Protein Content of Japanese Rice

and Its Variation
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Cereals are not only the major source of
calorie but the scurce of protein in the diet
of the peoples of Asia and Africa. Accord-
ingly, it is significant from the standpoint of
nutrition for rice-eating people to have the
protein content of rice increased.

Therefore, attempts are being made in many
countries to increase the protein content of
rice by breeding new variety.

On the other hand, there is a possibility to
produce high protein rice by a method other
than breeding, because it has been assumed
that the protein content of rice is variable
by the cultural condition.

Based upon this assumption, the protein
content of rice and its variation have been
studied and these findings are presented in
the following.

Protein content of Japanese brown
rice

The rice cuitivated in Japan belongs to the
japonica type and is cultivated as far as near
latitude 45° North. The production of hrown
rice in 1970 was 12,53 million tons in paddy
rice and 160,800 tons in upland rice. Recent
investigations of the protein content of Japa-
nese rice revealed the following results.

The protein content of nonglutinous paddy
brown rice in 1968 and 1969 purchased by the
Government from all over the country is shown
as per cent on dry weight basis in Table 1%.

The average values in grade No. 3 which
comprises about 50 per cent of the total rice
production are 8.64 per cent in both years.
These values are not much different from
those of the food composition tables of India

Table 1. Protein content® of Japanese paddy brown rice

Inspection grade Range
1968 %
Grade No. 1 (n=42) 7.49—10.23
Grade No. 2 (n=45) 7.27—11.21
Grade No. 3 (n=46) 7.12 — 10,59
Grade No. 4 (n=46) 7.49—11.54
Grade No. 5 (n=44) 7.77 —10.32

Off-grade 1st class (n=27) 8.25—10.47
1969

Grade No. 3 (n=97) 7.11 —10. 54

# Dry weight basis

Coeflicient of

Mean Standard deviation Fariatisn
% % %
8.57 0. 60 7.00
8. 64 0.70 8.10
8. 64 0. 65 7.52
9,03 0.71 7.86
9.01 0.58 6.43
9.50 0.55 5.79
8. 64 0.79 9. 14
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Fig. 1. Protein content of ‘Honen-Wase' variety

or the United States.

However, a considerable variation in the
protein content is recognized in all the grades
in both the year and the variety. As an ex-
ample of the variation of wvariety in 1968,
‘Honen-wase’ variety is shown in Fig. 1. The
range of the value is from 7.74 per cent to
11.54 per cent and the average value of each
grade is higher than thal of all the samples
of the same year.

On the other hand, the protein content of

nonglutinous and glutinous upland brown rice
purchased by the Government in 1968 from
all over the country has been investigated.
The results are shown in Table 2%,

The average values show a higher content
than those of nonglutinous paddy rice of the
same year (Table 1) by about 40 per cent.
With respect to protein content of rice, ac-
cordingly, it is reasonuable to distinguish be-
tween paddy and upland rice.

Table 2. Protein content* of Japanese upland brown rice (Grade No. 3)

Sample Range
%
Nonglutinous type (n=24) 9.89— 14,17
Glutinous type (n=23) 9,29—14,19
Two types (n=47) 9.290— 14,19

# Dry weight basis

Coefficient of

Mean Standard deviation aration
% % %
11,97 0.95 7.94
11. 67 1,27 10. 88
11, 82 1.1 9.39
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Nitrogen application and protein con-
tent of nonglutinous paddy brown
rice

As deseribed abeve, a considerable variation
can be recognized in the protein content of
the same variety. As cne of the factors for
the variation, the influence of nitrogen appli-
cation is conceived. In this case, the amount
of fertilizer and the period of application pose
a problem.

With respect to the relation between the
protein content ¢f paddy brown rice and nitro-
gen applicaticn, it was reported that the ap-
plication after heading increased the protein
content by about 10 per cent in comparison
to the non-application”. Accordingly, it is
suggested that the nitrogen application after
heading is one of the factors for the vari-
always influence the protein content by the
cultivated year but the top-dressing after
content.
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However, this nitrogen application was not
extended because of regarding it as more
injurious than beneficial for rice culture.

Recently, in connection with the high-yield-
ing paddy rice culture method, nitrogen top-
dressing after the heading stage came to be
recognized as effective to reduce the immature
grain® and was begun to adopt the practice
as one of the top-dressings.

As this top-dressing application suggests a
possibility to increase both the yield and the
protein content, the relation between the nitro-
gen application and the protein content of non-
glutinous paddy rice has been studied at the
experimental field®.

The results revealed that the nitrogen ap-
plication of basal dressing and top-dressing at
the young panicle formation stage does not
ation and is effective in inereasing the protein
heading stage does definitely increase the
protein content.

As an example of the results as shown in
Fig. 2, the top-dressing at the full heading

Variety : Manryo
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Fig, 2, Nitrogen application and protein content of brown rice



stage increased the protein content of the
brown rice by about 30 per cent as compared
with the application of basal dressing or basal
dressing plus top-dressing at the panicle for-
mation stage.

In regard to a given amount of top-dressing
after the full heading stage, it was shown
that the more the fertilizer applied, the more
the protein content increased. When an identi-
cal amount of the dressing was applied in the
period from the full heading stage to 30 days
after it, it is more effective at the nearer stage
to full heading.

From these results, it is suggested that the
paddy brown rice produced by the Japanese
farmer using top-dressing after the heading
stage is also high in protein content.

Therefore, the influence of nitrogen appli-
cation on the protein content of nonglutinous
paddy brown rice in 1968 has been investigated
on about 40 samples produced under high-
vielding culture using the top-dressing after
the heading stage at the farmers’ field”.

The average yield of the samples: 694 kg/
10 a showed about 50 per cent high as com-
pared with the same year's national average
vield: 449 kg /10 a. The average protein value
on dry weight basis was 9.34 per cent and
eight samples showed over 10 per cent. As for
the amount of nitrogen application, the basal
dressing and the top-dressing at the young
panicle formation stage did not influence the
protein content. However, the amount of top-
dressing after the heading stage showed
positive correlation with the protein content
(Fig. 3).

Protein content (Dry weight basis %)

; 1 'I_' 3 4 ] :. q &
Kitrogon applieation D/ 104}

Fig. 3. Top-dressing after heading stage and

protein content of paddy brown rice
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Irrigation and protein content of
brown rice

It has been stated that upland brown rice
was higher in protein content than the paddy
brown rice. However, it is not known whether
the high protein content of upland brown rice
is due to the cultural conditions or to the
genetic factors.

If caused by cultural conditions, it is con-
sidered that irrigation affects mostly the pro-
tein content. If it is hereditary, upland rice
can be used as a genetic stock for breeding
many varieties of high protein rice.

Based upon such an assumption, an investi-
gation has been carried out on the effect of
irrigation to the protein content of brown rice
of 20 upland rice varieties cultivated in both
the upland field with intermittent irrigation
for about 2.5 months from the young panicle
formation stage and lowland field in 1968".

From the results in Fig. 4, it is recognized
that all the samples obtained by upland culture
manifest higher protein value than those by
lowland culture. The average increasing rate
of protein value by upland culture is about
40 per cent.

The same experiment has been also earried
out on 20 paddy rice varieties and 14 crossed
strains of paddy rice and upland rice.

The results showed the same tendency as
upland rice. These results indicate that high
protein value of upland rice is not hereditary
but is due to the cultural condition or irriga-
tion and the lower protein value of paddy rice
among cereals is also attributed fo irrigation.

In Japan, sometimes, paddy rice varieties
are cultivated under upland conditions ac-
companied with irrigation by using sprinklers
and other measures or with plastic film mulch-
ing because of its high yielding capacity and
good quality as compared with upland rice
varieties. The above-mentioned facts suggest
that paddy riee cultivated by upland irriga-
tion or mulching is also high in protein
content,
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Fig. 4. Irrigation and protein content of upland brown rice

Early and late rice varieties and
protein content of paddy brown rice

On the factors that influenced the protein
content of rice, there is a relation between the
protein content and early and late rice varie-
ties. As an example, Kido et al.”’ studied the
relation between the protein content of brown
rice and heading date in the same lowland
field (Fig. 5). The results indicate that the
earlier the heading date, the higher the protein
content.

With respect to the above-mentioned vari-
ation of protein content of ‘Honen-wase’
variety (I'ig. 1), the following factors are
suggested from this fact. The higher aver-
age values of each grade of the variety in
1968 are due to its early maturing. In the
warm southwestern region of Japan, Honen-
wase becomes more early maturing because of

its thermosensitivity and is widely used for
early season culture. Therefore, it is con-
sidered that four samples of Tokushima Pre-
fecture in the warm southwestern region
showed especially higher in Fig. 1.

Other factors influencing protein con-
tent of paddy brown rice

As the inspection grade of nonglutinuous
paddy brown rice is lowered, the protein value
inereases as shown in Table 1. This tendency
is regarded as being related to the item
specified in the inspection standard. Tani
et al.'” recognized that the protein content
of brown rice is negatively correlated with
volume-weight, thousand-kernel-weight, spe-
cific gravity, size and hardness. The factors
of those qualities are related to the maturity
of rice.

On : the between

relation the grade of
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Fig. 5. Heading date and protein content
of paddy brown vrice

maturity and the protein content, it was shown
that immatured rice contains more protein
than fully ripened rice”. Accordingly, one of
the reasons of the high protein content may
be the increasing of immatured rice in lower
grade.

In the case of brown rice of the japonica
type, the thousand-kernel-weight is normally
about 20 g, Therefore, the above-mentioned
negative correlation between the thousand-
kernel-weight and the protein content is the
relation in normal variety of about 20 g per
1,000 kernels.

Twelve varieties, including small dwarf rice
kernel, have been cultivated in the same field
and the protein content of brown rice has
been studied™.

In these results, the negative correlation
is also recognized between the thousand-
kernel-weight and the protein content (Fig. 6).
When the thousand-kernel-weight became
about 25 g, however, the same correlation
could nct be recognized in other experiments.
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Japan is now being confronted with rice
surplus and the improvement of quality, es-
pecially the taste, is becoming a great issue.
On the other hand, the investigation on the
nutrition of rice is important more than ever
because rice is still the mainstay of national
nutrition.

With respeet to the protein content of
Japanese rice and its variation, it 1s obvious
that the cultural conditions influenced the
protein content. Aeccordingly, the effort of
rice protein fortification should be directed
toward further studies by both cultural prac-
tice and genetic improvement.
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