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Effects of cellulase on extracting isoflavone from soybean residue

CHEN Qingqing, XIA Liming
(Department o f Chemical Engineering and Bioengineering , Zhejiang

University, Hangzhou 310027, Zhejiang, China)

Abstract: Soybean residue from soybean oil manufacturers can be used to extract isoflavone. Soybean
residue was pre-hydrolyzed by cellulase from different microbes, then the hydrolyzate was obtained and the
solid residue was extracted by using 70% ethanol. When using the cellulase from Bacillus sp ZU-4, the
isoflavone yield was 1.4 times as that by normal ethanol extraction and the isoflavone composition was
unchanged. When using the cellulase from Aspergillus niger ZU-7, the isoflavone yield was not increased
but glucoside isoflavones were transformed to aglycones. By pre-hydrolysis with cellulase from
Trichoderma reesei ZU-5, the isoflavone yield was increased by 1.6 times and at the same time the
isoflavone composition was transformed to aglycones with higher physiological activity. The optimal dosage
of cellulase from Trichoderma reesei ZU-5 was 15 FPIU (Filter Paper International Units) <« (g soybean
residue) "' and the treating time was 36 h. When selecting macroporous resin for isoflavones absorption and

desorption, the macroporous resin with weak polarity was proper for purifying aglycone isoflavones.
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(glycitein) s JLr B G B R BRI W (46 =
KK N T-HE B 6-0- £ Tt FE 7 %) 1 A 6-0-
N A AR . SORDR R N R A Y
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B AE SR P R BRI 3 AR BT R 0 AR R TR 9
TE K L5 SR A W L L B AR U AR vl T 200 R
MPERT . A RO A G s . AR T B4R I ROR
17T 2T 24 23 il E A0 DA 200 R B A 45 0 DT 348 4 L P
P J A E H o R AL B AR I 2 — T B A Al
o TR R T R T R 2 RO Y ) B
il . ASCFBRVE 1A R Gl PR R Y £ 4E R
Pt 1) AL B I i 0K P S AR £ I R IR LB
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L1 JERF

ENERC GRS N & RN g =R
A0 (Bacillus sp ZU-4) WA & % i 1A 7 4
FEFHIF S, AR UUTE S SR EERY . LN
T-B-H B BHEETE Sl 8.3X10° U« g ', Rk
YUREIE FI B - A 0E T R RE TS RIS (Asper-
gillus niger ZU-T) [H 25 % W% il £ 1 B 1) £F 4k K il
WA, A E T S R A A T
43210, A H 8 4% B 35 Ao D) 18- -4 2R b i
W HEIRAKZE (Trichoderma reesei ZU-5) [H 4
S TR 45 T I 2T AE W, R SE TR Y 146 A4
U 4C 35 1 [ bR 7 (FPIU), CMC % 1 K
L6X10° U-~g ', MM ITEHE ) 22 TU - g ',

AR oA T Il AR . RALREIE NKA-9, AB-8
S8 Fr T K¥4k T.J, HZ-816 Al HZ-801
Hi LA R A R A G %, SD-200 Hi A /M 3
JERE R TG A% . bR E A G B R B B (genistein,
Ge). # T 1 J& (daidzein, De). Pt ¥ A I
(genistin, G) Ml T # (daidzin, D) g F i
[l H A H AR AR A |l L FE R 4 4, HPLC
Sy HT R S A N6 D @ 4l TR B A A % 4l
K
1.2 HEZBHWFEHNE

PR B OGS URAREGIE) N B A M T
fiti#% Ghosel ™ Jy iz« — A UE AR5 7 [ b 4o

(FPIU) 45 F B i S iy o 8 43 b £ W 1. 0 ol
M (AR RS R R REF =, — 4 B 45 b1
it 7% 3 1] s P 58 R o AR S L A% 1 R R
% 2.0 pmol # A& HE B, LA TU « ml ' RoRx, H]
SRUETWEVE MR Y s 9 U0 LB - SR OB TS ) S0
SE SR AE R SN A /NI AR T mg 3 OB I
LEGR (AR %R, LU - ml ' RoR,
IR W R Z A (CMC-Na) 1R .
1.3 EEXTRLAEE M T ERE MM Z BRI

Iz

FREC 10 g BARE M1, A GE & 19 256 B 1 A
[Fi) A 0 R U ) 8 A 2R T . SR B IR W U B Dy
100 g« L7', JpHH K 4.8 (AELF 4 Z/N N
9.5, 50CRM ., EH—@EmfE, &, 507
W (EERWO . F HPLC 3R 5E 3% W 7 5= 8 TR
RO Sy, B BRE A 95% & BE 100 ml,
50 CoKB IR & 4. 5h, o ug, JHEEAh 2 0o BE vk
E BEFRVR H  S B R i, 9F ] HPLC 340 A i

W A% S T
1.4 AEXFLHBE Xt = 5 B 0% B F0 % IR S0 SR B
A

FRECE FPRALA R (R D % 10 g F=MM
BN A 5 AL P R R 25 il AL B A 100
ml ¥ JE 2 0.8 mg » ml 'Y K T 5 BT R B 52 ik 45
W, 25 CHRY 24 h (RGIE K535 90 YO . i
U, DREUEW . HZRIROKTERRIG . FRRE R i 6
£ 100 ml 95 %0 /) LT 25 C R MW 24 h, F%E
0356 JRE 3 T 5 0 VAR D O B T VAR R i O A v S
B P B L R R 3 A I R 0 Ry

RHRR 3= (C,—C,) /CoX100%

BIEIRI % =C,/ (C,—C)) X100%

Arp Co O W BEE A AR W P S B R A MR, mg .
ml 5 Cy WS B WP S s B A, mg .
ml ' G, MR B B, mg e ml '
1.5 XEREMZRESENE

K T51GW 240t T R A B A 2%
J7) o K S A A 5K R A ST A
P DUH A Y Gl R B VR S AR UE . 7R H R
KBS W 259 nm LB 5E .

1.6 HPLCEXEZRERK S HK

e RO A 3 Xk B T 2E [ osyltech 24 H]
Model 500G BYf) m B BE RS, ARG : W
MRS, AN IS . 77251 Fah kAR . AL
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FEUR 40°C, W 1.0 ml« min ', A A: 10%2
(0 IN =R, BH B: 90 lE (&
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Table 1 Physical properties and types of macroporous resins

Resin Surface area Average
/

types Radius/mm m? e gl diameter/nm Polarity
AB-8 0.4—0. 6 500—600 130—140 weak
NKA-9 0.6—0.8 870 17 strong
S-8 0.5—0.6 600—700 — strong
HZ-801 0.4—0.6 500—600 weak
HZ816 0.6—0.8 600—700 none
SD-200 0.5—0.6 600—800 strong

2 #HXR 5

2.1 Aspergillus niger ZU-7 FHEEHMN S AR E
i 2 B 49 %2 i
MR 2 W LLE . M fEM 24 b5, b s
£ 2 3R N S B PR IR R B A e AR AT (HLREAE
B R O 5 0 5 B A% A D DL U Y O Y
M o 3ok X SR A 2 4 R R DL B - 4R
O T AR T RPN D) 7R -3 A SR e T R i
DR S Ao SEFF 2 6 B 118 e DR A IR /0N o X 4 v el o 1
YEFRIA B M0 7] 4 At it BE 40 2 1Y 57 4
D) 45780 A B 28 B R A G 2R 5 B
R 2 Aspergillus niger ZU-7 T4 E B Xt
ZHS R
Table 2 Effects of cellulase from Aspergillus niger ZU-7

on isoflavone extraction of soybean residue

Total isoflavone Isoflavone composition/ %

Enzyme
/mg content Glucoside Aglycone
/mg g™ (D+G (De+Ge)
0 2. 394 90. 34 9. 66
92.5 2.423 4.01 95.99
185 2. 387 3.58 96. 42
278 2. 256 4.23 95. 77

2.2 Bacillus sp ZU-4 FHREI ZH R ETRK
sk

M 3 AT LA B, LB fEM 24 h )5, BEH NG
PRG0S s it . O O A
21 YR 2R LA A V) B -3 -4 SRR W TG O . (AR
T 98 ARG » B LAREAE — %€ A2 1 e IR A1 B 114
45Ky, PemmE S e, HE IR HOCR . SR Y
144 g F11.92 g i, R 5 B0 5 i 4.
U3 T i © A BB — 20 B A e e R R R
J3hh . T B A S PR ORI, 2 A
BT AE R AT RIS 57 I 45 4 AL I A B R e
2.
% 3 Bacillus sp ZU-4 FHZEI Z MR AT I

Table 3  Effects of cellulase from Bacillus sp

ZU-4 on isoflavone extraction of soybean residue

Total isoflavone Isoflavone composition/ %

Enzyme
/mg ’ conteni Glucoside Aglycone
/mg - g ! D+ (De+Ge)
0 2. 394 90. 34 9. 66
0.96 2. 864 91. 04 8. 96
1. 44 3. 357 89. 68 10. 32
1.92 3.412 90. 58 9.42

2.3 Trichoderma reesei ZU-5 FHEEZFEIN T IH R
R 2 BN Y 5 1
HIRARF LY RN R LS4, Wil AY

H-R-% BB (EC3. 2. 1.4), A3 -7 5% b il

(EC3.2.1.91) M1 3-7j %) B # B (EC3.2.1.21),

AT RE P [F] B i 27 4 3%, K 40 i BE 1) 454

el E Y, mH G T - AR R, AT

DIRE I oo R S e . D i A L IROK

2T 24k 22 1 19 AN () it P R A 38 AT ) X TR S A

@ N A

2.3.1 BRKRMRT RSB AR AL

HIE 1 (a) B9 HPLC B3] LA . 16 K i i)

dr, Jukl K & B (genistein), # & #H J6 (daid-

zein) . Ye R} RKE (genistin) i & FH (daidzin)

R ARARAT, X2 B TR AR K WP R A R L

BAK, B, 1503000 B vk v 2 3 R A I i

A RE A TN I 2 B £ W R A K T S B, A E

THEARE IR R R AT . 28K, WA AT RE & 7E

254 nm AN, XA TE TIPSR .
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Table 4 Effects of pretreatment by cellulase on yield of B MAGYERMHAL AL . 1. 6 £, T
isoflavone in ethanol extract of soybean residue/mg H., 2l a3, 7}% BRI O &% AT
. ) Enzyme dosage/FPIU « (g soybean residue) ~! ﬂﬁﬁ@[ﬁj [JI—LI‘FEI 1 (C>:|° ﬁﬁﬁ%ﬂgﬁgm%%%’
Treating time/b - 0 5w B R L 19 00 T T R M N R A L T L T
3 13.91 15.16 18.00 17.38  20.08 TR S FOBE R S R R AR B . H S 0 A R
6 14. 20 16. 09 18. 17 20. 66 22.21 HEJE“HHD }3)]1[/1, Eﬁgﬁﬁ@ﬁ%ﬁ%%ﬁﬂﬁi

12 14.78 18.01 19.36 21.95  23.23

N e 93 B4 iy B A2 Narid ot
18 14.45  20.57 22.10 23.43  23.63 *’Tu%%EWM#EMEEiE%E“ﬁmA
24 16.08  20.22  22.49  24.00  24.47 . Wb, Zad B OK % 27 48 R B 1Y AL B,
50 15,57 19.60 2l42 2052 2581 (L ARHRG BEAR MR . T FL A S 5 O AR A

36 16.93  21.42 23.12  26.60  26.64 _ R o .

) k14 ) > H =1 3
48 16.58 21.84 21.85 23.73  26.41 MO AL, PEICAH SC B0y J AT B s 2 T

PE. RS T MM, X - R AH A EEM
MEATUFEL, 2BRRAZGIFEZHHL FX.

TR, AR R ) (1 2 AR IR,k R R Y L. LG B 4T 4k 3 W %) 5K 5 2 A X

e R IR, XU LT KR AN R g EIDAE. —EBCIRANMEE. R W ECR,

BRI AR A . BT LB, 236 h  RRELS IR, 5 A R B
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£ 400 %
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of | 12 | 4
RUA b \ f 1 100
ol e )
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(a) cellulase hydrolyzate (b) before enzyme treatment of ethanol extracts
3 4 600
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>
£ > 400 2
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o
>
200
100
2
! 100
I
1 I 1 1 1 1 L 1 1 0 n I " n " n n 1 1
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time/min time/min
(c) after enzyme treatment of ethanol extracts (d) standard substance

1 Trichoderma reesei ZU-5 2] 4 Z Wiy 4b ¥R 11 5 1) HPLC & %
Fig. 1 HPLC chromatograms of before/after cellulase treatment from Trichoderma reesei ZU-5

1—genistin; 2-—daidzin; 3—genistein; 4-—dadzein
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Pl R Y 2R S R ) OB S AR AR R A P R AN . X
FTHOUH Oy E 057+ Bl . AB-8 1 HZ-801 A R
B (RO R ST X T AR B O Y 5
HZ-816 #1 SD200 B A B F MRS fl 8O R . 2l T
TR S B 2 2 A A W AR TR PR . T 5
2385 A P9 AL RS 0 OS2 AR A 1R TR M 2 5
M TR A PR . B — s . DR
(1) SD200 AL W i X AR il 8% R 4y, % F HZ-
816, AR NAEMAER AR . (H I fhy T b 1w AR
T o TR FLAR i W B LA 00 By 2 DRD T 2 o 45
RAEEF . 16 C AR I KRS RS il K 55 5
i 9 SRR s — BB LS S B 5 A R AR . AR
SR TE S B ) 45 R AR DT 3 R FLARE I A
BORBIZE . It 608 R AL JEo ) K 5 8
LT AV v - oy AL TR R 77 P e
A REA B X M 7 3 RS AR R A RS A
RS5 FEKRFLBAE X 5 2R U A0 A2 0% B 22
Table 5 Effects of different macroporous resin on

isoflavone absorption and desorption

Aglycone isoflavone Glucoside isoflavone

Macroporous Absorption Desorption Absorption Desorption

resin capacity capacity capacity capacity
/mg /mg /mg /mg
AB-8 40.0 30.7 37.6 37.0
NKA-9 36.0 27.9 13.2 8.53
HZ-801 38.3 31.8 27.8 26. 8
S-8 40. 4 28.2 42.0 23.0
SD200 41.1 26.3 42.2 39. 8
HZ-816 32.4 19.3 41. 6 41. 2

3 % %

TR L AE R A, SIS . 5 Y
PR RS 1.2 4% [1.44 g+ (10 g JEWD ' s
1M 25 2 i i 27 4 2R B A WAL B S . K G 5 s T i 4
B 2B o (HZ AP REHE LURE 1 584 Oy 32 1) 5
P 2 A0 A 17 oo T S B, ok B LIRAR B4R
M i G MR & o 15 FPIU - (g BD ', & H
AFE 36 hfE . R BEAR U P OK SR R Y £ AR
YRR L6 A%, JFRBHE LUBET BN 32 0 5 85 R 4% 1k
B AR B PR R OO S R . ok B BLIROR
it 1) £F 24 2R I AE R 52 S5 B 1 4 b A WU T
AE. TI0b. TEWZ B AR OR & R R, 25 IR R

BB PSSR AL, A BE A BEOUE I O 2 R FL AR I
AT i g B A0 o R 555 B P ) DR FL AR RS o
JUHY S . ROREE
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