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Extraction process optimization and anti-oxidant, whitening activities of total
flavonoids from Broussonetia kazinoki

ZHANG Yi-li, HU Pei-hao, HUANG Zhen, CHENG Ru-bin, ZHONG Xiao-ming’
( Zhejiang Chinese Medical University, Hangzhou 310053, China)

ABSTRACT :: AIM To optimize the extraction process for total flavonoids from Broussonetia kazinoki Sieb. et
Zucc. and to evaluate their anti-oxidant and whitening activities. METHODS  With ethanol concentration, liquid-
solid ratio, extraction temperature and extraction time as influencing factors, total flavonoids yield as an evaluation
index, the extraction process was optimized by Box-Behnken response surface method on the basis of single factor
test. The scavenging capacities of total flavonoids on DPPH and ABTS free radicals, and their inhibitory effect on
tyrosinase activity were detected. RESULTS The optimal conditions were determined to be 90% for ethanol con-
centration, 35 : 1 for liquid-solid ratio, 85 “C for exiraction temperature and 80 min for extraction time, the total
flavonoids yield was 55. 14 mg/g. The 1C,, values of total flavonoids on DPPH and ABTS free radicals, tyrosinase
monophenolase and diphenolase were 151. 70, 242.20, 24.37, 15. 64 pg/mL. CONCLUSION This stable and
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reliable method can be used for the extraction for total flavonoids from B. kazinoki with good anti-oxidant and whit-

ening activities.

KEY WORDS: Broussonetia kazinoki Sieb. et Zucc.; total flavonoids; extraction; anti-oxidant activity ; whitening

activity ; Box-Behnken response surface method
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BRI E AR | X K HA, FHRTE,
FEMOL . AR AT Z RN (R AR ig
B, MR BATE AR L A KUREE . Sot ik
SEERY 5 ANVRTAR SR ICEI B 2015 4ERR (2
et JBoR 2 B H ) Wedk, o Bz rede
At ity SR EAT — 7€ W IT LRI

B ERATEAE ) A AR, O e B R
A, LA o AR 8T 0tk Mg 1 Sy E AR ) — R 5]
YIRS, BRI, EES, 7
a At AT A B Tz N Y, e B
TSRS, A I R R R O LR A P A B R
PAER; AORARET e, s R 2 bR it fb
GEILOISTSE S SN SN TR U N Y8 D)
o V0 4 BR BT SR AR 1 AR
VIR R PR B Y IR, R B AR
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800 AFtRiX (S BioTek 23 #]) o

1.2 &XAL5HH RARR A #LA N,
UL R 25 2 24 2 B rh 25 BE IR 5 B R AL o
HIF K E N EZR R /NP Broussonetia kazinoki
Sieb. et Zuce. W) AR, AT X B 5 (B20771-
100 mg, 4L =98% , L5 T27F10281699) . 1, 1-
FRIL DT 3L (DPPH)  (S30629-250 mg,
afi B 98% , #t 5 W27F10E81251) . L-fi& % W&
(S20087-25 ¢, 4t 5 J30MIOR84464 ). L-% t
(S20191-25 ¢, #t 5 025M8K3214 ). A& R 1F
(B21402-20 mg, 4fF=98% , L5 T17S6B1) ( I
IR AE YRR R AT 5 2, 228RA-Z (3-&
FEIEIFEME-6-REAR ) T AKER (ABTS) [ EE/RAk2
BHE (demt) ARAF], #t5 54C1201V]; LUK
MR (EHE Sigma AF], #t5 WXBB4747V) ; BEE
fRM (3% E Worthington 28 A, b5 34A14699Y ),
Tk, AN, ERRE . WRRREN ., R
BRI RN, BERRE AN el

2 FEEHR

2.1 BEHBRASHETNE

ZHEICHR [11] fRIER)

T,
211 XS A RS RO TOX) IR

10.0 mg, 75% L BEERE 10 mL, $£25), W15
(1.0 mg/mL)
2.1.2 KA EIS IMIRR RS 50 B
i, FEEHBOA 1.0 g, A 20 mL 75% £ B,
B T70 °C fH 5 K W R A A E R L 60 min,
e, VEWE R E S0 mL BT, EA E LB,
HIEE
2.1.3 kiR aE e B, | X R R A
I mL, &F 25 mL L@ H, N 5% NaNO, %
1 mL, IRAGHE 6 min, il 10% Al (NO,), ¥
I mL, R2)J5H & 6 min, /Il 4% NaOH ¥
10 mL, ZEWKERZE 25 mL, RS, #E 15 min,
1 200~ 800 nm PAALFEATIAHE, AP Fik 2 Fhig
WAE 510 nm Ab3AT S R MR, koo 33 LA Sk )
Bk,
2.1.4 ZAEXRRFLE KEWHO0.3, 0.6, 0.9,
1.2, 1.5, 1.8 mL XHHE ST 25 mL HL &,
e “2.1.37 TR IEANEL, DIZRIBKAERION A
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i A RE Sl — SRR A N 2, S EUR
R R, W 1B Fis, a1 R & wokr
Fes K SeFHE ms R, 7 30 ¢ 1 AR KAE, H
HARSIE NI 15 2 S M A R, AT fRE 2 i T A
RS AT 2R st P B, ARl 1C B,
B A R B A R T I S TS R, AE 80 CHT A
B KA, AR Y I 5 B mT i 2 (o BT 28 B o 4Rk
A SEASR T, WK 1D FR, BEEER
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Fig.1 Effects of various factors on total flavonoids yield

8] 60, 90, 120 min, FAGIEE T 20 L EERFLS
#85% , ORHEL 30 ¢ 1, $RBURE 80 °C, FEHUAT
] 90 min, ELEEHEIFR A 52.36 mg/g,
2.3 Box-Behnken "1 & @ kR4 7EEAR R 46
el b, DLOREARUM R (A) | WOEHEE (B) | 2
WURE (C) ., WU (D) R H R, S
AP R bR (Y) FEATIR N 3B, PR K
FWFE L, SRLE2,

Sbul Design-Expert 8. 0. 6 %(H:Jﬂ:ﬁ:fjﬂ%, B
M £ 3 52k V=51.45+6. 004+3. 48B+5.51C—
0.031D + 1.224B — 0.49AC + 0. 684D + 4. 34BC -
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Tab.1 Factors and levels

KT
H= -1 kf 1
A 2B/ % 75 85 95
B Wk 20: 1 30:1 40: 1
C $RWURE/C 70 80 90
D FEHLATH]/min 60 90 120

F2 AWRITEER
Tab.2 Design and results of tests

S A B c D AHEEIRE/ (mgeg!)
1 0 0 0 0 52.02
2 1 1 0 0 49.52
3 0 0 1 1 46. 84
4 -1 0 1 0 37.91
5 0 1 -1 0 32.29
6 1 -1 0 0 40. 80
7 1 -1 0 40. 88
8 -1 0 -1 36.97
9 0 -1 0 -1 34. 46
10 0 1 0 1 39.09
11 0 0 1 -1 46.75
12 0 -1 -1 0 32.02
13 -1 0 0 36. 63
14 0 -1 -1 33.40
15 -1 -1 0 0 30. 60
16 1 0 -1 46. 58
17 1 1 0 49. 30
18 0 0 0 51.77
19 0 0 0 0 49. 47
20 0 -1 1 0 33.38
21 0 0 0 0 50. 66
22 1 0 0 1 48. 96
23 0 0 -1 1 32.89
24 -1 0 -1 0 27.53
25 -1 1 0 0 34. 44
26 0 1 0 -1 49.75
27 0 -1 0 1 43.13
28 0 0 0 0 53.30
29 0 1 1 0 51.00

4.83BD + 0.15CD - 5.504> - 6.71B> - 7.50C* -
3.59D%, HEAMLEE 3, ML, deE R
R*=0.982 2, BIEAHCRE R, > =0.964 4, HiAI
F=55.2, P<0.000 1, REBRIGHBEZL; K
P P>0.05, KR SEARIIEFEE R4 A,
B, C. BC, BD, A*, B>, C*, D X B 5K
AW (P<0.000 1), £ K2 %mEER
UK RTS8 > 45 U > OB b > 45 B[R]
M 7 T 4302 L 2,

R3I AESW

Tab.3 Analysis of variance

KR BT AME  Br Fla PE

TR 1 749. 684 14 124.977  55.215  <0.000 1
A 431. 606 1 431.606 190.685  <0.000 1
B 144. 991 1 144.991  64.057  <0.000 1
c 364.723 1 364.723  161.136  <0.000 1
D 0.011 1 0.011 0. 005 0.944 6
AB 5.942 1 5.942 2.625 0.127 5
AC 0. 956 1 0.956 0. 422 0.526 2
AD 1.851 1 1. 851 0.818 0.381 1
BC 75.229 1 75.229  33.236  <0.000 1
BD 93.423 1 93.423  41.274  <0.000 1
CD 0. 089 1 0. 089 0. 039 0.846 0
A2 196. 321 1 196.321  86.735  <0.000 1
B? 292.018 1 292.018 129.015  <0.000 1
c? 364. 497 1 364.497 161.036  <0.000 1
D? 83.515 1 83.515  36.897 <0.000 I
hkZE 31.688 14 2.263 — —

AT 23.309 10 2.331 1.113 0.499 9
gl 8.379 4 2.095 — —

Javill 1 781.373 28 — — —

H UL AT AT, H R HRER T2 & B AR AL 2K
90.67% , WKL 36.03 - 1, HEHUEE 85.20 C,
PLHUE] 79. 64 min, L E TS H N 55,64 mg/g,
BB LR, o HABE N SRR ST E 90% |
WORHEE 35 ¢ 1, $RBUEFE 85 °C, HRERHE] 80 min,
AT 3 W R LB, A S T 415 R
55.14 mg/g, SHUM{E 55.64 mg/g i, S5
R 15 52.36 mg/g LR EETH T 5.31% , KU T2
GHRRE, N R S SR A 7 B SR
2.4 HREMFHFE
2.4.1 DPPH HHEIFRFWE Ml 10, 20,
40, 60, 80, 100, 200, 400, 600, 800 wg/mL
BRI . L-BUIR M PRV W, A HC 1 mL, JIA
5 mL 0. 06 mmol/L. DPPH LB, FoMIRAIGE
I T ARG W30 min, T 517 nm P AR E WO
JE, DL L-BURINER A PR EXT R, SEAT 3k, TR

0

(A, N1 mL 78187k +5 mL DPPH Z BN A6
JE, A, N1 mLAES +5 mL DPPH 2 B3 I A9 1%
JERE, A, N 1 mL RESL+5 mL JCK 2B RO
B, SERULEI3A, LR, Rl SRR
JEEH R TR, O BR DPPH H B JE A BE S 2
g, JFAAE - EREACR, YHBEEWEKE RN
10 pg/mLAF I BRH AV 6. 88% , ifij g 400 wg/mlL i
ik 87.77% , 1C,, >~ 151.70 pg/mL,

} x 100%

845



2020 4F 4 A
Fak F4

Ok A

Chinese Traditional Patent Medicine

April 2020
Vol. 42 No. 4

HEMEER/ (ngg")
NResHh3a

a. LB B S HR T

BEMEER/ (ngg")
pneaeshda

d. OB 5 SR BUR

b. ZEAER S B SREURE

e. YUKt S 4R BUR ]

. BT HUS RE )

2 ZFRERZEWANEE

Fig. 2 Response surface plots for various factors

2.4.2 ABTS HHIEERRME S50k [14]
HRIE ) LI ML . B 7 mmol/LABTS ¥ 5
2. 45 mmol/Lit BRFRFFVS W HE 1« 1 LR G35,
FIMEOL N E SR, Wl ABTS W8, 7 12~
16 h e, A HZ KRR, HHAE 734 nm
KT BWSEREE R 0. 700+0. 020,

Bt i 60, 80, 100, 200, 300, 400, 600,
800 pwg/mLEVEETRAE Y | L-PUIR M RIS, 45X
0.1 mL, A 3.9 mL ABTS "4, F£4rIR5),
FEiR PRGNV 10 min, T 734 nm KA E %
JEEE . DL L-BUIR iR Sk B X IR, AT 3 Ik,
“2.4.17 BUFARIAIERSE (4, 0.1 mL 2508
7K+3.9 mL ABTS H i3 TAERI WG, A, R
0.1 mL #E4+3.9 mL ABTS [ 3 TAEWR I AW
JE, A, M0 1 mLEE S +3.9 mL 7548 /K B B9 1% O
JE), S5RILE 3B, MULRTAL, B R AR )
JR R T, R ABTS [ 3R R RE J) & i
R, P —EEROCR, YHBEREEN
60 wg/mLIHFRZHAL 13, 11% , 11k 600 wg/mL Hf
FEIT 100% , 1C 0N 242.20 wg/mL,
25 EFAFKHER SHEICE [15] HEM
Tk
2.5.1
846

PR EEEIE  7E 96 FLAEFR A L

55
250
& 45
£ 1
1}@ 35
B 3
® 25
m
40
/35
25 30;@(‘&
6025 = o
£, $REUEJE 53R B )
100+
X * * *
® 807
&
T 604
3
= 407
z - BHERIY
o, 204
A —— [P R
0 L) T T T T 1
0 200 400 600 800 1000
SR E /(ng-mL")
A. DPPH
100~ — * N
=X
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Fig.3 Scavenging rates of samples on DPPH and ABTS

free radicals

A L-B§ZIR (2.5 mmol/L) VMK 50 pL Az L 35 il
PEE . RESRAFIAM (10, 20, 40, 60, 80, 100,
150, 200 wg/mL) 4% 25 pL, A5 37 C FIHdE
10 min, MIABSEEREE (250 U/ml) I 50 ul,



2020 4% 4 H ok % April 2020
K FHA4W Chinese Traditional Patent Medicine Vol. 42 No. 4
R2)JE37 CFHFE 15 min, T 475 nm P KA & 1004
ORI, IBERR AL MR (pH=6.8) 78 (4% .
WA, BB BT, AT 3 U, R AR, £
@ﬁﬁ%ﬁ%:ﬂ“ﬂ>'W*“}mm £
A -A, 2 4] o BEEIRIY
(A, WAV, F AT 15 S G 6 1 T R
A, ABRTCHEA S, JC W 2 R A 1 RO B T 00 1% 0 2w
Ay IR R, A R T )
A, A HER SR, R T SRR A IO ) | 107
GESLULIE AN, PhHCTT AT, B R 4 < 0]
e TG, K P 2T T 0 Bl 8 z
B, OJF R R ROBOME 0GR, 4 LR Rk N §“
10 pg/mLEH I HI R AL 42.51% , 14 80 wg/mL Hf 11 404 © BHWERY
ik 74.699% , JF ELIVIE 38 T ARSR T, A 2R 42 B R
By . REHLAF Icsoé}%l]jﬁl 24.37, 15.05 pg/mlL, 50 ﬁﬁjxﬁ/w;ﬁ_l) 200 250
2.5.2 “EYEEHIEISIEN T 7E 96 FLEHER AR L et

A L-Z1 (2.5 mmol/L) ¥ 50 wl Bz S H i £ B
Y. RERIFIAW (10, 20, 40, 60, 80, 100, 150,
200 pg/mL) 4525 pl, #2537 CTFIFE10 min,
AR Z R MG (250 U/mL) ¥ 50 pL, BA)E
37 CFHEE 15 min, T 475 nm KA E )6
JE, DIBSRRERZE v (pH=6.8) Mo XA, AE
WA MBI, 4T 3 K, % “2.5.17 TR
KITEM R, 2R E 4B, ULel A, REE R
B B IO Jo s TR R v, LR R S R T I i Y
Tl Be Sz g, IR A EREMOCR, MR
IR 10 pg/mL W 406 384T 43.74% , 10K
60 wg/mLI 1% 68.98% , I H. M il VE FH 3% T AE
R R AR ELY) . RE IR AT IC,, 4r i R 15. 64
14.50 pg/mlL,
3 iFig

AT, A e i T2 ik 24 1E
TR . ¥4, Box-Behnken 34511 Hirh
Box-Behnken JAGHEYE &, Al 5838 IE 3K, 94
B RMARR R AE A AR R ARSI R X
Tk MR B EPR R T, BRI TR
BN RIRIG IR T 5.31% , A A WA o6 KM
B I B85 6 ml, XIHGE % R, FRE
Xof i T A B 140 5 W) B AR U Oh AR A 4 B>
R LG > P2 T (B > 2 BORLEE , I AR 5255 Ry £ BEAA
TR0 B BE > TORE G >R ERU R) 26 W 3R L
e UL i A NGRS o P Y I N A
B, SO S OGO R A, A, iR
AL O A 5 R P - BRI, B AR,

B4 H@XBREBE, —EHEBRImER
Fig.4 Inhibitory rates of samples on monophenolase

and diphenolase
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FAFIARN G EER R, 5, HRFELER
WY, 2R EATERR A R S R RS
KR EAFH]) 2 R, RAE R, JiE
A T P T O T R SRR B S A A . 4 5%
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VO i R BT . DRI R A TR, ARSI A&
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