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Abstract 

The antibacterial activity of raw and processed honey 
was carried out on the extracts of honey using 
solvents such as methanol, ethanol and ethyl acetate 
and compared it with the popular antibiotics. The 
inhibitory action of extracts of honey were evaluated 
against six bacterial strains, Gram-positive bacteria 
viz., Staphylococcus aureus, Bacillus subtilis, Bacillus 
cereus and Gram-negative bacteria, Escherichia coli, 
Pseudomonas aeruginosa and Salmonella typhi by 
agar well diffusion method. The extracts of raw and 
processed honey showed the zone of inhibition 
ranged from 6.94 mm to 37.94 mm. Methanol extract 
was more potent and showed a stronger antibacterial 
activity, followed by ethanol and ethyl acetate in the 
same order. Further, the residues remaining after 
extraction with solvents showed no bactericidal effect 
indicating that only extracts exhibit the antibacterial 
activity. Minimum Inhibitory Concentration (MIC) and 
Minimum Bactericidal Concentration (MBC) were 
evaluated by Macro broth dilution method. The most 
susceptible bacteria were Salmonella typhi, E. coli. 
and Pseudomonas aeruginosa. MIC and MBC values 
of extracts were found in the range of 0.625-5.000 
mg/ml. The solvent extract of honey showed better 
antibacterial behaviors against Gram-negative 
bacteria than the standard antibiotics such as 
tetracycline and Ciprofloxacin. Infact the solvent 
extracts of honey were found to be bactericidal 
against P. aeruginosa for which even tetracycline was 
found ineffective. 

Keywords: Agar well diffusion assay; Honey; 
Minimum Inhibitory Concentration; Minimum 
Bactericidal Concentration. 

1. Introduction 
According to World Health Organization estimates, 
some 80 percent of people living in developing 
countries rely on harvested wild plants for their 
primary health care. In the developing world the use 

of antibiotics constitute a sizable fraction of medicines 
consumed. However, because of the microbes turning 
resistant especially to the synthetic antibiotics in use, 
the effectiveness of the antibiotics has been 
diminishing [1]. This type of resistance to antimicrobial 
agent has already become a serious issue in many 
areas of the world especially in developing countries 
[2,3]. Over the years, antibacterial substances from 
natural resources have been identified and exploited 
for this purpose. Various plants and their extracts 
have already been in use as per the Indian system of 
medicines (Ayurveda) for the treatments requiring 
antimicrobial activity. One of the popular antimicrobial 
natural substances described in Ayurveda as a potent 
medicine for several uses is honey. 

Honey is the natural sweet substance  from nectar 
or bossoms or from the secretion of living parts of 
plants or excretions of plants, which honey bees 
collect, transform, and combine with specific 
substances of their own to ripen and mature [4]. It is 
also defined as the nectar and saccharine exudation 
of plants, gathered, modified and stored as honey in 
the honeycomb by honeybees. Honey is widely used 
in traditional medicine throughout the world. However, 
it has a limited use in modern medicine due to lack of 
scientific support [5]. Ayurveda, an ancient Indian 
System of health care treats as food for health while 
recommending it as a medicine ancient medicine for 
some conditions using it externally as well as orally. It 
is known to cure anemia and improves calcium 
fixation in infants. Honey also reduces and cures eye 
cataracts and conjunctivitis and applied honey directly 
to the eye cures various diseases of the cornea [6]. 
There are many reports of honey being very effective 
as dressing of wounds, burns, skin ulcers and 
inflammations. The antibacterial properties of honey 
speed up the growth of new tissue to heal the wound 
[7]. The bactericidal effect of honey is reported to be 
dependent on concentration of honey used and the 
nature of the bacteria [8, 9]. The bactericidal action is 
reportedly ascribed neither the normal acidity of 
honey, nor to its high sugar content, enzymes, 
nitrogenous or other compounds, accumulation of 
hydrogen peroxide, which is produced by natural 

mailto:micro@shriraminstitute.org�


Electronic  Journal of Biology, 2010, Vol. 5(3): 58-66 

ISSN 1860-3122              - 59 - 
 

glucose oxidize system in honey [7, 10, 11]. Farouk et 
al. [12] found that there were inhibitory effects on 
Gram-positive and Gram-negative strains both 
standard test organisms and clinical isolates from 
inflamed wounds. 

Honey consists of various constituents such as 
water, carbohydrates, proteins, vitamins, amino acid, 
energy and minerals. Besides the major ones, there 
must also be several minor constituents in honey, 
which may be playing a key role in determining the 
antimicrobial behaviour of honey. In the past, 
antimicrobial activity of honey had been reported only 
by using aqueous solution of honey. It is said that 
honey possesses antibacterial property but it is not 
clear whether it is the bulk honey or some fraction of it. 
Considering the fact that their might be some specific 
constituents which may be contributing to the 
antimicrobial behaviour, it was decided to carryout the 
studies using different solvents. The present study 
therefore deals with the constituents in the different 
solvents followed by evaluation of extract for their 
antimicrobial behaviour against certain species of 
bacteria. 

2. Materials and Methods 

Collection of Honey Sample 

Honey samples two each raw and processed were 
collected from rural areas of western U.P., India and 
from a local honey processor respectively. 

Microbial Strains 

A total of six bacterial strains including (a) Gram-
positive (Staphylococcus aureus MTCC 737, Bacillus 
subtilis MTCC 736, Bacillus cereus MTCC 430) and (b) 
Gram-negative bacteria (Pseudomonas aeruginosa 
MTCC 741, Escherischia coli MTCC 1687 and 
Salmonella typhi MTCC 531) were obtained from the 
Microbial Type Culture Collection (MTCC) IMTECH, 
India.  

Tetracycline and Ciprofloxacin 

Tetracycline hydrochloride capsule, Mfg. By. -Cipla ltd. 
and Ciprofloxacin, Mfg. By-Nicolas Piramal India Ltd. 
were obtained from local pharmacy store. Both the 
antibiotics were used in 5 μg/ml concentration against 
every bacterial strains. 

Extraction 

Extraction of both raw and processed honey was 
performed by using organic solvents, for this, 10g of 
honey was taken in a centrifuge tube with 25ml of 
solvent and then mixed well by vortexing and shaking 
with hands for about 30 minutes. This was centrifuged 
at 3000 rpm for 10 minutes at 25ºC. Supernatant was 
collected from each centrifuged tube in a round 

bottom flask by filtration. The resulting supernatant 
was dried under nitrogen gas with a temperature of 
50ºC. Methanol free content of the flask were taken in 
DMSO at a concentration of 100 mg/ml as the extract 
of honey for further studies. 

The extracts were prepared using the solvents 
such as methanol, ethanol and ethyl acetate. All the 
extracts dissolved in DMSO were collected in 
sterilized glass tube and used within 24 h for the 
evaluation of bacteriostatic and bactericidal activity. 
After extraction residue of each honey were also 
checked for their antibacterial activity. The complete 
extraction plan can be better understood from flow 
diagram (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flow diagram  representing extraction of Honey. 

 

Inoculum Preparation 

The bacterial slants were incubated overnight at 37ºC. 
0.5 McFarland density of bacterial culture were 
adjusted in normal saline (85%) using densitometer to 
achieve the final concentration 1X 108 cfu/ml of each 
test organism individually. This had been used as 
adjusted inoculum for all the further studies. 

Agar well diffusion assay (Zone of Inhibition 
Evaluation) 

Antibacterial activity of all the extracts were evaluated 
by zone of inhibition using the agar well diffusion 
assay [13-15]. 100µl of each of the adjusted cultures 
were mixed into separate 100 ml of sterile, molten, 
cool MHA, mixed well and poured into sterile petri 
plates. These were allowed to solidify and then 
individual plates were marked for the organism 
inoculated. Each plate was punched to make 4 wells 
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of 6 mm diameter with the help of a sterile cork borer 
at different sites of the plates.100 µl of respective 
solvents extracts and solvents (used as controls) were 
pipetted into the wells in assay plates. Plates were 
incubated overnight at 370C. Inhibition zones were 
observed, the diameter of which measured by using a 
Vernier caliper. 

Determination of Minimum Inhibitory 
Concentration (MIC) 

The minimum inhibitory concentration (MIC) of active 
extract was evaluated by tube dilution method. The 
MIC of all the extract was determined by dilution of 
the extract to various concentrations (5.000 to 0.150 
mg/mL) as NCCLS [16]. Decreasing concentrations of 
methanol extract were prepared in serial twofold 
dilutions using Soybean casein digest broth (SCDB). 
100µl standard inoculum of the microorganism (0.5 
McFarland) was added to an equal volume (5ml) of 
each concentration and to a tube of the growth 
medium without methanol extract that served as 
growth control. An uninoculated tube of SCDB was 
incubated to serve as a negative growth control. In 
one tube methanol was added to SCDB which served 
as solvent control. After overnight incubation at 37º C, 
the tubes were examined for turbidity indicating 
growth of the microorganisms. The lowest solution of 
the extract that inhibited growth of the microorganism 
as detected by the lack of visual turbidity (matching 
the negative growth control) was designated the 
minimum inhibitory concentration. 

Determination of Minimum Bactericidal 
Concentration (MBC) 

The bactericidal activity of the extract was tested as 
follows: the number of the bacteria in the initial 
microorganism suspension was counted by the 
surface plate method [17]. After ascertaining the MIC, 
the number of bacteria was counted in each of the 
tubes of broth that showed no visible turbidity after 
overnight incubation, and was compared with the 
number of bacteria in the initial microorganism 
suspension. According to NCCLS, the lowest 
concentration of the extract solution that allowed less 
than 0.1% of the original inoculum to survive was 
taken to be the minimum bactericidal concentration. 
 
3. Results and Discussion 
 
All the extracts of honey samples exhibited varying 
level of antibacterial activity against all the selected 
strains as indicating by the zone of inhibition of growth 
(Table 1).  

In case of raw honey-1, the maximum inhibition as 
produced by extracts was observed against P. 
aeruginosa (35.95 mm zone size)< S. typhi (34.39 

mm zone size) <E. coli (17.51 mm zone size)< B. 
cereus (11.11 mm zone size) < S. aureus (8.90 mm 
zone size). < B. subtilis (8.55 mm zone size). 
However methanol extract and ethyl acetate extract 
was found to be inactive as no zone of inhibition 
observed against S. aureus and S. typhi respectively. 
Residue obtained after extraction was also found 
inactive against all the tested strains. 

Ibrahim [18] and Jeddar et al. [19] reported the 
bactericidal activity of aqueous solution of honey on 
Salmonella spp. and Shigella spp. as also 
enteropathogenens such as E. coli, Vibrio cholerae 
and other Gram-negative and Gram-positive bacteria. 
Similarly, Allen et al. [20] reported the antibacterial 
properties of honey against two laboratory isolates e.g. 
P. aeruginosa and E.coli. 

In case of raw honey-2, the maximum inhibition as 
produced by extracts was observed against S. typhi 
(31.18 mm zone size)> P. aeruginosa (26.00 mm 
zone size) <E. coli (25.41 mm zone size < S. aureus 
(10.00 mm zone size). Ethyl acetate extract was 
found completely inactive as no zone of inhibition 
observed, however ethanol extract was found 
inhibitory only against Gram-negative bacteria. B. 
subtilis and B. cereus showed resistance to methanol 
extract. Residue obtained after extraction was also 
found inactive against all the tested strains. In case of 
processed honey-1, the maximum inhibition as 
produced by extracts was observed against S. typhi 
(37.94 mm zone size)> P. aeruginosa (33.40 mm 
zone size) E.coli (28.49 mm zone size) and little zone 
of inhibition was observed against gram-positive 
bacterial strains. However, all extracts were found 
inactive against one or more than one organisms, 
ethanol extracts against S. aureus, methanol extracts 
against B. subtilis and B. cereus and ethyl acetate 
extracts against B. cereus only. Residue obtained 
after extraction was also found inactive against all the 
tested strains. 

In case of processed honey-2, the maximum 
inhibition as produced by extracts was observed 
against S. typhi (38.12 mm zone size)> P. aeruginosa 
(31.22 mm zone size) <E. coli (29.40 mm zone size). 
Ethanol and ethyl acetate extracts were found inactive 
against Gram-positive bacteria. Standard antibiotics 
(Ciprofloxacin and tetracycline) were also taken to 
check the activity against all the bacterial strains. 
Gram-negative bacteria were found more susceptible 
then Gram-positive bacteria.  

Adeleke et al. [8] has also reported the strong 
inhibitory properties of honey against a total number 
of fifty isolates of P. aeruginosa and E. coli from 
various pathologic sources.The extracts obtained with 
zone of inhibition more than 15 mm were subjected to 
macrodilution assay to determine the MIC as shown in 
Table 2. 
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Table 1. In vitro antibacterial activity of Honey (Apis mellifera). 
 

Extracts 
Zone of inhibition* 

Gram-positive bacteria Gram-negative bacteria 

RH-1 S. aureus B. subtilis B. cereus P. aeruginosa E. coli S. typhi 

Ethanol 8.90 8.90 12.83 32.35 17.51 31.85 

Methanol NZ 8.55 11.11 35.95 26.49 34.39 

Ethyl acetate 9.51 11.19 11.46 13.09 17.15 NZ 

Residue NZ NZ NZ NZ NZ NZ 

RH-2       

Ethanol NZ NZ NZ 25.06 17.28 29.47 

Methanol 10.0 NZ NZ 26.00 25.41 31.18 

Ethyl acetate NZ NZ NZ NZ NZ NZ 

Residue NZ NZ NZ NZ NZ NZ 

PH-1       

Ethanol NZ 7.83 6.94 23.43 16.14 35.92 

Methanol 9.64 NZ NZ 33.40 28.49 37.94 

Ethyl acetate 9.15 7.25 NZ 24.60 17.75 36.58 

Residue NZ NZ NZ NZ NZ NZ 

PH-2       

Ethanol NZ NZ NZ 21.22 14.00 30.12 

Methanol 8.90 9.72 10.02 31.22 29.40 38.12 

Ethyl acetate NZ NZ NZ 22.44 19.72 34.40 

Residue NZ NZ NZ NZ NZ NZ 

Antibiotics 
(Positive control)       

Tetracycline 26.44 21.01 17.01 NZ 16.03 26.96 

Ciprofloxacin 14.75 19.01 16.67 19.01 16.67 14.75 
Solvents 

(Negative control)       

Ethanol NZ NZ NZ NZ NZ NZ 

Methanol NZ NZ NZ NZ NZ NZ 

Ethyl acetate NZ NZ NZ NZ NZ NZ 

DMSO NZ NZ NZ NZ NZ NZ 

*Note: Zone of inhibition (in mm diameter) including the diameter of well (6 mm), NZ- No zone of inhibition, 
RH- Raw Honey, PH-Processed Honey, Extracts concentration (100mg/ml), Tetracycline 5 μg/ml, and Ciprofloxacin 5 μg/ml. 
S. aureus- Staphylococcus aureus, B. subtilis- Bacillus subtilis, P. aeruginosa- Pseudomonas aeruginosa, E. coli- 
Escherichia coli and S. typhi- Salmonella typhi.  
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Table 2. MIC and MBC values of different extracts of Honey (Apis mellifera). 

 

Extracts P. aeruginosa E. coli S. typhi 

RH-1 MIC 
(mg/ml) 

MBC 
(mg/ml) 

MIC 
((mg/ml) 

MBC 
(mg/ml) 

MIC 
(mg/ml) 

MBC 
(mg/ml) 

Ethanol 1.250 2.500 2.500 5.000 1.250 2.500 

Methanol 0.625 1.250 1.250 1.250 0.625 0.625 

Ethyl acetate 2.500 5.000 >5.000 >5.000 >5.000 >5.000 

RH-2       

Ethanol 1.250 2.500 2.500 5.000 1.250 2.500 

Methanol 0.625 1.250 0.625 1.250 0.625 0.625 

Ethyl acetate ND ND ND ND ND ND 

PH-1       

Ethanol 1.250 1.250 2.500 2.500 1.250 1.250 

Methanol 0.625 0.625 0.625 1.250 0.625 0.625 

Ethyl acetate >5.000 >5.000 >5.000 >5.000 2.500 2.500 

PH-1       

Ethanol 1.250 2.500 2.500 2.500 1.250 1.250 

Methanol 0.625 1.250 0.625 1.250 0.625 0.625 

Ethyl acetate >5.000 >5.000 >5.000 >5.000 1.250 1.250 

Antibiotics 
(Positive control)       

Tetracycline ND ND <0.150 <0.150 <0.150 <0.150 

Ciprofloxacin <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 

 
Note: MIC- Minimum Inhibitory Concentration, MBC- Minimum Bactericidal Concentration, ND- not detected, RH- Raw Honey, 
PH-Processed Honey S. aureus- Staphylococcus aureus, B. subtilis- Bacillus subtilis, P. aeruginosa- Pseudomonas 
aeruginosa, E.coli- Escherichia coli and S. typhi- Salmonella typhi. 
 
In case raw honey 1, the lower MIC and MBC value 
was observed against S. typhi (0.625 mg/ml) however 
it was found to be more than 5.000 mg/ml against E. 
coli as no growth observed in the tube. In case raw 
honey 2, MIC and MBC value was observed in the 
range of 0.625 mg/ml to 5.000 mg/ml. In case of 
processed honey 1 and 2, lower MIC and MBC value 
of methanol extract was observed against all the 
gram-negative bacteria. However, MIC and MBC 
values of ethyl acetate extract was found to be more 
than 5.000 mg/ml against P. aeruginosa and E. coli.  

MIC and MBC values of standard antibiotics were 
found less than 0.15 mg/ml. 

Antibacterial activity of honey may be because of 
the ability of honey to kill microorganisms has been 
attributed to its high osmotic effect, high acidic nature 
(pH being 3.2-4.5), hydrogen peroxide concentration 
and its phytochemical nature, i.e. its content of 
tetracycline derivatives, peroxides, amylase, fatty 
acids, phenols, ascorbic acid, flavonides, 
streptomycin, sulfathiazole, trepens, benzyl alcohol 
and benzoic acids [10, 22,23]. 
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Figure 2. Antibacterial activity of Raw Honey-1 against both Gram-positive (Staphylococcus aureus, Bacillus subtilis, Bacillus 
cereus) and Gram-negative Bacteria (Escherichia coli, Pseudomonas aeruginosa and Salmonella). 
 

 
 
Figure 3. Antibacterial activity of Raw Honey-2 against both Gram-positive (Staphylococcus aureus, Bacillus subtilis, Bacillus 
cereus) and Gram-negative Bacteria (Escherichia coli, Pseudomonas aeruginosa and Salmonella). 
 



Electronic  Journal of Biology, 2010, Vol. 5(3): 58-66 

ISSN 1860-3122              - 64 - 
 

 
Figure 4. Antibacterial activity of Processed Honey-1 against both Gram-positive (Staphylococcus aureus, Bacillus subtilis, 
Bacillus cereus) and Gram-negative Bacteria (Escherichia coli, Pseudomonas aeruginosa and Salmonella).
 

Figure 5. Antibacterial activity of Processed Honey-2 against both Gram-positive (Staphylococcus aureus, Bacillus subtilis, 
Bacillus cereus) and Gram-negative Bacteria (Escherichia coli, Pseudomonas aeruginosa and Salmonella).
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Similar studies have been reported in the form of 
antibacterial activity of honey against Staphylococcus 
aureus, Pseudomonas aeruginosa, Escherichia coli, P. 
mirabilis, Streptococcus pyogenus, S. flexneri and 
Salmonella typhi [10, 24, 25]. The in vitro antimicrobial 
activity of honey was also reported by Radwan et al. 
[26] who observed that honey stopped the growth of 
Salmonella and Escherichia coli. 
 
4. Conclusions 
Following conclusion can be drawn from the present 
study:Honey both raw as well as processed can be 
the potential antimicrobial substance for control of 
different types of bacterial pathogens. 
1) It was found that honey exhibited both 

bacteriostatic and bactericidal properties on both 
Gram-positive as well as on Gram-negative 
bacteria. 

2) Residue left after extraction with various solvents 
exhibited almost negligible antibacterial activity. 

3) The antibacterial activity of all the solvent extract 
was found to be significant against Gram-
negative pathogens.  

4) The solvent extracts of honey were found to be 
bactericidal against P. aeruginosa for which even 
commonly used synthetic antibiotic such as 
tetracycline was found ineffective. 

5) Chemical antibiotics have been become absolete 
within a short period of time. The need for an 
alternative antibacterial substance derived from 
natural materials on a sustaninabe manner has 
become a subject of interest for the scientists 
worldover. The result of this study clearly shows 
that the extracts of honey in ethanol, methanol 
and ethylacetate solvents can become a potential 
candidate as an antibiotic, which would be useful 
on a sustainable basis. 

6) This study shows that the other bulk components 
can be utilized elsewhere, while the necessary 
component is extracted from honey for 
antibacterial purposes. If found successful, it will 
pave way for developments leading to the 
exploitation of honey extracts for antibiotic 
activity as well as for other conventional uses of 
honey (bulk components).   

7) The bactericidal and bacteriostatic effect of 
honey reported here has the potential for health 
care in rural areas once the pharmacological 
standardization and clinical trials are done, honey 
would become the house hold product not just for 
cure but even for preventive cure.  

8) Further this study would pave the way to the 
studies more related to raw and processed honey 
of different types to understand the antimicrobial 
properties with special reference to resistant 
microbial strains. 
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