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Abstract: Aster spathulifolius Maxim., a traditional medicinal plant from the Asteraceae
family, is native to Korea and Japan and has been reported to be effective for treating
obesity and cardiovascular diseases. This study aimed to investigate its antimicrobial
potential against various pathogens, including Escherichia coli, Salmonella enterica serovar
Enteritidis, and Aspergillus fumigatus, as well as to analyze the secondary metabolites
https://doi.org/10.5338/KJEA.2025.44.31 present in the plant to identify compounds responsible for its antimicrobial activity.
The stems and leaves of the plant were dried and subjected to reflux extraction with
70% aqueous ethanol at 25°C for 24 hours, and this was repeated three times. The
extract demonstrated significant antimicrobial activity against the gram-negative bacteria
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Revised:  May 30,2025 E. coli and S. Enteritidis as well as the fungus A. fumigatus. Secondary metabolite analysis
Accepted: September 3,2025 using LC-QTOF/MS identified polyphenol compounds, including chlorogenic acid, iso-
Published: September 10,2025 chlorogenic acid C, and rhodiosin, that are known for their antioxidant, antitumor,

and antibacterial properties. In particular, quantitative evaluation of the indicators chloro-
genic acid and 3,5-dicaffeoylquinic acid revealed that they contained 39.11 mg/g and
51.33 mg/g per dry extract product, respectively. In conclusion, A. spathulifolius Maxim.
Check for was determined to be particularly effective as an antimicrobial agent against gram-neg-
updates ative bacteria and fungi.
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A&7V el A9ER B2 chopint AERA4U0 Fadel BH o B4HL Utk 5B 4%, WA 5 AU
FAUL TP AAA 7HNE AU o] o] 83te] olokE, AE, HIE 5 ol AolH FRF ATL 53 UcHl.
olet v ol BRI et ol 8ol Te Tl Waol IS, 2010 AEH Lhiok AL AR
of sk Fvke] 2UA AE AL o] U ol GoRNE WS 0|9 FYsy THF FHE FA AUt
[2). HEFUZE olo] Agate] T FAL Aaksta Yrs]. B3], Aol WA e FBAARY ol §FORA UL
BRAAAY 20k o) Aol st Be o] Waste tetd Sl F2AC] et Ao el vg FEH
qlow] Meleky B9, A 71, AAA A4 5 Wk ARe B8 Yok naTo R AR 1ed weet
BEZ TRefo Peh4s].

AEFEZES YIE, AE B34, AR, 454 9 315t AF 5 thdst 2ol A bdsty E3tAQl M AR Z9A
&= UTH6]. 55| E2]H=(polyphenols), B H(terpenes), YA E 0| E(alkaloids) & A EFEEY 8 1/ AEE2 28
o AL et 2 FHS B HaEo] 1 &8 ZHX7E #A B7FETH7-10]. ATiAREOl A= A HiFh A Skt
FAA W] SR Qs MER Fut T2 /o] 875 St} 20234 A ForEtAA 9 AF= FA Eol
mE2H A= A A47) 2021 24570, 20224 3117, 20234 359710 & F7tol= FAIE Holw, 55 20229 thH] 20230

= W A7 15% 78 SR = 60% STFSHATH]. tHEAQ AS5E 8 v8EEw 19 /3% Escherichia coli,
Salmonella enterica serovar Enteritidis7} 910 1% FAL Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes7}
F9 HYFo R GHA It Salmonellal] - £117], 715, AT 59 29 AR HHE Bl FIS S5 froret
SoHA] SolAl= FEFAL} A2 T4, MBS 52 o 5 UAtH12]. EZE E. coliz= verotoxing AF4tsto] ] Al FEA
AAL B £ 84 HAARE Bhbeh 54 I A9 &4 9 8384855972 9T & o3 B3 A=
A48 SR 7|5 E 9 IR0 487 STVetHA 3 A™ F o]l X9 WHES =01 91O Streprococcus mutans,
S. sobriuns, S. rattus 53 T2 FA| FHS o= 1 Al GAOf penicillin @ erythromycin®} 22 FAYA|7F 713
3

ojAIRt WA A= AA| ARgo] ARt olth14,15]. o] et A m=El tet He2 A =4 vk AT 59 AHESEE

oM EAAQ AFEF 4 oA W A B BAo] BuH I gon], RAStEAE wnAQ A FRA ALL 3F
B Pl e F2% HACITH16,17).

S ABAER A Aster spathulifolius Maxim.)}& TR S5 o], B0 Wo] 2 S ol abal o]
A AP BYQAER, 2FRE Foho] 51 olejshiolBoltHis). SRS AEHOR SR AMgHo] Fov] F

5 L, As, 25 A ® ket A gt a5 o AW A= E8HA ATH19-22]. =2 a-spinasterol,
labdaienol 52| H2HA S}RHES 80% o it Aoz HuEI A, o FHTt A8 EF A Ao adE S5
Hek 8l IS oY B AR EES Fe ACE SRIFHAN22). B3 ERHEA sidhe 5 oI AREA 22
ohg eRstal Qlof 11 ofRlsha o] vl 23] & Aol s Ul AMPshe HEY siee e R, dgs 252
=9 A8 22 Z2adE ZASHL, AeE A% F8 AR e AFst AFEE s B 2 AT
2

£ 7z A=z 289 5 U2 Aok

o= OEtE FESo| TEmd 2
Sl=(A. spathulifolus Maxim.)°] &3t =18}k (Asteraceae) A& LASL AE QJekE ¢ AF0 2 ARRE o] o Hof
AL FES, 1Y 3 &t a3t gie Rt o]gd 852 Hol= A S S5 el o9 7HA] o]

&5 Ao 53], FEHol w2t shghEe] 24o] gt 4 qlon, & S0 AR oEE FEH2 oI 54 %
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Fig. 1. Base peak ion (BPI) chromatogram of the Aster spathulifolius Maxim. extract obtained through UPLC-QTOF-MS analysis.

The chemical structures of the components identified from the ethanolic extract of A. spathulifolius Maxim. are presented based on
the UPLC-QTOF/MS analysis.

BN

AREEE W oltH24]. & ATolAE sl £719F dollA FE3 o#t
Rt Fig. 1914 & 4= 1%0l, ESI negative =0 A Tt ] &4
1.9 A} Chemspider 2to] B2]2]E o]-g-sto] HAstoH, F 9719] o] Ao U A HY HEF
Al Zt(retention time, RT), B23}3HE @ o o] 258 UEslgon BE HEL 5 ppm U|THe] AF ST E HFATH(Table
D). 2EE 979 B2 ZHsA SRHER 1-caffeoylquinic acid (peak 1), neochlorogenic acid (peak 2), chlorogenic acid (peak
3), 3,5-dicaffeoylquinic acid (peak 6), 1,4-dicaffeoylquinic acid (peak 7), isochlorogenic acid C (peak 8)2} 72 o] caffeic acid
Aol EX=E o 7|e Z2T|dE F3HER] decaffeoylacteoside (peak 4), rhodiosin (peak 5), gingerglycolipid A (peak 9)%=
EAEAt. 1 5 peak 37} peak 52 A|HH 9RO AT AUEHS HEEAT H| WSt A3}, 212} chlorogenic acid¥} 3,5-di-
caffeoylquinic acid®2 5% U THFig. 2). E3| T TH5HL U&= caffeic acid A|G-S A4, Y, F|H 5 Thst 21 Eof|A SAE
L ANREAE 9%, o AAERY T8 e o 5 DA} B4 BeE o 5o wuElL ehas] ok 6%
A s

FEE2 I A4 asc] F2 ol e SehE, 53] A fRRAYA HRE 5 S-S ARt

%50 UPLC-QTOF-MSE E3) 24 U 43}
o] £&]=|ct. o] Waters®] UNIFI AZE o]
]

ox nﬂu filo
L)
T

>r4

3= OlIEhE FEE9| XIESH | HEEA
=9 9 AEEZHAZE A chlorogenic acid®} 3,5-dicaffeoylquinic acide THE =313} 4129 A& 24 &4 E30]
ME FAH Bl EATH22,26-28]. oEH2 &5 A|EO|A] chlorogenic acid®} 3,5-dicaffeoylquinic acid®] TS ZAFSH7]
A8l LC-MS/MSE FFAS +dstt. 24He A5 AFH A4 o292 ion ratio, AFAS] A4, AT o=
% 8H4H(back-calculated) 3 = = 2ottt HEEA] AFTAL 0.625~1 ppm H oA A7 AL(RY)7} chlorogenic
acid= 0.9996, 3,5-dicaffeoylquinic acid= 0.9998 43 APAHL Bt #2EE EHH] Aa W dEEe Jg7 84 ol=9
M7k +30% W9} HES G900 R WAL +20% ololl AR B4 2L AUATHFg 3. AH3HE A
27 v OE chlorogenic acid®} 3,5-dicaffeoylquinic acid®] Al= W S3HEC] $HFE S35 A3 Z42F 39.11 mg/g L 51.33
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Table 1. The tentative identification of chemical components of the ethanolic extract of Aster spathulifolius Maxim. based on the
UPLC-QTOF/MS analysis

Peak Component name Formula Observed RT  Neutral Mass Observed Mass Error  Fragment ion Ref
P (min) (Da) MH (m/2)  (ppm) (m/2) '
197.0456
1 1-Caffeoylqunic acid CiHis09 29105 354.0951 353.0882 1.1 191.0562 [35]
135.0452
191.0565
2 Neochlorogenic acid Ci6H1800 4.1768 354.0951 353.0881 0.9 161.0242 [36-38]
135.0450
191.0561
3 Chlorogenic acid CiHis09 4.4606 354.0951 353.0880 0.5 173.0455 [36,39,40]
135.0451
4 Decaffeoylacteoside CaoH30012 6.3624 462.1737 461.1662 -0.5 fg?g;;g [41]
343.0459
5 Rhodiosin Co7H30046 7.5698 610.1534 609.1454 -1.1 300.0278 [38]
151.0033
. . . 353.0879
¢  >>Dicaffeoylquinic acid o\ o 84139 516.1268 515.1198 0.1 191.0562 [42]
(Isochlorogenic acid A) 135.0451
353.0881
7 1,4-Dicaffeoylquinic acid CasH24042 8.6586 516.1268 515.1196 0.6 191.0563 [40,42]
135.0452
353.0883
8 Isochlorogenic acid C CasH24042 9.2941 516.1268 515.1195 0.1 191.0563 [39,43]
135.0453
9 Gingerglycolipid A C33Hs6014 14.0222 676.3670 675.3589 -1.2 Zgggg(?;g [44]
(AJ S Channel name: Low energy : Time 4.1744 +/- 0.0631 minutes (B) Channel name: I:::::‘zy Time 8.6828 +/- 0.0707 minutes
'_E""’ 707.18280 T ser]
é 191105605 8
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i 167-02355:92?:1257530 351.071631| ] ‘21'0:3?7.‘” i sS4 ik Im;z:i’"" 10304051 13500467 1015 057 00660 Bf"n7‘5:5.53-.i:;;:‘g’g‘-n1 mﬂi‘]gﬁg J?mm:%f 127 667.05668
100 00 300 400 00 600 700 800 ° 50 100 150 w25 300 30 a0 450 500 50 600 650 700
_191“‘0.5991 Channel name: High energy : Time 4.1744 +/- 0.0691 minutes 353.08796 Channel name: High energy : Time 8.6828 /- 0.0707 minutes
& 467 ~ -
g":‘f' -,—E,- 179.03468 - [
3 H &
E\EJ 35308778 -é 267 13508487 ) ﬁ'\ | 51511925
= X 19205914 ! 707.18290 i -l
111‘33965‘ :51..\223?359;% 35107187 E:;:;s:,fsmsgss se200738 ms.mw;{L sesaze = 123_22901 o ?un?;;%egm s Ea?lf:iwsmsmzz‘
- T T T T T T T voagdl, N ) \ b
e 0 o 0,:5::2 s ] e oo o o P e
(8] 35308812 Channel name: Low energy : Time 41768 +/- 00464 minutes (T Qs M 0" anne name: Low energy : Time 86586 +/- 00464 minutes
3e7] 51511957
—_ 2e7
a8 -
3 2e7] — 70718167 g
5 S
] Z e
217 - foses4s _§1 ! 51612200
13302929, 61 o400 "”529;;,.0777 4108752 A T"’f‘f;nw7 567.07316 70516524 509&2?:93&2 135048403 19105578 25307503 505 ME;SETRQ 11765 g E‘t‘]m:;‘“fmz 667.05688; 0 '°
0 50 20 20 30 30 A0 40 0 S0 60 60 700 70 50 100 150 200 250 300 350 400 450 SO0 S50 600 650 700 750
] Channel name: High energy : Time 41768 +/- 00464 minutes . o007 Chomnlmam:High energy - Trme 86586.+/- 00464 minutes
% 5 17903521 ;&
O 267 5 H N .
g )ﬁ 35308797 g‘w 13504519 7K 37506070
Etery 1098 16102415 10705684 2750691 018238 p40 e = N 19105631 = T Foanena
T | Mesetdne [407|m0 }:‘5“““3‘ sess  mseese] /] . mﬂm{ (LI | Moerentznde F’f?’m oy | [ asaos
100 150 200 250 300 350 400 450 500 550 600 650 700 750 50 100 150 200 250 300 350 400 450 500 550 6000 650 700 750
Observed mass [m/z] Observed mass [m/2]

Fig. 2. The mass spectra acquired from UPLC-QTOF-MS were utilized to compare the reference standards of chlorogenic acid (A) and
3,5-dicaffeoylquinic acid (B) with the identified compounds in peaks 3 (C) and 6 (D).
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Fig. 3. The reference materials of chlorogenic acid (A) and 3,5-dicaffeoylquinic acid (B) were compared using LC-MS/MS.

mg/gC 2 UEFT. o] Adl= = o&hE :&E0| A&/ A I EZQI chlorogenic acid®} 3,5-dicaffeoylquinic acidE A3
3] 2 52 TRt Y22 Qulsitt £9], 3,5-dicaffeoylquinic acid= chlorogenic acid2tt T &2 =FS Hof, o] 3&E

o] sf= FE=9 F8 B A& F SR ALY 7S AR o5 AR HEY 2 FF2 T olEgE FEE0]
FT 71578 AFE a4 Be QoRE gl 28E & Qe AAEE st 8% A A7 "ok
sz oflEtE =EE0| T 2 "It

S et 559 38 HAA Al 2 At 6500 tiet P+ B4 Table 20 89F6RH. o] 552 T1¢ <l
E. coli®}t S. Enteritidis, 13 4191 S. mutans@} S. aureuso]] taf] T2t Sgjo] £& A5t E5|, S0 £9] HH
AAL E. colio)A] 10.33+1.53 mm, S. Enteritidis]|A] 10.00£1.00 mm, S. mutanso|A] 9.33+0.58 mm, S. aureuso|A] 9.67+0.58
mm YERHTE BFA 9l Aspergillus fumigatus©l] tafiA= Z2]o] &2 270] 9 mm m|TEO = Rt ot B4ds H Aok wHY,
Candida albicansO] HsiA= P+t B/do] THEA] S th(Fig. S1). = F5&0] 54 WY Alatol Hieh a2l I+t 84

Table 2. Antimicrobial activity of ethanolic crude extract from A. spathulifolius Maxim. against pathogenic strains

Strain Antimicrobial activity”
Escherichia coli KCTC 2617 ++2
Salmonella enterica serovar Enteritidis NCCP 14546 ++
Streptococcus mutans KCTC 3065 ++
Staphylococcus aureus NCCP 14560 ++
Candida albicans NCCP 31077 -
Aspergillus fumigatus NCCP 32662 +

3 Antibiotics were used as positive controls at the following concentrations: ampicillin (2.5 mg/ml); gentamycin (2.5 and 50 mg/ml); kanamycin (50
mg/ml); and hygromycin (10 and 50 mg/ml).

b The inhibition zone (mm) around the paper disc containing the A. spathulifolius Maxim. was classified as 11 mm = ++ > 9 mm, + < 9 mm;
-, no inhibition zone. All microbial pathogens showed no inhibition against the negative control (DMSO).
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= Adths AZ Hojsn 53] YUMol thet 4et < 42 s 413 &8 e AdS AARETE BHE, sl olghe
2280 ABPROZ 2 chlorogenic acids T A120] FATKE MEle] AT T TS TUT o2 AT
o] R =T Qlth dlE E0] Chen 5(2022)2 Yersinia enterocolitica?} 72 A& w7 Qo] th5}o] chlorogenic acid”7}
Aot et 2T BEY PO IS vHT L BUSETH29]. T3 Su 5(2019)2 Pseudomonas aeruginosa©l] gt
LS 2AFIF O T HlAYZEE chlorogenic acid7} A AT (lipopolysaccharide, LPS)Q] SHFS ZAAA A& W o £}
B= S7MN7IAL o] ¥ E {esto] Al ) tiARE Wsfishes WA o® AdrgsttH30]. Sung 5(2010)< chlorogenic acid7}
WA ARl C. albicans®] A xat 25 nt3|sto] o A4S Yepdti BEastci31]. 0|2} Zo] chlorogenic acid9]
Tt E FE EAo] A Aol & LA UZole Bt 2 A9 s ogkE FE=0lAM= C albicanso] gt
Solu]t gkt o] BAER] Lo HL Fu|ge Aulolrh o]k df= F&E U] chlorogenic acid®] %%7} C. albicans A3}l
ESERAY, O 4250 chlorogenic acid®] et B4 JAstAY WallRS 7582 AARIT T3, AEolA A+

AUE sf=roll thr el EjHA SlekE(a-spinasterol, labdaienol 5) T3 Pt 4= 7= A& YA 1o, di= FE=
of AAHY Yt YL FeliEa ozt olelat Bl HRE o] ByEel 4uage] A% 4 Utk B dTolAE

e

Ol

=4 YA B0 ot G BHS 2AA Retont s ofekg FE2o] thaktt Wkl ol foluist Wt B
BYTHe HolA o] e B A7E Aey B4 a9 Fo 34 249 4usts 5o BEE g7 24Ol
chFet Belilisd SRIBREE 715 AeshA AAkE, ol dlEo) Aeld B8-S IR /)% AERA FAT oJnE
FHIS oleiet Aske s $E8l TR o 0 A4 715 A AR B4 4 S R e AN b
shro] Aeighy 2ol oie 27 A7t Washe, vE 228 ) RE B4 4R BASAL 8 B4 4R g7 28
27 SRRISHA £HUTHE AT douk, FoR HF £22 7o 24 B2 Bel W 545k, o AE EE Y 239
Het A 1S AR 8 BRS04 TS, Uop} 2 WAy Bl tie 2HHel B BHE A ATt
i T A SR 17 158 AE AL D oIoHE AAEAC) AA B0l FAT ST T A0 e

M= 5y

4 Aehge A=d LA AFstgen &719 A
AZE = 100 goll 70% (viv) oflehE # % (Sigma-
F2UE oIt & oS A 55 E T2 Ax5}o]
dot A Aol ARESHRIT.

B AR A A3 (A, spathulifolius Maxim.)2 2015H =
HAE AlA & 504 xSt 5 AEE AHESHIH —iré%
Aldrich, USA) 1 LE 7}kl AA-20)A4] 24A17HH 33 &5 A ettt
139 BT AHY 58 AEE €tk ol UEste] dF HY

si= Of|EtE FEE2| 24t CHAE BM A X[ HHEE YT
2 ot F2E0] 23} YAHIES E41517] I8 UPLC-ESI-QTOF/MS (Waters, Xevo G2-XS QTOF, UK)E o]-&5}of
AAFES ATJsa. dAFEZ S 8]+ UPLC HSS T3 (100 mm x 2.1 mm, 1.8 um; Waters, USA) AH-S AME-013 0™
0.1% formic acid”} $H3-% water (°]54F A)2} 0.1% formic acid”} $H-3-% acetonitrile (°] 54 B)S] S XACE EA5HY
ot} 27] %B(v/v)= 187 5%2 451993, o]F 2087 100% 2 AFSAIA 238 591 G-X]53HL) ufR|2o 2 0.1 59t o] 5A4)
2 100%014 5% AT A IS o) 268 S SANAT. B B4 AHE 2580|908 5L 0.4 mL/min,
A% LEL 350, 2UFL 5 WL AT AFLL]0] o 23} AL ] FAHE 0] Lk negative electrospray ion-
ization, negative ES)H& ARE-5191.0 ™ capillary A2 2.5 kV, ion source®} desolvation 2= Z+Z}F 150°C, 250°CE A5
ok A7 ol AsHH]E(m/z)2 500014 1,500 © 919 E82 AE5H] As) A4 &0 A AHEYS S5tk Zrrdg2
UNIFI software (ver. 1.9, Waters)2] traditional medicine library?} @ & 2lo]B 2] £ A9l ChemspiderE ©]-8-50] £45}% .
ol 4% =L Z I (response) #k0| =11, error Zt(mDa, ppm)°| ¥ AL 7|&0 7 ZF JEO] 0|23} oijgl B4 AnE
H| 2 5}t0] error ‘(ppm)ol Azt 5 o2 4" EdS 545t
B ofete 2EE0] A E AR TS BA517] 93] Waters ACQUITY UPLC I-Class Plus®} @12 MS/MS (Waters,
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Xevo TQ-S micro, UKE ol 83te] A7} stk £40] 22 98] 485l A oS4 UPLC-QTOF/MS %743
FUoH ] 2L 27] %B(viv)E 187 5%E AL, o] F 38E 60%E FSAIA 158 59 FAISHAT 0.58
B ol 5dE 60%A 5%= WSt Y HYIE A 1& 5 FASHAT & A4 A 6Roller §452 0.3
mL/min, 2Y 2E+= 40°C, FUF2 1 L= AAsAt AFEH 7] 9] o] 25} HF4]2 negative ESIH-S AR8-519 2 H capillary
42 3.0 kV, ion source®} desolvation =+ Z+zF 150°C, 500°CE A5t B0t A A& chlorogenic acid (CGA)2:
3,5-dicaffeoylquinic acid (CGA dimer)?] E&E22 Sigma-Aldrich (USA)oA FLufjolo] ARE51% 0 thsuk-3- U B & (multi-
ple reaction monitoring, MRM) 72 Table 33} ZT}H18,32].

Table 3. Conditions for UPLC-MS/MS analysis utilizing multiple reaction mode (MRM)

Product ions m/z, (CE, V)

Chemical lon mode Precursor ion m/z, (Cone, V) — —
Quantitative Quantitative
Chlorogenic acid (CGA) Negative 353.25 191.20 (7) 179.06 (13)
3,5-dicaffeoylquinic acid (CGA dimer) Negative 515.32 353.45 (13) 191.13 (48)

E AgoA AFEH HYdS IF 247 25(E. coli KCTC 2617, S. Enteritidis NCCP 14546), 1% F/dwt 2(S. mutans
KCTC 3065, S. aureus NCCP 14560), Xt 25(C. albicans NCCP 31077, A. fumigatus NCCP 32662) 5 % 659 FA| #F2
g3t BEALAE(KCTC)2E A e =71 AAAFL-2Y(NCCP)o| A Z+zh Bofdboitt. 7+ ¥ A 4

ik A 9 8jR|&= Table 49} Zo} W2 25% glycerol stockC. 2 F -80°C ZA|25110f Es} L

[elNe)

Table 4. Summary of pathogenic microorganisms applied in antimicrobial studies

Pathogenic microorganisms Medium Incubation condition Antibiotic®
Gram negative bacteria

E. coli KCTC 2617 Nutrient agar 37°C, 24h Amipicillin (2.5 mg/mL)
S. Enteritidis NCCP 14546 Tryptic soy agar 37°C, 24h Gentamycin (2.5 mg/mL)

Gram positive bacteria
S. mutans KCTC 3065 Brain heart Infusion agar 37°C, 24h Kanamycin (50 mg/mL)
S. aureus NCCP 14560 Nutrient agar 37°C, 24h Gentamycin (50 mg/mL)

Fungal

C. albicans NCCP 31077 Sabouraud dextrose agar 30°C, 48~72h Hygromycin (10 mg/mL)
A. fumigatus NCCP 32662 Potato dextrose agar 25°C, 120h Hygromycin (50 mg/mL)

3 FDA indication for Integrated Summary of Effectiveness (ISE).
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Fig. S1. Pictures of antimicrobial activities of ethanolic crude extract from A. spathulifolius Maxim. against Escherichia coli KCTC 2617
(A), Salmonella enterica serovar Enteritidis NCCP 14546 (B), Streptococcus mutans KCTC 3065 (C), Staphylococcus aureus NCCP 14560
(D), Aspergillus fumigatus NCCP 32662 (E).
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