultural
Research Center in 1992. Seedlings of each

Table 1.
secondary rachis branches.

cultivar were transplanted in the paddy field
on June 15 with a planting space of 15 cm X 30
cm (four plants per hill). The soil was clay
loam (Alluvial soil). The total amount of
nitrogen fertilizer application for Koshihikari,
Nipponbare and Reihou was 8.5 kg, 9.5 kg
and 12kg per 10a, respectively. The total
amount of P,O; and K,O fertilizer application
for Koshihikari, Nipponbare and Reihou was
6kg, 9kg and 12kg per 10a, respectively.
Koshihikari plants matured in late September,
Nipponbare in early October and Reihou in
late October. After harvesting, the plants were
solar-dried. The number of secondary rachis
branches of Koshihikari, Nipponbare and
Reihou were about 17, 14 and 13 per panicle,
respectively. Grains were collected separately
from the primary and secondary rachis
branches of about 80 ears for each cultivar,
and were hulled. The hulled grains more than
1.8 mm in thickness were milled at a 909,
milling rate and stored at 5°C until analysis.
Using hulled grains, 1000-grain weight and
inspection grade were determined. Inspection
grade of hulled grains was judged by the
Fukuoka local food agency office under the
Ministry of Agriculture, Forestry and Fish-
eries.

Amylose and amylography analyses were
carried out from January to February, in 1993,
using the methods described in the previous
paper®.

Protein fraction analysis was made with the
method reported by Ogawa et al.® as modified
by Takebe* in July, 1993. It was as follows :

1000-~grain weight and inspection grade of grains on primary and

Cultivar Rachis branches \lzv%?gl;tg(rga)m Inspection grade*
Koshihikari primary 23 3d** First grade-lower
secondary 21 5a Second grade-lower
Nipponbare primary 23 4ed First grade-middle
secondary 21 _6ab Second grade-middle
Reihou primary 23 8f Second grade-middle
secondary 22 3¢ Third grade-upper

* Inspection grade consists of 9 grades of quality;i.e., First grade-upper,
-middle, -lower, Second grade-upper, -middle, -lower and Third grade

-upper, -middle, -lower.
* %

multiple range test at 59, level.

Means with the same letters are not significantly different by Duncan’s
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First, 500 mg of powded milled rice grains
were homogenized in 10m/ of solution
containing 50 mM KH,PO,-NaOH (pH 6.8)
and 0.5 M NaCl, and then centrifuged. This
procedure was repeated for three times. The
resulting supernatant (Fraction I) contained
albumin and globulin. Next, 10m/ of 0.2
M CH,COONa-HCl (pH 1.7) and 10 g/ of
197, pepsin was added to the residue and the
suspension was incubated for 60 min at 37°C.
After centrifugation, the supernatant contain-
ing glutelin (Fraction II) was obtained. The

Table 2. Amylose content of grains on pri-
mary and secondary rachis branches.

Amylose content

Cultivar Rachis branches (% dry weight basis)
Koshihikari primary 16 9b*+0_1
secondary 15.5a +0.1
Nipponbare primary 19.9de+0_3
secondary 19 2¢c +0.3
Reihou primary 20, 1e 0.1
secondary 19 .5¢d+0.1

* Means with the same letters are not significantly
different by Duncan’s multiple range test at 5%,
level.

final residue (Fraction III) contained pro-
lamin. All fractions were dissolved by Kjeldahl
method, and the nitrogen content was deter-
mined by Auto Analyzer. The protein content
of each fraction was calculated by multiplying
nitrogen content with a protein factor 5.95.

Results

The 1000-grain weight of grains on the
primary rachis branches were heavier in 1000-
grain weight than those on secondary rachis
branches by 1.5 g to 1.8 g, and were superior
in inspection grade by 2 or 3 grades (Table
1.).

Amylose content of grains on the primary
rachis branches was higher than that on the
secondary rachis branches by 0.69, to 1.49
(Table 2.). Amylose content of a good
palatability cultivar, Koshihikari was lower
than those of moderate palatability cultivars
Nipponbare and Reihou both in primary and
in secondary rachis branches.

Grains on the primary rachis branches
showed higher maximum viscosity and break-
down values, and lower gelatinization temper-
ature than those on the secondary rachis
branches (Table 3). Maximum viscosity and

Table 3. Amylographic characteristics of grains on primary and secondary rachis branches.

Amylographic characteristics

Cultivar Rachis branches  Maximum Breakdown Gelatinization
viscosity (B.U) values (B.U) temperature (°C)
Koshihikari primary 500 195 60.0
secondary 470 132 69.0
Nipponbare primary 415 120 70.5
secondary 345 100 75,0
Reihou primary 378 70 78 .0
secondary 318 68 79.5

Table 4. The distribution ratio of protein extracted from grains on primary and secondary rachis

branches. :
Distribution ratio of protein fraction (%)

Cultivar Rachis branches
Albumin + Globulin Glutelin Prolamin Total
Koshihikari primary 14 76 10 100
secondary 12 78 10 100
Nipponbare primary 14 74 12 100
secondary 13 76 11 100
Reihou primary 12 74 14 100
secondary 14 73 13 100
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Protein fractions of milled grains from primary and secondary rachis branches.

O : Grains on primary rachis branches, ¥ : Grains on secondary rachis branches.
Cultivar names in the figure are as follows : 1, Koshihikari ; 2, Nipponbare ; 3, Reihou.

breakdown values of a good palatability
cultivar, Koshihikari were higher, and gelatin-
ization temperature was lower than those of
moderate palatability cultivars Nipponbare
and Reihou both in primary and in secondary
rachis branches.

Among storage proteins, glutelin content
was the highest, and the differences of distri-
bution ratio of protein content between grains
on primary and those on secondary rachis
branches was not recognized both in primary
" and in secondary rachis branches for all the
cultivars examined (Table 4). There was little
difference in prolamin content and in albu-
min+globulin content between grains on the
primary and those on the secondary rachis
branches, whereas total protein content and
glutelin content of grains on primary rachis
branches was noticeably lower than those on

the secondary rachis branches for all the
cultivars (Fig. 1). Total protein, glutelin and
prolamin content of a good palatability
cultivar, Koshihikari were lower than those of
moderate palatability cultivars Nipponbare
and Reihou both in primary and in secondary
rachis branches. However, albumin+globulin
content was not.

Discussion

The previous result of sensory test using the
same materials as we used in the present study
showed that grains on the primary rachis
branches were superior in palatability to those
on secondary rachis branches®. In the present
study, amylose content of grains on the pri-
mary rachis branches found to be higher than
on the secondary rachis branches. These
results suggest that amylose content shows
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“positive” relationship with palatability when
compared between grains on primary and
those on secondary rachis branches “‘within” a
single cultivar. This differs with the general
recognition in which amylose content shows
“negative” relationship with palatability when
compared “among” cultivars. We do not know
the reason why the result of the present study
did not concordance with the general recogni-
tion, however these imply that palatability of
rice cultivars should carefully be evaluated
when amylose alone is used as an indicator in
the evaluation of palatability.

Grains on the secondary rachis branches
were inferior in amylographic characteristics
to those on the primary rachis branches. Inat-
su? reported that the amylogram values in-
creased with maturity. The deterioration of
amylographic characteristics for secondary
rachis branches could be due to the deficiency
of accumulation of starch in rice endosperm as
shown by the decrease in 1000-grain weight.

In previous paper?, maximum viscosity and
breakdown values of good palatability
cultivars were higher than those of ordinary
cultivars. In the present study, maximum
viscosity and breakdown values of grains on
the primary rachis branches also showed “pos-
itive” relationship with palatability. These
results suggest that maximum viscosity and
breakdown values are the good indicator of
palatability when compared “within” a single
cultivar and “among” cultivars. Although any
relationship was not found between gelatiniza-
tion temperature and palatability among
cultivars®, in the present study, gelatinization
temperature of grains on the primary rachis
branches found to be lower than on the secon-
dary rachis branches ‘within” a single
cultivar. These results indicate that gelatiniza-
tion temperature could be the indicator of
palatability only when compared “within” a
single cultivar.

Total protein and glutelin content, which
was the highest among the storage proteins in
primary rachis branches were lower than in
secondary rachis branches. Morita” reported
that glutelin content of a moderate palatability
cultivar Nipponbare increase accordingly as
total protein content increased, and Yama-
shita and Fujimoto® reported that increase in
protein content by increasing nitrogen fertili-
zation was caused by increasing glutelin con-

tent in a good palatability cultivar Sasanishiki.
Prolamin content of a good palatability
cultivar, Koshihikari was lower than those of
moderate palatability cultivars Nipponbare
and Reihou both in primary and in secondary
rachis branches. Masusige et al.® reported
that a ratio of prolamin content in rice starchy
endosperm showed “negative” relationship
with palatability among 10 cultivars. In this
regard, we consider that glutelin and prolamin
plays important role in rice palatability among
storage proteins and that it is possible to use
glutelin as an indicator for evaluation of
palatability within a cultivar and prolamin as
an indicator for evaluation of palatability
among cultivars.

There was cosiderable difference between
grains on primary and those on secondary
rachis branches in physicochemical properties,
development and appearance of the grains for
all the cultivars examined. Chaudhry and
Nagato? reported that the development of
vascular bundles in the primary rachis
branches was better than in the secodary
rachis branches. These indicates that the
development of the vascular bundle in rice
rachis branches greatly affect the metabolism
of nutritional substances related to rice grain
development and palatability.

Thus, we consider that the modification of
ear morphology which decrease under-
developed vascular bundles is a possible way
to improve rice palatability.
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