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Extraction and antioxidant activity in vitro of flavonoids in cold pressed

cake of Zanthoxylum armatum DC . Prodr .
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Abstract: Response surface methodology was used to optimize the
microwave- assisted extraction of flavonoids from cold pressed cake in
Zanthoxylum armatum DC. Prodr, and the antioxidant activity in
vitro of flavonoids were analyzed. The results showed that the optimum
extraction process of flavonoids were: microwave power 506 W, micro-
wave treatment time 256 seconds, ethanol concentration 75% , ratio
of liquid to material 50 : 1. Under this condition, extraction ratio of
flavonoids was 0.40% 4-0.04% ( in terms of rutin). The reducing
power, the hydroxyl free radicals, DPPH free radicals, scavenging
capacity of flavonoid extracts were increased gradually with the in-

creasing of the mass concentration, and the reducing power of
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0.05 mg/mL flavonoids from cold pressed cake was equal with
0.03 mg/mL V¢; the half inhibition concentration of hydroxyl free
radical scavenging rate of flavonoids from cold pressed cake and V¢
were 0.074, 0.053 mg/mlL while the half inhibition concentration of
DPPH free radical scavenging rate were 0.024, 0.016 mg/mL. The
flavonoids from cold pressed cake had a certain antioxidant activity in
vitro, and had the value of developing into natural antioxidants.

Keywords: Zanthoxylum armatum DC. Prodr.; cold pressed oil;

cake; microwave-assisted extraction; flavonoids; antioxidant activity
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B K- CP225D A4 , f8[H Sartorius JE#y 22 ] 5

& X B 0 Hl: Thermo MULTIFUGE X3R %, % [
Thermo A #] .
1.3 REHE
1.3.1 ATHrdEf R ed R THRMA— MRS R A
U, WERRFREC 121 °C R EAEE AP T AR L 60%
FER R B HI B BE S 1 me/mL BT bR T W B
BB R T ey 0.0,0.1,0.2,0.3,0.4,0.5,0.6 mg/mL, B
1 mL AS[R]He BERE i F 10.0 mL &0 A 5 %6 1 0 A 1R
B10.30 mL, IR 5] S5 HCE 6 min, il 10% B AR %8 0.3 mL, &
A]JE CE 6 min, IIA 4% B S A ALY 4.0 mL, 5 A 6024 4,
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S8 25 TCE 15 min, W@ & W WK AE 510 nm P KT IR OE
BE . DAPT BRIV BE A R AR AR o ARG BE R AR AR v, U
B IARLMERIH R y = 12.3322 —0.000 11, 4 3& R EL
R*=0.999 8, T ¥ J&¥ £ 7l 0.00~0.06 mg/mlL,

1.3.2 FRE RSV M O R 45 ) SIS 0 O 0 A0 el B 4R B 2
L2 &ML FREL 5.0 g A0 FRAT (9 KD 3¢ 3% 5 1 WORE L
TN Ve BE 1) TV TR 5 G2 180 1) A 2R 1 A 3 Bl U
B AE R I T 3 000 r/min B0 10 min, DLFEBCH E 25 I &
TR A B L A5 A 1.3, 1 Hbm o il 2R 4k [l 09 Oy R R (D 1B
ATV M Tl DR R P SR L A B A AR R (DL T & i) L JF
PLUGAE 9 32 B T 2R 48 47
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5y 9 % g R e [30 0 1,40 01,50 0 1,60 11,70 & 1
(mL/g) ] ¥k 4 B A] (60.120,180.240,300 s) . Z BEHK Ji
(50%,60%,70% ., 80% ., 90%) , f# I Th & (300, 400, 500,
600,700 W) 4 A~ PR F AT PER op B R A5 A (052 . B 4K HE —
TR R I AR i B R R A A R e A, B
2% PR 3R ] S %R 430 Oy WOREEE 30 0 1(mL/ ) (i 4b
BRATIR] 120 s, Z BEHRE 60 %4, ik D) 26 400 W,

(2) o o7 TR 3l 3 R 7E 0 PR R I 4 R i LAl b AR
#% Box-Benhken iR 5 B3 B BE , DA #5 Bl 45 2R hy iw N7 {8 . X Ak
WL O A B[R] | 2R BE IR P 3R 4 A DR R AT e
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(1) il T VR 85 < R T 2 L e 3 LU A e 12
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O3 o [ I R [ e JE2 605 B2 4 70 A I T2 V5 AR AR X I

(2) BGRJFE S5 - 2% 0k 7 AR jy 0y ik /R I
o G A TR BE A RE S 2 mL, 0.2 mol/L pH {H
9 6.6 [IBEFREE 2R vl 2.5 mL 1 Y04 AL B W 2.5 mL, 7©
SHIRAIE A 50 CK IR IR 20 min, HLg % #1, I A 10 % 1)
=R 2.0 mL, AR A) AEARE O L. 3 000 r/min
B0 10 min, BE.OFEW K HEWR 2.5 mL IF g, i zE
Wk 2.5 mL M 0.1% =& k% 0.5 mL, B 1R 5, &
10 min J§7E 700 nm A& 5 WG RE

(3) HERE A BFEC OH DO RE S - 78384 4 il K
WA 9 mmol/L # FeSO, ¥ 1 mL, A [F] B £ ¥ BE 19 4%
Wi 1 mL,8.8 mmol/L # H, O, I 1 mL, &5, &
10 min J5 A 9 mmol/L ik R — LB IR 1 mL. 35,
37 “CH & /K V& I i 30 min, F 510 nm ZbJ H K G(H A,
VAR it s 70 AR o o5 VS VAR IO R R AR TR R A B IR

v
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AT B A I I T ik 4 B A SR T A AR Y R T IR B
B 2 7 A AR T A S R R U R T
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Figure 1

Effect of different factors of microwave-tratement on the yield of flavonoids from cold pressed oil cake

139



RIS E N

2017 %% 1 4

FIBCEAT R, R OK P I 1.8 07 % 2R L
* 2,

2.2.1 me L T[] R RS @) N2 5 05 22 0 38 il Design-
Expert.8.05b B4l 48 v 70 H7 0F Xk e 45 Rk A5 0, 2 2

I EE e =X e QLN E iy 5

Y =0.40 + 0.017A + 0.010B + 0. 019C + 0. 005D —
0.001AB~+0.009AC + 0.011AD — 0.007BC — 0.018BD —
0.004CD —0.04A* —0.046B* —0.022C* —0.053D*, (3)

F1 WEEREERKFER

Table 1 Factors and levels of response surface experiment
KT ATRBALEL BRI C & m D R
IR [E] /s IENA W/ % (mL/g)
—1 180 400 60 40 01
0 240 500 70 501
1 300 600 80 60 .1

x2 MEEMRBARKER
Table 2 RSM design matrix and the responses

/REY/%

R B
1 0 0 0 0 0.40 0.40
2 0 0 0 0 0.39 0.40
3 0 0 0 0 0.39 0.40
4 1 0 1 0 0.38 0.38
5 0 0 —1 1 0.32 0.31
6 1 0 0 —1 0.30 0.30
7 0 —1 —1 0 0.29 0.29
8 0 0 —1 —1 0.30 0.29
9 0 1 0 1 0.30 0.29
10 0 1 —1 0 0.32 0.33
11 —1 1 0 0 0.40 0.40
12 0 0 0 0 0.39 0.40
13 1 —1 0 0 0.39 0.40
14 —1 —1 0 0 0.38 0.38
15 —1 0 0 —1 0.32 0.31
16 0 0 1 1 0.30 0.30
17 0 —1 1 0 0.29 0.29
18 0 1 1 0 0.30 0.29
19 0 —1 0 —1 0.30 0.29
20 0 —1 0 1 0.32 0.33
21 —1 0 1 0 0.31 0.30
22 0 1 0 —1 0.40 0.40
23 1 1 0 0 0.32 0.32
24 0 0 0 0 0.28 0.28
25 —1 0 0 1 0.30 0.29
26 1 0 —1 0 0.34 0.34
27 0 0 1 —1 0.35 0.34
28 1 0 0 1 0.40 0.40
29 —1 0 —1 0 0.39 0.40

H 2 3 A, B 43 B BR A AR R P<<0.000 1, 1R
LRI P=0.194 5>>0.05 RA W2, PRI R LB D,
HAE T 0 A 26 R B R? = 0.982 4, % 1E #H 58 R H Rl =
0.964 8, TR AH & R KL R* =0.908 9, 45 10 5 B (B A T i 0
BRI R R B g7 B R A R T4
AT AR T D R B T (1 15 2 0] A

B3 3 BT AL BRI E D Mz B H % AC S B 4, i
) — UCITR R0 e 38 LR # AD BD S i R A 1 52 R 2
St 52 5 R A DR B AT R 0 25 R R R R T AR CR
C>A>B>D, #AIM s H KR AB.BC.CD X i I {d 1) %
IR NTE | T E V=R Y R

Y=0.40 4+ 0.017A + 0.010B -+ 0.019C + 0. 005D +
0.009AC+ 0. 011AD — 0. 018BD — 0. 04A* — 0. 046B* —
0.022C*—0.053D"*, 4

m1 [m1E 43 #7 7] %0, ACL ADBD [ F 28 14 i XoF 2 i 73
Y B 2~4 g5 BT 5 e PR 2 38 HL AR A A e R T
3D KAk B, B 2~4 AT LA H L 7R B B k3
PAL ) 7 b T 8 g I O o 7 ] SR A7 E AR 1Y ELT PR 3 I A
A f 25 v 2 e S B A A B AT
2.2.2 BRUFSEEY g (] 09 AR T AR B I E 2 AT AL
SRS AR SR T 25 A B8] 256.27 s Bk B #R506.2 W,
TR B 74.83% UKL 50.5 1 1(mL/@)  fEM S HCF L B
T 25 A5 288 0.40 % o SRy 07 8 HEAT IR o 95 O A% 19
By R ] 256 s, TR 506 W, ZEEHKE 75 % . Bk
50 1 1CmL/g) s B4 T #E 475 30 UE 96 45 7 45 3% I 75

x3 HEHWE
Table 3 Analysis of variance for the fitted regression model
FERE CEFHM AWME By F {4 P BEME

A 0.003 324 1 0.003 324 63.13 <C0.0001 = *

B 0.001 213 1 0.001 213 23.03 0.000 3 * *

C 0.004 443 1 0.004 443  84.37 <C0.000 1  * =

0.000 341 1 0.000 341 6.48 0.023 3 *
AB 0.000 006 1 0.000 006 0.12 0.736 6
AC 0.000 352 1 0.000 352 6.68 0.021 6 *
AD 0.000 498 1 0.000 498 9.45 0.008 2 x *
BC 0.000 177 1 0.000 177 3.36 0.088 2
BD 0.001 241 1 0.001 241  23.57 0.000 3 * *
CD 0.000 067 1 0.000 067 1.28 0.276 6

A? 0.010 000 1 0.010 000 195.31 <C 0.0001 = *

B 0.014 000 1 0.014 000 259.59 <C0.0001 = *

(& 0.003 062 1 0.003 062 58.14 <C0.0001 = *

D’ 0.018 000 1 0.018 000 339.87 <C 0.0001 % x

BOR0.042000 14 0.003 025 57.44 < 0.0001 %

P4 0.000 737 14 0.000 053

44T 0.000 658 10 0.000 066  3.31 0.130 1 AE#FH
4= 0.000 080 4 0.000 020

BAES 0.043 000 28
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AR T A TR v BE (9 B3R i R 10 0.05 mg/mL K 35 R (1 38 I
715 0.03 nig/nﬂliﬁﬁﬁﬂﬂ@§$ﬁﬁﬁ ST D A B IR LA 08

JIHY . RSN PEAR BRI 5 RN 5 R R E'J*Hﬂé%é‘&
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HIEEDFEEMILR,
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24.95% ,40.11 % HEMI B ER X « OH )3 B 68 77 20 9 i 3K 1
BRI 62.200 L 0T 50, YRR BETR L B I0 IR 19 1C 50 18 53 A
0.074,0.053 mg/mL, & W G k1 B B £2 ) %F « OH B —
TE B EBRAVE I .

2.3.3 W DPPH - B8 /1 WK 7 a] #., £E 0.01 ~
0.05 mg/mL B . A i % % DPPH « B35 R 28 Fifi ¥ BE 09 3
TINZ T v . ELAE S IG R B i R AT 3K B 90 %6 LI b AT R K
PEFITE B IC {60 0.024 mg/mL, HU IR ML ER 19 1Cs, fH 0] K
0.016 mg/mL. BRI EI A 1C: 8 & T 28 Ok 2003t
B vh L IE MU IO Y 1C50 fH€0.013 8 mg/mL) , {HAT5 % BA Bf
R EE A B O B RS S B DPPH « fE g, #E— DR B DF
B B O EL A R A AR A BT AR T

X r N
T 100 L — VEHIZET
B ——BUIR I R
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Figure 7 The result of DPPH free radicals scavenging rate
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(1) 20 7 17 A8 A6 48045 A5 B0 0 0k TR0 05 7 i 68 4 07
0T A BV A il R v R TR 2K 0 B A R B A T A R
Tl B 4 T R 1 e A A B AR 506 WL SR AL BTLE
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