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ABSTRACT

The current study was designed to investigate the potential of bioavailability of
the insoluble soybean residue (okara) generated as a by-product in soymilk and
tofu manufacturing. We first challenged to examine whether okara was capable
of showing functional advantages in an inflammation murine cell model. Upon
lipopolysaccharide (LPS) stimulation, an excess amount of nitric oxide (NO) was
generated into the culture media from RAW264.7 mouse macrophage-like cells
after 24 h incubation. Under this experimental setting, cells cultured in the
presence of okara extract demonstrated a significant suppression of NO production
in a concentration-dependent manner. In parallel experiments, okara extract
also showed suppressive effects on LPS-induced interleukin (IL)-6 and tumor
necrosis factor (TNF)a generation as representative inflammatory cytokines. In
the case of prostaglandin (PG)E, levels, okara showed a small decrease only at
high concentration. These results indicate the existence of immunosuppressive
molecule(s) in okara extract on a murine macrophage cell model. Determination of
the active molecule(s) in okara for further health-beneficial use in anti-inflammation
still remains to be clarified. Whether the anti-inflammatory molecule(s) can
demonstrate characteristic detoxification elects in our body may be an interesting
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issue. As a part of our overall study, further work is warranted to achieve this goal.

Soy Protein Research, Japan 14, 150-156, 2011.

Key words : okara, nitric oxide, cytokine, inflammation, macrophage
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Fig. 1. Elects of extracts prepared from okara and three other soybean products on lipopolysaccharide (LPS)-
induced NO production in RAW264.7 mouse macrophage-like cells. Cells were incubated in the presence
of 500p g/mL of individual sample extracts plus 100 ng/mL LPS (A) or varying concentrations of okara
extracts ranging from 100-1,500p g/mL plus 100 ng/mL LPS (B). The culture media were collected

and analyzed for determination of NO level by the Griess method. Data represent mean *

SD from

four different determinations. #Significant differences from untreated cells, p<0.001, and *significant
diDerences from LPS-treated cells, *p<0.05, *p<0.01, or **p<0.001.
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Fig. 2. EDects of extracts prepared from okara and three other soybean products on LPS-induced IL-6 production
in RAW264.7 cells. Cells were incubated in the presence of 500u g/mL of individual sample extracts
plus 100 ng/mL LPS (A) or varying concentrations of okara extracts ranging from 100-1,500u g/mL plus
100 ng/mL LPS (B). The culture media were collected and analyzed for determination of PGE, level by
ELISA. Data represent mean + SD from four different determinations. #Significant differences from
untreated cells, p<0.001, and *significant diClerences from LPS-treated cells, *p<0.05, *p<0.01, or **p<0.001.
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Fig. 3. Effects of extracts prepared from okara and three other soybean products on LPS-induced TNFa
production in RAW264.7 cells. Cells were incubated in the presence of 500u g/mL of individual sample
extracts plus 100 ng/mL LPS (A) or varying concentrations of okara extracts ranging from 100-1,500u g/
mL plus 100 ng/mL LPS (B). The culture media were collected and analyzed for determination of TNFa
level by ELISA. Data represent mean + SD from four diCerent determinations. #Significant diJerences
from untreated cells, p<0.001, and *significant dillerences from LPS-treated cells, *v<0.05, *p<0.01, or
**%n<0.001.
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Fig. 4.

Effects of extracts prepared from okara and three other soybean products on LPS-induced PGE,
production in RAW264.7 cells. Cells were incubated in the presence of 500u g/mL of individual sample
extracts plus 100 ng/mL LPS (A) or varying concentrations of okara extracts ranging from 100-1,500u g/
mL plus 100 ng/mL LPS (B). The culture media were collected and analyzed for determination of PGE,
level by ELISA. Data represent mean = SD from four dilerent determinations. #Significant dillerences
from untreated cells, p<0.001, and *significant dilJerences from LPS-treated cells, *»<0.05, *p<0.01, or

**n<0.001.

Okara

(A)
120 A
8 g 100 + —
- 80 1
Lo
29 60 -
EZES 40
< i
Pz
& 20 -
0
Sample (500pg/mL) O
(B)

120 A
< 100 +— —
O 8o A
28 60 -
=
5 E 40
x Z 20 -

0
Okara @ g/mL) O

100

Tounyu

. ' .
500

‘100%
1

Kinako

Kinako (Black)

— “100%
1

1,000

1,500

Fig. 5. Elects of extracts prepared from okara and three other soybean products on relative cell number of
RAW264.7 cells. Cells were incubated in the presence of 500u g/mL of individual sample extracts (A) or
varying concentrations of okara extracts ranging from 100-1,500u g/mL (B). Relative viable cell nhumber
was determined using WST-8 assay. Data represent mean + SD from four dilerent determinations.
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Table 1. Effects of okara fractions eluted through Diaion HP-20 column on LPS-induced NO production in

RAW264.7 cells

Sample

NO Productivity (%)

Control (Untreated)

LPS (100 ng/mL)

Okara extract (1,000p g/mL) + LPS
Fr. 1 (Water eluate)+ LPS

Fr. 2 (25% EtOH eluate) + LPS

Fr. 3 (50% EtOH eluate) + LPS

Fr. 4 (75% EtOH eluate) + LPS

Fr. 5 (100% EtOH eluate) + LPS
Fr. 6 (100% Acetone eluate) + LPS
Fr. 7 (100% Acetone eluate) + LPS

0.82+ 0.01
100.0+ 6.8#

54+ 1.4*

52+ 2.8*
16.2+ 4.1*
17.7+ 4.4*
250+ 6.4*
36.3+ 7.8*
115+ 3.3*

8.1+ 4.2*

Cells were incubated in the presence of okara extract or fractions plus 100 ng/mL LPS. The culture media
were collected and analyzed for determination of NO level by Griess method. Data represent mean = SD from
four dilerent determinations. #Significant diJerences from untreated cells, p<0.001, and *significant diJerences
from LPS-treated cells, p<0.001.
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