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Antibacterial Activity and Stability of Methanol Extract from
Thamnolia subuliformis in Vitro
REN Guoyuan', GUO Qixin’, WANG Jing', DING Haiyan""

(1.Institute of Preventive Medicine, School of Public Health, Dali University, Dali 671000, China;
2.Dali Quality and Technical Comprehensive Supervision Testing Center, Dali 671000, China)

Abstract: The objective of the study was preliminarily explore the antibacterial activity and stability of Thamnolia
subuliformis in vitro, the plate drilling method was used to determine the antibacterial activity of methanol extract of
Thamnolia subuliformis against common pathogenic bacteria in vitro. The indicator bacteria of Staphylococcus aureus was
used to determine the effects of factors such as different temperature, pH and UV irradiation time on antibacterial stability.
Petroleum ether, ethyl acetate and n-butanol were used to extract the methanol extract, determine the polarity of its
antibacterial active substances, and determine the content of usnic acid. The results showed that the methanol extract of
Thamnolia subuliformis had good antibacterial effect on Gram-positive bacteria such as Staphylococcus aureus, Bacillus

subtilis, Listeria stephensi, Staphylococcus surface, Listeria evansi, Salmonella paratyphi A, Salmonella paratyphi B of
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Gram-negative bacteria and Candida albicans. The minimum inhibitory concentration and minimum bactericidal

concentration against Staphylococcus aureus were 0.625 and 10 mg/mL respectively; The results of antibacterial stability

test showed that temperature had no significant effect on the antibacterial activity of methanol extract of Thamnolia
subuliformis (P>0.05), and it still had high antibacterial activity after treatment at 100 °C for 30 min; The antibacterial
activity of UV irradiation for 40 min and 50 min decreased significantly (P<0.05), but the antibacterial rate remained above

90%; pH had the greatest effect on the antibacterial stability of methanol extract of Thamnolia subuliformis. When the pH

was close to physiological neutral (pH6.0), its antibacterial activity was not significantly different from that of the control
group (pH4.83)( P>0.05), showing high antibacterial activity. When the pH was high (8.0, 10.0) or low (2.0, 4.0), the
antibacterial activity of the treatment group decreased significantly (P<0.05), and decreased with the increase or decrease of

pH, The content of usnic acid in methanol extract and ethyl acetate extract of Thamnolia subuliformis was 0.8613% and

0.9379%, respectively. The results showed that the methanol extract of Thammnolia subuliformis had a certain broad-

spectrum antibacterial effect, low concentration and good stability. It can be used for the development and utilization of

natural food preservatives and plant-derived antibacterial drugs.
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EHZ(Thamnolia subuliformis (Ehrh.) W. Culb.)

SREET A S B HILIX, SR 22450
065 SRS A B HA T 25 S R T 4 °C K
A5 4 B 08 28 BR B (Staphylococcus aureus ATCC
25923) . A EEZEIEAFE (Bacillus cereus ATCC 6633) .
Hr ERZ=WR B8 (Listeria seeligeri CICC 21671) . H 7l
FITFEFT BRI (Salmonella paratyphi-A BNCC 336664) |
2 8l 15 FE AT B ( Salmonella paratyphi-B BNCC
103169). L EIKR(Candida albicans ATCC 10231).
2 T 48 4 BFR & ( Staphylococcus epidermidis ATCC
12228) . B K 2= i 4 [C B ( Listeria monocytogenes

CICC 21663) ., HtE=SUMsE (Listeria monocytogenes
CMCC21633). N&EFsH(Escherichia coli CMCC (B)
441027) . FEEREI(Shigellaflexneri CMCC 21534)
i e 85 1A (Klebsiella pneumoniae ATCC 4352) |
2R MAT B8 ( Pseudomonas aeruginosa ATCC 27853) .
2 BEEE (Saccharomyces BNCC 142268) R FREJH
Jo e 3 AR W B g A A I R B IR BUIE . LB A
AR IR U AR IR A BRAF] .

T6 HFritt e ARSI aT UL R T db At TE
JIAY AT BR 57454 H] 5 Scientz-ND %I 22 51 ¥4 R T4
L. SB-5200DTDN AUAFS PG Uetl T2
YRR By A BRZN Fl; RE-3000 BUEREZE AL i
WA AN RS 3 VS-1300L-U #LEG TAES T
£ 1 FR 220N w3 s GHP-9270 Y g sk 21E 1R 55 35
A1 . DKZ-3 RI5Ey5 KMl . HWS-28 5 F HUE 8 7K 7
By B —ERREER A IR A F] s GZX-9160MBE
TR S TRl BRSO A BR S A Ry T ik
%), PHS-3C #l pH i1 LIRS A
PR F]; ZW20S19W AIELHMNT  VIRATH KiaatiA
BRZNH]; 4500Qtrap K T iE( 35 AB SCIEX 4
H) ; Ultimate3000 % & /&5 20 W& AR 5 3% 4 56
Thermo Scientific 2Y 7).

1.2 SEAHE

1.2.1  FHBZRIRU ARG M R I P06

1.2.1.1 TSI 64 I hh s H R E)
M S EEN Y B e . 25 A
VLB KT HEPL 50 °C HE 10 h J5 TR ARG
Ja R e, ik 60 H . F MBI EL 1:10 g/mL fin A
75% WIS A, HE S IR B 30 min JEAhuE, R IR R
JEWRAE FYEW, 50 °C igitZ5 % % 10 mL J5-20 °C %
7R 3 h A, BLas ¥ UR T4 12 h(F2 B I B B 2]
—25 C, EEZSFEPEE N 50 Pa) AR, BT —20 °C 7K
FE WG ERAT

5 H A FH o AR B I 55 S XS = A
AT I A A, 5 PR R 75 R B P s B
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T VRV R e 4 28— e AR, R A Tl . 2P ZUTR
IE TSR B AR, B B AEBGR TG, etk
Z 10 mL 520 °C %% 3 h i ER, Bas vk Tk
12 h(ABHEJEFEI-25 °C, HA5 R E 50 Pa) By
A, BT-20 °C vKFABECE BT

HL KB A S AR [y don
DIk, Bt 60 H i a5 A AR, ki
bt 1:10 g/mL In AZEHE 7K, 80 °C /KGR $+: 30 min,
hvE, EEEEIFIWE LW, 50 C iEfkE k=
10 mL 5 & F-20 °C ¥ % 3 h lilEEk, B8 %+
R 12 h SR, B T—20 °C KFE RGBT
1.2.1.2 FHHWZHR BRSBTS SRATEARST
FLIED PRIE TS M ST PR U (A AR S M R TS e, FH
e FH PP ISR A S A, R B8 FH G R K I i . 1)
BRI AR-AF BRI T IC R ZE R /K, SRZZ IQ E Rk,
i FH G B /K VR B AT 25 10° CFU/mL 5 HH o ¥
BN G S A AR B IR LR 10° CFU/mL
PBEE, $%5F 20 mL H5537IE A 1 mL A LLBITER
5o FH 100 pL (ke Sk AEEE [ ) BiE _EFTFL, BkiifL
MBI, B fLAhn A 20 uL #9100 mg/mL 25 4,
ZFRBUY, FRPEXT AL 5 mg/mLAYZE S8R Tb A2, [
PEXT BE A KR s . BELH B A FATEEER, 4 °C
P2 h 5, BT 37 CEEFRAA T, HigR 24 h WS
WEIIER . 2% L1 4 g9 25 M S S0 ps i
PEFEATHIW: B RE AR 6 mm HIW AT P EE TG
PE, /NTEET 6 mm SN G BETEE; 3 IR A 001
TR BAT P ERIEHE2E SR I A B A BT RRZE N e
BRI PE, 5 W SEYH R e IR R BLARKTF 6 mm /)
F 8 mm AMEEHUE; KT 8 mm /bTF 14 mm I
FERES; KT 14 mm /T 20 mm A i BERRUESG KT
20 mm Sk JEEREUER
1.2.2 25 M AS Y B B o) 4 (0 7 285 BR AT A 410
Witk
1.2.2.1 H/MIEH Z (Minimum Inhibitory Conce-
ntration, MIC) Fl1 55 /> 7% B #¢ F (Minimum Bacteri-
cidal Concentration, MBC) Yl 5E R JFH —45%5%5 B
U0 K 20 mg Y S R B T 3% AT 3 I B
(Dimethyl sulfoxide, DMSO) 0.06 mL & %l s
W, FHICTE LB A 17 # BERE &b 38— 8 W3 bR
(10.000. 5.000. 2.500. 1.250. 0.625. 0.313. 0.156.
0.078. 0.039. 0.020 mg/mL) . A [&] ¥ BE ¢ 5 22 Fh
2% (V/V)IEAL G B E # (10° CFU/mL), ¥ F 37 °C
110 r/min AYTEIRIEFRFAIRZGFE TR 24 h, LIIMASEH A
R 3% DMSO U RBUIVE 28 X AR
1.2.2.2 FEHOZS H IR BUY N 4 B O A ER AR K
rysZme DR DRI, B2 3] 5 mL ey
LB W55, 37 °C 110 o/min R HIEFHEZ A K
STEC, F RS 10° CFU/mL. SUAFR Y 30 mL, %
FEZHH 3% DMSO, S2iu2H iy MIC(HREU) 2k )&

A 0.625 mg/mL) Al 2 MIC( $2& B8 i & ¥k & oy
1.250 mg/mL), MBS E T 37 °C iR, b
ASPR I X A P 0 ] 25 BR AT () A5 5 i) SIS ] 5
W 0,.2.4.6,8,.10,12, 14, 24,26, 28,.30.33h
A5 13 ASEFEL, DUIMASE AT 3% DMSO 42
BUIE 2SN IR, R i B = RO T8 5%, SRS
G 600 nm K 25 Kl 2% HE B X 4 (0,35 4
BRATAER At sl W oG BE - ) h 2, DA ER
134w O A BRI A R i R i AB fh a3
1.2.3 T Hb AP BRIIE PR IR PR IR S E S50
1.2.3.1  RBEXTE5 Hb 25 B Bt BB Bal il 1A 174 5 i)

225 YIN U ik IF i 7 — 2 ek . 15 FHhh
25 B ECY) 100 mg/mL JE 53 A 25 15 Cof R4,
18 °C). 40. 60. 80, 100 °C FY7K#FHALFE 30 min, >R
FH 1.2.1.2 5 e AR M TE:
1.2.3.2 pH XJZ5 b5 B W5 B A0 bR 0% 1A ) s )
2% ZANGENEH 258" (7 13 07— B 2 .
433 0.1 mol/L HC1 AT 0.1 mol/L NaOH 25 Hii %
HEUH 100 mg/mL JEH Y pH JH4& 4 2.0, 4.0, 6.0,
8.0, 10.0, LAARVHT pH M2 B4 iy XF B8 (pH4.83),
SR 1.2.1.2 500 A B ik
1.2.3.3 i S0 AR X 25 b AT FP s b B F B 75
BURENR S REXIRe R By i T —E s, K
= HEAE P EEER Y 100 mg/mL JEIR & T 44T T
(20 W, EAMTHERE S 25 ecm) 43r BIREST 10, 20, 30,
40. 50 min, PSR 347 BT 09 $2 B S X B, SR
1.2.1.2 J7EuE eG4 o
1.2.4  Z5HbAS FF ISR I Ho s B PR B B i 2
1.2.4.1 FPABFRAREL FIAE S Ml 4s  ArvE S il 45
K5 PR B R AR ESL 0.0500 g, JH 50% HHEE K &2
75 50 mL, 15 F| ¥R E 1000 pg/mL iF45W, FH 50% H
BEAR ST RFEREAL 2. 5. 10, 25, 50, 100, 200 pg/L 1)
i 2R, HIASFRAE L y=54121.4x—14121.9 (=
0.99966) .

FE S Bl 45 FREUGRE S 10.000 mg, A 10% Hpis

IKEZSZE 100 mL, PR 10 f575 2N FRFI
1.2.42 WAHSZAMFFITIE S B S RBOR BRBHA
( Ultra-performance liquid chromatography-tandem
mass spectrometry, UPLC-MS) 2&4:: 1%+ Waters
Acquility UPLCBEH C g ##(2.1 mm>100mm, 1.7 pm),
TEIAH A: 7K; B: HEE; Vel (LA sliAE B A4FR 45
¥R 5 ) : 0~0.5 min, 10%; 0.5~2 min, 10%~30%;
2~7 min, 30%~95%; 7~9 min, 95%; 9~20 min,
10%, 7itid 0.3 mL/min, JE4AEED 5.0 puL, #7E 40 °C.
Jis S5 B IR FLIESS B R O S ARG (EST) 5
B85 115735 Fg, J <. (Tonspray voltage): -4500 V; <55 <.
( Curtain gas) : 30 L/h; filf 4% “<, ( Collision Gas) :
Medium; 575 IR : 550 °C; 2£1k“<. 1(Ton Source
Gas1): 50 L/h?", HAB W 1.
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1 WEERAY UPLC-MS/MS I5E S5k
Table 1 Determination parameters of usnic acid by UPLC-MS/MS

k& {488 Bst 8] (min ) A Fak FEE T (m/z) FEF(m/z) B BA R A] (ms) FE R JEDP/V filf ¥ fE = CE/V
328" -28.38
FASER 11.45 CH,60, 342.9 258.8 100 -60 -29.23
299 -24.18

T FRERET.

1.3 BRI

B ST —UR, SER A R AR E bR v 22
(Mean+SD) &7~ , U¥% % H Graphpad prism 8.0 Fll
SPSS 26.0 A HATEARAL I 43T, Geit2E kR
JHEA R 207 224587, P<0.05 3] B4 k2% 5,
P<0.01 KU EAR BE2ER
2 RS9
2.1 BhZKIEYFNRERZ BUAAOHNEE S

ARSI DL 4 O R BRI ST &2, R
Hb S K &4 F0 F BEER B A R TE P, A 1 TR,
AR ERYIXT G B (0 A 2 2R oA TG B A e E A, i
FR AR B W 2 B — e I BE R . SRR
HEZS I LN B B s T VLT P EE, Ak TP
HFER/)N, IX—45 5 5 KOSANICMARIJANARY | B
FHLIAEAGE RS T S R — B, RS H AR SSAR W i 22 5
BSTXMES TK, S TAPLER . R, gt
X} 25 b5 FR ISR U 04 AR A3 2H B THRSY, R I
BEER IO T B AT 5 R AR . WIELAR | AR B R AF T,
XL BB IE TR HIA R SIS BT 50 i T L
FUTTAEE F AR, JE—HAUE T ARSI 25 51, HE
2 PR 2 P PR B i — 2Dl TS [ A
PLETNBEATAEEL, K B0 208 £ T H B (3 B Pl s ke
(17.2 mm), £ Y EkAHTCH B4 8, 1T BsEAH A 31 v P

e - R

ISP R - 7K

TEARXTEL/IN(10.4 mm ), PRLHCHE BT R s By R g 4
BN HEAEAE LR LFRAH T

T B R SIEAe iYLl b, PE— 2P RS T I H
255 H B U T 22 o I 5 2 FC R MR B (< 9 (7
A BRER . Al PR B L ST QTR IR . R I A A BR
[N AR N 2R B BV S I ER e T S DN Sy B S
B (P BRI IERT B . BRI FERT B R IR
P A PR L TR S ER A T L SR RAT R DA A
B CH OSBRI R B9 3B OG PR, 25 2R
2 PN, PRGN IR L R A AL A TR
PR R SE R AR L SR AT BT L TR RS RSCR,
6 O PR R 5 s FH s B o e (I B
Bl EAR KT 14 mm /T 20 mm), HHBURMEHD T
Sy < B (O A BRI > FRE R FQ > £ BRI R 75 98
P B> 5 25 AT B> Q2 Sy > PP 8 1) 475 FE AT
P, FETATI R BREA | 1 O BR B B B Al (A0 i el
HAE>20 mm), LS s R U B B0 )z
O PG IMERSCR, BA A ) R R 25 AR AR
B A AT T o E TR AT M A 4 BT A R AL
TIWTFER AR BRI B, WE S AT 38 3 AR B0
A= IR B S5 R AN DI RE . S A iy
YIS I TE % A R A4S T T )
IR M A RN BE AR AT AT L e e A i

\ ®

FH R IR
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BT T R U 4 B (0 A BRI IO R ROR

Fig.1 Antibacterial effect of Thamnolia subuliformis extract on Staphylococcus aureus
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Fig.2 Antibacterial effect of different organic solvent extracts on Staphylococcus aureus
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TG A I 4 B i 2B S, BRI TEAS, 78
VA R R B R BB AS A ] A= R BT B, X F s
B A B3 ok AR G R AR 114 2 ) R JRL R SR S 4 L
MMEEFE AR, MONIKA 4507 & BN 25 1 AT LA i
ISEL A% < €2, 7 4 K B RIS 2E AT B RNA 195 Ak
IR AR o SR T35 M AS A3 B I P A H
HLERR JCHGE, Fh R IR &R, i —20 1)
AN B VE P LG 5 2

2 HHAH R B R
Table 2 Antibacterial effect of methanol extract from
Thamnolia subuliformis

TR Ry AR B AR (mm)
G A A BRI 16.8+0.9
Wi B 2R AU IR 15.7+1.6
SO 2R T AT i 15.4+0.8
FEIH A ER A 20.0+1.6
PP R R A 16.7+0.7
AR TR 0.0
PR R R 5 JEAT B 15.242.1
IR GFERF A 16.5+2.0
KA 0.0
IR it 0.0
Jifi 98 52, F A R 0.0
GEMAT A 0.0
SRR e 22.4+0.5
HA
[ es] 0.0

22 SR FEEIN &R G EEKEOIEEY

TEME T H U s R B b RS PR S, 58
Ik —2 DA i H R L L SO e e B S v (R A
BREE X4, XFH MIC X MBC #EATIE, 455850
(32 3) 25 Hin 2% FH st EU M o) 4 € 7] 280 BR T g e ks
ZFREL R, MIC F1 MBC 435124 0.625 F11 10 mg/mL .
5 A AR LY, S5 Hb s R BRI 0O P B
AR HANBETE RN, AT S50 Xt 24 Fhrb 24510 7K 42
FNBESE A T BTE T T, Horb 14 R 2532 50
) MIC KF 200 mg/mL, 6 Ff #1245 1\) MIC #E 100~
200 mg/mL, { 4 #2419 MIC /T 100 mg/mL,
FhyE R A HAE T /KR (MIC: 0.390 mg/mL) .
AR 25 SR 2 b s Y B SR T B T R
ARSI &R, AR L =B35S 08 Rk
PIVEFIMR BE I A Rt —2 P45 .

SRy 20 B TR 25 b 2 Y TSt B T < B 0 A e
BREEAE K A SENE, S256 5% FH MIC F1 2MIC BRE S
JEE A P A5 HC ) 4 €0, 4 2 R B AR it 2 2 )

(JE 3). 7E 0~2 h Py, Xt AL FRZH B AR ) 21 R
Toi 2255, 2~8 h X R B A EAXTE, 8 h LUJS
FLAR A TR 2 W15 W hnAEALBRLH AU TR TE 2~33 h 4=
R R WA, FLHR B, PRI R A 2, 280
52 55 QSRR AR IR AL BV F R A9 A Kt 2 A
Lo D6 BHAE S i BELE) J5R (A A AE R T S (O 2
BRTE ) 1E H A B, (R LR AR B R 523K
BT E A K g . AR R, IR EIHNEE
YEH.

124

—— %]
1.0 ——MIC
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Fig.3 Effect of methanol extract of Thamnolia subuliformis on
growth curve of Staphylococcus aureus
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