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Abstract—The purpose of this study was to determine the inhibitory effects of cranberry juice on pathogenic
microorganisms. The microorganisms analyzed were Escherichia coli from patients with urinary infections,
Salmonella spp., Listeria monocytogenes, Pseudomona aeruginosa, and Staphylococcus aureus. The disc
method was used to determine the sensitivity of bacteria to cranberry juice (CJ, both concentrated and diluted).
A lawn of 10 cfu/ml was grown on agar surfaces in Petri dishes and on Whatman discs that had been previously
saturated with CJ and CJ : water. 1 : 1 to 1 : 50 juice solutions had been placed on the discs, which were cultured
and incubated. The results indicated that S. aureus was more susceptible to cranberry juice inhibition than the
other microorganisms. L. monocytogenes was the most resistant to the inhibitory action of cranberry juice,
showing a significant difference from the inhibition of P. aeruginosa, uropathogenic E. coli, Salmonella spp.,
and S. aureus. This study also demonstrated that the inhibitory activity of cranberry juice for E. coli took place

up to a dilution of 1 : 20.
DOI: 10.1134/S0003683808030137

The determination of cranberry juice’s inhibitory
and antimicrobial activity against pathogenic microor-
ganisms is important due to the human health benefits
it provides, since these microorganisms are becoming
increasingly resistant to pharmacological and antibiotic
treatments. Cranberry juice has been widely used to
treat and prevent urinary tract diseases, because it
inhibits the adherence of E. coli to the uroepithelial
cells of the bladder wall. It is important to determine
whether cranberry juice shows a broader spectrum of
antibacterial activity [1-6].

Cranberry fruit is low in calories and high in vita-
mins, minerals, and fibre. This fruit also contains vari-
ous bioactive components, including tocotrienols,
anthocyanin, flavones, and proanthocyanidins [7-8].
Phenolic and benzoic antioxidant components of cran-
berry have been identified and quantified. This fruit has
a high content of benzoic and phenolic acids (5.7 and
4.7 g/kg of fresh fruit), benzoic acid being the most
abundant, followed by p-coumaric and synaptic acid
(0.25 and 0.21g / kg of fresh fruit) 9.

The inhibitory effects of cranberry juice on E. coli
have been demonstrated by several authors, who report
human health benefits, especially the prevention of
infectious diseases of the urinary tract [1-4, 9, 10].

The in vitro inhibition of bacterial adherence was
investigated using strains of uropathogenic E. coli iso-
lated from 77 clinical cases. This study showed that

! The text was submitted by the authors in English.

cranberry juice inhibited the E. coli bacteria 75% as
much as other inhibited bacterial species, including
Proteus, Klebsiella, Enterobacter, and Pseudomonas
[11]. Cranberry juice consumption has been shown to
prevent the development of bacteria. Bacteria was also
inhibited in elderly people, mainly because of the
action of hipuric acid, which is produced in large
amounts after the consumption of cranberry juice and is
later excreted in the urine /. It is also said that cranber-
ries' quinic acid is a precursor of hipuric acid, which is
a strong antibacterial agent. To obtain the acid’s bacte-
riostatic effect against E. coli, urine pH has to be
reduced to a minimum of 5.0 with an acid concentration
of 0.02 M, but in order to reach those levels, a person
would have to drink al least 1500 ml of cranberry juice
daily, a high level consumption. Nevertheless, acidifi-
cation of urine is not the main factor responsible for the
inhibitory effect of cranberry juice. Previous research indi-
cates that condensed tannins of cranberries, called proan-
thocyanidins, can inhibit the adherence of E. coli 5. In
addition, it is indicated that proanthocyanidins show other
kinds of activities, such as anticarcinogenic activity and
the inhibition of superoxide radicals [12, 13].

The antiadhesion activity of cranberry juice on non-
urinary bacterial species has been verified, especially
against buccal bacteria. This activity is caused by a
nondialyzable material (NDM) with a high molecular
weight that has been isolated from cranberry juice at
concentrations of 0.6 to 2.5 mg/ml. At the same time, it
has been observed that formation of cavity causing den-
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tal plaque involves two processes: addition of the bac-
terium to the saliva film which covers the teeth and the
coaggregation of two different types of bacteria, gener-
ally from the genera Streptococcus and Actinomyces
[14]. It has been concluded that a low concentration of
NDM is needed to inhibit formation of those coaggre-
gates, indicating that NDM acts on buccal bacteria
pairs, one of these being a gram-negative anaerobe.
Preliminary studies showed that NDM reduced counts
of Streptococcus mutants, indicating that the antiadher-
ence activity of cranberry juice is greatly effective in
changing the subgingival microbial population, con-
trolling periodontal diseases [15].

The general purpose of this study was to determine
the in vitro inhibitory effects of cranberry (Vaccinium
macrocarpon Ait.) juice on the following bacteria: uro-
pathogenic E. coli, S. aureus, Salmonella spp.,
P. aeruginosa, and L. monocytogenes.

MATERIALS AND METHODS

Test strains used. Microorganisms used corre-
sponded to strains of E. coli obtained from patients with
urinary infectious diseases from the Main Hospital in
Valdivia (Chile) and strains of Staphylococcus aureus,
Salmonella spp., Pseudomonas aeruginosa, and Liste-
ria monocytogenes obtained from the Institute of Food
Science and Technology, Faculty of Agropecuarian Sci-
ences Southern University of Chile.

Cranberry juice concentrate. Concentrated cran-
berry juice at 55° Brix was obtained from two process-
ing plants in Chile’s Lake District.

Preliminary trials. In order to determine the concen-
trations at which cranberry juice has an antibacterial effect,
preliminary studies were carried out to identify bacterial
strains by means of presumptive and confirmatory tests,
following the methodology described for microorganisms
like uropathogenic E. coli, Salmonella spp., S. aureus,
L. monocytogenes, and P. aeruginosa [16].

Isolation of uropathogenic E. coli. Strains of uro-
pathogenic E. coli, from patients with urinary infec-
tions that were not treated with antibiotics, were iso-
lated on nutritive agar and later confirmed by presump-
tive and confirmatory tests. Presumptive tests consisted
of growing suspected of E. coli colonies on VRB agar
and incubating them at 30 £ 1°C for 24 + 2 h. After the
incubation period, red colonies with or without sur-
rounding precipitates underwent a gram tinction, which
makes it possible to observe characteristic gram-nega-
tive bacilli. Confirmatory tests were based on the iden-
tification of colonies on media. These colonies were
replicated in tubes of lactosated brilliant green bile
broth with Durham bubbles, incubated in a double
boiler at 35 + 1°C for 24 to 48 h and in an EC broth at
44.5°C for 24 to 48 h, taking note of gas production in
the Durham bubbles. Finally, the following reaction
tests of characteristic IMVIC were run for E. coli:
indol, methyl red, Voges Proskauer, and citrate.
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Isolation of Salmonella spp. Colonies were grown
in stripes on Salmonella Shigella agar and sulfite agar
plates, both incubated at 35 to 37°C for 24 to 48 h. Sus-
pected Salmonella spp. colonies were isolated from
these plates and then grown on selective differentiation
media, like triple sugar iron agar (TSI), where H,S pro-
duction was observed at the bottoms of the tubes. On
lysine iron agar, decarboxilation of lysine, with produc-
tion of H,S, and color change from medium to dark vio-
let, characteristic of Salmonella spp., was verified.
Reaction tests for indol, methyl red, phenylalanine, sor-
bitol, and urea were conducted later.

Isolation of P. aeruginosa. The colonies, grown on
the surface of brain heart agar and treated with inhibi-
tors of accompanying flora, like cephaloridine, fusidic
acid, and cetrimide, previously incubated in aerobiosis
at 25°C for 48 h, were subjected to gram tinction, mak-
ing it possible to observe the presence of small gram-
negative bacilli. Oxidase and catalase confirmation
tests were performed.

Isolation of L. monocytogenes. Presumptive identi-
fication was carried out by isolating dark brown or
black colonies with halos, typical of L. monocytogenes,
on OXA (Oxford Listeria selective agar) and LPM
(PALCAM Listeria selective agar base). As a presump-
tive test, gram tinction was performed, in addition to a
catalase confirmative test. Finally, biochemical tests for
L. monocytogenes were conducted through the outlined
methodology: motility at 25°C, oxygen requirement,
growth at 35°C, H,S production, reaction of methyl red,
Voges-Proskauer reaction, indol production, citrate use,
acid from glucose, esculina hydrolysis, maltose fer-
mentation, dextrose fermentation, and activity of the
urease [16].

Isolation of S. aureus. Colonies of suspected
S. aureus, glossy black with or without halo, on Baird-
Park agar as a selective medium (Staphylococcus selec-
tive agar base), underwent the coagulase test. As a
means of verification, gram tinction was carried out.

Bacterial inhibition through filter disc method.
Strain activation. The pure cultures of uropathogenic
E. coli, Salmonella spp., S. aureus, L. monocytogenes,
and P. aeruginosa was replicated in 5 ml of brain—
heart-broth and incubated for 2 h at 35 * 1°C for uro-
pathogenic E. coli, Salmonella spp., S. aureus, and at
30+ 1°C for L. monocytogenes and P. aeruginosa, until
a concentration of 10° cfu/ml was obtained.

Trial of bacterial sensitivity to cranberry juice.
The bacterial inhibition trial was carried out using a
modification of the diffusion technique on agar. Plates
were used on which a lawn of 10° cfu/ml concentration
had previously been grown. At the same time, dilutions
of 55° Brix concentrated cranberry juice at pH 2.7 were
prepared with sterile distilled water. Preparations were
as follows: CJ concentrate, dilutionsat 1 :1,1:10, 1 :
15,1:20,1:25,1:30,1:35,1:40,1:45,1:50, and
one control corresponding to distilled water adjusted to
2.7 pH. The 9-mm-diameter sterile Whatman disc was
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Halos of bacterial inhibition

MAGARINOS et al.

Halos of inhibition, mm

Concentration

L. monocytogenes| P. aeruginosa E. coli Salmonella spp. S. aureus Mean + S.D.*
Concentrate 9.50 12.16 11.07 12.62 14.58 11.99+1.88a
1:01 6.76 9.43 9.81 11.96 12.27 10.05+£2.23 b
1:10 0.66 1.75 3.24 4.84 5.63 322+2.07¢
1:15 0.01 1.13 1.42 1.30 4.24 1.62+1.57d
1:20 0.00 0.25 0.96 0.94 2.73 0.98 £ 1.07 de
1:25 0.00 0.13 0.00 0.55 2.37 0.61 £1.01 de
1:30 0.00 0.12 0.00 0.21 2.00 047+0.86e
1:35 0.00 0.07 0.00 0.17 1.15 0.28+0.49 e
1:40 0.00 0.06 0.00 0.07 0.84 0.19+0.36 ¢
1:45 0.00 0.07 0.00 0.01 0.75 0.17+0.33 e
1:50 0.00 0.03 0.00 0.01 0.35 0.08+0.15e
Control 0.00 0.03 0.00 0.00 0.03 0.01+£0.02e
Mean * S.D** 1.41+£3.20d 210x4.14¢ | 221£3.97be | 2.72+4.67b 391476 a

Notes: * Differences in mean £ S.D. for concentration values with different letters within the row are statistically significant (P < 0.05).
** Differences in mean * S.D. for microorganisms values with different letters within the column are statistically significant (P < 0.05).

manipulated with a sterile clamp. The disc had previ-
ously been saturated with cranberry juice at the corre-
sponding dilution. As a control, a disc was saturated
with sterile water adjusted to pH 2.7. The size of the
inhibition halo, as the distance between the edge of the
disc and the beginning of the culture in mm, was mea-
sured using a digital micrometer.

Experimental design for bacterial inhibition by
means of discs. The experimental design consisted of a
5 %X 12 multifactor design. The first factor corresponded
to the species of bacteria at five levels (uropathogenic
E. coli, Salmonella spp., S. aureus, L. monocytogenes,
and P. aeruginosa), and the second factor corresponded
to the concentration of cranberry juice (including con-
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Fig. 1. Inhibition of uropathogenic L. monocytogenes (1),
P. aeruginosa (2), E. coli (3), Salmonella spp. (4), and
S. aureus (5) caused by different cranberry juice dilutions
(1:1-1:50).
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trol). All measurements were done in triplicate. Bacte-
rial inhibition caused by cranberry juice was assessed
through descriptive statistics and one-way analysis of
variance (Anova). When a significant difference was
found among results, a multiple range test was carried
out (Tukey Hsd 95% confidence).

RESULTS AND DISCUSSION

Bacterial inhibition through filter discs. Table
shows halos, in mm, of uropathogenic E. coli,
S. aureus, Salmonella spp., P. aeruginosa, and
L. monocytogenes, that developed when discs saturated
with the different cranberry juice dilutions were applied.
Statistical analysis indicated significant differences
(P < 0.05) between the concentrations of cranberry juice
and the microorganisms, as shown in Table.

According to the results, no microbial inhibition
was caused by the acid agent (control disc), considering
that a minimal, almost nonexistent inhibition was
observed in the studied microorganisms. Consequently,
the inhibitory effect of cranberry juice cannot be attrib-
uted to its low pH. These results were similar to those
of research carried out by several authors, who pointed
out that cranberry juice contains a number of inhibitory
bioactive components, mainly flavones and proantho-
cyanidines [3, 5, 8].

As seen in Fig.1, it is possible to conclude that,
among the microorganisms involved in this study,
S. aureus showed the greatest sensitivity to treatments
with cranberry juice, both concentrated and diluted.
Results from the concentrated treatments on a lawn of
1.27 x 109 cfu/ml showed an inhibition with an average
halo of 14.58 = 1.03 mm. This effect was extended up to
the 1 : 50 dilution, with a 0.35 = 0.3-mm halo. In the
case of S. aureus inhibition, it is necessary to emphasize
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E. coli

Salmonella spp. P. aeruginosa

Fig. 2. Morphology of cranberry juice inhibition halos on
different microorganisms.

the inhibitive properties of cranberry juice against
gram-positive bacteria, which could cause the reduc-
tion in counts of Streptococcus mutants, a decline in the
subgingival microbial population, and the control of
periodontal diseases [15].

According to the results obtained when applying the
disc with cranberry juice concentrate, P. aeruginosa
showed an inhibition of 12.16 £2.97 mm, less than that
of S. aureus (Table). In turn, from dilutions of 1 : 35 to
1:50, P. aeruginosa inhibition proved to be lower than
that of S. aureus. Likewise, P. aeruginosa ATCC27853
was reduced in 8.3 Log,, cycles in a culture with cran-
berry juice 3.

These results differ from those showed by Habash
etal. [17], who added water, ascorbic acid, and cran-
berry juice in an in vivo study which demonstrated that
count and adherence of E. coli and Enterococcus faeca-
lis in urine were reduced, but count and adherence of
P. aeruginosa, Staphylococcus epidermis, and Candida
albicans were not reduced.

Regarding Salmonella spp., it was determined that,
when using a lawn of 5.3 x 10° cfu/ml, a wider inhibi-
tion halo with the concentrate, of 12.62 +2.18 mm, and
a narrower inhibition halo with the 1 : 50 dilution of
0.01 £ 0.01 mm, was observed. It was demonstrated
that, with a cranberry juice dilution of 1 : 1 and an inoc-
ulation level of 10* cfu/ml, Salmonella enteritidis ATCC
14028, after 24 h of incubation at 35°C, showed a count
of 2.3 x 10! cfu/ml, 7.1 Log,, cycles. This was lower
than that of the culture without cranberry juice, where
the count reached 2.8 x 108 cfu/ml [3].

For uropathogenic E. coli on alawn of 9.2 x 10° cfu/ml,
the highest inhibition was recorded in the culture with
cranberry juice concentrate with a 11.06 + 0.48-mm
halo and a smaller inhibition in the 1 : 20 dilution with
2 0.96 £ 0.32-mm halo.
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This agrees with what has been reported by Fleet
[18], who suggested that, in order to reduce urinary
tract infections caused by E. coli, one must drink cran-
berry juice that has been diluted to a concentration of
1: 10 (100 ml concentrate in 1 1 water) in daily quanti-
ties of 300 to 500 ml for 6 months. However, it was pos-
sible to conclude from this study that cranberry juice
inhibits E. coli at a dilution of 1 : 20.

This research showed that the least inhibited micro-
organism was L. monocytogenes compared with all of
the others used in this study (Table). This species dis-
played its highest level of inhibition, 9.50 = 1.01 mm,
with the disc saturated with cranberry juice concentrate
and its lowest inhibition 0.01 = 0.01 mm at a dilution of
1:15 (Fig. 1).

Although most investigations of microbial inhibi-
tion with cranberry juice focus on E. coli [1-4, 10, 19],
our conclusions indicate there is also inhibition of some
pathogenic microorganisms, such as Salmonella spp.
and P. aeruginosa.

Effect of cranberry juice concentration upon
bacterial inhibition. As shown in Table, for the five
bacteria considered in this study, the higher inhibition
halos were observed in treatments with concentrate and
dilutions of 1 : 1, 1: 10, and 1 : 15 (Fig. 1). The mor-
phology of these inhibition halos caused by cranberry
juice on the different microorganisms can be observed
in Fig. 2.

This study demonstrated that cranberry juice inhib-
its uropathogenic E. coli bacteria at a dilution 1 : 20,
which was greater than that indicated by other authors.
Furthermore, it was shown that antibacterial activity
against microorganisms like Salmonella spp., P. aerug-
inosa, S. aureus, and L. monocytogenes occurs at a dilu-
tion of 1 : 10.
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