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ABSTRACT: The work aims to optimize the ultrasonic extraction process of flavonoids from Podocarpus macrophyllus
seeds by response surface methodology and investigate the antioxidant activity of flavonoids. Based on the single factor
test, with the material liquid ratio, ultrasonic time and ultrasonic temperature as independent variables and the yield of
flavonoids and DPPH radical scavenging rate as dependent variables, the best extraction process conditions were deter-
mined by three-factor and three-level response surface analysis. The optimal process parameters were ultrasonic frequen-
cy of 40 kHz, ultrasonic power of 200 W, material liquid ratio (g/mL) of 1:50, ultrasonic temperature of 70 °C and ultra-
sonic time of 2.7 h. The theoretically predicted yield of flavonoids was 27.54 mg/g (n=3, relative standard deviation of
1.63%). When 0.50 mL of flavonoids extract diluted 10 times was added, the DPPH radical scavenging rate was 87.2%
and the reduction rate of Ce (IV) was 84.2%. When 0.90 mL of flavonoids extract diluted 10 times was added, the sca-

venging rate of OH was 88.1%. The ultrasonic assisted extraction process optimized by response surface methodology is
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stable and reliable, and can be used to extract flavonoids from Podocarpus macrophyllus seeds. The flavonoids of Podo-

carpus macrophyllus seeds can be used as excellent natural antioxidant resources.

KEY WORDS: Podocarpus macrophyllus; response surface methodology; flavonoids; antioxidant activity
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Tab.1 Test factors and levels

w BHR LAY R T
KF -1 I M=l 0
(gmL ) 5} 1) (B)/h i B2 (C)/°C
-1 1:30 2.0 60
0 1:40 2.5 70
1 1:50 3.0 80
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Design—Expert 8.0.6 3 {4 %) ik 47353 S o #r o

2 HREHW

21 BREZRKE
211 REGEF

H13R 2 AT, AR DR 9 700 i BB B B R I O
K, AR B B A R O E R oK o SR )
B R AR . P CRESE, (Rl T
R REPEROR, — e R ] S B R 4R OGR4 3C
TRARE , AR 90% L F i) & BEE T4 IR 244
PN Ui s S, PR R BCN T0% 1 LIS T4
YR T A R P A A 4 T 2 S (AR B B | X
4 U i K R HCB DURA R R R O B R K
WE 2 DURA ol el B ) 2 B W P ) 1 8 B
HR&FH1, Zaten, WIERBGEFIERIK.

x2 REARAFAMZIMHTFLERSEMHM
Tab.2 Effect of extraction solvent on the concentration of
flavonoids in Podocarpus macrophyllus seeds

el SR SRR M OEE/(Lg em ™)
ik 0.516+0.002
e 4l K+t 0.227+0.003
ZIE(95%) 0.101£0.002

1E T 0.021£0.002

LR TR 0.060£0.001

[ELE! 0.047+0.001
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Fig.1 Effect of various factors on concentration of flavonoids and DPPH radical scavenging rate
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Tab.3 Design and response values of Box-Behnken test
SRS DPPH (75 b
5 Rl (A) HE A (B) HAIRE (C) (Y1) Amgg™) (Y2) /%
SR SRR (N S A T g
1 -1 -1 0 18.7 18.88 56.9 56.93
2 -1 1 0 19.9 20.38 53.4 53.8
3 1 -1 0 26.9 26.43 67.3 66.9
4 1 1 0 25 24.83 73.3 73.28
5 0 -1 -1 9 10.15 41 41.51
6 0 -1 1 12 12.85 49.8 49.94
7 0 1 -1 18.3 17.45 58.8 58.66
8 0 1 1 15.8 14.65 54 53.49
9 -1 0 -1 7.8 6.47 19.9 19.36
10 1 0 -1 12.1 11.42 48.2 48.09
11 -1 0 1 9.3 9.97 43.6 43.71
12 1 0 1 15.7 17.02 43.9 44 .44
13 0 0 0 28.5 27.73 67.6 68.73
14 0 0 0 27.5 27.73 69.7 68.73
15 0 0 0 27.2 27.73 68.9 68.73
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HH % 4 AL, ZAAIRE B 2 (P<0.001 ), 2S48
A2 (F>0.05), UiBZmiR 5 S PRas RAUA PEAR
U o BRI () i A IE A G R B RPAg=0.963 3, E
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BHEEL CA), XT DPPH ¥ B 5 14 52 M I3 ) A 3 i 15
R
2.2.3 IS B E 4T

Wi 7 TR A ) 1O {5 79 19 52 . TR 3% T ) o 1) = 2
2 [ T2 P, 7 T e A Y 8 7 12 1K) 2 % i 7 i Y
F1R) 552 T 0 g, = 220 5 7 A T R P S e R AR
T WA [ T2 5 S B 0, 8o A PR 3R 5 AR T i
R Z B RIS, g 2—3 B, % i i R

K DPPH ()3 bR 2R [ K B, C Z [0 )38 HAE
R,
2.2.4 RIELRIWIE

it Design—Expert 8.0.6 #f, LA B [ 15 2 Al
X} DPPH M8 B3R MR AR AT 2 T iefE T E S5
TEME RN 40 kHz, #5 D1% R 200 W B, BHE
I (g/mL) 147, BAEIREEA 704 °C. A RE]
k2.7 h, BRISTRIN G EEEAS %N 27.53 mg/g, X DPPH
HITEBR RN 72.8% . Z5A LR Eid R R B A& 1 ]
i, BRI T A2 8B E R L (g/mL ) A 1150,
HEFERTEIY 2.7 by HAERESN 70 °C, S-S
Rk 27.54 mg/g (n=3, RSD 1N 1.63%) . BIE)E
A5 TME AR 23T, UEIHIZ 4SS AT 5,
2.3 TN FREEEIMNTEIEE
2.3.1 %t DPPH BEHEWBEREEN

ME da TTHD, #1045 09 2 DU D B 5 R B
VO DPPH FE BB R T 0 50h 0.05% 44 % C
Xt DPPH BYTEBRR . MUl 0.50 mL B, BLEERER
BUOK T DPPH ITH R K 87.2%, JRE/MECH 0.05%KH)
e C X DPPH [EFRZEN 77.3%, 1EFTRIKE N
0~34.4 pg/mL B, ZPRAFH T S EXF DPPH [ Hi %k

®4 YRY,_HXEEEMRGEEERE

Tab.4 Significance test of coefficients in binomial regression model of Y;and Y,

Jr% BEFIEZ (Y,) DPPH 5 R R (Y,)
KB grm {E B F P ER AmE ¥y FM P {ii
B 748.35 9 83.15 41.78 0.000 4** 282153 9 3135 419.78  <0.000 1**
A 5.00x107° 1 5.00x107°  2.51x10°° 0.962 5.28 1 5.28 7.07 0.044 9%
B 72 1 72 36.17 0.001 8**  433.65 1 433.65  580.65 <0.000 1**
C 41.41 1 41.41 20.8 0.006 1**  214.24 1 21424  286.87 <0.000 1%*
AB 2.4 1 2.4 1.21 0.322 22.56 1 22.56 3021 0.002 7**
AC 7.56 1 7.56 3.8 0.108 8 46.24 1 46.24 61.91  0.000 5%*
BC 1.1 1 1.1 0.55 0.490 2 196 1 196 262.44  <0.000 1**
A 6.04 1 6.04 3.04 0.1419 33.14 1 33.14 4437 0.001 2%*
B? 54.14 1 54.14 27.2 0.003 4** 29935 1 299.35  400.83  <0.000 1**
c? 593.58 1 593.58 29823 <0.000 1** 1601.92 1 1601.92 2144.95 <0.000 1**
Bk 2% 9.95 5 1.99 3.73 5 0.75
K 9.02 3 3.01 6.49 0.136 4 1.49 3 0.5 0.44 0.748 6
afi iR 2z 0.93 2 0.46 2.25 2 1.12
S 758.3 14 282526 14

H: *FoREFEE, P<0.05;

RN ZEFW B, P<0.01,
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Fig.2 Response surface for the interaction of two factors on the yield of flavonoids
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Fig.3 Response surface for the interaction of two factors on DPPH radical scavenging rate
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BRI HA W MO R, B DU RD - 5 B A
B R C BB HIVEEE 7350 13.2 A1 150.6 pg/mL,
B P S E WS GRS DPPH [ Hh 5675 I A9 15
BrRAE IR T4EE R C 1.

2.3.2 ¥t OH BEBEMEREE

] 4b nHT, FRRE 10 A% 10 B DURA DT 5 75 i 42
BOR AT A 0.1~0.7 mL B, Bk, 15K
OH H HFEERBE Sl . WANE R 0.90 mL B}, B#
P 42 O T OH MUTHFRZEhy 84.28%, [l 41 4Ch
0.02% 4= C X OH BITEBRHR AN 61.96%, 15
RN 0~48.2 ug/mL W}, B PR SR ER X OH
HHEERRAE N AR MFIE R, P IRFT
S AR C BRI EE 4 20.4 1
106.6 ug/mL , & AR T BB BT OH [ iR BR Y
THBRBE S5 T4 C 1,

2.3.3 Xf Ce(IV)HIIEIREE
I 4 iy, ke 10 A5 B9 % DURA Bl 6 2 T

THIAFA 0.05 ~ 0.5 mL B, Bl 78 05 0 18 s
JERE S35 . MR A 0.05 mL B, R B $R E
WX Ce(IV)IBRJFH K 84.2%, /4N 0.05%0H
A2 C X Ce(IV)iR i HH 47.3% ., 7E W FE R
0~34.4 ug/mL B, B IR Fh+ S FR X Ce(IV)HY I8 Ji
RE B RIFFIROER , B DU Tl 5 35 i Fn 4 A
E C I v B 435 15.4 F1 277.4 pg/mL, BL
FARDF LB X Ce(IV)IUIAJRAE 158 T4 R C Y.

DI EXF DPPH A%, OH H LR X}
Ce(IV)if JFUR M g 45 S R, B UUR RN T B8 T A
Bk PR TEYE , BrAER R TR R C Y, B
FARDF AL BEEIXT DPPH [ 3. OH A M 3E AT BREE
158 T B DU B R P R T U
IR BT S S EAXT DPPH [ 5. OH [
FEBTERR 1 5% Ce(IV) IR IR I fEAE—E 22 51,
Al RE 5 A [F] A T AU AR R 2 22 A B S AR T T AN [
AKX,

100
90
g0 %
80 E/m/ "
o\\a A /4/ 70 +
& 60 A~ - *
x = 60
o) - - i
S: 40 , J'“:%“ 50
a O 40
20 |
—a— YA C(0.05%) 30 1 —o— MEEREBUR
ol & —o— SR BUR 20 L —a— YR C(0.02%)
1 1 1 1 1 10 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0 01 02 03 04 05 06 07 08
VL HAFYmL
. b
90
80
70
x
3 60 ¢
% 50
2
& 40
O
30 b
20 | —o— BEMERBOR
—— YA C(0.05%)
10 ' ' ' ' '
0 0.1 0.2 0.3 0.4 0.5
AFYmL

C

K4 B PR T B S5 A RR R B 4 A= 3R C A A TR H A
Fig.4 Comparison of antioxidant activity between flavonoids in
Podocarpus macrophyllus seeds and V¢ with different volume fractions
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Box-Behnken Design 5l T 1E 22 55 HAEZA )
BRI R AN A, M IER R A X
14 PR 2 o A 2 A5 0 e A i 07 L P e L ol R O i
THA TR | DL BE AR T 4 4 o AR 40 B PR R 4k
55 % H Box—Behnken Design X % 1 ¥ Fh 7 & 25 i (1Y
R TZHAT4, BB ERR T 540 il
FEIE A 40 kHz , A D)%k 200 W B, DIK h 42
B, BHEEE (g/mL) 2 1250, HAEEY 2.7 h,
AN 70 °C, MM T B8R h
27.54 mg/g (n=3, RSD i}/ 1.63% ), F M i
T2 7,

PrAAR I LI, B DA FP R R A
)35 DPPH [ 3. OH A H LA F Ce(IV)HY
ey, FERHRREEEEH TREFNFIER, &
DR P 7 BB ELA feom i b A AL iE o, Hbt Ak
PEsR FAEAR C 1Y, ATPERIL R RAREMPTE L
R £ 5 TR

S E 3k
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