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Extraction and ontioxidant evaluation of flavonoids from Gynura divaricata
(L.) DC. leaves

ZHANG Huan-xin, ZHENG Yi, YIN Ling, DONG Zhi-jian
( Jiangsu Agri-animal Husbandry Vocational College, Taizhou 225300, China)

Abstract:  Flavonoids with biological activity were extracted from Gynura divaricate (L.) DC. leaves by ethanol
method, and their antioxidant activities were evaluated comprehensively. The extraction technique was optimized using or-
thogonal experiments, and the optimum extraction parameters were as follows; ethanol concentration 80% , material-liquid
ratio 1 : 25, extracting temperature 65 °C , extracting time 120 min, and under these conditions, the yield of flavonoids was
3.81%. The results of antioxidant test showed that the flavonoids had strong antioxidant capacity and obvious dose effect a-
bility of Fe™* was close to that of V.(P>0.05) , but much higher than that of BHT. The ability of scavenging DPPH and
ABTS free radical was strong, and their ICy, values were 0. 039 mg/ml and 0. 062 mg/ml, respectively. The scavenging a-
bility of DPPH radical was significantly higher than that of BHT and V.(P<0.01), and the scavenging ability of ABTS rad-
ical was significantly stronger than that of V., but not as good as that of BHT.
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1.1 REH RS EEiKFH

H =-EMT 2017 4F 8 H R A LI AR HRHE
HRAD 2 e S I 6 |l 7= T b off i S TLC 46, i 1T
PRAEFEARAGBRA A= 1, 1- 2R 237 R ik
FORME (DPPH) 2, 2-BRA-— ( 3-& FE-2R I WE Wk-6-
PR ) —#Eh (ABTS) HPLC 4fi, i ¥k 7o 2k f Bl 2%
() ABRA R A A 2 C ARl o 1 i B
LT AR By A3 BR 2 F) AR 7= T IS H R
(BHT) b, A 3€ [E Sigma 23 7] A 7= B AL 8 |
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oybrali, i Be 25 4L A 1 Ak 22 R A R J AR 2
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AL204- BV ATT RV FR MR - E R 2 A3 LA
FRASRIAE 7 THZ-82A K WHERSRZ #i Hh T3 R AR 2
3 A R AR, 6L T AL £
LABCONCO 2\ A 42 7% SP-2100UV %8 4h 3 6% B 31
A I EIE AR A FRAA Bl A2 7=  ELTA-320 45% pH i1
H R -FER 2 A BR A wl A2 7, TGL-16MB =y

BLOLE R VMR B DAL BRA 7 4277, TF101-
2 HLAREL A AR FR I 0 TR A LA o A PR A
A7,

1.3 RIWH*E

1.3.1 R#RERIYE [T =-LEHRERT (45 C,
12 h) 5, Bt 60 H i, HERHFRIC— & T FE A
KFHEICHH LA FUERE A B, KT IR
Da PR — 2 B (] 3 U8 R DT LS Ve A B RS
AHETHREIAEAE = a5 YE T, &
VKAV A

1.3.2 T &4t PR GG IR I, 6 s A
RIKER, LIS PR 546845, R
PR 2 =K IE 28I BT Lo (3%) fE Ak B 2
AR EET ZHE SR ESKERE 1L,
#1 EXEEKE

Table 1 Factors and levels in orthogonal experiment

W&
KF (AR B L PRI ) RIGE
(%) (g ml) (min) (°C)
1 60 1:20 110 60
2 75 1:25 120 65
3 80 1:30 130 70

1.3.3 a¥F =L xiEAsSHmegn T
1.3.3.1 Pl ZeiyilfE  BemIA F B T
FRUEIR , LA i 2 60 - 18 40 A S €500, SR FH Lb 7%
(A=510 nm) MEMWIEE" . LIS T R E N X
Bl GRS Y A 22 bR o i A ol 2 T )
TN A=11.436 0C+0.000 6 (C. 2T it Wk JiF
mg/ml; A WG ), R=0.999 5, # {25 ¥ I 76 Ji &
WEEH0~0. 06 mg/ml, A RAFINLMELR (K1),
1.3.3.2  HERAAWARNE PRI & &
HH = LAY, BT AR 50 30% 1
CERBGERT 25 ml LA IRAIA], FlK
A=510 nm ZbMEMOCREE, # AKX (1) HHEHE =
LEER G YRR,

HE = LRGSR = (NxX)/

Mx100% (1)

KM A =L TR (g) s N HHRER
P a (g) s X AR RIS A& 5 (%) .
134 AF =XKW ELSYIREARE MR
PRI T —-E B 254k &9 10. 0 mg, iLA 100 ml
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PR, L 65% LI IR 2 25 . 50 5k
HLOml.2.0ml 4.0 ml.6.0ml.8.0ml 10.0 ml ¥
T 10 ml AFEFE I, FH BB R0E 25, WIS 0 &
W N 0 mg/ml, 0.02 mg/ml, 0.04 mg/ml. 0.06
mg/ml 0. 08 mg/ml 0. 10 mg/ml 4% =L B Hi 21k
GYIREW TR TG A ) o £ vk B B 2 Y VAT
BHT prufEMAE A% B PR 13 = LR &9
bt EALTERE , Rl —R G EE 3 )™,
1.3.4.1 WEJE  BORF R A =L
FR2SAL A PIRER 1.0 ml, SEJE A 0. 2 mol/ LR ZE
M 2.5 ml AT HEE 50N 1% 19 K, Fe (CN) (5
2.5 ml,50 °C 7KW S 20 min,ﬂg‘/&'\jﬁﬂﬁﬁﬂ/\ﬁi
EC10% (= LB (TCA) EW 2. 5 ml, HR 5 1475)
J5i3 000 r/min B 04N HE 10 min, B EIHWK 2.5 ml, 53
BIANA 0.5 ml 0. 1% FeCl,F12. 5 ml Z&18/K IBA
S)JE, B 700 nm Ab IR WG RO EE K
INRIRE S PU A ATE PERY SR S
1.3.4.2 5k DPPH A i35 2 M Heo %"
()73 O ) o v B 1175 — L s 281k & ke
Wi 2.0 ml, %M 0.2 mmol/L DPPH - Z FLIAW 2.0
ml, &2 Je MG N 30 min, LATC/K SV B i
K 517 nm ALIME AR SRR, [R1AS, 43 00 2 A5
WIANTC K 2 BEIR A W . DPPH - 15 5 JC/K 2 %
TRAWRAE 517 nm KRR . ATF =L s
A YIXTDPPH - WERFEF A (2) A
S AXA()

DPPH [ H 30 FR% = (1- A

AP A B & YR RCRIDPPH - NS
(I AR, Ay R RE b ORI T 7K 2L B TR A T B IOl
{H,A, HDPPH - RN JC/K BER SAWOGIE
1.3.4.3 I5BR ABTS H A%  fEMMFRER0.384 1
g ABTS £10.066 2 g K,S,0, T-Hetf i, FZ& /K E %

Yx100%  (2)

% 100 ml, ffi ABTS F1 K, 'S, O, ¥ &£ 43 1l 2y 7. 00
mmol/LF 2. 45 mmol/L, ¥ %R A5 ¥ Wk T % Ui T
JER 12~ 16 h, 2 BUA ABTS ™ % W 0. 01
mol/ LBEIRZZ th i (pH 7. 4) T B 2P K 734 nm 4b
ARG R 0.7 BOAS ) Jo e B 113 — L
FR2AL A PIRETR 0.1 ml, IIA 4.9 ml ABTS "%,
PWRHFES], FE 10 min, fF NV 58 2 J5 76 734 nm 4k
D5 2 NE RO AR, 1 — L R 25k & vt
ABTS " IHRR A (3) A

A
ABTS Em%?%%t%é:(l—f)xm% (3)

A A B R 2R AL A YRR ABTS ™ SO0 &
I SGAE A, ABTS VAR I WO
2 ER 55T
2.1 REIZSHMWL

KU ZE =K Ly (3*) 1IE 38R 56 % A [
K FEHITH A, VLRSS0 & W15 R R % 2548
br, b A =B EERI AW IR I TZ iRAs R
5oL 2,
%2 EXRBSHEASRAKRER

Table 2 Arrangement of orthogonal array design and the experi-

mental results

Mo AL
] A 5 C o A

(LA EOCRIREL) CBIRA i) (Bt ) (%)

1 1 1 1 1 2.08

2 1 2 2 2 2.78

3 1 3 3 3 2.64

4 2 1 2 3 3.15

5 2 2 3 1 2.89

6 2 3 1 2 3.25

7 3 1 3 2 3.48

8 3 2 1 3 3.61

9 3 3 2 1 3.18
K1 7.50 8.71 8.94 8.15
K2 9.29 9.28 9.11 9.51
K3 10.27 9.07 9.01 9.40
k1 2.50 2.90 2.98 2.72
k2 3.10 3.09 3.04 3.17
k3 3.42 3.02 3.00 3.13
R 0.92 0.19 0.06 0.45

Tl K A3 B2 2 D2
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XA R A G 544 T i s 2R A &4
PR, B2 2 AT, 76 36 i 2 7K
Y0 PN, 2% DR 200 B I 25 6 G 5 23R 04 5 i) /MK
WM A(ZEERF 80 > D(IRBUEE) > BCRK
) > COHEHRETR]) 3 O FEE R A Y — L # 2 1L
EYIEAR T 544 K. A3B2C2D2, BV, 2 BEAR R 43
0 80% , B L1 + 25 (R RFR L) |, BB E] 120
min,%’%ﬂ?ﬂ%g 65 °C, EHFMFTFTATLUNMNAET =L
HRR AR AR I BRI B Y

FETR 01 R 14 7K T30 Rl P, S BB ()X 1 35 =
L EEZEA A IS RN AN (225 ) , DAL
YRR 22T, 3R ] SPSS16.0 X 1E A1 6 45 ik A7 05 2

®3 EXRKBHEDN

Table 3 Variance analysis of the orthogonal experiment

SR, AE R EE 3, M AR 3 Al ISR A RN
119. 94 ;= H R 22 W nl B K A3 0.008, HAT B 3%
P, Y RZBR =0. 997 , 6 IH IR B0 AR 1Y 5 S PRid 56
%8 B e B LA R (P<0. 05) , AT LA g A 75 5
TN AT A1 =LA & W HE U 5 5
R Z A SR JEGT e, b b o 8 i 2
A YRR AN (P>0. 05) 3 R4 B 42
YT B %o T 2 A G A e 1 B AT B S ) (P<
0.05) , o 2 B R B0 BOx o8 i 24k & 15 3R 50
Wi 1% A 2E K F (P<0.01) o FIEATAL, HT =
FZAL A AR G R 38 B £ BEAR AR A U
AT R N

AL i 22775 i H ¥ FE PH R
5 IE AR Y 1.751 6 0.292 119.94 0.008 W 8.3 (P<0.01)
A( LFERFUY L) 1.315 2 0.658 270.26 0.004 W % (P<0.01)
BORHE L) 0.055 2 0.028 11.38 0.081 A #E (P>0.05)
D($EBURE) 0.380 2 0.190 78.18 0.013 B3 (P<0.05)
RE 0.005 2 0.002

Bt 22l NI R C VR IR ST JeE 250 = 0.997 (K IEJG k@ 2% =0.989) ,

2.2 WIERAIE

HRHE A AL 5 e A T 28 45 . & AR B4 3K
80% , KR L1 = 25 (it iRFRLL ) SR BUREE 65 °C,
BFE] 120 min, 8 3 I IE ML, AR = £
B2 & W A5 R 505 3. 82% 3. 78% . 3. 83% , i
M2 ik &9 ¥ 18R K 3.81%, ¥ iRE N
0. 525% , VIR HIE s Sk LA S 20 135 =
WAL A YR I T 2 S B T 5,
23 BE=tEMEUEYRELENE
23.1 ZRA AL EA RN ] =4 B
FH 3, R EEAERE , AT SR N A Ko+ 1E A AR
IF AR, T 240 B 7 A 4 A T 5 e 48 1Y T R
Uiig. REBARRHCEALER (A B IR
J i AR B ) 7 A8 A T N IR Y 3 R
R R T A AT T IR, Fe® Tl B
LA N Z M I R RS i A O
TP 700 nm b EAT F RO R | IR B K 3R B
W R 2 Bk, 3 R Ak
Jo VR S, WO (R O, Rk s
RSB T Gl Ty 22 A BT AT, Y R

FES 0. 02 mg/mlf , B G5 V. . BHT Z[H]
WHENIF LB ELER (P>0.05); S FE ik E X
0.02~0. 08 mg/mlf}, BHIZRALGY S V Jo B & %=
5 (BT F B JE T 0 2 KT BHT (P<0.05) 524
Fi i KT 0. 08 mg/ml I, =3 Z [ I{F7E
XS, HUILAT AL 3 FhHTE AL RN Fe™ b JF HE
KAMKIK Ny -V > AL G 9 >BHT, B 2510 &
Yl JE I AE W E 40.02 ~0. 08 mg/mlit 5 VAR
HHR T & F BHT (P<0.01), RAAH =L
B AAL B PRT Fe' HAT W3 A i R | ik
Ji 2N ) 45 SR 38 2 26 b R AR 3 Y A H
J T AT DAHERT S L IS A B
WTEMA #2 T NRB AP is 1k

2.3.2 #M DPPH A W ieyse s DPPH - fEL
VS P —FPRRE 1Y A H 3, A HLF7E 517 nm
BT AR, IR RO R b A AR
PUEARIAEAE , I8 I 5 A B8 5 IO’ A7 BE X
DPPH - %% i& J& 5% DPPH-H, {8 5% W% i 4 2% a5 sk
55100 B, BV MR &R R B A AR SRR S
THERDPPH - (1R85t b5 | 26 300 WA T R
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S o4l < 600}
= N %
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X 02f P
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Fig. 2 Reducing ability of flavonoids, BHT and V. in

defferent concentrations

BRI ZL 1C B (1C5, TR RN 50% I Jir 75 Pt 8 1k
A BT RV BT T s IO vk B TG, R B 4
e s ) B/, W 3 fr R, 3 A Ak R X
DPPH - ¥ BRI bt 25 o it vk BE A 38 mmi 3 ok, 78
J M 0~ 0.08 mg/ml B, 3 F it 48 Ak 7 X
DPPH - 1% 3 B 28 F it ot Wk B 1) 22 B0 47 I 4k G
%, EEIZEILAY V. BHT XIDPPH - i KIE B %
SR 94.72% ,84. 47% ,47. T4% . >4 [ 1 J& K
T 0. 08 mg/mlf, 15 BR 238 ke 22 , & I L BB 4
FEFIXTDPPH - 1435 Bk g 1 AS e % W8 i e 40 1k
Wb, I, E R R0~ 0. 08 mg/mlAT, 43 5 LA
FES B R O A 28 B DPPH - 3 R Oy AR &
AT B3 3 Fhhi LT IC, 6o . 75
25 AL &9 0.039 mg/ml, V. 0.047 mg/ml, BHT
0. 094 mg/ml, B i ZS4E Y 5 BHT Fl V Z [ 47
TEMN 35 22 57 (P<0.01) o FHFT AT 3 R S A
XFDPPH - HIH bR g 1 K/IMRIH - 54>
V.>BHT,

2.3.3 AR ABTS 8 wiksE /1 ABTS Al # K, S, 04
A, AR SR A F PR T ABTS 7R K
734 nm AT SR YL ABTS AR BB K | EE
PG Y, EEDPPH - 45 5 SHt 84k 7 & 4
KN, 5k E 7 B DPPH - A [R], Bt & 7 1 bR
ABTS “JEHL PR R, AR S Ak R A e B
A HERL T RE BT RN (AN 2R BT ) , ABTS ™
ZIE A TR G A ABTS, 56 W i3 2% ik
55, PR AL H - BB O 85 Vi BR ABTS ™ BB 7
9, AL G VR N PUEALR Gl RS A
P 2 S iy A A A e X ) fh 2, AT 22 1R A

¥ (mg/ml)
—=— HREEY);, —e— V., —a— BHT
B3 AEREHELAY BHT 1 V X DPPH B & HH
B &g
Fig.3 Scavenging capacity of flavonoids, BHT and V. with

different concentrations on DPPH free radical

P 3 2 N S e R ALY S e 4 PR,
TEABTS Vi B 120 56 v T B 58 Bt 45 0 40 700 Joi ik
JEE S I S A A 2 PR B, 3 53] LA o o R R
AR ABTS i B 2 o PR AR fE AT MU
RS 3 R ARG BR ABTS " IC, {8 - 15 il
KA1 0. 062 mg/ml, V. 0. 118 mg/ml, BHT 0. 049
mg/ml, BRI IRY) IC, 5 BHT Fl V  Z B 1EAE
W22 5 (P<0.01) , 3 FHr A LI X ABTS " (1)
TR AE 11 R /IMKYR R BHTS B AL SISV

100.01
80.0F
S 60.0f
£ 40.0f
pu
20.0f
0 | | | | |
002 004 006 008 0.10
FU IR T (mg/ml)
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Fig.4 Scavenging capacity of flavonoids, BHT and V. with

different concentrations on ABTS free radical
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IR 1 =LA G 2 — B O Y e L
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min, B HZEAL 5 Y7 34975 %6 3. 81% ; LA AL 56 25
REP P =LA HA B b E e
71, HEW R AR ERY , X Fe™ BRIFRES 5 V, 3%
VT (P>0.05) , 1L = T BHT; X} DPPH « F1ABTS
BA R BTEBREE 1, 1 1C (843518 0. 039 mg/ml
F10.062 mg/ml, H v (13 = L B HH 25 16 & W &t
DPPH - A3 bR BE 1 i) & 3% = T 6 R4 BHT A1V,
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LEERA Y HA B P AR T, b =
LI T AL AT RS2 TR

S E Lk

(1] % a8, XS AP SRR SO B AR [ 1], T R4l
Bhaf, 1998(5) :16-17.

[2] WANG Z Z, ZHANG Q Q, HAO X, et al. Isolation, purification
and identification of polysaccharides from Gynura divaricata.[ J].
China Journal of Chinese Materia Medica, 2015, 40 ( 8):
1497-1502.

[3] ROEDER E, ECKERT A, WIEDENFELD H. Pyrrolizidine alka-
loids from Gynura divaricata[ J]. Planta Medica, 1996, 62(4) .
386-386.

[4] WAN C, YU Y, ZHOU S, et al. Isolation and identification of
phenolic compounds from Gynura divaricata leaves|[ J]. Pharma-
cognosy Magazine, 2011, 7(26) :101-108.

[5] LEECH, YANGL, XU JZ, et al. Relative antioxidant activity of
soybean isoflavones and their glycosides [ J]. Food Chemistry,

2005, 90(4) :735-741.

(6]

(7]

[10]

[15]

[16]

[17]

[18]

[21]

[22]

[23]

[24]

Ve, RIRHE B BEAE w2 O A T DA T R R 7 i
R Z[)] LR R4, 2018,34(1) 1 166-171.

XU, X 0 AR, AR P = L 2R RAE N o
RO IMEE )] iRk, 2013, 34(7) :115-120.
KL, =W, B, B BRI BT 2
[J]. B AR ,2017,48(4) :698-703.

PR, 1 = LR AT AE KBTI ME R BRI BB 5E (],
FERLE, 2002, 20(3) :260-262.

WEIER - REST, mBEE, W (G BE, S R AT AL B
BT BB TG [ 1] LR R, 2017,45(22) .
213-217.

B . A = LR BRI (D], i SR AR
K2, 2009.

A, B, S E R A I S R R X o K B
FeMBERLS]. iAkE, 2013, 34(15) :295-298.

FEAE. FF =L 20 SRR A4 IO E 5 R B A Y
[D]. & HIFITIL R, 2000.

TAN C, WANG Q, LUO C, et al. Yeast a-glucosidase inhibitory
phenolic compounds isolated from gynura medica leaf[ J]. Interna-
tional Journal of Molecular Sciences, 2013, 14(2) ;2551-2558.
X AT E PR, AR AR AL E Y PO I E T
SRR )], SiPIBEEHERE, 2011, 32(6) :151-155.
M, NIBESE BRI, A R A B4R O A =L S
[J]. frahAHE, 2011, 32(14) ; 144-146.

s, 0 B, R rgE. Ok b AR Y e R SR A T2
FELJ]. Bl TAAHE, 2002(3) :39-40.

FORAR, EATF A A5 5SS i ) 42 R BT
AALTEMEREFET]. B REE, 2009, 30(14) :105-109.
RAJHA H N, DARRA N E, HOBAIKA Z, et al. Extraction of
total phenolic compounds, flavonoids, anthocyanins and tannins
from grape byproducts by response surface methodology. influence
of solid-liquid ratio, particle size, time, temperature and solvent
mixtures on the optimization process|[ J]. Food & Nutrition Sci-
ences, 2014, 5(4) :397-409.

ALMAJANO M P, DELGADO M E, GORDON M H. Changes in
the antioxidant properties of protein solutions in the presence of
epigallocatechin gallate [ J ]. Food Chemistry, 2007, 101 (1)
126-130.

HEO S J, PARK E J, LEE K W, et al. Antioxidant activities of
enzymatic extracts from brown seaweeds. [ ]J]. European Food Re-
search & Technology, 2005, 221(1/2) .41-47.

CAMPOS A M, LISSI E A. Kinetics of the reaction between 2,2'-
azinobis ( 3-ethylbenzothiazoline-6-sulfonic acid ( ABTS) derived
radical cations and phenols[ J]. International Journal of Chemical
Kinetics, 2015, 29(3) :219-224.

X LN KR, A W R TR T Protamen A BETR K
EWAEEAMRAL)]. B, 2009, 30(13) :163-167.
SANMARTIN-SUAREZ C, SOTO-OTERO R, SANCHEZ-
SELLERO I, et al. Antioxidant properties of dimethyl sulfoxide

and its viability as a solvent in the evaluation of neuroprotective an-



SRIHEE : U =L MBS W RS S LA A

939

[25]

[26]

[27]

[28]

tioxidants [ J ]. Journal of Pharmacological & Toxicological
Methods, 2011, 63(2) :209-215.

DARGEL R. Lipid peroxidation--a common pathogenetic mecha-
nism? [J]. Experimental & Toxicologic Pathology Official Journal
of the Gesellschaft Fiir Toxikologische Pathologie, 1992, 44
(4):169.

YAO Y, YANG X, TIAN J, et al. Antioxidant and antidiabetic
activities of black mung bean ( Vigna radiata 1.) [ J]. Journal of
Agricultural & Food Chemistry, 2013, 61(34) :8104-8109.
OZGEN M, REESE R N, TULIO A Z, et al. Modified 2,2-Azino-
bis-3-ethylbenzothiazoline-6-sulfonic Acid ( ABTS ) method to
measure antioxidant capacity of selected small fruits and
comparison to ferric reducing antioxidant power ( FRAP) and 2,
2’ -Diphenyl-1-picrylhydrazyl ( DPPH) methods [ J]. Journal of
Agricultural & Food Chemistry, 2006, 54(4) .1151.

ALIAGA C, LISSI E A. Reaction of 2,2’ -Azino-Bis ( 3-Ethyl-

[29]

[31]

benzothiazoline-6-Sulfonic Acid) ( ABTS) derived radicals with
hydroperoxides. Kinetics and mechanism[ J]. International Journal
of Chemical Kinetics, 2015, 30(8) :565-570.

YU S H, HSIEH HY, PANG J C, et al. Active films from water-
soluble chitosan/cellulose composites incorporating releasable
caffeic acid for inhibition of lipid oxidation in fish oil emulsions
[J]. Food Hydrocolloids, 2013, 32(1) :9-19.

SINGANUSONG R, NIPORNRAM S, TOCHAMPA W, et al. Low
power ultrasound-assisted extraction of phenolic compounds from
mandarin ( Citrus reticulata, Blanco cv. Sainampueng) and Lime
(' Citrus aurantifolia ) peels and the antioxidant[ J]. Food Analyt-
ical Methods, 2015, 8(5) :1112-1123.

MAY Q, YE X Q, FANG Z X, et al. Phenolic compounds and
antioxidant activity of extracts from ultrasonic treatment of Satsuma

Mandarin ( Citrus unshiu Marc.) peels[ J]. Journal of Agricultural
& Food Chemistry, 2008, 56( 14) :5682-5690.

(RSB . REE)



