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Abstract: Soybean (Glycine max (L.) Merr.), as an important dual-purpose crop for both food and feed in China, not only
serves as a major source of high-quality plant protein, but also contains rich functional components, particularly estrogen-
like isoflavones. This paper provides a systematic review of recent advances in the structure, properties, physiological func-
tions, extraction and analysis methods, as well as glycoside conversion techniques of soybean isoflavones. The article com-
pares various extraction methods and concludes that extraction using organic solvents is the most commonly used method,
whilst ultrasonic and microwave methods are more efficient; Supercritical extraction is suitable for the enrichment of high-
ly active compounds. Regarding analytical methods, liquid chromatography has become the main technique for analyzing
isoflavone monomers. Additionally, this paper systematically summarizes the application of acid hydrolysis, alkaline
hydrolysis, and enzymatic hydrolysis in glycoside conversion. Among these methods, enzymatic hydrolysis shows promis-
ing prospects due to its mild conditions and stable product quality. Finally, the paper points out the current research chal-
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lenges, including unclear physiological mechanisms of monomers and insufficient green, efficient extraction and conver-

sion technologies. It proposes future directions for in-depth studies on physiological mechanisms, development of green

preparation processes, and functional products rich in high-activity aglycones, thereby providing a theoretical basis for

advancing the high-value utilization of soybean resources.
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Table 1 Chemical structure, name and molecular formula of soy isoflavones
7 U 15k CAS s SY LR AigP
HO (0]
N . |
KEHIC(Daidzein) O ‘ 486-66-8 CsH;,04 2.78
) OH
HO. 0.
N . |
# 57 # (Glycitein) \o 40957-83-3 C6H,,05 2.57
e OH
HO (o]
- |
BB A R (Genistein) O O 446-72-0 Cy5H,05 2.96
OH O OH
HO 0.0 O O‘
YuR AT (Genistin) HO™ ™ "OH O 529-59-9 C,Hy04 0.79
OH OH O
OH
HO. O - HO
K 54 (Daidzin) PO 552-66-9 Cy,Hy004 045
L o
HO o
(1T
# 5 1 7 (Glycitin) e P 40246-10-4 C,Hx,0,, 0.16
. (o]
Ho’\_)\/OH
HO
Qo
A g 00 o
Z B EYRL AT (6"-O-Acetyl-Genistin) No 73566-30-0 Cy3Hy0 2.59
OH OH O OH
o]
Mg~ 00 o
ZIFEAR T A (6"-0-Acetyl-Daidzi) H/Otl‘l)‘o 71385-83-6 Cy3H,,04 231
OH 0 O o
o] o~
208e
ZBEHL B T (6"-0-Acetyl-Glyciti) HO™ ™ OH 2 134859-96-4 C,,H,,0,, 221
OH [o NP O
OH
OH
Hob”o o.
BRI YRELAT (6"-O-Malonyl-Genistin) o™ O O ‘ 51011-05-3 C,,H,,0 5 1.67
0o 0 OH O O o
PE NP
o] o
B HOMO 0.0 o
T~ k3K 575 (6"-O-Malonyl-Daidzin) NO 124590-31-4 CH,,0,, 1.59
e e sl
137705-39-6 CysHpOy5 1.48

o o o~
o A g~ 0o O
TN B3 8 5 5 71 (6"-0-Malonyl-Glycitin) HO™ ™ “OH =
OH 0z O
OH

E R NF-xB 1 AP-1 54 5 H F U6 PE, HFEIK uPA
Gy i, NI LR QRS . GeBR R IH TR
P HAT Z 50 SR, T3l o P PTK/NF-xB/Akt/
FAK-paxillin/MAPK 55538 B8 15 ZLAR I . Aid)
JRIER | RigaE | B SRR AN M 00 M A R B AR T, R
A A FR A0 G2/M 1 GO/G 1 4 i J5] 3 BELAE M i
IR BNHCIIRE RO O [RIRE, w7 AR s
fifg, AFEEAFE A . o-FI WIS M . 5 R
2A. caspase-3. p38 Z2Z4F G IR FH I (p38MAPK)
PR B PRI R G833 IR P 7P L R e 1 A= o) s 2

MBS, 5 AT T30, JURLAR A AT LAy S
il JE /) 2 il i b 41 i BT Bel-xL 4370 LA & Bel-
xL 1 Beclin-1 BFHEAERT, SEO0JET A A WSk i 254
SR RURRE, (R B B R S S GRS ET P .
B AT DL, e Y S i O HOR YRR 3R, dE A 2
ML 2l R AVE FIPLE, AETEDE AU R L JE T Al
it FE U A SR T A T R S AP R

SYURIARZEAML, KEHerEbiihR a2 bR 2
A RS REE . ZERLES T, LT S 2 i
JAIRFEE F-a U5 I MER R 324 B4 MCF10DCIS.



%4148 5 12 XISETE , 45 K0T ST oA ST g S5 PRI (LR AR B 50 - 477 -
2 KRBT REVE
Table 2 Physiological and functional roles of different soya isoflavone monomers
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LA, AL G TR S TR T 585 I - CO, 2E
WOEAE SRR, BRI 7] BEAS A A ML)
125, ARESC B R E W P E R S i m e B R E A, H A
IO TR BRSO R A BRI
AR AR HAR . AR TUA | FMARESRAE R ZR LG4
5, PEPEIE B ISR HU 1 . ARSI SR A 2 HORER T,
LIiHE— 2D 3R T PR USRI 573885« ANFIHREU 7%
JLEVDLER 3,
4 RERAENSHEE
4.1 ZINDIAREE

2L 4143 5696 7 (Ultraviolet and Visible Spec-
trophotometry, UV-Vis) J& 3T Y R AESFE P T AY
FRNERGH A T2 ST i i o (] RER SO0 s T
SIEFRIY) T O B SRR PO S AT Tk, LA
AR ZNERAET:, I 260 nm 7 KA 52, 455 BN 1%
JrIRTE 1.31~11.79 png/mL JL BN MESC R R 47, R
H 0.9995, HATRU i E T Al 5EE . Migues ST 3E

—AIZHOR, 353 HT 6 i ST B EAATE 200~
400 nm JEFE N IRFIE SR ADGIE, 255 NARIE EALRE
A P ) SR o, SRR ¢ RSSO TIESE, g R S
RORAR LI E T W TE2E 5 . A UV-Vis LK 57
I S A LA S A AR 2 32 T, G R I R T8
HOIAT, ABEE G NARIES , 207 I REXT AN [F] SR
ATHERE o Ty VAR I ) i S B T P PR s e R BT
s i A TR R
42 ERRHEEILE

= AR AR 8 3% 7 ( High Performance Liquid
Chromatography, HPLC) P5| H: ¢ /57 19 35 45512 Al 52 4
B, B IR L S i R oA i E . anEk 4
FI7R, I Cy g ORISR E 53 25 4E, Wish
AHPAALIAE A P Bl L6 S 2, KA AR ROK 5 2R
KA RO E AR, RS A SR E
JISNE > S B0 B e R, g e B Y 28U S B RS I B A
RIS MU R N IR | LIRS R e Sy B,
B OCREE R L0, BRI YUREAR K a9
J g2 RN A N T 12 PR R S A
AR RSB (U E TR ST T4, R SHIMADZU-
GL Wonda Cract ODS2(5 pm, 4.6 mmx=250 mm) {%,
WEHE, Lh 0.1% ZFRZNE-0.1% LK R shtt, Jrik
TE 1~100 pg/mL JEFBEINZMCR RAF(R? 2 0.9973~
0.9997), SR 57 il Ak R AT IR AR T %
4.3 RIBGE-RIKFIEE

VAR, WA (i - £ 16 BT 35 7% (Liquid Chro-
matography-Tandem Mass Spectrometry, LC-MS/
MS ) PRIHG5g AR AN AR S, 78 RS S B ARG I

3 OREFHEIHERO A

Table 3 Comparison of soybean isoflavones extraction methods

PRIy PRI P RWMEER S %
53%Z NG #£10 mLZJE . 2 mL 0.1 mol/L HCIE2 mL/KRISISMYT mLKHRIREL, il FHFE2h 7314 mmollg  [55]
53%M FE10 mLNAR, 2 mL 0.1 mol/L HCIE{2 mL/K FIAAMNAT mLK P40, Zilk FHiFE2h - 7.293 mmol/g [55]
] 53% F st FE10 mLAEE, 2 mL 0.1 mol/L HCIE{2 mL/K FIAAMAT mLK P 42HL, Zilk FHiFE2h - 7.232 mmol/g [55]
ﬁﬁé@”y% 53%Z. 1 #£10 mLZ B, 2 mL 0.1 mol/L HCIZE2 mL/KRISISMAT mLKHRIREL, F FHF2 0 6.704 mmollg  [55]
80%Z M 80%Z I, YEHGELEET2.5 °C, HEHUIF[H]67.5 min, BHA LLHA71:26.5 (gimL) 1932.44 pg/g [56]
80% I JEETO °C, BRI M 1:16(g:mL), FEHUTE 43 h 44 ug/g [61]
60%Z, 1% PRBGRE78.94 °C, BRI HE A1:20.85(g:mL), B2, £HK2 h 12.03 pg/g [62]
70% . P FREL 40 min, BHA LK1:20(g:mL) 2.0505% (71
60% 1% BREEE1:30(g:mL), BADIFR300 W, # A I 30 min, #5540 C 3.89 mg/g [8]
BRI 80%Z. B JRIBUELEE H80 °C, SRILA A1 1.5 h, BHREE1:35(gimL), $EH =1k 10880 pg/g [58]
70%4§£;)f’—$ FRIRLEE 7100 C, $2IUR RIS 15 min, #H& L1:16(g:mL) 4284.1 pglg [57]
SRR 8svel HH R0 1% Eh FRAL LAY 73 LASS : 15?::%;’]é g:sﬁizié, AR 10 mL, @ IIFE K75 W, $30 e (501
80% Hi TR H40 C, HJ1760 MPa, CO, Bt 4710 L/h, B[] 270 min 2458.8 pg/e [11]
70% 2. IRE60 °C, [ J1°H60 MPa, CO,iii it 410 L/h, B{E] 25270 min 1828.4 pg/g [11]
i Fco, 70% H i HRAES0 °C, [ 7136 MPa 86.28 ng/g [63]
FEHR 70%Z. FE 135 MPa, IREE60 °C 3279 ngle [60]
Tk B FWGRIES0 °C, #IUE 130 MPa, JeH 51 F 2.0 mL/g, 2B )1 h 30.1 pg/g [64]
80% 1 B IR 40 °C, ZEUE J150 MPa R, CO,ii%9.80 kg/h 1262.2 pg/g [65]
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Table 4 Comparison of analytical methods for soybean isoflavones
Vix IR a7l Sy piR=IL i oalllpR7S Xiks%
BT — 260 nmAb I E TE R TR
ik A - - ST it [66]
. - s FEECA30 G, R 0.3 mL/min,
Sif x % S
KoHE . KT HE, YAy O IIERHEQSO mm BIBR0 20K D pny k6o nm, bR [70]
4.6 mm, 5.0 um) peaaiid 10 L
KEH KEHIC, YRARE, C oA TR (250 mmx 5o, oo TR 30 °C, WiEH0.5 mL/min,
kb ACH Y aomm soum)  CMEHUSBRUKIR o 9060 nm, bR RS L 1]
g e e b FiR M35 °C, i# A~ 1 mL/min, K
FRBGRAHE KEH, KT, WE T, & U % Nucleodur C,q 5 pm(150% i . L H{\ j~735/ N et
R 2R TR A P rlrim) ZIE+0.1% P RIK bM;3 Ldjzslg mE, iz e8] [67]
o

KT JRAT | BT
HRTAF P BIEYR AT, I
BRI T H09F, ZIEK AT, 2B
YRS, BT AT, KT
I8, YR AR B R
KT, KTHIE, BT, B0
g R SRR K

ik

\

REHTG, JRAH JepARE

SHIMADZU-GL Wonda
Cract ODS2(5 pm
4.6 mmx250 mm)

Luna® 3 um PFP 100 A

Kinetex C,5(50x2.10 mm
id., 2.6 um)

0.1%Z R, I35 °C, W% 1.2 mL/min, k& 0
540.1% 2. 7k K262 nm, JERERE20 L [68]
ZIEH0.01%H /K i ASH I SR FH AE 5 22 SRy Wil 6
VAT (MRM) A0, i M 1.0 mL/min 09
10%Z.)iE+90%  ESI-MSYE “ £ 5 i Wiiil” (MRM)
0.01%H FR/KIFW+5 R, AEIR30 °C, Wl [72]
mMH BREAR A 0.5 mL/min, #FFEES uL

T <= FoR TR #5H.
ISR FH(GR 5) . B5TERI, SR Luna®PFP (A%
FEEARABSE C g 1, IR 2 PR TR AR R S T B AR 11
GBSO, B (TS I AF 5 5 B 4 R S B B ]
PZITER RT3 2.2~6.8 pg/L, JEH R N 7.4~
22.8 pg/LI, SRy 5 Zp KL o v B S 2 I AR 1R
A PRAE TR

Zi L Frik, UV-Vis, HPLC & LC-MS/MS J& H
BT R G 5 B R i 227 7k, Herp UV-Vis it
FAHRRE IO ETE, B BREYE . A AR P,
i FH PR S 5 S ST, (R SRR i X e A
R, HPLC i £edy, mT S8 22 Fh S5 25 T PR 4s (1) 3t
2573, LC-MS/MS NIl i e 5 85 7T 57X
BEREPE WM, BAT = R fsm e Fk, v ROw IR
FET T, JUIHGE FH T 25 R T B R R
UL
5 XKEFEMEEERLKGE

e R LTk Ay = Bwei U E s ==Y Tb s NS e =<y
ERSCEAE PpiE PR, FHOME R S L B . BT, KR
SRR 14 7K S 1 R AL AR PR K R | IR S R
Bl = RIS, AR A7 idsm Lhag i3k 5.
5.1 BRKEEE

TR IK fif 125 2 P FH R & 5 e TR T A R S

K R, A R T WA DT, T
WIEH SR ERER . ZBRAF IO Bl A MLER 7 ot ik
3, 2 L WEE H AR RS TR R, e Zemiad
FEPARAGF O B . 1% T 2K R o S el
TR A i, AH R N RLRE v, SR ) S ok, Xt ik At
FOREGT, BUARBEAETN RGEWIIT T LR S B
iR S s T £ M e G SR b e 2 29 A IR = 953N R §
[E RN 2 PR o A DGR IR 3R, e ) A K Sl i
REVEEE 160 °C, /KfRETE] 4 h, Z R EE 2.0 mol/L,
WA TFBET KRR 92.2%. TAR 54 @i
E A VIR R, SEE0 R S S B B ) 1
FFICH R4k, 76 135 °C SR . 160 min W
B IE] R SPESRL R « A7 AEEIR =4 3 I APRECLL T, Btk
AR H] 97%., FHER TR —FR/K AR, SR E S AL
TR KA T ST S A AR, T SRR S TRl LA
P iR BE, HLAR =1 vl BV At & Ukt
HA R N FHME .
5.2 WEKEEE

I AT e 30 A B P S AR A R T S B T
K IK SN BB s o 2T BB TR
FURTBE, B e R AR A, B0 (P9 LN
AT IEBEFY ) 7K e A nl A 2 B 78 S ], i e e o

K5ORSI AT L A

Table 5 Comparison of methods for the conversion of soybean isoflavone glycosides

KT e KA KA S KR ks %
B S SR R 160 °C, 7J<2ﬁﬁf(|;ai|(‘§ﬂl/il74 hitf, ZFRHEE N 92.2% (73]
L e IS TR 160 min, 5 AR . )
TR R R 49413 o7 4l
WA B ?giﬂaféwmg#éﬁfﬁlﬁ] TR B 1 mol/mL, 7kﬁ¥ﬁ&f%755 C, KBS ]y 349 [75]
B 120 min




55 47 % 5 12 1) XISETE , 55 KOS5 AR B AR AL AR e - 481 -
RS
VIS R7S fiti s KA I KA oA PN XikS%
KB 0.01 U/mLAYEBAESO °CJin#i4 h 45.9%+2.4% [76]
HEER e SRR 0.01 U/mLIYBGLESO CHIFA4 h 43.5%+1.3% [76]
MUgsp-HiaaHE KGR 0.01 U/mLAYEBAESO °CJin#4 h 42.8%+1.8% [76]
T RIHDUTE I 0.02 U/mIfYBETES0 CHnF4 h 40.9%+0.5% [76]
KK LIHR 0.02 U/mIfBETES0 CHNFi4 h 38.9%=0.4% [76]
K ER I 0.01 U/mLAYEEFE3T “CHn#i4 h 17.6%+1.1% [76]
IR 0.01 U/mLAYEETE3T “Cn#i4 h 20.5%+0.5% [76]
A pAR KRR 0.01 U/mLAYEETE3T “Chni4 h 15.4%+0.3% [76]
i R—— 0.02 U/mLAYHTEST “CHIHA4 b, FFiE L 20955 min "t o
—_— PNEENIRGEIE) SR 21.1%+1.7% [76]
g NG b, S TS mi
KA LR 0.02 U/mlAIRg 237 Zf}i;vh FFBLRPS min 19.8%20.5% [76]
LHELE o FE50 CHyTE REEREEFRA D U McTlvaineZE il KEHFIC: 95.8%, JkiARZ:

B - (HS.0) K10 min. it # M5 mink (LR 86.7%, #1085 %: 72.1% (771

I KT SHEEE s R 10% (B P 100 Urg), NI N6 h, [ .
p- MR (90%) 4R °C, pHA4.8 70.45% 78]

- REFEMIEE Y 10% (B 1293000 U/g), BIHI6 b, 2 .
TR (90%) RERESS °C, pHA4.8 49.84% (78]

et g NOASEIEEINET NESEN 10%(BEE R 10000 Ulg), SUSBE 10 h, ,
Rl (90%) JZRERIES C, pH 4.8 8.18% (78]

LT e S o S TR e =0 G 1 2 1 O = e S e 2 A
LR SR E BT ) == W AN (TR 14 & o<~y & ol R &S =2 | IS RS e}
KRGS e P AF e AR e P22 . Bh RS . ol I (IR 25 )
B, BYRYNGET) RGEWEE T AN RIK A T 2% e v
Hr R S R IR 5 AR, K BT HEZH S
I E N 38.709 mg/g, BA—Ad K 4l A AR T A=
52.053 mg/g, KfHZEH 34%, SCBoK 5 BR/K it &
ik F] 67.314 mg/g, /KR B FIRTFLZE 74%, F W
BRIR P A 7K S T A RS S DR ) 7K S S
T BA— K 125, PR v ids vh S i il i o
BT 254t T Em 2k .
53 Bk

ity 7K i RS 7 S S DR 1) S I SR A3 Sy T
N, ZFESIRMESE b T, ke e, SR E
R 5wl /K i EL R TR RIS 120 B
WFIEFEHH, B-FI M I . 2T 4k BRI LS fE
A AMEARE T AR U, by g 2 k2 H AT
fR I TR PN P R I, AR 45~65 °C TN RERE
KA TS, KR 3 e T AT L R A g2t
FLOHE TS . ANIERIENY S-SR AT
TE—E 255 . Yang 25U iR 1 g B A B AN s
A= SR BY p-7 2B I 0T T A R S A i e A5k
L, K IR TR M TR PP R e U 1) T A AR T v,
50 °C 4b¥E 8 h JEIMEdF 95% LI Eihitd:, HARE RS
Tl i R A A R A A S 2 5, JHL R S e ] S 2
FrooEr B LLBER: KGRI (45.9%+2.4% )> 7.
K (43.5%%1.3%) >R G IRHEHY) (42.8%+1.8% ) >K
SR ULTEY) (40.9%+0.5% ) > K G 85 iR (38.9%+
0.4%) o MAL, Yan S50 A A+ i B b 43 s alifb iy -
T APBETEEAE pHS5.0 F1 65 °C B A, X R EAT
TG Gl Z ORI o 3R A UK AR S iR 5] 95.8% .

86.7% F1 72.1%, HE AL 1 B 8 N/ lR 45 ) i
i 52, 32— R T HR g 5t

£E LR, BR/K AL . K s A A s e K
SRR A A LR, P R K A e R R
TS B R SOK A, (BAFAE = TR SR IR S s 25 . E
SR AR )R, A A LRI R AT T IR, R
T AR T RS SR A A A
Frow, (HHF=Yfae th 22, Bia w0k n] B g4 Tt
IR AR, ABAT Y ™ ke e PR ; B ST AT
P SN A8« v P R P B R By 1) e 36 A Jd 5t
i, JUHUR: p-AAT T I AR = | T 32 R
BRI GEIR T o AR AL ORI & . B 6
W 22 U IRV E FHMLRIIEST, DA IR TR ks e
file T 25800, DASEEL K O s E B 0 Rk . nTFrek
Ttk
6 RE

IR 5 0 Pl A SRy — o B A e TR R, T
RAR AT PE 4 SN SE AT . BUibE . Bk . PiEILas
Ty B RO, BRI EE R, (EE IR ETE

R AE B RE T T A FE IS ANEIR A, KRG

R R 1k M HAE T L A AN B, S8
BB 1 G AL T 2o R BB AN 5835, P i
27 KOG S we By T R 2 e . AR AAE s

TRAIR IE R 5 57 0 ] 25 B A HfE i 3% 52 A S 7Y
(ER&/ERp) . i s HEACH RN . B imiEdnit . {5518
iR RS HEVEEAIL ], R e AT AR ) R LA,
AT 78 RS2 B A B A g A= B D REAE AL A2
FAAR PN T B 5 AR e (0 i S SR B AR A R, BT
BTy B APRL, DU I A AR 2L, il 24
ARWHEP TR T S BB 3R, FFinr R 5+
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