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Abstract
This study analyzed the some of the physiological activities of 70% ethanol extracts of specialty rough rice 

(‘Goami2’, ‘Keunnunbyeo’, and ‘Heugkwangbyeo’ rough rice cultivars) before and after germination. The physio-
logical activities of the extracts were analyzed for their inhibition of linoleic acid peroxidation, hydrogen peroxide 
radical scavenging activity, superoxide dismutase-like activity, xanthine oxidase inhibitory activity, and nitrite scav-
enging effects. The most active rough rice cultivar was ‘Heugkwangbyeo’ and germinated ‘Heugkwangbyeo’ rough 
rice was more effective than ungerminated rough rice, having higher inhibition activity of linoleic acid peroxidation 
(1.2-fold), hydrogen peroxide radical scavenging activity (1.4-fold), superoxide dismutase-like activity (1.2-fold), 
and xanthine oxidase inhibitory activity (1.1-fold). The nitrite scavenging effect was increased after germination 
(2.1-fold) and decreased as pH increased. According to the results obtained in this study, 70% ethanol extracts 
from germinated ‘Heugkwangbyeo’ rough rice can be used for industrial applications such as the functional food 
materials.  
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INTRODUCTION

Phytochemicals are bioactive substances of plants that 
have been associated in the protection of human health 
against chronic degenerative diseases (1). The major 
groups of phytochemicals that may contribute to the total 
antioxidant capacity (TAC) of plant foods include poly-
phenols, carotenoids and antioxidant such as vitamins 
C and E (2). Thus, it is important to increase the anti-
oxidant intake in the diet and search for natural anti-
oxidant sources among plants used as food additives. 

Cereals are known to contain a high amount of hydrox-
ycinnamic acid (HCA) derivatives that render potential 
health benefits (3). The current study tested the appropri-
ateness of functional rice as healthy cultivars. Specialized 
rice products, such as ‘Goami2’, ‘Keunnunbyeo’, and 
‘Heugkwangbyeo’, have been produced and sold in 
Korea. Cereal grains and legume seeds are subject to 
fermentation and germination to improve the nutritive 
value of the final products (4,5). However, physical dam-
age to the embryo during the process of producing brown 
rice affects germination. When rough rice is exuviated 
to produce brown rice, the embryo is not protected, thus 
exposing it to air and allowing oxidation to occur. 
Furthermore, because enzymes are activated and hydrol-

ysis takes place, the brown rice loses its germination 
ability (6). In particular, hydrolysis affects the ester bond 
of fats and produces free fatty acids in a process involv-
ing several enzymes, e.g., lipoxidase and lipase, which 
cause old rice to smell and have increased acidity (7). 

To determine some of the physiological activities of 
70% ethanol extracts of specialty rough rice before and 
after germination, we examined the effects of the ex-
tracts on inhibition of linoleic acid peroxidation, hydro-
gen peroxide scavenging activity, superoxide dismutase- 
like activity, xanthine oxidase inhibitory activity, and ni-
trite scavenging effect. The data obtained may be used 
to enhance the nutritional value of germinated rough 
rice.

MATERIALS AND METHODS

Materials
‘Goami2’, ‘Keunnunbyeo’, and ‘Heugkwangbyeo’ 

rough rice cultivars were grown at the National Institute 
of Crop Science, Rural Development Administration, 
Suwon, Korea, during the 2006 growing season. Linoleic 
acid and other chemicals were purchased from Sigma- 
Aldrich Chemical Co. (St. Louis, MO, USA).
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Sample preparation
Rough rice was soaked in water for 2 days at room 

temperature. The soaking water was changed every 24 
hr. After 3 days of germination, the germinated rough 
rice was dried at 60°C for 24 hr and then ground. The 
germinated rough rice was extracted with 70% ethanol. 
The extracts were then filtered through Whatman No. 
2 paper to remove any debris, and the filtrates were con-
centrated using rotary evaporation (N-1000; Eyela, 
Tokyo, Japan) and then lyophilized. 

Inhibition activity of linoleic acid peroxidation
The inhibitory activity of linoleic acid peroxidation 

of rough rice extracts before and after germination was 
determined by the thiocyanate method (8). The peroxide 
value for rough rice extracts was determined by reading 
the absorption at 500 nm with a spectrophotometer 
(DU-650; Beckman Coulter, Fullerton, CA, USA), after 
color development with FeCl2 and thiocyanate at inter-
vals during incubation. The lipid peroxidation inhibitory 
activity was calculated using the following equation;

% Inhibition=(Acontrol/Asample)×100

Hydrogen peroxide radical scavenging activity
The scavenging activity of the hydrogen peroxide radi-

cal from rough rice extracts was evaluated using the 
method of Muller (9) at a wavelength of 405 nm with 
an enzyme-linked immunosorbent assay (ELISA; Sunrise 
Tecan Co. Ltd., Austria). The radical activity was calcu-
lated using the following equation;

Hydrogen peroxide radical scavenging activity (%) = 
(1－Asample/Ablank)×100

Superoxide dismutase-like activity
Superoxide dismutase (SOD)-like activity of rough 

rice extracts was evaluated using the method of 
Marklund and Marklund (10) at a wavelength of 420 
nm with a spectrophotometer (DU-650; Beckman 
Coulter, Fullerton, CA). The SOD-like activity was cal-
culated using the following equation;

SOD-like activity (%)=(1－Asample/Ablank)×100

Xanthine oxidase inhibitory activity
Xanthine oxidase (XO; EC 1232) inhibitory activity 

was measured using a UV-visible spectrophotometer 
based on the modified procedure of Noro et al. (11). 
Absorbance of rough rice extracts at 292 nm was spec-
trophotometrically measured to estimate liberated uric 
acid. The blank sample contained the assay mixture 
without XO. The inhibition activity of XO was calcu-
lated using the following equation;

Inhibition activity of XO (%)=(1－Asample/Acontrol)×100

Nitrite scavenging effect
The nitrite scavenging effect of rough rice extracts was 

evaluated using a UV-visible spectrophotometer at a 
wavelength of 520 nm, according to the method of Gray 
and Dugan (12). A blank was prepared by adding 0.4 
mL distilled water instead of the Griess reagent. The 
nitrite scavenging effect was determined using the fol-
lowing formula: 

Nitrite scavenging effect (%)={1－(SAbs－BAbs)/ CAbs} 
×100
where SAbs is the absorbance of the reaction mixture con-
taining the sample extracts, BAbs is the absorbance of 
the sample extracts (Sample blank without Griess 
Reagent) and CAbs is the absorbance of the reaction mix-
ture containing distilled water (standard).

Statistical analysis
Statistical analysis was carried out using SPSS (ver-

sion 11.5; SPSS Inc., Chicago, IL, USA). The results 
were expressed as means±standard deviation (SD). All 
measured parameter were evaluated using Student’s 
t-test for unpaired data to determine the significance dif-
ference before and after germination. 

RESULTS AND DISSCUSSION

Extraction yields
The rough rice extract yields were expressed in terms 

of the ratio of solid content of the dried product to solu-
ble content on a dry weight basis. Table 1 shows the 
yield of 70% ethanol extracts from ‘Goami2’, 
‘Keunnunbyeo’, and ‘Heugkwangbyeo’ rough rice be-
fore and after germination. The values for the three culti-
vars increased significantly from 3.42, 3.50, and 3.16% 
before germination to 7.11, 7.18, and 5.94% after germi-
nation, respectively. The extraction yields increase with 
germination because soluble polysaccharides increase 
through starch hydrolysis. Water with ethanol (i.e., 70% 
ethanol) was selected as the extraction solvent because 

Table 1. Extraction yields of 70% ethanol extracts from rough 
rice before and after germination

Samples Extraction yield (%)
‘Goami 2’ rough 

rice
Ungermination
Germination

3.42±0.21
7.11±0.11**

‘Keunnunbyeo’ 
rough rice

Ungermination
Germination

3.50±0.04
7.18±0.61**

‘Heugkwangbyeo’ 
rough rice

Ungermination
Germination

3.16±0.07
5.94±0.06***

Results were expressed as the average of triplicate samples 
with mean±SD.
**p<0.01 and ***p<0.001 indicates significant differences 
between groups by Students’s t-test.
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it is commonly used in the food industry and is more 
stable in the human body than other solvents. 

Inhibition activity of linoleic acid peroxidation
Lipid oxidation is an important chemical change that 

lowers the nutritional quality of food (13). The primary 
and secondary products of lipid oxidation are detrimental 
to health. In the body, excess production of free radicals 
affects lipids in cell membranes producing lipid per-
oxides and reactive oxygen species (ROS) which lead 
to many biological changes such as DNA damage, heart 
disease, and cancer (14). Fig. 1 shows the inhibitory ac-
tivity of 70% ethanol extracts of rough rice before and 
after germination on the linoleic acid peroxidation sys-
tem, as measured by the thiocyanate method. The in-
hibition activity of 0.5 and 5.0 mg/mL of ‘Goami2’, 
‘Keunnunbyeo’, and ‘Heugkwangbyeo’ rough rice ex-
tract before germination were 34.2, 44.4, 32.4, 43.3, 
36.6, and 45.8%, whereas the values after germination 
were 43.5, 57.8, 41.8, 53.8, 44.1, and 56.1%, re-
spectively. The inhibitory activity of rough rice extract 
on the linoleic acid peroxidation system increased in a 
dose dependant manner. Especially, the extract (0.5 
mg/mL) of ‘Goami2’, and ‘Heugkwangbyeo’ rough rice 
had a 40% inhibition activity. These results indicate that 
germinated rough rice extracts exhibit highly effective 
inhibitory activity on the linoleic acid peroxidation sys-
tem and could reduce free radical damage.

Hydrogen peroxide radical scavenging activity
Hydrogen peroxide can be formed in vivo by many 

oxidizing enzymes, particularly superoxide dismutase. It 
can cross membranes and slowly oxidize several 
compounds. Hydrogen peroxide itself is not very reactive 

Fig. 1. Antioxidant activities of 70% ethanol extract from 
rough rice before (BG) and after germination (AG) in the lino-
leic acid peroxidation system. Antioxidant activities of BHA 
were 78.26±1.22 and 85.79±1.34% at 0.5 and 5.0 mg/mL, 
respectively. Results were expressed as the average of tripli-
cate samples with mean±SD. *p<0.05 and **p<0.01 indicate 
significant differences between groups by Students’s t-test.

however it can be toxic to cells because it gives rise 
to the hydroxyl radical (15). Fig. 2 shows the hydrogen 
peroxide radical scavenging activity of 70% ethanol ex-
tracts of rough rice before and after germination. The 
values were compared with the commercial antioxidants, 
vitamine C and BHA. The hydrogen peroxide radical 
scavenging activities of germinated ‘Heugkwangbyeo’ 
rough rice extract reached approximately 50%, a much 
lower value than the commercial antioxidants. Jeon et 
al. (16) reported that the hydrogen peroxide radical scav-
enging activity (IC50) of far-infrared rice hull and 
non--infrared rice hull were 6.421 and 5.821 mg/mL, 
respectively. 

Superoxide dismutase-like activity
Superoxide dismutase (SOD)-like activity is not de-

rived from enzyme, but from low molecular weight com-
pounds that play a role similar to the SOD. They are 
phytochemicals for the most part and can protect oxida-
tive hindrance by suppressing the reactivity of super-
oxide (17). Fig. 3 shows the SOD-like activity of 70% 
ethanol extracts of rough rice before and after 
germination. In 0.5 and 5 mg/mL of 70% ethanol extracts 
of ‘Goami2’, ‘Keunnunbyeo’, and ‘Heugkwangbyeo’ 
rough rice, the SOD-like activity before germination 
were 29.2, 37.1, 29.2, 39.3, 34.1, and 40.5% whereas 
the values of after germination were 36.6, 46.1, 37.1, 
53.5, 38.3, and 52.3%, respectively. The highest SOD- 
like activity was found in extracts of ‘Heugkwangbyeo’ 
rough rice after germination. Henryk et al. (18) reported 
that the SOD-like activity of rapeseed sprouts increased 
significantly when compared to that of raw seed. This 

Fig. 2. Hydrogen peroxide radical scavenging activities of 70% 
ethanol extract from rough rice before (BG) and after germina-
tion (AG). Hydrogen peroxide scavenging activities of vitamin 
C and BHA were 86.95±0.15 and 70.20±0.28% at 0.5 mg/ 
mL, and 91.21±0.14 and 88.41±0.27% at 5.0 mg/mL, re-
spectively. Results were expressed as the average of triplicate 
samples with mean±SD. *p<0.05 and **p<0.01 indicate sig-
nificant differences between groups by Students’s t-test.
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Fig. 3. Superoxide dismutase-like activities of 70% ethanol 
extract from rough rice before (BG) and after germination 
(AG). Superoxide dismutase-like activities of vitamin C and 
BHA were 78.91±0.16 and 71.42±0.21% at 0.5 mg/mL, and 
87.81±0.15 and 88.81±0.55% at 5.0 mg/mL, respectively. 
Results were expressed as the average of triplicate samples 
with mean±SD. *p<0.05 and **p<0.01 indicate significant 
differences between groups by Students’s t-test.

increase was, in part, associated with the large decrease 
in soluble protein content during the entire germination 
period. These results agreed with research reported for 
oat (19) and barely (20). In germinated cereal grains, 
hydrolytic enzymes are activated and they decompose 
starch, non-starch polysaccharides and protein, which 
lead to the increase of oligosaccharides, and amino acids.

Xanthine oxidase inhibitory activity
Xanthine oxidase (XO) is an enzyme at the end of 

the catabolic sequence of purine nucleotide metabolism 
in mammal species. It catalyzes the oxidation of xanthine 
into uric acid. The over-production and under-excretion 
of uric acid leads to hyperuricemia, gout, and kidney 
stones (21). One therapeutic approach to treating gout 
is the use of XO inhibitors that block the production 
of uric acid. However many of the naturally occurring 
XO inhibitors have had limited practical usage due to 
their low effectiveness even through they are considered 
to be active in controlling the toxic effects (22). Fig. 4 
shows the inhibitory activity of XO by 70% ethanol ex-
tracts of rough rice before and after germination. The XO 
inhibitory activity of 0.5 and 5.0 mg/mL 70% ethanol ex-
tract of ‘Goami2’, ‘Keunnunbyeo’, and ‘Heugkwangbyeo’ 
rough rice were 37.1, 56.4, 36.6, 55.7, 39.8, and 56.5%, 
and the values after germination were 48.4, 61.1, 47.5, 
62.1, 49.2, and 66.5%, respectively. The highest XO in-
hibitory activity was found in extracts of ‘Heugkwangbyeo’ 
after germination. The polyphenolic compounds have 
been found to highly inhibit of XO (23-25). The in-
hibitory activity of XO by ‘Heugkwangbyeo’ rough rice 
has been shown to be related to a high level of poly-
phenolic compounds in the germinated rough rice (26). 

Fig. 4. Inhibitory activities of 70% ethanol extracts from rough 
rice before (BG) and after germination (AG) on the xanthine 
oxidase. Xanthine oxidase inhibitory activity of allopurinol 
was 38.58±0.17, 41.55±0.13 and 51.87±0.14 at 0.1, 1.0 and 
10.0 μg/mL, respectively. Results were expressed as the aver-
age of triplicate samples with mean±SD. *p<0.05, **p<0.01, 
and ***p<0.001 indicate significant differences between groups 
by Students’s t-test.

Nitrite scavenging effect
Nitric reacts with amines in protein-rich foods, medi-

cines and residual pesticides. They are also present in 
large quantities in pigments in meat, and in both leaf 
and root vegetables (27). Nitrosamine converts to diazo-
alkane, protein, and intracellular components, which can 
increase the risk for cancer (27). Table 2 shows the ni-
trite scavenging effect of 70% ethanol extracts of rough 
rice before and after germination under different pH con-
ditions; pH 1.2, 3.0, and 6.0. The nitrite scavenging ef-
fect of the sample increased as pH decreased in a 
dose-dependent manner. As shown in Table 2 the germi-
nated rough rice extracts had higher nitrite removal capa-
bility at pH 1.2, the pH in animal stomach, and this 
should reduce the creation of nitrosamine, which is 
carcinogen. Woo and Jeong (28) report that the nitrite 
scavenging effect was 10% higher with germinated 
brown rice concentrate compared with controls and was 
highest when the pH was 1.2. 

For the purpose of developing new functional materi-
als having physiological activities, this study manufac-
tured 70% ethanol extracts using germinated rough rice 
and closely investigated its inhibiton of linoleic acid per-
oxidation, hydrogen peroxide radical scavenging activ-
ity, superoxide dismutase-like activity, inhibition activity 
on xanthine oxidase and nitrite scavenging effects. 
Especially, ‘Heugkwangbyeo’ rough rice increased phys-
iological activity after germination; in this regard, germi-
nated ‘Heugkwangbyeo’ rough rice would be used as 
biological material for the manufacture of health foods 
and dietary supplements, but further studies are needed 
to isolate and identify the active compounds in germi-
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Table 2. Nitrite scavenging effects on the 70% ethanol extract of rough rice before and after germination under different pH 
conditions (Unit: %)

Concentration
(mg/mL) pH

‘Goami 2’ rough rice ‘Keunnunbyeo’ rough rice ‘Heugkwangbyeo’ rough rice
Ungermination Germination Ungermination Germination Ungermination Germination

0.5
1.2
3.0
6.0

20.3±1.5
17.1＋3.8
12.3±0.3

32.6±2.6**

24.8±2.9*

10.8±0.7**

29.8±1.4
23.7±1.5
10.1±0.2

36.5±1.3
29.8±1.0
13.0±0.6**

22.4±1.8
17.9±2.1
11.7±0.8

38.0±1.3**

27.4±1.6**

15.0±0.7***

5
1.2
3.0
6.0

36.8±1.5
30.6±1.0
12.3±0.3

40.4±1.0*

30.6±1.1
15.1±0.2**

46.4±1.7
35.5±2.0
12.0±0.8

50.3±2.8**

38.5±0.7**

15.3±0.9**

33.9±2.6
26.4±2.8
9.9±0.52

46.6±1.1**

37.6±1.7**

18.1±0.6***

Results were expressed as the average of triplicate samples with mean±SD.
*p<0.05, **p<0.01, and ***p<0.001 indicates significant differences between groups by Students’s t-test.

nated rough rice.
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