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Summary

The antibacterial activities of four honey samples collected from different
locations of Vellore district and one sample from New Zealand named manuka honey
were all tested against clinical pathogens such as Staphylococcus aureus and Klebsiella
pneumoniae. These honey samples were compared with standard antibiotics like
Ampicillin, Tetracycline, Chloramphenicol and Erythromycin. The antibacterial activity
was tested using Kirby-Bauer’s method for antibiotics and well diffusion method for
honey samples. The honey samples were tested at concentrations of 25, 40, 50, 75% and
net honey i.e. 100%. Undiluted honey samples inhibited the growth of all the strains. All
diluted honey samples inhibited the growth of Staphylococcus aureus MTCC 737,
Staphylococcus aureus from sputum and BAL at varying concentrations whereas, honey
at higher concentrations was required to inhibit the growth of Klebsiella pneumoniae.
None of the strains were inhibited at 25% concentration.
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Introduction

Development of antibiotic resistant bacteria continues to be of major health
concern world-wide (1). So it is necessary to isolate active compounds from honey which
can be used beyond conventional antibiotic therapy. Honey has been used since ancient
times for the treatment of some respiratory diseases and for the healing of skin wounds. It
has been proposed that the healing effect of honey could be due to various factors such as
high osmolarity, acidity and particularly hydrogen peroxide which is formed from the
oxidation of glucose by the enzyme glucose oxidase, during the period when honey is
ripening (2, 3). Glucose oxidase originates from the hypopharyngeal glands of honeybees
(4). When hydrogen peroxide is removed by adding catalase, some honeys still show
significant antibacterial activity (5) and this activity is referred to as non-peroxide
antibacterial activity. The non-peroxide factors of honeys include lysozyme, phenolic
acids and flavonoids (4). All these factors give honey unique properties such as wound
dressing, rapid clearance of infections, rapid suppression of inflammation, minimization
of scarring and stimulation of angiogenesis as well as tissue granulation and epithelium
growth (6).The floral source of honey plays an important role in its biological properties.
For example, manuka honey from New Zealand is recognized for its therapeutic
properties (6). Manuka honey contains several phenolic compounds, including methyl
syringate and syringic acid (3, 7). By examining the antibacterial activiy against
Staphylococcus aureus, methyl syringate was found to possess significant antibacterial
activity.

Honey has also been shown to inhibit the Rubella virus in vitro (8), three species
of the Leishmania parasite (9) and Echinococcus (10). Methicillin resistant and sensitive
Staphylococcus aureus (MRSA and MSSA) are the two main strains which causes
difficult to treat skin and underlying tissue infection associated with gram positive
bacteria (11). Infection with Pseudomonas aeroginosa is the most serious infection in
burn patients (12) followed by infection with Klebsiella pneumoniae, E.coli,
Staphylococcus aureus and other pathogenic microorganisms (13). Our study is to
determine the antibacterial activity of four honey samples from Vellore district and one
sample from New Zealand manuka honey against clinical pathogens. All honey samples
were compared with that of standard antibiotics.

Materials and Methods

Honey samples

Two honey samples (HS1, HS2) were collected from different locations of
Vellore district (MV Kuppam, Pudur). These 2 samples were harvested from honey bee
nests of tamarind tree and coconut tree, with the help of honey collector which is their
traditional profession. Manuka honey (HS3) from Leptospermum sp. was purchased from
Redwood trust, Christ church, New Zealand. Honey samples (HS4) and (HS5) were
purchased from yelagiri hills. Honey samples were stored at 4°C in the dark until
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analyzed. For the antibacterial tests honey samples were used undiluted and at 25, 40, 50
and 75% dilutions. Antimicrobial susceptibility test were done in triplicates.

Standard drugs
A concentration of 30pg/disc of Ampicillin, Tetracycline, Chloramphenicol and
Erythromycin (HIMEDIA) was employed for S. aureus and K.pneumoniae.

Bacterial strains

Two strains (S1 and S2) of S. aureus from sputum and BAL (Bronchia alveolar
lavage), two strains of K.pneumoniae (S3 and S4) from sputum and BAL were obtained
from St. Johns medical college, Bangalore. The clinical isolates were identified based on
the standard microbiological techniques (14). These organisms were kept in nutrient
broths with 50% glycerol and maintained in 3 ml plastic bottles at -70°C.
Morphologically identical colonies from over night growth were picked up with an
inoculating loop and suspended in 3-4 ml of nutrient broth and incubated for 2-3 hrs at
37°C and diluted with sterile normal saline to a turbidity that matches 0.5 McFarland
standard (10° CFU/ml), and further diluted 1: 100 in sterile nutrient broth to set an
inoculum density of 1x10* CFU/ml which was used for the test.

Antimicrobial Susceptibility

The antimicrobial activity of different samples of honey against different
pathogens was tested using Kirby Bauer’s method (15) for antibiotics and well diffusion
method for honey sample. Test materials were prepared by diluting each honey sample
(HS1, HS2, HS3, HS4, and HS5) in sterilized, double distilled water at different dilutions
(concentration) 25%, 40%, 50%, 75% and net honey i.e. 100%. Muller Hinton Agar
(MHA) plates were prepared. A loop full (4mm in diameter) of the prepared bacterial
suspensions (1x 10°CFU/ml) were separately applied to the centre of a sterile Muller
Hinton agar plate and spread evenly using a sterile cotton wool. Wells were made on the
inoculated plate using a sterile well borer (6mm in diameter). Then 100 micro liters of
different concentrations of honey were dispensed and inoculated at 37°C for 20 hours and
observed for various zones of inhibition.

Results and Discussion

Five honey samples were analyzed and the differences in average diameter of the
inhibition zones (Fig 1, 2) were observed in this work. The sources of the nectar may
have contributed to the differences in their antibacterial activities. The results for various
activities are tabulated in Table 1 to 6. As for the antibacterial activity of various honey
samples on different bacterial strains, it was observed that in Staphylococcus aureus from
both BAL and sputum, growth was inhibited at varying concentrations, whereas in
Klebsiella pneumoniae inhibition of growth was observed mostly at higher
concentrations. Manuka honey showed activity against Staphylococcus aureus and
Klebsiella pneumoniae starting from 40% and 50% concentration respectively.
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The honey samples were tested at concentrations of 25, 40, 50, 75% and 100%
against S. aureus and K. pneumoniae. HS4 and HS5 honey samples showed no activity at
25% and 40% concentration for both the strains. HS1 and HS2 honey samples showed
activity against S. aureus from sputum and BAL and S. aureus MTCC 737 at 50% and
40% respectively. HS1, HS4 and HSS5 honey samples showed activity against K.
pneumoniae from both the sources only at 100% concentration, whereas HS2 and HS3
showed activity at 75% and 50% respectively. Diameter of zone of inhibition increases
with increase in concentration. When comparing the activity of antibiotics against honey,
the maximum zone of inhibition for honey is greater when compared to the maximum
value for antibiotics.

The results shown by honey samples in relation to Staphylococcus aureus may be
important, given that in recent decades there has been a marked increase in difficulty to
treat skin and underlying tissue infections associated with S. aureus (11). It has been
informed that S.aureus has developed resistance to several antibiotics and that it is the
principle contaminant agent in many clinical infections (16). Thus new strategies to treat
wounds infected with S.aureus are needed, and the possibility to use honey appears as a
convenient at less cost treatment opinion.

The results obtained for Klebsiella pneumoniae were also important, given that
antibacterial resistance represents a serious problem (17) due to the permeability barrier
afforded by its outer membrane. Klebsiella pneumoniae are opportunistic human
pathogens that can be isolated from various human and clinical specimens (18), which
were responsible for 7 to 10% of all associated blood stream infections in Europe, Latin
America and North America, as reported by the SENTRY Antimicrobial Surveillance
Program (19)

The present study showed that the honey inhibited the gram positive bacteria at
lower concentration, than gram negative bacteria which requires higher concentration.
Generally plant extracts are more active against gram positive bacteria than gram
negative bacteria (20). Present findings were also supported by other researchers who
reported that the crude powder of the galls of Quercus infectoria was found to be active
against S. aureus (21). The variation of susceptibility of the tested microorganisms could
be attributed to their intrinsic properties that are related to the permeability of their cell
surface to the honey sample. It has been proposed that the mechanism of the
antimicrobial effects involves the inhibition of various cellular processes, followed by an
increase in plasma membrane permeability and finally leads to leakage of ions from the
cells (22). The effectiveness of honey or propolis depends on differences in chemical
composition, bee species and geographical region (23). Honey inhibits the growth of
dangerous bacteria such as E.coli, S.aureus, Salmonella, Shigella and V.cholerae (24).
The concentration of honey might be varied in the inhibition of pathogenic organisms,
thereby making honey a superior antibacterial agent compared to several known and
currently prescribed antibiotics.
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Fig.1 Antibacterial activity of coconut tree honey (HS1, 100%0) against
Staphylococcus aureus
A - Tetracycline (30pg/disc) B - Coconut tree honey (100%0)
14 mm 29mm
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Fig. 2 Antibacterial activity of manuka tree honey (HS3, 100%) against
Klebsiella pneumoniae

A - Tetracycline (30ug/disc) B - Manuka tree honey (100%)
16mm 24mm
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Table 1. Antibacterial Activity of Coconut tree honey (HS1) against five isolates

S.No Clinical isolates  Sources Honey Concentration

Diameter of zone of inhibition (mm)

25% 40% 50% 75% 100%

1 S. aureus Sputum - - 16 25 29
2 S. aureus BAL - - 18 27 27
3 K. pneumoniae Sputum - - - - 17
4 K. pneumoniae BAL - - - - 15
5 S .aureus MTCC 737 - 14 19 24 27

[Note: - represents no zone of inhibition]

Table 2. Antibacterial Activity of tamarind tree honey (HS2) against five isolates

S.No Clinical isolates  Sources Honey Concentration

Diameter of zone of inhibition (mm)

25% 40% 50% 75% 100%

1 S. aureus Sputum - - 23 25 28
2 S. aureus BAL - - 23 27 27.5
3 K. pneumoniae Sputum - - - 16 18
4 K. pneumoniae BAL - - - 17 19.5
5 S .aureus MTCC 737 - 17 22 25 26

[Note: - represents no zone of inhibition]
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Table 3. Antibacterial Activity of manuka honey (HS3) against five isolates

S.No Clinical isolates  Sources Honey Concentration

Diameter of zone of inhibition (mm)

25% 40% 50% 75% 100%

1 S. aureus Sputum - 19 22 27 29
2 S. aureus BAL - 17 23 26 30
3 K. pneumoniae Sputum - - 17 19 24
4 K. pneumoniae BAL - - 16 17 25
5 S .aureus MTCC 737 - 24 24 27 28

[Note: - represents no zone of inhibition]

Table 4. Antibacterial Activity of Yelagiri honey (HS4) against five isolates

S.No Clinical isolates  Sources Honey Concentration

Diameter of zone of inhibition (mm)

25% 40% 50% 75% 100%

1 S. aureus Sputum - - - 19 24
2 S. aureus BAL - - - 18 27
3 K. pneumoniae Sputum - - - - 17
4 K. pneumoniae BAL - - - - 15
5 S. aureus MTCC 737 - - 16 25 26

[Note: - represents no zone of inhibition]
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Table 5. Antibacterial Activity of Yelagiri honey (HS5) against five isolates

Devarajan and Venugopal

S.No Clinical isolates Sources

Honey Concentration

Diameter of zone of inhibition (mm)

25% 40% 50% 75% 100%

1 S. aureus Sputum - - 15 17 23
2 S. aureus BAL - - - 16 24
3 K. pneumoniae Sputum - - - - 19
4 K. pneumoniae BAL - - - - 17
5 S. aureus MTCC 737 - - 17 26 27
[Note: - represents no zone of inhibition]
Table 6. Antibacterial Activity of Standard Antibiotics against five isolates
S.No Clinical isolates  Sources Antibiotics (30 pg/disc)

Diameter of zone of inhibition (mm)

Amp Tet Chl Ery
1 S. aureus Sputum 21 14 16 20
2 S. aureus BAL 10 19 10 22
3 K. pneumoniae Sputum - 13 12 13
4 K. pneumoniae BAL - 16 15 14
5 S. aureus MTCC 737 19 15 12 17

[Note: - represents no zone of inhibition]
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Conclusion

The present study demonstrated that in vitro, all the five samples of honey (HSI,
HS2, HS3, HS4, HS5) had an antibacterial activity against S.aureus and K.pneumoniae
obtained from the source of sputum and BAL (Bronchia alveolar lavage). The honey
samples were compared with that of standard antibiotics Ampicillin, Tetracycline,
Chloramphenicol and Erythromycin. Over use of antibiotics leads to side affects and also
a major factor for the emergence of multidrug resistant microorganisms. So honey can be
used as an excellent alternate to combat the further spread of multidrug resistant
microorganisms. Further research is necessary to isolate the active compounds from these
honey samples and to check the antibacterial activity. However, pharmacological
standardization and clinical evaluation on the effect of honey and its active components
are essential before using it as a preventive and curative measure to common diseases
related to the tested bacterial species. The wider availability of honey in rural areas
provides its utilization for certain diseases.
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