
Honey is the first sweetening agent
known to man with an interesting history. Honey
is known to be effective against aerobic and
anaerobic Gram positive and Gram negative
bacteria1. Antifungal activity of honey has been
reported against some yeast, Aspergillus,
Penicillium species and all the common
dermatophytes1-3. Honey is also known to have
antiprotozoal and antiviral activity4-5.  The
antibacterial and antifungal activity of honey is

due to its high molarity, low pH, hydrogen peroxide
content, various enzymes and inhibines.6

Aspergillus is one of the medically &
commercially important fungi. More than 60
Aspergillus species are known to cause infection
in human & animals through production of
mycotoxin, induction of allergenic responses and
localized or systemic infection7.  Wide ranges of
antifungal agents are used in treatment against
Aspergillus infections. Overuse and abuse of
antifungal agents result in emergence of resistant
strains in the organisms. Resistance to these agents
actually limits the choice of these agents in
treatment of fungal infection8-9.

The prevalence of resistant organisms
justifies the need in reevaluation of ancient
remedies and natural products in therapeutics.
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MATERIALS  AND METHODS

Total 590 various suspected clinical
samples were studied for their fungal etiology in
Mycology Section of Microbiology Dept, Tertiary
Care Center, Mumbai 08.

Each clinical sample was processed for
fungal study using standard methods of
microscopy & culture. Identification and speciation
was confirmed by microscopic and cultural
characteristics10.

In vitro antifungal susceptibility test was
carried out as per CLSI guide lines using
Amphotericin B, Itraconazole, and Voriconazole11.
and  MIC was determined. Agmark standard Indian
Jambhul honey was procured before heat

processing from Phondaghat collection centre,
Mumbai. Sterility testing was done by performing
“Test of sterility” by direct Inoculation method as
stated in Indian Pharmacopoeia12.  If found non
sterile then, it was sterilized by gamma irradiation
at 25 kGy at the ISOMED unit of BARC- Mumbai13.

In vitro activity of honey was checked
by carrying out ‘Agar diffusion method’& MIC
was estimated for each clinical isolate of
Aspergillus by ‘Agar dilution method’. 14

RESULTS

From 590 clinical samples, 90 showed
growth of Aspergillus species on Sabouraud’s
dextrose agar as shown in Table 1. Maximum culture

Table 1. Culture positivity in total clinical samples and sample-wise distribution of different Aspergillus species

N=590, N1=90

sample Corneal Hair Biopsy Ear Blood Pus Tissue Skin Nail Nasal

samples received 42 5 4 11 58 25 24 25 186 210
N= 590

positive samples 01 01 02 02 03 05 05 12 26 33
N1= 90 (2.38) (20.0) (50.0) (18.18) (5.17) (20.0) (20.83) (48.0) (13.97) (15.71)
  (15.25)
Asp. Spp
A. niger - - 01 - 02 - 02 05 10 07
27
(30.0)
A.flavus 01 - - 02 01 03 01 04 06 21
39
         (43.33)
A. fumigatus - 01 - - - - - - 06 03
10
(11.11)
A. nidulans - - 01 - - 02 01 02 01 02
09
(10.0)
A. terreus - - - - - - - - 03 -
03
(3.33)
A.ustus - - - - - - - 01 - -
01
(1.11)
A flavipus - - - - - - 01 - - -
01
(1.11)

N= Total samples,  N1= Culture isolates, ( ) = %
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Table 2. In vitro sensitivity pattern of antifungal agents and Indian Jambhul honey for Aspergillus isolates

Antifungal agent Amphotericin -B Itraconazole Voriconazole Indian Jambhul
Honey*

Aspergillus spp S R S R S R S R
A.niger 22 05 18 09 27 00 27 00
27
(30.0)
A.flavus 34 05 27 12 39 00 39 00
39
(43.33)
A.fumigatus 09 01 08 02 10 00 10 00
10
(11.11)
A.nidulans 09 00 09 00 09 00 09 00
10
(11.11)
A.terreus 03 00 03 00 03 00 03 00
03
(3.33)
A.ustus 01 00 01 00 01 00 01 00
01
(1.11)
A.flavipus 01 00 01 00 01 00 01 00
01
(1.11)
Total 79 11 67 23 90 00 90 00
90 (87.78) (12.22) (74.45) (25.55) (100) (00) (100) (00)
(100)

( ) = %
·Indian Jambhul honey was used in the concentration range of 5%-50% (v/v) for its MIC estimation.
·Amphotericin –B , Itraconazole, Voriconazole were used in the concentration range of 64mcg/ml to
0.0625 mcg/ml

positivity was observed in samples of biopsy
(50.0%) followed by skin (48.0%), tissue (20.83%),
pus and hair (20.0% each), ear (18.18%), nasal
(15.17), nail (13.97%), corneal (13.80%) and blood
(5.17%). All the isolates were identified on the basis
of microscopic morphology and culture
characteristics. The most common species isolated
was A.  flavus (43.33%) followed by A.niger (30%),

A. fumigatus (11.11%) A. nidulans (10.0%), A.
terreus (3.33%), A. ustus (1.11%) and A.
flavipus(1.11%)as shown in Table 1.

Antifungal susceptibility test showed
12.22% and 25.55% of Aspergillus isolates resistant
to Amphotericin B and Itraconazole respectively
but none was resistant to Voriconazole as given in
Table 2.

In vitro antifungal activity of Jambhul
honey by ‘Agar diffusion method’ did not show
zone of inhibition against any of the Aspergillus
isolates. In present study MIC of Indian Jambhul
honey was determined by ‘Agar dilution method’
and all Aspergillus isolates were completely
inhibited as given in Table 2. The MIC of Indian
Jambhul honey was observed in the range of 30 –
40% (v/v).

DISCUSSION

Out of 90 Aspergillus spp. A. fiavus
(43.33%)was the main isolate from nasal polyp and
sinus aspirate, where as ,A. niger (30%) from nail
samples. Xess et al 15 in 2004 studied species
prevalence of Aspergillus isolates in various
clinical samples at All India Institute of Medical
Sciences, New Delhi and observed similar results.
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They reported A.flavus (46.93%) as the most
common isolate, followed by A.fumigatus (37.72%)
and A.niger (15.35%). Also A.flavus was
predominantly isolated from nasal polyps and
A.niger from nail specimens. Higher prevalence of
A. flavus in fungal sinusitis was also reported by
Agarwal et al16 in 2005 and Saravanan et al 17 in
2006, Chatterjee et al 18 in 2009.

Resistance was more for Itraconazole
followed by AmphotericinB. High MIC value of
AmphotericinB and Itraconazole was mainly
observed for A. niger, A. flavus and A.fumigatus.
In 2008 Li et al 19 also isolated A. flavus resistant to
several antifungal agents like Fluconazole (32 µg/
mL), 5-Flucytosine (>64 µg/mL), Miconazole and
Nystatin (4 µg/mL each), and Amphotericin B (16
µg µg).

Elevated MIC of Itraconazole (>16micro/
ml) for three isolates of A. fumigatus was also
reported by Denning et al 20 in 1997. Similarly in
1999 Dannaoui et al 21 reported MIC of
Amphotericin B, Itraconazole for 230 isolates of
Aspergillus species. According to their results
MIC of >16mg/ml for Itraconazole was reported for
four isolates of A. fumigatus and one of A. nidulans.
They also reported significantly less susceptibility
of A. flavus, A. nidulans and A. terreus to
AmphotericinB than A. fumigatus and A. niger.
Susceptibility of Aspergillus to Voriconazole with
MIC 2 µg/ml was reported by Jesús Guinea et al
in 2008. 22

In vitro activity of Indian Jambhul honey
by Agar diffusion method was not observed and it
may be due to activity of honey, low and below the
level of detection against Aspergillus species.
Similar results have been reported by Allen et al in
1991. 23 In their survey of 345 samples of some New
Zealand honeys, large number of samples (36%)
had activity near or below the level of detection in
an agar diffusion assay.

Muli et al in 200824  also tested antifungal
activity of honey of stingless bee by disk diffusion
method and no inhibition was observed for A, niger
and C. albicans.

MIC of Indian Jambhul honey by ‘Agar
dilution method’ was in the range of 30-40% (v/v).
There is paucity of reports in literature on
antifungal activity and MIC of honey for
Aspergillus species. In 2007 Boukraa et al 25

reported MIC of two varieties of honey against

A.niger as 51% and 59%. In 2008 during
conference on honey in Malaysia Boukraa et al 26

again reported MIC of five different varieties of
honey in the range of 46% – 50% (v/v) against
A.niger.  This MIC range of honey against
Aspergillus species was much higher than MIC
range of Indian Jambhul honey obtained in the
present study.

There are no published reports regarding
antifungal activity of Indian honey hence, it is
pioneer study of this type.

CONCLUSION

1. In vitro Jambhul honey was effective
against Aspergillus species resistant to
conventional antifungal agents like
Amphotericin B and Itraconazole and its
effectiveness was comparable with
Voriconszole.

2. In view of cost effectiveness in comparison
with Voriconazole, Indian Jambhul honey
can be considered as potential alternative
to routine therapeutics after further in vitro
and in vivo evaluation and clinical trials.

A comparative MIC value of Indian
Jambhul honey confirms its effectiveness over
honeys studied by other workers and reported in
literature.
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