Selection of Honey for Use as a Wound Dressing

P C Molan BSc PhD

Summary

The use of honey as a dressing material for infected wounds is becoming of increasing intevest as move veporvts of its effectiveness ave published
and as alternative treatments ave sought for wounds infected with antibiotic-resistant strains of pathogens. But there appears to be a
general lack of awarveness of the very large varviation that is found in the potency of the antibacterial activity of honey, which may explain
the differences veported in the speed of clearance of infection from wounds dressed with honey.

Mostly, the antibacterial activity of honey is due to enzymically generated hydrogen peroxide, which is decreased by exposure of the honey
to heat or lLight during processing or storage, or inactivated by substances in the nectar from some plants. In addition to this, there are
non-peroxide antibacterial substances from the nectar of cevtain plants. These are usually only minor components, but in some honeys from
some Leptospermum species (manuka and jellybush) theve is a high level of non-pevoxide antibacterial activity. This may be significant
clinically, as the catalase activity present in wounds has the potential to inactivate the hydvogen peroxide produced in honey.

In the absence of data from a comparative clinical trial, the vational approach to selecting a honey for use in wound care wonld be to
choose a honey with a high level of both hydrogen peroxide and non-peroxide antibacterial activity. Because theve is such a marked variation

in honeys, even within a floval type, laboratory testing is necessary to establish the antibacterial potency.

Introduction The clinical literature on the use of honey as a wound

Honey is known to have been applied to wounds over 4,000 dressing has recently been reviewed 5. The numerous papers

1

years ago 1 and has continued to be used as a wound dressing all report very good results being obtained, with many reports

throughout the intervening years 2,3, Although honey went of rapid clearance of infection from wounds.

. . ral authors are of th inion that it is j h r
out of common use as a wound dressing with the advent of Several authors are of the opinion that it is just the suga

content of honey that is responsible for its antibacterial effect

antibiotics, in the past decade or two, it has been rediscovered 6.13

by medical practitioners as a therapy for wounds 1 This , yet there have been many microbiological studies carried

. L . . out that have shown that, in some honeys at least, there
increase in interest in recent years is perhaps due to the problem

. . . . . are other components present with a much more potent
of dealing with antibiotic-resistant strains of pathogens: honey 4
antibacterial effect 14, This additional antibacterial activity is
has been found to be effective on wounds infected with multi-

4

) ) due to enzymically generated hydrogen peroxide and, in some
resistant bacteria *.

honeys, to plant-derived substances as well 14,
Almost all of the clinical reports fail to recognise that there

are marked differences in the antibacterial properties of honeys,

P C Molan BSc PhD although this has been recognised for over 40 years 15, Honey

is produced from many sources and its antimicrobial activity
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This is in contrast to the wisdom of physicians in past
millennia, who specified particular types of honey be used to
treat particular ailments. Dioscorides (c.50 AD) stated that a
pale yellow honey from Attica was the best, being “good for
all rotten and hollow ulcers” 18 and Aristotle (384-322 BC),
discussing differences in honeys, refers to pale honey being
“good as a salve for sore eyes and wounds” 19 Present day folk
medicine also recognises differences in honeys: the strawberry

tree honey of Sardinia is valued for its therapeutic properties 20;

in India, lotus honey is said to be a panacea for eye diseases 21;
honey from the Jirdin valley of Yemen is highly valued in Dubai

for its therapeutic properties 22

; manuka honey has a long-
standing reputation in New Zealand folklore for its antiseptic

properties (K. Simpson, personal communication).

The clinical importance of

the antibacterial activity of honey

The high osmolarity of substances such as honey, saturated
sugar syrups and sugar pastes is sufficient to inhibit microbial
growthzs. When used as dressings, dilution of these solutions
by wound exudate reduces the osmolarity to a level that ceases
to control infection, especially if wounds are infected by

24, 25

Staphylococcus anreus , a common wound pathogen that

is very osmotolerant. Such wounds are effectively rendered
sterile by honey 26-29 pecause of its additional antimicrobial
components.

Although both sugar and honey give a covering that can
be easily removed from the surface of the wound without
damaging regenerating tissue and both create the moist
environment needed for optimal wound repair, sugar is found
to be limited in its ability to suppress microbial growth. Bose
6 has commented that frequent changes of sugar dressings are
necessary to maintain a therapeutic action, compared with only
twice-daily changes of honey dressings. Some clinicians have
found it necessary to supplement the inhibitory action of sugar
by the addition of antiseptics to the dressing material 30-32,
However, this has the potential of delaying healing, as antiseptics
cause tissue damage 33,34, Honey has the inhibitory action of
its sugar content supplemented with its endogenous antiseptic
components. Numerous reports have shown this to be harmless
to wound tissues 9.

Measurements have been made of the dilution occurring

from the uptake of water from surrounding tissues in an

abdominal wound packed with sugar 24 It was found that the

water activity increased within 4 hours to a value of 0.897. This
is equivalent to a concentration of honey of 22 per cent (v/v).
Growth of S. aureus will occur at water activity above 0.86 35,
Honeys from the middle of the normal range of antibacterial
activity have been found to be capable of preventing growth
of the major wound infecting species of bacteria when diluted
10 fold or more and with S. aureus could be diluted more than
50 fold 36.

The effect of the additional antibacterial activity in honey can
be seen where honey and sugar have been used comparably. In
an experimental study conducted on burns created on the skin
of pigs 37 there were fewer bacterial colonies seen histologically
in wounds treated with honey compared with wounds treated
with sugar. There were also fewer micro pustules in the neo-
epidermis and fewer bacteria seen in the eschar of the honey
treated wounds compared with those treated with sugar. The
only clinical report of comparative effectiveness of honey and
sugar was one case of a discharging deep pressure sore not
responding to various treatments, including dressing with sugar,
which was completely healed in 6 weeks by dressing with honey
38

It is the antibacterial activity additional to the osmolarity
that varies in different honeys. But because there has been little
information given on the honeys used in the various clinical
studies reported, it cannot be known how much correlation
there is between antibacterial potency and effectiveness in
clearing infection from wounds. However, there have been
some large differences in results reported between hospitals
when there has been little difference in the treatment. In some
of the clinical studies on the usage of honey as a dressing for
infected wounds, a rapid clearance of infection has been reported
across a range of different types of wound, all the wounds
becoming sterile in 3-6 days 27, 29, 7 days 26, 39,40 o 7.10
days 28 In other studies the honey was not as effective. There
have been reports of bacteria still present in the wound after
2 weeks 41, 42, 3 weeks 43'45, and 5 weeks 4. Differences in
the amount of the endogenous antiseptic components in the
honeys used could be responsible for the differences in results.

The potency of the antibacterial activity of the particular
honey used would be thought to be a major clinical consideration
as infection is one of the most common impediments to wound
healing 46, In a recent review of the numerous reports on the
successful usage of honey as a dressing on infected wounds,

it was noted that many authors attributed the effectiveness
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of honey in part to its antibacterial properties 5. The clinical
significance of the antibacterial activity of honey can be seen in
reports of honey being effective on wounds not responding to

conventional therapy with antibiotics and antiseptics 4, 26, 38,

41,42, 45,47 By litde regard has been given to the level of
antibacterial activity in the honeys used in any of the clinical
reports, although it has been suggested by Postmes 48 in a
report on testing iz vitro, that for evaluation of the results of
a clinical trial of honey the antibacterial activity of the batch of
honey might be important. However, the clinical significance of
the additional antibacterial activity in honey will be known with
certainty only if a clinical trial is conducted to compare dressings

of sugar and selected honeys 49.

Variation in antibacterial activity of honey
Not all honeys have the additional components that give honey
an antibacterial activity greater than that due to the sugar
content. The variation in potency of the antibacterial activity
of honey was recognised more than 40 years ago in testing iz
vitro. A method was described for indicating the potency called
the ‘inhibine number’, the number of steps along a five step
dilution series maintaining an inhibitory concentration of each
honey 15,

Much wider ranges of MIC values (the minimum
concentration of honey necessary for complete inhibition of
bacterial growth) have been reported in comparisons of a variety
of samples of honey tested against single species of bacteria:
from 25 to 0.25 per cent (v/v) 50;
51; 20 to 0.6 per cent (v/V) 52; 50 to 1.5 per cent (v/v) 53,

>50 to 1.5 per cent (v/v)

A survey of 345 samples of New Zealand honeys from 26
different floral sources found a large number with low activity
(36 per cent of the samples had activity near or below the level
of detection in an agar diffusion assay), the rest having almost
a Gaussian distribution over a 30 fold range of activity 54 A
survey of 340 samples of Australian honeys from 78 different
floral sources found 68.5 per cent of the samples had activity
below the level of detection in an agar diffusion assay (C.
Davis, Queensland Department of Primary Industries: personal
communication).

Honey is produced from many floral sources and its
antimicrobial activity varies markedly with its origin as well
as with the way it has been processed and stored 16 The
antibacterial activity of honey is primarily due to hydrogen

peroxide which is enzymically generated when honey is diluted»

effectively giving a ‘slow release delivery’ of this antiseptic when
honey is diluted by wound fluid 55,

The large differences in potency of antibacterial action found
between different honeys are due mostly to differences in the
amount of hydrogen peroxide produced. The enzyme that
produces it is easily destroyed by exposure to heat and to light
56, 57 Also there are components of some nectars which
help inactivate the enzyme and others which break down
hydrogen peroxide 55. But some of the variation is due to the
existence of additional non-peroxide antibacterial factors which
various researchers have reported finding in some honeys 16,
presumably derived from particular nectar sources. These are
seen as antibacterial activity persisting in honeys treated with
catalase to remove the hydrogen peroxide activity 54, 58-61

It would be expected that the catalase in wound exudate
would inactivate at least part of the hydrogen peroxide produced
in the bed of a wound dressed with honey. The catalase which
is present in plasma, at a mean level of 6.9 units/ml 62, (i-e.
6.9 nmol of hydrogen peroxide removed per minute per ml) is
of high enough activity to potentially prevent any accumulation
of hydrogen peroxide in a situation where honey is diluted by
wound exudate. The maximum rate of production of hydrogen
peroxide observed in a number of samples of honey has been
reported to be 0.08 59, 0.18 63 and 0.31 51 pmol of hydrogen
peroxide per gram of honey per minute.

The catalase present in exuding plasma in a wound may also
be augmented by catalase released from dead cells. In testing
in vitro, it was found that 5 per cent blood added to the culture
medium completely removed the antibacterial activity of the
various honeys being used 48 But the activity of catalase is

64, so until

low with physiological levels of hydrogen peroxide
studies are conducted #» pivo it cannot be known for certain
how effectively antibacterial is the hydrogen peroxide produced
by honey on a wound.

Because of the possible inactivation of hydrogen peroxide
from honey on a wound, there has been an interest in honeys
with high levels of the non-peroxide antibacterial activity that
is not removed by catalase. Although this type of antibacterial
activity in honey is generally low in comparison with that due
to hydrogen peroxide 14 one of the 26 floral types sampled
in the survey of New Zealand honeys, manuka (Leptospermum
scoparium), was found to have an exceptionally high level of
non-peroxide antibacterial activity 54,

A similar finding has been made in the survey of Australian
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honeys in respect of honey from an unidentified Leptospermum
species, jellybush (C. Davis, Queensland Department of Primary
Industries: personal communication). The non-peroxide
antibacterial activity of manuka honey has been tested against
seven major wound infecting species of bacteria in comparison
with that due to hydrogen peroxide 36, Honeys with activity
that was in the middle of the normal range for each type of
activity were used.

Opverall, there was no difference in effectiveness between
the two types of antibacterial activity but individual species
differed in their relative sensitivity. The most common wound
pathogens, S. aureus and Escherichia coli, were more sensitive
to the non-peroxide factor. The MIC values, as per cent v/v,
were 1.8 and 3.7 for the manuka honey, and 4.9 and 7.1 for
the other honey, respectively. With Psendomonas aeruginosa the
non-peroxide factor of manuka honey was less effective (MIC
10.8 per cent ¢/f 6.8 per cent), but this study was carried out
with catalase added to the manuka honey so that just the non-
peroxide factor was involved.

In a study of the same manuka honey against 20 isolates
of Pseudomonas from infected wounds, in which catalase was
not added, the mean MIC was found to be 6.9 per cent (v/v),
ranging from 5.5 per cent to 8.7 per cent 65 The MIC of this
manuka honey without catalase added was found to be 1 per cent
(v/v) for some multi-resistant strains of MRSA 66, Although
jellybush honey probably contains the same non-peroxide
antibacterial component as that in manuka honey, it remains
to be established chemically that this is so, or microbiologically
that the sensitivity of bacteria to these two types of honey is the

same.

Selection of honey
Like with all other honeys, the potency of the antibacterial
activity of manuka honey varies a lot from sample to sample
67 More than half of the very large number of samples of
manuka honey and jellybush honey that have been tested have
been found to have no detectable non-peroxide antibacterial
activity (K. Allen, University of Waikato; C. Davis, Queensland
Department of Primary Industries: personal communications).
It is therefore important if using these honeys for wound
care that the honey is not randomly selected but is selected after
laboratory testing of the potency of'its non-peroxide antibacterial
activity. Although any honey will have an antibacterial action

because of the high osmolarity due to its sugar content,

where the honey gets diluted by wound exudate a honey of
low potency may not maintain an effective concentration of
antibacterial activity. Also, a honey of higher potency would
give a more effective diffusion of the antibacterial substance into
infected body tissues.

A method of testing of the potency of the antibacterial
activity of honey has been developed in the Honey
Research Unit at the University of Waikato that compares
the antibacterial potency of honeys with that of a standard
antiseptic, phenol, when tested against a standard strain of
S. aurens 5%, This is done both with and without catalase added
so that the total activity and the non-peroxide activity can be
measured.

So that consumers can easily compare the potency of the
various brands of honey on sale, a Unique Manuka Factor
(UMEF) rating has been devised. This shows the concentration
of phenol that has the same antibacterial potency as the non-
peroxide activity in a sample of honey. The producers of active
manuka honey have collectively registered UMF as a trademark,
and have set a minimum level of UMF 10 (equivalent to 10 per
cent w/v phenol) as a condition of this trademark being allowed
to be used on a label.

Although the non-peroxide antibacterial component of
manuka honey is stable when exposed to heat 60 and light
(unpublished observations), when selecting honey for wound
care the honey to be used would be better unpasteurised. It
should also have been stored at a cool temperature protected
from exposure to light, so that it has the maximum capacity
for production of hydrogen peroxide as well. This is especially
relevant since the hydrogen peroxide produced in honey may
be of importance in the healing process beyond its action
in clearing infection: hydrogen peroxide has been found to

68 and stimulate the growth of cultured

stimulate angiogenesis
fibroblasts ©9.

Honey is usually pasteurised in processing to produce
‘runny’ honey that does not crystallise. Whilst such honey may
be considered preferable for spreading on wound dressings,
crystallised honey is more likely to have not been pasteurised.
This can easily be made more fluid by warming to 37°C.
Although raw honey may be perceived to carry a risk of
infecting a wound, in none of the many reports published on
the clinical usage of honey on open wounds was the honey that
was used sterilised. However, there are no reports of any type of

5

infection resulting from the application of honey to wounds °.
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If it is preferred that sterile honey is used, honey that has

been treated by gamma-irradiation is available. This process

70,71

kills clostridial spores in honey without loss of any of the

antibacterial activity 70,

Conclusion

Honey is reported to give excellent results as a dressing for
infected wounds. There are many reports of infection being
cleared rapidly, but sometimes it is reported that infection is
cleared more slowly.

This could be because of the large degree of variability in the
potency of the antibacterial activity of honey. This is mostly due
to enzymically generated hydrogen peroxide. However, there is
a possibility that the hydrogen peroxide produced on a wound
will be at least partly inactivated by the catalase activity in tissues
and serum. If this is so, then honeys such as manuka honey or
jellybush honey with a high level of non-peroxide antibacterial
activity may prove to be more effective than other types of
honey.

There is also the possibility that one type of antibacterial
activity will penetrate better than the other into the depth of
a wound and thus be more effective if infection is deeper than
just on the wound surface. A comparative clinical trial with
standardised honeys needs to be carried out to determine which
type of honey is most effective. In the absence of comparative
clinical data, rationally it would be best to select a honey with
high levels of both types of antibacterial activity for use on
infected wounds.

Because there is such a marked variation in honeys, the
potency of antibacterial activity, even within a floral type,

can only be established by laboratory testing of antibacterial

activity.
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