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Changes in Isoflavone Contents during Maturation of Soybean Seed
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Abstract

Isoflavones are associated with prevention of chronic diseases such as cancer, osteoporosis, and hyper—
cholesterolemia. The isoflavone contents at different development stages of soybean were analyzed to examine
the period of their formation and reaching maximum level. Soybean seeds have been collected from 13th
to 21st week after sowing. Total daidzein and genistein contents increased from 115 and 37mg/kg at 13th
week, to 795 and 699mg/keg at 21st week, respectively. Total glycitein content showed less remarkable change
during seed development than the other isoflavones. Thus mature soybean may have maximum preveniive
effect {rom chronic diseases since it contains the highest level of isoflavones.
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INTRODUCTION

Savbeans and soy [oods have been consumed abun-
dantly by Koreans as a main dielary source of protein
and fat(1). Current studies suggest that consumption of
soybean—containing diets has been associated with the
lower incidence of certain human diseases in Aslans com-
pared with Caucasian populations(2-5). Several studies
atiributed the physiologically active properlies of soy-
beans to not only prolein bt isoflavenes which are ma-
mly present in the conjugated forms in the whole seed
(6,7). Isoflavones including genistein, daidzein, and gly-
citein have been reparted o have anticarcinogenic, anii-
fungal, and antioxidant activities(2-5,8). In particular,
genistein which is a potent tvrosine kinase inhibitor, has
attracted much attention due to ils possible tole in pre—
venting breast and prostate cancers(5,9-11). Our recent
study(12) also suggested that genistein might be a pro-
mising chemopreventive agent due to its capability to
modulate callular detoxification enzyme(s). Daidzein, the
olher main isoflavone present in soybean, has also been
reported 1o have associanon with inhibition of human
breast cancer cells and retain antiestrogenic activity(3,
13). Identification and quantitation of isoflavones have
been performed by several methods inchading high per-
formance liguid chromatography(HPLC)(5,7,14,15), gas-
liquid chromatography(16}, isotope diluticn GC-MS(17),
and thin layer chromatography (18}, The assay procedure
which was developed by Wang et al.(14) and employing
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HPLC equipped with Cis colummn looked feasible for large
numbers of samples in a reguiar laboratory.
Isoflavone content, an important determinant of soybean
quality, is believed to be variable during maturation of
sovhean seed. FFurthermore Korean peopie consume 3oy -
bean at immature stages as well as mature seed. This
study has been conducted ta determing the change w iso—
flavone content during sovhean seed development.

MATERIALS AND METHODS

Materials

Soybean(Sinpaldal var.) wath relatively high isoflavone
content{19) was sown on the 24th May. 199G in the private
[armland of Kimhae, Kyongnam province, and soybean
samples were collected at 13, 14, 15, 17, 19, and Z1st weeks
alter sowing HPLC-grade solvents were purchased from
Merck(Rathway, NJ, USA). Genistein, glycitein and dai-
dzein standards were purchased from SigmalSt. Louis,
MQ, USA), Plantech(Reading, UK) and Indofine Chemical
(Somerville, NJ, USA) respectively. Other reagent grade
chemicals were obtained from Sigma. HPLC column{3.9
mum % 30cm length), u-Bondapak Cie{10um), was from Wa-—
ters Associates{Milford, MA, USA).

Sample preparation

Soybean was powdered using Cemotec mill{ Tecator,
Sweden). The portion of sovbean flour was allotted for
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the proximate analysis. One gram of dry ground sample
suspended in 3m! 1M HCl was heated al 98~100°C for
1.5hr in heating block{ Thermolyne, Dubugue, USA). At the
end of digestion, 4 volumes of methano] was added 1o ach-
leve the complete solvation of isoflavones. The mixture
was settled for a few minutes, and the supernatant was
(titered through Corning syringe filter{nylon, &0.2um)
and used for HPLC analysis(14,19).

Proximate analysis of soybean flour

Moisture, protein, tat, and ash were analyzed by A.0.A.C.
methods(20).

Quantitation of isoflavones by HPLC

Analysis of isoflavenes was performed according to
the method described by Wang et al.{14) with a slight mo-
dification{13}, The 201 filtrate was injected to HPLC eq-
vipped with WBondapak Cis column after the system had
been equilibrated at ambient temperature and stabilized
the UV detector with mobile phase(methanol-1mM ammo—
nium acetate, 6§ 4) at a flow rate of 1ml/min for 30min.
Eluert was detecled at 254nm and chromatogram was re-
corded for 20min. Isoflavones were identified by retention
time and internal addition of standards, and their conte-
nts and recoveries were calculated by comparing peak
areas with those of standards subjecled to same treatments.

RESULTS AND DISCUSSION

Soybean variety(Sinpaldal) with relatively high iso-
flavone content was grown at Kimhae in 1996 and soy-
bean samples were collected between L3th(May 24th) and
21st weeks(Qct. 20th) after sowing. Climatic data for the
petiod of May to October 1996 in cultivated fleld are
summarized in Table 1 as growth conditions including
temperature and precipitation were reported to have a
great effect on the isoflavone content of mature sovbean
seeds(7.21). For instance, the isofiavene content of soy—
bean grown al high temperature was known to be sig-
nificantly lowered. Protein content remained relatively
constant during the rest of maturation period after rea-
ching maximal leve! at 13th week while fal content was
gradually increased until 17th week of sowing(Table 2).
Moisture conlent started to drop rapidly from 17th week
after sowing seeds, reaching 7.9 percent by the 21st week,

Free genistein and daidzein contents kept increasing
upio 17th week after sowing the seed and then declined

Table 1. Climatic data at Miryang for the permod May—
October 1996"

Temperatures(°C) Sunshine duration Precipitation

Month Mean Max Min (hr/month) (mm/month}
May 177 315 57 22908 68.2
June 215 326 121 1006 209.6
July 248 362 164 124.0 134.0
Aung 263 360 177 207.6 53.0
Sepl 21.1 3L0 106 203.4 405
Oct 151 279 09 2150 2640

"Data from Annual Climatologica! Report(1997)

Table 2. Relative percentages of some chemical com-
ponenis in soybean at different development

stages
Weeks
after Moisture Protein Fat Ash Carbohl})f*
drate

SOWIng
13 678 148046007 2.2( 6.8) 2.2(6.8) 13.0(40.4)
14 67.8 1180366  3.2( 9.9) 1.9(59) 153(475)
15 66 12703300  40(12.0) 21(6.3) 14.6(43.7)
17 581 165(39.4)  7.5(179) 26(6.2) 15.3(365)
19 250 301440.1) 103(137) 54(7.2) 20.2(3R.9)
21 79 31.60408) 143(155) 58(6.3) 34.4(37.4)

1JPercentage of carbohydrate was calculated by subtracting
all determined components from 100

Yalues in parentheses represent relative percentages ex-
pressed as a dry basis

rapidly until the (inal harvest date while glyeitein reached
the maximmum at 14th week and thereafter plunged to
a negligible leval{Table 3). Total isoflavones showed the
stepwise Increasing patiern with maturation except gly -
citein of wlich content (ended to decrease from 19th week
after sowing seeds. All isoflavone contents showed almost
double increase in the period between 13th and 14th weeks
after sowing seeds and ancther sigruficant increase dur-
ing the last two weeks of cultivation. Total genistein,
daidzein and glycitein contents were 699, 785, 98mu/kg,
respectively, in the final sample collected at 21st week
after sowing soybeans. In particular, the amounts of [ree
genistein and 1ts conjugated derivatives were estimated
to he 16 and 683mg/kg, respectively. The mature sovhean
(Sinpaldal var.) grown 1 1994 in Suwon, Korea previously
showed significantly higher levels of iscflavenes than
the same variely investigated in ihis study{19). Thus the
report. that isoflavone content was influenced by the lo-
cation as well as weather was confirmed in this study.
Tsukamoto et al.(Z1) repaorted a wide variation in total
isoflavone contents depending on varielies, sowing dates,
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Table 3. Total and free isoflavone contents of soybean at different development stages

(mg/kg dry sample)

Weeks after sowing

Iseflavone 13 14 15 17 19 21
Dandzein 186(115)" J70(124) 335(168) 422(193) 496(47) T95(28)
Glycitemn 109(22) 193(71) 162(0) 181007 187(9) 93(3)
Genisiein 81{37 196071) 260169 306005} 365{13} G3(16)
Tolal 376(174) 718(266) 7600237 012{(305) 1,048(69) 1,552(52)
YWalues in parentheses represent free isellavone conlents
weather and locations. For instance, total isoflavone con- 3. Coward, L. Barnes, N. C.. Setchell, K. . R and Barnes,
tent of the same varety was 5.8 times different in re- S+ Gemistein, daidzein, and their fi—glycoside conjugates:
sponse 1o different 1o dat th 246 1 1493 Anlitumor isoflavones in sovbean foods from Amerncan
P20 ° o Sowing dates. wi Versus - = and Asian diets. J. Agric Food Chem., 41, 1961{15993)
mg/kg. This difference was postulated o be associated 4. Lee, H. P, Gourley, L., Dully, S. W., Esteve, T Lee. I. and
with weather condilions such as temperatures during the Day, N. E. - Dietary effects on breast-cancer risk in Smn-
maturation of soybean seed. _ Eapore. Lancet, 337. “97@991), . )
Naturally . bean isofl , v 5. Bamnes, 5. @ Effect of genistein on in vitro and i vive mod-
_ a w_ura y occurring soybean 1.50 avones exist mainly els of cancers. /. Nutr.. 195, T775(1995)
In conjugated forms, e.g. glucosides, malonyl and acetyl 6. Wang, H. and Murphy, P. © Isoflavene content 1n commmer-
derivatives(3). While analysis of both the conjugated forms cial sovhean foods, [, Agric. Food Chem, 42, 1666(1994)
and the aglycones in a single chromatographic run has 7. Wang, H. and Murphy, P - Isoﬂ‘avone com_‘posmon of AJ.TIE_
ad ) » . be relatlv rican and Japanese soybeans in lowa’ Eifect of variety,
advantage n t_enns that it provides the relative amclmnt crop year. and location. J. Agric. Food Chem.. 42, 1674(1984)
of each derlvative, and that the determination of total 1so- 8. Naim, M., Gestetner, B., Zilkah, S., Birk, Y., Bondi, A. :
flavones before and after the acid-hydrolvsis of the soy— Soybean isollavones, characterization, delermination and
hean sarnple is simple and highly reproducikle(14). Fur- antifungal actvity J. Agric. Food Chem.. 22, 806(1974)
. . . 9. Record, I. R., Dreost], I T, and Mclnerney, J. K. © The
thermore, conjugated isoflavones are believed to be sub- antioxidant actvity of genisten in vitro. J. Nutr. Bio-
jected Lo extensive digestion process in human gastroin— chem., 6, 481(1995)
testinal tracl and absorbed after bemg converted inte the 10. Wei, H,, Bowen, R,, Cai, O, Barnes, 5. and Wang. Y. :
free form which exerts hiclogical effect such as the chemo- AntloXIdant a.nd ?ntzpromomonal effea.s of 'the saybean
) ) . isoflavone genistein. Proc Soc. Exptl. Biol Med |, 208, 124
prevention of hormone-related carcinomas, ostegporosis, (1995)
and heart diseases(22} According to our data, mature soy— 1. Akivama, T., Ishida. ], Nakagawa, S., Ogawara, H., Wa-
Leans are expected to have measdmum beneficial effect tanabe, 5., Itoh, N, Shibuya, M. and Fukami, Y, . Geni—
) . . _ . i . vl cific inhibitor of tyrosine-sperilic protein kin-
i . d 11 hest : £ ’ stein, a spectfic inhibitor of t3 D
as _1ey containe . 1e highest amount o 1.Soflavones n wses. J. Biol Chem., 262, 5502(1987)
particular, gerustein. Immature soyhean which are largely 12 Kim, J. S, Nam, Y. | and Kwon, T. W. * Induction of qui-
consumed by Korean people may have the limited advan- none reductase by genistein, sovbean isoflavone. Food and
tage due to lhe relatively low content of isoflavones. Biotechmology, 5, T0(1956)
13. Peterson, G. and Barnes, S. : Genistemn inhibition of the
growth of human breast cancer cells . Independence from
ACKENOWLEDGEMENTS estrogen receptors and the multi-drug resislance gene,
EBiochem. Biophs. Res. Comm., 179, 661(1591)
This WOl‘k was Supported b‘y a research grant f[‘om ]:1 Wa]:lg, G., :[{llan,- S., FI’.':TDSlS, O., W'are, G and Cf?l]m‘aﬂ,
the Korean Science and Engineering Foundation(KOSEF A S A 51mp]1fle_d HPPC method for the determination
of phyloesrogens in soybean and its processed producls.
94-0402-02). J. Agric. Food Chem., 38, 185(1990)
15. Eldridge, A. C. and Kwolek, W, F. : Soybean isoflavenes :
REFER Effect of environment and variety on composition. J. Agric.
FERENCES Food Chem., 31, 394{1983)
. } . 16 Maim, M., Gestemer, B., Zilkah, S.. Birk, Y. and Bondi,
I Kwon, T. W. ff“d Song,l Y. 5. Heal‘th ,functlons of soy- A Soybean isoflavones, charactenization, determinalion
bean foods. In Procgeg’zng of IUFoST 98 Reguona! sym; and antifungal activity. J. Agric. Food Chem, 22, 806(1974)
posium on non-nuiritive health factors for future foods 17. Dwver, J. T., Goldin, B. R.. Saul, N, Gualtieri, L., Barakat
S}?OUL ISOTES{(LQ%) L ) 3. and Adlercreutz, H. 1 Tofu and soy drinks contamn phy—
2. Kim, J. 5. ' Current research trends on bicactive function toestrogens. J. Am. Diet Assoc, 94, 739(1994)
of soybean., Korea Soybean Digest, 13, 17(1996} 12 Kim M. H. Im S. S. Yoo, Y. B. Km’] G. E. and Lee, ].



18.

Mi-Ae Yi, Tai-Wan Kwon and Jong-Sang Kim

H. : Antioxidative materials in domestic Meju and Doen-
jang. 4. Separation of phenolic compounds and their anti-
oxidative activity. J. Korean Soc. Food Nutr., 23, 792
(1994}

Choi. J. S., Kwon, T. W, and Kim, J. 3. . Isoflavone contents
in some vaneties of soybean. Food gnd Biotechnology,
5, 167(1996)

AQAC. : Official methods of analysis. 16th ed., Asso—
ciation of official analytical chemists, Washington, D.C,,

2L,

22,

Ch 32, p.30(1995}

Tsukamoto, C., Shamada, 5., Igita, K., Kudoy, S, and Ko-
kubun, M. . Factors affecting Isoflavone contents in soy-
bean seeds ; Changes in isollavones, saponins, and com-
position of fatty acids at different temperatures during
seed development. [, Agric. Food Chem., 43, 1134 {1995}
Aldercreutz, H. : Phytoestrogens: Epidemiology and a
possible tole 1n cancer prevention. Environ. Health Per-
spect, 103s, 103(1995)

(Received August 1, 1997)



