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Extraction-purification procedure of flavonoids in Zanthoxylum armatum
Residue with chemical identification and antibacterial activity
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Abstract: Objective To develop the extraction-purification procedure of flavonoids from Zanthoxylum armatum Residue (ZAR),
identify chemical components in the extracted-purified extract and evaluate its antibacterial activity. Methods The extraction rate of
total flavonoid was used as indicator to evaluate extraction procedure of total flavonoids from ZAR. This procedure was optimized by
single factor experiments and Box-Behnken design-response surface methodology. Then, according to the transfer rate of total
flavonoids, the yield of extracts and the mass fraction of total flavonoids, the purification procedure was optimized by the macroporous
adsorption resin type, pH value of sample solution, ethanol volume fraction, eluent type and dosage. Repeatability tests of the integrated
extraction and purification procedure were carried out for six times. Meanwhile, the UPLC-Q-TOF-MS/MS technique was employed
to identify chemical constituents from the extracted-purified extract. The antibacterial activity of extracted-purified extract was detected
by the inhibition circle and microdilution method. Results ZAR was extracted in petroleum ether for three times by reflux, the solid-

liquid ratio was 1:10, and each extraction was 60 min. Then, the defatted ZAR was extracted in 65% ethanol for 130 min by reflux,
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with a solid-liquid ratio of 1:20. The ethanol extraction solution was concentrated, and adjusting the pH value to 3.0, volume fraction
of ethanol to 10%—15%. The acidic ethanol solution was loaded to the HPD500 resin column. This column was firstly washed with
5-folds column volume of water, and then with 60% ethanol. Then ethanol eluent was concentrated and dried to obtain total flavonoid
extracts. A total of 32 compounds were identified in the final extracted-purified extract including 23 flavonoids, six phenolic acids and
three amides. The diameter of circle for flavonoid extracts inhibiting Staphylococcus aureus and S. epidermidis were (15.43 £ 0.25)
mm and (15.16 + 0.09) mm, respectively. The minimum bactericidal concentration for the flavonoid extracts on S. aureus and S.
epidermidis were 5 mg/mL and more than 5 mg/mL, respectively. The flavonoid extracts did not produce an obvious antibacterial circle
against Escherichia coli and Pseudomonas aeruginosa, with the minimum inhibitory concentration of 156.25 pg/mL and 312.50 pg/mL,
respectively. Conclusion The established extraction-purification procedure of flavonoids from ZAR is stable with high extraction
efficiency and purification. This extracted-purified extract mainly contains flavonoids and has an inhibitory effect on S. aureus and S.
epidermidis.
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Table1 Experimental design and results of Box-Behnken design-response surface methodology

s Xi/% X Xs/min Y% |45 Xi/% X Xs/min Y% |45 Xi/% X Xs/min  Y/%
1 60(0) 1:10(-1) 150(+1) 10.532f 7 5S0(=1)1:15(0) 150(+1) 7.568| 13 60(0) 1:15(0) 120(0) 11.500
2 60(0) 1:10(-=1) 90(-1) 10.700| 8 50(=1)1:20(+1) 120(0) 8.210) 14 60(0) 1:20(+1) 90(-1) 11.359
3 70(+1) 1:15(0) 150(+1) 10.629] 9 60(0) 1:15(0) 120(0) 11.080) 15 70(+1) 1:15(0) 90(-1) 10.229
4 70(+1) 1:20(+1) 120(0) 10.720| 10 60 (0) 1 :20(+1) 150 (+1) 11.670| 16 60(0) 1:15(0) 120(0) 10.780
5 70(+1) 1:10(-1) 120(0) 9.877| 11 50(=1) 1 :10(=1) 120(0) 9.020) 17 50(-1) 1 :15(0) 90(-1) 7.313
6 60(0) 1:15(0) 120(0) 11.150f 12 60(0) 1:15(0) 120(0) 11.328

%2 BESESH
Table 2 Analysis of variance for response surface model

TR EWEFOTM BhE BJr FE P | TERE EBEVIIM BhE ¥77 FHE P1{H
] 28.450 9 3.160 14.090 0.001 17| Xi? 15.540 1 15.540 69.270 <<0.000 1™
Xi 10.920 1 10.920 48.680 0.0002"" | X2? 0.185 1 0.185 0.825 0.3939
X2 0.419 1 0.419 1.870 0.2141 X3? 0.410 1 0.410 1.830 02186
X3 0.079 1 0.079 0.353 0.5710 & 1.570 7 0224 - -
X1Xo 0.683 1 0.683 3.050 0.1245 AT 1.270 3 0.425 5.760  0.0619
XX 0.005 1 0.005 0.023 0.8826 U 0.295 4 0.074 - -
XoX3 0.057 1 0.057 0.256 0.628 6 pSYp s 30.020 16 - - -

UHREFEEZER (P<0.0D).
** significant difference (P < 0.01).
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(5) HEFREE L Z: FIH Design Expert 10 21
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Fig. 1 Response surface plots and contour maps of interaction of ethanol volume fraction, solid-liquid ratio, extraction time

on yield of total flavonoids
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Table 3 Adsorption rate and desorption rate of different

macroporous adsorption resins

PRERS  BARRRE S BEERRR % B SRR R %

D101 A 76.80 76.95
AB-8 BBL 2 79.93 76.94
HPD-500 k% 86.21 72.35
NKA-9 e 86.06 67.79
ADS-7 SRR 86.43 69.48

232 FREEW pH (ERIESE ARSI R AR 1
T Sl 22 B AR BRI L VA gk 55k
SR KA LR BB XS A 22 s 73 R PR PR P g 13141,
N, A5 LL HPDS00 B fig, %58 1 FE i pH
55 3.05 3.5, 4.0, 4.5, 4.8 I BE IR, 2
AN 92.06%- 90.78%- 90.10%- 87.00%- 85.56%.
FEUHFE TR pH (R 3.0 i, HPDS500 44 H Xt il A
THURET A (0 5 25 T %) IR P R R B U

233 EFFEIEEE  FALJET R KL AR
H AR B (R B ARG B, H bR o 7R 1204 T 1
W B £ 77 30 FE P A e A 8O B, AR BT R Al
RORU314), -l T 5 S 1 e A 26 5 MR 2 = L
HEL HPD500 #4fi§ 100 mL, LA 4 mL/min &FH i &
FE, PR T B ER A A A B 5 & 430N 1,56
2.01. 2.45. 3.01. 3.23. 3.35. 3.46. 3.57gh}, ¥k

B8 H A T () TR 2 0 0 04 0.78% 1.53%.
2.69%- 3.61%- 4.14%. 4.68%- 5.27%, W=
bR/ R sk Sl b = 5 =4t B D I TITP A =TI N G el ] B
SR IR AN 5%, T ERERL IR b A SR
HEAEL 3.5 g.

234 FHBR ORI EIESR HT 65%4
B RS2 75 BN A REAE K RV M, T AR TR
H SRR AR 3 B0 v W) 3 B0 I 288 18 PRI 2 T
fRaifbz R, Rk, DL EFEAFAE 4 mL/min. 3%
P AR S 6 mL/min i, ELEE T L REA R LA
FRB AN 5% 10%- 15%- 20%F5F, LR I
P RERT B 2 OR (R ). 45 IRERM, BEE
R SRR S B g, SRR A AR R R
B, TS EER B O BT SREFEIE, R
EREE U SRR R 10%~15%.

235 IKPEMUATRRERE  RALIR BB T 72 R Bt B
PRI, SRSy SRS PRSI, ] A
AR BEBRIX LR, SEmr AN, W BB R
NEHIKEIS 2, WS BEH I AR BOR IR B 2 R
Sk AWEFLLL EAATRE 4 mL/min. B4
FUfLE 6 mL/min, 5% 7 KGEBAEF 508 1. 2.
3. 44 5. 64 7 FEFEARERET, S B I 2 0 A
0.30%- 0.63%- 0.96%- 1.30%- 1.68%- 2.06%- 2.46%.
S R B BE A K BE WA R 0, A B R ) T s 2
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Table 4 Effect of ethanol volume fraction in solvent on

purification efficiency

ER O i) e o

W% 3R 4% T HC%
5 5.33 81.87
10 4.88 84.89
15 4.78 85.44
20 4.50 89.86

a NERIAAL P R AOH R B 2 L s b D3RI AL v i 2
BHRBANLYEZ .

a is ratio of amount of extracted-purified extract to amount of Z.
armatum oil-residue; b is ratio of total flavonoids in extracted-purified

extract to amount of extracted-purified extract.

I o ARHIF 5 428 11 ek 2 T YR 2R AN I 2%, e 4
5 EAEARRUE AR EDL, BR AR

2.3.6  VEMLIK CREATR Bk dE BRI A2 R
AR EER R —, AR SR
() PR A P RS, 0 AR 1 o B AT A e IV i
PR30, SNy 0k B AL ML R, A 7 DL EFEAAR AR
i 4 mL/min. PEBAARIRE 6 mL/min i, %%
T AR FEMRFR > B 2 B B R BE RO (£ 5).
GERRH, BEE CERERRUEOE M, SRR R
e AR/ SOl bl o < E 7 P DY G5 wax
e BTG R EAR 60% SBEHELEL 70% LB
Vel SR 7 KA 0.36%, FREXAE Y1
fiX 3.90%, {HZEEM &S 5.79%. 4675
RS E . TR BRI A PR A, IR 60%
LB

%5 TRENESHZEEERMR

Table 5 Elution effect of ethanol with different volume

fractions

LA REEREE AEERE Ry
7 80% B Y% % HE %

30 29.52 82.44 2.09

40 62.42 91.91 3.96

50 66.09 89.44 4.31

60 71.61 91.05 4.68

70 71.87 86.07 4.87

95 80.72 83.65 5.63

a JURIRALAL ) (15 5 ARAUIA 22 B b DRI 5 SR
BHIRNANYEZ L, o SR AL & SHumi g2 .
a is ratio of amount of extracted-purified extract to amount of Z.
armatum oil-residue; b is ratio of total flavonoids in extracted-purified
extract to amount of extracted-purified extract; c is ratio of amount of

extracted-purified extract to amount of oil-residue of Z. armatum.

R EAAL T 28047 6 IRE S MRS, S m i
BRI HIN 77.69%. 77.63% 76.42%. 79.04%.
79.21%- 80.07%, V37N 78.34%, RSD A
1.71%;: $RIAAYF 25308 7.00% 6.85%-
6.71%- 6.95%- 6.81%- 7.15%, F-¥EE N 6.91%,
RSD N 2.25%; BT 2 535050 08 81.08%-
79.89%. 81.78%. 83.11%. 82.68%. 81.18%, V13
R HON 81.65%, RSD A 1.48%. M EL &
wR SR AL T2 e, ERMER.
2.4 BEREUHAREG IR UER S EE

N T IS A A S, SRS T R
W R @Y etk & 2. gt o7
S EEFEERN R BEEE, A LC-MS
T BB TR I A S,
241 XTI SIER BRI I FREULIS FO0 IR
15.00 mg. FJLARZAT A 15.00 mg. HEIRZ 0 R
i 15.68 mg. AT XHEAL 15.36 mg. S22 Bk X IR
fh 1536 mg. Mt XTI AL 16.16 mg. =M B FF
XFHE & 14.94 mg. MR E TR AL 16.32 mg. 1L 233 -
3-O-ZEFHPENIE M 12.80 mg. 5 A EK-3-0-F & bl
OO A 15.84 mg AR & B M RS 15.68 mg BT
10 mL &HfiF, 0 70%FEEREE, 2%, BNHRA
X RE AR o T W S5 RV S0 uL BT S
mL SR, N 70%HTRLES, RE, HIARA XS

M AL
2.4.2 Bl IEROHI A SRR R 24

PE ALY 10mg T 10 mL &, IMAEE 70%
HIEE, MR, BN 70%F e, B,
PR VT

243 fitdt  i% N Thermo Fisher Scientific
Accucore™ Vanquishi C1s% (100 mmX2.1 mm, 1.5
pm); JBIAHN 0.1% FRRIKIEIR- LG, BhEEHE i
0~3min, 5%~11%4}E; 3~6min, 11%LNE; 6~
8min, 11%~15%ZME; 8~9min, 15%ZLNE; 9~
17 min, 15%~26%Z.i5; 17~20 min, 26%~40%
M 20~22 min, 40%~42%Z.J; 22~24 min,
42%~50%Z M s 24~26 min, 50%~70%Z.ffi§; 26~
30 min, 70%~95%Z.ME; 30~33 min, 95%Z M

AFUAE 0.3 mL/min; #EFF&E 3 ul; A 35 Co

244 M HWMIEE TR (ESD, 1E. ff
RAHRE, —HAEAR (m/z100~1200) H5IEHK
W B RE A (DIA, m/z 100~1200); SN
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EAE RS BAE BT 2.0kV; BUREHER T 40 V;
BFIRIEE 150 °C; BARSIRE 450 °Cs BiisH)

SRR E 800.0 L/h; HEFEHE SRR & 50.0
L/h. MEFmaiEiLE 2.

8 18,19
A
11 20
2,13 ’1
14
5 16
45
B
6
1 12,13
20
3
2
31
C B2
12,13 3
4’56 1618210 2 3
1 5 9 10 14 7 26 | W
0 ' 5 ' 10 ' 15 ' 20 ' 25
t/min
2 REVMES A MERE GiBEFEN,B; EEFERN, C) MREFREEE
Fig. 2 Total ion current chromatograms of mixed reference substances (A) and samples for test (ESI-, B; ESI*, C)
245 HAXEMPMEEESE SE Rl - Ve 11 CHIFIZRD FIHESYF BT U8R m/z 433 M+

11 AN G B, it PR (B B T R 3% 4530 3t
ITHE . XU (1) DR B B[] 5 50 HEL A — B0 (11 2D,
Bk ey 7 8 g [M+HIA [M—H] &5,
FBE B R B R A A RS P 2R R
f#, AR 6.

g5 LR Mg 8 (RILER) DT85
FUEN m/z 291 [MA-H]H m/z 289 [M—H]~, k%
HES T COy PP R BT miz 245 [M—H—
COal > A RUE BT m/z 1235 H TS
B —2

HI'F m/z 431 [M—H]", FEEREA N m/z 313 [M+
H_C4H804]+$D m/z 311 [M—H_C4H804]7; ,ﬁ\:fﬁi L%Z
ERSESPONI G i 8

12 CFT04 13 etk ). 14 Crt ).
19 GREEF). 20 (R Bl R AT
Wi, ¥IrE A R U T m/z 303,301, iR
JCRE RDA A= m/z 271,255, & 28k (13)
AR (14D [RBCHREAA 53 70 R > FLBE R % 5%
KEPYET T CeHi00s I AEH TG m/z 301 [M—H—
162] . Mt (200 HIBCHEA N R Z0E, K&
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Table 6 Identification of 11 flavonoid compounds by references

19 12.04 457.032 1 [M+Na]* 433.075 0 [M—H]™ 434.0849 4.83
20 12.46 471.090 5 [M+Na]* 447.093 7 [M—H]™ 448.1006 -2.15

303.050 7,257.049 4 301.031 4,255.0279 CaoHisOn R &
303.050 7,257.043 8 301.031 4,255.029 2 CaiHaoOn #if 57

e :5/ — Il (m/z)é Higl ®E FERAET TR P
min  EE T TR (miz)  (X10°) ESIf ESI”

5 3.81291.086 0 [M-+H]" 289.071 7 [M—H] 290.0790 —1.68 123.047 4, 139.042 8 245.079 1 CisHi40s JLEE

8  5.41291.086 8 [M-+H]" 289.066 9 [M—H] 290.0790 0.22 123.047 4, 139.042 8 245.082 0 CisHuOs FILKE

11 9.49 433.1150 [M+H]" 431.098 7 [M—H]™ 432.1057 -2.03 313.0735 311.0550 CaHaOn0 HEIHE

12 9.97 611.161 5 [M+H]" 609.146 2 [M—H]™ 610.153 4 —1.04 303.0507,271.026 1 463.087 4,301.032 0 Cz7H30016 /5 |

13 10.00 465.103 8 [M+H]* 463.087 8 [M—H] 464.0955 —0.31 303.050 7,271.026 1 301.0320 CuHxO1n &2

14 1042 465.103 4 [M+H]"* 463.088 1 [M—H]™ 464.0955 -0.96 303.050 7, 257.049 4 301.032 0 CaiH2On TR

16 11.61 471.090 7 [M+Na]* 447.094 3 [M—H]™ 448.100 6 -3.49 287.0599 285.038 4 CaiHyOn =M 5T

18 12.01 595.166 1 [M+H]" 593.151 4 [M—H] 594.1585 —1.26 287.0599 285.038 4 CorH30015 LA -3-0- 2 F B H
[
[
[

21 1298 479.119 7 [M+H]" 477.104 5[M—H] 478.1111 -2.50

317.064 4, 303.046 9 315.052 6,301.031 8 CoHnOn 7 MAEH-3-0-F & T

7 F CeH1004 F2AETF G m/z 301 [M—H—146] . F#
aH (19 WEEAESBTRARE, KEd s+
CsHgO4 P2 76 m/z 301 [M—H—132]% /] (12)
{10 PR A E 3] 267 0 R R 2R A 1, ARIRR 25 R M4y
T CeH1004 H1 CsH 1005, 737074 m/z 463 [M—H—
14617 A1 m/z301 [M—H—146—162]", 5 CHRIRIE )
LRI — o181,

g 16 (=rHFEH) 18 C(LLZEMH-3-0-2 7 H
) NWLEMATEY, W BT m/z 287 F m/z 285
I3 TN L 2SR IE B T A B TR 2R P2 AR R R E
FERES T, B 16 K H SN CeHioOs Il 18
KeEH ST CeH100s Fl CeH 1004, HHEE RS
X} B — 3

g 21 (S RA R -3-0-F A B HIMHED T3

T m/z 479 [M+H]" M m/z 477 [M—H], &%%k3*
s> CeHioOs P2 AW B m/z 315 [M—H—
CeH100s] - H (5 B 5%l fh—2.
2.4.6 oMM EIEEYIE S E BTG
A 21 AN R AR, TR AR R R
TR 5 B, Hah G A SCHRIEAT TP 50,
iR WAL 7.

Vg1, 4. 6 MIREERT TR, $5HIHE T2
T m/z 377 [M~+Nal" Al m/z 353 [M—H], #ENX
3IMMCEYIRIE 3 TR, FEX T REA 354, 4
TN CieH 1000 3X 3 AN P2 AERFIERE F 2 T miz
191 (ERBEFLEET) Momiz 179 (WIHERRE 425
T, 5OCEkRIE S E R R — 50, HENX 3
MG REE TR I 8] 73 S K A ¢ i TR AT e

Jifg. BTIX 3 M-S RIS EEE — 80 SfELUIX
gy o R, FRYESCHERAH RIEAHIT HPLC 4644 FiX 3
AMEE LR BT IS (0718200, SsE g 1. 4. 6 433
TR SRR BR 2k R IR

I 2 [RIUES T3 TN m/z 331 [M+HT A m/z
329 [M—H] ", HXI4rF i EHR 330, HEMH AT
A CiaHis09; KREFED T CeH100s PR B 1
m/z 167 (FFEERE 1) P, e 2 HF
Fii CUBEE

U 3 R HE 5> T35 104N m/z 365 [M+Na] Fl m/z
341 [M—H], FEX TR EA 342, HEMFH /720
N CisHis0o; PEAERER BT m/z 191 (EJERH2EE
T, G CERFRRIERE Crs A5 AE 11
{REE AR, %EE 3 8 5-0-FH 4 T .

U 7 BIHE T TN miz 579 [M+H]H m/z
577 IM—H], AEX>FliEA 578, HEMH 5+
N C3oHa60125 PR T m/z 291 F1 m/z 289 A
ILERRMEIE T, HENIHCLR RN R, 45
A OCHEREEY, el 7 NEAEE R B,

W 9 [RIHE S T8 T8N m/z367 [M—H], FIX}
DFREN 368, HEWH TN CiH000; 724
R BT mz 191 (BRBREEET), 4560
PR3, %esEid 9 oy 5-ZE T UMHERR .

U4 10 AV T 85 10§ m/z 579 [M+H], HXf
TN 578, HEMIIL 3TN CoiH300145 722E
FIRE BT miz 433 [M—CsH1004] 1 m/z 287 [M—
2CeH1004]", HEMAFLE 2 /N SREHE, 456 SCHREdERY,
B 10 AL 2T,
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Table 7 21 Chemical components preliminarily identified based on mass spectrometry data
i lR./ _ UL (m/z)* Bl RE FERAET e -
mn  EHFEA SEFER (o) (X109) ESI* ESI
I 2.64 3770852 [M+Na]* 353.086 8 [M—H] 3540951 130 163.0410 191056 1 CiHis0y  FAFR
2 3163311003 [MH]* 329.0892 [M—HJ 330.0951 -339 193.0528, 163.0410 167.0307 CuHis0y BERORH
3 3.51 365.088 8 [M+Na]* 341.086 1 [M—H] 3420951 340 151.0410 191,056 1 CisHisOy  5-0-FHBETH
4376 377.085 5 [M+Na]" 353.086 5 [M—H]” 3540951 215 163.0410 191056 1 Cietis0y SRR
6 405 377.085 5 [M+Na] 353.086 5 [M—H] 3540951 2.15 163.0410 191056 1 CiHis0y 4R

7 470 579.148 4 [MFH]" 5771312 [M—H] 578.1424 320 425.0840,407.070 8,291.092 0 409.099 4, 289.0729

9 6044 - 367.105 3 [M—H] 368.1115 -4.43 -

10 7.87 579.173 8 [M+H]* - 578.1636 —4.17  433.0828,287.0599
15 1129 507.116 2 [M+H]* 505.101 6 [M—H]™ 506.1060 -4.59 3030507

17 1196 609.1470 [M+H]" 607.1324[M—H]" 608.174 1 -2.35  303.0507,287.059 9
22 13.07 347076 9 [M+H]* - 346.0689 —0.59 3320623, 287.059 9
JARERN - 489.100 7 [M—H]” 490.1111 497 -

24 13.50 507.1172 [M+H]" 505.100 6 [M—H]™ 5061060 4.71 3030507

25 13.79 317.0654 [M+H]" - 316.0583 230 302.0469

20 1395 - 519.1123 [M—H]” 520.1217 3.02  317.064 4,302.040 8
27 1551 581114 6 [M+H]" 579.094 6 [M—H]™ 580.1064 -0.58 333.0623

28 15.62 5951275 [M+H]" 593.120 7 [M—H]” 5941221 4.06 347.0769, 332.0549
29 1583 639.155 5 [M+H]" 637.138 4 [M—H] 638.1483 326 333.0623

30 22.65 286.178 3 [M+Na]* - 263.1885 0.10 246.1888,107.0877
31 22.89 286.178 3 [M+Na]* - 263.1885  0.10 246188 8,107.0877
32 23.18 286.178 3 [M+Na]* - 263.1885 0.10 246.1888,107.0877

Cal0n FHEZB

191056 1 CurHaOy 528 UINER;
- CoH3oOu  hZFF
3010314 CuHoOn W E-7-0-L B
301031 4 CollsOre 6-(4-FRAE-3- 063 AR T AR 2 4 bk Y

- CrHu0s M &
285.0354,255.0279 CollnOn  IER-ZB-CHE

301.031 4 CoHnOn MK E3-0-Z B CREH
- Cien0r RRER
315.0427, 300024 6 Cull0 FREZ-CEHCOHH

535.112.7,331.046 1,316.023 1 CosHaOr6 35 %-3-F BE- R
549.126 6, 345.063 0, 330.034 9 CastlasO1s 1 - k- BT
493.1020,331.046 1 CosHaoOn HEEE- 1 6- KRBT B A
- CigHosNOz FofE-e- 1%
- CigHasNO, BfE-a-lifE
- CisHosNOz 2 HE-p- IR

U 15, 24 [HES T B W5 58 m/z 507 M+
H]"H m/z 505 [M—H], AX 5>+ E N 506, HEMN
HAr TN CsH0nO13s R HE T miz 204 724
Wit e R RFERE 7 B T m/z 303 Fl m/z 301; HRETE
Cis A FE AR R )R, S 5E & 15, 24 4
BN R -7-0- Bk OB R B R -3-0- Bk &
PEE o

V& 17 BIHESY T 25 T U629 m/z 609 [M—+H]F m/z
607 [M—H] ", AHXFEA 608, HEMH 7>+
N Ca7HosO16; HEA T /0 2 ANEUR T, I H P2 A AIE
WEF BT m/z 303 Fl m/z 287, %€ 17 N 6'-(4-
TR K3 -3 FUR TR G 2 Bk

U 22 FTHE S T3 FUE m/z 347 [M+HT, FHXT
AT REN 346, NS TN CHL0s; Kk
2 /N-CHs, FRAERER & T m/z 332 [M+H—CH3"H
VU 32 J5 35 B T 42 3 1 m/z 287 456 STk 4L
P4, S 22 SRR & 28 HES T T IE
A m/z 595 [M+H]"Fl m/z 593 [M—H]~, F+HHH

L 22 FHEIM 0 Fr s #Er TR TR ok
T COx FHERE R BT miz 549, SWER BT m/z
345 AHZE 204, HEMSE ) RAAAEREIEBEAL s 456 SR
R3], gl 28 T E- - O .

I 23 FRIHE ST 1 BS TR m/z 489 [M—H], #H
X7 N 490, HENIL 530N CsHpnOn; 2k
ZWER BT m/z 204 PR L 2R I RFIERE A 251 miz
285 Ml m/z 255; S56 SCRREARRY, g 23 il
AW R

U 25 FIHE T T B TR m/z 317 [M+H]Y, #
TR ER 316, HEMH S FHAN CiHi207; R
F-CH; P20 B 1 m/z 302 [M+H—CH:]'; 454
SCHREED), Moplg 25 NRRER.

U 26 FIHESS F 55 TN m/z 519 [M—H]~, #
X3 N 520, HEMIIH ST 508 CoaHas0135 2K
BT miz 204 P2 R RERIFHER A &7
m/z 315 Fl m/z 300; 256 SCHREHEDO21, BEilk 26
MR REER-OB OB .
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V&g 27 FIHESY T B T U9 m/z 581 [M~+H]F m/z
579 [M—H], HHX7F A 580, HEMH /20
A CasH24O165 HE T B FUE R 437 CO,, 77
LR miz 535, B LW BT miz 204,
FEAE R R MRHE R BT m/z 3315 456 STk A
P12, B eI 27 NSRRI - OO

U 29 [T 3 T B8 FUEH m/z 639 [M+H] Fl m/z
637 [M—H]", FHXIFRER 638, HEMFH 73+
N CasH30017; A>T FUE R L 4> F CoHsOq
FEAERE R BT m/z493, 4ks20 27 F CeH100s
PR R MRHE R BT m/z 3315 S54SRk A
PR, BEE g 29 SRR SR EK-1,6- K A B AL -
I

g 30~32 HBUHFIRHED T 32 7 m/z 286
[M+Nal*, 73T A CieHasNO,y, FHXS 73 F i A
263, HEM AR -a- ILAREE S A 5 S A 52 Jk e
Ll AR AR L -B- Ll AU ER o AR AR 7E AH 1R B 3 1)
HPLC %M, X 3 MLAWR R ik xRz
Fee-lIHER . BIt-a- IR FBIE-B-1L R,
I H 35 - ARG AEAERMURT YT M FE AU 25 2 A i
TR S 5 o T oA 3 I A B SR A 27290, s e
g 30~32 3T -e- IR . BdE-a- LA AN
FRIEB- IR .

2.5  BEHURFREE IR R R

1T 2 B R RN S R 2 o AT T i B v
PEBOS, AR LS (L 2R PR IG
RER) (WS/T639-2018), K FH 1B Bl v Ak 4
PRI AR S E A0} & B (0B A ER T (G &
FEAEERE (GO KB (G 4SR5 i b
(G HIHMmHIBER
251 MG IEIHI& KA PRI A A ALY
0.5g, BT 10mL &I, IN 40% P BRI
ER, AL, 4022 um LHEMALIER e, IS
50 mg/mL Z54) 1 % -

252 WEMRMIHE K LR 4 BERRE A EYE
MR EFRWGIEFRW S, £ 37 CHEIERETRAE L
210 r/min SEEIRIEREE 12h; FEFRZEE IR
IEREBWRER 1.0 2 R FAL (49 3X108
CFU/mL), BINWIMGEHR B FHE RN LT
WG WIIE A BB B R ERIRE, U
ol B BV

253 HIRE EAMNE B2 RER R R
HRROER, BT MHA 8973 E, £EH

FrEFIL, BEAZ 6mm, [FFLFIIANZYNE W,
AN EARTR 40% N B E R, RRAHIE 3
7RI . B TEEREFRM 37 CHEFE 20 h, Wz
W EAT. 4R (K 3) R, RGEEAirns 4
10 7] 767 TR BRI 3 B ) 28] BR TR VA B PR AR 23 il A
(15.434+0.25) mm Al (15.16£0.09) mm; *F K
A TR AR SR AR R B AN AR B R B B, T EA
PIAT AT BE B

3 SHEBHEBHKE (). REABHKE Ob). KBHFE
(o~ AEEREME 1) HIERE

Fig. 3 Antibacterial circles of S. aureus (a), S. epidermidis
(b), E. coli (c), P. aeruginosa (d)

254 /N 2R E (minimum inhibitory
concentration, MIC) A5z /N 7% B 5 94K B (minimum
bactericidal concentration, MBC) flliE  HE A
GREFRAS LR At W, X IR INZ45¥,
T E AN ERFR 40% N BT, S LIS R A&
. BERETFRFE 37 CH:FE 20 h, 7EREFRAC I
5E 600 nm OB (4) {8, 5 MIC. HUZ5
HIRFEAMKT MIC LA SR FE I B iR A
AT PCA Rtk B THIRIEIRM 37 CHiF
18~24 ho WHRMEE, LAICAH R A=K 1 AR 254 o
EIREIEN MBC (3R 8). &R, AfEiugifth
W 4 07 7 BR A RN 3R R A & Bk R B A AR
FH 5 TS DK B A B R ] 2 o T 4 P AN B
3 Wi

TR ZG W 2584, AR i & F B AN AR
AR MIRBUCR B S R fG 5, 724 R E )
bk /B e =i (S N = G TSN 1SN
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Table 8 MIC and MBC of extracted-purified extract on
tested strains

S MIC/(ugmL™")  MBC/(ugmL™")
E NG RAEON 39.06 5000
R E R 39.06 >5 000
KIGF B 156.25 -
] S A B L 312.50 -

MRS Sy, RASRIRIAH . AT 7850 R Rk
PO TR, ASHIF A ik ARk B2 Ay 1)
SRR A A 25, DURI AL 1S5 B
Pl (10 o0 2 70 B S FL e R 2R A N TR bR, AL T ABRH
TR PSR ISR B S T2, RGO
Je AR R BRI 3 Uk, BREEE 1110, $2HL 60
min; Z5ERFATMEE R, T 65% CRE [RIRR H
130 min, BHEELA 1 : 20, FEEURZG IR R Y6 2 /)N
AR, W CEHRFA 0N 10%~15%, F 2RI
WA A pH 3.0. KRN 4B _LAE S HPDS00
PERERE, SEH S REAEARRUKEENL, F 60% CBEGEIN
W BRI T, B A5 R P R R A
aifky. KT Z 6 IREL PRI EN
6.91%, EEEHR R HOL 81.65%, MBI
ik 78.48%.

4 e 3211 Y IE =2 X 6 78 ST 110 TR AR KT AR B
M (32 T2, MBI PR 23.16%, AKiE
PRV AR R R, FREPERMIER
IS EE T RO R 2 By PR L2, SRR
4 6.83 mg/g, L RFLIR BB g alifh f5 1) 2 1 ot &4y
N 76.30%, AIRIEAND TR ZHEFER,
X I 34 PR A A 7R S BT E AR R 1 S
F 5 EUBEL AR 8~ 12 h, FEEU S B A 5 & 7 B0
3.013 mg/g. HHILAT L, A FTaE 7 1) T 22 it
TR, AR, BRAEVESR, EA T R
A=, R T HBZ IR A PG R, AT
[ [} UPLC-Q-TOF-MS/MS XA, lid e i
BT IE] BUEE R, FFSHEK R, EE TR
PRI ALY B B PR A b 32 DA,
X 11 AN R B 1 2 S e il e gt A7 1 R S e,
XF 21 ANTEN RS I g 3T TP e . XL
RO L 23 PR ERE ALy 6 PRI RIS oy AT 3 Fh
PRI 5y, it — 0 T R P SR B AR

AT FE R FH 10 P v R Ak s R 5 T $R
iAWt 4 Fham i U TE, R ILARSRE A b 5T

AR (e O A BRI AR R kD) B

AANEIER, T L BAVE R ORI AR xR

FETED FHEAE AR . S A SR I A T]

TR BT 2 B B AR 7™ i » 78 73R FH BRSO RA B2 3
FlAEAR PIAEEHFARELEF YR

SE 3k
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