
1. Antibacterial activity of kaempferol was
investigated by measuring its Minimal
Inhibitory Concentration (MIC) and Minimal
Bactericidal Concentration (MBC) by micro-
broth dilution assays (Fig. 3) using
concentrations 500–1.9 µg/ml.

2. Bacterial membrane permeabilization activity
of kaempferol was determined by o-
nitrophenyl-β-D-galactoside (ONPG)
colorimetric assay, by measuring the
absorbance of the reaction mixture at 415 nm
over a time interval.

q MIC: lowest concentration of an agent that
prevents visible bacterial growth after overnight
incubation.

q MBC: lowest concentration of an agent that kills
bacteria.

q MIC and MBC of kaempferol were both 125
µg/ml. The MICindex (MBC/MIC) was 1.00 (Table
1, Fig. 4).

q MIC and MBC of antibiotic Kanamycin (positive
control) were 6.25 µg/ml and 12.5 µg/ml
respectively. The MICindex was 2.00 (Table 1,
Fig. 4).

q In ONPG assay, the membrane damage of E.
coli was detected by the release of its
cytoplasmic enzyme β-galactosidase in the
culture medium (Fig. 5).

q β-galactosidase reacted with the substrate
ONPG (added in E. coli culture) to produce
yellow colored o-nitrophenol (Fig. 6).

q Absorbance at 415 nm indicated the production
of o-nitrophenol, and thus membrane damage.

q E. coli cells treated with the kaempferol showed
a considerable increase in membrane damaging
activity in both time and dose-dependent
manners when compared with the untreated
cells (Fig. 7, 8).

v Kaempferol exhibited antibacterial activity
against E. coli by permeabilizing the bacterial
cell membrane.

v Study suggests that kaempferol could be used
as a potent antibacterial agent against the
foodborne pathogen E. coli O157:H7.

v Further investigation of its antibacterial
mechanism is currently in progress.

• Continuous use of antibiotics increases the
emergence of drug-resistant bacterial strains.

• Therapeutic potentials of natural compounds,
traditional foods, beverages are being explored
nowadays.

• Polyphenols are naturally occurring pharmaceutical
compounds, found in beverages, fruits, vegetables
etc.

• Kaempferol is mainly found in green tea (Fig.1).
• E. coli O157:H7 is a Gram-negative foodborne

bacterium which causes diarrhea, vomiting and
abdominal cramps (Fig. 2).

• This project investigated the antibacterial activity of
kaempferol, against E. coli by mainly evaluating the
antibacterial mechanism of kaempferol.
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1. Determination of the antibacterial activity of
kaempferol, a green tea polyphenol against
Escherichia coli O157:H7 by microbiological
assays.

2. Evaluation of the bacterial membrane
permeabilization activity of kaempferol by
biochemical assays.

Fig. 1. Structure of Kaempferol 
(www.sigmaaldrich.com) Fig. 2. Electron microscopic 

image of E. coli 
(www.philpoteducation.com)

Fig. 3. Schematic representation of assay for determination 
of MIC and MBC. (Paiva et al., 2013)

Fig. 4. Determination of MIC by micro-broth dilution assay in 
microtitre plate. MIC of kaempferol was 125 µg/ml and MIC of 
antibiotic Kanamycin (positive control) was 6.25 µg/ml.

Fig. 5. ONPG assay of E. 
coli (Arias and Vogel, 
2017)

Fig. 6. ONPG Test 
(https://microbeonline.com)

Fig. 7. E. coli membrane permeabilization activity of kaempferol by
ONPG test. E. coli cells were treated with 2MIC, MIC and ½ MIC of
kaempferol. Untreated cells were taken as control. Results are
represented as mean ± standard deviations of three independent
experiments.

Table 1. Minimal Inhibitory Concentration (MIC) and Minimal
Bactericidal Concentration (MBC) of kaempferol and antibiotic
Kanamycin (used as a positive control) against E. coli O157:H7.

Fig. 8. ONPG test of untreated E.coli (control) and E. coli treated with 
2MIC, MIC and ½ MIC of kaempferol. The yellow color of the reaction 
mixtures indicated the production of o-nitrophenol from the reaction 
between the bacterial cytoplasmic enzyme β-galactosidase released 
into the culture medium and the substrate ONPG.
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Antibacterial assays 
against E. coli 

O157:H7

Kaempferol Kanamycin (positive 
control)

MIC (µg/ml) 125 6.25

MBC (µg/ml) 125 12.5

MICindex 1.00 2.00
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