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Biotransformation of Isoflavone by Probiotics in Fermented Soybean Whey

WANG Xin-xin,ZHANG Li,LEI Lei, LIANG Yu,XU Ying, LIU Bing-jie, WANG Dong-feng
(College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

Abstract: Soybean whey were fermented with three probiotics,i. e. Lactobacillus plantarum , Pediococcus pentosaceus and Leu-
conosioc mesenteroides separately to enhance the nutritional value. There was a significant increase and decrease( P <0.05)in
the concentration of isoflavone aglycones and glucosides respectively in fermented soybean whey. Biotransformation had the
highest aglycone concentration of 15.99-20.33 mg-L™" after 24 h of incubation at 37°C with 7.0 log c¢fu-mL ™" inoculation,
comparing with 1.54 mg-L" in unfermented soybean whey. The isoflavone aglycones had a significant increase with the addi-

tion of milk powder and sugar( P <0.05). The results showed that probiotic could enrich the content of isoflavone aglycones of

soybean whey and provide the possibility of utilizing probiotic-fermented soybean whey as a bioactive beverage.
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roides CICC21860) Y0y FI H [ Tl AW AR 49y T b £
(EBLIL NN

KRR RGBT RO
JC YRR K, 4l =98% , ¥ B Sigma 2\ A5 H
Bt CE (R EERF 2 R A PR | 42 a4k,

AR IR MRS 1322 R A 10 g, R E
10 g, BERFAS S ¢, K HPO, 2 o, FriiR — M 2 g, 41
5 g, A 20 g, i iE 80 1 mL, MgSO, + 7H, O
0.58 ¢,MnS0,0.25 g, Bifl§ 15 g, Z48/K 1 000 mL,
5 pH Z 6.2 ~6.4,121 °C, K 15 min.
1.2 XFE5iE&E

Agilent1260 7Y =5 %0 AH €2 135 1 ( 55 E Agilent
Technologies, it 48 4P K Il 4% ) 5 Milli-Q i 4 /K R 4¢
(Millipore 23] ,0.22 pm FfLUE B € ) ; HH-B11-
500-S BYG A= Wy 85 5% 4 s BCM-1000 B i TAE 5 ;
ZDX-35BI 74 [ 8l K # o
1.3 RIwAH*E
1.3.1 HPLC W& XK 27 %8 (4% Agilent
ZORBAX SB-C, (3.9 mm x 150 mm,5 pm) ; #i 5
A N 0.5% KESER K, B A & s k. 0.6
mL-min " KR :30°C ;K I £ : Agilent-G1314A %84}
RO 25 5 R DU 4 : 260 nm; AL 220 WL, A6 EE VR
2R 1,

F1 EEBEREH

Table 1 Gradient change of elution

TRBA ] A:0.5% (v/v) IKBRRKIEW B:100% ZJiF
Retention 0.5% (v/v) acetic 100%
time/min acid in water/ % acetonitrile/ %

5 85 15

28 65 35

42 55 45

47 10 90

59 85 15

1.3.2 AR & eg %) Sroll BREUPRIE i R AT
FYLREARTT A 1 mg, YRR Z AR G 04 2 mg,
FHH A B 25 2 10 mL, il bR HEAE & . 433
NSRS 25 T I I — 7 i, FH Y I R ) —
RS, UERE SN BT o LAASAH 0 o e VA B (o) %o i T R
Cy) EATEANE RN, 2] 4 FibRiie il rARE £ .

1.3.3 H&aaEykeds i AEriRe
R R FUAT TR W 7 BR A L i B I e BR 1)

SRILL 7.0 log cfu~mL ™" 42 B B 4 R B B3R
37°CH: SR 12 h J5 4 & I Sr BVE T - 20°C kAR 1
BUR, T EZ BT IR A B AR5 & BEW 0 7R T
Ko BETEIRG PEH 2 h 540 AN [R] 42 B )
(53% 2.5 .83% i . & 0.1 mol-L™" HCI 53% Z,
Ji& 2 0.1 mol-L™" HCl 83% Z.JiF ) X 45 B K (1) 5%
M, PRSI U8 AR U8 , U8V T 38 KU rh 2% & &
T, 28T 5 Wik B W v i T 80% MY H B 25 & 10
mL, 220. 45 pumffSfLIE RS g E1T HPLC 43 #T
1.3.4 ABHHEARFPEAENAEAREE AR
L 7.0 log cfu-ml ™" %32 3 2 b 21 83 K (115°C
K410 min) ,37°CH 32 24 h, &5 3 h BUS 5 & B
W, R T AR vk xR I D s T B AT
g
1.3.5 EAREFHRAS>RLS TN Hw 5
A= T R ZURF B8 L SR e 2R PR L IS BH HR R ) 40
SLL 7.0 log cfu-mL ™" A4 B LR E] 100 mL #3¢
K, 1159C K 10 min,37°C 1535 12,24 h J5 , BUk B
ST RIS T UKFE R UK , 28 R 00 S B 0
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e 43BN T. 0 log cfu-mL ™" ()25 4 T (R AT
PR SCHE  BR TR PR ERBR TR ) 37 CH5 5% 12 h, &
TR 6 FH K O S B P 0 A
1.3.7 o4 E AT K & FH A5 R A F W Hh

TR KR A BRI 6% BIFLAY A 2% 14 L
B FHE FUBE, 115°C KB 10 min J51E NI FREE, 41
A 7.0 log cfu-mL ™" {25 A4 ERIDIFUIT T SObE
KT AW R R, 37°C 85 5% 12 h, KW A5 H
TR S A I
1.4 HIEIE

K H SPSS 13.0 /A b BE . 804 3 417

TTRE B R S« AR 227, 10 3 1k 22
B3E T )7 22081 A1 Duncan 22 XM 2246 58 7017 o

2 HREHH
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FRR 1301 Irid ik, AT A 4 Aok o S B Y
R R LT (B 1) o A4S 240 T Mk B (o) X
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A ;Standards ; B: Soybean whey ;1 :Daidzin( 14. 197 min) ;2 : Genistin(20.416 min) ;3 : Daidzein(30.781 min) ;4 ; Genistein(39.426 min).
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Fig.1 HPLC profile of isoflavone
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Table 2 Linearities of soybean isoflavones

W 5E 153 [mly)= 75 L
r
Constituent Regression equation Linear range/ g

KIGF Daidzin y =137.98x +100. 03 0.196 ~0. 800 0.9998
BBl AKFH Genistin y=321.42x - 1640.5 0.274 ~0.560 0.9992
K E 170 Daidzein y =63.686x +269.5 0.060 ~0.240 0.9995
el K2 Genistein y =356.85x —94.295 0.024 ~0.064 0.9991

2.2 HmuEriEX K ERHERNENR MW BOREAE,53% CRERHUCRIKZ o (A ERRR /K % il 4y

TRIRAE R, AN [ A8 312 IO ) 0 R 52 5 il
PRI A7 FE 22 5%, W38 3 R, 5 0. 1 mol - L™
HCI53% Ui X iy B 945 igp P8 o e, b 4 bR 2 57

BEH AL AR T, [F] IR BRI A AT BB UK
LSRR ER T U AR RR I AR R T
S B AR HOR (EATEERE DL 53% ZNE O R 4R

B CRTAF GBI R TE A0 QR 20 582 h,
#3 FRRERAAMERAZREWS BN

Table 3 Concentration of isoflavones in soybean whey extracted with four different solvent mixtures

K& F B Isoflavone/mg-L~"

PRIV . . - ;
. KREAH PIE¥ N KRG PRARR
Solvents
Daidzin Genistin Daidzein Genistein
53% 2. )& 53% Acetonitrile 25.64 £1.02 48.12 +1.08 0.37 £0.07 1.17 £0.09
% 0.1 mol-L~" HCI 53% Z.Ji§ 26.38 £0.56 48.53 +1.00 0.43 £0.02 1.22 £0.06
53% Acetonitrile containing 0. 1 mol-L~" HCI 53%
83% i 83% Acetonitrile 20.41 £0.63 36.36 +£0.30 0.30 £0.05 1.08 £0.05
40.1 mol-L~! HCI 83% Z.Ji& 22.74 +0.22 37.70 £0.91 0.35+0.04 1.18 £0.07

83% Acetonitrile containing 0. 1 mol-L ™" HCl 53%

2.3 HAREERKPHEKRKEEZ
H1 & 2 R, BROK TR g AR TR
7.0 log cfu-mL™"  ZE &M% 6 ~ 12 h B, 7% B0 H

BN, AL FUAT R AR & B 18 h ik 3 A i 1A VR BB,
F37.98 log cfu-mL™", & T R A Bk (7. 87
log cfu-mL™" ) HI By B B & Bk B (7. 96
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Fig.2 Changes of bacterial population in

fermented soybean whey

2.4 AEHMABLENAEREMASRSE

=ap=Al

g A TR A TR B K 1 S AR AR T K SR B
Hor R a(R4) . RKBEEIKK (O h) hRES5H
B 3 R, SRR 73.76 mg - L7 T UiE RS
HOCRI K G R il AUl 1. 54 mg- L™, BRI
] ) S, B R K o7 S R T 5 et I 2 D (P <
0.05), & W 24 h W A K G 5 v i v B i b &
40.13 ~43.46 mg-L ™", Mk AR R MK EH LR &
BERM(P <0.05), KRG HITHWEMH 0. 37
mg-L 7 A1 Z 10. 34 ~ 10. 61 mg-L™", Ykl K 2wk
FEH1.17 mg- L™ ' #hN1% 6.32~9.72 mg-L~", 3 Fh
T 2 TR DT GO i K T KA T AR R S S Ry
Ui B AL K S B A A8 R A O AR, T8 24 b
JEFES OO K G B S i 1. 54 mg- L7 B
%20.33 mg-LflO

x4 FARAAEMETHEREITCABERKNARESEMEE

Table 4 Concentration of isoflavones in soybean wheyafter incubation by Lactobacillus plantarum ,

pediococcus pentosaceus,leuconostoc mesenteroides at 37°C

Wl 2K T S i Sty N Ry iy )
KBERITR KREI T Isoflavone glucoside/mg+L ™! Isoflavone aglycone/mg-L ™!
Strain Time/h
K& Daidzin YR ARTF Genistin K EFFIC Daidzein YLkl K Z Genistein
T FLAT 0 25.64+£1.02 a 48.12+1.08 a 0.37+£0.07 ¢ 1.17 £0.09 ¢
Lactobacillus plantarum 12 9.30+1.00 b 35.85+1.23 b 9.69 +£0.83 b 4.34+0.48 b
24 10.00 +0.87 b 33.01+0.11 ¢ 10.34 +0.11 a 6.80+0.24 a
JKE F BR 0 25.64+1.02 a 48.12+1.08 a 0.37 £0.07 ¢ 1.17£0.09 ¢
Pediococcus pentosaceus 12 14.53 £0.68 b 38.06 £0.72 b 10.40 £0.43 b 6.49+0.93 b
24 6.40 £0.76 ¢ 33.73+0.03 ¢ 10.61 £0.34 a 9.72+£0.57 a
Ji7 B 5 BR 0 25.64+1.02 a 48.12+1.08 a 0.37 £0.07 ¢ 1.17 £0.09 ¢
Leuconostoc mesenteroides 12 12.22 £0.44 b 35.44+1.11 b 9.13+0.32 b 4.72+0.09 b
24 11.61 £0.75 ¢ 31.85+0.24 ¢ 9.67£0.17 a 6.32+£0.24 a

I + BRiERE (n=3) o R —FIBFRIEN A AR PR R B E 22 R (P <0.05) o TFIF,

Means + SD of three replicate analyses(n =3). Means in the same column with different letters were significantly different( P <0.05). The same below.

2.5 IMREVNAEREMAS R SERFM
HIANR S RN, B8 L {4 1 aod e v i 8 1

P PNIRS | TR

s, FUBRIE S 2% ~ 6%

PR 90 R LI K S e 5 5 8 ) 8 e
FHHR (P <0.05) , X A A8 32 2y T 2L Ry A9 B ok
AT EHFOK P EA R R, IR E AR KR T

WY IR, EA TSR WA B IOK R RS A
i), X 2 4= T 14 A A B i AS ] 2 LR 1 R o R T
LR BT (14 55 F8 R0 00 71 A 8 1) 90 P LR ok

8% ~ 10% I, I W8 F ER 7 K

oI IT

SZLH I

YN

BE LB IR I A3 I 5 1k 2 57

TERAR SR
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Table 5 Effect of milk powder concentration on the content of isoflavones in soybean

whey after incubation by different strains for 12 h at 37°C (mg-L ")

K SR o BERIRE FLEYHE Milk powder concentration/ %
Isoflavone/mg L~ Strain 0 2 4 6 8 10
KEHIT THMIFANTE Lactobacillus plantarum 9.69+0.83 d 10.99 £0.31 ¢ 11.54 £0.30 b 12.39 +0.20 a 12.09 £0.06 a 11.65 +0.11 b
Daidzein PCH R BR ] Pediococcus pentosaceus 10.40 £0.43 d 11.25 £0.26 ¢ 11.74 £0.09 b 12.58 £0.22 a 12.58 +0.08 a 12.53 £0.26 a
JAREHH BRERTA Leuconostoc mesenteroides  9.13 £0.32 e 10.48 £0.37 d 11.57 £0.05 ¢ 12.12 £0.28 ab12.46 £0.20 a 12.66 £0.12 a
YeblRER FEYIFLFTE Lactobacillus plantarum 4.34+0.48 ¢ 6.887+0.43d 7.71£0.19 ¢ 9.92+0.33a 9.09+0.50 b 8.23+0.20 ¢
Genistein T R ERTA Pediococcus pentosaceus 6.49+0.93 ¢ 8.52+0.27d 9.04+0.29 ¢ 10.08+0.34 a 9.87+0.43 b 9.10+0.15 ¢

TREBH EERK B Leuconostoc mesenteroides  4.72 +0.09 d 7.77 +0.08 ¢ 8.80+0.53 b 9.68+0.35a 9.11+0.22b 9.23+0.45b

2.6 HEHMENKEREMAS,RSEHZMN
F 6 FW, IS INAS [ Fh 288 (o 8 4 ol 2 e ol 7 vp
T B T AU K o S B T B i 3G . b SN 4
WE & B B BROK TR K G JT QR R 2 B i 43l
H12.12~12.58 mg-L™",9.93 ~10.62 mg-L~", &
TSI At W T 1 B OK R i B A T B K O R

HEAR &, HER B4 (P <0.05) . HUOgEsn
SRBERRENE, H " ) 25 57 3% (P <0.05) . &
FUHAY B IR K i 1 Jm i 2 7 D0 B K B 5 B 1)
R, 416,95 ~19.73 mg- L7, (K T H A A
KM (P <0.05) .

x6 HEHMEANARDEERBERK 2 h XKERHEMSENHMN
Table 6 Effect of sugar type on the content of isoflavones in soybean whey after
incubation by different strains for 12 h at 37°C(mg-L ")

BliFPZ Sugar types

PN 4 ] R PR AR . o . ~
. . AT A A s P bk
Isoflavone/mg- L Strain
No sugar added Glucose Sucrose Fructose Lactose

KEHIC Y FLATH Lactobacillus plantarum 9.69 £0.83 ¢ 12.39 +0.33 a10.74 £0.24 b 11.02 £0.41 b 9.88 +0.49 ¢
Daidzein K B BRI Pediococcus pentosaceus 10.40 £0.43 b 12.58 £0.23 a10.73 £0.21 b 12.83 £0.54 a 10.51 £0.42 b
7 IR B EB ER TR Leuconostoc mesenteroides 9.13+0.32d 12.12+0.35a10.12+0.22 ¢ 10.84 £0.56 b 9.34 +0.30 d
Jupl R & T FLFTE Lactobacillus plantarum 4.34+0.48d 9.93+0.10a 9.41 +0.27 b 9.84 +0.48 a 7.85+0.31 ¢
Genistein T BE FBRTE Pediococcus pentosaceus 6.49£0.93 d 10.62 +0.26 b10.50 £0.26 b 11.08 £0.14 a 9.22 £0.21 ¢

17 i BH EB R A Leuconostoc mesenteroides

4.72+0.09d 9.68 £0.35a 8.52+0.03b 8.54+0.45b 7.61 £0.35¢

3 @RSt

Ounis 25" SR I F b B Ay 7 )65 28 0 KA 2 K
KRRk, R Y LT LB17 B8 78 I 8411
AR ARG 3 bk ak AR AR Y FLAT L SORE R
B B R R TR R K P BE S B AR K
FEATR L 7.0 log cfu-mL ™" f 422 A B 3 b 21 0 K
i 37°CKRBZ18 h J5, B K MBI N E 7. 87 ~7.98
log cfu-mL ™" FWIHEI K 25 A8 A AR T 4E
K B SR, 8 R a5 A T Y R A8 3R 3

K H 3 kg A AR YD FLAT I 808 KT i
W R BR TR R B RROK, R T RO B AR
YIEYER I E O R B R WA e, AW
L 7.0 log cfu-mL ™" 4218 B2 F 1) 3 3% K rp 37°C

K24 h 5, e oo KO R WS & W
1.54 mg-L~"34/N% 15.99 ~20. 33 mg-L~", Otieno
2LV RR T 2 DRI Y T R TS B T A L
AR PR U DT K R S R AT D A
e S FLA AR M Tk R B A W T T A
/e o Tochikura 25" BIF 57 2 WA 25 25 B & A7 B
2 W T , A I 2 ot A v B B K B e
TR 7K fife R A ) T P 9 S T AR R T S B
PNINFLA RO (] o 288 00 W 18 00 A 2 5k 8 v O 8
JUHY R G B B i . Herh, VS0 A A
14 B K I A B 8 R 0 S T Sy it S T R R
R R AOCR . X R AR S Tsangalis
SEUSUBF S ML, FLRTF 5T 2 I, FLOBUBEAT T & I E 5L
HAS N L% FARE AT L Jnb 2 5 i 25 280 0K 7 S i il
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