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Antibacterial activity of isolated phenolic
compounds from cranberry (Vaccinium
macrocarpon) against Escherichia coli†

Celia Rodríguez-Pérez,a,b Rosa Quirantes-Piné,*b José Uberos,c
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Phenolic compounds from a cranberry extract were isolated in order to assess their contribution to the

antibacterial activity against uropathogenic strains of Escherichia coli (UPEC). With this purpose, a total of

25 fractions from a cranberry extract were isolated using semipreparative high performance liquid chrom-

atography (HPLC) and characterized based on the results obtained by reversed-phase HPLC coupled to

mass spectrometry detection. Then, the effects on UPEC surface hydrophobicity and biofilm formation of

the cranberry extract as well as the purest fractions (a total of 13) were tested. As expected, the whole

extract presented a powerful antibacterial activity against UPEC while the selected fractions presented a

different behavior. Myricetin and quercitrin significantly decreased (p < 0.05) E. coli biofilm formation

compared with the control, while dihydroferulic acid glucuronide, procyanidin A dimer, quercetin gluco-

side, myricetin and prodelphinidin B led to a significant decrease of the surface hydrophobicity compared

with the control. The results suggest that apart from proanthocyanidins, other compounds, mainly flavo-

noids, can act against E. coli biofilm formation and also modify UPEC surface hydrophobicity in vitro, one

of the first steps of adhesion.

Introduction

Cranberries (Vaccinium macrocarpon) are popularly consumed
as part of the human diet both in fresh and processed forms.
Additionally, their derived extracts are also used, mainly as
part of some botanical dietary supplements forms, due to their
renowned human health benefits.1 Cranberry has proved to be
an excellent source of bioactive compounds such as flavonoids
(procyanidins, flavonols) and phenolic acids derivatives.2

Thanks to these health-promoting compounds, cranberry and
cranberry-based products consumption has been correlated
with recurrent urinary tract infections (UTIs) prophylaxis.3,4

UTI has been defined as the presence of a significant number
of pathogenic bacteria or organisms in the urinary system and
it is considered the most common type of infection in the

body, which affects women in a greater extent than men.5

Escherichia coli (E. coli) is the main responsible bacterial
species for the appearance of this infection, and causes more
than 80 percent of all acquired UTIs in the community.6

Concretely, the ability of uropathogenic Escherichia coli (UPEC)
to form biofilms has been strongly associated with recurrent
UTIs7,8 and it has been proven that surface hydrophobicity is
conducive to adhesion to surfaces and to penetration of host
tissues9 since bacteria have developed many different ways to
use the hydrophobic effect in order to adhere to substrata,
such as previously described by Doyle et al.10 The importance
of biofilms in public health is related to the decreased suscep-
tibility to antimicrobial agents that biofilm-associated micro-
organisms exhibit. This is the case of E. coli, which has shown
to be increasingly resistant to some of the antibiotics currently
used in the treatment of UTIs.11,12 In addition, the public
interest in herbal medicines and natural products is still
growing. For this reason, researchers have concluded that the
re-evaluation of first and second-line therapies for the treat-
ment of UTIs is pivotal.13 Consequently, the antimicrobial
effect of cranberry products and their phenolic compounds
have been widely studied, especially to develop new healthy
food ingredients, functional foods, nutraceuticals and pharma-
ceuticals.14 The most accepted theory about the mechanism of
action of cranberry compounds for the promotion of urinary
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tract health is based on the effects of fructose and PACs in
inhibiting the adherence of type 1 and P fimbriae of E. coli to
the uroepithelial cell receptors.15,16 Without adhesion, the bac-
teria cannot infect the mucosal surface. Despite a large
number of studies highlighting that there are synergisms
between different compounds present in cranberry
extracts,17–19 other authors such as Hisano et al. have con-
cluded that the use of the whole cranberry for UTIs prevention
was not scientifically supported, and for that reason, they
pointed out the necessity of research focused on bioactive
compounds from cranberry instead of the entire fruit.3

However, the isolation of simultaneous compounds from cran-
berry extracts is an arduous task due to its complexity.
Reversed-phase semipreparative high performance liquid
chromatography (semipreparative-HPLC) has been increasingly
used if one possesses an interesting target separation ability,
great efficiency and high recovery,20 and therefore can be a
valuable tool to solve the aforementioned difficulty.

In this sense, the aims of the present research were to frac-
tionate phenolic compounds from a cranberry extract by semi-
preparative-HPLC and to give new insights into their
contribution to the antibacterial effect by testing the in vitro
effect of the entire extract and the isolated fractions against
E. coli surface hydrophobicity and biofilm formation.

Results and discussion
Isolation of phenolic compounds from cranberry extracts by
semipreparative-HPLC and characterization of fractions by
HPLC-ESI-MS

Natural extracts usually consist of hundreds of compounds,
and the isolation of particular components presents unique
problems because the methods used to isolate them are based
mainly on their polarity. The similarity of some polyphenolic
structures makes the compounds elute at similar retention
times, making difficult their separation. For that reason, only
few studies have focused on chromatographic methods for the
isolation of multiple compounds simultaneously. In this
regard, semipreparative-HPLC is a robust, versatile, and
usually rapid technique by which compounds can be purified
from complex mixtures.21

In the current research, the analytical HPLC method pre-
viously developed for the characterization of phenolic com-
pounds from cranberry extracts19 was scaled-up to
semipreparative-HPLC scale. Different gradients were tested to
enhance the separation of the compounds (data not shown),
selecting as optimum the method described in the “experi-
mental” section. Fig. 1 shows the UV chromatogram of the
cranberry extract under study acquired with the proposed
method, where the fractions collected are indicated according
to their elution order.

The isolated fractions were subsequently analyzed by
HPLC-ESI-QTOF-MS in negative ionization mode. The charac-
terization strategy was carried out by generation of the candi-
date molecular formula with a mass accuracy limit of 5 ppm,
considering their MS spectra determined by a quadrupole
time-of-flight mass spectrometer (QTOF-MS), and also compar-
ing it with those of authentic standards whenever available
and data from the literature. Databases such as SciFinder
Scholar (http://scifinder.cas.org), MassBank (http://massbank.
jp) the and METLIN Metabolite Database (http://metlin.
scripps.edu) were consulted in order to acquire chemical struc-
ture information.

Despite the scarcity of literature on the fractionation of
cranberry using semipreparative-HPLC, which makes it
difficult to contrast our optimized method with others, and
the results not being comparable, the optimized method
allowed us to obtain 25 fractions from the cranberry extract
(Table 1), which were composed predominantly by procyani-
dins (PACs) and flavonols. Even though the difficulty in separ-
ating and purifying PACs has been previously highlighted,22

the current method allowed isolating some of them, including
A-type procyanidin dimmers, an A-type procyanidin trimer
(cinnamtannin B1) and a gallocatechin dimer (prodelphini-
din). PACs are the most typical compounds characterized in
cranberry, noteworthy for their antioxidant activity, although
they may also present other pharmacological and medicinal
properties such as anti-carcinogenic, anti-inflammatory and
vasodilator.23 Isolated cranberry flavonols include quercetin
derivatives, which have been previously demonstrated to have
both in vivo and in vitro antioxidant, anti-inflammatory, anti-
cancer and antidiabetic activities.24 In addition, four myricetin
derivatives were characterized. These compounds are also

Fig. 1 Semipreparative-HPLC-UV chromatograms of cranberry extract indicating the collected fractions.
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common dietary flavonoids which have demonstrated antioxi-
dant, cytoprotective, antiviral, antimicrobial, anticancer and
antiplatelet activities.25 Apart from these compounds, one
hydroxicinnamic acid derivative (dihydroferulic acid glucuro-
nide) was isolated.

Among these 25 eluted fractions, 13 were chosen in order
to test their antibacterial activity against E. coli, namely F: 6, 8,
9, 11, 13–16, 18, 19, 21, 23 and 25. These fractions were
selected on the basis of their purity, due to the fact that they
showed a purer composition than the rest, presenting up to
two target phenolic compounds. HPLC-ESI-QTOF-MS chroma-
tograms from these nearly pure fractions are displayed in
Fig. 2. Semipreparative-HPLC permitted getting 1.1 mg of F6,
F8 and F18; 0.9 mg of F9 and F15; 1.7 mg of F11; 1.5 mg of
F13; 1 mg of F14; 0.7 mg of F16 and F21; 0.6 mg of F19 and
F25; and 0.5 mg of F23. Different concentrations tested are
depicted in Table S2 (ESI†). The use of different concentrations
of each fraction was established in order to simulate their con-
tributions in the whole extract.

Antibacterial activity

Although some authors reported that cranberry does not have
any effect against Gram-negative bacteria pathogens such as
E. coli,26 most of the research converges on the fact that
berries, and especially cranberry and cranberry-based pro-
ducts, have both in vitro and in vivo antibacterial
activity.14,16,19,22,27,28 As aforementioned, the most accepted
mechanism of action of cranberry focuses primarily on its

ability to prevent bacterial binding to the host cell surface
membrane,29 one of the initial steps in the infection process.
This process is initially mediated by the electrostatic charge
(characterized by determining its zeta potential) and conse-
quently surface hydrophobicity of the microorganisms fol-
lowed by other factors such as the formation of fimbriae and
specific adhesins.30 Thus, surface physicochemical parameters
such as electrostatic charge are then fundamentally important
with regards to influencing the overall polarity in order to
maintain the degree of bacterial surface hydrophobicity
necessary for bacterial adhesion. Subsequently, the adhesion
of bacteria to host surfaces is a key element in the formation
of biofilms that constitutes a protected mode of growth that
allows bacteria to survive in hostile environments.31 For that
reason, the effect of the previously isolated fractions as well as
the whole extract on biofilm formation and surface hydro-
phobicity of fourteen UPECs has been tested as a way to evalu-
ate the individual contribution of every compound to the
antibacterial activity.

Fig. 3 and 4 show the mean and standard deviations (SD) of
biofilm formation and surface hydrophobicity for E. coli after
incubation with each isolated fraction and with the cranberry
extract, respectively, at two different assayed concentrations.
Table S1 (ESI†) summarizes the Wilcoxon matched-pairs
signed-ranks analysis for the biofilm formation and surface
hydrophobicity of the isolated fractions and the whole extract.

After testing the selected fractions, two concentrations of
F9 made up of procyanidin type-A dimer, showed a statistically

Table 1 Retention time and mass spectral data of the compounds characterized in the fractions from cranberry extract by HPLC-ESI-MS in negative
mode

Proposed compound Retention time (min) Molecular formula Calculated m/z ([M − H]−) Fractions

Quinic acid 5.212 C7H12O6 191.0561 1,2
Kaempferol arabinoside 5.527 C20H18O10 417.0827 1
Procyanidin B 5.736 C30H26O12 577.1351 3
Caffeic acid glucoside 6.588 C15H18O9 341.0878 1
Cinnamtannin B1 isomer 1 7.130 C45H36O18 863.1829 1,4
Myricetin arabinoside 7.421 C20H18O12 449.0725 5
Catechina 7.765 C15H14O6 289.0718 4
Procyanidin C1 9.689 C45H38O18 865.1985 4
Myricetin glucoside isomer 1 9.065 C21H20O13 479.0831 6
Myricetin glucoside isomer 2 9.123 C21H20O13 479.0831 7
Dihydroferulic acid glucuronide 9.183 C16H20O10 371.0984 4,8
Procyanidin A dimer isomer 1 10.611 C30H24O12 575.1195 9
Quercetin glucoside isomer 1 12.155 C21H20O12 463.0882 12
Quercetin glucoside isomer 2 12.191 C21H20O12 463.0882 11
Procyanidin A dimer isomer 2 12.973 C30H24O12 575.1195 12,13
Quercetin-3-O-glucosidea 14.775 C21H20O12 463.0882 10
Cinnamtannin B1 isomer 2 15.019 C45H36O18 863.1829 14
Quercetin glucoside isomer 3 15.095 C21H20O12 463.0882 10
Quercetin arabinoside isomer 1 15.202 C20H18O11 433.0776 14,16
Quercitrin isomer 1 15.663 C21H20O11 447.0933 17,18
Quercetin arabinoside isomer 2 16.013 C20H18O11 433.0776 15
Myricetina 20.229 C15H10O8 317.0303 21
Quercitrina 20.847 C21H20O11 447.0933 19,20,21
Quercitrin isomer 2 21.668 C21H20O11 447.0933 22
Prodelphinidin B 24.246 C30H26O14 609.1250 23,24
Quercetin 26.560 C15H10O7 301.0354 25

a Compounds identified with standards.
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significant increase in biofilm formation compared with the
control (Fig. 3). Other research has also described an increase
of biofilm formation in four of the 20 E. coli strains tested after
consuming cranberry juice7 and a reduction of biofilm for-

mation only in one of them. However, F9 did not significantly
change surface hydrophobicity. On the other hand, F13 (made
up of another isomer of the procyanidin type-A dimer) at the
highest concentration (dilution A) caused an increase in

Fig. 2 HPLC-MS chromatograms of the isolated fractions from cranberry extract.
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Fig. 3 (a) Mean and standard deviations in biofilm formation after incubating E. coli strains with each selected fraction; (b) mean and standard devi-
ations of surface hydrophobicity after incubating E. coli strains with each selected fraction. *Significant differences between the control group and
the tested fraction (p < 0.05).
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biofilm formation while both concentrations tested signifi-
cantly decreased the surface hydrophobicity. In any case, it
should be pointed out that the hydrophobicity of bacteria can
vary even within the same strain depending on the mode and
stage of growth.32 Despite the fact that the study of PACs in
E. coli has been widely described, controversial results are still
reported in the literature. Foo et al. also found a weak activity
of procyanidin A2 against the inhibition of adherence of
E. coli.33 In another study, PACs as a group of compounds
inhibited the growth of E. coli CM 871, with no inhibition of
E. coli 50.17 Foo et al. also proved the anti-adherent effect of
procyanidin trimers.33 However, no statistical differences were
found between F14 (made up of cinnamtannin B1 and querce-
tin arabinoside) and the control in both assays tested. Prodel-
phinidin B (F23) also influenced the antibacterial effect

against E. coli by decreasing the bacteria surface hydrophobi-
city. Prodephinidins with pyrogallol groups, which have
similar structures to procyanidins except for their hydroxy-
phenyl group, have been reported to have stronger antibacterial
activity than procyanidins with the catechol groups.34

However, the different results obtained from different isolated
PACs, reinforce the theory proposed by Schmidt et al., who
concluded that it was likely that a mixture of several high
molecular weight PACs were responsible for the anti-prolifer-
ation and anti-adhesion activity.

Regarding isolated flavonols, the fraction formed by myrice-
tin and quercitrin (F21) was the most active fraction against
E. coli biofilm formation and also influenced the decrease in
E. coli surface hydrophobicity. Bacterial hydrophobicity has
been proved to be largely influenced by the residues and struc-

Fig. 4 (a) Mean and standard deviations in biofilm formation after incubating E. coli strains with cranberry extract; (b) mean and standard deviations
of surface hydrophobicity after incubating E. coli strains with cranberry extract. *Significant differences between control group and tested extract
(p < 0.05).
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tures on the surface of the cells.32 In this way, recent research
has pointed out that phytochemicals such as flavonoids can
modify the bacterial membrane surface hydrophobicity35 prob-
ably based on their ability to complex with extracellular and
soluble proteins as well as with the bacterial cell walls. Concre-
tely, three mechanisms of action of flavonoids have been pro-
posed: inhibition of nucleic acid synthesis, cytoplasmic
membrane damage and inhibition of energy metabolism.36

Although the anti-adherent effect of myricetin remains contro-
versial, some authors have found that 0.5 mg mL−1 of myrice-
tin strongly inhibited the growth of E. coli.17 Only few studies
have been carried out in order to assess the flavonoids struc-
ture–antibacterial activity relationship. In this sense, some
authors have concluded that the hydroxylation at position 5 on
the A ring and at position 3 on the C ring improves the anti-
bacterial activity of flavones by decreasing membrane fluid-
ity.37,38 These previous results could explain the antibacterial
effects that the combination of quercitrin and myricetin (F21)
showed in both assays. Cowan et al. reported that more lipo-
philic flavonoids may disrupt microbial membranes.26 Further-
more, Wojnicz et al. affirmed that flavonoids such as
quercetin, reduced biofilm synthesis because they can sup-
press autoinducer-2 activity, which is responsible for cell-to-
cell communication.39 In particular other authors have
described the existence of the antibacterial activity of quercetin
against E. coli.6 Contrary to these previous findings, F25,
formed by pure quercetin, a molecule that has a lipophilic
character despite the presence of five hydroxyl groups in its
structure, not only did it not show statistical differences in
UPEC biofilm formation at two tested concentrations, but it
also significantly increased the UPEC surface hydrophobicity
compared with the control at the highest concentration tested
(dilution A). Some authors have affirmed, based of their
results, that the degree of hydroxylation might affect the anti-
microbial activity of phenolic compounds, indicating that the
more polar the flavonoids, the bigger the antibacterial effect.17

In the current study, this theory could be applicable when
comparing F25 (quercetin) and F21 (quercitrin and myricetin).
The addition of one more hydroxyl group on the aromatic ring
of myricetin compared with quercetin may be responsible for
its antimicrobial activity. Other research has attributed its anti-
microbial mechanism against Gram-negative to a reaction with
DNA or inhibition of protein synthesis bacteria.40,41 An early
theory based on the hydrophobic effect being the primary
driving force for the adhesion of most pathogens was also pro-
posed.42 However, taking into account the above mentioned
case of quercetin, no relation was observed between E. coli
surface hydrophobicity and biofilm formation rates.

Despite the great general interest in glycosylated flavonoids
due to their diverse bioactivity, research focused on their anti-
bacterial properties is still at the developmental stage. None of
the tested concentrations of F6 (myricetin glucoside) showed
any activity against biofilm formation nor modifying surface
hydrophobicity. Some authors have pointed out that the glyco-
sylation of flavonoids leads to a loss of activity against some
Gram-negative bacteria.43 In addition, early studies concluded

that quercetin monosaccharide derivatives showed weak
activity against E. coli.44 Following with these compounds,
other plant extracts such as white garlic extract, which con-
tains a high concentration of quercetin-4-O-glucoside and
quercetin-3,4-O-diglucoside, have a large inhibiting activity on
the growth of E. coli, among other Gram-negative bacteria.6

The current results show that quercetin derivatives do not
always produce the same antibacterial effect. On one hand,
fractions 18 and 19, made up of quercitrin isomer and querci-
trin (quercetin-3-rhamnoside) respectively, showed different
antibacterial activity. While incubation with F18 caused a stat-
istically significant increment of UPEC biofilm formation com-
pared with the control and did not present significant
differences on surface hydrophobicity, F19 (quercitrin) did not
show statistical differences in biofilm formation rates but pro-
duced a significant reduction of surface hydrophobicity.
Taking into account that F19 was tested at lower concen-
trations than F18, as depicted in Table S2 (ESI†), this fact
suggests that the position of sugar moieties influences the
antibacterial activity of flavonoids. Previous studies reported
that among the quercetin glycosides tested, quercetin-3-rham-
noside exhibited the strongest antibacterial activity against
Gram-negative bacteria whereas other quercetin glycosides
showed weak or no activity against the same Gram-negative
bacteria.45 On the other hand, F15 and F16, made up of quer-
cetin arabinoside isomers, showed similar trends in signifi-
cant surface hydrophobicity reduction even when testing
different concentrations (Table S1, ESI†) while only F16 at
300 μg mL−1 (dilution A) significantly increased the biofilm
formation rate.

In addition, both tested concentrations of fraction F8,
made up of mainly dihydroferulic acid glucuronide, also
showed a reduction in the hydrophobicity of E. coli. In this
regard, Borges et al. found that ferulic acid had antimicrobial
activity against E. coli by irreversible changes in membrane
properties through hydrophobicity changes that caused local
rupture or pore formation in the cell membranes causing the
loss of essential intracellular constituents.46 Despite the fact
that Borges et al. also concluded in another study that ferulic
acid reduced the mass of biofilm formed by Gram-negative
bacteria,47 dihydroferulic acid glucuronide did not show stat-
istical differences compared with the control.

If we look at the whole extract, the data revealed statistical
differences with respect to the control in both, biofilm for-
mation and surface hydrophobicity, after incubating UPEC
strains with the cranberry extract independent of the concen-
trations tested (Fig. 4). This finding suggests that even at low
dosages, cranberry extract presents antibacterial activity
in vitro. As pointed out throughout the text, the hydrophobic
properties of the microbial surfaces are conducive to adhesion
and, thus, to penetration of host tissues. Taking into account
the capacity of UPEC to form biofilms, a positive relationship
could be expected between hydrophobicity and biofilm for-
mation. However, the nonparametric Kendall’s rank corre-
lation disclosed that there was no trend between surface
hydrophobicity and adherence (W = 0.236; p = 0.019) of UPEC
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tested after incubation with cranberry extract. These results
could be attributed to the different behavior of each strain. In
fact, despite the fact that most of the UPEC strains are in vitro
positive for biofilm production,48 it has been previously
reported that even the same strain can respond very differently
to biofilm formation depending on the environmental factors,
among others.49 Thus, the fact that the complete extracts
showed stronger inhibitions in surface hydrophobicity and
biofilm formation compared with isolated fractions reinforces
the theory that the antimicrobial activity of the cranberry
extracts is a synergistic effect of various phenolic compounds,
many of which are probably still unidentified.

Conclusions

In conclusion, the present work showed that semipreparative-
HPLC proved to be a powerful tool for the fractionation of
phenolic compounds from complex matrices like cranberry
extracts. The results suggested that apart from PACs, other com-
pounds, mainly flavonoids, can act against uropathogenic E. coli
biofilm formation and also modifying UPEC surface hydrophobi-
city in vitro, one of the first steps of adhesion. Additionally, a
synergism between compounds could affect the antibacterial
effects of the studied extracts. However, further studies in vivo
are necessary to confirm their antibacterial activity.

Experimental
General experimental procedures

Formic acid and acetonitrile used for preparing mobile phases
were from Sigma-Aldrich (Steinheim, Germany) and Fisher
Scientific (Loughborough, Leics, UK), respectively. Ultrapure
water with a resistivity value of 18.2 MΩ was obtained from
Milli-Q system (Millipore, Bedford, MA, USA). HPLC grade
methanol (99.9%) was purchased from Fisher Scientific
(Loughborough, Leics, UK). For microbiological determi-
nations, tryptic soy broth (TSB) (Fluka), phosphate buffered
saline pH-7.4 (PBS), ammonium phosphate; acetic acid,
methanol, and Hucker’s cristal violet were supplied from
Sigma-Aldrich (Steinheim, Germany).

Sample preparation

A commercial extract in capsules of American cranberry con-
sisting of concentrated cranberry juice was used to carry out
this study (Urell® Pharmatoka, Rueil Malmaison, France). The
content of five capsules (200 mg each) was mixed and 5 mg of the
cranberry extract were weighted and dissolved in 5 ml of a (50 : 50,
v/v) methanol/water mixture to obtain a final concentration of
1 mg ml−1. Then, the solutions were vortexed for 2 min, sonicated
for 10 min, and centrifuged at 984g. Finally, the supernatants
were filtered through 0.2 μm regenerated cellulose syringe filters.
The extraction procedure was carried out in triplicate.

For the isolation of phenolic compounds from cranberry
extract, the solution stock at 50 mg ml−1 was prepared by dis-

solving the appropriate amount of cranberry extract in (50 : 50,
v/v) methanol/water mixture, and the aforementioned pro-
cedure was followed.

To develop the antimicrobial assays, two solutions of the
extract were prepared at 1 mg ml−1 (dilution A) and 0.5 mg ml−1

(dilution B) in phosphate buffered saline (PBS), pH 7.4.

Isolation of compounds by semipreparative-HPLC

Fractionation was conducted at room temperature using a
Gilson semipreparative HPLC system (Gilson Inc., Middleton,
WI, USA) equipped with a binary pump (model 331/332), auto-
mated liquid handling solutions (model GX-271), and a UV-Vis
detector (model UV-Vis 156). To separate the target com-
pounds, an Ascentis C18 column (10 µm, 250 × 212 mm) was
used. The mobile phases consisted of 1% formic acid in
water–acetonitrile (90 : 10, v/v) (phase A) and acetonitrile
(phase B). The following optimized multi-step linear gradient
was developed: 0 min, 5% B; 10 min, 9.5% B; 35 min, 17.5% B;
50 min, 25% B; 55 min, 100% B; 57 min, 5% B; 62 min, 0%
B. The initial conditions were held for 10 min. The injection
volume was 1 mL. The flow rate used was 15 mL min−1. The
separated compounds were monitored by UV-Vis
(220–280 nm). The fraction-collection step consisted of UV-
based purification, determining the elution time window for
collecting each fraction. Finally, a total of 25 fractions were col-
lected, and the solvent was evaporated under vacuum. The
residue of each fraction was weighted and dissolved (a) in
methanol to obtain a final concentration of 100 ppm to
analyze them by HPLC-ESI-MS, and (b) in 2 ml of PBS to carry
out the antibacterial assays.

Characterization of the fractions by HPLC-ESI-MS

Analyses were carried out by an Agilent 1200 series rapid
resolution (Santa Clara, CA, USA) equipped with a binary
pump, a vacuum degasser, an autosampler, a thermostated
column compartment, and a diode array detector (DAD). Com-
pounds were separated at room temperature using a Zorbax
Eclipse Plus C18 column (1.8 µm, 150 × 4.6 mm) (Agilent
Technologies, Palo Alto, CA, USA) according to the method
proposed by Iswaldi et al.19

The compounds’ detection was carried out using a Q-TOF
mass spectrometer (Agilent 6540) equipped with a Jet Stream
dual electrospray ionization (ESI) interface operating in nega-
tive ionization mode. To maintain mass accuracy during the
run time, a continuous infusion of a reference mass solution
containing ions m/z 112.985587 (trifluroacetate anion) and
1033.988109 (trifluroacetic adduct of hexakis (1H,1H,3H-tetra-
fluoropropoxy)phosphazine or HP-921) was used. Data acqui-
sition in profile mode was governed via MassHunter
Workstation Software (Agilent Technologies). Data analysis was
performed on a MassHunter Qualitative Analysis Version
B.06.00 (Agilent Technologies).

Bacteria and cultures

A mixture of fourteen strains of uropathogenic E. coli (UPEC)
were used, ten obtained from patients with acute pyelonephri-
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tis (471, 787, 753, 472, 595, 760, 695, 697, 629, and 795),
together with four strains obtained from the Spanish Type
Culture Collection (CECT): CECT 424 (F- thr- leu- lacY mtl- thi-
ara gal ton 2 malA xyl, resistant to phages T1, T2, and T6.),
CECT 4076 (Serovar. O157:H7, originally isolated from hae-
morrhagic colitis), CECT 417 (SupE44 (am). mutant tRNA),
and CECT 743 (Serovar. O142 K86B:H6, isolated from children
with diarrhoea).

Biofilm formation and surface hydrophobicity

To determine the adherence and subsequent biofilm for-
mation of the tested mixture of UPEC, a tube test proposed by
Stepanovic et al.50 was performed. Briefly, mixtures of uro-
pathogenic strains were subcultured at 37 °C for 24 h in glass
tubes with 2.5 mL of tryptic soy broth (TSB). Then, 0.5 mL of
the aforementioned cultures and 50 μL of the cranberry extract
and each selected fraction at two different concentrations dis-
played in Table S2 (ESI†) were placed into Eppendorf tubes. An
Eppendorf tube without inoculums containing the same
amount of TSB was used as a the negative control, while
0.5 mL of the bacterial suspension in an Eppendorf tube
together with 50 µL of phosphate buffer saline (PBS) was used
as the positive control. After incubating for 24 h, the content
of each tube was aspirated carefully and washed three times
with 1 mL of PBS. Tubes were air dried and 200 μL of 99%
methanol were added as a fixative. After 15 min, the excess of
methanol was removed and the tubes were air dried. Then,
200 μL of the colorant Hucker’s cristal violet solution (2% dye
content) was added, and after 5 min the tubes were submerged
in distilled water to take out the surplus. After air drying, the
biofilm was dissolved in each tube with 1 mL 33% acetic acid.
Once the absorbance was measured at 570 nm using
Boehringer–Mannheim photometer-4010 model (Boehringer
GmbH, Mannheim, Germany), results were calculated accord-
ing to eqn (1), where OD is the optical density of the strains
incubated with the cranberry extract or with each phenolic
fraction and ODc is the optical density from the strains after
incubating with the same volume of PBS. A scheme describing
the assay is displayed in Fig. S1 (ESI†).

Δbiofilm ¼ OD=ODc ð1Þ
In order to determine the surface hydrophobicity, the

ammonium sulphate aggregation test, described by Lindahl
et al.51 was carried out. In brief, a mixture of strains was
placed in 2 mL of TSB medium. The culture was washed three
times with PBS and centrifuged at 562g for 10 minutes. Bac-
teria were resuspended into 0.002 mol L−1 sodium phosphate
(OD1 at 540 nm). Then, 10 μL of the cranberry extract and each
selected fraction at two different concentrations displayed in
Table S2 (ESI†) were incubated at room temperature for
30 min in a rotary shaker (Heidolph Reax, ConThermo GmH &
Co. KG, Germany) with 100 µL of the bacterial suspension of
the selected strains, in PBS. Several solutions of ammonium
sulphate at osmolarities ranging from 0.2 to 4 mol L−1 in
sodium phosphate 0.002 mol L−1 were prepared. Then, 10 μL

of the bacterial suspension with the same volume of
ammonium sulphate was added on a slide. The lowest concen-
tration of ammonium sulphate which produced visible aggre-
gation after 30 seconds gentle manual rotation at room
temperature was written down. Aggregation with 4 mol L−1

solution was interpreted as 0% hydrophobicity, while aggrega-
tion with 0.2 mol L−1 was interpreted as 95% hydrophobicity.
The results obtained, expressed as % hydrophobicity, were cal-
culated according to eqn (2) where ΔH is the ratio of the hydro-
phobicity of the strains incubated with the whole extract or
with each phenolic fraction and ΔHc is the hydrophobicity of
the strains after incubation with an equal volume of PBS. A
scheme describing the assay is displayed in Fig. S2 (ESI†).

% hydrophobicity ¼ ΔH=ΔHc� 100 ð2Þ

Statistical analysis

Data of bioactivity are expressed as the mean ± standard devi-
ation. Significant differences in the adherence and surface
hydrophobicity of E. coli pre and post-incubation with the
extract or phenolic fractions were determined using the
Wilcoxon matched pairs signed rank test by IBM SPSS
Statistics (Chicago, IL, USA). Differences between means were
considered to be significant when the p value was below 0.05.
In addition, Kendall’s correlation coefficients of inter-variable
concordance were calculated.

Conflicts of interest

The authors declare no competing financial interest.

Acknowledgements

This work was supported by the projects AGL2011-29857-C03-
02, P09-CTS-4564, P10-FQM-6563, and P11-CTS-7625 (Andalu-
sian Regional Government Council of Innovation and Science)
and PI070274 (Carlos III Institute of Health for Clinical
Research, Madrid, Spain). The authors are grateful to the
Spanish Ministry of Economy and Competitiveness (MINECO)
for a FPU fellowship AP2010-1551 (Spanish Ministry of Science
and Innovation) (C. Rodríguez-Pérez), and a grant “Personal
técnico de apoyo” PTA2012-6956-E (R. Quirantes-Piné).

References

1 N. P. Seeram, L. S. Adams, Y. Zhang, R. Lee, D. Sand,
H. S. Scheuller and D. Heber, J. Agric. Food Chem., 2006, 54,
9329–9339.

2 E. Pappas and K. M. Schaich, Crit. Rev. Food Sci. Nutr.,
2009, 49, 741–781.

3 M. Hisano, H. Bruschini, A. C. Nicodemo and M. Srougi,
Clinics, 2012, 67, 661–667.

Paper Food & Function

1572 | Food Funct., 2016, 7, 1564–1573 This journal is © The Royal Society of Chemistry 2016

Pu
bl

is
he

d 
on

 1
6 

Fe
br

ua
ry

 2
01

6.
 D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

id
ad

 d
e 

G
ra

na
da

 o
n 

22
/0

4/
20

16
 0

8:
13

:2
0.

 
View Article Online

http://dx.doi.org/10.1039/c5fo01441g


4 K. L. Kaspar, A. B. Howell and C. Khoo, Food Funct., 2015,
6, 1212–1217.

5 B. Foxman, Am. J. Med., 2002, 113, 5–13.
6 E. Coppo and A. Marchese, Curr. Pharm. Biotechnol., 2014,

15, 380–390.
7 T. Tapiainen, H. Jauhiainen, L. Jaakola, J. Salo, J. Sevander,

I. Ikäheimo, A. M. Pirttila, A. Hohtola and M. Uhari,
Eur. J. Clin. Microbiol. Infect. Dis., 2012, 31, 655–662.

8 A. L. Flores-Mireles, J. N. Walker, M. Caparon and
S. J. Hultgren, Nat. Rev. Microbiol., 2015, 13, 269–284.

9 A. Krasowska and K. Sigler, Frontiers in Cellular and Infec-
tion Microbiology, 2014, 4, 1–7.

10 R. J. Doyle, Microbes Infect., 2000, 2, 391–400.
11 M. E. T. Mcmurdo, I. Argo, G. Phillips, F. Daly and P. Davey,

J. Antimicrob. Chemother., 2009, 63, 389–395.
12 J. Uberos, M. Nogueras-Ocana, V. Fernandez-Puentes,

R. Rodriguez-Belmonte, E. Narbona-López, A. Molina-
Carballo and A. Muñoz-Hoyos, Open Access, J. Clin. Trials,
2012, 4, 31–38.

13 G. G. Zhanel, T. L. Hisanaga, N. M. Laing, M. R. DeCorby,
K. A. Nichol, L. P. Palatnik, J. Johnson, A. Noreddin,
G. K. Harding, L. E. Nicolle and D. J. Hoban,
Int. J. Antimicrob. Agents, 2006, 27, 468–475.

14 R. Puupponen-Pimiä, L. Nohynek, H. Alakomi and
K. Oksman-Caldentey, Appl. Microbiol. Biotechnol., 2005, 67,
8–18.

15 I. Ofek, D. L. Hasty and N. Sharon, FEMS Immunol. Med.
Microbiol., 2003, 38, 181–191.

16 A. B. Howell, H. Botto, C. Combescure, A. Blanc-Potard,
L. Gausa, T. Matsumoto, P. Tenke, A. Sotto and
J. P. Lavigne, BMC Infect. Dis., 2010, 10, 94–105.

17 R. Puupponen-Pimiä, L. Nohynek, C. Meier, M. Kähkönen,
M. Heinonen, A. Hopia and K. M. Oksman-Caldentey,
J. Appl. Microbiol., 2001, 90, 494–507.

18 K. L. Laplante, S. A. Sarkisian, S. Woodmansee,
D. C. Rowley and N. P. Seeram, Phytother. Res., 2012, 26,
1371–1374.

19 I. Iswaldi, A. M. Gómez-Caravaca, D. Arráez-Román,
J. Uberos, M. Lardón, A. Segura-Carretero and
A. Fernández-Gutiérrez, J. Pharm. Biomed. Anal., 2012, 58,
34–41.

20 T. Chen, Y. Liu, D. Zou, C. Chen, J. You, G. Zhou, J. Sun
and Y. Li, J. Sep. Sci., 2014, 37, 165–170.

21 Z. Latif and S. D. Sarker, Methods Mol. Biol., 2012, 864,
255–274.

22 B. M. Schmidt, A. B. Howell, B. McEniry, C. T. Knight,
D. Seigler, J. W. Erdman Jr. and M. A. Lila, J. Agric. Food
Chem., 2004, 52, 6433–6442.

23 C. Rodríguez-Pérez, R. Quirantes-Piné, M. D. M. Contreras,
J. Uberos, A. Fernández-Gutiérrez and A. Segura-Carretero,
Food Chem., 2015, 174, 392–399.

24 K. Kawabata, R. Mukai and A. Ishisaka, Food Funct., 2015,
6, 1399–1417.

25 K. P. Devi, T. Rajavel, S. Habtemariam, S. F. Nabavi and
S. M. Nabavi, Life Sci., 2015, 142, 19–25.

26 M. M. Cowan, Clin. Microbiol. Rev., 1999, 12, 564–582.
27 J. Lavigne, G. Bourg, C. Combescure, H. Botto and A. Sotto,

Clin. Microbiol. Infect., 2008, 14, 350–355.
28 J. Uberos, R. Rodríguez-Belmonte, C. Rodríguez-Pérez,

M. Molina-Oya, E. Blanca-Jover, E. Narbona-López and
A. Muñoz-Hoyos, J. Funct. Foods, 2015, 18, 608–616.

29 R. Jepson, J. Craig and G. Williams, JAMA, J. Am. Med.
Assoc., 2013, 310, 1395–1396.

30 K. Otto, J. Norbeck, T. Larsson, K. Karlsson and
M. Hermansson, J. Bacteriol., 2001, 183, 2445–2453.

31 D. Ribet and P. Cossart, Microbes Infect., 2015, 17, 173–183.
32 R. M. Goulter, I. R. Gentle and G. A. Dykes, Lett. Appl.

Microbiol., 2009, 49, 1–7.
33 L. Y. Foo, Y. Lu, A. B. Howell and N. Vorsa, J. Nat. Prod.,

2000, 63, 1225–1228.
34 T. Taguri, T. Tanaka and I. Kouno, Biol. Pharm. Bull., 2006,

29, 2226–2235.
35 J. Monte, A. Abreu, A. Borges, L. Chaves Simões and

M. Simões, Pathogens, 2014, 3, 473–498.
36 T. P. T. Cushnie and A. J. Lamb, Int. J. Antimicrob. Agents,

2005, 26, 343–356.
37 T. Wu, M. He, X. Zang, Y. Zhou, T. Qiu, S. Pan and X. Xu,

Biochim. Biophys. Acta, Biomembr., 2013, 1828, 2751–2756.
38 K. Šmejkal, S. Chudík, P. Kloucek, R. Marek, J. Cvacka,

M. Urbanová, O. Julínek, L. Kokoska, T. Slapetová,
P. Holubová, A. Zima and M. Dvorská, J. Nat. Prod., 2008,
71, 706–709.

39 D. Wojnicz, Z. Sycz, S. Walkowski, J. Gabrielska,
W. Aleksandra, K. Alicja, S. L. Anna and A. B. Hendrich,
Phytomedicine, 2012, 19, 506–514.

40 E. Czinner, A. Kéry, K. Hagymási, A. Blázovics, A. Lugasi,
E. Szõke and E. Lemberkovics, Eur. J. Drug Metab. Pharma-
cokinet., 1999, 24, 309–313.

41 R. Lin, Y. Chin and M. Lee, Phytother. Res., 2005, 19, 612–617.
42 W. C. Duncan-Hewitt, in Microbial Cell Surface Hydrophobi-

city, ed. R. J. Doyle and M. Rosenberg, ASM Publications,
Washington, DC, 1990, pp. 39–73.

43 H. Xu and S. F. Lee, Phytother. Res., 2001, 15, 39–43.
44 F. Bernard, S. Sablé, B. Cameron, J. Provost, J. Desnottes,

J. Crouzet and F. Blanche, Antimicrob. Agents Chemother.,
1997, 41, 992–998.

45 S. K. Waage and P. A. Hedin, Phytochemistry, 1985, 24, 243–
245.

46 A. Borges, C. Ferreira, M. J. Saavedra and M. Simões,
Microb. Drug Resist., 2013, 19, 256–265.

47 A. Borges, M. J. Saavedra and M. Simões, Biofouling, 2012,
28, 755–767.

48 U. B. Maheswari, S. Palvai, P. R. Anuradha and N. Kammili,
Indian J. Urol., 2013, 29, 77–281.

49 A. Reisner, K. A. Krogfelt, B. M. Klein, E. L. Zechner and
S. Molin, J. Bacteriol., 2006, 188, 3572–3581.

50 S. Stepanovic, D. Vukovic, I. Dakic, B. Savic and M. Švabic-
Vlahovic, J. Microbiol. Methods, 2000, 40, 175–179.

51 M. Lindahl, A. Faris, T. Wadström and S. Hjertén, Biochim.
Biophys. Acta, Gen. Subj., 1981, 677, 471–476.

Food & Function Paper

This journal is © The Royal Society of Chemistry 2016 Food Funct., 2016, 7, 1564–1573 | 1573

Pu
bl

is
he

d 
on

 1
6 

Fe
br

ua
ry

 2
01

6.
 D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

id
ad

 d
e 

G
ra

na
da

 o
n 

22
/0

4/
20

16
 0

8:
13

:2
0.

 
View Article Online

http://dx.doi.org/10.1039/c5fo01441g

	Button 1: 


