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Abstract

The purpose of this study was to examine the inhibitory effect of fresh cranberry, strawberry and
blueberry juices on the viability of oral Streptococcus mutans, Streptococcus pyogenes and
Streptococcus viridans.

Modified agar-well diffusion method was used to determine the antimicrobial activity of the fruit
juices. A 100ul volume of the test solution was added into wells of the agar plates and zones of
inhibition were measured following incubation.

The fresh cranberry juice, the three powders, and the mixed juices and juice powders had an
antibacterial effect on S.mutans, S.pyogenes and S.viridans. The greatest zone of inhibition was
observed with the fresh cranberry juice and juice powder of the same. The fresh strawberry juice
showed an antibacterial effect on S.viridans. However, the fresh blueberry juice failed to provide an
antibacterial effect on any of the tested pathogens.

This study concludes that the cranberry juices have a good inhibitory effect on the colonization

of oral S.mutans, S.pyogenes and S.viridans.
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Introduction

Dental caries is a localized, post-eruptive,
pathological process of external origin involving
softening of the hard tooth structure and
proceeding to the formation of a cavity.! The
etiology of dental caries is multifactorial.?
Although several studies have been conducted in
the field of cariology, the accurate mechanism by
which dental caries occur is not yet fully
understood. The most acceptable, however,
states that caries is a result of changes in the
environment due to acid production by bacteria
from the fermentation of dietary carbohydrates,
initiating the demineralization process.*®

The existence of microorganisms as
a polyspecies consortium has profound
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implications for the etiology of dental caries,®
which happens to be one of the most prevalent
diseases in the oral cavity. The occurrence of
dental caries has been attributed to a number of
microbes that include Streptococcus sobrinus,
Streptococcus rattus, Streptococcus cricetus,
Streptococcus downeii, Streptococcus ferus,
Streptococcus macacae and Streptococcus
mutans; S. mutans and S. sobrinus being the
predominant microorganisms involved in caries
initiation. S. mutans, the most virulent
Streptococci, has a variety of virulence factors
contributing to its cariogenicity; these include
acidogenicity, aciduricity and adherence.®” The
adhesion of streptococci to the tooth surface is
the first step in the formation of dental
plague® and it has been observed that controlling
their number can prove beneficial in reducing the
incidence of oral infections.

Currently, the anti-microbial and plaque
removal strategies that exist to prevent the

development of dental caries such as
chlorhexidine  mouthwashes and fluoride-
containing  toothpaste possess drawbacks

including bacterial resistance, staining, fluorosis,
and toxicity. The approach of including a high
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consumption of fresh fruits as a part of one’s
dietary lifestyle has many general and oral
advantages, as almost no bacterial resistance is
encountered as seen in other antibacterial or
antibiotic treatments®**. One such family of fruits,
the berries native to North America, have
demonstrated  distinct  bio-protective  and
antimicrobial properties.*?

Cranberries (Vaccinium macrocarpon),
strawberries (Fragaria virginiana) and blueberries
(Vaccinium corymbosum) are a good source of
vitamins  (particularly vitamin C), minerals
(manganese) and polyphenols including flavonols,
anthocyanins and proanthocyanidins and are
being actively researched for possible effects on
the cardiovascular system, immune system and
cancer.® A study investigating the anti-adhesion
effect of cranberry and blueberry juices on
Escherichia coli found the juices to affect the
adhesion of uropathogenic micro-organisms to
uroepithelial cells by interfering with specific
modes of adhesion.’*!> Other studies have
reported that drinking cranberry juice decreased
the frequency of bacteria in pyuria, particularly in
women of age.’® Additional studies have shown
the cranberry, strawberry and blueberry juices to

exhibit an antimicrobial effect on several
pathogenic micro-organisms including
Staphylococcus epidermidis, Klebsiella
pneumonia, Listeria monocytogenes and

Salmonella enteritidis.*"1°

This study aimed to investigate the
inhibitory effect of fresh cranberry, strawberry
and blueberry juices on the viability of clinical
isolates of the cariogenic pathogen S. mutans as
well as two non-cariogenic strains of S. pyogenes
and S. viridans.. The null hypotheses tested in
this study were 1) fresh cranberry, strawberry
and blueberry juices have no effect on the
viability of S. mutans, S. pyogenes and S.
viridans 2) there is no difference in the
antibacterial effect between the fresh juices and
the organic freeze-dried powders of the same
fruits and 3) there is no synergistic activity of the
three juices when mixed against the three
pathogens.

Materials and methods

Microbial strains and culture
conditions
Saliva samples were collected

according to the approved protocol by the

Antibacterial effect of berry juices
Md. Sofiqul Islam and et al

research & ethics committee. The diluted
saliva samples were centrifuged and 1 pl of
the solution was manually seeded on the pre-
prepared agar plates of Tryptone Yeast
Extract Cystine (TYCSB) with 2 units
Bacitracin TYCSB supplement from HiMedia®
[HiMedia Laboratories Pvt.Ltd, Mumbai, India]
for the selective isolation of S. mutans as
devised by Gold.?® S. pyogenes and S.
viridans were grown on sheep blood agar
plates. The inoculums were spread across the
plates and incubated in candle jars for 24-48
hours at 35°C to get the final bacterial cell
concentration of 1.5 x 108 CFU/ml using a
spectrophotometer at 625.0nm. [UV-1800,
SHIMADZU, Kyoto, Japan]

Preparation of fresh juices

Organically grown cranberry, strawberry
and blueberry fruits were prepared undiluted by
direct squeezing in a commercial juicer. All the
juices were filtered using a Whatman Grade 4
filter paper with a pore size of 20-25 ym. The
fitered juices were then prepared to
concentrations ranging from 10-100% by adding
an appropriate volume of sterile distilled water.

Preparation of organic freeze-dried
powders

Different concentrations of the freeze-
dried cranberry, strawberry and blueberry organic
powders were dissolved in sterile distilled water
and mixed until a homogenous solution was
obtained to achieve concentrations ranging from
10-80%. The synergistic fresh juices and
solutions of freeze-dried powders were prepared
by adding previously diluted juices/organic
powders into sterile distilled water to achieve
concentrations ranging from 10-100% and 10-
80% respectively.

Assessment of antimicrobial activity

Antimicrobial activity of the three fruit
juices, the three organic powders, and their mix
was tested using the agar well-diffusion method.
The blood agar plates were first swabbed with
each of the prepared bacterial inoculums using a
disposable cotton swab stick. Wells of 6mm
diameter each were made using a sterile borer
into the agar plates containing the inoculums.
100ul volumes of the test solution were poured
into each well of the inoculated plates and were
left at room temperature for 10 minutes, allowing
the diffusion of the test solution into the agar.
Following overnight incubation at 35°C,
antibacterial activity was determined by
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measuring the corresponding zones of inhibition
using a standard ruler in millimeter. Sterile
distilled water poured into a well of each of the
inoculated plates was utilized as a negative
control and Listerine zero was used as a positive
control. Each experiment for both the fresh
filtered juices and the organic powders was
carried out three times independently.

Statistical analysis

The quantitative data collected were
analyzed using the Statistical Package for the
Social Sciences (SPSS version 20) by three-way
ANOVA and Tukey’s post hoc tests.

MeanxSD Zone of Inhibition (mm) - S mutans
Cranberry Strawberry Blueberry Mixed Control

(%) Fresh Powder Fresh Powder Fresh Powder Fresh Powder  Positive Negative
100 18+0.5 0+0 0+0 12+0.5 11+0 0+0
90 17+0.5 0+0 0+0 11+0.5 - -
80 16+0.5 17.67+4.04 00 12.33+3.51 0+0 13.67+2.89 10+0.5 17+2.65 - -
70 15+0.5 17.67+2.52 0+0 12+4 0+0 13+3.61 9+0.5 16.33x3.21 - -
60 13+0.5 17+2 0+0 10.67+3.06 0+0 11.67+4.04 9+0.5 13.67+3.79 - -
50 12+0.5 15.67+2.08 0+0 10.33+3.21 0+0 10.67+#5.03 7+0.5 13.67+3.79 - -
40 10+0.5 14+3.61 0+0 9+2.65 0+0 8+7.21 0+0 11.67+3.79 - -
30 9+0.5 12.33+2.31 0+0 3.33+5.77 0+0 7+6.25 0+0  10.33+3.21 - -
20 8+0.5 6.67+6.11 0+0 0+0 0+0 0+0 0+0 7.33+0.58 - -
10 7+0.5 2.33+4.04 0+0 0+0 0+0 0+0 0+0 0+0 - -

and their mix against S.mutans.

Table 1: Antibacterial activities of the fresh and the organic freeze-dried powders of the three berries

MeanxSD Zone of Inhibition (mm) - S pyogenes

Cranberry Strawberry Blueberry Mixed Control

(%) Fresh Powder Fresh Powder Fresh Powder Fresh Powder  Positive Negative
100 17+0.5 0+0 0+0 15+0.5 13+0 0+0
90 17+0.5 0+0 0+0 13+0.5 - -
80 15+0.5 20+0.5 0+0 17+0.5 0+0 17+¢05 12405 18405 - -
70 13+0.5 20+0.5 0+0 16+0.5 0+0 16+0.5 11+05 17+05 - -
60 12+0.5 17+0.5 0+0 15+0.5 0+0 1605 10+0.5 16x0.5 - -
50 11+0.5 17+0.5 0+0 13+0.5 0+0 16205  8+0.5  16+0.5 - -
40 10+0.5 16+0.5 0+0 11+0.5 0+0 13+0.5 7+0.5 12+0.5 - -
30 9+0.5 16+0.5 0+0 11+0.5 0+0 11+0.5 0+0 11+0.5 - -
20 7+0.5 13+0.5 0+0 7+0.5 0+0 9+0.5 0+0 7+0.5 - -
10 0+0 7+0.5 0+0 0+0 0+0 0+0 0+0 0+0 - -

Table 2. Antibacterial activities of the fresh and the organic freeze-dried powders of the three berries

and their mix against S.pyogenes.
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Mean+SD Zone of Inhibition (mm) - S viridans
Cranberry Strawberry Blueberry Mixed Control

(%) Fresh Powder Fresh Powder Fresh Powder Fresh Powder Positive Negative
100 18+0.5 13+0.5 00 15+0.5 11+0 0+0
90 16+0.5 10+0.5 0+0 14+0.5 - -
80 16+0.5 21405 9+0.5 16+0.5 0+0 18+0.5 14+0.5 17405 - -
70 16+0.5 19405 8+0.5 15+0.5 00 16+0.5 12+0.5 16+0.5 - -
60 15+0.5 18+0.5 7+0.5 14+0.5 0+0 16+0.5 12+05 15+05 - -
50 13+0.5 18405 00 13+0.5 00 15+0.5 11+0.5 13+0.5 - -
40 13+0.5 17405 00 11+0.5 00 13+0.5 9105 8+0.5 - -
30 11+0.5 15+0.5 0+0 10+0.5 0+0 12+0.5 805 0+0 - -
20 8+0.5 13+0.5 00 8+0.5 0+0 9+0.5 00 0+0 - -
10 7+0.5 9+0.5 00 00 00 8+0.5 0+0 0+0 - -

Table 3. Antibacterial activities of the fresh and the organic freeze-dried powders of the three berries

and their mix against S.viridans.

Results

The measurement of the zones of
inhibition revealed that the cranberry juice at
100% concentration had the highest antibacterial
effect on S. mutans, S. pyogenes and S. viridans.
The fresh strawberry juice at 60-100%
concentrations showed a bactericidal effect on S.
viridans only. However, the fresh blueberry juice
failed to provide an antibacterial effect on any of
the tested pathogens.

Figure 1. Representative images of zone of bacterial
growth inhibition following overnight incubation with test
solutions. 1(A-1): Fresh cranberry juice at concentrations of
90%-10% respectively with S. mutans, 2(A-l): Fresh
cranberry juice at concentrations of 90%-10% respectively
with S. pyogenes, 3(A-1): Fresh cranberry juice at
concentrations of 90%-10% respectively with S. viridans.

Among the organic freeze-dried powders,
all the fruit powders and their mix showed an
antibacterial effect. The results with cranberry
juice and powder were found to be statistically
significantly different from strawberry, blueberry,
the mixed juices/powders and the positive control
at a P<0.01. The negative control presented with
no inhibitory effect on the three tested
pathogens.

Figure 2. Representative images of zone of bacterial
growth inhibition following overnight incubation with test
solutions. 1A: 100% cranberry, 1B:100% blueberry and 1C:
100% strawberry with S. mutans. 2A: 100% cranberry,
2B:100% blueberry and 2C: 100% strawberry with S.
pyogenes, 3A: 100% cranberry, 3B:100% blueberry and 3C:
100% strawberry with. viridans. 4 (A-E): Fresh Mixed juice
at concentrations of 100-50% with S. mutans.

Multiple  comparisons revealed the
antibacterial effect by 70-100% juices and 70-
80% powders to be statistically significantly
different from the effect of 10-50% juices and
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However, the fresh cranberry and mixed juices
were statistically insignificant compared with the
organic freeze-dried powders of the same
(P>0.05).

Figures 1, 2, and 3, Tables 1, 2 and 3 present
the antibacterial activities of the fresh as well as
the organic freeze-dried powders of the three
berries and their mix screened againstS.
mutans. S. pyogenes and S. viridans.

Discussion

In the present study, the fresh cranberry
juice showed good efficacy to inhibit the growth
of S. mutans, S. pyogenes and S. viridans. The
fresh strawberry juice showed an antibacterial
effect on S. viridans only. However, the fresh
blueberry juice failed to inhibit the growth of the
tested microbes so the first null hypothesis was
partially accepted. The organic freeze-dried
powders showed better growth inhibition than the
fresh juices on all the tested microbes. Thus the
second null hypothesis was rejected.
Additionally, the three juices when mixed
presented with a synergistic effect on the test
pathogens, rejecting the third null hypothesis.

Among all the fruits, the highest
antibacterial activity was recorded with the fresh
cranberry juice as well as the organic powder of
the same. In a study led by Yamanaka et al,
lyophilized non-dialyzable high molecular weight
constituents of cranberry juice powder were
tested against many strains of oral streptococci,
including S. mutans. He proposed these
components to have an inhibitory effect on the
colonization by oral streptococci to the tooth
surface, promoting dental plague deceleration.®
This is in consistent with the findings of our
study, as an antibacterial effect by the fresh
cranberry  juice on S. mutans was readily
observed. This was further supported by another
in vitro study done by Ragini Sethi et al where
the author explain that the inhibitory effect of
cranberry fruit extract on Streptococci species is
concentration dependent.*®

The exact mechanism of action of the
cranberry juice is yet to be identified. However,
previous reports proposed three plausible
explanations. Howell et alfound that the
proanthocyanidins from cranberry juice prevent
the expression of the fimbria of certain bacteria,
inhibiting its adherence activity.?! In addition,
Weiss et al reported a cranberry constituent to
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inhibit the adhesion and co-aggregation activities
of oral streptococci.?> % Cell surface
hydrophobicity plays a vital role in the adhesion
of oral bacteria to the tooth surface.?* The use of
cranberry juice can bond to or mask the
hydrophobic proteins on the cell surface of oral
streptococci. This aids in reducing their cell
surface hydrophobicity resulting in significant
reduction of their adsorption to the
hydroxyapatite of the tooth structure.®

The strawberry extract was proven to
have an antibacterial effect on several bacteria®
including S. mutans which can aid in inhibiting
biofilm formation.?® These results do not agree
with the findings of this study. However, we
observed the fresh strawberry juice to have a
bactericidal effect on S. viridans. This could be
beneficial in reducing the risk of infective
endocarditis, if any, following dental procedures.
Ben Lagha et al evaluated the action of blueberry
proanthocyanidins on
Aggregatibacter actionomycetecomitans and
documented them to be novel therapeutic agents
for periodontal disease.?’ In our present work, the
fresh blueberry juice failed to provide an
antibacterial effect on any of the tested
pathogens. The difference in the antibacterial
activity of the cranberry, strawberry and
blueberry juices may be attributed to the
variations in the nutrient profiles of the berries.
Cranberries outrank the other berries with the
highest antioxidant content, while strawberries
are well known for their high vitamin C content.?®

Conclusions

The results obtained in this study clearly
demonstrate a significant antibacterial effect of
fresh cranberry juice on the colonization of oral
streptococci. The positive synergistic activity of
the three juices can be readily observed but this
is less than the effect of the fresh cranberry juice
alone. Further studies are warranted to verify
which major ingredient(s) of these berries are
responsible for the observed antibacterial effect.
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