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Abstract: In order to improve the utilization rate of soybean umbilicus in soybean processing industry and to give full play to the
nutritional value of soybean umbilicus, a high performance liquid chromatography (HPLC) method for the determination of isoflavones in
soybean umbilicus was established based on the national standard method for the determination of isoflavones in soybean. In this experiment,
the optimal extraction process of soybean isoflavone was achieved by single factor experiments and orthogonal experiments, when soybean
umbilicus and ethanol-water solution served as the raw material and extraction solvent, respectively. The results showed that the order of factors
on the extraction rate of soybean isoflavones was: Extraction temperature (B)>Extraction time (C)>Solid-liquid ratio (D)>Ethanol concentration
(A). And the optimum conditions were as follows: the ethanol concentration was 80%, the extraction temperature was 80 °C, the extraction time
was 1.5 h, and the ratio of material to liquid was 1:35 (g/mL). Under this condition, when the soybean isoflavones were extracted for three times,
the highest extraction rate of 10.88+0.120 mg/g could be obtained. This method is accurate and efficient, and more than 90% of soybean
isoflavones can be extracted from raw materials. The extraction process is stable and feasible, which can provide theoretical basis for the
extraction of isoflavones from soybean umbilicus.
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1.1 #RsEEF

KEGH, HEMERARA R,

FriiliE (30~60 ‘C). Jo/KLELAIHTAE, HIEL,
LRSS, KEF (Daidzin, D, >98%). i
A (Glycitin, Gl, >98%). HkIAH (Genisitin,
G, >98%). K&t (Daidzein, De, >98%). #i&
& (Glycitein, Gle, >98%). 4kl Z (Genisitein,
Ge, >98%), W H Sigma.
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131 JRAFFFLLE
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AN 400 mL A7yl = BUIR 20 min, 4000 r/min T &
0 15 min, JUEMIA 300 mL A i, B FARDE 2
s A3 SR
132 XKEFREFESXGE L
HEWAFREL D Gl G. De. Gle. Ge #5517 1.00 mg,
LA 6006 FEEVAVRIE I E A 2 10 mL, VR AbRHERE%
W T 1006 R VA VR G i BSOS R EE FTR S
HEREGVER . LK RS- 27 IR (o) isisk
bR, KGR TR &40y TR (S) N\AAbR, %
HbRERZE, [V FERIA S 28 R Wi 1 Fw
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Table 1 Regression equation and correlation coefficient of
standard curve of Soybean Isoflavones

K &AL ©] )2 AL Am*FH (RH
D Y,=98.695X,-3.2383 R?=0.9999
Gl Y,=82.12X,-1.7478 R?=0.9999
G Y3=112.82X5-2.8125 R?=0.9999
De Y ,=113.24X,+0.581 R?=0.9907
Gle Y5=165.54X5-0.2022 R?=0.9991
Ge Y6=159.47X-0.3034 R?=0.9999
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TERRPRIU NG 5 2R 1.00 g RSN R
JEPRAL), TR — e R FE N — 5 IR BE 1) LB
W, 8 10 min 5, TR PR EERONRIR T
PEH—BE],  $EBGRAE 4000 r/min R ES.Cr 15 min,
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VUAN R R AT IEAS AL SRR, SRR TR, &
Bk E: 60%. 70%F1 80%, HZEXIE]: 0.5 h. 1.0 h
A 15h, $REGRE: 60 ‘C. 70 CHI80 C, EBh&lL:
1:25 (g/mL). 1:30 (g/mL> #11:35 (g/mL).
135 BakikAn &g or &4t

iy Symmetry 300™ Cyg (4.6x250 mm, 5
um); JisEhA A N 0.1% LK. B N 0.1%LFR
HEVATR, Wiy 1 mU/min; #EREEY 20 uL; K
BKH 260 nm; FEIRN 40 °C; IRAIAHERE AR
Wi 2 Fis.
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Table 2 Mobile phase gradient elution procedure
B iE/min - A% B/% B iE/min - A/% B/%

0 90 10 30 40 60
12 75 25 32 0 100
16 70 30 34 0 100
21 60 40 36 90 10
25 50 50 45 90 10
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Fig.1 Effect of ethanol concentration on isoflavone extraction
from soybean umbilicus
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Fig.2 Effect of extraction temperature on isoflavone extraction
from soybean umbilicus
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Fig.3 Effect of extraction time on isoflavone extraction from
soybean umbilicus
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W5 FR, B8 URARAXS T3 — IR
SRR R E T, IS R )
SERURIREU N i TP, RIR=IRULE K E 725
BRI AN RGN, B JEOR P ) S TE R L B AR
ISR = UORERE T SRR 7.39 mg/g, @i
HURPLAT DL R 959% A F 1 K 5 5 R SR
K, GRE KT HERIR S B SOAE 52 S kR
JEN, A SRE IR B =K
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3 KESFEFHREUE R LI R
Table 3 Orthogonal experimental results of soybean isoflavone extraction

5 RERR D/(mg/g)  Gl/(mglg)  G/(mg/g)  TIF/(mg/g)
AR R EY% BuZE°C  Citlalh  DsBHgrt g/mL
1 1(60) 1(60) 1(0.5) 1(1:25) 3.65 2.40 1.26 742
2 1 2(70) 2(1.0) 2(1:30) 3.82 2.49 1.33 7.73
3 1 3(80) 3(1.5) 3(1:35) 5.00 3.06 1.65 9.91
4 2(70) 1 2 3 3.93 2.62 1.35 7.94
5 2 2 3 1 431 2.75 1.45 8.58
6 2 3 1 2 3.98 2.57 1.37 7.98
7 3(80) 1 3 2 4,01 2.61 1.34 8.05
8 3 2 1 3 4.09 2.70 143 8.31
9 3 3 2 1 5.09 3.09 1.61 9.86
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Table 4 Weighted comprehensive analysis of orthogonal experiment for extraction of Soybean Isoflavones

%5 — — - — D’ GI’ G TIF %4945
ATEEKEY% BiREC  CEtlh  Difbigrt g/ml

1 1(60) 1(60) 1(0.5) 1(1:25) 0.00 0.00 0.00 0.00 0.00
2 1 2(70) 2(1.0) 2(1:30) 11.81 13.04 17.95 12.45 12.93
3 1 3(80) 3(1.5) 3(1:35) 93.75 95.65 100.00  100.00 97.79
4 2(70) 1 2 3 19.44 31.88 23.08 20.88 22.39
5 2 2 3 1 45.83 50.72 48.72 46.59 47.23
6 2 3 1 2 22.92 24.64 28.21 22.49 23.49
7 3(80) 1 3 2 25.00 30.43 20.51 25.30 25.52
8 3 2 1 3 30.56 4348 4359 35.74 36.39
9 3 3 2 1 100.00  100.00 89.74 97.99 97.97
ky 36.91 15.97 19.96 48.40 w;=0.25, w,=0.15, w;=0.10, w,=0.5
ky 31.04 32.18 44.43 20.65 H% $k: B>C>D>A
ks 53.29 73.08 56.85 52.19 Bk $=40 (BsCsDsA)

WER 22.25 57.11 36.89 31.54 B L AgBCaDs

HH 3 (I 25 R 3R 4 IILER G bl 1,
S SO PNR 3L G ES - 21D DN N 1) 115 7/ 7o
T (B)>F2 BT 1) (C)>EHR LU (D)> LR (A), KT
AR R i T 228U G 9 AsBsCiDs, RIEEIR
AEREUEEE 80 C, $RHUA] 1.5 h, ZEEASE 80%;
BRI 1:35 (o/mL) T, $RBGRE =R, KE R
SRR LIA S s . T RELZSHAGAE
IEASERIE T, R IEAZ R PRI & (=41
ST ST VIR . SRS RANEK 5 r,
IEAE SR B R B & b B K E R R B
9.83+0.002 mglg, ARTTSRA1A HE KT B i e
HU% N 10.88+0.120 mglg, LT IEAZ 58 TS AL
Ti%, FrLAE SRR G R B i L 2R
PREGEEE 80 C, FEHUN[E] 1.5h, ZEEIKEE 80%, ki
WL 1:35 (g/mL), REUREC=IX, FEHFIFTRE
S B AR I A B fe ey 10.88 molg.

x5 WIESEIE
Table 5 Verification experiments
I H D/(mg/g) Gl/(mg/g) G/(mg/g) TIF/(mg/g)
#%=41 501+0.035 3.06£0.021 1.64+0.014 9.83+0.002
w7 % 5.56+0.063 3.29+0.021 1.79+0.028 10.88+0.120
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PLRE SN R, =R oK 5 B A a ok

S HEERICR O ERR, SRAT R RS 5 IR SR
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(D)> LR E(A): e RAE T E%M N IR
80%- FEHUIRLAE 80 °C. HEHU(A] 1.5 hy kRt 1:35
(9/mL), TEIZZMF FIRI=IR, SRS 5 iR EH
I & 10.88+0.120 mg/g.
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