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Abstract

In this study, chemical information on a total of 20 individual compounds was constructed to identify isoflavones from the previous
reports related with used parts(seeds, leaves, stems, pods) and products of soybean(Glycine max L.). Through constructed library and
UPLC-DAD-QToF/MS analysis, a total of 19 individual isoflavones including aglycones, glucosides, acetylglucosides and
malonylglucosides as major compounds was identified and quantified from 14 selected soybean seeds. Among them, genistein
7-O-(2"-O-apiosyl)glucoside and genistein 7-O-(6"-O-apiosyl)glucoside(ambocin) were identified tentatively as novel compounds in
soybean seeds. Besides, among malonylglucosides, glycitein 4'-O-(6"-O-malonyl)glucoside was estimated for the first time. Total
isoflavone contents were distributed from 240.21 to 445.21(mg/100 g, dry matter) and 7-O-6"-O-malonylglucosides were composed
of 77.8% on total isoflavone as well as genistein derivatives were confirmed as major class. It was considered importantly that the
development of isoflavone-rich varieties was necessary to strengthen their effects such as anti-inflammation, anti-cancer and menopause
mitigation. The qualitative and quantitative data presented precisely in this study could be help to select and breed isoflavone-rich
varieties. Furthermore, their basic isoflavone profile is expected to be applied to estimate the change of isoflavone conjugates on
bioavailability after soy food supplements.
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F}(Fabaceae)Al & & U5 (Glycine max L.)o|= E0]|& O
& Zeotu|lAl 2hol4l(lysine)o] S5 FRF ofyzt Tl
A, A=A AL, ge5hE, vy, o] AE gk (isoflavone) 5
< Wol gaotal glo] YFARI BH-olA F83t AFolth
(Suh 5 1996). 204710 E°lA= FF, FF, IH=EFA,
718 5 32 7IRE T HU AlEES0] A AAFL
2 FHYSHA AH|E I th(Yoo KM 2011; Lee 5 2013;
John 5 2016). 5= AlEA AAEZAR] o|AEHES W
o] Tt glom, Aol A A=l 71 AT
Ao] o AERZ A AFF2 30~50 mg/dayR, ol Bt
Q1 A FA Ao Ao =g 2 B 7T
o th(Setchell KD 1998). 7]& A-tol|A] o]AEeho] 34t
312Z ABTS AP 0= Yok A}, Ay AH]|(genistein) >
AlY A€l (genistin) = THO]| EA| Q] (daidzein) 52 =2 & e
Yom, 1 % AYAH QAL epidermal growth factor(EGF) 5
I 22 ISR 2 Y9 AT F412 A5t
= Ao7 X 1EQtHRuiz-Larrea S 1997; Ravindranath 5
2004).

dFe 5, A9@E, &%), 7], EFHISEK
o), ¥ AP, A A7) 59 ot 20 wEbA olaE
2 o] a7t Yehdth(Carrdo-Panizzi 5 1999; Vyn 5
2002; Lee 5 2003; Kirakosyan 5 2006; Lee 5 2008a; Ha &
2009; Kim 5 2012a; Kim 5 2012b; Kim 5 2014). tj59] &
83 o]aETHE JETS AYAHQL tol=AQl, 2]
A8l (glycitein) oF22]Z(aglycone) 7|5 SttE50] s
=, AYAH Q] A ofl+= genistein 7-O-glucoside (genistin)
4 genistein 7-O-(6"-O-malonyl)glucoside (6"-O-malonylgenistin),
tjo]=A|Ql SEA o= daidzein 7-O-glucoside (daidzin) 2
daidzein 7-O-(6"-O-malonyl)glucoside (6"-O-malonyldaidzin), =
Zro]AJE|Ql S Z=Aol= glycitein 7-O-glucoside (glycitin) L
glycitein 7-O~(6"-O-malonyl)glucoside (6"-O-malonylglycitin)©|
27 Q3 SIBMERE A #9115 9l th(Caldwell 5 2005; Charron
S 2005; Kim & Chung 2007).

=27hE 9 E25E g v Aol F HssitE
(phenolic compounds) $&2] ¢ vl= FF°] 7P A U
Efvb= BHA, & o] AETHE 2 e E50] 7P =%t
O H(Kim 5 2012b), AAZ At HEES Y, SAH
&, AZgE 25 = ol & ol 9lo] 7+ 984, 81.7, 161.0
mg/100 gAE2FH)Y] +2= YEKTh(Lee 5 2002). H
F25E LR o|aETE 127 2 o719 AGEE ot
FHAl e O (Lee 5 20082), HHFOl SA2E 7Hd=

Ir

S - oA - el - A} - AP - &

L AR - A - GAT] - O SRR

E o|lAZTHE 1258 tjAtoE oZE]E, malonylglucoside
4! acetylglucoside 3 E}J Q] gHefFo] Eol& §IH, glucoside
T3 B4 ol HA solvhe A= H U tH(Huang &
Chou 2008).

AA7IA] AFEAS o83t 7E o|laETE 540l
FE o|F11 gJo} oZFE| &, glucoside, malonylglucoside,
acetylglucosideE ST A4 & 1250 sfiAT Y54
o8 AF7F Holgth sHARE FHIZole 7IE o=EdE
7-OH 9#] 9] glucoside & 6"-O-malonylglucoside -3 ©]2]9]|
7-OH YA 9] 4"-O-malonylglucoside T+27} Ei1%H H} 1O
H, Yo7} o}Z2]29] 4-OH T+ 5-0H YA °f glucoside L
6"-O-malonylglucoside”} A3et L2271 271402 A A= of
nc} ApAE 72 574o0] o]Rolont B AT ofy %
Z35t A& o|th(Peng 5 2017; Zhang 5 2017; Jang 5 2020).

e B QP ol AR FRERE AT ST
2 3 golnzlelg AY FRagow, J14wE g ¢
SAPY 14EFORRE TAIE QA (QTORMS) 7]
ol A47|7] &A4E El /ME olageE 24 ¢ I
B7Fotdt. 3L A9t o] AETE HIGAIE S5t HE
£ ASALEH, 5 AAEC] AFEAZ 59 ol 3t
e AESHA A5kl FgstA B7toke H =:0] F
A} shgl o, Lozt 7)Aol Aot SeEse /st
7] Sfat N|zArRE BEsA St

1. Alsl T2 2 A

TPt FARAALAENA BE S T
23,199 £ =493 1 1
A AL, o5 T A A IR0F), B B
A4@EE), AAE 5 +3
A 13 FE(178) T T 545 AEsIelrh et @
4 A 54% W 2 E5F O, SAUE, AgY 28, A
2325 20199 6¥of oEsto] 99of| 85t &, ETtE o]
T, 2ERA fA, v93E B4 5= BUlst ¢
A 1052 At A IT ¥5, S8 9 4k
A 59 A E= Table 10 AA5tl oM, o2 5EAUX &
243 S AX BHARR AREoYT o] A et 4
o] A2E YEFEZEZ 6-methoxyflavone2 Sigma-Aldrich
Co.(St. Louis, MO, USA) A|&-& AF8-5}%1 1L, methanol, aceto-
nitrile @ water(Fisher Scientific, Fair Lawn, NJ, USA)2 MS
grades AME-5}910.™, formic acid< Junsei Chemical(Tokyo,

Japan)oll A 73t}

]
g
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Table 1. List of soybean bean samples

T A B olaSeHE B4 Bt 657

Soybean Introduction (IT) number Variety name Seed coat color Origin Cultivar type
Sinpaldal #2 - Sinpaldal 2 Yellow Korea Recommended variety
Daewon - Daewon Kong Yellow Korea Recommended variety
Cheongja #2 - Cheongja 2 Black Korea Recommended variety
Pungsannamul - Pungsannamul Kong Yellow-white Korea Recommended variety

1 021665 PI 90763 Black China Landraces
3 104690 Kongnamul Kong Green Korea Landraces
6 153844 KLS 87248 Yellow-white Korea Landraces
7 154351 KAS 579-1 Black on green Korea Landraces
9 155963 Nongnim 51 Yellow Japan Breeding variety
13 177573 Geomjeong Kong-5 Black Korea Landraces
27 229421 Hoseo Yellow Korea Breeding variety
33 252768 Incheongangwha-2008-326 Black Korea Landraces
41 274515 Gyeongsang Univ.-2007-24502  Black Korea Landraces
42 274571 Gyeongsang Univ.-2007-14613  Yellow Korea Landraces

2. 0|2Eal=2 & U SPE(Solid phase extraction) 1A

BUATE AR 1 g2 A olABAR 23 80
(methanol:water:formic acid=50:45:5, v/v/v) 10 mLe} 34| A
58 59t wykslley. 259 3,600 rpmo A 1583 A4
E2](Gyrozen Co., Dagjeon, Korea)st & £t ASH-S 0.2
um syringe filter(Thermo International, Maidstone, UK)E ©|-&
olo] o] 1}51 Tt SPE IS 93 methanol 2 mL ¥ water
5mLE FAYE &8 Hujso] 243lsiglorn, 7] 314
H o7}l 5 mL 9 WHIEFEEE (6-methoxyflavone, 50 ppm)
5 mLE £x12 0 7 SPE 7FE A9 EFA|ZA T 11 T water
5 mLE &8 AlASL, ZdEo] F2E olaERES
methanol 5 mLE ¢H45] &1t 854 o|laETE 5
SES JAaTAE ARES 5501, 05 mL 5 §HE A
L35t &, 0.2 um syringe filter® ©3}-5}0] UPLC-DAD-QToF/
MSZ EA5}3tt.

3. IS &% OlAZal2 T SHS 93 a0z

A=

T2EYE A2 ANYELCMS Libraryye (27
BHg 722 & gF B 49 472 vgos 5

of, 7| ol4Zah Eo] BAR, oF-Lole Aok we,

%, o1& %9 52 SgHo2 s ArkTable 2).

4. UPLC-DAD-QToF/MS 244
5 A4 7 o]AaEHES Eelolr] 9Is) CORTECS
UPLC T3(2.1x150 mm LD., 1.6 ym; Waters, Wexford, Ireland)

24 7z 9 CORTECS UPLC T3 VanGuardTM(2.1><50 mm
LD, 1.6 um; Waters) 2.5 2 o]-85F9t} 3 15
A2 20 E 18 5 (ACQUITY UPLC™ system, Waters Co.) &
QToF-MS £47]7](Xevo G2-S QToF, Waters MS Technologies,
Manchester, UKYE AZAIA AMESHICH, A& o2
210400 nm(S FEIFE, 254nm), A|E0] 2UTFL | L, 9
< 03 mL/min® 2 AA5H3ich 7iE o]AEEES EE5H]
3f o] =AOZ 0.5% formic acid’} E$HE watersS 849 A
2, €9 BE= 0.5% formic acido] 3ZSHE acetonitrile2 S}FH T
0|5/} FHIRUL BE 5%E AIZR O, 208 7H]= 25%,
25B7A = 50%, 30E7HA] = 90%2 S7HAIZ] F 28 Bt
DEIIR] QA3 3SEARE 5% ThA] A ZoH 40
2744 1A fAst0] ARSI olaBeke 72
AL 93l QToF-MS(Xevo G2-S QToF, Waters MS Tech-
nologies, Manchester, UK)Z positive ion mode°]| 4] ATF F4
2 WPt 7ol ohet H=sh XA capillary, extrac-
tion cone & sampling cone®] ¢S 217} 3,500 V, 4.0 V &
40 VO 2 A35}91 11, ion source 2T+ 120C, desolvation =

= 500C=E oFFch 148k desolvation ¥ cone 7}AE= 7+
ZF 1,050 9 50 Lhr A5kl on, Aol A7 W ele miz
200412000 2 S, o] 42 ARAHRS B T, %A
AzZE o5 gfolEejgriE dgdHel2 Y JEE
Zkarsto] FsHA) A olaEekE AFE AAY Al
2= YHEFZEZ (6-methoxyflavone) T8 JEE HA S
1112 W sto] A Ql 5 gh(mg/100 g dry weight) O &
AbEots 4o g2 Ayt
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Table 2. LC-MS library for isoflavones identification from Glycine max (L.) based on literature sources

Fragment ions patterns

No. Compound names Mw" > — Used parts“) Literature cited”
Positive Negative
1 Daidzein 254 293, 277, 255, 237 253 seed™®, pod®, leaves®, stems®,  2-10, 13-18, 20-27, 29, 31
tofu’, soymilk®, sprout®
2 Genistein 270 309, 293, 271, 253 269 seed™®, pod?, leaves®, stems®,  2-10, 13-18, 20-27, 29, 31
tofu®, soymilk®, sprout®
3 Glycitein 284 323, 307, 285, 270 283, 268 seed™®, pod®, leaves®, stems®, 2, 3, 5-10, 13-17, 20-23, 25-27,
tofu®, soymilk®, sprout 31
4 Daidzein 7-O-glucoside 416 455, 439, 417, 255, 453, 415, 253 seed™®, pod®, leaves®, stems’, 24, 6-9, 13, 14, 17, 20-22,
237 tofu®, soymilk®, sprout 24-27, 29-31
5 Daidzein 4'-O-glucoside 416 455, 439, 417, 255, 415, 253 seed” 21
237
6  Genistein 7-O-glucoside (genistin) 432 471, 455, 433, 271, 431, 269 seed™®, pod®, leaves®, stems®,  2-4, 6-9, 13, 14, 17, 20-22,
253 tofu®, soymilk®, sprout® 24-27, 29, 30, 31
7  Genistein 5-O-glucoside 432 471, 455, 433, 271, 431, 269 seed” 8, 21
253
8 Glycitein 7-O-glucoside (glycitin) 446 485, 469, 447, 285, 481, 445, 283 seed™®, pod®, leaves®, stems®,  2-9, 13, 14, 17, 20, 21, 22,
270 tofu’, soymilk®, sprout® 24-27, 31
9 Daidzein 7-O-(6"-O-acetyl)glucoside 458 497, 481, 459, 255, 457, 253 seed®, tofu®, soymilk® 4,7, 8, 19, 21, 24, 25, 31
(6"-O-acetyldaidzin) 237
10 Genistein 7-O-(6"-O-acetyl)glucoside 474 513, 497, 475, 271, 509, 473, 269 seed™®, tofu® 4,7, 8, 24, 25, 31
(6"-O-acetylgenistin) 253
11 Glycitein 7-O-(6"-O-acetyl)glucoside 488 527, 511, 489, 285, 487, 283 seed™®, soymilk® 4,7, 8, 12, 25, 31
(6"-O-acetylglycitin) 270
12 Daidzein 7-O-(6"-O-malonyl)glucoside 502 541, 525, 503, 417, 501, 253 seed™®, tofu®, soymilk” 1, 4, 7, 8, 11, 25, 31
(6"-O-malonyldaidzin) 255, 237
13 Daidzein 7-O-(4"-O-malonyl)glucoside ~ 502 541, 525, 503, 255, 501, 253 seed®, soymilk” 8, 29, 31
(4"-O-malonyldaidzin) 237
14 Daidzein 4'-O-(6"-O-malonyl)glucoside 502 525, 541, 503, 255, 501, 253 seed”, soymilk® 8, 31
237
15 Genistein 7-O-(6"-O-malonyl)glucoside 518 557, 541, 519, 433, 517, 269 seed™, tofu® 1, 4, 7, 8, 11, 25, 28, 29
(6"-O-malonylgenistin) 271, 253
16 Genistein 7-O-(4"-O-malonyl)glucoside 518 557, 541, 519, 271, 517, 269 seed®, soymilk® 8, 28, 29, 31
(4"-O-malonylgenistin) 253
17 Genistein 4'-O-(6"-O-malonyl)glucoside 518 557, 541, 519, 271, seed” 8
253
18 Genistein 5-O-(6"-O-malonyl)glucoside 518 557, 541, 519, 271, seed” 8
253
19 Glycitein 7-O-(6"-O-malonyl)glucoside 532 571, 555, 533, 447, 531, 283 seed®, tofu®, soymilk® 1, 4, 7, 8, 11, 25, 31
(6"-O-malonylglycitin) 285, 270
20 Glycitein 7-O-(4"-O-malonyl)glucoside 532 571, 555, 533, 285, 531, 283 seed”, soymilk® 8, 31
270

D MW: molecular weight.

? Bold font indicates reported product ions and the remaining proposed product ions in positive ESI-ionization mode (m/z, [M+H]"); [M+Na]" and [M+K]"
adducts presented.

% Normal font indicates reported product ions in negative ESI-ionization mode (m/z, [M-H] ).

Y 2Glycine max. (soybean, cultivar), "Glycine soja. (soybean, wild).

% Previous reports were referred to construct on LC-MS library. (1) Aguiar et al. 2012, (2) Carneiro et al. 2020, (3) Duefias et al. 2012, (4) Gu & Gu 2001,
(5) Gu et al. 2017, (6) Gasparetto et al. 2012, (7) Hong et al. 2011, (8) Jang et al. 2020, (9) Jia et al. 2019, (10) Kim et al. 2020, (11) Kudou et al.
1991a, (12) Kudou et al. 1991b, (13) Landete et al. 2015, (14) Lee et al. 2015a, (15) Lee et al. 2008b, (16) Lee et al. 2015b, (17) Lee et al. 2018, (18)
Miyazawa et al. 1999, (19) Ohta et al. 1979, (20) Park & Jung 2017, (21) Peng et al. 2017, (22) Ren et al. 2017, (23) Seo et al. 2017, (24) Stiirtz et
al. 2006, (25) Wang & Sporns 2000, (26) Wu et al. 2017, (27) Wu et al. 2004, (28) Yerramsetty et al. 2011, (29) Yerramsetty V 2013, (30) Yuk et al.
2016, (31) Zhang et al. 2017.
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A2 33] HHESto] AAJstlom, AR 7+o] B+ ®
HAE AEsta A2 719] {21291 Zpo|& ASSH| 9
5}o] One-way ANOVAZ X5} t}. Duncan’s multiple
range testz -3-9]5FE 5%0| A A& 719] Xjol& BASIH
(p=0.05), EAEAL SPSSEAH g ] W(Statistical Package
for the Social Science, Ver. 20.0 SPSS Inc., Chicago, IL, USA)
2 Aglsic.

2t 2 oE

g S4Ae FAL olaBe 54 Bt 659

A8 o) aBep
TH(Table 2).
gholBejE] & AT o] 2Wd gol2d} Fol HER
27t B9 AL 7RO, 55 Fol WEe o3
# ZIkokar glo] AeRt 2574 0] 7FssHA sttt o
5 $ARRE 29 o|aBE) LANRE AT &
A 78 efolneelo] AR DREAZE UV spectrum,
A o] i 59 JEe} v|wsto] AT A}, fF &
221 14£0 22 E & 19% isoflavone 8% H|(daidzeinA| G
%, genisteinF| € 102, glyciteinA| @ 45) AAES UV 254 nm
o ] 2152 THTable 3, Fig. 1). Table 204 & &= 9J%=o0]
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Q, mEL, &7, F
T ZAERE 2059

daidzein, genistein, glycitein OF22]& F+X
9] 7-OHY} 5-OH &2

Table 3. Mass fragmentation of isolated 19 isoflavones in soybean seed (Glycine max (L.))

Library ~ Peak

Aglycones No.) No. RT? Individual flavonoids MW Fragment ions (m/z)
1 16 19.31  Daidzein 254 277, 255
4 2 1045  Daidzein 7-O-glucoside (daidzin) 416 455, 439, 417, 255
Daidzein 14 13.90  Daidzein 4'-O-(6"-O-malonyl)glucoside 502 541, 525, 503, 255
(m/z 255) 13 1439  Daidzein 7-O-(4"-O-malonyl)glucoside 502 541, 525, 503, 255
(4"-O-malonyldaidzin)
12 11 15.31  Daidzein 7-O-(6"-O-malonyl)glucoside 502 541, 525, 503, 255
(6"-O-malonyldaidzin)
2 19 23.19  Genistein 270 293, 271
7 1 991 Genistein 5-O-glucoside 432 471, 455, 433, 271
6 6 1432 Genistein 7-O-glucoside (genistin) 432 471, 455, 433, 271
10 18 21.08  Genistein 7-O-(6"-O-acetyl)glucoside (6"-O-acetylgenistin) 474 513, 497, 475, 271
18 8 14.63  Genistein 5-O-(6"-O-malonyl)glucoside 518 557, 541, 519, 271
Genistein 17 13 1728  Genistein 4'-O-(6"-O-malonyl)glucoside 518 557, 541, 519, 271
(mz271) 16 14 1781  Genistein 7-O-(4"-O-malonyDglucoside 518 557, 541, 519, 271
(4"-O-malonylgenistin)
15 15 18.33  Genistein 7-O-(6"-O-malonyl)glucoside 518 557, 541, 519, 271
(6"-O-malonylgenistin)
- 4 12.85  Genistein 7-O-(2"-O-apiosyl)glucoside 564 271, 433, 565, 587, 603
- 13.52  Genistein 7-O-(6"-O-apiosyl)glucoside (ambocin) 564 271, 433, 565, 587, 603
3 17 53.83  Glycitein 284 323, 307, 285, 270
Glycitein 8 3 11.30  Glycitein 7-O-glucoside (glycitin) 446 485, 469, 447, 285, 270
(m/z 285) - 10 14.63  Glycitein 4'-0-(6"-O-malonyl)glucoside 532 571, 555, 533, 285, 270
19 12 15.76  Glycitein 7-O-(6"-O-malonyl)glucoside 532 571, 555, 533, 285, 270

(6"-O-malonylglycitin)

Y Library number is presented according to compound names in Table 2.
? RT: Retention time; Retention time indicates representatively RT of soybean 1 (IT 021665).

3 All samples analyzed in positive ESI-ionization mode (/z, [M+H]") using UPLC-DAD-QToF/MS; [M+Na]" and [M+K]" adducts presented.

o|2jo| ofZE
4'-OH 9]2]°] glucose A%t A o5
Z9] Z7F4 2 2 malonic acid 2-2 acetic acid’} A35= =

o] tieFst vigA FEHE YERHATE. Quadrupole ToF-MS 714k
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Fig. 1. UPLC-DAD chromatograms of isoflavones in soybean seed (1, IT 021665). Compound names are presented
according to peak number in Table 4. ISTD(internal standard): 6-methoxyflavone 50 ppm.

o] olaEeHE ol HH2 7|EH 07 HERFO Hi(msz 1)
< UEHAL, F7H 22 Na'(m/z 23)9F K'(m/z 39) Fol20°]
glEo] HEARS] gelo] gold &1t ofyg} g0l HE
(H, mz DB A 278 S E=7} wofF Ad'ol dAAY
UFY 4ol E'S FHKim 5 2019). AA| fiFolA &
2| o]AZTHE B A= AAFREHH glucose (162 Da),
glucose+malonic acid(248 Da), glucosetacetic acid (204 Da) 2
glucosctapiose(294 Da)o] el U7h= wele Yehygiet. of
£ % genistein 7-O-glucoside(genistin, peak 6)9] 7]EFZ0]
apiose(132 Da)7} Jo]o] ARMH genistein 7-O-(2"-O-apiosyl) glu-
coside(peak 4) & genistein 7-O-(6"-O-apiosyl) glucoside(ambocin,
peak S)= thF SAOIA Ao 2 SQlH SRHERA 603[MHKT,
587[M+Na]", 565[M+H]", 433[M+H- apiose]’, 271[M+H-apiose-
glucose] 9] HHS UEhfon, 7|& FHAEA HiH
ambocing HFF O 2 FAE At (Clarke 5 2004)(Fig. 2).

T EXZ2HE HAHUAE genistein, daidzein, glycitein,

genistein 7-O-glucoside, daidzein 7-O-glucoside, glycitein 7-O-
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glucosideS #2519 H7 o}y ZHGu & Gu 2001; Hong 5
2011; Duefias ‘5 2012; Gasparetto 5 2012; Carneiro ‘5 2020;
Jang 5 2020), & GLo|A 7]1& 7-0H YA]7} ofd 5-0H E
= 4-0H YA|9 glucose U
S-O-glucoside(peak 1), daidzein 4'-O-(6"-O-malonyl)glucoside(peak

7) 2 genistein 4'-O-(6"-O-malonyl)glucoside(peak 13) 5 55-2]
HFAE 71 5839 tH(Peng 5 2017; Zhang 5 2017,
Jang 5 2020).

Malonylglucoside®] 7% daidzein BJZ-H](503[M+H]’, peak
7, 9, 11) 352 541[M+K]", 525[M+Na]’, 255[M+H-Mal-Glu]"
9] sg-S YEFYH, o]&=2] glucose & malonic acid 2 9
%o weh 8] kA Urehggo] o] mgl u gt
(Zhang 5 2017). o|& HIEHOZ peak 7, 9 & 112 Z+Z+
daidzein 4'-O-(6"-O-malonyl)glucoside, daidzein 7-O-(4"-O-malo-
nyl)glucoside & daidzein 7-O-(6"-O-malonyl)glucoside=Z &+2]
F o, ul7tR| 2 genistein BIGA(S19M+H]", peak 13,
14, 15) 3% FA] 557[M+K]", 541[M+Na]’, 271[M+H-Mal-Glu]"

malonic acid”} 233t genistein
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Fig. 2. Positive mass fragmentations (m/z, [M+H]+) of new genistein apiosylglucosides from soybean seed. (A) Genistein
7-0-(2"-O-apiosyl)glucoside (m/z 565), (B) Genistein 7-O-(6"-O-apiosyl)glucoside (m/z 565).
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o] sjel-& yEro] Z+2} genistein 4-O-(6"-O-malonyl)glucoside, 2 AFolA AAE SRR F olaE =
genistein 7-O-(4"-O-malonyl)glucoside & genistein 7-O-(6"-O 240.21~445219] x5 ey, AAE = &= A&
malonylglucoside] 102 BHI¥]9iTHJang S 2020). & PI 90763(IT 021665)S 445212 714 =9kom, 2 A%
S33MHHT O] BEAE e elycitein WA 2Z(peak  ARZ-5(IT 177573)= 274.919] 7P wre slzko @ Q0]
10, 12) = 571[M+K]", 555[M+Na]’, 285[M+H-Mal-Glu]*, 270 ol X}o]& Bt vhd AAF U JREZ Hx 25 9 A

[M+H-Mal-Glu-CH;]"9] €18 YEellE glycitein 4'-0-(6"- EH%— Q14 7}3}-2008-326(IT 252768)2 2+2Z; 325.88 L 328.49
O-malonyDglucoside(peak 10 SA A A5 HE1S 2]5}o] o149l 2014 SAA LreRde) a2 5t

T 22 RE H2e 24 . 2ok Table 2, Table 3). % Az 2§(379.53)9} ) QP 7378'13]1-2007-14613(IT
274571)°] FAHA &2 S HAoH, tid(331.44)7}

2. [iF R 2 0|AE=E =M 9 &2k ) & S/4F 5 SIAT 155963) T JA| FARE 222 L
5 04Ael 145N RE A olaBehe 1959 Ehgrh olo] BAE 2000 AdE FUHE BT
g/100 g AEFS Table 40] AXSFATE EIH A 104690, 24021, =)ol kzbe] Fpol7 Ygiond, Tf &
FEAG A8 AR W) A peako} FAA O EEEH  AF SAT 220429 TR 230552 Uehdet. ol &
6-methoxyflavone2 3d7}5+0] relative response factor(RRF)S o]AZeHE T (mg/100 g, AZX3)0 U 74, "= 5 &
vEsiA] g FRAA S BIFSIloH, SPE(solid 9] 715 9l EoF 70 w2 ¥o](17.8~555.5, 124.8~265.0)2F
phase extraction) 42 53f 74807 Z85 £ Q= 4 5 W F A7)0 & WHo|(41.5~542.2) Axe}

ojuf R4 5 ELES F& A dAA AAHAH. FARRE AFE UERITHVyn 5 2002; Lozovaya 5 2005;

kl

[¢]

Table 4. Comparison of individual isoflavone contents(mg/ 100g, dry weight) in the soybean seed (Glycine max(L.))

Peak Sinpaldal Daewon Cheongja Pungsan-

No. n o namul 1 3 6 7 9 13 27 33 41 42

16 0.69:0.10%  0.72£0.03¢  135£0.11°  028£0.04"  3.06:0.19'  020:0.05°  0.66£0.17% 0.62+0.13%*  0.56£0.06*  0.69+0.04  0.68+0.14 0.50:0.13°  0.85:0.08  0.70+0.12°*
2 2339:0.64° 1333033 1273x0.17"  9.69+038'  25.10:0.84°  6.86+023  19.16£1.52¢ 17.06+1.44°  14.52+096% 1584+0.097 10.98+0.19'  6.76:045  21.5542.46°  15.85+0.90°
7 9.6343.57™ 8494295 7688292  63642.17° 12.0122.41°  4.64+0.70°  9.72482.84™  6.56+1.48°  6.78+145%  637£1.23°  62242.15°  5.10£1.06°  12.13+4.66"  10.52+4.06
9 1924030 126+0.16¢  147+0.12™¢  0.83£0.06"  2330.15°  0.86:0.07°  1.88+0.52°  1.0240.04°  137+0.05¢  133+0.18¢  1.0740.08¢  0.50:0.09°  3.00£1.72"  1.04+0.18"
11 1084142.64°  9573+3.89"  77.9240.61% 762124097 151.5643.53"  64.2342.99F 126.97+15.00° 81.54£2.59° 85.5122.09° 84.1542.30°  70.05+£3.24%  41.74+1.87" 131.32+6.11° 107.12+1.08°

Daidzein

total 144.0443.34° 119.53£6.76° 101.14:2.64°"  93.37+6.59" 194.0542.43°  76.79+2.48" 158.39+17.01° 106.80+2.34° 108.75+1.98% 108.38+2.99% 89.0044.39°  54.60+2.82' 168.85+9.80° 135.233.98°

19 0.64£0.19%  0.77+0.02  128+0.08"  041£021°  199:0.04°  0.62£043%  0.68£021°° 0.860.18  0.69+0.10°° 0.81£0.02°  0.64+0.04*  0.62+0.19°*  046£0.02%  0.70+0.03
1 1.08£0.05° 0752002 0.1420.15"  0.07+0.12"  0.96x0.57°  0.18£0.03  0.812047°¢  024+0.04 0240017  022£022%  0.1520.13"  0.60:021°®  1.62+0.09"  0.49+£0.06""
6 25.89£1.74%  17.9241.227  26.55£0.64™ 13.11£0.75%  3039£1.76"  10.7240.79°  27.83+9.76™ 35.8742.33"  23.03£1.26°° 19.54+0.50% 12.94+131% 2471192 184543.65  22.3942.04°
18 027+0.10°  0.16£0.03° 03240.10°  031£0.02°  030:026° 026005 0304004  0.160.10° 027+0.01°  0.36:024"  0.22+0.20" ND 0.17£0.15®  0.21£0.04™
8 5112065 4512033 0.88£0.077  120£0.09"  4.02£027™¢  1.07£0.09°  5.63%3.57" 12940037  135:0.07  1380.157  116£0.04"  242+0.18%T  7.05£1.54"  3.23+0.50°°
13 10742094 11.19:0.79%  11.64+035¢  8.15+0.587 10.60£1.37° 804135 122132.24™ 12.6040.69° 11.68+0.61° 886+0.67°  7.0120.62°  13.70:0.41 12.05£1.06°¢ 14.60+0.67*
14 336£176" 2024026 314084 1.66£0.92°  2.65:1.04"  181:0.95°  3.16£1.28"  285:1.77°  3.08£0.97"  1.8240.50  12840.11°  216:022"  230:0.13*  2.11x0.10°
15 15290541 151.20+7.25% 163.69+4.97° 125.52+3.57° 152.89+6.46 118.44+4.61 170.72414.21" 165.67+8.93° 164.90+4.47° 119274227 110.35:0.39" 187.97+6.26" 165.3745.02° 187.57+5.75"
4 0.68£0.23™¢ 0482021 0.612024™¢  0.43+0.11™¢  0.99£0.17°  0.29£0.04  0.85:0.53"  029+0.19  0.76£0.16™  020£0.19°  0.54£024™¢ 0.62+0.07™ 0.90£0.50™  0.24+0.10°
5 1192023 0.58+0.15°  0.86£0.17°  074£0.11°  155£0.67  048:0.22°  199£1.37°  15580.14%  6.1240.51°  1.0240.08 5454008 2644267  0.68:0.12°  0.80:0.05°

Genistein

il 201.86:8.04%  189.6149.11°  200.12+556™ 151.5044.33" 206354821  141916.60°  224.17822.11% 221.3711.76™ 212.1346.03" 1534822317 139.75:2.10'  235.4442.32°  209.0448.57 232.3424.64"

17 ND ND ND ND 0252022 0.60+0.53™ ND ND ND ND 0.11£0.18°  0.69+0.61° ND ND

3 9.93+1.09"  5.88+1.12%  4.88+0.557  3.82+0.51%  13.514098" 4.61:044T  733:2.62¢ 46740447 188+0.63" 42140367  24140.50"  10.61+1.00° 890:0.41° 4914038
10 1.90£0.22° 1512024 0.8420.13  0.95+0.16™  2.58+0.64"  129£030°" 138027 0.82+0.16%  0.67£021%  0.66£0.1258  0.72+0.18%  1.83x0.09 149023  1.070.11%%
12 2181£122° 14914173 9.90£044° 10212055 2847+0.97° 15.02+1.17% 17.08:6.44°  9.0240.44 553055 81840297  7.5740.767 253143.22" 21.04£0.41°  13.95£1.03¢

Glycitein

ol 33634121 223042.54% 15624074  14.98+0.58% 44.81+237°  21.5141.44% 2579+928' 14324046  8.08+0.69" 13.05+0.11%" 10.81+£1.06" 3845+1.87° 31.43:0.94°  19.93+1.357

Total 379.53£11.60° 331.44£15.67° 325.88+5.71¢  259.9410.25° 4452112.11* 240.2149.33"  408.35:4.66° 342.67+11.93! 328.95+7.38" 274.91+5.32° 239.55:4.92" 328.49+5.68° 409.33+7.46" 387.49+7.21°

Each value calculated as meantS.D. (n=3) using internal standard (6-methoxyflavone); ND, Not detected.

Different small letters in the same low with mean values(n=3) indicate a significant difference at p<0.05 by Duncan’s multiple range test.

D1, genistein 5-O-glucoside; 2, daidzein 7-O-glucoside(daidzin); 3, glycitein 7-O-glucoside(glycitin); 4, genistein 7-O-(2"-O-apiosyl)glucoside; 5, genistein 7-O-(6"-O-apiosyl)glucoside; 6, genistein 7-O-glucoside(genistin);
7, daidzein 4'-O-(6"-O-malonyl)glucoside; 8, genistein 5-O-(6"-O-malonyl)glucoside; 9, daidzein 7-O-(4"-O-malonyl)glucoside(4"-O-malonyldaidzin); 10, glycitein 4'-O-(6"-O-malonyl)glucoside; 11, daidzein 7-O-
(6"-O-malonyl)glucoside(6"-O-malonyldaidzin); 12, glycitein 7-O-(6"-O-malonyl)glucoside(6"-O-malonylglycitin); 13, genistein 4'-O-(6"-O-malonyl)glucoside; 14, genistein 7-O-(4"-O-malonyl)glucoside(4"-O-malonyl-
genistin); 15, genistein 7-O-(6"-O-malonyl)glucoside(6"-O-malonylgenistin); 16, daidzein; 17, glycitein; 18, genistein 7-O-(6"-O-acetyl)glucoside(6"-O-acetylgenistin); 19, genistein.
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Kim 5

5% Z£X} % daidzein, genistein, glycitein A ¥E & 3F
U5 Zk7F Wit 34.9%, 58.5%, 6.6%2 71& AT Axke}
FAFSHA genistein A|Fo] 7HF =A TElo] 9l%loH,
glycitein AFo] 7Fg RFA Yebdth(Szymezak 5 2017). &
¥ g SHEF2 genistein 7-O-(6"-O-malonyl)glucoside(110.35~
187.97, 152.61), daidzein 7-O-(6"-O-malonyl)glucoside(41.74~
151.56, 93.03), genistein 7-O-glucoside(10.72~35.87, 22.10),
daidzein 7-O-glucoside(6.76~25.10, 15.20), glycitein 7-O-(6"-O-

malonyl)glucoside(5.53~28.47, 14.86)2] &o]gloH, o|& =
7-0-6"-O-malonylglucosides ¥i3A] SIEE2 F 77.8%Y

H|EZ AAIste] 244210 Aoz SRIFHATHGu & Gu
2001; Stiirtz 5 2006; Hong 5 2011; Jang 5 2020). YA
daidzein, genistein, glycitein oF= 2] OL%‘F‘_ 27} 0.82, 0.80,
0.122 uleF Aol e, glycitein®] 7-¢- HiFE2] A&
A Bolx]z] oke AQ7} woktl ESL genistein 7-0-(6"-O-
acetyl)glucoside(0.16~0.36) &L AlTFAIE genistein 7-O-(2"-O-
apiosyl)glucoside(peak 4, 0.20~0.99), genistein 7-O-(6"-O-apiosyl)
glucoside(peak 5, 0.48~6.12) FA| F2 =k LJEFY QUL

A S7HA] genistein 5 o2 | E S4107 A} &4, &
& 59 17 715/do] thIFsHAl 178 = 2. (Verdrengh 5
2003; Lee 5 2005; Li 5 2005; Huang 5 2010), 0] 5-& &3}t

3} glucosides, acetylglucosides, malonylglucosides 5 FF=72
Shav} 71k 814 AR 1250 ShejA Tt eiao] o]
o] F tH(Aguiar 5 2012; Lee 5 2015a; Lee 5 2015b). S}A]9t
£ Aol TYE ARAS 5o o S4A 14
ZozXHE AA AE 222 Z3 £ 1959 o|AESTE
ZA 9 st JHE AL RN =3 JAA=o] AUs)H
A ok BB o =80] § $a ook, £, 4.
2 7F8E Azl o] 24 s FA 5L
ol ) $R% JEAEt B 408 Amd, T A
W, A% W 8% 5 et 240 U2 Wk A7t Was
o, Uo7t o] aBeki wk pelsto] 2 42 A A ol
ST Ak #st 2 Aol BV A= S5

Ref gl AHE
£ AFoAEs olaEetE & Rl f6) tiF FdE
7 o, &7], n8e), #H 7HE 59 V& AT éﬂr
FE F 2039 NE SHE JEE 559 ol 4
2l UPLC-DAD-QToF/MS Z7}0] A=k wie a4 74< oﬁﬂ

Q52 14502 HE olZ2]E, glucosides, acetylglucosides,
Al B 1222 ZSSH JE o)A =T}

malonylglucosides 5 ¥4 A&
21950 24 9 3k YRS 25U} Genistein 7-0-2'-

- Zfu] - PHE -S40 - o AFAEFIIA
O-apiosyl)glucoside ' genistein 7-O-(6"-O-apiosyl) glucoside

(ambocin)7} T W Al HiGA = Z1= 310 ™, malonyl-
glucosides = glycitein 4'-O—(6"-O—malonyl)glucosideﬂ Fz=2

Z2A Qe 95AUL 2402144521 mg/100 g(AZZ)2]
AZeHE o= —F_lit% H o, genistein AL v
o] 71& 3 A YEATE &3 7-O—6"—0—malony1glucosides Hjj
A FFEEL o|AZHE T F 77.8%2] H|SS XAt
of 8 IFQ A= %ﬂﬂ%‘:}. ojaETEY Y, &
o It 5 1% A4 0] YA u ol 1
T4 FF Y 9 Hgo] Wje Fast, & A -TLOHH Zﬂ/\]
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Foh= ol & =8o] 2
of7} o] 59 FAAR] o]aEeE “ilﬂro‘g =
A5 & A olAETE AR WS} ERlo: 3-8
JS Ao 7).

5 ©

& Ast

=1

ZAl2| 2

S 7FAFNEAA AR S P
2 5 AP FIG LAl
Holm, ol AA=HYrt

014172012020),
o8] 583t Azte] o

References

Aguiar CL, Haddad R, Eberlin MN, Carrdo-Panizzi MC, Tsai
SM, Park YK. 2012. Thermal behavior of malonylglucoside
isoflavones in soybean flour analyzed by RPHPLC/DAD
and eletrospray ionization mass spectrometry. LWT-Food Sci
Technol 48:114-119

Caldwell CR, Britz SJ, Mirecki RM. 2005. Effect of temperature,
elevated carbon dioxide, and drought during seed develop-
ment on the isoflavone content of dwarf soybean [Glycine
max (L.) Merrill] grown in controlled environments. J Agric
Food Chem 53:1125-1129

Carneiro AM, Moreira EA, Bragagnolo FS, Borges MS, Pilon
AC, Rinaldo D, Funari CS. 2020. Soya agricultural waste
as a rich source of isoflavones. Food Res Int 130:108949

Carrdo-Panizzi MC, Beléia ADP, Kitamura K, Oliveira MCN.
1999. Effects of genetics and environment on isoflavone
content of soybean from different regions of Brazil. Pesqui
Agropecu Bras 34:1787-1795

Charron CS, Allen FL, Johnson RD, Pantalone VR, Sams CE.
2005. Correlations of oil and protein with isoflavone

concentration in soybean [Glycine max (L.) Merr.]. J Agric



Vol. 33, No. 6(2020)

Food Chem 53:7128-7135

Clarke DB, Barnes KA, Lloyd AS. 2004. Determination of
unusual soya and non-soya phytoestrogen sources in beer,
fish products and other foods. Food Addit Contam 21:
949-962

Duenas M, Hernandez T, Robredo S, Lamparski G, Estrella I,
Muiloz R. 2012. Bioactive phenolic compounds of soybean
(Glycine max cv. Merit): Modifications by different micro-
biological fermentations. Pol J Food Nutr Sci 62:241-250

Gasparetto JC, Smolarek FSF, de Francisco TMG, Miranda LC,
Pontarolo R, Siqueira PF. 2012. Development and validation
of an HPLC-DAD method for analysis of the six major
isoflavones in extracts from soybean processing. J Am Oil
Chem Soc 89:1211-1222

Gu EJ, Kim DW, Jang GJ, Song SH, Lee JI, Lee SB, Kim BM,
Cho Y, Lee HJ, Kim HJ. 2017. Mass-based metabolomic
analysis of soybean sprouts during germination. Food Chem
217:311-319

Gu L, Gu W. 2001. Characterization of soy isoflavones and
screening for novel malonyl glycosides using high-per-
formance liquid chromatography-electrospray ionisation-mass
spectrometry. Phytochem Anal 12:377-382

Ha TJ, Lee JH, Shin SO, Shin SH, Han SI, Kim HT, Ko JM,
Lee MH, Park KY. 2009. Changes in anthocyanin and
isoflavone concentrations in black seed-coated soybean at
different planting locations. J Crop Sci Biotechnol 12:79-86

Hong JL, Qin XY, Shu P, Wang Q, Zhou ZF, Wang GK, Lin
BB, Wang Q, Qin MJ. 2011. Comparative study of
isoflavones in wild and cultivated soybeans as well as bean
products by high-performance liquid chromatography coupled
with mass spectrometry and chemometric techniques. Fur
Food Res Technol 233:869-880

Huang CC, Hsu BY, Wu NL, Tsui WH, Lin TJ, Su CC, Hung
CF. 2010. Anti-photoaging effects of soy isoflavone extract
(aglycone and acetylglucoside form) from soybean cake. /nt
J Mol Sci 11:4782-4795

Huang RY, Chou CC. 2008. Heating affects the content and
distribution profile of isoflavones in steamed black soybeans
and black soybean Koji. J Agric Food Chem 56:8484-8489

Jang HH, Noh H, Kim HW, Cho SY, Kim HJ, Lee SH, Lee SH,
Gunter MJ, Ferrari P, Scalbert A, Freisling H, Kim JB, Choe
JS, Kwon O. 2020. Metabolic tracking of isoflavones in
soybean products and biosamples from healthy adults after

fermented soybean consumption. Food Chem 330:127317

= 949 E10) olaZer 24 Bt 663

Jia Y, Ma Y, Zou P, Cheng G, Zhou J, Cai S. 2019. Effects
of different oligochitosans on isoflavone metabolites,
antioxidant activity, and isoflavone biosynthetic genes in
soybean (Glycine max) seeds during germination. J Agric
Food Chem 67:4652-4661

John KMM, Natarajan S, Luthria DL. 2016. Metabolite changes
in nine different soybean varieties grown under field and
greenhouse conditions. Food Chem 211:347-355

Kim DH, Yang WT, Cho KM, Lee JH. 2020. Comparative
analysis of isoflavone aglycones using microwave-assisted
acid hydrolysis from soybean organs at different growth
times and screening for their digestive enzyme inhibition
and antioxidant properties. Food Chem 305:125462

Kim EH, Kim SL, Kim SH, Chung IM. 2012a. Comparison of
isoflavones and anthocyanins in soybean [Glycine max (L.)
Merrill] seeds of different planting dates. J Agric Food
Chem 60:10196-10202

Kim EH, Lee OK, Kim JK, Kim SL, Lee J, Kim SH, Chung
IM. 2014. Isoflavones and anthocyanins analysis in soybean
(Glycine max (L.) Merrill) from three different planting
locations in Korea. Field Crops Res 156:76-83

Kim EH, Ro HM, Kim SL, Kim HS, Chung IM. 2012b. Analysis
of isoflavone, phenolic, soyasapogenol, and tocopherol com-
pounds in soybean [Glycine max (L.) Merrill] germplasms
of different seed weights and origins. J Agric Food Chem
60:6045-6055

Kim HW, Lee SH, Asamenew G, Lee MK, Lee S, Park JJ, Choi
Y, Lee SH. 2019. Study on phenolic compounds in lettuce
samples cultivated from Korea using UPLC-DAD-QToF/
MS. Korean J Food Nutr 32:717-729

Kim JA, Chung IM. 2007. Change in isoflavone concentration
of soybean (Glycine max L.) seeds at different growth
stages. J Sci Food Agric 87:496-503

Kim SL, Berhow MA, Kim JT, Chi HY, Lee SJ, Chung IM.
2006. Evaluation of soyasaponin, isoflavone, protein, lipid,
and free sugar accumulation in developing soybean seeds.
J Agric Food Chem 54:10003-10010

Kirakosyan A, Kaufman P, Nelson RL, Kasperbauer MJ, Duke
JA, Seymour E, Chang SC, Warber S, Bolling S. 2006.
Isoflavone levels in five soybean (Glycine max) genotypes
are altered by phytochrome-mediated light treatments. J
Agric Food Chem 54:54-58

Kudou S, Fleury Y, Welti D, Magnolato D, Uchida T, Kitamura
K, Okubo K. 1991a. Malonyl isoflavone glycosides in



664 o]y - S - o)5K - el -

ol

soybean seeds (Glycine max Merrill). J Agric Biol Chem
55:2227-2233

Kudou S, Shimoyamada M, Imura T, Uchida T, Okubo K.
1991b. A new isoflavone glycoside in soybean seeds
(Glycine max Merrill), Glycitein 7-O-3-D-(6"-O-acetyl)-
glucopyranoside. J Agric Biol Chem 55:859-860

Landete JM, Herndndez T, Robredo S, Duefias M, de Las Rivas
B, Estrella I, Mufioz R. 2015. Effect of soaking and
fermentation on content of phenolic compounds of soybean
(Glycine max cv. Merit) and mung beans (Vigna radiata [L]
Wilczek). Int J Food Sci Nutr 66:203-209

Lee CH, Yang L, Xu JZ, Yeung SYV, Huang Y, Chen ZY.
2005. Relative antioxidant activity of soybean isoflavones
and their glycosides. Food Chem 90:735-741

Lee JH, Ha TJ, Back IY, Han WY, Cho KM, Park KY, Choung
MG. 2008b. Evaluation of isoflavones from the leaves of
soybean (Glycine max L.) cultivars. J Appl Biol Chem 51:
172-175

Lee JH, Hwang SR, Lee YH, Kim K, Cho KM, Lee YB. 2015b.
Changes occurring in compositions and antioxidant properties
of healthy soybean seeds [Glycine max (L.) Merr.] and
soybean seeds diseased by Phomopsis longicolla and
Cercospora kikuchii fungal pathogens. Food Chem 185:
205-211

Lee MH, Park YH, Oh HS, Kwak TS. 2002. Isoflavone content
in soybean and its processed products. Korean J Food Sci
Technol 34:365-369

Lee MJ, Chung IM, Kim H, Jung MY. 2015a. High resolution
LC - ESI-TOF-mass spectrometry method for fast separa-
tion, identification, and quantification of 12 isoflavones in
soybeans and soybean products. Food Chem 176:254-262

Lee S, Lee YB, Kim HS. 2013. Analysis of the general
functional components of various soybeans. J Korean Soc
Food Sci Nutr 42:1255-1262

Lee SJ, Ahn JK, Kim SH, Kim JT, Han SJ, Jung MY, Chung
IM. 2003. Variation in isoflavone of soybean cultivars with
location and storage duration. J Agric Food Chem 51:
3382-3389

Lee SJ, Kim JJ, Moon HI, Ahn JK, Chun SC, Jung WS, Lee
OK, Chung IM. 2008a. Analysis of isoflavones and phenolic
compounds in Korean soybean [Glycine max (L.) Merrill]
seeds of different seed weights. J Agric Food Chem
56:2751-2758

Lee YH, Kim B, Hwang SR, Kim K, Lee JH. 2018. Rapid

A3} - 359 - 27

L AR - A - GAT] - O SRR

characterization of metabolites in soybean using ultra high
performance liquid chromatography coupled with electrospray
ionization quadrupole time-of-flight mass spectrometry
(UPLC-ESI-Q-TOF-MS/MS) and screening for a-glucosidase
inhibitory and antioxidant properties through different
solvent systems. J Food Drug Anal 26:277-291

Li Y, Ahmed F, Ali S, Philip PA, Kucuk O, Sarkar FH. 2005.
Inactivation of nuclear factor kB by soy isoflavone genistein
contributes to increased apoptosis induced by chemothera-
peutic agents in human cancer cells. Cancer Res 65:6934-
6942

Lozovaya VV, Lygin AV, Ulanov AV, Nelson RL, Daydé J,
Widholm JM. 2005. Effect of temperature and soil moisture
status during seed development on soybean seed isoflavone
concentration and composition. Crop Sci 45:1934-1940

Miyazawa M, Sakano K, Nakamura SI, Kosaka H. 1999.
Antimutagenic activity of isoflavones from soybean seeds
(Glycine max Merrill). J Agric Food Chem 47:1346-1349

Ohta N, Kuwata G, Akahori H, Watanabe T. 1979. Isoflavonoid
constituents of soybeans and isolation of a new acetyl
daidzin. Agric Biol Chem 43:1415-1419

Park HJ, Jung MY. 2017. One step salting-out assisted
liquid-liquid extraction followed by UHPLC-ESI-MS/MS for
the analysis of isoflavones in soy milk. Food Chem
229:797-804

Peng H, Li W, Li H, Deng Z, Zhang B. 2017. Extractable and
non-extractable bound phenolic compositions and their
antioxidant properties in seed coat and cotyledon of black
soybean (Glycine max (L.) merr). J Funct Foods 32:296-312

Ravindranath MH, Muthugounder S, Presser N, Viswanathan S.
2004. Anticancer therapeutic potential of soy isoflavone,
genistein. In Cooper EL, Yamaguchi N (Eds.), Comple-
mentary and Alternative Approaches to Biomedicine.
pp.121-165. Springer

Ren Q, Wang J, Liu S, Wang F, Wang H. 2017. Identification
and determination of isoflavones in germinated black
soybean sprouts by UHPLC —Q-TOF-MS mass spectrometry
and HPLC-DAD. Int J Food Prop 20:2877-2887

Ruiz-Larrea MB, Mohan AR, Paganga G, Miller NJ, Bolwell
GP, Rice-Evans CA. 1997. Antioxidant activity of phyto-
estrogenic isoflavones. Free Radic Res 26:63-70

Seo WD, Kang JE, Choi SW, Lee KS, Lee MJ, Park KD, Lee
JH. 2017. Comparison of nutritional components (isoflavone,
protein, oil, and fatty acid) and antioxidant properties at the



Vol. 33, No. 6(2020)

growth stage of different parts of soybean [Glycine max (L.)
Merrill]. Food Sci Biotechnol 26:339-347

Setchell KD. 1998. Phytoestrogens: The biochemistry, physiology,
and implications for human health of soy isoflavones. Am
J Clin Nutr 68:1333S-1346S

Stiirtz M, Lander V, Schmid W, Winterhalter P. 2006. Preparative
isolation of isoflavones from soy and red clover. Mol Nutr
Food Res 50:356-361

Suh HJ, Kim YS, Chung SH, Kim YS, Lee SD. 1996.
Functionality and inhibitory effect of soybean hydrolysate
on angiotensin converting enzyme. Korean J Food Nut
9:167-175

Szymczak G, Wojciak-Kosior M, Sowa I, Zapala K, Strzemski
M, Kocjan R. 2017. Evaluation of isoflavone content and
antioxidant activity of selected soy taxa. J Food Compost
Anal 57:40-48

Verdrengh M, Jonsson IM, Holmdahl R, Tarkowski A. 2003.
Gentistein as an anti-inflammatory agent. Inflamm Res
52:341-346

Vyn TJ, Yin X, Bruulsema TW, Jackson CJC, Rajcan I, Brouder
SM. 2002. Potassium fertilization effects on isoflavone
concentrations in soybean [Glycine max (L.) Merr.]. J Agric
Food Chem 50:3501-3506

Wang J, Sporns P. 2000. MALDI-TOF MS analysis of isoflavones
in soy products. J Agric Food Chem 48:5887-5892

Wu HJ, Deng JC, Yang C, Zhang J, Zhang Q, Wang XC, Yang
F, Yang W, Liu J. 2017. Metabolite profiling of isoflavones

= 949 E10) olaZer 24 Bt 665

and anthocyanins in black soybean [Glycine max (L.) Merr.]
seeds by HPLC-MS and geographical differentiation analysis
in Southwest China. Anal Methods 9:792-802

Wu Q, Wang M, Sciarappa WIJ, Simon JE. 2004. LC/UV/
ESI-MS analysis of isoflavones in edamame and tofu
soybeans. J Agric Food Chem 52:2763-2769

Yerramsetty V, Mathias K, Bunzel M, Ismail B. 2011. Detection
and structural characterization of thermally generated isofla-
vone malonylglucoside derivatives. J Agric Food Chem
59:174-183

Yerramsetty V. 2013. Malonyl-conjugates of isoflavones:
Structure, bioavailability and chemical modifications during
processing. Ph.D. Thesis, Minnesota Univ. Minnesota

Yoo KM. 2011. Effects of soybean varieties on the physio-
cochemical and sensory characteristics of tofu. Korean J
Food Nutr 24:451-457

Yuk HJ, Song YH, Curtis-Long MJ, Kim DW, Woo SG, Lee
YB, Uddin Z, Kim CY, Park KH. 2016. Ethylene induced
a high accumulation of dietary isoflavones and expression
of isoflavonoid biosynthetic genes in soybean (Glycine max)
leaves. J Agric Food Chem 64:7315-7324

Zhang S, Zheng Z, Zeng M, He Z, Tao G, Qin F, Chen J. 2017.
A novel isoflavone profiling method based on UPLC-
PDA-ESI-MS. Food Chem 219:40-47

Received 05 November, 2020
Revised 17 November, 2020
Accepted 24 November, 2020



