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Phytochemical-rich foods inhibit the
growth of pathogenic trichomonads
Sabrina M. Noritake1, Jenny Liu1, Sierra Kanetake1, Carol E. Levin2, Christina Tam3, Luisa W. Cheng3,
Kirkwood M. Land1 and Mendel Friedman2*

Abstract
Background: Plants produce secondary metabolites that often possess widespread bioactivity, and are then known
as phytochemicals. We previously determined that several phytochemical-rich food-derived preparations were
active against pathogenic foodborne bacteria. Trichomonads produce disease (trichomoniasis) in humans and in
certain animals. Trichomonads are increasingly becoming resistant to conventional modes of treatment. It is of
interest to test bioactive, natural compounds for efficacy against these pathogens.
Methods: Using a cell assay, black tea, green tea, grape, pomegranate, and jujube extracts, as well as whole dried
jujube were tested against three trichomonads: Trichomonas vaginalis strain G3 (found in humans), Tritrichomonas
foetus strain D1 (found in cattle), and Tritrichomonas foetus-like organism strain C1 (found in cats). The most
effective of the test substances was subsequently tested against two metronidazole-resistant Trichomonas vaginalis
strains, and on normal mucosal flora.
Results: Black tea extract inhibited all the tested trichomonads, but was most effective against the T. vaginalis
organisms. Inhibition by black tea was correlated with the total and individual theaflavin content of the two tea
extracts determined by HPLC. Metronidazole-resistant Trichomonas vaginalis strains were also inhibited by the black
tea extract. The response of the organisms to the remaining preparations was variable and unique. We observed no
effect of the black tea extract on common normal flora bacteria.
Conclusions: The results suggest that the black tea, and to a lesser degree green tea, grape seed, and pomegranate
extracts might present possible natural alternative therapeutic agents to treat Trichomonas vaginalis infections in
humans and the related trichomonad infections in animals, without negatively affecting the normal flora.
Keywords: Trichomonas vaginalis, Tritrichomonas foetus, Theaflavin, Flavonoid, Polyphenol

Background
Trichomoniasis, caused by the pathogenic trichomonad
Trichomonas vaginalis, is one of the most common nonviral sexually transmitted infections in the world. It contributes to reproductive morbidity and facilitates transmission
of the human immunodeficiency virus (HIV) [1]. Related
trichomonads also cause disease in farm animals (cattle,
pigs) [2, 3] as well as cats and dogs [4, 5]. Because some T.
vaginalis strains have become resistant to the FDAapproved synthetic drug metronidazole, a need exists to
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develop alternative treatments, preferably based on safe
natural products.
We previously reported that the tomato glycoalkaloid
tomatine strongly inhibited the growth of the following
three mucosal pathogenic protozoa strains that are reported to infect humans, cattle, and cats: Trichomonas
vaginalis strain G3, Tritrichomonas foetus strain D1, and
Tritrichomonas foetus strain C1, respectively [6]. The results suggest that natural food ingredients have the potential to prevent and treat trichomoniasis in animals
and humans. It is of fundamental interest to determine if
other edible plants, especially those that have been
shown to inhibit the growth of pathogenic bacteria and
viruses, also have the ability to inactivate pathogenic
protozoa as did tomatine. We hypothesize that natural
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preparations which act by disrupting cell membranes
resulting in cell death might also act by similar mechanisms against pathogenic protozoa. To offer a rationale
for the present study, we will first briefly mention previously reported antibiotic activities of the natural preparations we will evaluate.
 Grape seeds, skins, and pomace, byproducts of wine

production, are reported to exhibit antimicrobial,
antifungal, and antiviral properties against foodborne,
medical, and oral bacteria, microbial toxins, and parasitic
protozoa (Eimeria tenella, Trichomonas vaginalis)
[7–10]. These properties seem to be associated with
their content of polyphenolic compounds.
 Jujube fruits and seeds from the plant Ziziphus jujuba
contain many bioactive compounds that have been
reported to exhibit numerous health-promoting
properties, as well as antimicrobial activities against
pathogenic bacteria (Escherichia coli) and fungi
(Candida albicans) [11–13].
 Pomegranate fruit and seeds contain bioactive
compounds. For example, a high-ellagic acid
pomegranate preparation reduced the heat resistance
of the virulent pathogen E. coli O104:H4 in
ground chicken [14]. In vitro studies showed that
pomegranate peel and seed extracts inactivated
pathogenic bacteria and fungi [15, 16]. Wafa, et al. [17]
found extracts of the peel to be highly antimicrobial
toward Salmonella enterica serovars Kentucky and
Enteritidis.
 Tea leaves produce catechins that seem to be
involved in the defense of the plants against
phytopathogenic insects, bacteria, fungi, and viruses.
Fermentation of tea leaves, as in the production of
black tea, stimulates the condensation of catechins into
theaflavins. Tea extracts and individual tea compounds
(catechins from green teas and theaflavins from black
teas) are reported to exhibit anticarcinogenic [18], and
antibacterial, antitoxin, antiviral, and antifungal
properties in vitro and in food [19–23].
The objective of the present study was to determine
using cell-based assays the potential of preparations
from the above-mentioned edible plants to inactivate
multiple strains of antibiotic-susceptible and antibioticresistant disease-causing pathogenic protozoa and to relate the content of pure theaflavins determined by HPLC
to the observed inhibitory activities against the pathogenic protozoa.

Methods
Materials

Table 1 lists the commercial sources and catalogue numbers of the ten plant-based food-derived preparations
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Table 1 Sources of food-based commercial test products
evaluated against pathogenic trichomonads
Name:

Components:

60% Catechin green tea
extract

60% Catechins; Sigma (St. Louis, MO, USA)
#P1204

80% Catechin green tea
extract

98% Polyphenols:80% total catechins:50%
EGCg; Swanson # NWF240

Low-theaflavin black tea ≥20% Theaflavins; Swanson #SWH218
extract
High-theaflavin black tea >80% Theaflavins; Sigma #T5550
extract
Pomegranate fruit
extract

~30% Punicalagins; Swanson #LE107

Pomegranate seed

70% Ellagic acid; Swanson #NEC009

Jujube fruit

Swanson #SW1166

Jujube seed

2% Triterpene saponins; Swanson #SWH092

Red wine grape extract

MegaNatural® Red Wine Grape Extract with
Resveratrol:total phenolics 60%, anthocyanins
8%, trans-resveratrol 5%

Grape seed extract

90% Polyphenols; Swanson #SWH032

evaluated in the present study. The synthetic drug metronidazole was from BD Diagnostics (Sparks, MD, USA),
TYM Diamond media from Hardy Diagnostics (Santa
Maria, CA, USA), Trichomonas vaginalis strain G3 from
Patricia Johnson, University of California at Los Angeles,
CA, USA, MSA1132, a clinical isolate which is cytotoxic in
vitro and MSA1126, a clinical isolate that is highly resistant
to metronidazole used to treat trichomoniasis, from W.
Evan Secor at the US Centers of Disease Control and
Prevention, Atlanta, GA, USA, Tritrichomonas foetus strain
D1 from Lynette Corbeil, University of California at San
Diego, School of Medicine, San Diego, CA, USA, and feline
Tritrichomonas foetus-like organism (strain C1) from
Stanley Marks, University of California at Davis, School of
Veterinary Medicine, Davis, CA, USA.

Stock solutions of the test preparations

Plant powders (5% w/w) were solubilized in a solution of
1:1 autoclaved water to DMSO (density of DMSO approximated to 1 g/mL). The powders were first dissolved or
suspended in DMSO. Then the water was added and the
compound was resuspended. Solutions were stored in a
freezer at −8 °C. Solutions were vortexed before use.

Stock culture

Stock cultures of T. vaginalis strains were maintained in
an 11-mL volume of TYM Diamond’s media (pH 6.2) at
37 °C for 24 h. Every 24-h cycle, 1000 μL of cells were
passed into 10 mL of TYM media to maintain the culture.
Clinical isolates MSA1126 and MSA1132 require anaerobic conditions for successful in vitro culture.
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Preliminary screenings

Preliminary inhibition screenings of the preparations
were performed at 0.02% w/w on a consistent number of
cells inoculated into 5 mL of completed TYM media.
Two controls were carried-out, one without any additions (wild type parasites in TYM media only) and one
containing parasites, TYM media, and DMSO at a final
concentration of 0.1% wt. This amount of DMSO added
was equivalent to the highest volume of DMSO used in
the largest aliquot of stock solution. Preliminary screenings for MSA1126 and MSA1132 strains were carried out
in an anaerobic chamber because these isolates cannot
grow under standard trichomonad culturing conditions.
The preliminary screens were incubated at 37.5 °C for
24 h before being counted using a hemocytometer.
Percentage inhibitory activities were calculated by subtracting the amount of inhibition caused by the solvent
(DMSO) alone from the cell counts of trials containing
the different plant extracts (which were resuspended in
DMSO). All preliminary screening trials were performed a
minimum of three times to a standard error of ≤0.10.
Inhibition concentration 50%

IC50 trials were performed by titration analysis at
0.0175% w/w, 0.015% w/w, 0.0125% w/w, and 0.01% w/w
on a constant number of parasite cells inoculated into
5 mL of completed TYM media. The amount of DMSO
added was equivalent to the highest volume of DMSO
used in the largest aliquot of stock solution. As described above, both a wild type and a DMSO control
culture were carried-out in parallel with the treated T.
vaginalis. IC50 determination for MSA1126 and
MSA1132 strains were completed in an anaerobic chamber since these isolates could not be cultured using traditional T. vaginalis methods. These tubes were left in a
37.5 °C incubator for 24 h before being counted. All
IC50s were performed a minimum of three times to a
standard error of ≤0.10. The software GraphPad Prism
was used to calculate a theoretical value of the IC50
based on the data obtained from the titrations and constrained to zero. Except for cell counting, all procedures
were performed in a biosafety cabinet.
Disc diffusion screening of theaflavin-rich black tea
extract on normal flora bacteria

Cultures of normal flora, non-pathogenic strains such as
Lactobacillus reuteri (ATCC 23272, Lactobacillus acidophilus (ATCC 43560), and Lactobacillus rhamnosus
(ATCC 53103) were grown in Lactobacilli MRS at 37 °C
under anaerobic conditions. Stock solutions of compounds at 0.02% w/w, as well as vehicle control
DMSO:H2O, were diluted to 100 μM in media and incubated with empty BDL-sensi-discs (6 mm) for 20 min at
room temperature. Discs containing vehicle control,
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compounds, or various antibiotic discs [levofloxacin
(5 μg), gentamicin (10 μg), and gentamicin (120 μg)]
were placed onto the bacterial streaked agar plates and
incubated overnight at 37 °C. Vehicle, compound, or
antibiotic sensitivity was determined via measurement of
zones of inhibition around each disc in mm.
Analysis of theaflavin content

Samples were analyzed by HPLC under the following
conditions: column, Discovery C18 (Supelco, Bellefonte,
PA), 5 μm particles, 4.6 × 250 mm; eluent, 25% acetonitrile, 1 mM sodium citrate; UV absorption was monitored at 270 nm [24]. Chromatographic peaks were
compared to authentic samples of theaflavin, isomeric
theaflavin-3-gallate, and theaflavin-3,3-digallate obtained
from Chromadex (Irvine, CA). Absorption characteristics of all three samples were similar. All the theaflavins
are reported as theaflavin equivalents.

Results
Table 2 lists the average percentage inhibition by the ten
test food-derived preparations of the different T. vaginalis
strains under the described test conditions. To help
visualize inhibition trends, the results are also presented as
bar graphs shown in Fig. 1. It is interesting that only black
tea extracts were effective against all three organisms whose
response to the other compounds appears variable. It is also
notable that of the three strains, G3 was most susceptible
to inhibition by the natural products.
Of the tested products, the black tea extracts were
most effective. Figure 2 shows the HPLC chromatograms
of the black tea extracts. Three of the theaflavins are
well resolved, but the theaflavin-3-gallate and theaflavin3′-gallate peaks co-elute, so these were reported as one.
Table 3 lists the results of the HPLC analysis of the extracts. The low-theaflavin herbal extract was lower in
theaflavins than the reported value on the label, while
the high-theaflavin sample was considerably higher than
the minimum value stated on the product specification.
Figure 3 shows the relative contribution of each of the
individual theaflavins to the total theaflavin content. The
low-theaflavin extract was relatively high in theaflavin-3gallates, while the high-theaflavin extract contained high
amounts of theaflavin-3,3′-digallate.
The inactivation of the pathogens by the two black tea
extracts correlated with its content of theaflavins
(Pearson correlation value of 0.89 for G3, 0.72 for C1, and
0.89 for D1, p < 0.05). There was no significant difference
in the Pearson correlations among the different theaflavin
dimers, suggesting that the different theaflavins act by a
similar mechanism against the pathogenic protozoa. Although we could not calculate a numerical value, there
also appears to be a correlation of green tea catechin
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Table 2 Inhibition of parasite growth by natural plant preparations
Sample

% Inhibition
Human T. vaginalis (G3)

Feline T. foetus (C1)

Bovine T. foetus (D1)

60% Catechin green tea extract

14.2 ± 7.4a

0.0 ± 8.3a

1 ± 18a

80% Catechin green tea extract

27.7 ± 5.0

0.0 ± 9.2a

7 ± 20

Low-theaflavin black tea extract

39.3 ± 1.9

3.1 ± 6.3

27 ± 22

High-theaflavin black tea extract

87.1 ± 2.6

18 ± 19

41 ± 13

Pomegranate fruit extract

41.2 ± 3.2

8 ± 14

0 ± 14b

Pomegranate seed

14 ± 10a

6.8 ± 4.5

1 ± 21a,b
a

Jujube fruit

3.5 ± 1.7

0.0 ± 9.8

Jujube seed

6.2 ± 5.3

0.0 ± 7.2a

Red wine grape extract

8.2 ± 4.0

0.0 ± 9.4

a

Grape seed extract

10.2 ± 2.3

13 ± 15

0 ± 12b
0.0 ± 8.5b
0 ± 11b
0.0 ± 5.1b

Numbers within columns sharing a common superscript letter are not significantly different, P < 0.05

content to inhibition in the G3 and D1 strains. The green
tea extract had no effect on the C1 strain.
The data also show that the pomegranate fruit extract
was about three times more effective (41%) in inhibiting
the growth of the G3 strain than was the seed extract
(14%). There was little difference between the two extracts
for the C1 strain, and the D1 strain was not inhibited by
either. Pomegranate fruit juices are high in anthocyanins,
ellagitannins and other hydrolysable tannins, and phenolic
acids [25]. The label on our pomegranate fruit extract
claims a content of ~30% punicalagins, a type of ellagitannin. We assume the extract is also rich in the compounds
mentioned above, but we do not know the distribution.

Because we do not know the full composition of
these extracts, we cannot further comment on the
source of the activity.
The jujube extracts were only minimally effective and
only in G3. The seed extract was more inhibitory than
the fruit. Seeds contain more total phenolics and have
higher antioxidative activity than the fruit [26]. Also, the
composition of the flavonoids in the fruit and in the seed
is quite distinct [26].
The red wine grape extract was only effective against
G3, while the grape seed extract was effective against G3
and C1. In fact, for C1, the efficacy of seed extract was a
close second to the high-theaflavin black tea extract.

100
T. vaginalis G3

T. foetus C1

T. foetus D1

80

Inhibition, %

60

40

20

0

Fig. 1 Inhibitory activity of ten plant preparations with the standard error (n = 3 or higher) on three different pathogenic trichomonads
(T. vaginalis G3, T. foetus C1, and T. foetus D1). See Table 1 for sample sources. X denotes extract
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low-theaflavin tea extract

0.3

theaflavin

mAu

0.4

0.2
0.1

theaflavin-3-3'-digallate

0.5

theaflavin-3-gallate

0.6

0
0
-0.1

5

10

15

20

minutes
high-theaflavin tea extract

0.7
0.6

mAu

0.5
0.4
0.3

Fig. 3 Relative amounts of the three theaflavins as a percent of total
theaflavins for the two black tea extracts

0.2
0.1
5

10
minutes

15

20

Fig. 2 HPLC of theaflavin-containing black tea extracts. The equivalent
of 20 μg of powder extract was injected onto the HPLC column for
each chromatogram

This is relevant because of the tested strains, C1 appears
to be the most resistant to inhibition by the natural
compounds. In relative terms, the C1 strain is especially
sensitive to grapeseed. Understanding the reason for
these different sensitivities to the grapeseed could lead
to a better understanding of the organisms themselves.
An analysis of the phenolic profile of different parts of
13 grapevine varieties (whole grapes, skin, seed, and
pulp) showed that the most abundant phenolic compounds in the seeds were flavan-3-ols (gallocatechin
gallate and catechin), similar to green tea.
Black tea extract was the only preparation that inhibited
all three trichomonads. To further explore the inhibition
of the protozoa by black tea, the concentration-dependent
inhibition of three T. vaginalis strains, G3, metronidazoleresistant MSA1126, and cytoadherent clinical strain
MSA1132, by the theaflavin-rich black tea extract was

Table 3 Theaflavin content of the two black tea extracts
evaluated in the present study, determined by HPLC analysis
Low-theaflavin
black tea extract

High-theaflavin
black tea extract

Theaflavin (TF)

2.30 ± 0.13

15.3 ± 1.0

Theaflavin-3-gallate (TF3G)

6.39 ± 0.18

25.2 ± 1.2

Theaflavin-3,3-digallate (TF33G)

5.35 ± 0.21

51.7 ± 2.5

Total theaflavins

14.04 ± 0.50

92.2 ± 4.7

n = 3 for low theaflavin black tea extract, n = 2 for high-theaflavin black tea
extract. Listed values are in % (w/w)

determined, and IC50 values were calculated from the
data. Figure 4 shows these dose-response plots. Inhibition
of T. vaginalis G3 ranged from 23% to 86% for the tea extract concentration range of 0.01% by weight to 0.02% by
weight. Using these titration data we calculated a theoretical IC50 value of 0.0118% w/w (R2 = 0.94). For strain
MSA1126, the percent inhibition ranged from 12% to
62%, with a theoretical IC50 value of 0.0173% w/w
(R2 = 0.88). For strain MSA1132, the percent inhibition
ranged from 22% to 75%, with a theoretical IC50 value of
0.0140% w/w (R2 = 0.84). These theoretical value IC50
values were confirmed by direct testing.
Given that all of these pathogens reside in a mucosal
environment with a complex microbiome of bacteria, we
also screened theaflavin-rich black tea extract for activity
Inhibiton of Theaflavins on T. vaginalis
100
G3
80
inhibition, %

0
0
-0.1

MSA1126
MSA1132

60
40
20
0
-2.1

-2.0

-1.9
-1.8
log (% by wt)

-1.7

-1.6

Fig. 4 Dose-dependent response of theaflavin-rich black tea extract
on three different Trichomonas vaginalis isolates; genome strain G3,
metronidazole-resistant strain MSA1126, and cytoadherent clinical
strain MSA1132
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against several common normal flora lactobacilli bacteria
species. At the highest concentration of 0.02% by weight,
no changes to growth of these bacteria were observed.
This result suggests the possibility that these preparations may be effective without changing the normal
microflora in the vagina in human trials.

Discussion
As mentioned in the Background section, because all of
the evaluated extracts were previously shown to inhibit
the growth of foodborne pathogenic microorganisms, possibly by disruption of their cell membranes, our expectations that some of them might also inhibit T. vaginalis
strains seem reasonable. Our results show that the
theaflavin-rich black tea extract was the most effective
against all the strains tested. Many of the other products
were minimally effective.
Tea is a product of the plant, Camellia sinensis, which
is high in flavan-3-ols, in particular, catechins. Both
green and black teas originate from this same plant; the
difference between them being in the processing technique. Green teas are processed quickly and by applying
heat to the leaf to inactivate endogenous enzymes such a
polyphenol oxidase, such that the catechins are retained
in the final product. Black teas are left to enzymatically
‘ferment’ to produce oxidation products from the catechins. These products consist largely of dimers (theaflavins) and oligomers (thearubigins) [27]. It can be assumed
that our black tea extract with low-theaflavin content, is
likewise high in thearubigins. The results with these four
tea extracts seem to suggest that the size of the molecule
appears to be important. The smaller catechins and the
larger thearubigins, although built from the same components, have lower efficacy against these pathogens.
The content of these compounds can vary significantly
by sample [25, 28]. Ambigaipalan, et al. [29] compared
free and bound phenolics in pomegranate fruit juices
and seeds. The seeds were much higher in both phenolics and in other measures of antioxidative activity, with
a significant portion of the activity due to bound phenolics. It would appear that protozoa are responding to
some combination of bioactive compounds, rather than
to total phenolic content.
Molecular dynamics simulations of the interaction of
individual catechins and theaflavins with model lipid bilayers of cell membranes show that both classes of tea
compounds (a) have a strong affinity with the artificial
lipid bilayer; (b) are usually associated with cell membranes via hydrogen bonding to lipid headgroups; and
(c) that some of the compounds are able to penetrate
beneath the surface of the bilayer [30–32].
These events provide a foundation for understanding
the mechanism of bioactivities of tea compounds and
extracts. It is therefore likely that the black tea and green
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tea, and also possibly the pomegranate and grape fruit
and seed extracts act by binding to and then disrupting
protozoan cell membranes, resulting in cell death. It
would be interesting to determine if the mechanism that
operates against pathogenic bacteria is similar to that
against pathogenic protozoa and whether plant essential
oils and their components would also inhibit nonresistant and resistant protozoal strains.
Table 2 shows that of the three trichomonads, the
human T. vaginalis G3 strain was most susceptible to
inhibition by the plant preparations. The T. foetus C1
(feline) and D1 (bovine) strains had different sensitivities
to the different preparations, with C1 being most resistant
to inhibition. The inactivation of the pathogenic protozoa
seems to be related to their individual and total theaflavin
content of the tea extracts. In future studies it may be interesting to combine the different extracts to create
broad-spectrum food-compatible antiprotozoal antibiotics.
We do not know if individual phenolics present in these
natural products may act antagonistically, additively, or
synergistically in the cell assays. It would be interesting to
test each of the pure compounds individually and in various combinations.
We previously surveyed the content of bioactive compounds in a variety of teas [21, 33, 34]. Our results
showed that there are large differences in the content of
bioactive compounds in widely consumed commercial
black and green teas. In a follow up study, we found that
storage of commercial green tea leaves for 6 months results in reduced total catechin content [35]. In addition,
because preharvest environmental factors (soil fertility,
climate, organic farming, and the use pesticides and biosynthetic stimulants) as well as postharvest events (processing, storage) are known to affect the nature and
content of bioactive compounds in food plants, extracts
from plants grown in different environments may not exhibit identical bioactivities. Taken together, these results
suggest that it might not be possible to predict the efficacy
of one extract from another against the protozoa.

Conclusions
It seems that theaflavin-rich black tea extracts, and to a
lesser extent catechin-rich green tea, pomegranate, and
grape seed extracts, are effective under the described in
vitro test conditions in inhibiting the growth of three
parasitic trichomonads, and that the most potent of the
preparations, the theaflavin-rich black tea extract, is effective as well against a metronidazole-resistant strain
and a cytoadherent strain of T. vaginalis. On the basis of
these results and our previous study on tomatine, there
is a need for further clinical studies designed to evaluate
both tomatine and black tea extracts to treat animal and
human trichomoniasis using these food-compatible and
safe products that would be expected to receive rapid
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approval for commercial sale by the Food and Drug
Administration (FDA). Our studies on the inactivation of
pathogenic protozoa by natural food-based preparations
complement and extend previous reports by Land and
colleagues on related studies on the inactivation diseasecausing protozoa by synthetic compounds [36–39]. Finally, it is also relevant to note that a recent study by
Setzer, et al. [40] using molecular modeling (docking) via
computer simulation has the potential to predict antitrichomoniasis properties of phytochemicals that act by a
known pathway.
Acknowledgements
Not applicable.
Funding
SMN was supported by a Summer Undergraduate Research Fellowship (SURF) at
the University of the Pacific. Special thanks go to Dr. Lydia K. Fox, Director of
Undergraduate Research at the University of the Pacific, for her tireless support of
SURF fellows. KML was supported by the Department of Biological Sciences at
the University of the Pacific. This work was also funded by the U. S. Department
of Agriculture, Agricultural Research Service (National Program 108, Project
#5325–42,000-039-00D).
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
SMN, JL, SK, CT, and LC performed analysis on cell culture and presented
and interpreted results, CL performed component HPLC analysis and was a
major contributor in writing the manuscript, KML designed the experiment,
instructed students, and contributed to writing the manuscript, and MF
designed the experiment and was a major contributor in writing the paper.
All authors read and approved the final manuscript.
Authors’ information
Dr. Kirkwood M. Land is associate professor of biological sciences at University
of Pacific. Dr. Mendel Friedman is a senior scientist and Western Regional
Research Center.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Biological Sciences, University of the Pacific, Stockton, CA
95211, USA. 2Healthy Processed Foods Research Unit, Agricultural Research
Service, United States Department of Agriculture, Albany, CA 94710, USA.
3
Foodborne Toxin Detection and Prevention Research Unit, Agricultural
Research Service, United States Department of Agriculture, Albany, CA 94710,
USA.

Page 7 of 8

Received: 25 May 2017 Accepted: 5 September 2017

References
1. Kissinger P, Adamski A. Trichomoniasis and HIV interactions: a review. Sex
Trans Inf. 2013;89(6):426–33.
2. Mostegl MM, Richter B, Nedorost N, Maderner A, Dinhopl N, Weissenböck H.
Investigations on the prevalence and potential pathogenicity of intestinal
trichomonads in pigs using in situ hybridization. Vet Parasitol. 2011;178(1–2):58–63.
3. Yule A, Skirrow SZ, BonDuran RH. Bovine trichomoniasis. Parasitol Today.
1989;5(12):373–7.
4. Yao C, Köster LS. Tritrichomonas foetus infection, a cause of chronic diarrhea
in the domestic cat. Vet Res. 2015;46:35.
5. Li W-C, Wang K, Zhang W, Wu J, Gu Y-F, Zhang X-C. Prevalence and
molecular characterization of intestinal trichomonads in pet dogs in east
China. Korean J Parasitol. 2016;54(6):703–10.
6. Liu J, Kanetake S, Wu Y-H, Tam C, Cheng LW, Land KM, Friedman M. Antiprotozoal effects of the tomato tetrasaccharide glycoalkaloid tomatine and
the aglycone tomatidine on mucosal trichomonads. J Agric Food Chem.
2016;64(46):8806–10.
7. Friedman M. Antibacterial, antiviral, and antifungal properties of wines and
winery byproducts in relation to their flavonoid content. J Agric Food
Chem. 2014;62(26):6025–42.
8. Joshi SS, Su X, D'Souza DH. Antiviral effects of grape seed extract against
feline calicivirus, murine norovirus, and hepatitis a virus in model food
systems and under gastric conditions. Food Microbiol. 2015;52:1–10.
9. Trošt K, Klančnik A, Mozetič Vodopivec B, Sternad Lemut M, Jug Novšak K,
Raspor P, Smole MS. Polyphenol, antioxidant and antimicrobial potential of
six different white and red wine grape processing leftovers. J Sci Food
Agric. 2016;96(14):4809–20.
10. Yadav D, Kumar A, Kumar P, Mishra D. Antimicrobial properties of black
grape (Vitis vinifera L.) peel extracts against antibiotic-resistant pathogenic
bacteria and toxin producing molds. Indian J Pharmacol. 2015;47(6):663–7.
11. Al-Reza SM, Bajpai VK, Kang SC. Antioxidant and antilisterial effect of seed
essential oil and organic extracts from Zizyphus jujuba. Food Chem Toxicol.
2009;47(9):2374–80.
12. Daneshmand F, Zare-Zardini H, Tolueinia B, Hasani Z, Ghanbari T. Crude
extract from Ziziphus jujuba fruits, a weapon against pediatric infectious
disease. Iran J Ped Hematol Oncol. 2013;3(1):216–21.
13. Friedman M. Bioactive compounds from Ziziphus jujuba and allied species.
In: Liu D, Ye X, Jiang Y, editors. Chinese dates: a traditional functional food.
Boca Raton, FL: CRC Press; 2016. p. 35–52.
14. Juneja VK, Cadavez V, Gonzales-Barron U, Mukhopadhyay S, Friedman M.
Effect of pomegranate powder on the heat inactivation of Escherichia coli
O104:H4 in ground chicken. Food Control. 2016;70:26–34.
15. Karaman S, Karasu S, Tornuk F, Toker OS, Ü G Sagdic O, N O G O. Recovery
potential of cold press byproducts obtained from the edible oil industry:
physicochemical, bioactive, and antimicrobial properties. J Agric Food
Chem. 2015;63(8):2305–13.
16. Rosas-Burgos EC, Burgos-Hernández A, Noguera-Artiaga L, Kačániová M,
Hernández-García F, Cárdenas-López JL, Carbonell-Barrachina AA.
Antimicrobial activity of pomegranate peel extracts as affected by cultivar.
J Sci Food Agric. 2017;97(3):802–10.
17. Wafa BA, Makni M, Ammar S, Khannous L, Hassana AB, Bouaziz M, Es-Safi
NE, Gdoura R. Antimicrobial effect of the Tunisian Nana variety Punica
granatum L. extracts against Salmonella enterica (serovars Kentucky and
Enteritidis) isolated from chicken meat and phenolic composition of its peel
extract. Int J Food Microbiol. 2017;241:123–31.
18. Friedman M, Mackey BE, Kim H-J, Lee I-S, Lee K-R, Lee S-U, Kozukue E,
Kozukue N. Structure-activity relationships of tea compounds against
human cancer cells. J Agric Food Chem. 2007;55(2):243–53.
19. Chan EW, Soh EY, Tie PP, Law YP. Antioxidant and antibacterial properties of
green, black, and herbal teas of Camellia sinensis. Pharm Res. 2011;3(4):266–72.
20. Friedman M. Overview of antibacterial, antitoxin, antiviral, and antifungal
activities of tea flavonoids and teas. Mol Nutr Food Res. 2007;51(1):116–34.
21. Friedman M, Henika PR, Levin CE, Mandrell RE, Kozukue N. Antimicrobial
activities of tea catechins and theaflavins and tea extracts against Bacillus
cereus. J Food Prot. 2006;69(2):354–61.
22. Juneja VK, Bari ML, Inatsu Y, Kawamoto S, Friedman M. Control of
Clostridium perfringens spores by green tea leaf extracts during cooling of
cooked ground beef, chicken, and pork. J Food Prot. 2007;70(6):1429–33.

Noritake et al. BMC Complementary and Alternative Medicine (2017) 17:461

23. Juneja VK, Bari ML, Inatsu Y, Kawamoto S, Friedman M. Thermal destruction
of Escherichia coli O157:H7 in sous-vide cooked ground beef as affected by
tea leaf and apple skin powders. J Food Prot. 2009;72(4):860–5.
24. Bailey RG, McDowell I, Nursten HE. Use of an HPLC photodiode-array
detector in a study of the nature of a black tea liquor. J Sci Food Agric.
1990;52(4):509–25.
25. Fischer UA, Carle R, Kammerer DR. Identification and quantification of
phenolic compounds from pomegranate (Punica granatum L.) peel,
mesocarp, aril and differently produced juices by HPLC-DAD-ESI/MSn. Food
Chem. 2011;127(2):807–21.
26. Choi S-H, Ahn J-B, Kozukue N, Levin CE, Friedman M. Distribution of free
amino acids, flavonoids, total phenolics, and antioxidative activities of jujube
(Ziziphus jujuba) fruits and seeds harvested from plants grown in Korea.
J Agric Food Chem. 2011;59(12):6594–604.
27. Kuhnert N. Unraveling the structure of the black tea thearubigins. Arch
Biochem Biophys. 2010;501(1):37–51.
28. Radunić M, Jukić Špika M, Goreta Ban S, Gadže J, Díaz-Pérez JC, Maclean D.
Physical and chemical properties of pomegranate fruit accessions from
Croatia. Food Chem. 2015;177:53–60.
29. Ambigaipalan P, de Camargo AC, Shahidi F. Identification of phenolic
antioxidants and bioactives of pomegranate seeds following juice extraction
using HPLC-DAD-ESI-MSn. Food Chem. 2017;221:1883–94.
30. Sirk TW, Brown EF, Friedman M, Sum AK. Molecular binding of catechins to
biomembranes: relationship to biological activity. J Agric Food Chem. 2009;
57(15):6720–8.
31. Sirk TW, Brown EF, Sum AK, Friedman M. Molecular dynamics study on the
biophysical interactions of seven green tea catechins with lipid bilayers of
cell membranes. J Agric Food Chem. 2008;56(17):7750–8.
32. Sirk TW, Friedman M, Brown EF. Molecular binding of black tea theaflavins
to biological membranes: relationship to bioactivities. J Agric Food Chem.
2011;59(8):3780–7.
33. Friedman M, Levin CE, Choi S-H, Kozukue E, Kozukue N. HPLC analysis of
catechins, theaflavins, and alkaloids in commercial teas and green tea
dietary supplements: comparison of water and 80% ethanol/water extracts.
J Food Sci. 2006;71(6):C328–37.
34. Friedman M, Kim S-Y, Lee S-J, Han G-P, Han J-S, Lee K-R, Kozukue N.
Distribution of catechins, theaflavins, caffeine, and theobromine in 77 teas
consumed in the United States. J Food Sci. 2005;70(9):C550–9.
35. Friedman M, Levin CE, Lee S-U, Kozukue N. Stability of green tea catechins
in commercial tea leaves during storage for 6 months. J Food Sci. 2009;
74(2):H47–51.
36. Adams M, de Kock C, Smith PJ, Land KM, Liu N, Hopper M, Hsiao A,
Burgoyne AR, Stringer T, Meyer M, et al. Improved antiparasitic activity by
incorporation of organosilane entities into half-sandwich ruthenium(II) and
rhodium(III) thiosemicarbazone complexes. Dalton Trans. 2015;44(5):2456–68.
37. Stringer T, Taylor D, Guzgay H, Shokar A, Au A, Smith PJ, Hendricks DT, Land
KM, Egan TJ, Smith GS. Polyamine quinoline rhodium complexes: synthesis
and pharmacological evaluation as antiparasitic agents against Plasmodium
falciparum and Trichomonas vaginalis. Dalton Trans. 2015;44(33):14906–17.
38. Nisha KK, Bhargava G, Land KM, Chang KH, Arora R, Sen S, Kumar V.
N-Propargylated isatin-Mannich mono- and bis-adducts: synthesis and
preliminary analysis of in vitro activity against Tritrichomonas foetus. Eur J
Med Chem. 2014;74:657–63.
39. Stringer T, Taylor D, de Kock C, Guzgay H, Au A, An SH, Sanchez B,
O'Connor R, Patel N, Land KM, et al. Synthesis, characterization, antiparasitic
and cytotoxic evaluation of thioureas conjugated to polyamine scaffolds.
Eur J Med Chem. 2013;69:90–8.
40. Setzer MS, Byler KG, Ogungbe IV, Setzer WN. Natural products as new
treatment options for trichomoniasis: a molecular docking investigation. Sci
Pharm. 2017;85(1):5.

Page 8 of 8

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

