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Abstract: The objective of this study was to optimize the extraction process of flavonoids from Abrus precatorius Linn, and
explored its antioxidant activity. Ethanol volume fraction, solid-liquid ratio, ultrasonic energy and ultrasonic extracting time
as variables, the yield of flavonoids as evaluation index, single factor tests and Box-Behnken method were used to optimize
the extraction process. The scavenging ability on DPPH, ABTS" free radicals, and the reducing power of flavonoids from
Abrus precatorius Linn were also detected to estimate the antioxidant activities. Results showed that, when solid-liquid ratio
reached 1:50, the optimum extraction process (0.696%, highest yield) could be achieved under condition of ethanol volume

fraction 82%, ultrasonic energy 507 J and ultrasonic extracting time 42 min. Half effective concentration being ECy,
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0.028 and 0.009 mg/mL respectively. Abrus precatorius Linn flavonoids were able to scavenge DPPH and ABTS" free

radicals effectively, and its ability risen as mass concentration increases, meaning it is superior to Trolox. When flavonoid

concentration was set at 5 mg/mL, the reducing power on iron ion reached 2.42 mmol/L, which was weaker than Trolox.

To sum up, ultrasonic extraction technology can be effectively employed to the extraction of Abrus precatorius Linn

flavonoids, resulting in better antioxidant activity.

Key words: Abrus precatorius Linn; flavonoids; extraction technology; antioxidant activity
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AIE RS T RAIGR . TEATP DR, AR R 222
SYATT)VE L AR AR 2 R T A b L Mg AR
HRPLAETT VRN | BT . EAREE M O AT R T
P IR IT & AR EUBESS, AH B S alig 4
WL VAR IR I RURAUARE, TR SZ T 2 AR
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PEAE I IRBRAN R R A A R |
1.2 EWHE
1.2.1 AHEVEE IR A glifk R AR EUEERT 500 mL
AT AR TG AR v, R T [ AR I 2 38
2 h JGHET . A SIRREL 1.0 g L4 A S, TEAS
[F] 2B S . R L L RS BRI S I R A5 45 F T
AT EERE T 2 019% .

A B 2 38 0 AH JE R I i, ¢ 3R B DR R E
FEITHAAE B T 2 A T R RSB, DAL 75 AL
WA 55 25 U AREHRIR, A 10 A% 5 /KR e i T
FEAMBERR AR . ARFRATY D-101 KL A
I F 1.5 emx34 cm JZHTAEFHFH7, 1 1 98 5 LA
4 mL/min ¥% FARE, FRAAR 50 mL, Sl 9 &4t
RFK e 5 2%, JH 70% 2B 1 mL/min 335 7%
J, AR 12 A5 A AR e B, T4 . RV TH:
ARELFEL A O, ARG A SR ZE A R B B R S R 65.86% .
1.2.2 5T HrifE i 2R A28 i R A o 2R T 15 3R 0 2
Z: BRI 5A ST i I LAt 43 b Bk B Ay
2.0 mg/mL MY T ARMERK 0. 0.5, 1.0, 1.5, 2.0 mL
F 10 mL ZIERH, LA 5% 119 NaNO, #§# 0.3 mL,
HHE 6 min, SRIGHIA 10% 1Y AI(NO,), %K 0.3 mL,
' 6 min, TH/IA 4% NaOH % % 4.0 mL, & &
15 min, F/JA A 50% ZEEZXZE 10 mL, K AL
‘B 30 min, TS 510 nm LI E W GIR, LIS T Hk
B AR AR B . OGRS A AL AR Il TR -
B vE g . WORE SkEMRIE TR R y=
0.0011x—0.0067, R?>=0.9991, 7= T % R i e BETE [ Sy
0~400 pg/mL Bsf, W' B Flufe BE 52 B0 b 40 4 g 2R

P O A TR, DEOE A S 60 mL, 435
WAL SR 1.0 mL, #2288 IR PRVEII R AE S IO G R,
TR P B 5 e R R

ST R SR B
— 100 (1)
e 0 R

TR (%) =

1.2.3 ARSI A5

1.2.3.1  ZPse FE T AR B s M A 2R A 52 R
PREUFHEEEARE &S 1.0 g, [ AT EHE] 40 min. BHE
Fe (W/V) 1:30 FilEE A5 BB 450 1, 20 WMk BE 43 1) 5
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JH 50%. 60%. 70%. 80%. 90% %5 5 4~ /K-F- L HUAH
SEUBE BT, TR

1.2.3.2 R LEXTAE i B B A 2 0052 HERAFR
BOHIEEERE S 1.0 g, S M RER 450 J. OEEHE
80%. 75 Bf 8] 40 min, R} Eb (W/V) 43 51 1%
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JE BT, TR B TRA R4

1.2.3.3 BB [a) X AR B B AR A SR A S HERR
PREBUFHEEERE & 1.0 g, W8 BFS REa: 450 J. 21k
FE 80% FELAK e (W/V) 1:50, #8755 B[] 43 1) 158
20, 30, 40, 50, 60 min %5 5 /K- H2 HOFH B B B
Fi], oA TR A5

1.2.3.4 AT AR ERAS SR A T2 HERR
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MR 80% FILRBMA L (W/V) 1:50, B fe i 43 Bk
350, 400, 450, 500, 550 J 3X 5 /K F-HEBO U 25
T, 3o A5
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Table 1 Design factors and levels of response surface
experiment
K- —— S S
A: CEERIE(%) B BAME(min) - C: HAREREA)
-1 70 30 450
0 80 40 500
1 90 50 550

1.2.5 HAbRE S il
1.2.5.1 DPPH H HAIEERGE M e  FHIC/K i
Bt 0.1, 0.2, 0.3, 0.4, 0.5 mg/mL 14 & [ % & S
0.03, 0.06, 0.09. 0.12, 0.15, 0.18 mg/mL 4 Trolox
FREWE, £5 0 5 mL BT 2 B A b, Bk B
0.2 mmol/L 1Y) DPPH %#¥¥&, ] 85 MaAF &4 F1 Trolox %I
FEE RN ABREC Y DPPH K 5.0 mL, 15 1) 3 45 By
FEFAL 2N 30 min JiT, 7E 517 nm AbNERSGE, 11
I A1 Trolox X DPPH [ f 3L 7E B3 . ECs"s
A -A,
|
Hrf C—DPPH H HILTERR, A, —25 BN
WG, A,—FE SO G
1.2.52 ABTS'H H 215 R e J1 W & B
7.4 mmol/L 1Y) ABTS JF# 25.0 mL 5 2.45 mmol/L
B BRI HI S MR 25.0 mL IR 4, 7ERG AL W 16 h,
W BUH B /9 0.05. 0.10, 0.15, 0.20. 0.25 mg/mL [
WO A5 1 mL, A B & 4 ABTS T /EW
5.0 mL, IRA)J5HFE 5 min, 7F 734 nm &b H % 56
BE, FHIG/K ZWEVE R 25 A X BE, SR FH AR [R) 7 12 W B
0.005. 0.010. 0.015, 0.020. 0.025. 0.030 mg/mL ]

TERRE (%) = x 100 A (2

Trolox HRAEMR AT K W M %2 o 1538 B F A1 Trolox
%7 ABTS' H HHELTERZR ., EC, s
A -A,

o, A Shas USROG, A, SRR ISR
MIOGRE .
1.2.5.3 FRAP WyillxE 435 W HOHR S 1.0, 2.0,
3.0, 4.0, 5.0 mg/mL MJEERER 60 L T RIBEE
TERAZIEE PN 5 mL 19 FRAP 257, 1R F1345)
J5 BT 37 °C JK¥ 20 min, 7E 595 nm Ab I HK S
EE, LA Trolox SN BEIEATXT Eb 4B,
1.3 #IEAE

FALR] 2R S50 BT A 52 56 850 >R Orrigin 9.1
AT 2 PN 22 5 mig T 3 56 20 s A1) - Design-
Expert 10 34 4 Box-Behnken 47 [0 I 455 71 J5
R ST 2 J7 22500, SRR — Uk f#1H SPSS
20.0 FRAY AT EH (0] Jr 22 537 B W 25 PR gz, P<0.05
2 HBRESH
2.1 BEZRMEERAEISEAEID
2.1.1 P X AH R e B ERAR- SR8 ) AR
M T AT, B4 Wk, 2558 2 sk %
FH R R R PR EAS R AR . 2 2 T E AR
50% &= 80% Hf, G £, IWEvfe B 40, AH K2 e 75 il 45
NG . 2 LB EE IR 80% A, AH JE ik B el
R H. LB 80%, AH ML HE T
1522980/]N, 80% L BEFREUIGH LY 70%. 90% LI E.
A EE2E S (P<0.001), WNE 1A s, AFEFRE
{7 FH Z BB, SRAS e m PR BRI R AT 22
S, N TANEAE 75% BT ECR B U, AR T
90%~95% . stk i e $ B3R o v U3, BF B 7E 50%
1 T P B R e U, T AS SRS 80% L st HL
A REL T T R 7 35 e v, X X Sl 25 S Y SRS 1 AN TR
H, FEINAT GE S AR L H AN U SSUR BE AR OC . AR SEEOAR
P A R R 45 SN 70%~90% 1) 2 BEBEA T8 7 SR BUAE
SR SR TR ) 1 AT o
2.1.2 AP XA U RS R R e AR
b 2 25 HOXGH B BRORE S B P A5 2 0 52 ), 2R Lk
(W/V)TE 1:20 %2 1:40 B, BEERIE LLec2s, FH R
I A RPN . R B (W/V) AT 1:40 B
fig, AH SR TR A RS TP, ULIE] 1B, A IAH
MURNR LU B0 )5, BEERGEFE 4% Y, Ao
B AR e, RO EL BRSNS, 2R i aen, 5
WARSE G UTTE, PR MR, AN P
B e /K-S ARABKSE 1:40. 1:50, 1:60 =P 7K P52
Ko, B (E AR AREAR 2 2.0%, 5 w522 R
PP ESAE 1:15~1:20 MBHRA Ll DX H] $2 HE 1 145 532
UL N AN AE 1:40 B AR E T, AR SLg h
1:40~1:60 AR b X AH JE e B B A5 5 i 2 i 22 531)

HBER %) = x 100 2 (3)
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Fig.1 Effects of ethanol volume fraction, solid-liquid ratio,
ultrasonic extracting time and ultrasonic energy on the extraction
rate of flavonoids from Abrus precatorius Linn
e 5 IR IR R KT FUAR, *P<0.05, #£P<0.001; A: Z Mk
JE X S AT AR B R R 3 B BRI X B AR A AR BRI 5 C:
FIRF ] Xof 35 [ 74 38 B9 52 W) 5 D B 75 AE B 0T 55 R 74 3 1) 52 00 5
apex AR EH.

AT, JIr LA A ) 7 T 3 56 v B R 5 PR (W7 V)
S 1:50 FATIS LTI

2.1.3 &S A TE XA B s A R A e R A
[E]#E 40 min A AH JE B B RS R 56 15, £ 20~40 min
A, A L TR T A5 23 B A P B[R] G BN . AE

9]

40~60 min 5, A EURE TR TS 5 R AR At R H o i vk
AN 1C B, B ANHEISIA, AN EE T )
I ZYEE, 5 e, R FLBRR, B R T S AL
JoT 4k IET R, O LI 25 75 AL BT (] 4 S, 20 i
TR RE AZ AR {0 A BRI B b, DA ITTTAS 80 3 PR et st
THNE 4, PRPCCR A P2 (AP GE I o S B
IR | R HAAE B AR S 85 R s &, B i 14y
TFab e K A e, B K SR T AN R, I A 4
AP R BRI AS R R T AR RS S A
A1 30. 40, 50 min, Y70 EPEAGIEGATSE .
2.1.4 R AR A U e AR SR A R B
SEAB SRR TR AR G, i A S5 e ARG . 2
P REEL/INAS R DA DR AH R RE ], 2 R PN AT 2085
30 b AN P T AR M NSAR S B 2= 1 B R, XMk
7 RE R RS, BT N AN i 24 4% e A R R R, T
BRI 2052, A PN Ay B R I A
o, RO s H SR A Hh R 2] AR vpilE e
HEELTE 350~500 J I}, BHA 7 AE I A B 2 S
SR, FE 500 J BHAH T B S RS ok e K (E .
FAREI AT 500 J, AHEUEE S ERAS 0], anE 1D p
Re BEEIHBAEGEE N 450, 500, 550 J VEREHSTAH
ST R TR 5 R ES A I 7 T ST S o

TEAS PR RS v, BB A 50 ) B T ek
B, 51355 IAEKT LLEE, 70% F1 90% £ BEHe 3
A ERAS4 . 30 A1 50 min B9 B ERASRA o 25 55
(P<0.001), 450 F1 550 J By B ARIS A4 B &ML S
(P<0.05), 1 1:40 F1 1: 60 BHE LA EEFS RS 1:50
IR L3R A 3 25 5 (P>0.05) 6
22 M EAARE
2.2.1 W EEREG BT S A5 R R LY
PRSI AIT 2, Ko A L PR e el - 4 5 i i S 1 PRI 2R
A S E] L A R, DA RIR AN

K2 WIS TS KA

Table 2 Design and results of response surface experimental

s A: QEERIE B: ﬁ?ﬁﬁﬂﬂ C:lBHfER  WEER

(%) (min) @) (%)
1 1 0 1 0.61
2 0 0 0 0.69
3 -1 0 -1 0.55
4 0 0 0 0.69
5 -1 -1 0 0.56
6 0 -1 0.62
7 0 1 1 0.66
8 0 -1 -1 0.59
9 -1 1 0 0.61
10 0 0 0 0.68
11 -1 0 1 0.59
12 0 0 0 0.70
13 0 0 0.70
14 0 1 -1 0.60
15 1 0 0.64
16 -1 -1 1 0.62
17 -1 -1 0 0.64
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A 78 58, FH B B R A 3R R i W {E, 2R Design-
Expert 8.0.6 Trial 14 [#) Box-Behnken % i % 11 =
IR = P ZR A TSI, i, T T 58 e 4
Hange 2 B,

Ko B T 4523 Y 435 SR EA T 0L, A5 R S e 2l
15X WA EE (A) 8 I ] (B) AT A AEHE(C)
PR R 23 e )y R

Y=0.49+0.025A+0.012B+0.015C—0.012AB—
0.013AC+0.0075BC—0.052A%—0.027B*~0.047C?>

o o] U5 B Y JE AT Oy 25 43 8T, AL B FAE R
36.02, P<0.0001, HUZAL IR tnd 25, BIXAH JE#E v i
1R W2, HA G X, R 2
i) P=0.2104>0.05, 7] LIFA HiZ A8 5 SE BRI &
R4, 28/, BERIEY R*=0.9789, R®,;=0.9517, UitH]
AT AT LA RS 97.89% 1Y vl A5 R AR Mk, KAEA
2.1% BIASAEASRERS 1) & B R, 2 BH T 2% 5 5 5
Breg R — 3 Ecar . RITHE SR PHE,
P,=0.0003, P;=0.0123, P.=0.0051. P {E#k/]>, 5
FES A Tk, T A4S DR 22 % AR L PR e A S 3R S M A Sy
SR (A) > e (CO) > IRl (B) . 25k
B A R RIS 7 ORE 0 R I P AR AR /N T
0.0001, iR 2 THR IR L B 5588 7 B a] |
OB S S B RS AR Pag. Pac Y171
F 0.05, 32 B AR W3, S A TR] 5 PS5 BE 5L 28 AR
HH Pp=0.1983, KT 0.05, s HAFFHAN &, WL 3.

3 M A Y 5 25 A

Table 3  Analysis of variance for regression simulation

TERKWE FIM H H ¥ FfH Pfd
F5%E 0.036 9 0.004014  36.02  <0.0001
A 0.005 1 0.005 44.87  0.0003
B 0.00125 1 0.00125 1122 00123
C 0.0018 1 0.0018 16.15 0.0051
AB 0.000625 1 0.000625 5.61 0.0497
AC 0.000625 1 0.000625 5.61 0.0497
BC 0.000225 1 0.000225 2.02 0.1983
A? 0.011 1 0.011 103.16  <0.0001
B’ 0.003127 1 0.003127  28.06  0.0011
C? 0.0094 1 0.0094 8436  <0.0001
iz 0.00078 7 0.0001114 - -
FRISS = 0.0005 3 0.0001667  2.38 0.2104
a7 0.00028 4 0.00007 - -
eyl 0.037 16 - - -
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Fig.2 Interactive effects of ethanol volume fraction, ultrasonic
extracting time and ultrasonic energy on the extraction rate of
flavonoids from Abrus precatorius Linn

223 BIFEIRES b TR A R i R E, SR
Design-Expert 8.0.6 Trial # {4+ 1) Optimization %
Numerical THHE, 7R R 22 A9 BUELIE [ P, 18 B,
AN AE o SREEBCHH SR B A S R e e 25 Ak L
W 52N 82.0%, HE 7S B W] 2 42.1 min, 75 e

507.4 J, BHFE AT RN 0.70% . HRIESZPRAGERESE
1k, B A SR TIE AL, e HR EOR SE R 2
PRI AN 5 AR ZOBEUR FE h 82%, 75 HsF[R] Ay
42 min, #ARER N 507 J. A T EeREN R Ak
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25°R 0.605%, BEHHIEG(E 5 FRIS (B & 25591 .
2.3 HEBREIRMORELEE

B 25 AH JE R T B FN Trolox ¥k BEH4 I, FRAP {H
g, AR 05 EE J1 5 BEEE . Trolox SRR
IR ERME G R . AR B R EE 2 0.5 mg/mL Bt
Xof R B T 038 5 J1 o4 2.42 mmol/L, Trolox ¥&JE A
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Trolox TERHEHR BERT I FRAP Ml o B R4 i Ve B2 114
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Pile] F18) 4 5 - 38 I RE 1 255 T Trolox, {H -5 9% 54 B il
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Fig.3 Reduing activity to iron ions of flavonoids from Abrus
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R U R L AT 2 - 1) 9 Bk DPPH H i LB
J1, HFEEAE 0.1~0.5 mg/mL JE B PN 5 DPPH H i3t
T BRRAT ARG R, R DPPH H H 3k ECy,
24 0.028 mg/mL, W35 4, Trolox J&/KIEIELE =% E,
HASRPTEACE, & VR POBHRIR I 7871 Y

24 Trolox FIAH T H EPL & fLAE T
Table 4 Antioxidant activity of Trolox and flavonoids from
Abrus precatorius Linn

e SDPPH-WYIEFRAE ST STABTS™ Ui ERAE S
Lt y=465.9x+5.9827 y=3219.1x-0.5633
Trolox ECs,(mg/mL) 0.094 0.015
- LR y=103.52x-2.24 y=330.2x+2.426

EC;,(mg/mL) 0.028 0.009
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LT Trolox. AHEHE BTHR T ik DPPH ECs, {H -5/
TANEAR SN, 1R DPPH A i BERE 0 TR SR
Y RN IR R, U T g e e AR . AR
BB SRR RN T 2 B A e PR (H =
A A B RASOR 2200

AH FEL B 5 R 7E 0.05~0.25 mg/mL 75 Fl N 5
ABTS" H i EIHBRFA RAFIVLMOC R, BALTHF
H I ABTS'H HHELBR 1, P05 58 ROk I EC,,
Sk 0.009 mg/mL, T Trolox X ABTS™1) ECs, N
0.015 mg/mL, W.Z& 4, o SR A0 25 E X ABTS"
MTE RACR B A T Trolox. 5 HAthAB YIS Bl AH
b, AHE SRS B ABTS [ H 3L RE J1 00 T 5
AR O TS fe - R B L BAESEAN
SR P 2872933 L], 554 K00 R RE JIAH S
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