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Optimization of extraction process and antioxidant activity

of flavonoids from Artemisia argyi
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HE BN ML ELZARRIL . GEFMNLELFR
fAeEr, AE AL EE L WAAE . DPPH A d A F®
& OH @ d A F B E A IAR, #3586 Iy ok
JE ¥ B #& X Ih fo Plackett-Burman X 3 &L &k b, i@ it vy &
R RAT A F BRI R IR E B T
LHEMF, BRRERR L L4 4 60 CRB40 min,
340 W #& % 27 min, 600 W # 3k 120 s, # & bk
1:30(g/mb); £ # FTLFEE X AR/ E TR
87.93 mg/g.DPPH A Wk &k F % 80.84%,0H g & &
HIR R T7.92%, B URRFTELERAGFEER
F AR T AR R A A Ao KB A B BB (P<C0.05), B A A 4%
W R EATE M,

KB A F MBI L ERTR AN E R
Abstract: Objective: To optimize the extraction process of fla-
vonoids from Artemisia argyi and evaluate the antioxidant
activity in vitro. Methods: The ultrasonic-microwave combined

water extraction method of Artemisia flavonoids was determined,
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and the extraction process was studied with the yield of total fla-
vonoid, DPPH radical scavenging rate and + OH radical scaven-
ging rate of Artemisia argyi. Based on the single factor experi-
ment, the factors with greater influence were screened through
Plackett-Burman design, then optimized extraction process by re-
sponse surface test. Results: The best extraction process was ul-
trasonic power 340 W, ultrasonic time 27 min, microwave power
600 W, microwave time 120 s, solid-liquid ratio 1 ¢ 30 (g/mL).
Under these conditions, the yield of total flavonoids can reach
87.93 mg/g. DPPH radical scavenging rate is 80.84%, + OH
radical scavenging rate is 77.92%. Conclusion: The yield of fla-
vonoids by this method is significantly better than the traditional
boiling and water bath extraction (P<Z0.05), and the antioxidant
activity of Artemisia argy is better.

Keywords: ultrasonic-microwave combined water extraction; fla-

vonoid of Artemisia argy; antioxidant activity
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PR VAR TOHNBR 2 4 (R 3L 5 8 T A9 5 A 0 IR (4 iR
<620, HAR BR[04 of R A D e
e MR 7 — i B W) 3R IO B R PR A R R E A IR
T A 2 EE I AN 6 T SR B R AR 2, O K W
SR RE BB S AR 0 P . T 5T 00 DA 3L B R R A5 R A BT
R IATR Sk S LN 7 sy LR 3 S S LD R
g 3 A 3E— 25 ) o T S AR AR A
IR} RS RV S
L1 #E5RH

SR AR S AR I AE A D L P L B AT R K
NEE 25%;

FETARME S 4 =>95.0% . b R E R A R
NEIR

1, 1- 2R EE-2- = i 2 2R JF (DPPHD 5 #fE &« 26 2 =
97.0% , fa M g L P A B IR D

ToR M Ayl R s TR AL TA R

7T B 4 Tl B 45 B R T 4k L K W R < o AT Al R
i KAL)

30 Y0 1 A SRR A3 BT 4l 0 5 T AUBUE A BRAA H]
1.2 NFE5E&

WU T A BT UL 435 56 BE 31 TU-1901 Y, Jb 5% 3% 4
AL A BRI A A

LR 43 96 96 BE 3+ : BioTek/epoc B, 35 [H BioTek in-
struments 2\ #) ;

TR ' 18 R 7P U ZE UYL« Sientz- TIDM B, T3 37 2 A=
YR A A BRA ] 5

B Z D BE R HEAL . HC-200T Y, 3% X35 44 Hi 2845 FR

/L\\g.

&l

B RAR B ML TD-5A B, 351 5 85 74 55 0 LA B A
PR ] 5

HL T3 K . FA1204 B, 3 9 )1 R BHEAT FRA 7D
1.3 R AHE
13,1 ATHrfEf &L H  BOS ThrdEd 10 mg, & T
50 mL R 600 2 BEE 4445 0.2 mg/mL )
P T RR A SR V 4 S 0.0,0.5,1.0,1.5,2.0,2.5 mL 7
THRUME R BT 10 mL H IR b, 35 I8 g R 41— 1l
g — S AL B )5 60% L BEE & £ 10 mL,
ZMCCERL LA AT R MO R B LI TR B (o) S R A
Bk o W6 BE CAD SRy AR A 2 il A il 28 . A5 | 5 . A =
12.666¢+0.009 5,R*=0.999 2, 76 T 45 #E fi ¥ 0,00~
0.05 mg/mlL i [l &P G R R AT
1.3.2 SLECE 4R By o5 e 4

(D BBk 2% TR ik, f
RS, TH 10.0 g, BHiE 30 so i mpyy * Vi =1¢
30 (g/mL) A& F /K. 85,60 CARELA I 40 min 5
PHRCE T 00k O BB R AR IO, R R R ) R

T OHEIEEMRRIZAARAELEEHR

460 W 8 7 B [A] 30 min, £ i T Z 600 W, 3 i i [
120 s, $EBG ¥R R L€ .5 000 r/min 2.0 10 min B [
T VR A5 ) 3 B R B O

(2) A — OB B4R . T 35 10.0 g, B 30 s,
e meyn * Ve =132 30 (g/mOIIAERB B 60% 892
BTV TR 5T o A B T 0 D Ol D B 7 e ZE IR v, 1R
LR I ER 460 W 7 AR 30 min, i T ¥ 600 WL 1%
P BT E) 120 s, 45 B S 8% B & T 3. 5 000 r/min B 0
10 min B_E 35 0 159 510 3 500 8 i 42 BOi T

() YR 5% RHE W% RIEBS. T
WE 10,0 g W HE 30 s 3 mpyw 2 V=12 30 (g/mI)Jll
FE T K IRAT KRR E W 10 min J5 i3 38, S8 i A AR
] LB K AT R BT A T IR . 5 000 r/min # .0
10 min, 15 21 35 R 52 BOR

) IKIEIM AR . B2 58 = R 207 (9 05 ok R R &
B, TIE 10.0 g, M0 30 s, 8 mopypy 2 Vi =1
30 (g/mL)mEE ¥ /KR8 A5,95 CAREALIE 120 min J5
BB L 98 55 000 r/min B0 10 min, 15 5| 3¢ 5 2 {7 48
IO
1.3.3 HHEERRKB BT i TR OGN Rk
A IASCAL T R AR 2K A A TG TR A S R B R R AR i
Vi ) s i YR AR X IR AN R . AR B AR o S X IR
HEAT R 3B B R BB AE B8 A R G TR E 4o
70~75 °C,

(1) 75 B [H) « BURE & 10.0 g, [ 22 75 D) 36 340 W,
T IE ] 120 s D4 600 WL BHER L 1+ 30 (g/ml) .
HF B AR (20, 25,30,35,40 min) Xt 3L B 3 # i A5 %
KA E ARG PR B BE R

(2) B L2 BORE il 10.0 g, ] 5 8 75 1 ] 30 min,
GBI [E] 120 s, s D% 600 WLOBHB L 1+ 30 (g/mL),
G I %4 (220,280, 340,400, 460 W) X 3 B 3 2 il
15 5 KB A A TE 5

(3) i Bsf [] < BRUAE il 10.0 g[8 58 8 75 B[] 30 min,
) E 340 W, ff B T & 600 W, B L 1 s
30 (g/mL) . 2 Bk 0 ] (60, 90,120,150, 180 s) X &
T B A5 3 T A A TR PR R

(4) T Ty A BURE b 10.0 g, [ 6 88 75 BF ] 30 min,
BT 340 W, Sl BFIA] 120 s B L 12 30 (g/mL),
2 22 ok Th %R (300,400,500, 600, 700 W) X 3 F i 8 Bl
15 Bt S A TE P R

(5) B L - URE i 10.0 g, [ 7€ 75 I ] 30 min,
FEY)ZE 340 W, S BF IA] 120 s, faip D 2 600 W, 25 5%k}
Wkb[1:10.1: 20,1+ 30,140,150 (g/mL) X} 3 &
IS N IEC RN E IR EAR ERiDR-A R
1.3.4 Plackett-Burman {8 351 DL R Z 000 501 R
S B 7S I B T R A I AT L AR B B SRR
L 5 AR B0 B A R G 2 K DL SE B TR
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52y iy o7 AR, R BTt 12 21 U . 57 0 o X 3 BE S B R
EES AL I SES IV -

1.3.5 WA RL T IR 4e Bt LA A AR O A I T AR
EARROSONLINE A LR E NS S RCE= g TRl VA s
] 45 H R 4 ) 67 8. 1 Design-Expert 12.0 B fF #EAT
Wi o7 T 1 48 B

1.3.6 JCHCAETEA ORI E RSN s
052 e B e 3 (D) AR 30 B R B TR A R

Y:C><7’I><V’ 1

A
Y— R ROH R, mg/ g
A VY S BB YR B, mg/mL;
i B 5 5
V— R AR U AR B mL;
m—— YRR . g
1.3.7 B AL I M8 b5 1
(1) 3R CH R 3 bk DPPH A i 3568 1 - 2 2% Sk
(187,40 (2) 1155 DPPH H H 215 B %

A — A
Q= [1- BBy @

A,

K.

Q—DPPH H i LB, %5

A,—2 mL B+ 2 mL 0.1 mol/LL DPPH &
TR B W D' BE 5

Aj—2 mL FERVE W + 2 mL JooK Z B OGEE 5

A.—2 mL /K 2+ 2 mL 0.1 mol/L DPPH #
WO BE

(2) JCRESCETR N B % A R AR RE ) - 3 Scik19],
A OHER B B EERE.

c

n

Q= [1—w}x1oo%, 3
A,
A
Q ¥ HEETERRE, %0
A, ——2 mL 9 mmol/L FeSO, 7 +2 mL 9 mmol/L
K#iE— 2 BE+2 mL 9 mmol/L H, O, +2 mL ¥ 5% ik
PR R ' BE 5

A,——2 mL 9 mmol/L FeSO, %K +2 mL 9 mmol/L
K BR— LT 2 mL AR R O R 5

Ay——2 mL 9 mmol/L FeSO, %K +2 mL 9 mmol/L
KR — ZBE+2 mL 9 mmol/L H, O, WK,
L4 Hitom

K F SPSS 22.0 # 47 J7 22 43 #7 s Design-Expert 12.0
b L VAR W s [ 7 2
2 RS
2.1 XELHEMENTZIESE

TR B0 B o B 7 4R M T R B R AR R 47.90 mg/ g,

BE 2498 | 20225 7 A | a5V

DPPH [ 5B % 79.81% . 5% A M EE W5 B % 61.65% 5
Tl R Bk B A5 3Ry 42,53 mg/g. DPPH H i
FEIHBRE 78.52% . %% F iR IE BR 38 53.64 % , MR $R LT
25 A5 256 U 8 VK o B ST T P O RO ORI IO
TR BT B IO W B R B AR TR R RO A
h#,

B8 1 A) 45 3R BT i ) S RE B B AR R A B
PE 2% 57 (P <C0.05) , % 48 BT 35 2k 11 S8 B0 0 i 4 238 o 4
P o D B K AR R R s KT N AR LS ) DPPH
HHEER R R H S B M k R EERER
W B B KR 0 OH B L1 bR S 5
HE5HAFEERBEP<0.05, HTFEENEERY
K AR T FE 6 A K [ I 25 G o5 1R B T A 5 L
SR TE M 0 0 B RS TR A B K R T D S B
B ERAE R IO Ik R AL AR I 2.
2.2 BEZRRRK
2.2.1 S A IR AT X G S R A5 28 AT S AR E P 0 5

Hi 3% 2 AT, A )R] 30,40 min B 3 B8 98 i 15
FE [ H 3 Bk 26 R Hfth 40 25 55 | 3 (P <C0.05) . i 75
30 min Y DPPH Al W BRRR G HSHMBAERE
FH(P<C0.05), ZEA 75K, B[l 30 min,
2.2.2  HEFS R S AR R P TE RN S
e 3 AL IR 340 WO 3E R R BR A R . 5
i 2H 25 5 W 3 (P<C0.05) ; B 75 T 3 340,460 W i DPPH

*1 BRAEMAERSREREWEENZ MW
Table 1  Effects of different extraction methods on fla-
vonoid yield and antioxidant activity

R S/ D%’%’H F H \i‘%ﬁ Hy A
(mge+g H  IHBRZFE/ % WHERE/ %
A — O R B KR 82.0040.97"  81.98+1.07* 65.65+1.51¢
TR — O B4R 71.9840.07¢  81.99+0.27* 57.04+2.63"
(LIPS 84.36+0.99*  80.62+0.16" 56.68+3.60¢
ISTEyIIE 78.6140.48° 82.80+0.08* 56.99+0.79¢

T RS AR EEAS R 68 25 5 8 2 (P<C0.05).,

®2 BEREAMAERSEMREXEENEZ W
Table 2 The effects of ultrasonic time on flavonoidyield

and antioxidant activity

AR N/ MEEEITE4/  DPPH A Hi 5 ¥ H
min (mge+g D R/ % HERE/ %
40 82.0040.422 69.4240.97¢ 66.35+4.92°
35 50.914£0.41¢ 75.5940.57" 64.26+6.61°
30 82.0040.972 81.984+1.53* 65.65+1.51°
25 50.38+£0.14¢ 73.11+1.10° 47.5940.53"
20 79.33+£0.420 67.15+£0.57¢ 54.2546.34°

T W3] AR P EEAN R R 25 5 B 2 (P<C0.05).,
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x3 BEUERNLAHEMESRMASLEENZMW
Table 3 The effects of ultrasonic power on theyield and

antioxidant activity

T OHEIEEMRRIZAARAELEEHR

RS WMEDEMNSEMSEMAELFENZNE
Table 5 The effects of microwave power on the

flavonoid yield and antioxidant activity

P MEEEAS %/ DPPH A FeH I ST I R/ DI?PH SRS ‘# SRS
(mg+g™ 1) HERR/ % R/ % (mg+g ") bR/ % R/ %

460 82.0040.97" 81.98+1.53 65.65+£1.51 700 73.5040.48¢ 71.06£2.93¢ 65.284+1.06"

400 67.84+1.04¢ 77.60+0.20°¢ 74.36+£3.45 600 88.3640.70% 81.61£0.17¢ 74.97+2.217

340 88.36+£0.70° 81.61+0.17% 74.97+£2.21 500 51.0540.42¢ 78.6440.14>  77.5943.47*

280 59.02+0.214 80.21+0.26" 74.77£5.60 400 74.2640.42¢ 80.1240.07*>  69.4941.41°

220 55.16£0.98¢ 80.42+40.23% 74.46£5.60 300 81.5240.49" 80.3240.20%>  72.1343.48

T TS AR TR AN [ ROR 28 5 8 3 (P <<0.05) .

AmEERERR L - HE 2R ARE. HGZOHIE BH

&% 340 W,

2.2.3 TR AL BN E) X A B M A A T R T A Y R R
M1 4 AT RO I ) 180 s IRp 3T L B R AT R AR

SO I ] 120 s WY Z . H T RCHE ] 120 s B

DPPH | i JE 5% A f JE 3 R 42 1 f vy - (R0 26 3 Al Dl

A [E] 120 s,

F4 HELEREXNEAERSERMAELEENZ W
Table 4 The effects of microwave treatment time on the

yield and antioxidant activity

——— BWEIfF%/ DPPH At BAHKE
(mg+g ") HERE/ % HERE/ %
180 98.201.07*  77.0843.01  51.2044.75"
150 71.4840.28¢  80.71+4.10  48.97+3.43"
120 88.3640.70>  81.61+0.17  74.97+2.21°
90 39.9040.20¢  77.60+0.95  50.92+1.95"
60 74.2040.21¢  78.76+3.01  36.27+5.61°

T TS AR TR AN [ R 2% 5 8 3 (P <0.05) .

2.2.4 U EAT SOH A R RPTEAE YR
5 WAL B H 600 WO 3B R H A 15 R 5 DPPH
I H 2 R R e, 5 Al 4 (] 2% 5 R 3 (P <C0.05) ., %
PEHI2E 500,600 W 935 B LB R &S A - &£ 5
ANFE . GEHIEERBMIEIE 600 W,
2.2.5 B P X B B AR R AP A TG ey il
F 6 WAL EL 1 s 20 (g/mL) IS0 35 B % R 45 3R i
w5 I A5 4l R 2% F R E (P <<0.05), B LL 1 ¢
30 (g/mL) PR Z ., #HELL 1 30 (g/mL) i DPPH B
HAEERREME A b AE R R RS, 5558, R
W 130 (g/mL),
2.3 Plackett-Burman i% 3§

Plackett-Burman R 50 % i1 M 45 R W £ 7.% 8, XK
GERTFENTNE I,

22 9FT A, 88 75 B[R] 8 7 D) R AR 3N B &R

T R AR EEAN R R 2 5 82 (P<C0.05).,

x6 HELAERSERANRENBTENZ W
Table 6 The effects of solid-liquid ratio on flavonoid

yield and antioxidant activity

BHE H MAEI %/ DPPH A ik PRI
(g/mL) (mg+g™") R/ 7% R/ %
1:50 75.67+0.76¢  67.88+6.69°  56.23+3.76"
140 80.6243.52¢  71.64+2.59" 56.62+5.83"
130 88.36+0.70>  81.614+0.17*  74.974+2.21¢
1:20 92.3141.99°  71.3840.46>  64.87+£10.32%
1:10 52.22+1.73¢  77.4840.52> 72,92+48.49°

T 5 B4R T B R [R] R 28 57 12 35 (P <C0.05)

Yo 3L RE S R A 5 e A B 2 (P <<0.01) 3 FE DL | 3 A
PR 3% AT 0 17 TP A T3 3 o i anl b T R Rl D ) B
A PR 3R 0 3L U 2 R e AR S S 3 T R G [
E k120 s F1 600 W,
2.4 MMEERELRE
2.4.1 I g
# 10,

FI ] Design-Expert 12.0 %f 3 11 i 54k 9647 7 2 4
HEFR A 43 07 IR I 45 R AT A . DOR A DR
Fsf Ii] FRHR L B AR B 4G A 3 [ E O R

Y= —549.88+3.08A +3.66B+4.12C —0.000 6AB -+
0.002 7AC+0.024BC—0.004 6A*—0.077B*—0.091C?,

4
2.4.2 JrENT B 12 AL, SRR R R R (P <<
0.0, FH Kt & &2 R?=0.980 2, R iF ZH Riy =
0.954 8, 4 LT K 36 AN W 35 (P =0.06>>0.05) , Jit, B 6 584

M )37 T 4 36 G A K S BT L

% 7 Plackett-Burman & 3§ i& it

Table 7 Experimental design of Plackett-Burman design

KT ANl R < D B 1 &1 2 B 1> ¢ i} B H
[A]/min /W /W &) /s (g/mL)

—1 25 280 500 90 1:20
1 35 400 700 150 1:40
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*& 8 Plackett-Burman i I& 45 R

Table 8 Results of Plackett-Burman design
R e A A M Bk - SRS R/
BFE ThER o e (mg+g 1)
1 1 1 1 —1 —1 72.83
2 1 1 1 1 1 67.98
3 —1 —1 1 1 —1 51.08
4 1 —1 1 —1 —1 60.94
5 —1 1 —1 —1 —1 65.02
6 1 —1 —1 1 —1 57.14
7 1 —1 —1 —1 1 46.07
8 —1 1 1 —1 1 50.95
9 —1 —1 1 1 1 43.45
10 —1 1 —1 1 —1 57.43
11 —1 —1 —1 —1 1 42.04
12 1 1 —1 1 1 59.94

% 9 Plackett-Burman iR ERAFEHHE'

Table 9  Analysis of variance of Plackett-Burman design

BE 2498 | 20225 7 A | a5V

F 11 WEERIEEITRER
Table 11 Experimental design and results of response
surface design
r5 A B C  MEERIGE/ (mg-g D

1 —1 —1 0 67.66
2 —1 1 0 61.09
3 —1 0 —1 74.70
4 —1 0 1 64.93
5 0 —1 —1 79.43
6 0 1 —1 62.87
7 0 —1 1 72.31
8 0 1 1 65.25
9 0 0 0 88.43
10 0 0 0 87.97
11 0 0 0 85.98
12 0 0 0 85.09
13 0 0 0 86.74
14 1 —1 0 64.46
15 1 1 0 56.42
16 1 0 —1 53.79
17 1 0 1 70.61

12 MEEKRERAFESFE

Table 12 Analysis of variance of response

surface design

WH PR BdmE B F i Pfi @EME
L 975.90 5 195.18  15.51  0.002 % %
A 251.44 1 251.44  19.98  0.004 % %
B 449.33 1 449,33 35.70  0.001 % %
C 31.98 1 31.98 2.54  0.160
D 0.06 1 0.06 0.00  0.950
E 243.09 1 243.09  19.32  0.005 * %
®% 7551 6 1256

BB 2 1051.41

o fUEERFBH(P<0.05), » » RRBERHBHFP<
0.01);R?=0.928 2,R%4=0.868 3,

F 10 WEEREEITERRKESR

Table 10 Factors and levels of response surface design

KV ARA YR /W B I/ min C R H (g/mL)
—1 280 20 1:20

0 340 30 1:30

1 400 40 1:40

A VEBT . B A I [ X S B R A 225 e 2 (P <<
0.05) . X 3 0 5 ¥ B A5 R B S A 0UF  B>C> A, kT
A7 CF X 3L R BB T A5 35 e 5 8 3 i d KO (P <C0.0D) 5
B X S T 2 IR 5 ) 38 3 B8 27K (P<C0.05)

2.4.3 FETZMEIT LRIEL L
12.0 153 35 fF $2 B T 25 - B8 75 3 28 339.83 W, 8 7S
27.08 min B EL 1 ¢ 31.14 (g/mL), 3L & 5 #1533k
B I KAH 87.70 mg/g. H B bRifAE , LS HIHHE N .

il i Design-Expert

JEKBE PO AEmE B F{H P RFEME
T 2233.89 9 248.210 0 10.590 0 0.002 6 * *
A 1.20 1 1.200 0 0.051 3 0.830 0

B 182.69 1 182.690 0 7.790 0 0.030 0 =

C 62.22 1 62.220 0 2.650 0 0.150 0

AB 0.54 1 0.540 2 0.0230 0.880 0

AC 10.86 1 10.860 0 0.463 2 0.520 0

BC 22.56 1 22.560 0 0.962 7 0.360 0

A? 1173.71 1 1173.710 0 50.080 0 0.000 2 % *
B2 252.14 1 252.140 0 10.760 0 0.010 0 *
C? 351.63 1 351.630 0 15.000 0 0.006 1 x =
wE 164.06 7 234400
% 34.29 3 11.430 0 6.000 0 0.060 0

2 7.62 4 1.900 0

B 2 397.95 16

T RELEFBE(P<0.05), » » BREFREE
s

(P <<

0.01);R?=10.980 2, R34, =0.954 8, KL% & ff fif R2 =
0.735 6, K5 B 17.30,

B LG 1

2 30 (g/mL) .60 C/K ¥ 40 min, 8 7 I F

340 W M 75 B 8] 27 min. B3 3% 2 & 600 W fiff 3 4b B
120 s, #6473 4L AT B0 UE SE 00 » L SE 0 o R A R
87.93 mg/g, 5 (87.70 mg/g) #l2Z 0.03% , # XTI b7
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WAl 2 A 0,61 0%, 5 0 A% TR 95T 0 L« 138 D 0 00 A 28 T
2.5 REIZH5EFMRKARENMILE

Hi e 13 AT 180 T 4% g i B 27 S L B
FHAFR B Ay O R 28 5 D R 35 O TR S R R KR
IR IR

13 REIZERGAENNERRMEES
mANFELR

Table 13 Comparison of flavonoid yield and antioxidant

activity  between  optimal process and
traditional process
I ,ﬁ\ﬁlﬁlﬂﬂ;ﬁ/ DI??H H H AR ;7—:H H 5k
(mg+g™") HRE/ % HHRE/ 7%
AT 87.93+£0.53*  80.8440.45°  77.92+1.92°
YR 84.34+0.99>  80.62+0.15* 66.17+3,97"
IR 78.61+0.48¢ 78.14+0.25>  71.384+1.99¢

T TS AR TR AN A ROR 28 5 3 (P <<0.05)

3 H5E

PLSE B 0 #1522  DPPH [l 505 % 5% [ i 4L
1 bR A FE AR . K Plackett-Burman 3 56 & Wi 17 17 32 56
Mo Ak Fs — R Al K B2 T2, 45 SR R W, SR TR Y
FEIRIL T 20k 60 'C /KR 40 min, B 75 340 W b 5
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