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Abstract

Phytoestrogen has been used as a suppliment of estrogen in order to treat osteoporosis. The representative
phytoestrogens, isoflavones, are daidzein, genistein and formononetin which were present highly in our
traditional soybean foods. The quantitative analysis of the isoflavone was done with a high performance
liquid chromatography(HPLC) using a UV/VIS detector for the contents of the isoflavones in Astragali
Radix, soybean sprouts, bean-curd(Tofu), soybean, soybean oil, pea, kidney pea, black bean(¥ak-kong).
soybean sauce(Ganjang), soybean paste(Doenjang), and fermented soybean(Maejoo). The content of free
daidzein in soybean sprouts was 43.49+3.41 mg/kg which was much higher than that in soybean, 14.521+0.58
mg/kg, although total daidzein of fermented soybean was lower than that in soybean (Table 2, P<0.01). The
amounts of free genistein in soybean sprouts, fermented soybean, and soybean paste were 27.6311.66 mg/kg,
291.5246.81 mg/kg, and 18.75%1.33 mg/kg, respectively. The level of free formononetin in soybean paste was
the highest among the soybean products (P<0.01). The content of formononetin in Astragali Radix,
9629.79+0.57 ug/kg, was about 160 times higher than that in soybean. Thus Korean traditional soybean

products, black bean(Yak-kong) and Astragali Radix can be a good choice of phytoestrogens.
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o A4yt o9 U FA) U THE P
T 47T oFF, R dFE s AE =2y 2
A, T2 g 58 AFSShe] isoflavoned] daidzein,
genistein, formononetin 52} ¢S HPLCE o] &3}
AeFsldet. Isoflavone & EAell A AE3 5%
-2 formononetine 2 A E(Trifolium subterraneum
var, Dwalganup 50| % @o] F=Alkar 9o o5&
o} 2 FI Al &3 kiR sl EF) 4}
4537, o3l %] formononetine] X BFEAR HE
HA e B7)(Astragalus membranaceus Bunge.:
Astragali Radix)ol| A #2] Alste] ARg-3halct.
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87| (Astragalus  membranaceus Bunge..  Astragali
Radix)= 7= AAZANAM el g M8l
(BEEWHE KIOM 96-3-0001), FvHE-E Xn}gA &3
F AT, e bR AEEE A, e
AFENAAA] ATy, - A EE s,
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& AHEdE = U, HEE AT UF. oF
Se Fuares Aged Tk AHasigich

FFEAEE aloe-emodin, genistein, daidzein(Sigma
Chem. Co., St. Louis, MO, US.A)S AH4-3}4]2n,
formononetine ¥ AFE o] 3r|olA FE A4l
NMR, MSZ #<lal Fof ARSI HPLCE &
o] 2 vekg-2 Merck Co.(Darmstadt, Germany)2] A&
&AM, Vet & AR of ARgsE Gefel
oflebd, wlebg 52 U5HE Fidted AHEEIU S

29)9) AJok5-e Alokg AleFEE AMEallT,

HPLC B4 3! Za=

ojaxFelie] A HMo AHE-E HPLCE spectra
system P1000 (Thermo Separation Products, Fremont,
CA, USA)E A}14£3}913, Column2 Phenomenex
Co. (Torroance, CA, US.A)2] Spherex5 Cl18 (250X
460 mm; 51 prodigy S5u ODS (30X4.60 mm)S
AMgaIiE), o FARE ) ATATS] AR
£ Bz ol$4e] 20% WY 2Es} 7}
4 F& 5mM NaHPO S pH 467 el 2%
H4: 6% AHEFAR, F45 I ml/min2 H3UT
formononetin(0.5 ug/mL)2] 3 FEA A FFEr}

Zdjel 260 nmellA BA3Ich Wy B3E3l Al
< 9 o] FAAA formononetin® WF-F A 2H
(retention time)¥ A EY (tailing)¥) AF AE Fol
A3l o BAES] U155 Al WF BEE
o) wF-F A2} AAE Aol ERE Il
7FsAdel slx A8 sk BHES Addstd gelst
F U ZFEAZ aloe-emoding A Ele] ApL-3}
et

7} 2}+2] daidzein(0.051~213.71 pg/ml.), genistein(0.056
~194.20 ug/mL), % formononetin(0.025~5.00 ug /mL.)
& WehEE oy vx2 Ml WEFFEAQ
aloe-emodin(4 pug/mLys- % H7isle] AR 20 A
& HPLCo| F3i8ted 7bze] mmnpEagS dgic)
RF7eF 3412 daidzein, genistein, formononetin®] o
oA o]Fe] Feo|zEe] FolE 7zt R R
&) ez golol] whak M| (peak height ratio)
2 AAbsted 2Pkt ol Bell diE HsksAdal 9
AbBA 43 Sigmaplot® EZ 18 (Jandel Scientific.
Chicago, IL, US.A)l 2)8led zp4dslgdn}.
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pm, 4'CllA 20874 YAE2]3 F- (Eppendorf model
5402, Hamburg, Germany), 1 #FgH-g of3}slal
045 um, Minisart RC 4, Suartorius, Gottingen,
Germany) 1 o2& $]&] HPLC F7olA HM3lyl
o} =3t 7} Al8e] dehg AE )b 03¢ FHEl2
IM HCl 2mLE #7bsled 100°Coll A 2412F <t 7}
FEAAE F AClA Aarkag ARAZ o] A
Z FRafel] 600 uLe] o FAE Fhuted JA F, £
2] isoflavone®] TR TR WPHe® HPLC
FAE Y3l en of isoflavone WS FFOoZ v}
bl EAe] BFEE isoflavoneoE o] 59 F&
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Table 1. The Recovery yield of extraction

Dry wt Extract wt.
Name AN (MeantSE:g/50g
(% of wet wt.) dried sample)
Soybean - 5.01+£045
Kidney pea - 3.57%0.12
Black bean(Yak-Kong) - 343+0.16
Soybean sprouts 6.25+1.57 6.131+0.11
Bean-curd 17.2840.03 2.60+0.03
Soybean sauce 19.90+0.07 ND"
Soybean paste 41.85+0.20 30.68 £0.81
Fermented soybeans - 7.14+1.44
"ND means not detected
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Fig. 1. A representative HPLC chromatogram of
daidzein, genistein, formononetin and aloe-emodin.

The retention times are 5.82 min for daidzein, 8.25 min for
genistein, 13.37 min for formononetin and 21.27 min for an
internal standard, aloe-emodin.

Daidzein, genistein, formononetin®| Z4&F-M
Daidzein, genistein, formononetin @ WH-¥FE21q)
aloe-emodin®] WF-F A7k Fig. 1ol viepd vie} 3
o] 5.82%, 8.25%, 13378 W 21278} =3t 7t
A g #F% isoflavoneEe] HPLC #]o]=e] gl
HEFS ol&3l] syt olEel BEA S A
2 Fig. 2¢} Zol Zt RFEAHS] F =M gfo]z9)
FolE WY BTEA Fo|a Folo| W3t vl&(peak
height ratio)2 A Absle] 2A sl oy AAHA S
(correlation coefficienty= ZtZt =099 (P<0.001) °]
Aelgdel. #18] HPLCEZoAM daidzein®} genistein®]
HETA UV, = 50ng/mle]] 3. formononetin®]
AERA(UV 4, 25 ngmlo2 FHFH A

EAI20l| & isoflavone®| MEKEA

SFF, 7T, W, T OF HRAE
E, F¥, FE AL 2 dF S #RE
daidzein, genistein, formononetin®] ¥HFE Table 204
B upe} Ao FAF] FF-R isoflavoneF FE
daidzein®] T2 DAl 233371581 mghke2E 7}
A ww, FrlEoll 4349+ 341 mgkg, FEol 3566+
470 mg/kge] Aol tF(14.5240.58 mg/kgell Hls)
A ehtor, £718(0.5340.08 mgkg)®t 1AH0.91
100! mgkg)e HFRcl FHaFo] wgtri(Table 2;
P<0.05). 2F%-¢} 3 daidzein®] T3F(986.80:+66.56 mg/
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Fig. 2. Standard curves of isoflavone. Y axis represents
peak height ratio of isoflavene to internal standard.

X axis indicates concentration of isoflavone: daidzein(@®),
genistein(Q), formononetin(¥) and aloe-emodin(4 pg/mL).
These fitting equations are daidzein(®); Y =-0.1649+
3.4256X, genistein(O); Y =-0.4936+2.2316X, and
formononetin(¥); Y =0.00993+1.4796X, (#=0.999,
P<0.001).



28 BFAEAGIA A 329 A 12 (2000

Table 2. Isoflavone concentrations in 70% Methanol Extract of soybean and its product”

N Daidzein (mg/kg) Genistein (mg/kg) Formononetin (ug/kg)
ame

Free Total Free Total Free Total
f;r{:f;:“‘ 4349+ 3.41%% 25490+2537 27631 1.66  103.40+19.52%%  334.90+26.14%*  §74.46 + 82 47**
if;g 451£006  136.89+19.00%*  345+002% 4484057 6.57+0.10 59.59+9.00
fgy";‘e‘;nm"d 25341177  10633+2151%%  [875+133%  31.53+547 20.55+4.08 434.65+51.64
ﬁ;’g’t‘e’e‘m 233.37£581%* 362.85+522 29152+ 6.81% 10530+327+% 24818 +834%* 05540 +97 33%
Soybean 14534058  341.47+1896 2249£093  3003+7.17 60.62+ 11.35 161.27+46.77
SS;’lf’c’fa“ 091£0.01*  040£0.17** 2804001  20.80£0.06 81.50+4.20 459741675
(S)i‘;ybea" 0.53 £0.08** ND? 331+0.18 ND ND ND
Blackbean 35 o6+ 470%  986.80£66.56*%  61.10+7.73%% 235.84+ 23634 4520+5.42 692.65 + 54.58%%
(Yak-kong)
Q:I‘;iga“ ND ND ND ND 9629.79 £ 0.57%*%  43529.67 + 3353 5%*
DAll data are Mean £ SE.
*:P<0.05,

**:P<0.01 by Bonferroni Multiple Comparisons.
“ND means no detection.

kgre 9579 & ¥8F(341.47+ 1896 mgkg)Rot E9t
oHP<0.01). F8] genistein®] FHE 9]e} FAlslA =
Aol 291.52+6.81 mgkg 2 7} ol 4o 9l
2, vl 1875+ 133 mgkg, T 61.10£7.73
mg/kgel FHiEel QITH(Table 2; P<0.05). Zeh} &
2] formononetin®] S daidzein, genistein®l= T}
FIE BAT, FFE(334.90+26.14 pg/kg)®] formono-
netin®] FF-E o F(60.62+ 11.35 ugikg)ell vl3) &9k
3(P<0.01), 4TS 4520+5.42 ugkgolgd ot 27|12
oA} formononetine] 73&= A ket 70% wete
FE2ES 7IrRastgd L o, isoflavoned) & e =
oA genisteime W 9ol F2l¥ YehE EAsh}
daidzein®} formononetin®- Wit So] HE3 JPE
o] HeZ ol EAYslitH(Table 2). 7HEslol] 25t
o] &9 3482 daidzein?} formononeting H<] 34
H%l 2 H94%7.0%, 94+03%) genistein2 ©] Aol
A el FaEe] 3ego] e Aoz vehgoher
+2.6%).

Hal7kx]) 4233l phytoestrogen®] EAMPEL HPLC
ol UV/VISZ &7]662n ) A 7} 33817 2 7] (Electro-
chemical detector : ECD)E& AMH-3}9 10 =E8A|= ¥
FAE7|E AHEEH Y, o] el radioimmunologyE
o]-gg Wb xE QAT e B A7 «u|Ay
S FAE A3 UVIVISHE 2 AP s A

3 " A7AAE JePHSlen formononetin®] A
% 25 ng/ml7HA| 7FssldchFig. 1 ¥ Fig. 2). =3
7128t eS8 AMEsle] ARRAL AlEsigon)
GE B u0%)A 2E3 We7d= el formononetin
2] 735l glassy carbond AT slo] 12 V
ol el A Zi&slodof 3ln) wiwkAo] QA E A st
ol UV/VISFHE7] uhg AMale] A3},
Pettersson®}  Kiessling& UV$l 37272
isoflavone®] 71&3H4lE= 10 ppme] @ HPLC-ECDW ¢
o2& ¥AME ol ubgrci= ziZakdsl 100w}
7Fbdet R ustleb'?. a3u Franke32 2
ZA&3H 7} 5~780 nM/20 pLolgl T HPLCSF UV/VISZ
£7]2 EM3F phytoestrogen®] 7 Z2FHAIE=© | 342
ng/mLe]glem & 379 &84t formononetin®)
75l 25ng/mle|B2 o2 AR 19} FA}sle)
#4742 kel Al isoflavone 9] phytoestrogen-
daidzein, genistein, biochanin A, formononetin,
coumestrols-¢] 2™ isoflavonef7} WA 2 Wo)
FAg R BAE glome s B dFNE 70%
g FENoA A FalAdel2) isoflavoneF-E A
3Ll phytoestrogend F£3% A2 E JM5Easld
Felgely iAol Agst A3 S W A
FENE gslel. 9 phytoestrogen ¥ L u)
FAELE 70% vkgel F2dos Bax glon) A
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dEel e AEEE Y T3l Agsie A
& Al ojEigol Jlemg o F gl sLFalEe] 7t
Ztoll 2|48k 3-6702] A2 FE3 LT 2AE
Zo)7) Hs8 7 FEEE 3434 BNl HERE
T3l ch(Table 1, Table 2). FFEA S 8 HPLCY
7} glo|=28] Folyr valley to valleyE ¥o| =] wie}
Aoz sl Aabsladch o] v A Fjeojze
JEo WAL AdHer exy} AXT Fo
HE&-2 27} A7) Wl Rel Folze] Foln]&E F
F4A-E& 2Adsis

A 48" B oAM= daidzeine] )} genistein &
HEo] FAFolt FFF FHHA oy
formononetin= alfalfa sprouts &-& Trifolium sub-
terraneum var. Dwalganup 5 95 48] o wo]
4 AR duize. w3 ¥4 TRl dEa 1
% SolAME formononetin®] EA7} BIEA] gkt
o}at daidzeinel\t genistein®] EAw 2he) AeFEg]
o} o]l £ Aol 53] formononetin®] HHE
$18l ojm| B 518} wle} 7o) formononeting: 7)ol A
%, 18, A, sl #EFo2 ARSI
2}7]% Table 2049} 7ol formononetine] o2 A&
¥z oigko 2 EA8LT daidzeinelt} genisteind 7
3 olsldnl Bolgt AR AFAEQ] W, d
7F, BBl = phytoestrogen®] kol B9tk o
Z9] formononetin §&o] ThE Fol vl3] ¥Ut =
gk $e]e] AFAFo| g% F2l8 phytoestrogen
Fapol B, o) WA A WAz EA3)
§ isoflavonee] FEH o2 vepd ZAA] ohidd o
T ATEAANAM HAb == BaiEe] §afo] weolal
AQA ] gk A7t H e Alssd.

o] A5 sHFAEQ Fe #eE Ry
daidzein® -2 10~46 mg/kg, genistein® 6~31 mg/kge]
o, FuEe] H9E daidzein® 3~35 mg/kg, genistein
< 2~44 mgkgel 3, BAL] 9% daidzeind 125~382
mg/kg, genistein® 155~496 mg/kge]™, 7Habel| -3
daidzein®- 3~21 mg/kg, genisteind 1~9 mg/kge] 31t
A7 A genistein FAX] o|spc®. 2} B
el B A #2] daidzein 4.51+0.06 mg/
kg 233.37+5.81 mgkgel L, 2l genistein 3.45
+0.02 mg/kgt 291.52+6.81 mg/kg -2 &+el wEEl
R a09et fApsr AAE UeIgE. Reinlig) Block®
2 FH59 daidzeinS- 29~253 mg/kg(wet), genistein-
40~421 mg/kg(we) 22 Mgl ort 2 AFelM: o]
£9] & kel 136.89:+19.00 mg/ke 4.48+0.57 mg/
kge 2 dehdel B3 B dFelM £ Az:AR

= e R0 1728+0.03%0) E3}515 222 Reinli
9} Block®®] As}Br} phytoestrogen?]| ko] Abet3)
worom o] File] AMRE oFe] E£F0) ofEd
71Qig . AR ke A9 f2] daidzeind-
0.914+0.01 mg/kg, genistein> 2.80+0.01 mgkgl®
Abelsich(Table 2). 22801} Franke$2] B 0% o)
9] 7% daidzeind 676.4~1006.5 mg/kg(dry), geni-
steim® 940.2~1382.4 mg/kg(dry) S8 B T8lgEd o]
+ B d7lM #2] daidzein® 14.5240.58 mg/kg, 5
¥ genistein® 22.49+0.93 mg/kgol 31 FF-e zhzt
34147+ 18.96 mg/kg? 30.03+7.17 mg/kg® 2 daidzein
& frAksht genistein®] §HEkE A og Wit =
B Franke5“2 formononetin®] ¥efe] ZA1=] ¢)3)l2
AFE 4 ddEd B d7oIME Table 20149} 2
o] 60.62+11.35 ugkgZ SHT & gglemz o=
AR 9t o] B 5o zeleln d9d 4 gich
¥8} Franke®9-2 71dE3 9552 isoflavoned A
Fg &~ gdden £ dTeM® HEFHA olslE A
FE 4= gldoh. 182 IS8 45F T 5
& formononetin®] ZAEF A sk, AFAEY F
¥, g, 7, 14, vlFol= formononeting ¥ ¥
gt W2 phytoestrogene] FHrEe] lom, 379} 2
< R E T3l olE ABTAEL S8dld
A7 vehle S dgtel FokgEe) o g
X gel 71ed# 4= gleka AlEge}

T 1|

2 %

Tl FHEY Sl olaEEN-E FES old o
A EA A0 gt A7) APFeldt. FL 929
Al g 72 #HAAel glome ojiFEwlie) 3te
£ HPLCE AH#HEA 3o} 354k 3)e) EAIEq
TUE, 55, E, YIS 24, 3 OE, o, ¢
FF 9 7PdF oM 9 isoflavoned 5mM
NaH,PO, $H5-84(pH 4.65 Mieh-&-S E3 ol 54
(4: 6y UV 260 nmeljA] - slgchiTable 2).

T2 Zo) 9% isoflavone® F2] daidzein®] &
el A 43491 3.41 mgkg, DA A 233374581
mg/kg, FF-E 3566+£4.70mgkge]l AEHe WF
(14.52£0.58 mg/kgrell Blsh =34c).(P<0.05) 74 2 ¥
7182 kel U, SRT 9 AEEe ke &
Az olslget. 2] genistein® FrlEo] 27.6311.66
mg/kg, W7 18.75+1.33 mg/kg, BAbo] 291.5216.81
mg/kge] HEHIL, HFE 22491 0.93 mg/kglE oF
36110773 mgkg) B} EuohP<0.01). 28}
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formononetin®] ek daidzein, genisteinZb= oF& oF
ALe Hedon| B3] 87): daidzein?} genistein 7
2¥=] sk} formononetin®] EFo] WlF(60.62%
11.35 pg/kgell Blsl 9629.73+0.57 ng/kel 2 <k 1600
oAb wokil, oFFL WiFe} frAlslg e, ¥, ¢
T, 7 FelM e formononetine] HEHA ¥
o, HEAEQ AT b Folx A FHEle] 3l
At

HAte! =

B A= BAEAR 2802 (998 35k
T4 el grlepddTe] Ao BAYs
714 AR (HMP-98-D-4-0043) 7334)2] =]
o os) s S =xduet =3 B AT
o] £8-& F4) oAlFuAPd, 3, s, WA
ANHEA A=Y
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