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Abstract Quercetin is a major flavonoid in onion and known to
antimicrobial activity against several pathogenic bacteria. However,
the antibacterial activity of quercetin had not been evaluated
against plant pathogenic Xanthomonas campestris and Erwinia
carotovora. In here, quercetin and the solvent extracts of onion
were investigated their antibacterial activity. Quercetin showed a
selective inhibitory activity against X. campestris, and the minimal
inhibition concentration (MIC) and minimal bactericidal concentration
of quercetin were 15.6 and 20.0 pg mL™! respectively. Otherwise,
it showed no inhibitory activity against E. carotovora, and no the
additive and the synergistic effects with streptomycin on X
campestris. And the EtOAc extract from the peel of onion that
contained quercetin showed 2-fold lower MIC (500 pg mL™") than
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the EtOH extract, thus EtOAc was suggested as the extraction
solvent for quercetin from onion peel.
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HAellA] Hoix]= polyphenoVd &2 anthocyanin, flavonoid,
xanthone 5°] 2™, o]& = flavonoid= &AHs}, ket gt
olgZ, g+t B4 T TS 71540l €ElA ATH1-7]. 59
FallA Feishs 71578 flavonoid 4341 quercetin 3AFS)

ATH8-10]. #HZol+= quercetin® 2 FE] Escherichia coli®}
Streptococcus aureus, Staphylococcus saprophyticus 5 <17
HAA mAEd e s FA2 FHA A8 F % (minimal
inhibition concentration, MIC)7} 125-1000 pgmL™ Z=Z=oilA]
ByE v} ot siR|E olefst vt E4do] 7| A H
sto] FESAIA] ot A FELA FSIlA(11,12], ool
2}, H2ol+= sulfamethoxazole, meropenem 5 7]& A9}
quercetin®] synergistic effecte} HHAE WS A7 JYP= L
ATH13-15]. 3FAITE, quercetin®] Al=HAd Mgl sk
A AFe w9 B, dF AR HaE MICE
AAWAA wAENA A AF FAFE #1200
400 ygmL'o= LA dri16-18].
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o] 9, 71, Evll SellA BASIARE, F2 oA A
gl S FAstar At gefEle] o AATE g
zZ719gell olett. ARl A F2 7-8870
S, WA 9 X campestrise BE3H 2454
o7 AeR dHA U, FFE 159 30%7HA
dete Aom Hi® vt AvH19]. HAFEH W=
streptomycin®l] 23+ W7} FFsERT, H2 A3 F o)
S7sted WAl g7 Yol wAI7E AF @ASkaL TH20].
E. carotovora®l| ©J3ll Wske FEHS wWiFE EJel, 7,
I, Fut 5 T8 iRl s AdsAl doTH, WAL
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gk ohget A JPEA Lo, IR s o] gEid
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Aol ARgE XFEZQ quercetin (98%), streptomycin sulfate
(>93%), formic acid (97.5%)+= Sigma-Aldrich Co. Ltd.
(Louis, MO, USA)ZHH Fajste] ARS-3IROH, Alde] AR
H gujel dimethyl sulfoxide (DMSO), methanol (MeOH),
acetonitrile (ACN), ethanol (EtOH), ethyl acetate (EtOAc),
water = HPLC grade®] J.T.Baker Co. (Easton, PA, USA)
AFS ARt

Antibacterial activity test

AlAY 2 X campestris®t E. carotovora= Zdhlo] Q4F
ARTE 5, disE=hollA Bag] #FE Luria-Bertani
broth (Difco™ LB Broth, Miller, Frannklin Lakes, NJ, USA)
of Al wiFat ARSIt MIC S-S 913 X campestris
FFRFN S 1.0x10%7 cfu mL™Y, E. carotovora T-51H%FN-&
3.0x10%0 cfu mL™ FE2 8aale] 35°ColA] vjgE 1S AL
g319om, MIC H7H= 0.98 mLe] Hul#] gHo] 0.01 mL
o] @5 wigds} 0.01 mLe] 10 vol% DMSOd| =izl Als
S-S H71st & shaking incubatoroll Xl X campestris A&
- 48h, E. carotovora NEYL 24h 7] ¥l & 600 nmel|
] optical density (O.D.) #<= =43ste] ERISAT. MIC=

A A ¥F & 0.DAE S48 Al T2S IAlsk= 7t
F HATEE Ao, HAAHEE (minimal bactericidal
concentration, MBC)Y= BiFo] £ A2l AL LB agar
wjR]ol] =2sle] viFslH, colony #91S 53l colony AJAI0]
HA = Hh wEE AT

A £ A 8 ' X (Fractional inhibitory concentration, FIC)$}
FIC index

235 g Aol additive effect®} synergistic
effects 73] 918 WHo =2 FICY FIC indexE Amin &
o] AAIEE Axklel wel A& 23], FAIAS} quercetin®]
B30 2EE FIC indexgte]l 0.5-1.020 7% additive
effectZ, 0.5 ©]3}] 7% synergistic effect/l Y= HO=Z 4
=

FIC,=MIC, in combination/MIC,
FICg=MICg in combination / MICg
FIC index =FIC, + FICy

Quercetin 32

Fote] HZEAERl wiE 93 50gS AA 4] F EtOHS:
EtOAc ZH7te] &1 500 mLell B 5 shaking 3P4 397+ &+
Z3A. F& &9 filter paper (No. 6, Whatman®,
Whatman International Ltd., Maidstone, UK)Z ZAzdl & 7+
¢ 553 5| DMSOd Ag3lgt A5 Aol AR
o, MeOHel| A& A= 0.45um PVDF syringe filter
(GVS Filteration Inc., Bologna, Italy)Z X &S A|AS FH
quercetin g ZFAIH ARE-5ATE

Quercetin 3F

Wut FE2E F quercetin®] FHE A%t EFAZFEL 0.1-50
ug mL™' quercetin 58S A|ZF F Table 19 YepPH Az}
7o) o] 5L 0.1 vol% formic acid?} MeOHS AME-&11om,
quercetin®] H#l= Cig ZH (5Spum, 4.6x150 mm, Acclaim®
120, Dionex Co., Waltham, MA, USAYS ARE-3le] 380 nmell
A A7 Rl

A3 2 vg

Antibacterial activity

v FEHe] UAdA E. carotovoralXl Z4E quercetin®]
MICE >1000 pgmL'2 21E BAF2] X fastidiosa?}t AAHH
A wAERl Streptococcus mutans, Staphyllococcus aureus, E.
colilA] HaLg wpe} ro] o] i m|eFgk Ao 2l
EATKTable 2). o]¢} €], quercetin® I3 FFHH o] ¥l
2 X campestrisdl 3 MIC7} 15.6 ygmL™'2 =& Az
it S ER1T AT olgr At AL A W T
Ago7 AMEE streptomycin®] MIC (125 pug mL™)eF f-AKSH
FFollen, MBC H3F 20.0 pgmL'elA olgo] whe)
quercetin®] Alete] S Asfishs A |, At 9% g
g Uk

o1

P
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Table 1 Instrumental condition of HPLC for quantitative analysis of quercetin in onion extracts

Instrument

Dionex Ultimate 3000+ (Thermo Fisher Scientific Inc.)

Isolation column C18 (5um, 4.6 X 150mm)

Injection 5uL
Time (min) 0.1 vol% formic acid (%) MeOH (%)
Initial 60 40
Eluent 20 30 70
21 0 100
25 0 100
Detection UVD 380 nm
Table 2 MIC and MBC of quercetin against pathogenic bacteria
MIC (ug mL™) MBC (ug mL™") Reference
E. carotovora >1000 >1000 This work
X campestris 15.6 20.0 This work
Xylella fastidiosa 60-120 - [18]
Streptococcus mutans >1000 - [23]
Staphyllococcus aureus 200-400 - [24]
Escherichia coli 128-512 - [25]

ByuE A7Ade] W= querceting® S aureus®l] thal 7]
& AR amoxicillin 5 12F2] FAA thsle] additive
effect (FICI=0.5-1.0y7} ®3LE|$ 2 [24], E. coli= tetracycline
Al &AYA A additive effect®} synergistic effect/ E5F 22l
FHATH25]. olel Wt quercetin?t AA3E FHE A0l
streptomycin, tetracycline, validamycin A<}2] synergistic effect
& #RIstaA}, ol A St X campestris®] S 4
S HI sk o, streptomycing A 23 FFE FAyA| <l
tetracycline®} validamycin A SollA& MIC7} >500 ug mL™'2
o] - wouTh. ololl Wl E. carotovora®t X. campestris
of tist 71 FAYAIL] synergistic effecti= streptomycing
o= et Ald dolr 89 FICKR: BF >1.0

Table 3 Synergistic effect of quercetin for streptomycin against E.
carotovora and X. campestris

MIC of streptomycin ~ FICI with 50 wt% quercetin

(ng/mL) Streptomycin
E. carotovora 12.5 1.27
X campestris 12.5 2.25

© 2 additive effect 2 synergistic effect’} §1UT}.

&ut 7M1 3 quercetin FEE] 9% J7 A

Quercetin® ¥3}2] Q2 flavonoid 22 log K& 1.48%
284 Edoltt. ol e}, {7144 F=8wil EtOHZ EtOAc
& AMgsle] gufe] nIZRRERE 259 50 °CAlA 2 A

F2T A4S, FE2E 1ZE S quercetin FHS A F
Aeigint. ok AL wzkaRE 259k 50°Coll FEE 7

ekt 2
$-, EtOH F=E& zHzt 2189 81.0mgg'ollem, EtOAc
1957 51.8mgg 'O & EtOHS| F&E o
ot} AUk, EtOH F2E 3 quercetin SH
S AL 50°C FEEONAM A7 449 33 wino|eH,
EtOAc FEES 42 & A 73 wit%, 50°C F& Al 5.0
wi%= EtOHel Wl =t mEb, 35 2ENSOE F&
5o 2o =789 o, quercetin HEE okl AL g
o1g £ gllen, 50°C FZo)4 EtOH && EtOAcE AME
ate] o °F 2.6 mgg '] querceting FHT 5 YO, F
I} H]7RA FEE = quercetin ¥ FEHL 24 20|
7F i), ole FHZ 239 FE7HIQL accelerated solvent
extractor (ASE) AFE-oA Aol H) quercetin (16 mgg™)

Table 4 Extraction amount of quercetin with ethanol and ethyl acetate from inedible onion skin and their antibacterial activity against £. carotovora and

X campestris

Quercetin MIC (ug mL™")
Content (mg g™) Purity X cam E. car
25°C 1.02+0.04 7.3 wt% 500 NI*
EtOAc extract
50°C 2.6620.05 5.0 wt% 500 NI
25°C 1.04£0.02 4.4 wt% 1000 NI
EtOH extract
50°C 2.61£0.05 3.3 wt% 1000 NI

*NI means no inhibition on 5000 pg mL™
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9 16% F=UE A 5 AT 26).

EtOAc®} EtOH FE&° e 3t 42 E carotovora®t
X campestris?ll W8] FPsIR oYU E carotovoraFE St
o] §IATE X campestrise] g+ MICE EtOAc®} EtOHe|
A Z¥zF 500 pgmL™ #1000 pgmL'2E EtOAc FEE¢] 3
w#/d°o] EtOH FEEHT =3th FE2E 5 quercetin &5
I23k] EtOAc®t EtOH FEE2| MICE quercetin 3% 715
o= =P, Z47b 2537 pgmL'F 33-44 pg mL'E ) H)
7R 2289 g BAL quercetind]] 2]EHQ Zlog A
Zysll 8 4= STt olo W, X campestris 2] AldH HAE
e Fuk TR FE2E AR A FE221E 25-50°C
M EtOAc =& 13 & F U Zlolrh

P

E=1
=

o] 2 flavonoid A3ES1 quercetindl] et St 4L A
T 4EA oy, AE HAd MFd X campestris®t E.
carotovora®| WIgr €32 dEA YA RUTE B AFoA=
quercetin?} ¥} FE2E& EE3sle] o|F AEHYT g &
o+ 43 58 FAYA streptomycin?F] synergistic TS
7V, E carotovoredl] WS St B2 T SEAIRE,
X campestrisolX= O2 AldFollA EEz MICETE 18] o]
4 e 156 ugmL o] e, MBCE 200pugmL 02 X
campestrisel] W3l =2 A9 kg E4S FAT F JSUth
ok, 98 AR AHEFRL streptomycinte] RS &
= gk B3 quercetin® M E ] EtOAct EtOH
ZE25H F1E £ 9don, EtOAc F=ENA quercetin
TE7F 22 RIS, oldl wt EtOH F=EHth 24 7t
F =2 et G MIC=500 pgmL o] SR1= At

Acknowledgment This study was carried out with the support of “Research
Program for Agricultural Science & Technology Development (PJ01571605)”,
Rural Development Administration, Republic of Korea.

References

1. Oh KY, Jeong DK, Song YH, Lee DY, Kim JH (2021) Antifungal
Activities of the Crude Extracts and Their Fractions from Medicinal
Herbs Against Plant Pathogenic Fungi. Korean J Pestic Sci 25(4): 263—
275. doi:10.7585/KJPS.2021.25.4.263.

2. Lee DY, Cheong MS, Bae JY, Kim JH (2019) Development of New
Plant Root Growth Suppressants from 1-Aryl ethanolamines. Korean J
Pestic Sci 23(2): 111-115. doi:10.7585/kjps.2019.23.2.111

3. El-Saber Batiha G Beshbishy AM, Ikram M, Mulla ZS, Abd El-Hack
ME, Taha AE, Algammal AM, Ali Elewa YH (2020) The Pharmacological
Activity, Biochemical Properties, and Pharmacokinetics of the Major
Natural Polyphenolic Flavonoid: Quercetin. Foods 9(3): 374. doi:10.3390/
FOODS9030374

4. Cheong MS, Lee DY, Seo KH, Choi GH, Song YH, Park KH, Kim JH
(2019) Phenylephrine, a small molecule, inhibits pectin methylesterases.
Biochem Biophys Res Commun 508(1): 320-325. doi:10.1016/J.BBRC.
2018.11.117

5. Kim DH, Khan H, Ullah H, Hassan STS, Smejkal K, Efferth T,
Mahomoodally MF, Xu S, Habtemariam S, Filosa R (2019) MicroRNA

10.

11.

12.

14.

15.

16.

20.

21.

targeting by quercetin in cancer treatment and chemoprotection.
Pharmacol Res 147: 104346. doi:10.1016/J.PHRS.2019.104346

. Pang B, Xu X, Lu Y, Jin H, Yang R, Jiang C, Shao D, Liu Y, Shi J

(2019) Prediction of new targets and mechanisms for quercetin in the
treatment of pancreatic cancer, colon cancer, and rectal cancer. Food
Funct 10(9): 5339-5349. doi:10.1039/C9FO01168D

. Zhang Z, Li B, Xu P, Yang B (2019) Integrated Whole Transcriptome

Profiling and Bioinformatics Analysis for Revealing Regulatory Pathways
Associated With Quercetin-Induced Apoptosis in HCT-116 Cells. Front
Pharmacol 10: 798. doi:10.3389/FPHAR.2019.00798/BIBTEX

. Lesjak M, Beara I, Simin N, Pinta¢ D, Majki¢ T, Bekvalac K, Or¢i¢ D,

Mimica-Duki¢ N (2018) Antioxidant and anti-inflammatory activities of
quercetin and its derivatives. J Funct Foods 40: 68-75. doi:10.1016/
jjf£2017.10.047

. Lesjak M, Balesaria S, Skinner V, Debnam, E.S, Srai SKS (2019)

Quercetin inhibits intestinal non-haem iron absorption by regulating iron
metabolism genes in the tissues. Eur J Nutr 58: 743-753. doi:10.1007/
S00394-018-1680-7/FIGURES/S

Xu D, Hu MJ, Wang YQ, Cui YL (2019) Antioxidant Activities of
Quercetin and Its Complexes for Medicinal Application. Molecules
24(6): 1123. doi:10.3390/MOLECULES24061123

Junior SD da C, Santos JV de O, Campos LA de A, Pereira MA,
Magalhdes NSS, Cavalcanti IMF (2018) Antibacterial and antibiofilm
activities of quercetin against clinical isolates of Staphyloccocus aureus
and Staphylococcus saprophyticus with resistance profile. Int J Environ
Agric Biotechnol 3(5): 1948-1958. doi:10.22161/1JEAB/3.5.50

Li X, Yang X, Wang Z, Liu Y, Guo J, Zhu Y, Shao J, Li J, Wang L,
Wang K (2022) Antibacterial, antioxidant and biocompatible nanosized
quercetin-PVA xerogel films for wound dressing. Colloids Surfaces B
Biointerfaces 209: 112175. doi:10.1016/J.COLSURFB.2021.112175

Pal A, Tripathi A (2020) Demonstration of bactericidal and synergistic
activity of quercetin with meropenem among pathogenic carbapenem
resistant Escherichia coli and Klebsiella pneumoniae. Microb Pathog
143: 104120. doi:10.1016/J.MICPATH.2020.104120

Sahyon HA, Ramadan ENM, Mashaly MMA (2019) Synergistic Effect
of Quercetin in Combination with Sulfamethoxazole as New Antibacterial
Agent: In Vitro and In Vivo Study. Pharm Chem J 53: 803-813.
doi:10.1007/S11094-019-02083-Z

Vipin C, Saptami K, Fida F, Mujeeburahiman M, Rao SS, Athmika Arun
AB, Rekha PD (2020) Potential synergistic activity of quercetin with
antibiotics against multidrug-resistant clinical strains of Pseudomonas
aeruginosa. PLoS One 15: ¢0241304. doi:10.1371/JOURNAL.PONE.
0241304

Teran Baptista ZP, de los Angeles Gomez A, Kritsanida M, Grougnet R,
Mandova T, Aredes Fernandez PA, Sampietro DA (2020) Antibacterial
activity of native plants from Northwest Argentina against phytopathogenic
bacteria. Nat Prod Res 34: 1782-1785. doi:10.1080/14786419.2018.
1525716

Fontana R, Caproni A, Buzzi R, Sicurella M, Buratto M, Salvatori F,
Pappada M, Manfredini S, Baldisserotto A, Marconi P (2021) Effects of
Moringa oleifera Leaf Extracts on Xanthomonas campestris pv.
campestris. Microorganisms 9: 2244. doi:10.3390/MICROORGANIS
MS9112244

Maddox CE, Laur LM, Tian L (2010) Antibacterial activity of phenolic
compounds against the phytopathogen Xylella fastidiosa. Curr Microbiol
60: 53-58. doi:10.1007/S00284-009-9501-0

Baker R, Bragard C, Candresse T, Gilioli G, Gregoire JC, Winter S
(2014) Scientific Opinion on the pest categorisation of Rhagoletis
cingulata (Loew). EFSA J 12(10): 3854. doi:10.2903/J.EFSA.2014.3854
Kim JH, Cheong SS, Lee KK, Yim JR, Lee WH (2015) Determination
of Economic Control Thresholds for Bacterial Spot on Red Pepper
Caused by Xanthomonas campestris pv. vesicatoria. Research in Plant
Disease 21(2): 89-93. doi:10.5423/RPD.2015.21.2.089

Jee SN, Malhotra S, Roh EJ, Jung KS, Lee DW, Choi JH, Yoon JC, Heu
SG (2012) Isolation of Bacteriophages Which Can Infect Pectobacteirum



J Appl Biol Chem (2022) 65(2), 101-105

105

22.

23.

24.

carotovorum subsp. carotovorum. Res Plant Dis 18(3): 225-230.
doi:10.5423/rpd.2012.18.3.225

Lee SM, Choi HY, Jang SK, Kim H, Lee SW, Choi HJ (2018)
Development of an Efficient Bioassay Method for Testing Resistance to
Bacterial Soft Rot of Radish. 24(3): 193-201. doi:10.5423/RPD.
2018.24.3.193

Shu Y, Liu Y, Li L, Feng J, Lou BY, Zhou XD, Wu HK (2011)
Antibacterial activity of quercetin on oral infectious pathogens Afr J
Microbiol Res 5:5358-5361 doi:10.5897/Ajmr11.849

Amin MU, Khurram M, Khattak B, Khan J (2015) Antibiotic additive

25.

26.

and synergistic action of rutin, morin and quercetin against methicillin
resistant Staphylococcus aureus. BMC Complement. Altern Med 15: 59.
doi:10.1186/S12906-015-0580-0

Qu S, Dai C, Shen Z, Tang Q, Wang H, Zhai B, Zhao L, Hao Z (2019)
Mechanism of Synergy Between Tetracycline and Quercetin Against
Antibiotic Resistant Escherichia coli. Front Microbiol 10: 2536.
doi:10.3389/FMICB.2019.02536/BIBTEX

Ko MIJ, Cheigh CI, Cho SW, Chung MS (2011) Subcritical water
extraction of flavonol quercetin from onion skin. J Food Eng 102: 327—
333. doi:10.1016/J.JFOODENG.2010.09.008



