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Objective: To evaluate the antibacterial activity of Egyptian honey against bacteria
causing respiratory tract infections.

Methods: Sputum and throat swab specimens were used, from which five bacterial
species were isolated, namely, Klebsiella pneumonia, Staphylococcus aureus, Strepto-
coccus pyogenes, Pseudomonas aeruginosa and Streptococcus pneumonia were isolated,
identified and grown on suitable media for further identification or confirmation. Different
concentrations (100%, 75% and 25%) of honey and simulated honey solution were used
for activity assay and estimation of minimum inhibitory concentration and minimum
bactericidal concentration.

Results: All the tested bacterial isolates were completely susceptible to the 75%
concentrations of honey and to the 100% concentration of the simulated honey solu-
tion. This may be due to the high osmotic pressure exerted by the high sugar content in
both honey samples. Moderate susceptibility of the isolated bacteria to honey at 100%
v/v concentration, and resistance to honey at 25% concentration and the 75% and 25%
concentrations of simulated honey solution, indicated the presence of other antimi-
crobial components responsible for the activity other than the osmotic pressure.
Therefore, it was suggested that honey showed distinguished antibacterial activities
against the most common bacteria causing respiratory infections with varied
sensitivity.

Conclusions: Honey, a non-toxic, nutritious, safe for human consumption and cheap
natural antibacterial agent, should be globalized.

1. Introduction

The increase of quality of life over the past 50 years is mainly
due to the use of antibiotics as antimicrobial chemotherapy.

The respiratory tract begins from the larynx and consists of the
oropharynx and nasopharynx in addition to the sinuses, the middle
ear and finally extends to the lungs. Infection of the respiratory
tract is one of the commonest illness in the general population and
results in significant morbidity [11. Over 50 million deaths around
the world are caused by respiratory tract infections, which are the
main cause for clinic visits and antibiotics prescription. Poor
immunity and malnutrition are the main causes for the high
incidence of respiratory tract infections.
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However, antibiotic-resistant bacteria have become a chal-
lenging public health problem worldwide [2]. The reason may be
due to the side effects accompanying antibiotics systemic
administration, such as hypersensitivity reactions, kidney
problems, liver problems and gastrointestinal upset.

Natural health remedies and supplements are undergoing
extensive studies to overcome such bacterial resistance to anti-
biotics and to offer alternative natural antimicrobial agents with
least adverse effects on human body [3.41.

Honey was first used as a food source since ancient times and
then became an effective natural cure for certain infections, such
as some respiratory diseases and for the healing of skin burns
and wounds [5]. The therapeutic property of honey has received
well recognition from the medical field [6]. The antimicrobial
potency and medical applications of honey are tremendous as
it has demonstrated inhibitory effects against a number of
pathogenic bacteria [71.
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Several researches reported that honey has an inhibitory ef-
fect over 60 species of bacteria including aerobes, anaerobes,
Gram-positives and Gram-negatives [8]. Other studies showed
that honey has broad antibacterial, anti-inflammatory and anti-
oxidant effects and plays a role in boosting the body immune
system. Honey is also characterized by its least adverse effects
on human body [91.

A different study reported the antifungal action of honey
against some yeasts infections and species of Aspergillus
and Penicillium (8], in addition to the common dermatophytes
(101,

Honey not only serves as a cheap antimicrobial agent but
also a full nutritional source. It consists of carbohydrates (fruc-
tose, glucose), amino acids, minerals (calcium, sodium, phos-
phorus, magnesium, silicon, iron, manganese, copper), organic
acids, water, vitamins (A, B complex, C, D, E), enzymes
(invertase, amylase), and antioxidants (pinocembrin, ascorbic

acid, catalase, selenium) [11]. Phenolic acids and flavonoids were
found to play an important role in the therapeutic capacity of
honey [91.

This study aims to evaluate the antibacterial activity of
Egyptian honey against bacteria causing respiratory tract
infections.

2. Materials and methods
2.1. Bacterial strains

Sputum and throat swab specimens were used, from which
five bacterial species were isolated, recognized with respiratory
tract infections at a local diagnostic lab. Five bacterial species
were isolated. For complete identification of the isolated bacte-
ria, the samples were inoculated on blood agar, chocolate agar,
MacConkey agar and cetrimide agar (Oxoid UK), and the plates
were incubated at 37 °C for 24-48 h. Identification of the
growing microorganisms was done by colony morphology. Pure
colonies were sub-cultured on blood agar, nutrient agar and
chocolate agar media. Further identification or confirmation was
carried out using biochemical tests as recommended by
Cheesebrough [12].

2.2. Preparation of test samples

Crude honey obtained from Sinai, Egypt was used as concen-
trated solution. For the diluted crude solution, 50 mL sterile
volumetric flask was used, where the required amount of crude
honey was added, then the volume was completed with sterile
distilled water to make solutions of 75% and 25% dilutions.

For preparing the simulated honey solution, 38.4 g of fruc-
tose, 30.3 g of glucose, 1.3 g of sucrose, 8.6 g of maltose and
1.4 g of maltodextrin were dissolved in 17.2 mL of distilled
water.

A dilution series with simulated honey concentrations
(75% and 25%) together with the diluted crude honey solutions
(75% and 25%), in addition to the undiluted solutions of both the
crude honey and the simulated honey, were used for the activity
assays. Control plates of nutrient agar with no honey were made
in duplicate and included in each susceptibility assay to confirm
the viability and density of the cultures.

2.3. Antibacterial activity assay

Mueller-Hinton agar (Oxoid UK) was prepared for Pseu-
domonas aeruginosa (P. aeruginosa), Staphylococcus aureus
(S. aureus) and Klebsiella pneumonia (K. pneumonia), and
blood agar was prepared for Streptococcus pyogenes
(S. pyogenes) and Streptococcus pneumoniae (S. pneumoniae).
An autoclave at 120 °C was used to sterilize all media. Thirty
milliliters of the agar media with the respective inoculated
strains of bacteria were transferred aseptically in each steril-
ized Petri plate. All plates were left at room temperature to
solidify. Wells of 6 mm diameter were made in the agar using
a sterile cork borer. The test sample was placed in each
respective well using sterile droppers. Antibacterial assay
plates were incubated at 37 °C for 48 h. The exact procedure
was also done in control plates, but instead the wells were
filled with sterile distilled water for negative control and the
standard antibiotics disc of 6 mm diameter imipenem (30 pg/
disc, Oxoid UK) was used as a positive control for antibac-
terial activity. The plates were incubated at 37 °C for 48 h.
After incubation, clear area around the wells indicated the
inhibition zones, which were measured in millimeters by
caliper in order to evaluate the degree of susceptibility of the
test organisms and labeled ‘sensitive’ or ‘resistant’” was
compared to the standard antibiotics. All experiments were
done in a duplicate manner.

2.4. Determination of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC)
of the agents

MIC was employed to determine minimum concentration of
honey which will inhibit growth of the isolated microorganisms.
The MIC was carried out using the Mueller-Hinton broth dilu-
tion method in serial dilution preparations [13]. A dilution
schedule of MIC, growth visibility and non-growth tubes were
registered then proceeding with the MBC test [14].

MBC was measured from the broth dilution tests using
decreasing concentrations of honey and simulated honey solu-
tion by sub-culturing to antibiotic-free Mueller-Hinton agar from
tubes showing no visible growth and also from the two dilution
suspensions preceding the MIC dilution. A standard inoculum of
the microorganism was added to an equal volume of each con-
centration. Mueller-Hinton broth tubes were prepared once with
the crude honey and a second time with simulated honey. All
Mueller-Hinton broth tubes were incubated at 35 °C for 24 h.
The experiment was done in a duplicate manner for each of the
five microorganisms. Results were registered to compare with
the media control Mueller-Hinton broth tubes prepared as fol-
lows; one broth tube containing the test bacteria, the second
broth tube containing the standard antibiotics and the third broth
tube containing sterile distilled water. The dilution of product
that produced no growth was recorded as the MBC.

3. Results
A total of 90 samples were collected from sputum (n = 55)

and throat swab (n = 35). The isolated bacterial species were
identified and confirmed as: 26 of K. pneumoniae (28.9%), 19 of
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S. pneumonia (21.1%), 18 of S. aureus (20.0%),
S. pyogenes (17.8%) and 11 of P. aeruginosa (12.2%).

Table 1 shows a relative susceptibility pattern of the iso-
lated bacterial microorganisms to the test samples. The highest
inhibition zone (20.0 mm) was recorded from 75% diluted
crude honey solution followed by 100% crude honey sample
(15.3 mm) against S. pneumonia. On the other hand, 100%
simulated honey solution showed lower inhibition zone
(6.5 mm) where the 25% crude honey sample showed the least
inhibition zone against S. pneumonia. It was found that the
75% simulated honey solution showed the least inhibition zone
(4.0 mm) followed by the 25% simulated honey solution
which did not show any activity in well diffusion method
when tested against the same bacteria. In the same manner,
higher inhibition zones were recorded from 75% diluted crude
honey solution followed by 100% and 25% of the crude honey
sample against the other four microorganisms, while again the
100% simulated honey solution showed lower inhibition zones
followed by the 75% simulated honey solution which showed
the least inhibition zones against S. aureus, P. aeruginosa,
S. pyogenes and K. pneumonia, respectively, followed by the
25% simulated honey solution which did not show any
activity.

16 of

Table 1

turbidity of the positive control. The negative growth was
observed in crude honey at 100% and 75% concentrations
against all tested microorganisms while growth was observed at
25% concentration. The negative growth was observed in
simulated honey solution only at the highest concentration
(100%) and only against S. pneumonia, S. pyogenes and
P. aeruginosa. Growth was always observed at lower concen-
trations of simulated honey solution against all isolated bacteria
(Table 2).

The MBC of different concentrations of crude honey and
simulated honey solution against the isolated bacteria were
present in Table 2. Mueller-Hinton agar dishes streaked from no
growth (negative growth) tubes showed no colonies while
streaked from positive tubes (growth) showed colonies of the
isolated bacteria. The result of MBC of the crude honey con-
centrations and simulated honey concentrations against the iso-
lated bacteria was exactly similar to the respective MIC value.

It can be seen that the growth of all five bacterial isolates was
inhibited by crude honey at 75%—-100% concentration. On the
contrary, the bacterial isolates were inhibited only by 100%
concentration of the simulated honey solution.

As could be seen, the difference between the antibacterial
activities of the different dilutions of crude honey and the same

The antibacterial activity represented by zones of inhibition of crude honey samples and simulated honey solutions against the isolated microorganisms.

Test samples Concentration Isolated microorganisms Sensitive (n) Resistant (1) Total (n) Antibacterial
activity (%)
Crude honey H100 S. pneumonia 18 1 19 95.0
S. aureus 12 6 18 67.0
S. pyogenes 15 1 16 88.0
P. aeruginosa 4 7 11 36.0
K. pneumonia 14 12 26 54.0
H75 S. pneumonia 19 - 19 100.0
S. aureus 14 4 18 78.0
S. pyogenes 14 2 16 94.0
P. aeruginosa 5 6 11 45.0
K. pneumonia 16 10 26 62.0
H25 S. pneumonia 11 8 19 58.0
S. aureus 9 9 18 50.0
S. pyogenes 7 9 16 44.0
P. aeruginosa 2 9 11 18.0
K. pneumonia 9 17 26 35.0
Simulated honey SH100 S. pneumonia 4 15 19 21.1
solution S. aureus 2 16 18 11.1
S. pyogenes 3 13 16 18.8
P. aeruginosa 1 10 11 9.1
K. pneumonia 3 23 26 11.5
SH75 S. pneumonia - 19 19 0.0
S. aureus - 18 18 0.0
S. pyogenes - 16 16 0.0
P. aeruginosa - 11 11 0.0
K. pneumonia - 26 26 0.0
SH25 S. pneumonia - 19 19 0.0
S. aureus - 18 18 0.0
S. pyogenes - 16 16 0.0
P. aeruginosa - 11 11 0.0
K. pneumonia - 26 26 0.0

H100, H75 and H25 were the concentrations of the crude honey solution tested; SH100, SH75 and SH25 were the concentrations of the simulated

honey solution tested.

The MIC of crude honey and simulated honey against the
isolated bacteria was present in Table 2. Turbid (growth) and
clear (no growth) tubes were identified comparing to the

dilutions of the simulated honey solution indicated the presence
of other antibacterial components in crude honey other than the
osmotic effect.
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Table 2
MIC and MBC of different concentrations of crude honey and simulated
honey solutions against isolated microorganisms.

Test samples Concentration Isolated microorganisms MIC MBC

Crude honey H100 S. pneumonia - -
S. aureus - -
S. pyogenes - -
P. aeruginosa - -
K. pneumonia - -
pneumonia - -
. aureus - -
. pyogenes = =
. aeruginosa
. pneumonia
. pneumonia
. aureus
. pyogenes
. aeruginosa
. pneumonia
pneumonia
aureus
. pyogenes
. aeruginosa
. pneumonia
. pneumonia
. aureus
. pyogenes
aeruginosa
. pneumonia
. pneumonia
. aureus
. pyogenes
P. aeruginosa
K. pneumonia

H75

H25

+ 4+ + + +
+ 4+ + + +

Simulated SH100

honey solution

+
+

SH75

SH25

Lhhhuhxx vLrLaux vhrhhhhrxvLrruux v

R TR T T e S
A e R R

H100, H75 and H25 were the concentrations of the crude honey solution
tested; SH100, SH75 and SH25 were the concentrations of the simulated
honey solution tested. —: Indicates no growth; +: Indicates growth.

4. Discussion

More recently, honey has been reported to have an inhibitory
effect to around 60 species of bacteria including aerobes and
anaerobes, Gram-positives and Gram-negatives [8]. The current
prevalence of antibiotic-resistant microbial species has led to a
re-evaluation of the therapeutic use of natural remedies,
including honey [15].

Recent researches showed the antibacterial activity of honey
against pathogenic bacteria of the gastrointestinal tract, urinary
tract, wound and burn infections.

The MIC and MBC are easy and simple methods for the
determination of inhibitory doses of an antibacterial agent for
particular bacteria. Honey showed successful growth inhibition
rates of dangerous bacteria such as Escherichia coli, S. aureus,
Salmonella, Shigella, and Vibrio cholera [6] and even better than
several known antibiotics. Honey showed successful growth
inhibition rates of pathogenic microorganisms isolated from
urine samples of patients with urinary tract infections [16].

In this study respiratory tract infection was chosen because of
its high prevalence among diseases especially in children and it
is one of the diseases directly correlated with industrialization
and air pollution.

S. aureus causes pneumonia as a secondary disease to viral
infections, which is found to be highly associated with a number
of complications. P. aeruginosa causes mostly nosocomial in-
fections, while K. pneumonia more commonly affects debilitated

individuals with malnutrition [17]. Acute S. pyogenes infections
commonly take the form of pharyngitis, scarlet fever (rash),
impetigo, cellulitis, or erysipelas. Invasive infections can result
in necrotizing fasciitis, myositis and streptococcal toxic shock
syndrome, pneumonia and
meningitis [18,19].

On oral administration of honey, first it acts topically on the
upper respiratory tract, then it acts on the lower respiratory tract
as well after blood absorption.

In this study, K. pneumoniae, was the predominant organism
isolated from the clinical specimens which is in consistency with
several other researches such as a study conducted by Sikarwar
and Batra who stated that out of the 59 clinical isolates they used
[201, 20 were K. pneumoniae which had the highest percentage of
the isolates. Ophori and Wemabu [21], in a second study,
identified bacterial isolates including H. influenzae, K.
pneumoniae, S. pneumoniae, Moraxella catarrhalis and S.
pyogenes. However, H. influenzae had the highest percentage
prevalence of 20.8%, followed by K. pneumoniae (19.2%).

Honey is characterized by high sugar content and low water
concentrations. In this study, a simulated sugar solution was
done to mimic the property of high sugar concentration in honey
which leads to the high osmolarity that produces antimicrobial
action.

The antimicrobial activity of this solution was compared with
that of honey using the same microorganisms.

All the tested bacterial isolates were completely susceptible
to the 75% concentrations of honey and to the 100% concen-
tration of the simulated honey solution. This may be attributed to
the high osmotic pressure exerted by the high sugar content in
both the crude honey and the simulated honey solution.

They were also moderately susceptibility of the isolated
bacteria to honey at 100% v/v concentration, but showed
resistance to honey at 25% concentration and the 75% and 25%
concentrations of simulated honey solution, which indicated the
presence of other antimicrobial components responsible for the
activity other than the osmotic pressure. This is in agreement
with a study by Chute et al. which stated that dilution of 20%
did not show any zones of inhibition for S. aureus and the same
for higher concentrations of Klebsiella as well [22].

Ghori and Ahmad [23], and Kawaii et al. [24] reported that the
100% concentrated solution of crude honey samples inhibited
the growth of all the bacterial isolates.

The increased activity of honey on limited dilution is due to
the presence of glucose oxidase enzyme, which on dilution of
honey, releases hydrogen peroxide. This enzyme activity in-
creases by a factor of 2500-50000 on dilution of honey,
therefore giving a “sustained-release” antiseptic at a level which
is antibacterial but not tissue destructive. Adcock proved that
both hydrogen peroxide and the antibacterial activity of honey
were destroyed by exposure to light [25].

White et al. found that the enzyme is practically inactive in
concentrated honey [26], and it gives rise to hydrogen peroxide
only when the honey is diluted. Furthermore, unlike other
antiseptics it has no harmful effects on tissues due to the slow
enzymatic production of hydrogen peroxide.

The involvement of hydrogen peroxide in the antibacterial
activity of diluted honey is also supported by the finding that
when the catalase enzyme in the human body depletes the
hydrogen peroxide, the non peroxide factors play their role. Non
peroxide factors include bee defensins, methylglyoxal and other
phytochemical factors, which are complex phenols and organic

while S. prneumoniae causes
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acids often referred to as “flavonoids”. Dilution, heat or light do
not affect these complex chemicals. To confirm the presence of
these antibacterial factors, honey is treated with catalase enzyme
to remove the hydrogen peroxide activity [31. S. preumonia is
becoming continuously more resistant to antibiotics [22]. In
this study, it was found to be the most susceptible bacterial
species for honey, showing 100% susceptibility.

The clearing of infection seen with honey indicates more than
just antibacterial properties. Recent research showed that honey,
at concentrations as low as 0.1%, enhances the proliferation of
peripheral blood B-lymphocytes and T-lymphocytes in cell
culture, and also phagocytes are activated by honey at concen-
trations as low as 0.1% [27]. In addition, 1% honey solution also
enhances monocytes in cell culture to release cytokines,
interleukin-1, interleukin-6, and tumor necrosis factor-alpha. It
was clearly shown in these researches that honey has several
actions on the immune system which all activated the immune
response to infection [28].

Moreover, the glucose content of honey and the low acidic
pH (between pH 3 and pH 4) may contribute in stimulating the
action of macrophages in bacterial destruction [29].

This study showed that crude honey has potent antimicrobial
activity against the most common bacteria causing respiratory
tract infections with a relatively higher sensitivity against
S. pneumonia and S. pyogenes followed by S. aureus,
K. pneumonia and finally P. aeruginosa. Common bacterial
infections are getting more and more resistant and less suscep-
tible to antibiotics due to increasing misuse of drugs. Therefore
the use of honey as a non-toxic and cheap natural antibacterial
agent should be globalized after being subjected to pharma-
ceutical standardization and further clinical trials.
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