Ko e ddhI&
T YA Azesitid |

Vol.41,No.08,2020
iR A R P T 201t
K JLHUT5 i BT 2 S AR 10 40 3 P
o EMBE,Y LA R EERE VERS BER,EEN T B, KEST BEE
(LREFLRXFADYHARE RAFF R, RE 300134;

2.5 R E VAV 2 b By A PR 5] T e B R E 050035
3RAFEHRFFHFR, K& 301617)

d

v

i E:EAREEERAR R R FRMRR I AR EAREAER, AL E AR 0k kR4
LEREBEDEFBEFNA SR @ LR, EREAVRKT L EMA, R 30251 ml/g, TERE
79.00% # 2 % 301.00 W, #2 # 8+ 14 32.00 min, 8% R vt 35 80 5 FRIEIRE 421% , 5FAMAE 4.51% A8k, Fa i £ 4
6.65% ,IERA AL A B L TAMME 5 5 FRAE IS RO B 4F, HIiF 6988 Rot % BAh DPPH A &L ABTS A A F A B AW
F B F Rk E (1Cs,) 2% 4 111.51.23.06 F7 253.73 pe/mL, A A £ 3% 6938 R 1, BRARHE B4 A 238 7% 7 R AT & &
st i H, 0, BAL R A 3Pk, 398 BACIRAG 3089 & kAR 9 GSH-Px SOD B % J 64 &A%, 375 MDA 48 ¢4 38 e |
A RIF BTG R

SR AR RT LB, AR B A BIAR IR v B W R, BT PR AT R &, ARG

Optimization of Extraction Process of Flavonoids
from Ziziphus jujuba Mill var.spinosa Leaves
and Its Antioxidant Damage Activity in Caenorhabditis elegans
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Abstract: To optimize the ultrasonic — assisted extraction process of flavonoids from Ziziphus jujuba Mill var. spinosa leaves

(ZSL) , the response surface methodology was used and its antioxidant activity was explored. Based on the single factor

experiment , the ratio of liquid to material, ethanol concentration, ultrasonic power and ultrasonic time were selected and

response surface experiment was designed. The optimal extraction conditions were as follows: Ratio of liquid to material

30.25: 1 mL/g, ethanol concentration 79.00% , ultrasonic power 301.00 W, and ultrasonic time 32.00 min.The actual extraction

rate of was 4.21% .The relative error was 6.65% compared with the predicted value of 4.51% ,which proved that the theoretical

predicted value of the model fitted well with the actual value.The half maximal inhibitory concentration(ICs, ) of the flavonoids

to DPPH,ABTS and -OH radicals were 111.51,23.06 and 253.73 pg/mL, respectively, indicated that it had strong reducing

power. The flavonoids from ZSL could effectively enhance the resistance to heat stress and H,0, oxidative stress of

Caenorhabditis elegans( C.elegans) ,inhibited the decrease of GSH-Px and SOD activity in worms caused by oxidative damage,

inhibited the increasing of MDA content,and had a good role of the resistance to oxidative damage.

Key words: flavonoids from Ziziphus jujuba Mill var. spinosa leaves; ultrasonic assisted extraction; response surface

methodology ; Caenorhabditis elegans ;antioxidant damage
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Table 1 Investigation factors and levels
of single factor experiment
BES K-
R (mL/g) 15:1  20:1 25:1 30:1 35:1
CEHRIE (% ) 50 60 70 80 90
HFEIRE(C) 20 30 40 50 60
HAEIIR(W) 200 250 300 350 400
A5 B [A] (min) 20 30 40 50 60

1.2.3  mapz P b S AE D B S8 i SRl L
U158 M VOB L | £ Bk BE R R D) AR R S I T g p
FEMA PN Z, LA PO~ PUER O AR B 1R AT P 2 A 4
FECY) Ay 0 S AR BB e R TS 50 P Ak R A
B PR CT 20, JF A R EA T S0 MRS
R2OWARHE MRS K

Table 2 Factors and levels coding of response surface analysis

BB
KV AL B LB C ST D I
(ml/g) (%) (W) (min)
-1 25:1 70 250 30
0 30: 1 80 300 40
1 35:1 90 350 50

1.2.4  FRANEENEE BRI E DA T ARdES A
Kok HE, SR FH IV it B — A IR 40 1 0 s A i, LA
P01 E (mg/mL) St AR WO EE SR A bR, 15 4R
PEENH 7 F2 vy = 18.88x—0.006 ( R* =0.9993) , 7F 0.01
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B PR 2L g 69.04% , T Ja e Pt AL il IS o



@%si&@h‘«il

T EHE&

1.2.6 MR HEEARSMUEALTGPESL S SRR
AP J5E kU I S A B A8 B T 5 DPPH 1 i
FE AT DPPH [ ph 2L 035 R AE 77 5 ABTS 3270 9 5
HRXT ABTS [ i JE A B3 3 5 /K A i ™ il 52 2
XT¥2 B B B R, T AR A B R R E (1C,,) ,
Vo AE R BEEXT R

12,7 FEURBSATLR BB A4 700 55 T Bk T 48 L 7
20 C4M T F NGM FEfRKESRH 137, H-7E NGM
Higt BL R A A R IGHT B OP50 AE Rk i &4 .
T URGARR aE B T i ag R 254k, [ 25105 B0
LR B3 E 14 85, 583 & 50 100 1200 pg/mL
A T A I ) ) 35 R 2L 35 5% 48 h, 1%0 DMSO fEK

X B
1.2.8  F5HH BaAT £k d P S A N R 5
1.2.8.1  POFESES R RIS ZE 14 WA 2k oy gl

TEE A 50,100 F1 200 g/ ml. 2 2 i 25 il 1) % 37 Sk
3537 48 h,1%0 DMSO fE X, Z )5 M9 & uh
WRVBEYE 3 IR EN A 1%0 5— R BEBER) NGM B
FeHer 35 CHHMEREFR T 43 2 h gL AR TE 5
&, RN TIET

1.2.82 H,O, & ALRi i stse W F2E1ib = 14 310
2R Ay HIAE S A 50,100 F1 200 e/ ml iR 2 i 75 i
s FE st 855 48 h,1%0 DMSO fERXTHE ., =5

Vol.41,N0.08,2020

M9 ZZ ph PE U 3 IR RS B 1 %0 5— 505K W W
3% H,0, 1) NGM 53911 20 Cla R 555, 5/
A iS4l NG B0, L B4R R 4HsET .
1.2.9  FHUNBRATL AR N BT A LB G 1 FITN S
HIE FEZEAE 14 ALk R A, ¥ 455
TEE A 50,100 Fi1 200 e/ ml. R 2 i 285 fili (44 5% 55
3557 48 h,1%c DMSO {E X, Hi—20 548 3]
35 CH%53% 6 h ifi 48 AL, — 4l 20 C B 5%
6 h, AEHER K VLR 3 WG, A 200 pL A= B ER K #K
AT s B W R AR IR A R A T ik
M52 A5 e H IR A AL ) i ( GSH-Px ) A Ak ¥y B {k
fiti ( SOD) 3% J7 PN % (MDA) [ & i
1.3 HiEAE

I SCBGHEE IR GEIRDI M =S FKon, [HH
Design—Expert( v8.0 ) A4 347 Hh.00 52 & BT Fn g P
AbFR . Graphpad Prism 5.0 #4748 114387, SPSS 16.0
AT R[] 7 250 HT (ANOVA) , Hovp P <0.05 RoR A
WEM2ES, P <0.01 TR EE,P <0.001 F£IRNE
ST

2 HRE5SMH
21 BRERXBER

25 PRI 0 1R AT i 8 i R A S i A 1R 1 B
No [l la FRBEFEWORE HL Y TH i, B $ B3R B B o

3.75 a 3.75 b
g 3.50 $ 350
X325 L35
= 2
=3.00 fé 3.00
4 (
=275 % 2.75
R R
& 2.50 & 2.50
2.25 - - - z : . 2.25
1001 1521 2001 2571 30:1 35:1 40:1 40 50 60 70 80 90 100
WOEHE(mL/g) LR E (%)
5.00 4.00
@ d
g 4.50 375
% 400 H“{'\-}-‘{ g 3.50
m m}
=350 fé 325
= 3.00 @ 3.00
R R
& 2.50 © 275
2.00 - . - : g 2.50 - - - : - +
10 20 30 40 50 60 150 200 250 300 350 400 450
HEAIRIE(C) TR T (W)
4.00+
e
$£3.754
g 3.504
gz
=325
4
= 3.004
Br
2751
2.50 - - - : J
10 20 30 40 50 60 70
B 75 i (1] (min)
PR PR ZR KXo TR A I B B IR ) 5 )
Fig.1 Effect of single factor and level on the extraction rate of flavonoids from ZSL
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Table 3 Design and results of response surface experiment

Bm cmm D@E W
gy (NP bk w g
(@) (W) (min) (%)
1 1 1 0 0 3.68
) 1 -1 0 0 3.56
3 1 | 0 0 298
4 1 | 0 0 3.59
5 0 0 -1 -1 3.80
6 0 0 1 -1 3.96
7 0 0 -1 I 3.4
8 0 0 1 1 3.36
9 -1 0 0 -1 4.07
10 1 0 0 -1 4.30
11 -1 0 0 1 3.38
12 1 0 0 1 3.90
13 0 -1 -1 0 3.42
14 0 I -1 0 2.97
15 0 -1 1 0 3.17
16 0 1 1 0 3.21
17 -1 0 -1 0 3.39
18 1 0 -1 0 3.68
19 -1 0 1 0 3.56
20 1 0 1 0 3.46
21 0 -1 0 -1 4.08
22 0 1 0 -1 3.75
23 0 -1 0 1 3.24
24 0 1 0 1 3.26
25 0 0 0 0 427
26 0 0 0 0 443
27 0 0 0 0 4.58
28 0 0 0 0 4.30
29 0 0 0 0 4.33

Bl B v B ECR A 4.51% o AR BUT 2440 okt H
30.25: 1 ml/ g Z e JBF 79.00% 875 1Jj% 301.00 W
#8775 B E] 32.00 min,

TEAESR BT 25 54 SR B R 2 i 35 1, “F- 47
SC 2, WA R R R RO 4.21% , 5 T (E
4.51% AH L , AHRTIRZE N 6.65% , H. t K U6 1 4% F 75 7
AN (P >0.05) , Ui iz AU G s FL S0 S AR Bt 5
e o B 22 (] ) AR AR DG R o
2.3 BEMERAEMIELER

& 3a AT %1, 7E 100~500 we/ml. Py, fig A0 0 2
Fili] F1%) 58, 348 I 3 Il 25 R e R 04 T o T 4 5, H e
113.03 g/ mLI¥ERAS -2 i (1) B8 5 5 60.00 pg/mL
B Vo A2, B A2 N ) R S R T 202 Ve 79 0.531
15, ELA BRI R I ] B A i 2 i %) DPPH [ HH
H: (& 3b) (ABTS H 1AL (&l 3c) R A K (& 3d)
PIEEWEREN, BN EIRBCR , W2 B R
I ZRIPESCFR , B AT T8 H R = i 2 I % DPPH
PR L 2 B BRI E (1C ) iy 11151 pg/mL(V, 19
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Fig2 Response surface plots of the interaction of various factors on the extraction rate of flavonoids from ZSL

4 EUEBRI T 220 BT as R

Table 4 Variance analysis of the regression model

JrERIR 5 HHE Y7 F{H PIH M

iRy 5.56 14 0.40 39.69 <0.0001 _—
A 0.17 1 0.17 16.95 0.0010 5
B 0.16 1 0.16 15.96 0.0013 *
C 1.920 x107* 1 1.920 x 10 °* 0.019 0.8918 NS
D 0.96 1 0.96 95.78 <0.0001 ok
AB 0.14 1 0.14 13.54 0.0025 e
AC 0.037 1 0.037 3.69 0.0754 NS
AD 0.021 1 0.021 2.10 0.1691 NS
BC 0.058 1 0.058 5.81 0.0303 *
BD 0.030 1 0.030 3.03 0.1038 NS
CD 0.012 1 0.012 1.19 0.2941 NS
A? 0.57 1 0.57 57.46 <0.0001 —_
B2 255 1 2.55 254.93 <0.0001 P
C? 2.07 1 2.07 207.00 <0.0001 —_
D? 0.2 1 0.20 20.01 0.0005 —_

HR 0.14 14 9.998 x 10 ~*

Eou 0.075 10 7510 x10 73 0.90 0.8526 NS
gl 0.065 4 0.016
vl 5.70 28
R =0.9754 R, =09508 R, =0.9063

Adep Precisior =19.907

CV.% =2.71

VE: o+ o BB (001 < P<005) : # s Bl 225 5 (0.001 < P<0.01) 5 %% % Jem s 5 [ 15 2% 2 5 (P<0.001 ) : NS
FRTRFIESR(P>005)
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Fig.3 Antioxidant activity in vitro of flavonoids from ZSL

IC5, 247 19.61 peg/mL) , BEHERTERR DPPH [ B AL RE 129
J& Ve 19 0.176 1% B XT ABTS [ H 0921 8005 Bk
B (1Cy,) }23.06 pg/mL (V. 14 1C, K 15.70 pg/mlL) ,
WOIRTE B ABTS H HIEMIEE JI 20 0& Ve 19 0.681 1% ;
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JI2y0E Ve 190211 £, ¢ L, R s =5AT R 49
b biE M.
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#2265 ,50 ,100 F1 200 g/ ml. 152 4 -2 i 43 551 4E <
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1004
804
< 604
i
i 404 = Control
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O L] |
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Fig4 Effect of flavonoids from ZSL
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on the heat stress resistance of C.elegans
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Fig.5 Effect of flavonoids from ZSL
on the oxidative stress resistance of C.elegans
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XPIE# 8 00T 2 i) GSH - Px g% 77 JC .35 52 Wil o
35 C 15 3% 6 h J5, GSH — Px [iff 1% J71 W 25 K% X
(40.25% ) , 17 50 .100 1200 g/ mL PR 055 il 15 68
) S 0407 S B e AR Y GSH - Px il 1 7 i
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