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Bioactivity Changes of Non-Germinated Pungsannamul-kong According to
Roasting Conditions

Bo-Young Lee and Young-Eun Lee*

Department of Food and Nutrition, Wonkwang University

Abstract

This study was conducted to explore the potential of Pungsannamul-kong, which did not germinate from soy-
bean to bean sprouts and was discarded, and to find out the changes in composition and bioactivity during
roasting treatment. The functional effectiveness of isoflavone contents, as well as their antioxidant and anti-

inflammatory activities, were analyzed with Pungsannamul-kong roasted at various temperatures:

100°C

(RoJP100), 120°C (RoJP120), 140°C (RoJP140), 160°C (RoJP160), and 180°C (RoJP180). The aglycone content
of isoflavones was the highest (87.58 pg/g) in RoJP180 and was correlated with the increase of genistein. As
the roasting temperature rose, total polyphenol content increased to 410.32 pg GAE/mg, flavonoid content to
56.04 pg QE/mg, DPPH radical scavenging activity to 76.59%, ABTS radical scavenging activity to 51.97%,
and SOD-like activity to 52.63%. NO production was significantly suppressed in 500 pg/mL of all the roasted
Pungsannamul-kong groups (p<0.05). TNF-o, IL-1B, and IL-6 expressions were suppressed in a concentration-
dependent manner as the roasting temperature increased. Western blotting also showed that iNOS and COX-2
expression were suppressed after roasting at 180°C, confirming an anti-inflammatory effect. This study con-
cluded that non-germinated soybeans were still valuable in terms of nutritional and functional properties. More-
over, roasting treatment increased the isoflavone content and improved physiological bioactivities such as anti-

oxidant and anti-inflammatory activities.
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Jeon et al., 2008)2 Eal oz 59 UEF /o] 13
Hof gtom Fih}EF (Punsannamul-kong, Glycine max
L) SHeddraoA & thridola WRAdel v
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B Ao AM8-3F F(Soybean, Glycine max L) =4F
U= (Pungsannamul- kong, Glycine max L.)2.ZA] 2015
W HAFA A A T FolA ggE T2 ol gt
ol FAH4 &S ERIske Wols AANE B3l ol
70% o3kl AL FUHER wolxx] Xgt A HHA = 4
A mdol F& ARSI SAUETS AFTUEY

= Wekow, Mol JHgt Hoz M
33] AHAEE AA 40°ColA] 48417 EF Axs)
E{7](CBR-101A, Gene café, Korea)S
ko™ & 200 g2 F s 100-180°C Alo]e] L I=ojA]
20°C 7HAHE 308-7F 2248 AL Fst T 2 AET

s
oo Tl &
fri
[
o
flo
fr
[

FTAE F 200 g& A8 st 100~180°C Abe]

Lo A] 200C ZHAHEE 3087 228 HAL £
=24t 22 S8 (yield) & 228 A7k
Ao #AAaTFo R Aojste] WME-E(%)Z HAISH

A== XA (Chromameter NE-4000, Tokyo Denshoku,
Japan)E o] &3}o] F A TH(X=82.94, Y=84.65, 7Z=94.34)
© 2 ¥4 ¥ Hunters LabZt &, W Lak(lightness), 22
= afl(redness) E A bgk(yellowness)S =7 3+

AZe| M|

A5 & E271(FM-860T, Hanil Electric, Seoul, Korea)
S|4 50mesh olatZ Ha & = 208 (wi)el 70%
ethanolZt E8}Fste] 25°CollA] 2441 7HE<E WHE £ 60 &
oF %-29}(Sonicator, Power sonic 410, Hwa shin Co.,
Korea) &30ttt 223 F&L2 25°C, 40 KHZ, Low-
19] Z7AoA AlF=HAJT zZF FE2ELS filter papers
(Whatman™ No.2)2 &J#}gh ¥ oJH-& 55°C 8434 7+
Q537 (Rotary evaporator, N-1000, EYELA, Rikakikai Co.,
Tokyo, Japan)Z F=3te] §ullE ¢Hd3] A AT & 47
Z(Freeze dryer, FDU-8606, Operon Co., Korea) 311t}

WES=IER IR

Table 1. The yield of Pungsannamul-kong according to roasting temperature

RaJP" RoJP100?

RoJP120?

RoJP140% RoJP160” RoJP180°

Soybean

Yield(%) 100.00

DRalP : Raw Pungsannamul-kong

?RoJP100 : Roasted Pungsannamul-kong at 100°C for 30 min
9 RoJP120 : Roasted Pungsannamul-kong at 120°C for 30 min
YRoJP140 : Roasted Pungsannamul-kong at 140°C for 30 min
2 RoJP160 : Roasted Pungsannamul-kong at 160°C for 30 min
®RoJP180 : Roasted Pungsannamul-kong at 180°C for 30 min



ol Frhtage] 28

]64;1011_4 ;q]zul-m_,,]. A
Lee et al. (2010)¢] %
AEoE G

o =

=]
B

(e}
HE

daidzin,
daidzein, genistin, genistein—% xF AEC2=2ZA high
perfomance liquid chromatography (HPLC, 1200 series,
Agilent technology Co., California, USA)E ©]-83}] &4
et 7 Bl od A% Wrke olaTeee 1

lskel e
£ agilent chemstation (Agilent
ErEZd ek peak HAH]

FEZ o sl peak retention time (min)E

A 2y B FEe AE

1200 series)S ©]-&3F T}

S} A w8 ol&sta, Vs HaAeH wES A
Fale] 374 S Ol%ﬁﬂ TEE AE S tH(Table 2).

Daidzin, daidzein, genistin ¥ genistein®] & A4S 9
3 A 29 A3 Table 23 7o) R*=0.999 o] o=
frolghs gelaksit.

lo

= Z2|5lz 2 E2EL0|E s 24

Z Zg 9= 32 Folin-Ciocalteu phenol reagento] 2]
St FE2E9] T sItEC o) Y A E2
Hell oz o

A =2 43519 tH(Folin &
Denis, 1912' Slinkard & Singleton, 1977). Al &+

k= e

o5

10 mg

S 3k % distilled water 10 mLoll =] A|E2 ARSI
o AlE 24 LS F 8l distilled water 72 pLE F7}8F &

Folin-Ciocalteu phenol reagent 24 pLS ¥ 3 127} wukal
T 587 AoA HESAIFTE 7% sodium bicarbonate 8-
N 24 uLe H7VSIAL FFF S6 uLZE 845t 187
0 3F 5 Ao A 90 WHE-AIZI Fofl 750 nm (Multilabel
plate readers Victor2 1420, Perkinelmer Co., Waltham, USA)
g FRE=E FHATY T EdE FFS gallic
acid& ETEEEA A% 5 A7 ol st
pg gallic acid equivalent (GAE)mgZ At&3IA ). &=
ZfHxo]= &L Zhishen et al. (1999)2] M HE o
ugl =439 Al 75 ugdll distilled water 50 uLE
7Fet & 5% (w/v) sodium nitrite 7.5 uL2 93 557+ ot
A1Z1 & 10% (w/v) aluminium chloride 15 uLE #7h 6
HES-Al7] 22 1N sodium hydroxide 50 pLE 7 7}5}¢]
oA 1087+ ¥k-S-A17] Foll 450 nm (Multilabel plate
1420, Perkinelmer Co., Waltham, USA)
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querceting EFEAZA S 1FE A oY ste]
ug quercetin equivalent (QE)/mg= VERY At}

SHALS| A EA

DPPH ez &7

DPPH &H1Z A&AF2 1,I-diphenyl-2- picrylhydrazyl
(DPPH)®] 7Ht e 27A5S S ERlste WHoR,
Blois (1958)°] WS W3 ste] St o e
DPPHZ £3f3lo] 0.1 mM DPPH &8 4|3+ & DPPH
800 pL (mg/100 mL ethanol)°ll A|& 200 uLE- 7}5+e] vortex
mixer2 1037 &g & A4 302 ¥HEAIA 517
nm (Multilabel plate readers Victor2 1420, Perkinelmer
Co., Waltham, USA)IA &2 =2 ZA4&qth A182 H
7VsHA] & thxw Hlwste] AstE oAl A=E E‘r
T8l <

v Es ‘ﬂil‘;re%(%)

Uz A7 5 (free radical scavenging activity) S =
4] tiZ=4 L-ascorbic acidel TiSF

2 Yehisi

ABTS o2 £71%5

ABTS HZ 4752 2.2-azino-bis-3-ethylbenzothiazo-
line-6-sulfonic acid (ABTS)e] A EltZ £AATS 53
gelats WH O Pellegrin et al. (1998) 52 WHio =
=439t ABTS 7.4 mM3} potassium persulphate 2.6 mM
S QF ool WAt ABTS ol F4A1%
o] £9& 735mmolA FFE FHol 14-1.57F HEF
SHTE AT M€ ABTS €9 1mLel F&&
A& 50uLE 7Fsle] 60% Foll 735nm (Multilabel plate
readers Victor2 1420, Perkinelmer Co., Waltham, USA)<]
AN FREE SAATh ABTSO o T 3rtstg e
troloxS YANETLOE AlE H7H) BIH7HY] 33 5%
ol & WE-S(%)Z R

e
=
‘5‘

SOD A4

SOD A2 Marklund & Marklund (1974)2] =
S WYl A3}l Xanthine oxidasedl 2] WAy Sk
superoxide anion®] A& AL&-E Fol o5 AAH H&
< TAToEA AR st & Hrkste Ao=E
SOD assay kit (Sigma-Aldrich)S AF-3lth WA A|82

TEHZ 96 well plated] 20uL® 33 T reagent

Table 2. Regression equations for standard calibration curves of isoflavnes

Analyte' y=ax+b Correlation , Range ty
Slope (a) Constant (b) determination (R°) (ug/mL) (min)
Daidzin 157.884 5.495 0.9999 1~20 20.2
Daidzein 243.789 13.266 0.9999 28.4
Genistin 163.043 4.188 0.9999 24.0
Genistein 284.688 13.808 0.9999 30.1
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solution 20 uLE ¥ 3L 4 oJFUth ©]F enzyme solution

20 pLE ¥ 37°CoN A incubationdt %~ 450 nm (Multilabel
plate readers Victor2 1420, Perkinelmer Co., Waltham, USA)

X FE=E A8

sl 55 24
Ao

2 Ad ARE-S RAW264.7 V-2 OIAA 2= k=t
M EF L3(KCLB, Seoul, Korea)ol|xl #F wgtom
10% fetal bovine serum (FBS) % 100 U/mL penicillin©]
7 RPMI1640 Media®l A 37°C, 5% CO, incubator
(Thermo scientific, Waltham, USA) X7 A w3}t o).
Az 2GS EHs7] f1ske] A& 20, 100, 500 pg/mL
Z BFSAL LPS (1 pg/mL)E AFF3to] 24417F w5
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay= Al BE&S SH A

Nitric oxide (NO) &%

MZE 48 well plateol] 2x10° cell/well2 CO, incubator 24
AIZE Fet wlgE 3 Al 20, 100, 500 pg/mLE * 2] 5}aL
30i Foll LPS 1pg/mL A= 27X 37°C, 5% CO,°l4
2407k Wl FBEATE. G Y-S GriessA 2H(1% sulfanilamide
in 5% phosphoric acid, 0.1% naphthylethylendiamine in
water)?} L Fu|2 EFetar, Ao)A 5EZF 2Est

HE-3-A]AH ELISA readers ©]-8-3t% 520 nme] 3} A
FHEE =43 Sodium nitrate® ¥FE FAS ARR
skl NO TS Ar=stkelt.

d

d cytokine W3

£ 48 well platedl] 2x10° cell/well2 CO, incubator
24X 7F SoF vl & AlE 20, 100, 500 pg/mLE 2]
3ta 308 Fo LPS 1pug/mL A= Z7AA 37°C, 5%
COoMA 2411 7F viFstATh 45 A S 395t TNF-q,
IL-6, IL-1p] Alo]EFFQ] SA ol ARE-3H3ATE Capture
antibody (1:250 dilution)E 4°CollX] overnight3t ¥ washing
buffer (0.05% tween-20 in PBS)Z A|3], assay diluent (10%
FBS in PBS) blocking3} A th. wiF wjz| 2] A5z
standardsE 100 pL £33}y 2h incubation, detection anti-
body (1:250 dilution)E 100 uL ¥33}o] 1h incubation,
HRP substrate solutionS 100 pL #33}>] 30 min incubation
3tk ©] & STMB solution (Invitrogen, Carlsbad, CA,
USA)E 100 uL £33} 30 min incubation 3F%1.2.™ stop
solution2 100 uL¥ #53}3. ELISA readerg ©]-83}
450 nmollA T3 =S =439t TNF-o, IL-1pZ} IL-6
ELISA kit= BD Biosciences Pharmingen (Sandiego, CA,
USA) A&F5 AH&-3I3I T

Western blot -4

MEE 48 well plateol] 2x10° cell/well2 CO, incubator
24X 7F SOk vl & AlE 20, 100, 500 pg/mLE 2]
3kl 302 Fol LPS 1pgmL A= Z7A 37°C, 5%
CO, oA 24A17F w g3t et NEE F 3L pelletol
lysis buffer (50 mM HEPES pH 7.0, 250 mM NaCl, 5 mM
EDTA, 0.1% Nonident p-40, 1 mM phenylmethylsulfonyl
fluoride, 0.5 mM dithiothreitol, 5 mM Na fluoride and 0.5
mM Na orthovanadate)E 3713t th A& 3t 35
oS AT} rad protein assay reagent (Bio-Rad, Hercules,
CA, USA)E ©] &3} proteind= A& 3o, whyz
2 100°CllA 527 28443t A7 F °]2 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)°l loadingslt3ith. 249 5, #23} ¥ dhald s &
3812 PVDF "ol 2417 B¢t %71 & A2¥ membrane
< 0.1% tween-20©] FH7FE tris-buffer saline (TBS-T)ol
M A, 5% skim milk7} A7FE TBS-TA 2A]17F &< 12
g3tk 12k &2 COX-2¢t iINOSE 5% skim milk7}
F7H TBS-Tell 1:20009] Hl-&= 3]st H7lste] 4°C
oA overnight &, 22} FAE 1:50002] H]E&= 343l
2ol A 2A17F F)F Akt e Wy e
enhanced chemiluminescence (ECL) kitZ A}&3le] wh$
HMEZ A17+E}elg] o™ ECL kite= Amersham Pharmacia
Biotech (Piscataway, NJ, USA)|A st ARS-sFST) &
A ukE $22S Fluor Chem E #417] (Cell Biosciences,
CA, USA)E A}&3lo] PVDF ZolA & 23S B
stozm AAsth Al AMES anti-COX-2 (sc-
166475), anti-iNOS (sc-7271) &A= Santa Cruz BiotechS
2RE TYEN S, rabbit anti-Goat IgG (H+L), rabbit
anti-mouse 1gG (H+L)< Invitrogen (CA, USA)S Al-8-3}
Atk

Al X2

2 AFdA dojxl BRE SHX = Hd+R
(meantSEM)E WERH SIS, 7t At 7o vl
SPSS program (Statistical Package for Social Science Inc.,
New York, USA)S ©]-8&3ate] dYu]X]EAHEA] (One way-
ANOVA)S AAEth A8 Ao A4 fode
Duncan's multiple range test® AM&-3to] §2]&& p<0.05
N gk 7ol A<l zolE At
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HHEUT FAGEFTS 100-180°ColA 7+ 228 A F
T& S84 Table 19 YERAATE 100°ColA 303
28 3 & EAZSY A 87.92%0190™, 120°ClA]
81.75%, 140°Coll A 78.73%, 160°ColA] 75.42%, 180°Col
A 73.97%°] FAR 22Y 257} FoldFE I FA=

12.08-26.03% 7HAslgtt. ol 228 FAHL B3 1
o] £4l¥ Zog Holn 120°C o2 BAH oA
3 FH(10.23-12.84%) Bt} o B& 7 A=
IPE 2 ke Hebt gl Alolgt Hofzin K
= T FGEF AA9F 50 mesh

HU—1

Table 3. The chromaticity of Pungsannamul-kong according to

z00 wpe Al Hsh 65

YuEFe] 228 2o mE olAEeE st
£ Table 49 AAE AT} Daidzin? genistin®] 31 v
Al e AF(RoIP) 979.81 pg/goll Al 140°C (RoJP140)
ol 228 39S wl 1135.85 pug/gs YER oY o] F

25oA thA] 7EAsled 180°C (RoJP180)NA] 911.22 pg/
g eI o ol & o|aFeh g TS 72

t}. Daidzein®} genistein®] 3HQl & H]lﬂﬂﬂ’iﬂ share AT
(RoJP) 30.19 pg/gollX] 228 A2l & 1 ghgo] 7138t
o] 120°C (RoJP120)9l14 62.13 pug/ge] o2 AFo| of
287} Z7Fsgith. WA 140°C (RoJP140) ©] o] L ofA
4838, 44.01 ng/gl 2 ThA 7+AskTh 180°C (RoJP180)0N A
87.53 ng/g O Z ATl Hlsl <F 298] ST &

vl gA $HF Wsle 228 270 uhE genistein®] A

roasting temperature

Color RaJP RoJP100 RoJP120 RoJP140 RoJP160 RoJP180
L 62.03£0.227%®  58.38+4.33" 56.64+2.07" 55.25+0.47% 53.23+0.93% 51.19+0.90¢
Seed a 10.55+0.38" 7.17+0.10° 7.46+0.16% 7.64+0.05° 7.75+0.08" 7.07+0.10°
b 34.87+0.36" 27.34+0.36° 27.37+0.20¢ 24.94+0.51¢ 23.93+0.79¢ 23.60+0.55¢
L 90.39+1.02* 85.34+0.98" 84.63+0.42" 81.06+0.79° 75.85+3.03¢ 66.85+1.52°
Powder a -0.73£0.10" -0.34+0.09° 0.09+0.01¢ 2.55+0.10° 6.71£0.12° 11.71+0.21*
b 20.06+0.19° 22.49+0.96° 22.58+0.15¢ 25.09+0.34¢ 29.23+0.42° 34.55+0.77*
YRalP : Raw Pungsannamul-kong
PRoJP100 : Roasted Pungsannamul-kong at 100°C for 30 min
9RoJP120 : Roasted Pungsannamul-kong at 120°C for 30 min
Y RoJP140 : Roasted Pungsannamul-kong at 140°C for 30 min
9RoJP160 : Roasted Pungsannamul-kong at 160°C for 30 min
9RoJP180 : Roasted Pungsannamul-kong at 180°C for 30 min
" Mean+SEM (n=3)
®Means with different superscript with in a row are significantly different at p<0.05 by Duncan’s multiple range test
Table 4. The isoflavone contents of Pungsannamul-kong according to roasting temperature (ng/g)
Isoflavone RaJP" RoJP100” RoJP120” RoJP140" RoJP160 RoJP180%
Daidzin 199.80£10.95™® 242.32+10.19%  284.95+10.59° 372.12+11.95*  366.42+3.30°  320.89+10.26"
i%‘é" Genistin 780.01£5.21°  796.26+13.40°  772.78+1.85*  763.73+2.10°  570.63+11.23°  590.33+2.91°
Total 979.81£16.16° 1038.58+23.59" 1057.73+12.44" 1135.85£14.05* 937.05£14.53 911.22+13.17*
Daidzein 14.49+0.99¢ 23.32+0.08° 28.65+0.88° 21.99+1.08% 18.14+0.56° 15.66+0.61¢
/:Oglg Genistein 1570£1.86'  27.60+0.36°  33.48+127°  26.39+048  25.87+0.80°  71.92+239"
Total 30.19 +£2.85°¢ 50.92 +0.44° 62.13 £2.15° 4838 £1.56°  44.01 £1.36% 87.58 £3.00*

Total isoflavone

1010.00+19.01° 1089.50+24.03" 1119.86+14.59° 1184.23+15.61°

981.06+15.89  998.80+16.17

Y RalP : Raw Pungsannamul-kong

2RoJP100 : Roasted Pungsannamul-kong at 100°C for 30 min
9 RoJP120 : Roasted Pungsannamul-kong at 120°C for 30 min
YRoJP140 : Roasted Pungsannamul-kong at 140°C for 30 min
2 RoJP160 : Roasted Pungsannamul-kong at 160°C for 30 min
9 RoJP180 : Roasted Pungsannamul-kong at 180°C for 30 min
) Mean+SEM(n=3)

% Means with different superscript within a row are significantly different at p<0.05 by Duncan’s multiple range test.
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= total aglycone] THafo] F3FS = 4

£ %Elﬂﬂé o E2tE0|= EhEf
39 228 2o & F s ¢ Z2
eol= gHF Wk Fig. 19 YeRAAH. A (RalP)9]
= ZZ9E &FLS 18648 ug GAE/mgs YER|A o
180°Coll A 2228 312 w 410.32 ug GAE/mgo-2 A&
7 o3 2] (p<0.05)E UERH AT & St olE &
2o AT (RalP) 26.27 pg QE/mgoll A 228 &7} ol
AFE Fo]4 0 7 (p<0.05) 5718k RoJP180°1A 56.04
pg QE/mge 2 2.138) E71ste] 7 =8 s HoF
Aot 22" & F ZEde 99 /M= Maillard
Hkg-o] 93] A== 24 g A ES melanoidin®]
S7HDo et al., 1989)°] €3 Aoz dAdtEw, Zejds
ol E2 AES i ST eolE FEE B, 2
250 mE ZEHsd SetRo| = o] Frtshe
A3 Jang et al. (2014)9] ¥FZ 110°C =AM 22
g 3de o A 5o s &

PE

YvER & =

5009

AK/mg)

4004

~
¥,

3004

200{ _4

1004

Total polyphenol contents (pg C

=]

T
RaJP RoJP100 RoJP120 RoJP140 RoJP160 RoJP180

Roasting temperature (°C)

= ghko] F7F g A At Lee et al. (2014)9] Fie
o] EYsed FHHrolEe 22 27t Fohd
=

SRR DIRE TS

DPPH 2IC|ZF A745, ABTS 2IC[Z 2715, SOD RAEM
228 259 i FohEF e ksl 242 DPPH,
ABTS 2tz &75 Wsle} SOD FARH ] ofal] 4]
HAHFig. 2). ¥ A7ZA3 DPPH oZd 2AFS 22
g el weh fFol3 2 (p<0.05) ZFel7F WERY 180°C
ol =¥ A3 RoIPISONA 7659%FE 7 =&
DPPH &tz £2A% S B, ABTS gz 2A%L
RoJP180°1A4 51.97%%] 27%<, SOD fAEA
RoJP18014] 52.63%2] &40 2 AF(RalP)9] B3l 1.42-
9.76v] F7}stdtt. ol BEA® Al o T Eejv=
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Fig. 1. Total polyphenol and flavonoid contents of Pungsannamul-kong according to roasting temperature. Means are shown as mean
+SEM of 3 replicates. Means with different superscript are significantly different at p<0.05 by Duncan’s multiple range test.
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