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Abstract: [ Purpose] The inhibitory effects of four monomeric components of Moringa oleifera

polyphenols (astragalin, chlorogenic acid, rutin and hyperoside) on Escherichia coli were initially de-
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termined, and the most effective astragalin was used as an example to further investigated its mechan-
ism, in order to provide a theoretical basis for the application of astragalin in food preservation.

[ Methods ] The half-maximal inhibitory concentrations (ICsg) of four M. oleifera polyphenols on E.
coli were determined by the two-fold dilution method. The effects of astragalin on the growth,
biofilm, and wall membrane damage of E. coli were investigated by growth curve, crystalline violet
staining, nucleic acid leakage, protein leakage, and scanning electron microscopy. [ Results] The
four M. oleifera polyphenols had inhibitory effects on E. coli in a dose-dependent manner. The ICs,
values of hyperoside, chlorogenic acid, rutin and astragalin were 676, 605, 588 and 490 umol/L, re-
spectively. The growth of E. coli treated with astragalin was obviously inhibited, and biofilm forma-
tion and biofilm adhesion were significantly or extremely significantly reduced (P<0.05 or P<0.001);
cell membrane permeability was extremely significantly increased (P<0.001), leading to leakage of
biomolecules including nucleic acids and proteins, and E. coli showed serious deformation such as
surface folding and collapse. [ Conclusion | This study initially reveals the mechanism of inhibition

of E. coli by astragalin, which has some significance for the development of natural antibacterial

agents of plants.

Keywords: astragalin; Escherichia coli; antibacterial mechanism; wall membrane damage
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Fig. 1 Antibacterial effect of four Moringa oleifera polyphenol monomers on Escherichia coli
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Fig. 3 The effect of astragalin on E. coli biofilm
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2.5 BB TEER R B B A 45 R IR e

HE 6 ATH1: SIER X RZAHLL, 400 pmol/L
B oY I R, HRARS 2] 1
1787 N SN 77 & 7 R % N VN U e K U
400 pmol/L R EHAEH T RIITH G, WikE
TRk, BT R BRI

1 400 pmol/L
astragalin

5 P
blank control group
E6 LEREEINKMITEEAELNFIT

Fig. 6 Effect of astragalin on the structure of E. coli

3 Wig

AR T 4 FhHOR 2 W Ak (5 5%
T SRR . AT &2 X R FFE i
HFEH . S5 REH . 4 FpZ B AR KT B 1
BAMGIEN, BMEEHRA MRS, 7
B EOWE T 2B 40t T2 b S B BA
SEZWBES IR AR . SEOREEN . KIBFF
MR ZERFTF R AR, X SRS R, H
IR B GE AR A TR 22 1y A BRI T R 5
ZEFR PRI AEC I BE S A . A AE A
TP I PP R R 28 25 T ) 4 i (A R A R TR A
—ERIRIERT, 0 B HTCT 5 a3 X KIm T
B AR T B AL 5% 08 AR DL o A 5%

AR NI 25 R0 . 400, 800 A1 1600 pmol/L
AT X KA AR K A MEIER, HLkE
WS, SRRSO

A W) BB H A AR T L A 22 0 R i A
DNA %5 Z i i AN R A 9, a4
Kt B ) AR B . EO &SI K
B A HEORRE A RO FR KBTI O157:HT 1)
YR, TR FT R O157:H7 A= 4B A
Pho X SCHMSE &8 WeBESA 200 FT 400 pmol/L
PR FLIR . FLIR AT A5 I mT 38 ot 410 ) K A v A=
PRI B, I8 DA ke A= 0 B8 ) R R R 1K
A ML 5 AR B 0 o TR LY, SR
4 FEL PR i 5 R RS A A A K sl R
FHAET M, ABFFEEI: 200, 400 1800 pmol/L
FERPAT e W E MR R R A BOE R,
800 pmol/L %8 2 911 1] B S5 R A1 K Jo A w1 A 0 e
PR B o

Y L B R A AR M R EE BB B, Y AN AR B
MEIRET, M PR 43 9 ot 2 it e 380 L A0, 1A
B, RS M) i s a2 TP 2 RS S S P 1)
BAER. 200 F1 400 pmol/L %4 = FHAFEH T X g
HHEE, BiERH oD EE b, X% s
B R137 TN 70 £ Bz B0 LA SRR v S o N
TFRE R AN 5 i . DIAO S8“F 5% & 30
N EB AR AT R & A AN AT 3
B0, S EAME RS 1 DNA FT RNA 45—
W TER, FEAMST ., AU, B
BREEERI . 400 umol/L B A 1EFH TR
WIARSE, MEPRR ARSI SRR



476

mAl R

L2,
S

Eiid 937 %

HRYATRERGIN R R IAT wE i, il e

R FF T 00 0 A P A TR A 1 i
Ui A AR P B A B B AR R S Al R

=

o

Wi RIAT OB R G, TR BRI . A

W SR S EH B T R A PR 2 T BHE LRt

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[ S50 ]

KAPER J B. Pathogenic Escherichia coli[J]. Internation-
al Journal of Medical Microbiology, 2005, 295(6/7): 355.
DOI: 10.1016/j.ijmm.2005.06.008.

ARTHUR J C, PEREZ-CHANONA E, MUIHLBAUER
M, et al. Intestinal inflammation target cancer-inducing
activity of the microbiota[J]. Science, 2012, 338(6103):
120. DOI: 10.1126/science.1224820.

SR T BT A KM T T AR AR 1 R B A
FEID]. KM i B AR ML K72, 2020.

WOLCOTT R D, EHRLICH G D. Biofilms and chronic
infections[J]. JAMA, 2008, 299(22): 2682. DOI: 10.
1001/jama.299.22.2682.

R, 57, B/NE, AF BRI 22 M IR 7 B XUKAR
ML ZARA R TR RPN [I]. N 520 R
2tk (HARBLEIR), 2020, 35(5): 387. DOIL: 10.14045/
j-enki.15-1220.2020.05.005.

Wil BRAKEE IR By o0 i B FAE s T 7T (D). B
g EIASE KR, 2018.

PN, BB, MR, 55, BRI 2 By R BRI
b B FLAMBE PR RE R T[], £ Tk, 2018, 39(5): 70.
COPPIN J P, XU Y P, CHEN H, et al. Determination of
flavonoids by LC/MS and anti-inflammatory activity in
Moringa oleifera[J]. Journal of Functional Foods, 2013,
5(4): 1892. DOLI: 10.1016/5.jff.2013.09.010.

WANG Y Q, GAO Y J, DING H, et al. Subcritical eth-
anol extraction of flavonoids from Moringa oleifera leaf
and evaluation of antioxidant activity[J]. Food Chem-
istry, 2017, 218: 152. DOI: 10.1016/j.foodchem.2016.09.
058.

B AR, KA, T AR AL, &5, R M E IR 2
SIS ST TELT]. 78 R RO R 27 4R (AR
), 2020, 40(2): 179. DOI: 10.11929/j.swfu.201905037.
MABROUKI L, RJEIBI I, TALEB J, et al. Cardiac
ameliorative effect of Moringa oleifera leaf extract in
high-fat diet-induced obesity in rat model[J]. BioMed
Research International, 2020, 2020: 1. DOI: 10.1155/
2020/6583603.

LYNDA B C, VALERIAN F, PIERRE L, et al. Antibac-
terial properties of polyphenols: characterization and
QSAR (quantitative structure activity relationship) mod-
els[J]. Frontiers in Microbiology, 2019, 10: 829. DOI:
10.3389/fmicb.2019.00829.

SHI C, SUN Y, ZHENG Z W, et al. Antimicrobial activ-
ity of syringic acid against Cronobacter sakazakii and its
effect on cell membrane[J]. Food Chemistry, 2016, 197:

[14]

[15]

[16]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

(27]

(28]

[29]

[30]

(31]

100. DOI: 10.1016/j.foodchem.2015.10.100.

FEIP, ALIM A, GONG S Y, et al. Antimicrobial activ-
ity and mechanism of action of olive oil polyphenols ex-
tract against Cronobacter sakazakii[J]. Food Control,
2018, 94: 289. DOI: 10.1016/j.foodcont.2018.07.022.
YANG X P, JIANG X D. Antifungal activity and mech-
anism of tea polyphenols against Rhizopus stolonifera[J].
Biotechnology Letters, 2015, 37(7): 1463. DOI: 10.1007/
$10529-015-1820-6.

PG, X EAE, MR, 5. Y2 e, (EHIALEE
J L W 9k R [T]. B s S LK, 2019, 35(7): 226.
DOI: 10.13652/5.issn.1003-5788.2019.07.043.

XA U, R, B AL, 5. HPLC-DADIR] Bl 5 A
6 2K il o) & R [I]. P E R R 2 S Rk, 2020,
27(6): 61. DOI: 10.3969/].issn.1005-5304.201906378.
XS Aoy et 8 T 2 B AL . A SR S R RAE S I
APETERTE[D]. ¥ B AR, 2009.

XUPE, REEM, & F i, 55, RP-HPLCI & H &7 58
T K E] HE 2525, 2006, 31(21): 1766.
DOTI: 10.3321/j.issn:1001-5302.2006.21.005.

TREL, 2, BJME, 5. HPLCYZE R A A it
SFh Rk 7 BI& ()], E /5, 2019, 30(24): 3383. DOL:
10.6039/j.issn.1001-0408.2019.24.12.

X FHe. R AETE BT SR TS A ] o R
AT FE[D]. RS 1l PE KA, 2020.

L, o, TR, SR RIS LPSI KK BN i
E R4 L (BC-6) 5T R AF HI )], BUAR & i BHE, 2020,
36(6): 17. DOI: 10.13982/j.mfst.1673-9078.2020.6.1201.
JBTif, 27, L, & ANEIN L7 AR 7 B AL A
8 AL 2 By R B K BT E PR FE (0], o R
245 4% &, 2020, 29(16): 1863. DOI: 10.3969/j.issn.1003-
3734.2020.16.013.

R RN EFE S AEREARA T, E R &IT
R A A HI 23 AL FE[D]. KPR BB\ —%&
BRE, 2020.

WG 8. BT R B 23 R B R K 3L 23 HT D).
TeBa: TL R K, 2008.

JEAEAE . & B A LR 2 22 IR SO 1 140 1 S 2 )
FL R P [D]. K KIE Tk K2, 2017,

MRRE, AR, SRR, S e S8 RIS 1 i 4 & A
KT B AN B A5 VR RE T, B it 22 4 SR A I 2 4R,
2018, 9(13): 3321. DOI: 10.3969/j.issn.2095-0381.2018.
13.018.

BISIGNANO G, TOMAINO A, CASCIO R L, et al. On
the in-vitro antimicrobial activity of oleuropein and hy-
droxytyrosol[J]. Journal of Pharmacy & Pharmacology,
1999, 51(8): 971. DOI: 10.1211/0022357991773258.
FIEAK, ZRE, TR, S5 RN i b RO R A
AMPUE AL AN 15 P (D). B AL, 2014, 35(21): 94.
DOI: 10.7506/spkx1002-6630-201421019.

FESCT7 . EGCGH ] 5 18 2= i K5 T pO L EEF 2 [D]. 1K
P PR TR, 2018.

DJORDIJEVIC D, WIEDMANN M, MC LANDSBOR-
OUGH L A. Microtiter plate assay for assessment of Lis-
teria monocytogenes biofilm formation[J]. Applied and
Environmental Microbiology, 2002, 68(6): 2950. DOI:


https://doi.org/10.1016/j.ijmm.2005.06.008
https://doi.org/10.1126/science.1224820
https://doi.org/10.1001/jama.299.22.2682
https://doi.org/10.1001/jama.299.22.2682
https://doi.org/10.14045/j.cnki.15-1220.2020.05.005
https://doi.org/10.14045/j.cnki.15-1220.2020.05.005
https://doi.org/10.1016/j.jff.2013.09.010
https://doi.org/10.1016/j.foodchem.2016.09.058
https://doi.org/10.1016/j.foodchem.2016.09.058
https://doi.org/10.11929/j.swfu.201905037
https://doi.org/10.1155/2020/6583603
https://doi.org/10.1155/2020/6583603
https://doi.org/10.3389/fmicb.2019.00829
https://doi.org/10.1016/j.foodchem.2015.10.100
https://doi.org/10.1016/j.foodcont.2018.07.022
https://doi.org/10.1007/s10529-015-1820-6
https://doi.org/10.1007/s10529-015-1820-6
https://doi.org/10.13652/j.issn.1003-5788.2019.07.043
https://doi.org/10.3969/j.issn.1005-5304.201906378
https://doi.org/10.3321/j.issn:1001-5302.2006.21.005
https://doi.org/10.6039/j.issn.1001-0408.2019.24.12
https://doi.org/10.13982/j.mfst.1673-9078.2020.6.1201
https://doi.org/10.3969/j.issn.1003-3734.2020.16.013
https://doi.org/10.3969/j.issn.1003-3734.2020.16.013
https://doi.org/10.3969/j.issn.2095-0381.2018.13.018
https://doi.org/10.3969/j.issn.2095-0381.2018.13.018
https://doi.org/10.1211/0022357991773258
https://doi.org/10.7506/spkx1002-6630-201421019
https://doi.org/10.1016/j.ijmm.2005.06.008
https://doi.org/10.1126/science.1224820
https://doi.org/10.1001/jama.299.22.2682
https://doi.org/10.1001/jama.299.22.2682
https://doi.org/10.14045/j.cnki.15-1220.2020.05.005
https://doi.org/10.14045/j.cnki.15-1220.2020.05.005
https://doi.org/10.1016/j.jff.2013.09.010
https://doi.org/10.1016/j.foodchem.2016.09.058
https://doi.org/10.1016/j.foodchem.2016.09.058
https://doi.org/10.11929/j.swfu.201905037
https://doi.org/10.1155/2020/6583603
https://doi.org/10.1155/2020/6583603
https://doi.org/10.3389/fmicb.2019.00829
https://doi.org/10.1016/j.foodchem.2015.10.100
https://doi.org/10.1016/j.foodcont.2018.07.022
https://doi.org/10.1007/s10529-015-1820-6
https://doi.org/10.1007/s10529-015-1820-6
https://doi.org/10.13652/j.issn.1003-5788.2019.07.043
https://doi.org/10.3969/j.issn.1005-5304.201906378
https://doi.org/10.3321/j.issn:1001-5302.2006.21.005
https://doi.org/10.6039/j.issn.1001-0408.2019.24.12
https://doi.org/10.13982/j.mfst.1673-9078.2020.6.1201
https://doi.org/10.3969/j.issn.1003-3734.2020.16.013
https://doi.org/10.3969/j.issn.1003-3734.2020.16.013
https://doi.org/10.3969/j.issn.2095-0381.2018.13.018
https://doi.org/10.3969/j.issn.2095-0381.2018.13.018
https://doi.org/10.1211/0022357991773258
https://doi.org/10.7506/spkx1002-6630-201421019

53 1 T, 2.

55 RO KT B I A AL 5

477

(32]

(33]

[34]

(35]

[36]

10.1128/AEM.68.6.2950-2958.2002.

WEIL N, C SHI C Z, LUO C X, et al. Phloretin inhibits
biofilm formation by affecting quorum sensing under dif-
ferent temperature[J]. LWT-Food Science and Techno-
logy,2020,131:109668.DOI: 10.1016/j.1wt.2020.109668.
CUI H Y, ZHANG X J, ZHOU H, et al. Antimicrobial
activity and mechanisms of Salvia sclarea essential
oil[J]. Botanical Studies, 2015, 56: 16. DOI: 10.1186/s40
529-015-0096-4.

FhEE2R, W AL, AR, 55 A FEEAR R S5 ke 2t £
Ty e g by 50 5 285 SR FEma (7], o [ B B2 272, 2019,
46(2): 215. DOI: 10.11763/5.issn.2095-2619.2019.02.016.
XU J G, LIU T, HU Q P, et al. Chemical composition,
antibacterial properties and mechanism of action of es-
sential oil from clove buds against Staphylococcus aure-
us[J]. Molecules, 2016, 21(9): 1194. DOI: 10.3390/mo-
lecules21091194.

ZEIPE, XHE, TRA AT, 2. gt SEFRRE IR AL A B
B AR B AT R BB &, 2020, 45(8): 35. DOL:
10.3969/j.issn.1000-9973.2020.08.008.

[37]

[38]

[39]

[40]

[41]

LLIGEAE. A7 IH 58 2 S P P i B 2 O S LA o 0 1
R[], £ 5 Tk, 2014, 35(10): 112.

Tl P R BORX K AT B O15THT L KA
JISE 4 2% B ALAIAE 78 [D]. BT VL5 K 2, 2020.

RIESC. A HUER A BT B 4 W FF v A0 K i T 8 A gt
T RS HR) 300 45 AT 52 [D]. I /R 5% R JE AR kK 2,
2020.

BARNES R H, KARATZAS K A G. Investigation into
the antimicrobial activity of fumarate against Listeria
monocytogenes and its mode of action under acidic con-
ditions[J]. International Journal of Food Microbiology,
2020, 324: 108614. DOI: 10.1016/j.ijfoodmicro.2020.10
8614.

DIAO W H, HU Q P, ZHANG H, et al. Chemical com-
position, antibacterial activity and mechanism of action
of essential oil from seeds of fennel (Foeniculum vul-
gare Mill.)[J]. Food Control, 2014, 35(1): 109. DOTI: 10.
1016/j.foodcont.2013.06.056.

AL 5 ATARR


https://doi.org/10.1128/AEM.68.6.2950-2958.2002
https://doi.org/10.1016/j.lwt.2020.109668
https://doi.org/10.1186/s40529-015-0096-4
https://doi.org/10.1186/s40529-015-0096-4
https://doi.org/10.11763/j.issn.2095-2619.2019.02.016
https://doi.org/10.3390/molecules21091194
https://doi.org/10.3390/molecules21091194
https://doi.org/10.3390/molecules21091194
https://doi.org/10.3969/j.issn.1000-9973.2020.08.008
https://doi.org/10.1016/j.ijfoodmicro.2020.108614
https://doi.org/10.1016/j.ijfoodmicro.2020.108614
https://doi.org/10.1016/j.foodcont.2013.06.056
https://doi.org/10.1016/j.foodcont.2013.06.056
https://doi.org/10.1128/AEM.68.6.2950-2958.2002
https://doi.org/10.1016/j.lwt.2020.109668
https://doi.org/10.1186/s40529-015-0096-4
https://doi.org/10.1186/s40529-015-0096-4
https://doi.org/10.11763/j.issn.2095-2619.2019.02.016
https://doi.org/10.3390/molecules21091194
https://doi.org/10.3390/molecules21091194
https://doi.org/10.3390/molecules21091194
https://doi.org/10.3969/j.issn.1000-9973.2020.08.008
https://doi.org/10.1128/AEM.68.6.2950-2958.2002
https://doi.org/10.1016/j.lwt.2020.109668
https://doi.org/10.1186/s40529-015-0096-4
https://doi.org/10.1186/s40529-015-0096-4
https://doi.org/10.11763/j.issn.2095-2619.2019.02.016
https://doi.org/10.3390/molecules21091194
https://doi.org/10.3390/molecules21091194
https://doi.org/10.3390/molecules21091194
https://doi.org/10.3969/j.issn.1000-9973.2020.08.008
https://doi.org/10.1016/j.ijfoodmicro.2020.108614
https://doi.org/10.1016/j.ijfoodmicro.2020.108614
https://doi.org/10.1016/j.foodcont.2013.06.056
https://doi.org/10.1016/j.foodcont.2013.06.056
https://doi.org/10.1016/j.ijfoodmicro.2020.108614
https://doi.org/10.1016/j.ijfoodmicro.2020.108614
https://doi.org/10.1016/j.foodcont.2013.06.056
https://doi.org/10.1016/j.foodcont.2013.06.056

	1 材料与方法
	1.1 试验材料
	1.1.1 试验菌株
	1.1.2 材料与试剂

	1.2 试验方法
	1.2.1 菌悬液的制备
	1.2.2 半数抑制浓度(IC50)的测定
	1.2.3 紫云英苷对大肠杆菌生长曲线的影响
	1.2.4 紫云英苷对大肠杆菌生物膜的影响
	1.2.5 紫云英苷对大肠杆菌细胞膜透性的影响
	1.2.6 紫云英苷对大肠杆菌菌体结构的影响
	1.2.7 数据统计与分析


	2 结果与分析
	2.1 4种辣木多酚单体的半数抑制浓度(IC50)
	2.2 紫云英苷对大肠杆菌生长曲线的影响
	2.3 紫云英苷对大肠杆菌生物膜的影响
	2.3.1 紫云英苷抑制大肠杆菌生物被膜的形成
	2.3.2 紫云英苷降低大肠杆菌生物膜粘附性

	2.4 紫云英苷对大肠杆菌细胞膜通透性的影响
	2.5 紫云英苷对大肠杆菌菌体结构的影响

	3 讨论
	4 结论

