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mucositis, and is felt to be inappropri-
ate by some because of the association of 
denatured alcohol with the development of 
oral cancer.4,6–8 Finally, the long term use 
of antimicrobial agents has raised concern 
regarding the potential for an undesirable 
shift in the composition, site colonisation 
and emergence of resistance within the 
complex oral microflora.9,10

In recent years an association between 
members of the oral microflora and the 
development of some forms of systemic 
diseases has been reported. There is increas-
ing evidence that poor control of the oral 
flora and severe periodontal disease may be 
important factors in the onset and progress 
of coronary heart disease and diabetes.11 
In addition, it is well documented that the 
composition of the oral flora in hospital-
ised and debilitated patients undergoes an 
early microbial shift to one predominated 
by Gram-negative bacteria. It is now rec-
ognised that plaque can therefore act as a 
reservoir for potential pathogens, including 
highly resistant microorganisms, for infec-
tion at other body sites.12–15 Specifically, it 
has been demonstrated that the oropha-
ryngeal microflora has a role in ventilator-

IntroductIon

A variety of antimicrobial mouthwashes 
are available commercially and these 
have been shown to be clinically ben-
eficial in the management of oral dis-
ease.1–4 However, for a variety of reasons 
the search for novel and more effective 
antimicrobial agents continues. In addi-
tion, adverse effects associated with 
some available preparations, in particu-
lar unpleasant taste and staining of the 
teeth, have reduced patient acceptability 
and compliance.5 Furthermore, the pres-
ence of alcohol in some mouthwashes has 
been shown to cause mucosal irritation in 
certain patients, particularly those with 

Background  Citrox® is a formulation of soluble bioflavonoids obtained from citrus fruits. The non-toxic and antimicrobial 
properties of natural bioflavonoids are well documented, and consequently there has been interest in the therapeutic 
application of these substances. Objective  To determine the antimicrobial activity of two Citrox® formulations (BC30 and 
MDC30) with different bioflavonoid combinations against a range of oral microorganisms. Methods  The antimicrobial activity 
of both formulations was tested against 14 bacterial species and six Candida species. The two Citrox® formulations (dilution 
range 0.007–8% v/v) were firstly evaluated by determining the in vitro Minimal Inhibitory Concentration (MIC) against 
planktonic microorganisms in a broth microdilution assay. Secondly, the ability of the same serial dilutions to inhibit microbial 
growth was assessed in a modified microtitre biofilm assay. Results  Both Citrox® formulations exhibited antimicrobial 
activity. The BC30 formulation demonstrated greater activity than MDC30 and significantly inhibited growth of all bacterial 
species and most candidal species tested at a concentration of 1% (v/v) in both the broth and the biofilm assay. Conclusion  
Bioflavonoid preparations of Citrox® have a broad-spectrum of antimicrobial activity against oral microorganisms, and as 
such have the potential to be used within therapeutic preparations for the control of the oral microflora.

associated pneumonia, and the use of 
therapeutic preparations containing either 
chlorhexidine or essential oils can reduce 
the incidence of this significant infection.16 
As the number of immunocompromised 
individuals in the population continues 
to increase, so too does the incidence of 
mucosal infections in the mouth, in particu-
lar oral candidosis. Given the concern over 
the emergence of resistance of yeasts to sys-
temic antifungal agents, there is a clinical 
requirement for new and effective topical 
anticandidal strategies.17 It is against this 
background that the need for alternative 
antimicrobial agents with improved anti-
microbial profiles and fewer adverse effects 
becomes greater.

There has been considerable interest in 
the use of ‘natural’ antimicrobial agents. 
Natural antimicrobial agents can be defined 
as bioactive compounds derived from 
biological sources. Although traditional 
antibiotics strictly fall into this definition, 
there is concern regarding the prophylactic 
use of antibiotics due to the high poten-
tial for promotion of microbial resistance.18 
However, there is a range of alternative 
non-microbial ‘natural agents’ that have 
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•  Citrox® is a bioflavonoid-containing 
product derived from citrus fruit, 
available in two formulations that have 
been used in a range of cleansers and 
disinfectants.

•  Citrox® showed substantial antimicrobial 
activity against a range of oral bacteria 
and Candida species. 

•  Citrox® bioflavonoid preparations may 
be useful antimicrobial agents in future 
mouthwash and oral care products.
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antimicrobial activity and the effective-
ness of plant extracts, such as bacterioc-
ins, defence peptides and phenolics has 
been demonstrated.19-21 Polyphenolic plant 
derivatives, which are part of a plant’s nat-
ural defence mechanisms against viral and 
bacterial pathogens, have been the main 
focus of investigation.

In addition to greater antimicrobial 
activity and improved safety profiles, there 
is also a perception that natural agents may 
be more acceptable to patients. Although 
the scientific evidence is unclear, there is a 
view that natural agents may be less likely 
to promote the development of resistance.18 
Many of the ‘natural’ antimicrobials have 
the added advantage that they may be used 
in aqueous solution, removing the need 
for inclusion of alcohol in therapeutic 
preparation.

Citrox® is an antimicrobial whose com-
ponents are based on soluble bioflavonoids 
derived from citrus fruits. Bioflavonoids 
are hydroylated phenolic structures syn-
thesised by plants and have previously 
been shown to have activity against bac-
teria, fungi and viruses.22-25 Citrox® BC and 
Citrox® MDC formulations both contain 
bioflavonoids with the former compris-
ing of a blend of bioflavonoids with small 
amounts of malic and citric acids, designed 
to be primarily anti-bacterial. Citrox BC 
is present in OralClens® mouthrinse and 
toothpaste, while MDC is currently used 
in a range of sanitising products for sur-
face disinfection. The aim of the present 
study was to determine the antimicrobial 
activity of these two Citrox® formula-
tions against a variety of bacterial species 
encountered in the mouth, including those 
implicated in periodontal disease, and a 
range of candidal species. The formulations 
would be assessed against the test strains 
in planktonic state and within in vitro- 
generated biofilms. 

Methods

Preparation of microorganisms

A total of eight bacterial species and 
six fungal species (Table 1) were used 
to evaluate the Citrox® formulations. 
All bacteria were initially cultured on 
Fastidious Anaerobic Agar (FAA) supple-
mented with 5% defibrinated sheep blood 
(TCS Biosciences Ltd., Buckingham, UK) 
and then, before use in experiments, in 

Brain-Heart Infusion (BHI) broth. Candida 
species were cultured on Sabouraud’s dex-
trose agar (SDA) and subsequently in liq-
uid Sabouraud’s medium. All media, unless 
otherwise stated, was obtained from Lab 

M™ (International Diagnostics Group plc, 
Bury, UK). Candida isolates and the two 
streptococcal species were maintained at 
37ºC under aerobic conditions, whereas 
the remaining six species of bacteria 

table 1  Identity of the 14 test strains used to assess the antimicrobial activity of two 
formulations of citrox®

Microorganism strain designation

bacteria

Actinomyces odontolyticus Clinical isolate N19-25

Actinomyces viscosus Clinical isolate N19-21

Clostridium difficile Clinical isolate R8651

Porphyromonas gingivalis NCTC 11834T

Prevotella buccae NCTC 13063T

Prevotella intermedia Clinical isolate S13-12

Streptococcus gordonii Clinical isolate T06-01

Streptococcus sanguinis NCTC 7863T

Yeasts

Candida albicans ATCC 90028

Candida dubliniensis CD36T

Candida glabrata Clinical isolate 501/02

Candida krusei Clinical isolate 141/03

Candida parapsilosis ATCC 22019T

Candida tropicalis Clinical isolate 243/01

Tindicates the type strain

table 2  MIc of citrox® bc30 and citrox® Mdc30 against 14 test strains in broth suspension

Microorganism
MIc (% citrox®, v/v)

bc30 Mdc30

Actinomyces odontolyticus 0.015625 >8*

Actinomyces viscosus 2 4

Clostridium difficile 2 >8*

Porphyromonas gingivalis 2 2

Prevotella buccae 2 >8*

Prevotella intermedia 2 >8*

Streptococcus gordonii 0.0625 2

Streptococcus sanguinis 0.0625 4

Candida albicans 0.125 >8*

Candida dubliniensis 0.125 >8*

Candida glabrata 0.125 >8*

Candida krusei 0.03125 4

Candida parapsilosis 0.5 >8*

Candida tropicalis 0.125 8

*No inhibition of growth at the highest concentration used
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of Citrox® concentration between 0.007% 
and 8% (v/v). Controls included bacterial 
suspensions containing no Citrox® and un-
inoculated broth.

A 200 μl volume of the mixed preparations 
was incubated in 96-well microtitre plates 
for 24 hours at 37°C, under the appropriate 
atmospheric conditions. After incubation, 
the relative amount of each microbial spe-
cies was estimated by measuring the tur-
bidity of the well by spectrophotometric 
absorbance at 544 nm. Absorbance read-
ings were standardised using ‘microbial-
free’ Citrox® dilutions. As recommended 
by Espinel-Ingroff and Cantón,26 the mini-
mal inhibitory concentration (MIC) value 
was recorded as the lowest concentration 
of Citrox® that showed ≥80% reduction in 
absorbance compared to the control. 

biofilm assay

The concentrations of both Citrox® formula-
tions required to inhibit the growth of micro-
bial biofilms were determined. Suspensions 
of each organism (MacFarland standard 
3.0) were incubated for 24 hours at 37°C 
in the appropriate broth and atmospheric 
conditions, without agitation so as to allow 
the formation of biofilms. The medium was 
then removed by gentle aspiration and the 
biofilm washed with 200 μL of phosphate 
buffered saline (PBS) to remove planktonic 
cells. Fresh medium containing Citrox® at 
concentrations ranging between 0.007–
8% v/v was then added to the biofilm. Each 
antimicrobial concentration was prepared 
in triplicate and a control broth contain-
ing no Citrox® was also used. Biofilms were 
then incubated for a further 24 hours with-
out movement under the same conditions 
as before. The medium was subsequently 
removed by gentle aspiration and the bio-
film again washed with PBS. Fresh broth 
was added and the biofilms disrupted by 
pipetting and agitation. The turbidity of the 
resuspended biofilm was then observed by 
measuring the absorbance at a wavelength 
of 620 nm. A second absorbance reading (at 
620 nm) was taken after a further incuba-
tion over 6 hours. The relative growth of 
the microorganisms was then determined by 
the change in absorbance over this 6 hours 
period. The mean value was calculated from 
triplicate results and the MIC recorded as the 
lowest concentration of Citrox® that dem-
onstrated a ≥80% reduction in absorbance 
compared to the control.

results

Planktonic assay

The MICs of each of the two Citrox® for-
mulations against the 14 microorganisms 
are shown in Table 2 and Figure 1. The 
planktonic growth of all of the microor-
ganisms studied was inhibited by Citrox® 
BC30. The growth of most of the spe-
cies did not appear to be significantly 
inhibited by Citrox® MDC30, even when 
it was present at the highest concentra-
tion 8% (v/v) used in this study. The MIC 
for each microorganism was lower with 
BC30 than MDC30, with the exception of 
Porphyromonas gingivalis for which the 
MIC of both formulations was the same 
at 2% (v/v). Overall, this suggested that 
BC30 was more effective than MDC30 at 

were grown in an anaerobic environment 
(10% v/v CO2, 20% v/v H2, 70% v/v N2) 
at 37°C. 

Planktonic assay
The two formulations of Citrox® (BC30 and 
MDC30) were first assessed with regard 
to their antimicrobial activity against 
planktonic suspensions of the test spe-
cies. In these experiments an overnight 
culture of each strain was prepared in the 
appropriate liquid medium to a turbid-
ity level equal to a MacFarland standard 
3.0. Serial dilutions were then made of 
the two Citrox® formulations using either 
BHI or liquid Sabouraud’s medium as the 
diluent. A 100 μl volume of each Citrox® 
dilution was added to an equal volume of 
the microbial suspension, giving a range 

0.200

0.400

0.600

0.800

1.000

1.200

1.400

1.600

0
0.0

07
0.0

15
0.0

31
0.0

62
0.1

25
0.2

50
0.5

00
1.0

00
2.0

00
4.0

00
8.0

00

% Citrox (v/v)

Re
la

tiv
e 

gr
ow

th
 (2

4h
)

Actinomyces odontolyticus
Actinomyces viscosus
Candida albicans
Candida dubliniensis
Candida glabrata
Candida krusei
Candida parapsilosis
Candida tropicalis
Clostridium dif�cile
Porphyromonas gingivalis
Prevotella buccae
Prevotella intermedia
Streptococcus gordonii
Streptococcus sanguinis

BC30 vs. broth suspensions

MDC30 vs. broth suspensions

0.000

0.200

0.400

0.600

0.800

1.000

1.200

0
0.0

07
0.0

15
0.0

31
0.0

62
0.1

25
0.2

50
0.5

00
1.0

00
2.0

00
4.0

00
8.0

00

% Citrox (v/v)

Re
la

tiv
e 

gr
ow

th
 (2

4h
)

Actinomyces odontolyticus
Actinomyces viscosus
Candida albicans
Candida dubliniensis
Candida glabrata
Candida krusei
Candida parapsilosis
Candida tropicalis
Clostridium dif�cile
Porphyromonas gingivalis
Prevotella buccae
Prevotella intermedia
Streptococcus gordonii
Streptococcus sanguinis

fig. 1  relative growth in broth of planktonic forms of the 14 test strains in the presence of 
varying concentrations of citrox® bc30 and Mdc30
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inhibiting microbial growth. Furthermore, 
as can be seen in Figure 1, BC30 inhibited 
the growth of each microorganism at con-
centrations of between 1-2% (v/v).

biofilm assay
The MIC values recorded in biofilm assay 
for both formulations are shown in Table 3 
and Figure 2. In general the BC30 formu-
lation was more effective at inhibiting 
the growth of microorganisms. One nota-
ble exception was that MDC30 appeared 
to be more effective against C. albicans 
and C. dubliniensis biofilms compared to 
BC30, for which there was no apparent 
growth inhibition even with the highest  
concentration of 8% (v/v).

dIscussIon
There is a need for novel antimicrobial 
agents with improved activity and safety 
profiles. A range of substances extracted 
from plants have shown promise in this 
respect. Peel extracts from Citrus sudachi 
have been found to have antimicrobial 
activity against bacteria, including methi-
cillin-resistant Staphylococcus aureus 
(MRSA) and Helicobacter pylori.23 Other 
bioactive plant extracts, containing flavo-
noids and phenols as major components, 
have proven effective against MRSA and a 
range of Gram-negative bacteria.27,28 From 
the oral perspective, naringin, a flavonoid 
extract from grapefruit, has shown promise 
in the growth inhibition of A. actinomyc-
etemcomitans and P. gingivalis in plank-
tonic phase.29 Polyphenols extracted from 
hop extracts and cranberry have shown 
activity against streptococcal species asso-
ciated with dental caries30-32 and a citrus 
extract combined with lemon juice and 
lemon grass has been used successfully to 
treat oral candidosis.33

The results of the present study show for 
the first time the impact of a citrus fruit 
bioflavonoid based product (Citrox®) on the 
growth of a range of oral microorganisms. 
Both formulations of Citrox® tested showed 
substantial antimicrobial activity, with BC30 
exhibiting biofilm MIC values below 0.5% 
for all bacterial strains tested. Although 
the MIC values are not directly compara-
ble, the antimicrobial activity and range 
compare favourably with those reported 
for chlorhexidine, an essential oil mouth-
wash and a herbal mouthwash containing 
grapefruit seed extract when tested against 

table 3  MIc of citrox® bc30 and citrox® Mdc30 against 14 test strains in biofilm

Microorganism
MIc (% citrox, v/v)

bc30 Mdc30

Actinomyces odontolyticus 0.0625 >8*

Actinomyces viscosus 0.25 >8*

Clostridium difficile 0.0625 >8*

Porphyromonas gingivalis 0.5 >8*

Prevotella buccae 0.25 >8*

Prevotella intermedia 0.25 >8*

Streptococcus gordonii 0.125 >8*

Streptococcus sanguinis 0.125 >8*

Candida albicans >8* 1

Candida dubliniensis >8* 1

Candida glabrata 1 >8*

Candida krusei 1 >8*

Candida parapsilosis 0.25 >8*

Candida tropicalis 0.25 >8*

*No inhibition of growth at the highest concentration used
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the two closely related yeast species of 
C. albicans and C. dubliniensis. As in the 
planktonic assay, the MICs of the MDC30 
preparations were correspondingly low 
for these species. Further investigation is 
required to explain the mechanisms behind 
this phenomenon.

In summary, the present study has dem-
onstrated that working concentrations 
(1-2% v/v) of Citrox® BC30 are effective 
at inhibiting the growth of a range of bac-
teria and Candida when cultured in either 
broth suspension or as a biofilm. In addi-
tion, CitroxTM MDC demonstrated activity 
against microorganisms exhibiting high 
MICs with BC30. The findings support the 
further investigation of both formulations 
of Citrox® as potentially significant antimi-
crobial agents in future mouthwash prepa-
rations and other oral care products. 
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a similar range of oral bacteria.34 In general 
the BC30 formulation demonstrated higher 
activity against both bacteria and yeasts. 
Interestingly, the two species of Candida 
demonstrating a high MIC with the BC30 
preparation (C. albicans and C. dubliniensis) 
were significantly more susceptible to the 
MDC30 formulation. For these two species 
MDC30 demonstrated greater activity than 
that previously reported for chlorhexidine.35 
Citrox® MDC contains the same bioflavo-
noids as BC30 but, in addition, incorporates 
citric acid and choline ascorbate.

The antimicrobial activity of the biofla-
vonoid preparations when tested against 
bacterial and fungal biofilms is significant 
and of direct clinical relevance. Biofilms 
can be defined as microbial cells attached 
to a surface and organised into structured 
communities embedded within a matrix 
of extracellular material that has been 
produced by the biofilm cells.36 Bacterial 
dental plaque is perhaps the most widely 
studied biofilm due to its association with 
caries and periodontal disease and there is 
increasing interest in the nature of biofilms 
formed by Candida spp.37 It is widely rec-
ognised that both the biofilm structure and 
the phenotype of cells within a biofilm can 
afford protection against both host defence 
processes and administered antimicrobial 
agents.36,38 Enhanced resistance of a bio-
film to an antimicrobial has been related to 
failure of the agent to diffuse the biofilm, 
sequestering of the agent within the bio-
film matrix, and the presence of persister 
cells within the biofilm that have a low 
activity status that promotes their survival 
in the presence of an antimicrobial. Studies 
have shown that antimicrobial activity is 
elevated up to 500-fold in biofilms when 
compared with equivalent planktonic 
studies.39 Potentially useful antimicrobial 
agents must therefore demonstrate activ-
ity against bacteria in both planktonic 
and biofilm states.35 In this context, it is 
of interest that chlorhexidine at its work-
ing concentration of 0.2% does not appear 
to effect a total kill in a biofilm and that 
the essential oil-containing preparations 
would appear to have greater activity 
against microorganisms in biofilm state 
than planktonic phase.35,40

Bacterial biofilm susceptibility to Citrox 
BC30 was exhibited at concentrations 
below 1%. However, elevated MICs were 
recorded against biofilms generated by 
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