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Abstract

We studied the biological activities, including antioxidant compounds, antioxidant activities, anti—-proliferative
activities, and immunological activities of brown rice and germinated brown rice. We examined the DPPH, ABTS
radical scavenging activity, and reducing power of 70% ethanol extracts from some cultivars of brown rice
and germinated brown rice. The total polyphenol, total flavonoid, and 7 —oryzanol contents of the extracts were
measured with spectrophotometric methods. The Hongjinjubeyo brown rice and germinated brown rice extracts
showed markedly higher antioxidative activity than those of 70% ethanol extracts from other cultivars. The
70% ethanol extracts from brown rice and germinated brown rice had the most effective anti—proliferative activ-
ity (cytotoxicity) against breast cancer cells (MCF-7) compared to colorectal cancer cells (HCT-116). A 500
ng/mL concentration of 70% Hongjinjubyeo ethanol extract had higher macrophage and mitogenic activities of

immunological activity than other cultivars.
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Table 1. Proximate compositions and extraction yields of brown rice and germinated brown rice

Content (%)

Cultivars Yield Moisture Ash Protein Dietary fiber
Coami 4 BR" ) 381 16.14i0.187'[‘3) 1.55i0.006f‘°d 7.68+0.153% 9.20i0.09i

GBR 2.59 12.22+0.198 1.48+0.040™ 7.68+0.153% 9.9440.30"

Ipumbyeo BR 191 1511+ 0.018;) 1.34+ 0.029EC 6.63 i0.196‘:: 592+ o.19:b
GBR 1.49 10.35+0.072 1.36£0.027 6.81£0.125 6.01+0.18

Keunnunbyeo BR 3.71 14.86i0.149}f 1.47i0.045:§‘1 7.23i0.065i 1o.34ro.08§“
GBR 281 10.71 +0.260° 1.56+£0.027% 7.42+0.081 10.80+0.44

Hoiami BR 1.86 15.48+ 0.126j1 145+ 0.051*%;d 6.56+0.1 19%‘) 6.76+ 0.13*%
GBR 1.66 10.97 +0.109° 1.48+0.050% 6.41 +0.084 6.85+0.08°

Heughwangbyeo BR 2.44 16‘03i0.067‘: 1.46i0.122'f”d 7.97i0.104: 8.12i0.23:e
GBR 2.18 10.67+0.055 1.73+0.098 8.04+0.064 8.44+0.30

Huasconghyeo BR 1.70 14.}4i0.166§ 1.18io.011zc 6.98i0.0351d 7.08i0.25;
GBR 252 8.22+0.135 1.38£0.004 8.46+0.073 7.5540.30

Hongjinjubyeo BR 2.42 15.43+0.058 1.65i0.063“: 8.09+0.019" 10.26i0.10g:‘

GBR 2.43 11.324+0.039° 1.6740.084¢ 8.35+0.025' 10.71+£1.02¢

YBR: brown rice. ?GBR: germinated brown rice.

YDifferent letters in the same column indicate significant difference (by ANOVA and Duncan’s test, p<0.05).
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Fig. 1. Total mineral content of brown rice and germinated
brown rice from various cultivars. G4: Goami 4, IP: Ilpumbyeo,
KN: Keunnunbyeo, HA: Haiami, HK. Heugkwangbyeo, HS:
Hwaseongbyeo, H]: Hongjijubyeo.
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Table 2. Antioxidant compounds, antioxidant activities of 70% ethanol extracts obtained from brown rice and germinated brown

rice

Content
Cultivars Total flavonoid Total polyphenol i y-Oryzanol Reducing power
(ug CA/g sample)” (ug GAE/g sample)” (ug/g sample) (OD)?

Con(+) 0.3779+0.029"
G4" BR” 148.77+35.35""" 1373.18+76.78" 519.79+11.19 0.1020+0.001™
GBR” 115.63+10.29™ 1412.32+77.11 629.83+7.23¢ 0.1361 £0.004%

P BR 116.40+17.34 1061.94+75.85" 240.73+32.94° 0.0958+0.001"
GBR 80.84+0.66° 1098.97 + 15,72 453.78+130.68™ 0.1532+0.007¢

KN BR 159.95+26.12" 1360.99 +226.21°% 445.16 +33.46™ 0.0725+0.003"
GBR 117.12+£15.84" 1299.27+101.31>% 472.85+5356° 0.1046 +0.005™

HA BR 125.26+£4.12° 1022.82+74.03° 492.70 +84.76° 0.0878 +0.002"
GBR 114.62+6.60™ 1040.55+64.46™ 532.29+21.33 0.1382+0.005%

HK BR 1273.24430.80° 4401.46+277.09" 560.30+64.52% 0.3609=+0.002¢

GBR 841.55+7.72¢ 3379.53+88.31¢ 455.14+2.82™ 0.2971+0.018"

HS BR 123.49+3.01™ 1111.42455.58" 227.29+32.34° 0.1101 +0.004™
GBR 132.21+10.32 1615.93+40.04' 521.67+14.91° 0.1225+0.011

HJ BR 1841.17+21.00" 5600.44 +132.23' 643.14+27.08" 0.582240.019'
GBR 1296.77+37.21° 4599.52+49.94" 345.53+60.85" 0.4483+0.009"

VGa: Goami 4, 1P: Ilpumbyeo, KN: Keunnunbyeo, HA: Haiami, HK: Heugkwangbyeo, HS: Hwaseongbyeo, H]: Hongjijubyeo.

YBR: brown rice. *GBR: germinated brown rice.

f“Mean of triplicate determinations expressed as pg catechin equivalents (CA) per 1 g of sample (wet weight basis).
Mean of triplicate determinations expressed as pg gallic acid equivalents (GAE) per 1 g of sample (wet weight basis).

9Values are mean+SD.

DDifferent letters in the same column indicate significant difference (by ANOVA and Duncan’s test, p<0.05).
¥positive control (Con(+)) and sample concentrations of reducing power were 250 pg/mL of ascorbic acid and 1.0 mg/mL.
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Fig. 2. ABTS radical activity (A) and DPPH (B) of brown
rice and germinated brown rice from various cultivars. G4:
Goami 4, IP: Ilpumbyeo, KN: Keunnunbyeo, HA: Harami, HK:
Heugkwangbyeo, HS: Hwaseongbyeo, H]: Hongjijubyeo. Differ—
ent letters on bars indicate significant difference (by ANOVA and
Duncan’s test, p<0.05). Positive control (Con(+)) and sample con—
centrations of EDA (electron donating activity) were 31.25 ug/mL
of ascorbic acid and 1.0 mg/mL. AEAC of ABTS radical scaveng-
ing activity expressed ascorbic acid equivalent antioxidant activity.
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Table 3. Correlation coefficients among ¥ —oryzanol, total polyphenol, total flavonoid, reducing power, DPPH and ABTS radical
scavenging activities of ethanol extact from brown rice and germinated brown rice

y —Oryzanol Polyphenol Flavonoid Reducing power DPPH ABTS
y —Oryzanol 1 0.210 0.248 0.203 0.075 0.223
Polyphenol — 1 0.992" 0.972" 0.950™ 0.992"
Flavonoid — — 1 0.983" 0.947" 0.985"
Reducing power — — — 1 0.932™ 0.962"
DPPH - — — — 1 0.958™
ABTS - — — — — 1

*p<0.01.
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Fig. 3. Anti-proliferative activity of breast cancer (MCF7)
(A) and colorectal cancer (HCT116) (B) of brown rice and
germinated brown rice from various cultivars. G4: Goami 4,
IP: Iipumbyeo, KN: Keunnunbyeo, HA: Haiami, HK: Heugkwang -
byeo, HS: Hwaseongbyeo, H]. Hongjijubyeo. Positive control
(Con(+)) and sample concentrations of anticancer activity were
100 pg/mL of cisplatin and 100 pg/mL. Different letters on bars
indicate significant difference (by ANOVA and Duncan'’s test,
p<0.05).
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Fig. 4. Macrophage activity (A) and mitogenic activity (B)
of ethanol extracts from brown rice and germinated brown
rice at 500 pg/mL concentration. G4: Goami 4, IP: Ilpumbyeo,
KN: Keunnunbyeo, HA: Harami, HK: Heugkwangbyeo, HS:
Hwaseongbyeo, H]: Hongjijubyeo. Positive control (Con(+)) and
negative control (Con(-)) of macrophage activity were 100 pg/mL
of lipopolysaccharide (LPS) and saline. Positive control (Con(+))
and negative control (Con(-)) of mitogenic activity were 10 pg/
mL of LPS and saline. Different letters on bars indicate significant
difference (by ANOVA and Duncan’s test, p<0.05).
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