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Abstract: The objective of this study was to optimize the extraction process of total flavonoids from Haloragis micrantha
(Thunb.) R. Brown. and explore its antioxidant activity. With the yield of total flavonoids as an evaluation index, single
factor tests were used to investigate the effects of ethanol volume fraction, solid-liquid ratio, ultrasonic temperature and
extraction time on the total flavonoids content of Haloragis micrantha (Thunb.) R. Brown., and the Box-Behnken method
was used to optimize the extraction process. The scavenging ability and total reducing power of total flavonoids of
Haloragis micrantha (Thunb.) R. Brown. to DPPH and ABTS" free radicals were detected. The results showed that
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optimum extraction process was ethanol volume fraction of 76.15%, liquid to material ratio of 1:39.66 g/mL, ultrasonic
time of 41.14 min. The yield of total flavonoids from Haloragis micrantha (Thunb.) R. Brown. was 28.61+0.05 mg/g. The

total flavonoids of Haloragis micrantha (Thunb.) R. Brown. could effectively scavenge DPPH and ABTS" free radicals.

Within a certain range, the scavenging ability increased with the increasing of mass concentration, and the total flavonoids

of Haloragis micrantha (Thunb.) R. Brown. had high reducing power and better antioxidant activity. The total flavonoids of

Haloragis micrantha (Thunb.) R. Brown. had the strongest ability to scavenge ABTS" free radicals. When the concentration

of total flavonoids was 3 mg/mL, the clearance rate of ABTS" were 98.28%, which was equivalent to 3 mg/mL vitamin C

(clearance rate was 99.81%). This process would be simple and feasible, and the extracted total flavonoids have good

antioxidant activity.

Key words: Haloragis micrantha (Thunb.) R. Brown.; total flavonoids; optimization of extraction process; antioxidant

activity
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Table 1 Design factors and levels of response
surface experiment
IKF
SES
-1 0 1

AZFHER(%) 65 75 85

BAH& [ (g/mL) 1:30 1:40 1:50

CHRF ] (min) 30 40 50

1.2.3 PTHMERERTIE B 12.5 mg 2T i
i KRR, FH 75% LEEFEST I E4E 2 25 mL,
BeH R 0.5 mg/mL Y75 T FRvESIAE R o
1.2.4 KM ikds S RaE et 5t
DABCHE, B 3 mL ™ T ARESAER T 25 mL R
1, JIHA 5% NaNO, % 1 mL #i%], ##E 6 min,
i 10% AI(NO,); % 1 mL B2, $E 6 min, ZJ5
in 4% NaOH ## 5 mL Ji, MK ERZE 25 mL, 1R
A, R E 10 min, DA 75% ZEEAMES G RE, 78 400~
800 nm WZEWRZ IO GHE, BEREIHR RIS, & I T
HA-EITE 512 nm ANA F R g
1.2.5 FrfEfhkpygsitil  FE%EE 0.5 mg/mL A9~
THRESRER 0,1, 2, 3,4, 5mL F 25 mL &5
L SRASESS 1.2.4 9 8 ORI e WG REE, 23]
DL T B Sl s R i) SO s e B (X)) SR AR, WG
(A) NPNBFRIBRAEINZR, F3 TR A=11.928 X~
0.0085, R*=0.9997, H.¥£ 0.01~100 pg/mL 5 K #ff
LPEX R
1.2.6 /DAl SEEEARRAIIE BRI AR
R 1.0 g, A 75% Z.I% 30 mL, 7R 1RE N 60 °C,
HFETIER 400 W, 8R4I 40 kHz 1554 T 42
BB 30 min, $EH 3 YR, L&, #8557, A2/ Al
B I B AR o RN Al B R R R AR
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Y =Cx100x25/M

XY o/ AN S B3, me/g; C e
IR S B R ) SRR B, mg/mL; MR RRUIN Al
YT, g.

1.2.7 RIMEEARTE ST

1.2.7.1 DPPH H HILEKREESIMNE SHXCE
Z=5E Ik, 18] 96 FLARH ST AIIIA 100 pL AS[FIREE
FORE S, DA 0.2 mmol/L # DPPH #%#& 100 pL,
VRS Z IR GIEE 30 min, T 517 nm AW E WK
AW BEAE Agp o RIS LAASEAARB TE K 2 B RR
DPPH ¥ W 2 WG R A g LASE AR

M8 TC7K A A A Al P VR 5 R RO G REAER A o
Vo VER BHPEXT &, A 2H AR TR] e B A9 S B T B R
W, AT BRI ELARR S A DTSR AL, BT RE
SR S 2 e BE AR — 3, AR R A = 2
AT . AR YR S50 TS 04 O BB RS B
DPPH H B EIERFIHA AT

TR (%) = [1 = (Apgy — Auie)/ Ay 1 X 100

1.2.7.2 ABTS'H HAIGBREE I myillE SRk
PO It T R, BUEHAFR 7 mmoL/L (1) ABTS”
VEW AT 1.4 mmoL/L i3 i PR BN A IR &34, B
24 h, {5 FHE FHZRIR KA G (E > 0.7+0.02 BIA]
PAFTAEM 17 96 FLARTIIA 150 uL TAEEFT 50 pl
FEME IR A5, #5166 min, F 734 nm 1<
AT SE WS CTEE A Ao 25 FILLFHRGEAKARE RS
TN AE RGBT Ay X HEZH FHRGE AR AR
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AR T, IRE 55 m S A 2.5 mL 19
1% #REALFRIAER, T 50 °C /K¥ 20 min fi5, 2350
A 10 % =508 2.5 mL, A2 J5FEL 3000 r/min B
0> 10 min, HX 2.5 mL _iEWE T8, IIA 0.5 mL
M 0.1% =&AL ERIEI AN 2.5 mL 2Rk, #5451 )5 B
i T 700 nm AR E WK OGEEAE . Vo AE S BHPEXT
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Fig.1 Effect of ethanol volume fraction on the extraction rate
of total flavonoids from Haloragis micrantha
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] 75 % Bt 2 MR LU 1 v SR S T e T B A A
BT ERAS R L 1:40 g/mL B & Er, 2SR
LT 1:40 g/mL B, ARSI 2 FHIK(P<0.05),
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Fig.2 Effect of solid-liquid ratio on the extraction rate of total

SIS (mg/g)

flavonoids from Haloragis micrantha
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7B AT /IS A1 8 S R AR R s i AN & 3 T,
Rii =5 7 7 BT[] e, SR PRS2 AE R 7 10 min F
30 min B BLZ8 T+ =7, 76 40 min B35 25 &7, 19K H

15.92+0.20 mg/g F+ i = 24.25+0.09 mg/g. B A
S TA] ) S, 5 2 T A5 538 T Gy HE BT AR 1) s A
(P<0.05) . JELRIA] BB/ AlF b SO & 5 —E,
T AR S B A ] e S ECREIR T B R Y 4T
L514), BEARE R ERAS 2R R b, 3 B 75 B[R]
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Fig.3 Effect of ultrasonic time on the extraction rate of total
flavonoids from Haloragis micrantha

2.1.4 EFEEEEXT /N AN SIS A 5
Y /N A R B R A SR G S I AN ] 4 TR,
N B B A SR A R R I T R e T
J& FREREES (AT A% . /N A S A
TRAGEF IR 70 °C Bk EIF=(26.45+0.21 mg/g),
MRS R EE T 70 °C B, AR MG R, HIFE R AT
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Fig.4 Effect of ultrasonic temperature on the extraction rate of
total flavonoids from Haloragis micrantha
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2.2.1 ma )y SEE IS5 R SR FH Design-Expert
8.0.6 K AAXJ i 7 Y T S S R AT 43T, i N S 56
FERL LR 2 B, A58/ N A1 8 SRR UK AL S
[T N: Y=28.41+0.97A—0.26B+1.23C—0.94AB—
2.05AC+0.63BC—3.36A%—4.41B>—4.30C2,

2.2.2 RN S VAAR R Ty 22 504 [BI)AASER Jy 22 45
Hr UL 3, R 3 BTN, LAY P<0.01, EAAHK 31
25555 ST P AE M 0.0984(P>0.05), N3, S
RGBS R, A AR S g 2220 R°=0.9695,
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Table 2 Response surface experimental design and results

(SES
LIS SIS (mg/g)
A B C
1 -1 -1 0 18.71
2 1 -1 0 24.05
3 -1 1 0 19.13
4 1 1 0 20.70
5 -1 0 -1 17.13
6 1 0 -1 21.64
7 -1 0 1 23.95
8 1 0 1 20.28
9 0 -1 -1 19.02
1 0 1 -1 18.18
11 0 -1 1 19.96
12 0 1 1 21.64
13 0 0 0 27.40
14 0 0 0 28.24
15 0 0 0 29.29
16 0 0 0 28.87
17 0 0 0 28.24

® 3 IR T 22 00T

Table 3  Analysis of variance for regression simulation

FERIE  CFHFM AHE ¥WHF O OFE PfH B
el 273.03 9 30.34 2473 0.0002 o
A 751 1 751 612 0.0425 *
B 0.55 1 055 045  0.5250
C 12.15 1 1215 991  0.0163 *
AB 3.55 1 355 290  0.1324
AC 16.73 1 1673 13.64  0.0078 ok
BC 1.59 1 159 129 02937
A? 47.40 1 4740 38.64  0.0004 ok
B’ 81.71 1 81.71  66.61  <0.0001 ok
c 77.95 1 7795  63.55  <0.0001 ok
B2 8.59 7 1.23
AT 6.52 3 217 421 00984 AFE
gl 2.06 4 0.52
Ze 281.61 16

PR FRAT A NAS S 56 n] St i, BEASS3Ar AN sl /s —
AN S B PSR T 255086 . ARYE F a5 ssH 2
X ) 7 AR FA 35 M) 2 RN Ay A P B TR (C ) > B TR
SR (A)>BRE L (B), Hir— k3 A F0 C 19 P B/
F0.05, fF i EFEMZES, X NI AC HANBEER
(P<0.01), HAth sz HAEFARZ M A AS 3, —RI A2,
B?. C? I HEAMW #2557 (P<0.01) .

2.2.3 WA BEAEM BT &l 5 24 Design-
Expert 8.0.6 #4104 L BEAFR S50 . R L AR
A st i) = A PR 2R A HAE X /IS Al e R e i A5 3R 11Y
me o T ] PRI R R0, 45 DT 3 X g T 1) B s e 1)
SN A R P B (] > AR RS B R L, 33X vd B R
S AL /N A B S B RA S SR i) i, R 215
IR, R HEsE i N SRR MBS R
K e B Ta] S LU TR ) 45 e A i, SN IR, X138

Z BB S HAE B AR A SR AN 35 . LA R
SI R PRI TA] A AR, IEDE, ] R
HAFHIX M RSABR BN B 2, 5057 28 AT 4 ARSI

# (mg/g)

P DO DD W
SEERRERRS

0
: 7800 e ©0)
. 35.00 7000 it
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Fig.5 Response surface showing the interactive effects of
variables on the yield of total flavonoids from Haloragis

micrantha

2.2.4 HARRBUT. 20 55600F  ARYE Jr FE A
7 T VA 7 IS A P T ) ) e AR R I T 2R £
RFRTEL 76.15% . BHE L 1:39.66 g/mL., #BFFH}E]
41.14 min, WNME A 28.54 mg/g. AR S2 w1 0 %5t
PEECT A T3, B S EEARTFR S B 76% . AR L
1:40 g/mL . #BFSEIE] 41 min, P47 3 UOPATEIFRES,
LA/ N ANE RSB R 9155k 28.61+0.05 mg/g,
HIE TR, 2% BHiZm0) Ry TEIARS R TP e 4y, v
NI BB R AR T2

23 PMZALEREERREATEMEANE

2.3.1 /NANF RSB B DPPH H d LY EE
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71N, B R R BE ARG, /N A S IR AN AEAE 2R C
T DPPH H HFEIERREE S W58, 78 0.18~3 mg/mL
JR A BV RPN, S R AR O R . /DIl
HETHRA 3 mg/mL KR DPPH M i JEAE Sy &g, BBt
T EREE N 88.65%, (HIGBREE SR T4EA 3R C. Mt

A5, /N AN R BB BT — 52 19 DPPH [ Hh 2L
BRAEST, AHRBORMR TR SR C.
100
90
g
s 80 F
<é
#Z 70+
jani
& g0l —e— NI R B
° D
50 E

00 05 10 15 20 25 3.0
SRR (mg/mL)

K6 /N_AlF S EEEX DPPH H i £ )5 R GE
Fig.6 Scavenging ability of total flavonoids of Haloragis
micrantha on DPPH free radicals

2.3.2 /DA B EEERR ABTS' B HALnY e
/NANFLBEEAXT ABTS' A h & BRee 1 anE 7 Jir
N, /N AN E R B IR A 4EAE 2R C X ABTS' [ i 36
B4 AE 1 B W55, 76 0.18~3 mg/mL Jii H ¥k & Y5 [
AN, 2R EWRIERICR . /DS R
S 1.5 mg/mL B, HiXF ABTS™ [ e KL R fE 7738 7
PR ZE C; /NI B A 3 mg/mL A,
WRRIAE] 98.28%, HiXt ABTS' I A EEW T BRAE ST JL
52 COERRERN 99.81%) A2, B T Rk
i ABTS"H FHIEBREET T o

100 |
90 r
80r
70 1
60 r

—a— /N Al
50F —— Yt FEC

ABTS"H LT R (%)

af "D

00 05 10 15 20 25 30
it (mg/mL)
7 /N_ANR S EEXT ABTS'H BB 1 IEBRAE
Fig.7 Scavenging ability of total flavonoids of Haloragis
micrantha to ABTS" free radicals

2.3.3 /DA RN BB ST N AR R
HR 9 B3R R AN 8 Jr R, /s Al B S R HAT —
RE )RR T T, HLE RS 5T AR BE R S N, EaA i
WissE, AR C Eb/N AN B IR A A R 5,
TEJF MR E N 0.18~3 mg/mL B}, S8 5 7 T 54
R, BRFE I 2.5 2247, AR B/ AR AR
R EA —E B JEEE T, (B KT AR R BE A A=
= C WsREETT .

25F ./I)—__Ez//;’_’;

20F

—e— /N A B

WOERE(E

1.0+ —— fiAFEC
A
05f
Ep ¢ —
ool o s
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B8 /N TAIE R TR ) AR R

Fig.8 Total reducing power of the total flavonoids of Haloragis
micrantha
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P A 17 R TR T R B S3 128 vh 245 A 8085340
SRSz, PRI b i A DLt — Al s
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