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Background. Renewed interest in honey for various therapeutic purposes including
treatment of infected wounds has led to the search for new antibacterial honeys. In this
study we have assessed the antibacterial activity of three locally produced honeys and
compared them to three commercial therapeutic honeys (including Medficaey
manuka honey).

Methods. An agar dilution method was used to assess the activity of honeys against 13
bacteria and one yeast. The honeys were tested at five concentrations ranging from 0.1
to 20%.

Results. Twelve of the 13 bacteria were inhibited by all honeys used in this study with
only Serratia marcescens and the yeas€Candida albicans not inhibited by the honeys.
Little or no antibacterial activity was seen at honey concentratioh%o, with minimal
inhibition at 5%. No honey was able to produce complete inhibition of bacterial growth.
Although Medihone$ and manuka had the overall best activity, the locally produced
honeys had equivalent inhibitory activity for some, but not all, bacteria.

Conclusions. Honeys other than those commercially available as antibacterial honeys can
have equivalent antibacterial activity. These newly identified antibacterial honeys may
prove to be a valuable source of future therapeutic honegs2005 IMSS. Published

by Elsevier Inc.
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Introduction tissue repair and contributes to the antibacterial activity of

. . . .___honey. This antibacterial activity is a major factor in promot-
The increase in consumer use of complementary medicines

h ted an | ing int tin traditional and ing wound healing where infection is presgiit8).
as prompted an increasing interest in traditional and non-—= " ciaia  two honeys, Medihon@y (Capillano,

con\{engonal rr]n.edlcal t_reitmentsH One ;reatn:ent tha(;. haSAustralia) and manuka (various brands), are sold as therapeu-
recelved much Interest is honey. Honey has a long tradition ;. honeys suitable for use in ulcers, infected wounds and

of use within various medical systen(s,2) and over the ;¢ |ndeed, the majority of the available research in this

past decade several research groups have focused their atte; oo has been done using either Medih@hey manuka

tion to this produc(3-6) Whereas honey has a number of |),n6y(4,9). Both these honeys are derived frauptosper-

uses therapeutically and as a food preservation agent, it iSyym spp. and for this reason the similarity in their activity

most well known for its beneficial actions within the wound s not surprising. Previous research has suggested that these

environment. Hone.y malnt:?uns_a mc_)|st wpund enwronmgnt honeys have specific antibacterial activity due to a non-

that promotes healing, and its high viscosity helps to provide pygrogen peroxide mechanisnil0,11)—the so-called

acidity and low-level hydrogen peroxide release assists bothminimum inhibitory concentration for antibacterial activity
between UMF honeys and other honeys are often small
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As the potential for honey as a topical wound dressing 50% inhibition= 2, etc.); growth greater than the control
is further recognized by the health care community, there was scored in the same way and given a negative value
continues to be a search for other honeys that can be usede.g., 25% increase —1; 50% increase= —2, etc.). All
in this way. These newly identified honeys may be advanta- assays were repeated in triplicate for each of the honey
geous due to enhanced antibacterial activity, local production concentrations.

(and therefore ready availability), greater selectivity or broad
spectrum of activity against medically important organisms.
In this study we investigate the activity of three locally
produced honeys against a range of medically important
bacteria, including those found in wound environments, and The results of the assays of antibacterial activity of the six
compare them to three commercial, antibacterial honeys. honeys used in this study are showrFigure 1 The growth

of all except one bacteriun(marcescens) and the yeast,

C. albicans, were inhibited by the honeys. In the case of
C. albicansandS marcescensthere was little or no evidence

of growth inhibition at concentrations up to and including
Honeys used in this study were obtained from either com- 20% honey. Of the remaining honeys no inhibition of bacte-
mercial producers of therapeutic honeys or local beekeepersrial growth was observed at 0.1% honey. At 1% some inhibi-
Locally produced honeys used were lavendaavanadula tion was observed witlC. freundii, E. coli, M. phlei and

x allardii), red stringy barkEucal yptus macrorrhyncha) and the three Salmonella species. At higher concentrations there
Patersons curseée¢hium plantagineum). Each honey was  was a progressive increase in inhibition as honey concentra-
gamma irradiated (10 kGy; Steritech Pty Ltd) prior to use tion increased with most honeys having an inhibition score
in this study. Gamma irradiation does not affect antibacterial of at least 3 (i.e., 75% inhibition) at 20%. The exception was
activity (15). Three commercial honeys, maunkaftopser- Klebsiellapneumoniaewith no honey producing aninhibition
mum scoparium), rewa rewa Knightia excelsia) and Medi- score>2 (i.e., 50% inhibition) at 20% honey concentra-
honey? were provided by commercial suppliers. These three tion. No honey used in this assay produced complete inhibi-
honeys are marketed as therapeutic honeys with antibaction at any of the concentrations tested.

terial activity. There was some variation in the inhibition score for the

Microorganisms used in this study were originally pur- six honeys with the Paterson’s curse, rewa rewa and lavender
chased from the University of New South Wales culture honey generally having the poorest antibacterial activity
collection and maintained at the David Morell Laboratory, (Figure 1. Some selectivity of honey against the bacteria
Charles Sturt University. Organisms were grown on nutrient was observed, particularly with. faecalis, E. aerogenes
broth (10 g tryptone, 5 g yeast extract, 10 g sodium chloride, and S. aureus where Medihone$, manuka honey and red
water to 1 L) and/or nutrient agar (as for nutrient broth plus stringy bark honey produced greater inhibition that the
15 g agar/L of media). other honeys.

An agar dilution method was used to assess the antibacte-
rial activity of the selected honeys against the y&zsidida
albicans and 13 bacteriaAlcaligenes faecalis, Citrobacter

Results

Materials and Methods

freundii, Escherichia coli, Enterobacter aerogenes, Kleb- Discussion

siella pneumoniae, Mycobacterium phlei, Salmonella In this study we have demonstrated that both locally obtained
california, Salmonella enteritidis, Salmonella typhimurium, unprocessed honeys and commercial antibacterial honeys
Serratia marcescens, Shigella sonnel, Saphylococcus have activity against a range of bacteria. Our data show

aureus and Staphylococcus epidermidis. Petri dishes con-  that all honeys tested have some antibacterial action from
taining a nutrient agar/honey mix were prepared for each concentrations as low as 5%; however, the greatest inhibition
honey at concentrations of @d.(w/v), 1% (w/v), 5% (w/v), is seen at 20%. The growth of only two organis@srarcescens

10% (w/v) and 20% (w/v) and a grid containing sixteen andC. albicans) was not inhibited by the honeys. Although
15 x 15-mm squares was drawn on the underside of the these data are generally consistent with other reports show-
dish. Each of the 14 bacterial strains was inoculated into ing that manuka honey has good antibacterial activity, we
nutrient broth and incubated overnight {8§ until growth have also shown that other honeys have equivalent activity
was 0.5 optical density (450 nm). A loop of each bacterial for some, but not all, bacteria. Those bacteria that appear
broth was then streaked onto the honey agar, one bacteriato be more sensitive to Medihorfégind manuka ar. faecalis,
strain per square. The growth after 24 h incubation 8€37 E. aerogenes and S. aureus. Red stringy bark honey was
was then compared to a control plate that contained noalso found to have a similar activity profile to the manuka
honey. Bacterial growth was rated using an inhibition score. honey. Although antibacterial activity was noted for
A score of 0 indicated growth equivalent to the control with several honeys at concentrations as low as 1%, the level of
growth inhibition scored from 1-4 (e.g., 25% inhibitien1; inhibition was low and it is doubtful whether the activity at
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Alcalgenes faecalis Candida albicans Shigella sonnei Staphylococcus aureus

) Inhibition score
) Inhibition score
Inhibition score
Inhibition score

" 04% 1% 5% 10% 20%

0.1% 1% 5% 0%  20% 0.1% 1% 5% 10%  20%
Cancentration Concentration Concentration Concentration
Citrobacter freundii Escherichia coli Staphylococcus epidermidis Salmonella califomia

N
® 2 NH 2 g 7
g ] z a 2
g 82 N7 8 8 7 o
NA %
3 8 . NA 3 - %
£ £ £ £
-1 2 -1
2 o1% 1% 5% 10%  20% 27 0% 1% 5% 0% 20% 2 2=
: 0.1% 1% 5% 10% 20% 01% 1% 5% 10% 20%
Concentration Concentration z 4
Concentration Concentration
Enterobacter aerogenes Klebsiella pneumoniae

Salmonella enteritidis Salmonella typhimurium

Inhibition score

Inhibition score

Inhibition score

01% 1% 5% 10%  20% 01% 1% 5% 10%  20% e 0% 1% 5%  10%  20% # 01% 1% 5% 10%  20%
Concentration Concentration
Concentration Concentration
Mycobacterium phlei Serratia marcescens Rewa rewa Lavender
e e Sl el —IMedihoney Red stringy bark
g 34 Mauka I Paterson's curse
o
8 @
c
c 8
2 =
= 0
z k<l
= =
£ E

i 0.1% 1% 5% 10% 20% ) 0.1% 1% 5% 10% 20%
Cancentration Concentration

Figure 1. Inhibition of bacterial growth by honey. Graphs show the inhibition score for each honey against the 13 bact@aadiel albicans used in
the study. Data are presented as m&a8EM with inhibition scored between 0 and 4 with 4 being complete inhibition and 0 growth equivalent to controls.

this concentration would be clinically significant. Similarly, it is also likely to be due to variation in the composition of
the low-level inhibition of K. pneumoniae suggests that the honey being used.
honey would not be a practical means of controlling the  In this study we have used an agar dilution method to
growth of this microorganism. However, it is also clear that assess antibacterial activity rather than well diffusion that is
at concentrations of 10—-20%, depending on both honey andthe most common method for testing honeys. In agar dilution
bacteria, there is significant inhibition of bacterial growth. methods the honey is incorporated directly into the growth
For example, all honeys at 20% produced5% inhibition media; hence, the bacteria are brought into direct contact
of M. phlei growth. with all honey components immediately on application to
The overall poor activity of the honeys against the agar rather than relying on diffusion of constituents
S aureus was unexpected as previous reports have shownthrough the agar. Whether there is a contribution to the size
that maunka has an excellent activity against this organism.of zones of inhibition in well-diffusion assays of honey
For example, Cooper et a{16), who also used an agar due to differential diffusion of activity components is un-
dilution method, demonstrated that the minimum inhibitory known; however, this differential diffusion has been noted
concentration for maunka honey against 58 strains of Staph-in assays of other natural produdtsr). It might also be
ylococcus was 2-3% (v/v) and for pasture honey 3-4% suggested that agar diffusion better mimics the situation
(v/v). Part of the explanation for the difference in results within a wound treated with honey where the honey is packed
may be due to methodological differences between studiesinto a deep wound or applied as part of a dressing directly in
because the agar dilution method used by Cooper et al.contact with infected tissue. Further research is required to
was slightly different from that used in this study. However, assess the correlation between antibacterial activity in



Antibacterial Activity of Honey

vitro, as assessed by either well diffusion or agar dilution, and 2.
the actiondgn vivo.

A number of previous studies have demonstrated that
various honeys, both commercially and locally produced,
have antibacterial activity. Nzeako and Han() in their
study of six commercial honeys found that inhibition of
S aureus, E. coli andP. aeruginosa did not occur at honey
concentrations<40%. In contrast to the current study, these
authors also found that honey inhibit€dal bicans, although 6.
the zone of inhibition was small compared with other
organisms. Ceyhan and Ugd) tested 84 honeys against /-
eight bacteria and two fungi showing that honey has broad-
spectrum activity. In addition, these authors found that the
antibacterial activity of honey was greater than that which o.
could be attributed to the sugar content of the honey. The
antibacterial activity of honey has also been investigated 10
for its potential use in reducing food-borne pathog&®, 1

4.

467
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treatment of coliti§22) or even to protect the gastric mucous 12.
in H. pylori-induced inflammatior§23,24) The application

of honey to wounds to animals in veterinary environments
has also been notg@5).

In light of the enormous potential for application of honey
within a clinical environment, it is important that research 14.
continues not only into those honeys recognized as antibacte-
rial, but also into other locally produced, as yet untested, ;g
honeys. In this study we have demonstrated that three locally
produced honeys have good antibacterial activity against a16.
wide range of potential human pathogens. In addition, for
many bacteria the antibacterial activity of the commercial
antibacterial and locally produced honeys could not be dis-
tinguished. Further research is required to determine whether
these honeys will also be useful as wound healing agentsl8-
or for inclusion in food products to limit the spread of food-
borne pathogens.
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