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Abstract

The effect of chitosan on enzymatic activities and on biocactive compounds was characterized during
germination at 25°C for 7 days to search for a method to produce a germinated black rice. The germination
rate was reduced by the addition of lactate and chitosan. The rotting rate was greatly decreased by chitosan,
suggesting that the addition of chitosan into a germination solution might be an effective method for con-
trolling fungal contamination during the germination of cereals. The addition of 100 and 200 ppm chitosan
increased « -amylase activity after 7 days by up to 152% and 197 %, respectively. The activities of B-amylase
and B-glucosidase were lower with 200 ppm chitosan than in distilled water and 100 ppm lactate. The amount
of total soluble phenolics and total flaveneids decreased rapidly for four days and thereafter remained con-
stant until the seventh day. The antioxidant activity of germinated black rice, in terms of hydrogen-donating
activity, increased slowly and did not correspond to the changes of total soluble phenolics and total flavonoids.
The amount of phytic acid was reduced by the addition of 200 ppm chitosan compared to distilled water,
indicating that chitosan could be used as an elicitor for the increase of phytase activity during the germination

of black rice.
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INTRODUCTION

Rice (Oryza sativa L.) has a long history as an im-
portant staple cereal in Korea. In recent years, the con-
sumption of rice in Korea has been rapidly decreasing
due to increasingly westernized eating habits. But col-
ored rices such as black rice, red rice and brown rice
remain popular because of their various physiological
functions (1). Korean black rice (Oryza sativa var.) is
known to have originated from Southern China and be-
gan to be cultivated in 1990’s. Some varieties are now
being cultivated in several regions of Korea, including
Jindo. The major varietics of black rices consumed in
Korea are Suwon 415, Iksan 427 and Sanghachyang-
byeol (2).

Recent studies have shown that black rice has better
properties for color and flavor and is richer in nutrients
such as proteins, lipids, vitamins and minerals than pol-
ished rice (1). There are reports on black rice describing
chemical composition (1), texture changes after cooking
(3), characteristics of black rice Sikhe (4), microwave
vacaum drying (5), pigments (6-8), pasting, and nutri-
tional characteristics (2). The physiological properties of
black rice include antioxidant activity (9-10), hepatopro-
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tective activity (11), antimutagenic and anticarcinogenic
activity (12). Those biological functions appear to be
related very closely with anthocyanin.

Germination is one of processing methods by which
the quality of cereal can be improved for digestibility
and physiological functions. During the germination of
black rice, enzymatic activities and bioactive compounds
may be increased due to the metabolic activity for the
production of energy from stored carbohydrates, lipids
and proteins. For these reasons, germinated black rice
has been used as a source of enzymes and bioactive com-
pounds in the formulation of healthy foods such as
Sangsik, which is a recently popularized alternative meal
in Korea. In the production of germinated black rice,
microbial contamination with fungi is a constant food
safety challenge because the temperature and humidity
for germination is also ideal for growth of fungi. Ac-
cording to the result of Oh and Choi (13), the addition
of 100 ppm chitosan effectively suppresses the growth
of fungi and increases the production of y -aminobutyric
acid (GABA) during the germination of brown rice for
3 days, compared to distilled water, suggesting that chi-
tosan can be used as an antifungal agent and an elicitor
of the production of bioactive compounds during the
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germination of cereal.

The objective of this study was to characterize the
efficacy of chitosan as an antimicrobial agent and an
elicitor of bioactive components during the germination
of black rice by analyzing the characteristics of ger-
minated black rice. Changes in enzymatic activities and
bioactive compounds such as total soluble phenolics,
total flavonoids and phytic acid were monitored.

MATERIALS AND METHODS

Materials and reagents

Black rice (Suwon 415) was purchased from Yeonmu
Nonghyup (Yeonmu, Korea) immediately after polishing
and used within two weeks. @ -Amylase and p-amylase
assay kits were obtained from megazyme international
Ltd. (Wicklow, Ireland). Ammonium sulfate, o -nitrophenyl-
B-D-glucopyranoside, sodium tetraborate, Folin-Ciocalteu
reagent, gallic acid, quercetin, 1,1-diphenyl-2-picryl-hydryl
(DPPH) 2,2'-biphyridine and phytic acid (dodecasodium
salt hydrate) were purchased from Sigma Co. (St. Louis,
USA). Chitosan (97% deacetylated) was obtained from
Dong-Myong Co. (Seoul, Korea). The other reagents were
of commercially available special grade.

Germination of black rice

Black rice was submerged in distilled water for 12
hr. About 400 black rice grains were put into petri-dishes
containing 25 mL of germination solution and germi-
nated for 7 days in a cold chamber maintained at a tem-
perature of 25°C and a relative humidity of 75%; ger-
mination solution was replaced each day. Four kinds of
germination solutions: distilled water, 100 ppm lactic
acid, 100 ppm and 200 ppm chitosan were used. Chit-
osan was solubilized in 5% lactic acid and diluted with
distilled water to make 100 or 200 ppm concentrations.
Each day 4 petri-dishes containing different germination
solutions were removed and kept at -60°C until analysis
of enzymatic activity and bioactive compounds.

a -Amylase assay

a -Amylase activity was analyzed with an « -amylase
assay kit according to the method of McCleary and
Sheehan (14). A half gram of sample was milled with
a hand mixer for 30 sec and placed into a 100 mL
volumetric flask and extracted with 1% sodium chloride
and 0.02% calcium chloride solution containing 0.02%
sodium azide for 15 min at room temperature. After
centrifugation at 1,000X g for 10 min, the supernatant
was used as an extracted solution of enzyme. Both 0.2
mL of substrate solutions containing non-reducing end
blocked o -nitrophenyl maltoheptaoside (BPNPG7) in the
presence of excess levels of « -glucosidase and 0.2 mL

of diluted extracted solution of enzyme which was ac-
tivated at 40°C for 5 min were reacted at 40°C for 10
min and then terminated by adding of 3 mL of 20%
tri-sodium phosphate solution and mixing with a vortex
mixer. The amount of p -nitrophenol produced by the
enzyme was measured by reading the absorbance at 410
nm with a spectrophotometer (Shimadzu Inc., Kyoto, Ja-
pan). One unit of enzyme activity was defined as the
amount of enzyme required to produce 1 pmole of o -ni-
trophenol per min and expressed as Ceralpha units (CU).
Measurement was done in triplicate and the data was
expressed as mean Tt standard deviation.

B-Amylase assay

B-Amylase activity was analyzed with a J-amylase
assay kit according to the method of McCleary and Codd
(15). Extracted solution of enzyme was prepared by
mixing 0.5 g of sample milled with a hand mixer for
30 sec and 5 mL of 50 mM Trizma base buffer (pH
8.0) for 1 hr with vortex mixer every 10 min. After cen-
trifugation at 1,000 X g for 10 min, the supernatant was
used as an extracted enzyme solution. Both 0.2 mL sub-
strate solutions containing o -nitrophenyl maltopentaoside
(PNPG5) and 0.2 mL of extracted solution of enzyme
which was diluted 1,250 times and activated at 40°C for
5 min were reacted at 40°C for 10 min and terminated
by adding of 3 mL of 1% Trizma base solution and mix-
ing with a vortex mixer. The amount of o -nitrophenol
produced by enzyme was measured by reading the ab-
sorbance at 410 nm with the spectrophotometer. One unit
of enzyme activity was defined as the amount of enzyme
to produce 1 umole of p-nitrophenol from PNPGS5 for
1 min and expressed as Betamyl units (BU). Measure-
ments were performed in triplicate and the data was
expressed as mean T standard deviation.

B-Glucosidase assay

The enzyme was extracted by the method of Kim and
Yoon (16). Twenty grams of sample milled with a hand
mixer for 30 sec were added to 200 mL of 0.2 M phos-
phate buffer (pH 7.0), sealed and extracted by stirring
in cold chamber at 4°C. Ammonium sulfate was slowly
added to the supernatant after centrifugation at 8,000 X g
for 30 min to bring it to 60%. After protein was pre-
cipitated by standing for 24 hr, the precipitate obtained
from centrifugation at 10,000 X g for 40 min was sol-
ubilized with 20 mL of 0.2 M phosphate buffer. The
supernatant from centrifugation at 8,000X g for 30 min
was used as extracted solution of enzyme. B-Glucosidase
activity was estimated by the method of Peralta et al.
(17). Both 0.2 mL of substrate solution containing 50
mM p -nitrophenyl-B-D-glucopyranoside and 0.2 mL of
extracted solution of enzyme which was activated at
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50°C for 5 min were reacted at 50°C for 10 min and
the reaction was stopped by adding 1 mlL of saturated
sodium tetraborate solution. The amount of o -nitrophenol
was measured by reading the absorbance at 405 nm with
a spectrophotometer. One unit of enzyme activity was
defined as the amount of B-glucosidase required to pro-
duce 1 umole of p -nitrophenol per min. Measurements
were performed in triplicate and the data was expressed
as mean T standard deviation.

Total soluble phenolics assay

Total soluble phenolics were determined according to
the method of Chandler and Dodds (18) based on that
of Singleton and Rossi (19). A solution of black rice
extract was prepared by incubating 0.2 g of sample
milled with a hand mixer for 30 sec in 10 mL of 95%
ethanol for 48 hr at -60°C and centrifuging at 8,000 X g
for 20 min. One mililiter of extracted solution was trans-
ferred to a test tube and mixed well with 1 mL of 95%
ethanol and 5 mL of distilled water. A bhalf milliliter of
50% Folin-Ciocalteu reagent was added to each sample
and mixed. After 5 min, 1 mL of 5% Na,CO; was added.
The reaction mixture was mixed and allowed to stand
for 60 min. The absorbance was read at 725 nm using
a spectrophotometer with 95% ethanol as a blank. A
standard curve was established using various concen-
trations of gallic acid in 95% ethanol. Absorbance values
were converted to milligrams of total soluble phenolics
per gram of extract.

Total flavonoid assay

Total flavonoid was measured using the method of
Moreno et al. (20). Extracted solution prepared for the
total soluble phenolics assay was also used as a test
sample for total flavonoids. 0.1 mL of extracted solution
was added to 0.9 mL of 80% ethanol. A half milliliter
of that solution was mixed with 0.1 mL of 10%
aluminum nitrate, 0.1 mL of 1 M potassium acetate and
4.3 mL of 80% ethanol, and allowed to stand for 40 min
at room temperature. The absorbance was read at 415
nm using spectrophotometer. A standard curve was es-
tablished using a various concentrations of quercetin.
Absorbance values were converted to total flavonoids
which were expressed as milligrams of quercetin equiv-
alent per gram of extract.

Scavenging capacity of DPPH radical

Hydrogen-donating capacity was measured by the
method of Chen et al. (21) with some modifications. Ex-
tracted solution prepared for total soluble phenolics assay
was used as the test sample. Forty mL of different con-
centrations of test sample were mixed with 160 uL of
200 pm DPPH in ethanol, transferred into microplate

wells and allowed to stand for 30 min at 37°C. Absor-
bance of the resulting solution was measured at 517 nm
using an ELISA reader (Tecan Austria, Salzburg, Aus-
tria). Hydrogen-donating activity was expressed as in-
hibition percentage:

(Acontrol - Asample)

X 100
(Acontrot ~ Ablank)

Inhibition (%) =

where Aconmoi is the absorbance of the control, Asmgpte
is the absorbance in the presence of sample and Aptank
is the absorbance in the presence of ethanol.

Phytic acid assay

Phytic acid was measured by the method of Haug and
Lanrsch (22). Samples milled with a hand mixer for 30
sec were added to 20 mL of 0.2 N HCI and stirred at
room temperature for 4 hr. After centrifugation at 3,000
X g for 30 min, the supernatant was used for the analysis
of phytic acid. A half mL aliquot of extracted solution
and 1 mL of 0.4 mM ferric solution were added into
a tightly capped test tube. The mixture was reacted in
boiling water bath for 30 min and cooled in ice water.
Afterwards, 2 mL of 2,2’ -biphyridine solution was added
and mixed with a vortex mixer, the absorbance at 519
nm was read. A standard curve was made with phytic
acid (dodecasodium salt hydrate) and used to calculate
the amount of phytic acid in sample.

Statistical analysis

All results were expressed in meant SD. Statistical
analyses were done using SPSS software. Significance
of differences among groups was verified with one-way
ANOVA followed by Duncan’s multiple range test. p<
0.05 was considered significant.

RESULTS AND DISCUSSION

Characteristics of the germination of black rice

To produce the germinated black rice containing bi-
oactive compounds, black rice was germinated at 25°C,
which is known to be an optimum temperature, for seven
days (23). The germination rate and the rotting rate were
measured to examine the effect of chitosan on the ger-
mination of black rice and were shown in Fig. 1 and
2. Black rice began to germinate on the second day and
continued to do so until the seventh day. The addition
of 100 ppm lactate and 100 or 200 ppm chitosan delayed
the germination of black rice compared to control. When
100 ppm lactate solution was compared with distilled
water, used as a control, the germination rates with 100
ppm lactate and distilled water were 64.4% and 83.2%
respectively at the seventh day. The germination rate of
100 and 200 ppm chitosan were 62.6% and 55.9%,
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Fig. 1. Germination rate of black rice germinated with chit-
osan. Each dish contained approximately 400 black rice grains.
Data are presented as means = SD (n=3). Different letters in-
dicate significant differences from one another (p<0.05).
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Fig. 2. Changes of rotting rate during the germination of black
rice. Each dish contained approximately 400 black rice grains.
Data are presented as means = SD (n=3). Different letters in-
dicate significant differences from one another (p < 0.05).

respectively. This result suggests that lactate and chi-
tosan might reduce the metabolic activity of black rice
to decrease the germination rate during germination.
To produce the germinated cereals as a component of
Sangsik (a popular meal replacement food in Korea), the
contamination of microorganisms such as fungi needs to
be effectively controlled. The rotting rate of black rice
caused by fungi is shown in Fig. 2. The addition of 100
ppm lactate increased the rotting rate after the fourth
day, but 100 and 200 ppm chitosan reduced it signi-
ficantly compared with control (p<0.05). The increased
rotting rate by lactate might be due to the utilization
of lactate by contaminated microorganisms for growth
and is contrary to the result of Oh and Choi (13) that
100 ppm lactate reduced the rotting rate of brown rice.
On the other hand, by the seventh day the addition of
200 ppm chitosan reduced the rotting rate compared to
distilled water by more than 50%. The decreased rotting

rate is consistent with the results of Oh and Choi (13)
who demonstrated that treatment with 100 ppm chitosan
reduced the rotting rate of germinated brown rice; They
proposed that the addition of chitosan into a germination
solution is an effective method for controlling the con-
tamination of fungi during germination of cereals such
as brown and black rices.

Considering the effects of chitosan on the germination
and rotting rates of black rice, even though the treatment
of chitosan slows the germination rate, it may success-
fully control the contamination of mold, a serious prob-
lem in the production of germinated black rice.

Changes in enzymatic activities during germination

In the production of Sangsik, germinated cereals are
generally used as a source of several enzymes, especially
amylase. In this study, the effects of lactate and chitosan
on the @ -amylase and B-amylase activities of black rice
were investigated during the germination of black rice.
The changes in « -amylase and B-amylase activities are
shown in Fig. 3 and 4, respectively. The addition of 100
ppm lactate increased the « -amylase activity only on the
forth day and seventh day compared to distilled water.
The additions of 100 and 200 ppm chitosan increased
the activity 152% and 197%, respectively by the seventh
day, suggesting that chitosan can play a role as an elicitor
for increasing « -amylase activity in germinated black
rice. B-Amylase activity during the germination of black
rice was not significantly changed by the addition of 100
ppm lactate compared to distilled water (p <0.05). Chit-
osan, however, at 100 ppm increased the ¢ -amylase
activity of germinated black rice only on the second day,
and 200 ppm chitosan significantly decreased it from the
second day onward (p < 0.05). These results suggest that
200 ppm chitosan might suppress the production of B-
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-y
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Fig. 3. Changes in ¢ -amylase activity during the germination
of black rice. Data are presented as means* SD (n=3). Dif-
ferent letters indicate significant differences from one another
(p<0.05).
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Fig. 4. Changes in B-amylase activity during the germination
of black rice. Data are presented as means+SD (n=3). Dif-
ferent letters indicate significant differences from one another
(p<0.05).

amylase during the germination of black rice or be a
weak inhibitor for B-amylase activity in germinated black
rice.

B-Glucosidase (B-D-glucoside glucohydrolase) is an
enzyme that catalyzes the hydrolysis of glycosidic link-
ages in aryl and alkyl-D-glucosides as well as glycosides
containing only carbohydrate residues (24). B-Glucosi-
dase can hydrolyze phenolic glycosides to release free
phenolics and carbohydrate. The change in 3-glucosidase
activity during the germination of black rice is shown
in Fig. 5. In rice germinated with distilleds water as a
control, B-glucosidase activity was increased two fold
after 7 days of germination. The additions of 100 ppm
lactate and 100 and 200 ppm chitosan significantly slowed
the increase of B-glucosidase activity from day 4 of ger-
mination, compared to distilled water (p <0.05). B-Glu-
cosidase activity in black rice fermented with 200 ppm
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Fig. 5. Changes in PB-glucosidase activity during the germi-
nation of black rice. Data are presented as means = SD (n=3).
Different letters indicate significant differences from one
another (p <0.05).

chitosan was only 61% of that of distilled water by the
seventh day, indicating that lactate and chitosan can have
a negative effect on the increase in P-glucosidase ac-
tivity during the germination of black rice.

Changes in total soluble phenolics, total flavonoids
and antioxidant activity

Soluble phenolics consisting of phenolic acid, fla-
vonoids and anthocyanins play important roles in plant
cells, tissues, and organs. They are known to be involved
in growth regulation and in the process of differentiation
and organogenesis. Recent studies have shown that phe-
nolic compounds are involved in plant development dur-
ing seed germination, plant-microbe recognition and sig-
nal transduction (25).

According to Fig. 6, total soluble phenolics rapidly
decreased until the fourth day, and thereafter remained
constant during the germination of black rice. The rapid
decrease in total soluble phenolics is thought to result
from the solubilization of anthocyanin or lignin pigments
from black rice into the germination solution. After the
first day of germination, the amount of total soluble
phenolics in 100 and 200 ppm chitosan was higher than
that in distilled water because of the role of chitosan
as an elicitor for the formation of soluble phenolics
during the germination of black rice. The amount of total
flavonoids was about 10% of total soluble phenolics, and
decreased at the similar rate to total soluble phenolics
during germination due to the solubilization of some
types of flavonoids or anthocyanins (Fig. 6).

The antioxidant activity of phenolic extracts in terms
of the scavenging activity of DPPH radical during the
germination of black rice increased slowly (Fig. 7), but
did not correspond to the changes in total soluble phe-
nolics and total flavonoids. The 200 ppm chitosan showed
the highest antioxidant activity of the four treatments
from the first day to the third day, and thereafter had
similar levels of antioxidant activity as the black rice
with 100 ppm lactate. These results suggest the possiblity
that the major component in the phenolic extract con-
tributing to the antioxidant activity of germinated black
rice may be not flavonoids or anthocyanin pigments,
which are released into germination solution, but other
kinds of phenolics such as phenolic acids.

Changes in phytic acid

Phytic acid is known to be an antinutritional factor
due to its ability to chelate divalent cations such as zinc,
magnesium, calcium and iron to make them nutritionally
unavailable (26). It has been reported that during the
germination of seeds, the amount of phytic acid de-
creases in response to increases in phytase activity, which
is involved in the conversion of phytic acid to myo-
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Fig. 6. Changes in total soluble phenolics and total flavonoids during the germination of black rice. Data are presented as
means £ SD (n=3). Different letters indicate significant differences from one another (p<0.05).
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Fig. 7. Changes in antioxidant activity during the germination
of black rice. Data are presented as means* SD (n=3). Dif-
ferent letters indicate significant differences from one another
(p <0.05).

inositol and phosphoric acid (27).

The change in the amount of phytic acid during the
germination of black rice is shown in Fig. 8. The addition
of 100 ppm lactate and 100 and 200 ppm chitosan re-
duced the amount of phytic acid after the forth day,
except for 100 ppm chitosan at the fifth day, compared
with distilled water. These results suggest that chitosan
could be used as an elicitor in the production of phytase
hydrolyzing phytic acid during the germination of black
rice.

In conclusion, the addition of chitosan into the ger-
mination solution significantly decreased the contami-
nation of fungi during the germination of black rice al-
though it reduced the germination rate, compared with
distilled water. Chitosan increased @ -amylase activity, de-
creased « -glucosidase activity and phytic acid, and slowed
the increase of f-amylase activity. The antioxidant ac-
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Fig. 8. Changes in phytate during the germination of black
rice. Data are presented as means = SD (n=3). Different letters
indicate significant differences from one another (p<0.05).

tivity was slightly increased slightly by the addition of
chitosan, while the amount of total soluble phenolics and
total flavonoids were reduced dramatically. Therefore,
chitosan can be used as an antimicrobial agent against
fungi and as an elicitor for increasing « -amylase and
antioxidant activities and to decrease phytic acid in ger-
minated black rice.
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