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(−)-Epicatechin and kaempferol, both individually and 
combined, have antibacterial properties and protective 
effect on H. pylori infection.

Keywords Helicobacter pylori · Antimicrobial effect · 
Flavonoids · Phenols

Introduction

Helicobacter pylori is a neutralophilic Gram-negative 
spiral-shaped bacterium that colonizes the human stom-
ach [1]. Several studies have shown that H. pylori is one 
of the most prevalent infections throughout the world [2]. 
Approximately 80 % of the infected population is asympto-
matic and only a small but significant fraction of the colo-
nized patients present gastric or duodenal ulcers, mucosa-
associated lymphoid tissue lymphoma (MALT lymphoma) 
or gastric cancer [1–3]. H. pylori infection represents the 
major risk factor for gastric cancer which accounts annually 
for at least 738,000 deaths [3, 4]. It has been estimated that 
H. pylori increases ten times the probability to develop gas-
tric cancer [5]. Eradication therapies for H. pylori involve 
the use of a proton-pump inhibitor (PPI), tetracycline, 
amoxicillin, clarithromycin or metronidazole, in a triple 
therapy [6]. However, the increased prevalence of antibiotic 
resistance makes H. pylori eradication not always success-
ful. A recent study in Latin American countries showed that 
antibiotic resistance rates vary significantly by drug and by 
country, but not by year of sample collection [7]. However, 
such observation contrasts with another study from outside 
the Latin America region that showed rising resistance rates 
to certain antibiotics over time [6]. Metronidazole can reach 
100 % resistance [8], whereas 30 and 20 % of all isolates 
are resistant to tetracycline and clarithromycin, respectively 
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[9]. Considering that eradication therapies based on the use 
of drugs that may be unavailable in some geographic areas 
or that may produce undesirable secondary effects can be 
costly and ineffective, the search for new drugs and the 
development of alternative therapies has become critical 
[10]. Plants are attractive sources of polyphenols, a fam-
ily of compounds showing promising results in the treat-
ment of a variety of diseases. Particularly, several studies 
have shown that phenolic compounds found in cranberries, 
green tea, apple and wine, and affect H. pylori viability 
[11–19]. All those studies were based on the analysis of the 
effect of polyphenols from complex plant extracts. In that 
regard, limited information exists about the effect of pure 
polyphenols on H. pylori [20]. Kaempferol and (−)-epi-
catechin, two phenolic compounds, are widely distributed 
among plants [21, 22]. Not much is known about the effect 
of either pure kaempferol or pure (−)-epicatechin, or about 
any eventual synergy or interference between them, on H. 
pylori growth. The aim of this study was to compare the 
antimicrobial effect of kaempferol and (−)-epicatechin, 
alone or in combination, against H. pylori viability. Also, 
an eventual secondary protective effect of (−)-epicatechin 
on H. pylori-infected epithelial cells was tested.

Materials and methods

Materials

Kaempferol and (−)-epicatechin standards (Sigma-Aldrich, 
Santiago, Chile), cellulose acetate filters (Asahi Glass, 
Tokyo, Japan), bacto agar (JT Baker, Mexico), dimethyl 
sulfoxide (DMSO) (Winkler, Santiago, Chile), horse serum 
(Thermo Scientific HyClone, Utah, USA), antibiotic sup-
plements Dent and Vitox (Oxoid, Hampshire, England) and 
pro-analysis grade chemicals (Merck Ltd., Santiago, Chile) 
were purchased.

Polyphenol solutions

Stock solutions of kaempferol and (−)-epicatechin (50 mg/
mL) were prepared by dissolving each polyphenol in 
100 % DMSO and 50 % methanol, respectively. Both solu-
tions were sterilized by filtration through cellulose acetate 
filters (0.2 µm pore size; 25 mm diameter).

Bacterial strains and growth conditions

Two H. pylori strains were used in this study: ATCC 43504 
(NCTC 11637), which was first isolated from the gas-
tric antrum of an Australian patient, and ATCC 700392 
(26695), which was isolated from a patient with gastri-
tis in the UK. Frozen stocks of H. pylori were recovered 

and routinely grown for 48 h at 37 °C in 5.5 % CO2 and 
70–80 % humidity on trypticase soy agar (TSA) (Becton–
Dickinson, Sparks, MD 21152, USA) with 0.4 % H. pylori 
selective supplement Dent (Oxoid Basingstoke, Hampshire, 
England), 0.3 % Isovitalex (Oxoid) and 5 % horse serum 
[23–25]. For growth experiments in liquid cultures, cells 
were grown in trypticase soy broth (TSB) (Becton–Dick-
inson) with 5 % horse serum supplemented with Isovitalex 
and Dent. Bacteria were first grown at pH 7.0 to an opti-
cal density of 0.6–1.0 U at 600 nm (OD600) and subse-
quently diluted to a starting OD600 of 0.05 U. To measure 
the growth of H. pylori in liquid medium, a serial dilution 
of the culture medium was prepared, aliquots of the various 
dilutions were plated on trypticase soy agar (TSA) plates, 
and the number of colonies (CFU) was determined [26].

Protective effect of phenolics on gastric cells against H. 
pylori

AGS gastric cancer cells (ATCC CRL 1739) were cultured 
as reported elsewhere [27]. For infection assays, AGS host 
cells were infected at a MOI (multiplicity of infection) of 
100 (bacteria to gastric cell ratio) as described by Valen-
zuela et al. [27]. In a parallel assay, gastric cells were treated 
with (−)-epicatechin prior to infection. AGS cell viability 
was determined by measuring the mitochondrial reductase 
activity (MTT assay) according to del Campo et al. [28].

H. pylori growth assay in liquid medium

Helicobacter pylori (3 × 107 cells/mL) was inoculated 
in 5 mL of TSB supplemented with a range of concentra-
tions (0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 mg/mL) of kaempferol 
or (−)-epicatechin. After incubation at 37 °C for 48 h with 
constant shaking at 250 rpm in a controlled atmosphere 
incubator (5.5 % CO2 and 70 % relative humidity), bacte-
rial growth was determined by turbidimetry at 600 nm or 
by counting colony forming units on TSA plates [29].

H. pylori viability assay

From each of the experimental culture tubes described in 
the previous section. 100 µL of aliquots was taken at the 
end of the incubation period to prepare serial dilutions in 
PBS. Aliquots of 10 µL from each of these dilutions were 
plated on TSA and incubated for 48 h at 37 °C [20]. The 
number of colony forming units per mL (CFU/mL) corre-
sponding to each experimental condition was determined.

Inhibition kinetics of bacterial growth

The assay was conducted basically as described by Romero 
et al. [30] with minor modifications. Briefly, 3 × 107 CFU/
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mL were inoculated into Eppendorf tubes containing 1 mL 
of TSB medium supplemented with 1 mg/mL of kaemp-
ferol or (−)-epicatechin and incubated at 37 °C. From this 
mixture, 100 µL of aliquots was removed at 0, 15, 30, 45, 
60 and 90 min. The numbers of viable cells at various time 
points were determined as described above.

Inhibition halo test on agar plates

The procedure was performed as described by Rodríguez 
et al. [31]. Three-millimeter-diameter wells were made in 
TSA plates, and 30 µL of a series of kaempferol or (−)-epi-
catechin solutions (corresponding to 0–1 mg of the poly-
phenol) was deposited in individual wells. Then, 100 µL 
of H. pylori suspension containing 3 × 107 cells/mL was 
evenly spread over the plates with a metal handle loop. 
After 48 h of incubation at 37 °C, the diameter of each 
growth inhibition halo was determined.

Effect of combining kaempferol and (−)‑epicatechin 
on H. pylori growth

Helicobacter pylori strains were grown on TSA plates with 
a series of wells containing a fixed concentration of kaemp-
ferol (0.4 mg/well) plus increasing doses of (−)-epicat-
echin (0.0, 0.05, 0.1, 0.2, 0.25 and 0.4 mg/well). After 48 h 
of incubation at 37 °C, the diameter of each growth inhibi-
tion halo was measured.

Statistical analysis

Analysis of variance (ANOVA) and Tukey’s tests were used 
to evaluate differences.

Results

Antibacterial activity of (−)‑epicatechin against H. 
pylori

H. pylori growth in (−)‑epicatechin‑supplemented liquid 
medium

Growth of H. pylori strains 43504 and 26695 in the pres-
ence of (−)-epicatechin was evaluated in TBS medium sup-
plemented with a range of (−)-epicatechin concentrations 
over a 48-h incubation period. After this time, CFU/mL of 
each cell suspension was determined. As shown in Fig. 1, the 
CFU/mL parameter decreased when the medium was sup-
plemented with a range of concentrations of (−)-epicatechin. 
Full growth inhibition was observed with (−)-epicatechin 
concentrations of 0.8 and 1.0 mg/mL for H. pylori 43504 
and 26695 strains, respectively. In this assay, the minimum 

inhibitory concentration (MIC) of (−)-epicatechin to pro-
duce 99 % of H. pylori growth inhibition was 0.6 mg/mL.

Inhibition halo test for (−)‑epicatechin

Bacteria were cultured for 48 h on TSA plates with a series of 
wells containing a range of fixed amounts of (−)-epicatechin. 
As shown in Fig. 2, diameters of the growth inhibition zones 
around the wells increased gradually with the content of 
(−)-epicatechin in the range from 0 mm for the control con-
dition (only solvent) to 15 mm in the presence of 1.0 mg of 
(−)-epicatechin. Compared to the control, growth inhibition 

Fig. 1  Concentration-dependent bactericidal effect of (−)-epicat-
echin on H. pylori strains in liquid medium. Aliquots of culture 
medium taken after 48 h of culturing H pylori 43504 and 26695 
strains in the presence of a range of (−)-epicatechin concentrations 
are tested by counting CFU. The figure is representative of three 
independent experiments. Growth inhibition in both H. pylori strains 
is significant (Tukey’s test, p ≤ 0.05) over all the range of tested 
(−)-epicatechin concentrations

Fig. 2  Inhibitory effect of (−)-epicathechin on H. pylori growth 
in semisolid agar medium. Inhibition halo test on H. pylori strains 
exposed to (−)-epicatechin over the range 0–1 mg/well showed a pro-
gressive inhibitory effect. Values are mean ± SD (n = 3). No inter-
strain differences are observed (Tukey’s test, p ≥ 0.05). The ordinate 
represents diameter of the inhibition zone around well
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halos were significantly larger (p < 0.05) with amounts of 
(−)-epicatechin equal or greater than 0.4 mg/well.

Kinetics of bacterial growth inhibition by (−)‑epicatechin

Cultures of H. pylori 26695 and 43504 strains in TBS 
medium were supplemented with 1.5 mg/mL of (−)-epicat-
echin at time zero and at various time points; thereafter (up 
to 90 min), aliquots of the cell culture were seeded on TSA 
plates to determine the CFU/mL parameter. As shown in 
Fig. 3, after 90 min of exposure to (−)-epicatechin the CFU/
mL values for H. pylori 43504 decreased from 3 × 108 at time 
zero to 9.5 × 107, whereas for H. pylori 26695 such param-
eter fell from 3 × 108 to 3 × 106 after the same treatment. 
Decreases in viabilities of both H. pylori strains became sta-
tistically significant (p < 0.05) after 60 min of incubation in 
the presence of (−)-epicatechin. Altogether, (−)-epicatechin 
provoked a dose-dependent decrease in the CFU/mL values 
and a dose-dependent increase in the diameters of the inhibi-
tion halos on agar plate cultures with both bacterial strains. 
Those effects are also consistent with the observation that 
the CFU/mL value decreased with increasing times of expo-
sure of the H. pylori strains to such polyphenol. Accordingly, 
(−)-epicatechin has a significant growth-inhibitory effect and 
antimicrobial activity on H. pylori, thus having a major influ-
ence on the viability of the microorganism.

Antibacterial activity of kaempferol against H. pylori

H. pylori growth in kaempferol‑supplemented liquid 
medium

Helicobacter pylori strains 26695 and 43504 were incu-
bated for 48 h in TBS liquid culture medium containing 

a range of kaempferol concentrations (0 to 1 mg/mL) 
(Fig. 4). The CFU/mL values ranged from 5.2 × 108 
(43504 strain) or 3.5 × 107 (26695 strain) in the control 
condition to 0 CFU/mL in both cultures at 1.0 mg/mL of 
kaempferol. Both decreases were statistically significant 
(p < 0.05).

Inhibition halo test for kaempferol

Bacteria were cultured for 48 h on TSA well plates contain-
ing a series of different amounts of kaempferol. As shown 
in Fig. 5, diameters of the growth inhibition halos around 
the wells increased gradually with the increasing content of 
kaempferol in the range from 0 mm for the control condi-
tion (only solvent) up to 15 mm for the presence of 1.0 mg 
of kaempferol. Growth inhibition halos were significantly 
larger than control (p < 0.05) with amounts of kaempferol 
equal or greater than 0.6 mg/well.

Kinetics of bacterial growth inhibition by kaempferol

In a similar experiment to the one described for (−)-epi-
catechin, the CFU/mL parameter was determined at vari-
ous times after supplementation of the culture medium with 
1.5 mg/mL of kaempferol. With both H. pylori strains, an 
increased viability was observed after 30 min of exposure 
to kaempferol. Longer times of exposure resulted in a sta-
tistically significant decrease in the CFU/mL value. Thus, 
after 90 min of exposure to kaempferol the CFU/mL value 
was reduced from 3 × 109 at time zero to 3 × 107 (Fig. 6). 
The inhibitory effect of kaempferol on H. pylori growth 
was found to be similar to the one observed for (−)-epicat-
echin. Furthermore, no statistically significant differences 
in the sensitivities of both H. pylori strains were observed. 
This observation suggests that the antibacterial effects of 

Fig. 3  Kinetics of growth inhibition of H. pylori by (−)-epicatechin. 
Liquid cultures of H pylori 43504 and 26695 strains are combined 
with 1 mg/mL (−)-epicatechin, and at the times indicated on the 
abscissa aliquots are taken and tested by counting CFU. Values are 
mean ± SD (n = 3). Growth inhibition in both H. pylori strains is 
directly influenced (Tukey’s test, p ≤ 0.05) by the exposure time to 
the polyphenol over the range tested

Fig. 4  Concentration-dependent bactericidal effect of kaempferol 
on H. pylori strains in liquid medium. The figure is representative of 
three independent experiments. Experimental conditions and results 
are identical to those described in Fig. 1 caption, except the poly-
phenol



1499Eur Food Res Technol (2016) 242:1495–1502 

1 3

(−)-epicatechin and kaempferol are not dependent upon 
the bacterial strain.

Effect of combining (−)‑epicatechin and kaempferol  
on H. pylori growth

Helicobacter pylori 43504 was grown on TSA well plates 
with a series of either a fixed concentration of (−)-epi-
catechin (0.25 mg/well) or kaempferol (0.5 mg/mL) plus 
increasing doses of kaempferol or (−)-epicatechin, respec-
tively. After 48 h of incubation at 37 °C CFU/mL, values 
were determined. Table 1 summarizes a factorial arrange-
ment of treatments with doses of 0, 50, 100 and 150 µg/mL 
of each compound. CFU/mL values ranged from 5.4 × 107 
(control) to 1.4 × 103 (50 µg/mL (−)-epicatechin plus 
150 µg/mL kaempferol). Over the whole range of tested 
concentrations, increasing concentrations of kaempferol in 
the presence of a constant dose of (−)-epicatechin resulted 
in further reduction in bacteria growth. A similar trend was 
observed with varying doses of (−)-epicatechin and a fixed 
amount of kaempferol. Comparatively, at similar concen-
trations of the polyphenol, viability of the bacterium in the 
presence of kaempferol was somewhat greater than that 
observed in the presence of (−)-epicatechin. Such effect 
was amplified with increasing doses of kaempferol.

(−)‑Epicatechin effect on a co‑culture of AGS cells  
and H. pylori

To see how H. pylori infection affects viability of AGS 
cells, cultures of these cells were infected with different H. 
pylori MOIs. After incubation for 24 h, the mitochondrial 
reductase activity (MTT) was determined as an index of 
AGS cell viability. As shown in Fig. 7a, the higher the MOI 

the lower the viability of AGS cells so that at a MOI of 500 
AGS cell viability was reduced to 40 %. On the other hand, 
viability of AGS cells in the presence of (−)-epicatechin 
over the range 100–500 µg/mL was unaffected or just mar-
ginally affected (Fig. 7b). To evaluate the protective effect 
of (−)-epicatechin on H. pylori-infected AGS cells, viabil-
ity assays were conducted in liquid medium in the pres-
ence of either 250 or 500 µg/mL of the flavanol at a MOI of 
500. As shown in Fig. 7c, viability of AGS cells decreased 
to 40 % at a MOI of 500 (compared to 100 % viability of 
uninfected AGS cells serving as control), while infection 
at a MOI of 500 in the presence of either 250 or 500 µg/
mL (−)-epicatechin reduced AGS cell viability to 75–80 % 
only. These results are indicative of a protective effect of 
(−)-epicatechin on H. pylori-infected AGS cells.

Discussion

Polyphenols, a highly abundant vegetal component of the 
human diet, have been associated with important sensory, 
taxonomic, nutritional and pharmacological properties of 
drinks and foods [32]. Several authors have reported on 
the bactericidal effect of polyphenol-rich extracts against 
a number of microorganisms [11, 13, 16, 18, 19, 30, 33]. 
Such observation has stimulated research on naturally 
occurring substances as potential alternatives or comple-
ments for the conventional treatment of infectious diseases 
[12–14, 18, 19]. H. pylori, a bacterium that colonizes the 
human gastric mucosa, has been associated with various 
pathological conditions, including peptic ulcer, intestinal 
lymphoma and gastric cancer (1–3). Anti-H. pylori effects 
have been observed in polyphenol extracts from almond 
skins [34], muscadine grape skins [35] and blackberry 

Fig. 5  Inhibitory effect of kaempferol on H. pylori growth in semi-
solid agar medium. Experimental conditions and results are identical 
to those described in Fig. 2 caption, except the polyphenol. Values are 
mean ± SD (n = 3)

Fig. 6  Kinetics of growth inhibition of H. pylori by kaempferol. The 
study is identical to the one described under Fig. 3, excepting the 
polyphenol. Values are mean ± SD (n = 3). Although in this study 
growth of both H. pylori strains is influenced by the exposure time to 
the polyphenol, growth inhibition is found to be significant (Tukey’s 
test, p ≤ 0.05) only after at least 60 min of exposure. Both strains dis-
played a similar behavior
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leaves [16], among others. A few studies aimed to iden-
tify particularly active anti-H. pylori components of those 
extracts have pointed recurrently to protocatechuic acid, 
catechin, epicatechin, ellagic acid, myricetin, quercetin, 
resveratrol, gallic acid, tannic acid and n-propyl gallate 
[20, 34, 36, 37]. In the present study, we evaluated quanti-
tatively the individual and combined effects of kaempferol 
and (−)-epicatechin, two widely distributed components of 
plant extracts, on H. pylori growth in liquid and semisolid 
cultures. We have now shown that both polyphenols have a 
major growth-inhibitory effect on H. pylori.

Epicatechin displayed a concentration-dependent inhibi-
tory effect on H. pylori growth as measured either in liquid 
culture medium (turbidimetry at 600 nm) or in semisolid 
agar plates (counting CFU and measuring growth inhibition 
halos). Such inhibitory effect was found to depend upon 
the time of exposure of the bacterium to the polyphenol. 
Using the same approaches, kaempferol, another member 
of the flavonol family of polyphenols, was also found to 
have growth-inhibitory effects against H. pylori. All those 
growth-inhibitory effects were identical in two widely used 
H. pylori strains (H. pylori 26695 and 43504). Altogether, 

Table 1  Effect of combining 
(−)-epicatechin and kaempferol 
on H. pylori 43504 growth 
(CFU/mL)

K0 to K150: kaempferol 0–150 µg/mL; EC0 to EC150 : epicatechin 0–150 µg/mL. Different letters (capital 
and single) stand for statistically significant difference (Tukey’s test, p ≤ 0.05)

EC0 EC50 EC100 EC150

K0 5383.3 ± 84.4 A a 99.45 ± 4.1 B a 88.2 ± 4.5 C a 21.69 ± 4.0 D a

K50 73.1 ± 3.9 A b 1.48 ± 1.2 B b 4.62 ± 2.1 C b 1.28 ± 1.2 B b

K100 53.6 ± 2.1 A b 0.89 ± 1.1 B b 0.90 ± 0.4 B c 0.89 ± 0.6 B b

K150 28.1 ± 4.6 A b 0.14 ± 0.5 B b 0.42 ± 0.3 B c 0.37 ± 0.3 B b

Fig. 7  Protective effect of 
(−)-epicatechin on AGS cell 
viability (MTT assay) during 
H. pylori infection. a AGS cell 
survival in DMEM medium 
over a range of H. pylori MOI. 
b AGS cell survival over a range 
of (−)-epicatechin concentra-
tions. c Survival of AGS cells is 
measured when their infection 
by H. pylori at a MOI 500 is 
produced in the presence of 
(−)-epicatechin at concentra-
tions (250–500 µg/mL) having 
no detrimental effect on AGS 
viability. Under both conditions, 
AGS cell viability (mean ± SD, 
n = 3) is significantly higher 
than that observed in the 
absence of the polyphenol 
(Tukey’s test, p ≤ 0.05). EC and 
MOI stand for (−)-epicatechin 
and multiplicity of infection by 
H. pylori, respectively
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on a per mole basis, kaempferol and epicatechin displayed 
similar growth-inhibitory effects on H. pylori.

Considering that both epicatechin and kaempferol 
showed marked inhibitory effects against H. pylori growth 
and that both polyphenols are usually part of the complex 
composition of foods, we additionally evaluated the effect 
of combining epicatechin and kaempferol on the bacte-
rium growth in liquid culture medium. Thus, mixtures of 
low doses of epicatechin and kaempferol displayed additive 
antibacterial activity. Under these experimental conditions, 
such additive effect was partial because the effect of both 
polyphenols used in combination was usually less than the 
sum of the individual effects. Interestingly, at higher doses 
of epicatechin and kaempferol neither additive nor syner-
gistic activity was observed. These observations contradict 
Yanagawa et al. [17] who claim that polyphenols in plant 
extracts are currently less effective antibacterial compounds 
than the corresponding pure compounds. Anyhow, the par-
tially additive effect of kaempferol and epicatechin on the 
inhibition of H. pylori growth needs to be further studied. 
In this same regard, we have recently described that other 
two polyphenol compounds, catechin and gallic acid, dis-
play growth-inhibitory effects in H. pylori and that those 
effects are also partially additive [20].

According to the present observations, H. pylori seems 
to display a significantly higher sensitivity (tenfold) to both 
epicatechin and kaempferol when compared with E. coli, a 
common gut bacteria (data not shown). Thus, these obser-
vations would lend additional support to the hypothesis that 
these polyphenol compounds may have differential effects 
on different microorganisms [20, 30]. The fact that the size 
of the H. pylori genome is a third of the one of E. coli may 
also explain on a genetic ground its lower ability to coun-
teract the antibacterial effects of epicatechin and kaemp-
ferol and probably other polyphenols.

On the other hand, several lines of evidence indicate that 
H. pylori promotes gastric carcinogenesis depending on the 
direct contact of live bacteria with human cells [1–3, 27], 
which would affect the viability of the latter ones. Consid-
ering that (−)-epicatechin and kaempferol have been found 
to display significant anti-H. pylori effects, in this study we 
designed an (−)-epicatechin protection assay using AGS 
human gastric carcinoma cells subjected to H. pylori infec-
tion. As shown in this study, AGS cell viability was mark-
edly reduced when cultured in the presence of H. pylori. 
By contrast, when the assay was carried out in the presence 
of 250–500 μg/mL (−)-epicatechin, AGS cell viability was 
just marginally affected by H. pylori infection, thus show-
ing indirectly the anti-H. pylori effect of the polyphenol.

Altogether, the whole set of in vitro observations sug-
gest that both kaempferol and (−)-epicatechin display 
growth-inhibitory effects on H. pylori. It remains to be clar-
ified whether these observations have an in vivo correlate 

considering that both small-sized polyphenols are effi-
ciently absorbed by the jejunum and ileum, that they may 
be chemically modified in the small intestine and that they 
usually represent only a minor fraction of the total poly-
phenol content of the human diet in contrast with the abun-
dance of non-absorbable more complex polyphenols [38, 
39]. Anyhow, antibacterial activities of kaempferol and 
(−)-epicatechin against H. pylori may well become part of 
the growing list of beneficial effects of common polyphe-
nol constituents of the human diet.

Conclusion

Under the conditions of this study, both (−)-epicatechin 
and kaempferol presented a significant inhibitory effect 
on H. pylori growth in a concentration-dependent manner. 
Both polyphenols affected growth of H. pylori 26695 and 
43504 strains. At identical doses, the effect of (−)-epicat-
echin was higher than that of kaempferol. In liquid culture 
medium, at low doses both compounds showed additive 
antibacterial activity, while at higher doses neither additive 
nor synergistic activity was observed. Finally, (−)-epicat-
echin showed a dose-dependent protective role on AGS cell 
cultures against H. pylori infection.
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