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Abstract The Japonica cultivar ‘Janganbyeo’ was cultivated and about half of paddy field was totally lodged at 30 days after
heading. Both lodged paddy and unlodged paddy were harvested at intervals. The lodged paddy and brown rice did not show
any signs of viviparity until the 4th day of lodging. The activities of α-amylase, diastase, and lipase of lodged paddy and
brown rice began to increase on the 2nd day of lodging and then increased slowly afterwards. The activities of protease and
phytase of lodged paddy and brown rice reached the maximum values on the 2nd day and then decreased until the final day of
lodging. In contrast, unlodged paddy and brown rice showed relatively small increase in viviparity and in activities of α-
amylase, diastase, protease, lipase, and phytase. Especially, activities of diastase and lipase were observed even in unlodged
paddy and brown rice.
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Introduction

Germination has been reported to improve the nutritional
quality of cereals by enhancing the degree of digestibility,
physiological function, and the essential nutrients, and by
suppressing the action of anti-nutrients (1). In case of rice
germination, both the activities of enzymes such as phytase
and the bioactive compounds such as gamma-aminobutyric
acid (GABA) increase due to the metabolic needs during
germination. Thus, the germinated rice has often been used
as an enzyme food or its ingredient because it is rich in
enzymes and bioactive compounds (2,3). In general, the
enzyme food is considered to prevent the chronic diseases
related to the immune function damage, hypertension,
cancer, fatigue-related disorders, or the liver disorders (4).

In the mean while, typhoon, a tropical cyclone with
strong wind and heavy rain has been one of the natural
hazards, which can cause lodging of rice in Asia either
tropical or temperate (5,6). Especially, the Korean peninsula
which is one of the geographically passing zones of
typhoon often experiences typhoon attacks and crop
damages every year. Furthermore, more than half of the
typhoons come in August or September when the rice
paddy is on its ripening stage. In such case, rice paddy is
easily lodged and the lodged rice often shows the
viviparity, a kind of germination on the panicle (7,8). In
general, the occurrence of viviparity is considered to be
harmful owing to the yield loss and the quality deterioration
of rice; however, the viviparity of rice may also be
beneficial due to the active enzymes and the functional
components desirable to health.

Recently, several research works regarding the germination
of rice have been reported with respect to the functional
components such as GABA (9,10), ferulic acid, and
arabinoxylan (11), and antioxidative activities (12). In
addition, a few literature reports have dealt with the
enzymes of germinated rice (3,13). However, no reports
have focused on the enzyme activity changes of rice with
respect to the viviparity and the duration of lodging time.

The specific objective of this study, to use the lodged
rice showing viviparity as a high-valued food item, was to
determine the changes in enzyme activity of paddy and
brown rice with respect to the viviparity and the duration of
lodging time and to compare the changes with those of
unlodged rice. The enzymes involved here were α-amylase,
diastase, protease, lipase, and phytase.

In this study, a Japonica cultivar ‘Janganbyeo’ was used.
The first reason is that it is a medium maturing variety
which often experiences lodging during the ripening stage
by typhoon attacks in August or September. The second
reason is that it is relatively tolerant to lodging and
suitable for cultivating in the central field of South Korea
(14).

Materials and Methods

Materials Both lodged and unlodged samples in the form
of paddy and brown rice were suuplied by the National
Crop Experiment Station (NCES), Hwaseong, Gyeonggi,
Korea. According to NCES, a Japonica rice cultivar
‘Janganbyeo’ was cultivated under basal fertilizer conditions,
and about half of paddy field was totally lodged at 30 days
after heading. Both lodged and unlodged paddy were
harvested at intervals of 0, 2, 4, 6, 8, 11, 13, 15, 20, and 23
days, and solar dried to the 15% moisture content. The
dried paddy was dehulled to brown rice using a rice huller
(Satake, THU35A; Stake Corp., Hiroshima, Japan).
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Measurement of viviparity of rice One-hundred rice
grains were randomly picked up and examined by naked
eyes if they have any signs of viviparous germination.

Measurement of α-amylase activity of paddy and brown
rice The α-amylase activity was determined by AACC
method 22-01 (15) as follows. Finely ground rice (5 g) was
extracted using 100 mL 0.5% NaCl solution. The malt
infusion (10 mL) was diluted to 100 mL with 0.5% NaCl
solution at 30oC. Then the malt infusion and buffered
dextrin were mixed. At an appropriate time interval the
hydrolyzing mixture was mixed with 5 mL dilute I2
solution at 20oC, and the resulting color was compared
with a standard color. The α-amylase activity was expressed
as a SKB α-amylase unit.

Measurement of diastase activity of paddy and brown
rice The diastase activity was determined by AACC
method 22-16 (15) as follows. Finely ground rice (25 g)
was extracted with 500 mL distilled water at ambient
temperature (15-25oC) for 2.5 hr. The enzyme extract was
mixed with 100 mL buffered starch solution. After 30 min
reaction time, 10 mL of 0.05 N ferrycianide solution was
added to 5 mL digested starch solution. Then the mixture
was titrated with 0.05 N thiosulfate solution to a complete
disappearance of blue color. The diastase activity was
expressed as oL based on the mL’s of thiosulfate solution
required for the titration.

Measurement of protease activity of paddy and brown
rice The protease activity was determined by the AACC
method 22-61 (15) as follows. Finely ground sample (20 g)
was extracted using 100 mL acetate buffer solution (pH
4.7) at 40oC for 1 hr. The enzyme solution was added to 10
mL denatured hemoglobin solution at 40oC. After 30 min
of reaction 10 mL of 30% trichloroacetic acid (TCA) acid
solution was added, shaken vigorously, and filtered. The
absorbance of filtrate was read at 275 nm. Protease activity
was expressed as HUT/g.

Measurement of lipase activity of paddy and brown
rice The lipase activity was measured using a dough
method (16). Ground rice sample was defatted with
petroleum ether. Then 98 mL triolein and 330 mL buffer
solution (pH 7.5) were added. The dough was mixed
thoroughly with a glass rod and incubated at 37oC for 60
min. The reaction was stopped by adding 100 mL of 1 N
HCl. The oleic acid that had been hydrolyzed from the
triolein was extracted into 5 mL isooctane and measured
spectrophotometrically. The absorbance at 715 nm was
read and compared with that of the oleic acid standard.
Lipase activity was expressed as µmol of oleic acid/hr/g
(17).

Measurement of phytase activity of paddy and brown
rice The phytase activity was measured by incubating the
enzyme extract with sodium phytate at pH 5.2 and 47oC for
1 hr (18). The proportions of enzyme extract, sodium
phytate, and buffer solution in the reaction mixture were
equal to the proportions used by Lolas and Markakis (19).
The final concentration of buffer solution and phytate were
0.1 M and 1 mM, respectively. After incubation, 4 mL of 2

M HCl was added to stop the enzymatic reactions. The
phytase activity was expressed as a degraded inositol
hexaphosphate/min.

Statistical analysis The analysis of statistical differences
(p<0.05) was performed using the statistical analysis
program of SigmaPlot for Windows version 9.00 (Systat
Software, Inc., Richmond, CA, USA).

Results and Discussion

Viviparity changes of paddy and brown rice during
lodging The viviparity (%) of paddy and brown rice of
‘Janganbyeo’ either lodged or unlodged with respect to the
duration of lodging time are shown in Fig. 1. In case of
paddy, the signs of viviparity of lodged sample was not
observed until the 4th day of lodging, and afterwards the
viviparity rapidly increased to 13.7% on the 8th day. The
average viviparity of lodged sample from the 8th day to the
23rd day was 13.0%. In contrast, unlodged sample did not
show any signs of viviparity. In case of brown rice, the sign
of viviparity of lodged sample was not observed until the
4th day of lodging. On the 6th day the viviparity increased
to 33.1% and afterwards decreased with time down to
18.6%. The average viviparity (%) was 25.4% from the 6th

day to the 23rd day. In contrast, unlodged brown rice
showed no remarkable signs of viviparity with the average
of 0.5% (0.04-0.99%).

Our results of viviparity seemed similar to those reported
by Ju et al. (7). They reported the viviparity (%) values of
‘Janganbyeo’ paddy with different days after heading (25,
35, and 45 days) were 0.2, 2.4, and 6.2% after 4 days of
lodging, 3.0, 15.8, and 12.9% after 8 days of lodging, and
11.9, 40.9, and 31.4% after 12 days of lodging, respectively.
Some discrepancy might be due to the differences in the
cultivating conditions of the 2 lodging experiments. In
addition, the higher viviparity of brown rice than paddy
may be due to the easy observation of the sign of viviparity
on the brown rice kernel naked without husk.

α-Amylase activity changes of paddy and brown rice
during lodging The changes in α-amylase activity of

Fig. 1. Changes in viviparity (%) of paddy and brown rice of
‘Janganbyeo’ either lodged or unlodged with respect to the
duration of lodging time.
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lodged or unlodged rice of ‘Janganbyeo’ in the form of
paddy and brown rice with respect to the duration of
lodging time are shown in Fig. 2. Unlodged paddy and
brown rice did not show any remarkable α-amylase
activity; in contrast, α-amylase activity of lodged paddy
and brown rice increased after 2 days lodging. As shown in
Fig. 1, the signs of viviparity of paddy and brown rice were
scarecely observed on the 2nd day; however, sprouting must
have been prepared inside of each kernel even before the
2nd day. In cereals, generally, α-amylase activity may be
detected during the early germination. The α-amylase
activity on the 2nd day seemed essential for providing
energy and carbon skeletons to the embryo through the
respiratory breakdown of utilizable substrates.

The α-amylase activity of lodged paddy increased from
0.3 SKB α-amylase unit on the 0 day of lodging to 8.8 on
the 2nd day, 15.9 on the 8th day, 25.6 on the 15th day, and
29.2 SKB α-amylase unit on the 23rd day of lodging. The
increasing rate of α-amylase activity was the highest (8.8
SKB α-amylase unit/day) on the 2nd day of lodging. In case
of lodged brown rice, the α-amylase activity increased
from 0.3 SKB α-amylase unit on the 0 day of lodging to
11.7 on the 2nd day, 18.3 on the 8th day, 33.3 on the 15th day,
and 39.7 SKB α-amylase unit on the 23rd day of lodging.
The increasing rate of α-amylase activity was the highest
(11.7 SKB α-amylase unit/day) on the 2nd day of lodging.
Our result was different from the report of Kim et al. (20)
who reported that α-amylase activities decreased from 8
days after seeding and also from the report of Sen et al.
(21) who reported that α-amylase activity reached a
maximum by the 7th day of germination. Our result is also
different from the report that the 2nd day α-amylase activity
of lodged brown rice was higher than that of germinated
brown rice at 25oC (22). The possible reason for the
differences may be due to the difference between viviparous
germination and normal germination. In addition, the
overall α-amylase activity of lodged brown rice was higher
than that of lodged paddy. This may be due to the fact that
dehusking may stimulate germination of rice (23) and that
the solid content in the same amount of ground sample is
higher for brown rice than for paddy.

Diastase activity changes of paddy and brown rice
during lodging Diastase activity (Fig. 3) was measured
as the amount of reducing sugar produced by both α-
amylase and β-amylase. Diastase activity was present even
in unlodged paddy and brown rice, although its levels in
unlodged samples were much lower than those in lodged
ones. The diastase activity of lodged paddy increased to
13.3oL on the 2nd day of lodging, 17.2 on the 8th day, 25.1
on the 15th day, and 30.2oL on the 23rd day of lodging. In
case of lodged brown rice, the diastase activity increased to
14.5oL on the 2nd day of lodging, 21.3 on the 8th day, 27.6
on the 15th day, and 32.1°L on the 23rd day of lodging,
respectively. Like the case of α-amylase activity, the
overall diastase activity of lodged brown rice was higher
than that of lodged paddy. In addition, the maximum
diastase activities of lodged paddy and brown rice were
lower than those of germinated brown rice freeze dried
(22). The difference seemed mainly due to the differences
in moisture content of the 2 cases. Both the lodged paddy
and brown rice showed sudden increase in diastase activity
on the 2nd day of lodging. The β-amylase activity is usually

Fig. 2. Changes in α-amylase activity of paddy and brown rice
of ‘Janganbyeo’ either lodged or unlodged with respect to the
duration of lodging time.

Fig. 3. Changes in diastase activity of paddy and brown rice of
‘Janganbyeo’ either lodged or unlodged with respect to the
duration of lodging time.

Fig. 4. Changes in protease activity of paddy and brown rice of
‘Janganbyeo’ either lodged or unlodged with respect to the
duration of lodging time.
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a reliable indicator of the germination ability of seed stocks
and of their vigor during germination (24). Therefore, the
diastase activity of unlodged paddy and brown rice seemed
mainly affected by the α-amylase activity.

Protease activity changes of paddy and brown rice
during lodging The changes in protease activity of lodged
or unlodged rice in the form of paddy and brown rice with
respect to the duration of lodging time are shown in Fig. 4.
The protease activity of lodged paddy increased from 9.2
HUT/g on the 0 day of lodging to 60.5 HUT/g on the 8th

day, and then the activity decreased down to 27.0 HUT/g
on the 23rd day of lodging. In case of lodged brown rice,
the protease activity also increased from 12.0 HUT/g on
the 0 day of lodging to 66.0 on the 10th day, and then
decreased down to 34.9 HUT/g on the 23rd day of lodging.
In the meanwhile, unlodged paddy and brown rice showed
a small increase on the 8th day of lodging, and then showed
a slight decrease afterwards. The overall protease activities
of lodged paddy and brown rice were higher than those of
unlodged paddy and brown rice. On the contrary, the
maximum protease activities of lodged paddy and brown
rice were lower than those of germinated brown rice freeze
dried (22). The difference seemed mainly due to the differences
in moisture content of the 2 cases as aforementioned.

Lipase activity changes of paddy and brown rice during
lodging The changes of lipase activity of lodged or
unlodged rice in the form of paddy and brown rice with
respect to the duration of lodging time are shown in Fig. 5.
The initial lipase activity of lodged paddy was 99.2 µmol
oleic acid/hr·g solid on the 0 day of lodging, and then the
activity increased to 137.6 on the 2nd day, 153.9 on the 8th

day, 172.9 on the 15th day, and 209.3 mmol oleic acid/hr·g
solid on the 23rd day of lodging. The lipase activity of
unlodged paddy changed little until the 4th day of lodging,
and after then the activity of paddy increased from 99.5 on
the 4th day of lodging to 143.4 mmol oleic acid/hr·g solid
on the 23rd day of lodging.

In case of lodged brown rice, the lipase activity increased
from 100.11 µmol oleic acid/hr·g solid on the 0 day of
lodging to 148.8 on the 2nd day, 163.8 on the 8th day, 181.8

on the 15th day, and 227.6 mmol oleic acid/hr·g solid on
the 23rd day of lodging. The lipase activity of unlodged
brown rice changed little until the 4th day of lodging, and
after then the activity of paddy increased from 107.5 on the
4th day of lodging to 173.4 µmol oleic acid/hr·g solid on
the 23rd day of lodging. Overall lipase activities of lodged
paddy and brown rice were higher than those of unlodged
paddy and brown rice. The lipase activity of the final day
was in the order of lodged brown rice, lodged paddy,
unlodged brown rice, and unlodged paddy.
. 
Phytase activity changes of paddy and brown rice
during lodging Phytase, myo-inositol hexaphosphoric
acid phosphohydrolase, hydrolyzes phosphate linkages of
phytic acid to release orthophosphate and myo-inositol (25,
26). An increase in phytase activity was observed during
lodging (Fig. 6). The phytase activities of unlodged paddy
and brown rice were 35.2 and 38.0 inositol hexaphosphate/
min, respectively. The phytase activities did not show any
significant changes during lodging. However, a remarkable
increase in phytase activity was observed in case of lodged
paddy and brown rice. The phytase activity of lodged
paddy and brown rice increased to the maximum value on
the 2nd day of lodging, and then showed a continuous
decrease. The phytase activity of the lodged brown rice on
the 2nd day was about 2 times higher than that of lodged
paddy. In most plant materials, a large amount of phosphorus
is present in the form of phytate. The phytate is a complex
salt of calcium or magnesium with myo-inositol and is
considered as the primary storage form of phosphorus and
inositol in most seeds. Phosphorus is a vital compound for
seed/grain development and successful seeding growth.
The phosphorus in phytate form is either unavailable to or
poorly utilized by monogastric animal and humans, because
of the lack of the enzyme phytase required to hydrolyze the
phytate and release the phosphorus (27).

The lodged paddy and brown rice did not show any
signs of viviparity until the 4th day of lodging. The
activities of α-amylase, diastase, and lipase of lodged
paddy and brown rice began to increase on the 2nd day of
lodging and then increased slowly afterwards. The

Fig. 5. Changes in lipase activity of paddy and brown rice of
‘Janganbyeo’ either lodged or unlodged with respect to the
duration of lodging time.

Fig. 6. Changes in phytase activity of paddy and brown rice of
‘Janganbyeo’ either lodged or unlodged with respect to the
duration of lodging time.
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activities of protease and phytase of lodged paddy and
brown rice reached the maximum values on the 2nd day and
then decreased until the final day of lodging. In contrast,
unlodged paddy and brown rice showed relatively small
increase in viviparity, and in activities of α-amylase,
diastase, protease, lipase, and phytase. Especially, the
activities of diastase and lipase were observed even in
unlodged paddy and brown rice. It can be concluded that
the paddy and brown rice lodged for 2-8 days can be used
as an enzyme food or its ingredient owing to their high
enzyme activities.
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