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Introduction

Abstract

The study intended to either kill or inhibit the growth of these
pathogens in the milk by adding antibiotic substances from natu-
ral sources without denaturing the quality of the food material.
The study aimed to determine the broad spectrum of antimicrobial
activity of honey from two different sources natural (unprocessed
honey) and commercial (processed honey). The inhibitory action
of extracts of honey was evaluated against six bacterial pathogenic
strains, Escherichia coli, Enterobacter cloacae Pseudomonas aerugi-
nosa, Proteus mirabilis, Enterococcus faecium, and Staphylococcus
aureus by agar well diffusion method. The minimum inhibitory con-
centration of bactericidal activity was estimated and the presence
of bioactive compounds by spectral analysis using a UV-visible spec-
trophotometer. The results were obtained by measuring the zones
around the wells after the diminution of the well size. It was found
to be positive results on cultures using honey samples. The growth
of the undiluted culture was less inhibited by different honey sam-
ples and the diluted was highly inhibited by all honey samples, and
the number of bacterial colonies was high in the undiluted culture
whereas less in the diluted culture. The extract of honey showed
better antibacterial activities contrary to pathogenic bacteria.
Hence, it revealed that as the dilution rate increased, the antibiotic
sensitivity also increased. The honey samples capable of antibiotic
activity against clinical pathogens have the potential to be used as
an effective tool for inhibiting the growth of pathogenic microorgan-
isms and potentially used as a promising application in antibacterial
agent against pathogens of raw milk.

Keywords: Honey; Agar well diffusion assay; Minimum Bacteri-
cidal Concentration

According to the World Health Organization (WHO) mea-
surements, up to 80% of the population in some established
countries have used natural products in their primary health
care [22,38]. Furthermore, 80% of people are influenced by
these types of treatment in Asian countries including India [22].
The researchers have found that natural materials are normally
more acceptable to users, and if these substitute methods are
in effect, this may decrease the support for other synthetic sub-
stances [32]. Also, the study of such natural compounds may
lead to the finding of a bioactive component that could prevent
some ecological threats or effects on a disease process in hu-
mans [17]. The growth in the resistance of pathogenic bacteria
to antibiotics is too a progressively vital factor behind the grow-
ing interest in the use of these natural compounds. The herbs,
plant extracts, essential oils, and honey are the supreme col-

lective sources for these bioactive compounds [17], and these
products are effective against a range of bacterial infections and
inflammatory cases [1,21].

Honey is the natural sweet substance produced by honey-
bees from the nectar of blossoms or from secretions of living
parts of plants or excretion of plant-sucking insects on the ac-
tive parts of plants, which honeybees gather, convert, and pool
with specific substances of their own, store and leave in the
honeycomb to mature and ripen. The honey is ranked by color,
with the clear, golden amber honey often at a higher trade price
than darker varieties. The flavor of honey will vary based on the
types of flower from which the nectar was yielded. The pres-
ence of its nutritive, therapeutic, and dietetic quality in honey,
is used in the food industry, medicine, and many other domains.
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From the time when prehistoric periods, it was discovered that
honey is a medicine and is well known for its antibacterial ac-
tivity, which was first reported in 1892 [31,20]. And also it has
been used for the treatment and prevention of wound infec-
tions. With the advent of antibiotics, the medical application of
honey was dropped in current Western medicine, though it is
still used in traditional ways. For all antibiotic classes, including
the major last-resort drugs, resistance is increasing worldwide
and even more alarming, very few new antibiotics are being de-
veloped. The potential activity of honey against antibiotic-resis-
tant bacteria resulted in renewed interest in its application and
has been approved for medicinal application. The inadequate
knowledge of the antibacterial compounds and the changeabil-
ity of antibacterial activity are chief hindrances to the applica-
bility of honey in medicine. In current years, the information on
the antibacterial compounds in honey has expanded.

Nowadays, a lot of people group honey for its antibacterial
and anti-inflammatory properties. The complete practitioners
think through its unique nature's greatest versatile remedies
[27]. The high sugar concentration, hydrogen peroxide, and the
low pH are renowned antibacterial influences in honey, and fur-
ther lately, methylglyoxal and the antimicrobial peptide bee de-
fensin-1 and also phytochemical compounds, such as aromatic
acids and phenols [2,6,27] Hegazi et al. 2017) were recognized
as vital antibacterial compounds in honey. The antibacterial ac-
tivity of honey is extremely composite due to the association
of manifold complexes and due to the great difference in the
concentrations of these composites among honey [28,29]. The
information that honey has antibacterial properties has been
documented for more than a century since it therapies for in-
fections [34]. The honey’s resistance has not ever been stated
nor has any toxicity effects, low cost of maintenance and local
availability confer valuable advantages to using honey as a sub-
stitute antimicrobial therapy [40]. There is much information
on the antimicrobial activity of honey against a wide range of
bacterial and fungal species [7,14]. The antibacterial activity of
honey performance has been stated first by van Ketel (1892),
followed by Dustmann (1919). The following statement was by
Sacket (1919), he also described that the antibacterial potency
was augmented by limited dilution of honey, a comment that
was hard to describe. The additional serious study did not begin
until the work of Dold et al (1937). They make known the term
'inhibin' for the antibacterial activity of honey, a term which has
been extensively used subsequently in the literature on honey.
Later then there have been several accounts, some have been
of simple testing that has revealed honey to have antibacterial
activity, and these have often been done without credit of the
prior finding of this by others. Furthermost, the study involved
the activity spectrum of honey (i.e. defining which species of
microorganism are sensitive to the action of honey) or compari-
son of different types of honey for the effectiveness of their ac-
tion against one or additional species of bacteria. The practice
of milk is quite common in our day-to-day activities. While using
raw milk or even after boiling some of the pathogens remain in
it and lead to some common infection along with other immune
weakness either directly or indirectly. Therefore, the study in-
tended to either kill or inhibit the growth of these pathogens in
the milk by adding antibiotic substances from natural sources
without denouncing the quality of the food material. The study
aimed to determine the broad spectrum of antimicrobial activ-
ity of honey from two different sources natural (unprocessed
honey) and commercial (processed honey). The screening and
selection of pathogens are based on the literature survey and

report from the Milma dairy industry (Kanhangad, KL, India).
Hence, honey was selected as a natural antibiotic compound
with the following properties; its medicinal properties, immu-
nomodulatory properties, presence of glucose oxidase (Perox-
ide effect), and its availability.

Materials and Methods
Sample collection

The honey samples of three unprocessed and three pro-
cessed were obtained from different sources and coded as fol-
lows respectively, Natural (N1), Aralam (N2), Jamun (N3), Lion
(A1) Begood (A2), Dabur (A3), from Kasaragod District. All sam-
ples were kept in sterile screw cap tubes and stored at dark at
room temperature.

Pathogen Selection and Collection

The pathogenic bacteria used in this study were Escherichia
coli (a), Enterobacter cloacae (b), obtained from Kanhangad
Diagnostic Centre (KDC) Lab (Kanhangad). These were subcul-
tured on Nutrient agar and incubated aerobically at 37°C. Or-
ganisms were maintained in the laboratory on nutrient broth at
37°C for 24 h and then kept at 42C before further experiments.

Serial Dilution and Estimation of Microbial Concentration

The serial dilution and pour plate method was used for the
study using samples from pure cultures of bacteria. A liquid bac-
terial culture was inoculated and spread onto the surface of the
agar plate. To ensure uniformity of sample distribution on the
plate spreading in this instance, it should be done with a glass
rod and not by the heavy streak method. The plate was incubat-
ed to allow bacterial growth and colonies were counted. Since
every cell in the population will proliferate to a visible colony,
the colonies on the plate characterize the number of cells that
exist in the sample taken from the population. A 100ul sample
was taken from the flask and placed in 900ul of water in tube A;
the contents of tube A would represent a 10-fold dilution of the
original sample. That is, the cell number per pl would be 1/10th
of the original concentration. If 100ul was taken from tube A
and placed into 900ul of water in tube B, that is another 10-
fold dilution and represents a total concentration decrease of
1/100 from the original. If 100ul from tube B is placed in 900pl
water in tube C, that is another 10- fold dilution now represents
a 1/1000 concentration decrease of the original. Such dilution
can be prepared up to 10 times dilution. Spread 100 pl samples
from each tube into a culture plate and incubate for 24 hours to
count the number of colonies.

Agar Plate Assay

In agar plate assay, for determining the concentration of
bacteria used for the antibiotic activity of honey samples,
therefore different dilutions were performed and serial dilution
was done. For that, 100l of broth was added into 900ul of de-
ionized water and serially diluted. The 100ul of samples were
transferred into sterile Petri dishes. The 20ml of nutrient agar
medium was added. Also, the concentrations of pathogens at
different dilutions were examined.

Broth Assay

Similarly for broth assay, to determine the bacterial concen-
tration, 100ul of honey was added to 900l of broth and seri-
ally diluted. The 100pl of each dilution was poured into a sterile
Petri plate. Add 20ml of nutrient agar medium was added and
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left into laminar airflow for 24 hours. Then the concentration of
pathogens at different dilutions was calculated.

Antibiotic Activity by well Diffusion Assay

The nutrient agar medium was prepared and poured into
a sterile petri dish and left for solidification. Wells of 1cm di-
ameter were made smoothly using a sterile test tube with 1cm
diameter. Add 100ul of pathogenic bacterial culture as inocu-
lum to nutrient agar medium into each petri plate and mix by
using the spread plate method. After that, 100 pl of collected
honey samples were poured into the wells individually and kept
at 37°C for 24h. The results were expressed by measuring the
zones around the wells after the diminution of the well size. The
experiment was done in duplicate and the mean with standard
deviation was calculated. Conferring to CLSI guidelines, these
methods are often active in microbiological laboratories. For
example, the agar diffusion assay procedure comprises smear-
ing a petite volume of honey or a honey solution to the center
of a well bored into a nutrient agar plate that has previously
been inoculated with a bacterial culture. The honey disperses
out into the agar from its application position while the plate is
incubating. The zone of inhibition (ZOl), a clear zone adjacent
to the honey application location, is a measure of the honey's
efficacy [22].

Evaluation of Antibacterial Activity for the Presence of Hy-
drogen Peroxide or Proteinaceous Composites

The MIC values of the honey types treated with bovine cata-
lase or proteinase K were evaluated and related to those of un-
processed honey. Concisely, 50% v/v honey in Muller- Hinton
broth containing 100 ug/ml proteinase K or 600 U/ml bovine
catalase was incubated for 16 h at 37°C, and then it was two-
fold diluted and tested. The raised MIC values of the processed
honey compared to the unprocessed honey showed the
presence of hydrogen peroxide or proteinaceous compounds
which supported the antibacterial activity of the verified honey
types [24].

Influence of Individual Components on the Antibacterial Ac-
tivity of Honey by Spectral Analysis

The diluted honey samples were analyzed for bioactive com-
pounds by spectral analysis using a UV-visible spectrophotom-
eter (UV-2600, SHIMADZU). The diluted samples were centri-
fuged at 5000 rpm for 4 hours and the catalyzed samples were
subjected to spectral analysis.

Results and Discussion

The antimicrobial activity and Inhibition Zone Diameter of
(1ZD) of two different sources of Natural (unprocessed honey)
and Commercial (processed honey) were determined for Esch-
erichia coli and Enterobacter cloacae. The pathogens used in
this study included Escherichia coli, Enterobacter cloacae Pseu-
domonas aeruginosa, Proteus mirabilis, Enterococcus faecium,
and Staphylococcus aureus. Both natural and commercial were
effective against Escherichia coli and Enterobacter cloacae. The
effect on Escherichia coli is somewhat more than Enterobacter
cloacae. In this study, six honey samples were tested for their
antimicrobial activity on Escherichia coli and Enterobacter cloa-
cae. The present study showed varying degrees of growth inhi-
bition activity of Natural and Commercial honey samples against
the tested organisms. These might be due to the osmotic effect
and the sensitivity of these organisms to hydrogen peroxide
which are unsuitable for bacterial growth and represented as
an inhibition factor in honey [19,30].

Honey has several well-known characteristics that are gen-
erally accepted as contributing to total antimicrobial activity.
These include low pH, an osmotic effect, hydrogen peroxide
production, and phytochemical factors [9]. The antimicrobial
activity of many honeys can be attributed predominantly
to hydrogen peroxide activity [13], evidenced by a decline in
antimicrobial activity after treatment with the enzyme catalase.
The medicinal effects of honey date back to the days of Aristotle
(384-322 BC) for the treatment of sore eyes and wound infec-
tions [16,36]. The antimicrobial characteristics of honey have
been established for a long time especially for wound healing
[8,36]. Its activity may be due to its complex composition and
its ability to generate hydrogen peroxide by the bee-derived en-
zyme glucose oxidase [4,12,15,33,36]. Regarding the number
of strains sensitive to the action of honey, a relationship, and in-
teractions between the origin of honey and its antibacterial ac-
tivity was observed. The natural (N1, N2, N3) samples present a
high antibacterial activity against all bacterial strains. The com-
mercial (A1, A2, A3) also have high antibacterial activities. These
findings confirm the ability of various types of honey to inhibit
strains of pathogenic bacteria whether susceptible or resistant
to standard antibiotics. The antibacterial activity of honey was
different according to the area of origin. To maximize the thera-
peutic effects of honey, a careful selection of those with high
levels of antibacterial activity must be made. This is possible by
identifying the factors that increase the antibacterial effect. In
the meantime, the isolation of honey’s active constituents may
underlie the synthesis of new drugs with antibacterial effects.

Serial Dilution Method

The concentrations of the bacteria present in different di-
lutions were determined using serial dilution. Table .1, shows
the concentration of pathogens Escherichia coli, Enterobacter
cloacae Pseudomonas aeruginosa, Proteus mirabilis, Enterococ-
cus faecium, and Staphylococcus aureus present in different di-
lutions. The table reveals that the concentration of pathogens
decreases when going for dilution, which means the number of
bacterial colonies was more at dilution 10 with 356x10 (CFU/
ul) in Escherichia coli and 252x10(CFU/ul) in Enterobacter cloa-
cae. Similarly, less number of bacterial colonies are present at
107 dilution with 40x10%(CFU/ul) in E.coli and 32x10°(CFU/ul) in
Enterobacter cloacae.

Antibiotic Activity using Agar Plate Assay by well Diffusion
Method

In the good diffusion method, all honey samples from dif-
ferent sources showed inhibitory activity against all the target
pathogenic bacteria; the growth inhibitory zone varies between
1.2 and 3.6 cm (Table 2). The antimicrobial activity of honey was
studied both in Undiluted and Diluted cultures of clinical patho-
gens. The diameter of inhibition zones was studied and the re-
sults were illustrated in Tables (1 and 2). The lesser the dilution,
the greater the decrease in antimicrobial activity against Esch-
erichia coli and Enterobacter cloacae strains. Among the bacte-
ria evaluated, Escherichia coli were easily inhibited by all tested
honey samples. Growth of Escherichia coli was easily inhibited
by Be Good honey (A2), Lion honey (A1), Dabur honey (A3), Ja-
mun honey (N3), Aralam honey (N2), Natural honey, Kasaragod
(N1) with the inhibitory zone of 3.6, 3.6, 3.5, 3.2, 3.2, 2.7 cm,
respectively (Table.2). From the Table.2 growth of Enterobacter
cloacae was moderately inhibited by all honey samples with in-
hibitory zone between the ranges of 1.2 to 2.5cm. The honey
samples unprocessed honey (N1, N2, and N3) and processed
(A1, A2, and A3) showed antibiotic sensitiv
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Table 1: Concentration of pathogens at different dilution.

Sample  Dilution Dilution Number of | Average colony forming
factor colonies unit (CFU/ul)
Escherichia coli
1 1071 10* 89x4 356x10
2 1072 10? 45x4 180x10?
3 1073 10° 32x4 128x10°
4 1074 10* 20x4 80x10*
5 1070 10° 10x4 40x10°
Enterobacter cloacae
1 1071 10t 63x4 252x10
2 1072 10? 47x4 188x10?
3 1073 10° 30x4 120x10°
4 1074 10* 15x4 60x10*
5 1070 10° 8x4 32x10°
Pseudomonas aeruginosa
1 1071 10t 156x4 624x10
2 1072 10? 98x4 392x10?
3 1073 10° 73x4 292x103
4 1074 10* 39x4 156x10*
5 1070 10° 10x4 40x10°
Proteus mirabilis
1 1071 10t 55x4 220x10
2 1072 10? 44x4 176x10?
3 1073 10° 40x4 160x10°
4 1074 10* 35x4 140x10*
5 1070 10° 18x4 72x10°
Enterococcus faecium
1 1 0—1 10t 53x4 212x10
2 1072 10? 36x4 144x10?
3 1073 10° 24x4 96x103
4 1074 10* 17x4 68x10*
5 1070 10° 8x4 32x10°
Staphylococcus aureus
1 1071 10t 88x4 352x10
2 1072 10? 70x4 280x10*
3 1073 10° 27x4 108x10°
4 1074 10* 19x4 75x10*
5 1070 10° 10x4 40x10°

ity of 1.2, 1.4, 2.1, 2.2, and 2.5cm against Enterobacter cloacae
of 260x10° (CFU/ul) numbers of cells. From Table 2, it can be
interpreted that Be Good Honey (A2) showed the highest inhibi-
tory activity against tested pathogenic bacteria (3.6cm in E. coli
and 2.5cm in Enterobacter cloacae). The above table revealed
different antibiotic sensitivity in E.coli and Enterobacter cloa-
cae broth cultures with different honey samples. Here, Natural
honey (N1) Kasaragod showed less antibiotic activity on these
bacterial cultures with antibiotic sensitivity of 2.7cm and 1.2cm
in E.coli and Enterobacter cloacae because of the absence of
preservatives in Natural honey (N1). Hence, Natural honey (N1)
Kasaragod was observed to be the purest one. From tables, re-
vealed that, In the case of Escherichia coli, the Antibiotic activ-
ity of Natural(N1) honey, Kasaragod showed 2.7cm as a zone
of inhibition under Undiluted culture of 363x103(CFU/ul) and
1.3 cm zone of inhibition under Diluted culture of 356x10(CFU/
pl) strains. They show a 1.4 cm variation between them. The
honey samples of Aralam (N2) and Jamun (N3) honey showed
same antibiotic sensitivity of 3.2 cm in undiluted culture and
3.8 and 3.3 cm of antibiotic sensitivity in diluted culture. There
were differences of 0.6 cm and 0.1 cm. Antibiotic activity of

Lion(A1) honey and Be good(A2) showed the same zone of in-
hibition against undiluted culture, which was 3.6 cm, and under
a diluted culture of E.coli, Lion and Be good honey showed an-
tibiotic sensitivity of 3.8 and 3.9 cm, which gives differences of
0.2 and 0.3 cm. At last, the Dabur (A3) honey showed antibiotic
sensitivity of 3.5 cm in undiluted culture and 3.6 cm in diluted
culture with 0.1cm. Thus, the antibiotic activity of different hon-
ey samples against the diluted culture of Escherichia coli was
higher than that of the antibiotic activity of honey against undi-
luted culture. The antibiotic and antibacterial activity of honey
against clinical pathogens by well diffusion method is shown in
Table 2. In the good diffusion method, for undiluted culture six
honey samples from different sources showed inhibitory ac-
tivity against target pathogenic bacteria. In the good diffusion
method, all honey samples from different sources showed in-
hibitory activity against all the target pathogenic bacteria; the
growth inhibitory zone varies between

1.2cm and 3.5cm (Table 2). From Table 2, the Antibiotic activ-
ity of different honey samples of Undiluted and Diluted cultures
of Escherichia coli and Enterobacter cloacae showed differences
in antibiotic sensitivity values. In the case of undiluted cultures
of Escherichia coli and Enterobacter cloacae, Escherichia coli is
highly inhibited by all honey samples than Enterobacter cloa-
cae. E. coli showed 2.7 to 3.5 cm of inhibition zone diameter
whereas Enterobacter cloacae showed 1.2 to 2.5 cm of inhibi-
tion zone diameter. In Diluted cultures of Escherichia coli and
Enterobacter cloacae, also E.coli showed higher inhibitory activ-
ity in all honey samples than Enterobacter cloacae. Here E.coli
showed inhibition zone diameter of 1.3 to 3.6 cm whereas En-
terobacter cloacae showed inhibition zone diameter of 1 to 1.5
cm.

Table. 2, revealed that, In case of Escherichia coli, the Anti-
biotic activity of Natural(N1) honey, Kasaragod showed 2.7cm
as a zone of inhibition under Undiluted culture of 363x103(CFU/
pl) and 1.3 cm zone of inhibition under Diluted culture of
356x10(CFU/ul) strains. They show a 1.4 cm variation between
them. The honey samples of Aralam (N2) and Jamun (N3) honey
showed same antibiotic sensitivity of 3.2 cm in undiluted culture
and 3.8 and 3.3 cm of antibiotic sensitivity in diluted culture.
There were differences of 0.6 cm and 0.1 cm. Antibiotic activ-
ity of Lion(A1) honey and Be good(A2) showed the same zone
of inhibition against undiluted culture, which was 3.6 cm, and
under diluted culture of E.coli, Lion and Be good honey showed
antibiotic sensitivity of 3.8 and 3.9 cm, which gives differences
of 0.2 and 0.3 cm. At last, the Dabur (A3) honey showed anti-
biotic sensitivity of 3.5 cm in undiluted culture and of 3.6 cm in
diluted culture with 0.1cm. Thus, the antibiotic activity of differ-
ent honey samples against the diluted culture of Escherichia coli
was higher than that of the antibiotic activity of honey against
undiluted culture. Among the studied bacteria, Pseudomonas
aeruginosa and Proteus mirabilis showed inhibitory activity by
honey samples (Table 2). In both organisms Dabur (A3) honey
showed the highest inhibitory activity. In the case of Pseudomo-
nas aeruginosa, Natural Kasaragod honey (N1) showed inhibi-
tory activity of 2.2 cm and Dabur (A3) showed activity of 4.2 cm.
In the case of Proteus mirabilis Natural Kasaragod honey (N1)
showed inhibitory activity of 1.5cm and Dabur (A3) showed ac-
tivity of 3cm (Table 2). From the results, the inhibitory activity of
Pseudomonas aeruginosa and Proteus mirabilis were observed.
The Dabur (A3) honey showed inhibitory activity of 3.2 cm and
3cm respectively. From the table, it can be interpreted that Da-
bur (A3) honey showed the highest inhibitory activity against
tested pathogenic bacteria., natural Kasaragod honey (N1)
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Table 2: Antibiotic activity of different samples against clinical pathogens.

Sample Average colony forming unit (CFU/100pul) Diameter of zone (Z,,cm) Diameter of well (W ,cm) Antibiotic Sensitivity (Z,-W,,cm)
Escherichia coli
N1 363x10° 3.7 1 2.7
N2 363x10° 4.2 1 3.2
N3 363x10° 4.2 1 3.2
Al 363x10° 4.6 1 3.6
A2 363x10° 4.6 1 3.6
A3 363x10° 4.5 1 35
Enterobacter cloacae
N1 260x10° 2.2 1 1.2
N2 260x10° 24 1 14
N3 260x10° 31 1 21
Al 260x10° 3.2 1 2.2
A2 260x10° 35 1 2.5
A3 260x10° 35 1 2.5
Pseudomonas aeruginosa
N1 631x10° 2.2 1 1.2
N2 631x10° 34 1 24
N3 631x10° 34 1 24
Al 631x10° 35 1 2.5
A2 631x10° 4.0 1 3.0
A3 631x10° 4.2 1 3.2
Proteus mirabilis
N1 228x10° 25 1 15
N2 228x10° 34 1 24
N3 228x10° 3.6 1 2.6
Al 228x10° 3.8 1 2.8
A2 228x10° 3.8 1 2.8
A3 228x10° 4.0 1 3.0
Enterococcus faecium
N1 219x10° 22 1 1.2
N2 219x10° 24 1 14
N3 219x10° 2.6 1 16
Al 219x10° 34 1 24
A2 219x10° 34 1 24
A3 219x10° 35 1 25
Staphylococcus aureus
N1 359x10° 2.6 1 16
N2 359x10° 3.9 1 2.9
N3 359x10° 4.0 1 3.0
Al 359x10° 4.1 1 31
A2 359x10° 4.2 1 3.2
A3 359x10° 4.5 1 35

Unprocessed honey: N1: Natural honey, Kasaragod; N2: Aralam honey; N3: Jamun honey; Processed honey: Al: Lion honey; A2: Be good honey; A3: Dabur honey

showed the least(1.2cm and 1.5cm) inhibitory activity, which
means there is no added preservatives present in the Natural
Kasaragod honey (N1) and it is hundred percent pure. Among
the bacteria evaluated, Staphylococcus aureus was easily inhib-
ited by all tested honey samples. Growth of Staphylococcus
aureus was easily inhibited by Dabur honey (A3), Be good honey
(A2), Lion honey (A1), Jamun honey (N3), Aralam honey (N2),
Natural honey, Kasaragod (N1) with inhibitory zone of 3.5, 3.2,
3.1, 3, 2.9 and 1.6 cm, respectively as shown in Table.2. Table
2, represent the antibiotic activity of different honey samples
such as N1, N2 and N3 (Natural-unprocessed honey) and Al,
A2, and A3 (Commercial-processed honey) against Enterococ-
cus faecium and Staphylococcus aureus. It was observed that
Dabur honey (A3) showed the highest inhibitory ac-
tivity against Enterococcus faecium and Staphylococcus aureus

(3.3 and 2.5 cm), while Natural honey, Kasaragod was effective
against Enterococcus faecium and Staphylococcus aureus (1.2
and 1.6cm) showed less activity. Thus the antibiotic activity of
Be good (A2) honey and Lion (Al) honey against Escherichia
coli was higher compared to other honey samples with an in-
hibitory zone of 3.6 cm in 363 x10° (CFU/ul) concentration of
broth. From the figure.1, it revealed that growth of Escherichia
coli, Enterobacter cloacae, Pseudomonas aeruginosa, Proteus
mirabilis, Enterococcus faecium, and Staphylococcus aureus
were moderately inhibited by all honey samples. From the fig-
ure, the Natural honey Kasaragod (N1) shows less activity, and
Dabur honey (A3) and Be good honey (A2) show higher antibi-
otic activity against Enterobacter cloacae. Hence, Dabur honey
(A3) and Be good honey (A2) were highly effective which was
2.5 cm. Among the figures (1; 2a-2f; 3a-3b), Escherichia coli was
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Figure 2b: The antibiotic activity of unprocessed honey, Natural
honey Kasaragod (N1), Aralam (N2), Jamun (A3) and processed
honey, Lion (A1), Be good (A2), Dabur (A3) honey samples against
clinical pathogen Enterobacter cloacae

highly inhibited and showed high antibiotic sensitivity with dif-
ferent honey samples than Enterobacter cloacae. From the fig-
ures (1; 2a-2f; 3a-3b) it was observed that Natural honey (N1)
Kasaragod (unprocessed honey) showed less antibiotic sensitiv-
ity than commercial honey samples (processed honey), which
revealed that the processed honey samples contain additives
or preservatives which inhibit the growth of cultures. Thus the
unprocessed honey samples were more effective. The antibiotic
sensitivity of different honey samples against Pseudomonas ae-
ruginosa. From the figure, the commercial (Processed honey;
A1, A2, A3) honey showed high antibiotic sensitivity tan Natural
(Unprocessed honey; N1, N2, N3) honey against Pseudomonas
aeruginosa. The Natural Kasaragod (N1) honey showed the
least activity with an inhibitory zone of 1.2cm and Dabur (A3)
honey showed the highest activity with an inhibitory zone of
3.2cm. The increase in the activity of different honey samples
against Proteus mirabilis. From the figure, the Natural Kasara-
god honey (N1) showed less (1.5cm) inhibitory activity and
Dabur (A3) honey showed the highest activity with an inhibi-
tory zone of 3cm.This means Dabur (A3) honey is very effective
against Proteus mirabilis. Table .2 shows the inhibitory activ-
ity of all honey samples from different sources against target
pathogenic bacteria. It shows an increase in antibiotic sensitiv-
ity with an increase in dilution from 10-1 to 10-5. The growth
inhibitory zone varies from 1 to 4.5 cm. The strain Escherichia
coli showed high sensitivity to all honey samples. The diam-
eter of the inhibition zone observed for Escherichia coli is 4.5
cm at 10° dilution using N2: Aralam honey, the highest value
among all the samples and studied strains. The results are very
important from the clinical point of view, these bacterial strains
(E.coli) play an important role as an epidemiological causative
agent of diarrhea in children and calves. Thus, honey can inhibit
the growth of Escherichia coli. Regarding the activity of honey
against Enterobacter cloacae, the growth were moderately in-
hibited by all honey samples.

From Table 2, Enterobacter cloacae showed less antibiotic
sensitivity of 1cm at a concentration of 10 in Natural (N1) hon-
ey, Kasargod. Regarding the sensitivity to the other five honey
samples, the diameters of the inhibition zones at different con-
centrations are quite low (1, 1.6, and 1.7 cm) for Enterobacter
cloacae using Be good (A2) honey. The antibiotic sensitivity of
honey samples N1, N2, N3 (natural honey) and A1, A2, A3 (com-
mercial honey) against diluted cultures of Pseudomonas aeru-
ginosa and Proteus mirabilis. In the case of both organisms as
dilution increased number of organisms decreased and there
was an increase in the antibiotic sensitivity of honey samples
from 10* to 10° dilutions. The antibiotic sensitivity of natural
Kasaragod (N1) and Aralam (N2) honey samples against clinical
pathogens. The Pseudomonas aeruginosa showed the least in-
hibitory activity (1.4cm) in 10 dilution and the highest inhibito-
ry activity (3.6cm) in 10° dilution. The Proteus mirabilis showed
1.3cm and 3cm for 10* and 10 dilutions respectively.

The antibiotic sensitivity of Jamun (N3) and Lion (A1) honey
samples against clinical pathogens was recorded as mentioned
in Figure 2c. As the dilution rate increased, the number of organ-
isms was decreased and the antibiotic sensitivity was increased.
Pseudomonas aeruginosa showed the least inhibitory activity
(2cm) in 10 dilution and the highest inhibitory activity (3.4cm).
And that of Proteus mirabilis is 2cm and 3cm for 10* and 10°
dilutions respectively. The antibiotic sensitivity of Begood (A2)
and Dabur (A3) honey samples against clinical pathogens. In
both organisms, 10 dilution showed the least inhibitory activ-
ity and 10° dilution showed the highest inhibitory activity.
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Figure 2c: The antibiotic activity of unprocessed honey, Natural
honey Kasaragod (N1), Aralam (N2), Jamun (A3) and processed
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Figure 2d: The antibiotic activity of unprocessed honey, (Natural
honey Kasaragod (N1), Aralam (N2), Jamun (A3) and processed

honey, Lion(A1), Be good (A2), Dabur(A3) honey samples against
clinical pathogen Proteus mirabilis,

In the case of Begood (A2) honey, Pseudomonas aeruginosa
showed inhibitory activity of 1.5 and 2.6cm at 10" and 10° dilu-
tions respectively. Proteus mirabilis showed inhibitory activity
of 2cm and 3.2cm at 10*and 10-5 dilution respectively. Like that
Dabur (A3) showed activity of 2cm and 3cm for Pseudomonas
aeruginosa at 10* and 10° dilutions respectively. The clinical
pathogens Enterococcus faecium and Staphylococcus aureus
showed an increase in antibiotic sensitivity with an increase
in dilution from10'and 10°. The antibiotic activity of Natural
Kasaragod honey (N1) against different dilutions of Enterococ-
cus faecium and Staphylococcus aureus. It was observed that
the strain Staphylococcus aureus showed high sensitivity to all
honey samples. Among the table increase in antibiotic activity
with an increase in dilution of samples from 10 to 10°. The an-
tibiotic activity of Aralam honey (N2) against different dilutions
of Enterococcus faecium and Staphylococcus aureus. 1t was ob-
served that the highest antibiotic sensitivity was at ¥ * least ac-
tivity was at 10 which means as dilution increases antibiotic
sensitivity also increased. Antibiotic activity of Jamun honey
(N3) against the diluted culture of Enterococcus faecium and
Staphylococcus aureus, which showed highest antibiotic sensi-
tivity at 10° (2.0 cm) and least activity at 10 (0.7cm), which
means as dilution increases antibiotic sensitivity also increased.
The antibiotic activity of Lion honey (A1) against diluted culture
of Enterococcus faecium and Staphylococcus aureus. 1t was ob-
served that the highest antibiotic sensitivity was at 10° and the
least activity was at 10", which means as dilution increases an-
tibiotic sensitivity also increases. Antibiotic activity of Be Good
honey (A2) against the diluted culture of Enterococcus faecium
and Staphylococcus aureus, which showed the highest antibiot-
ic sensitivity at 10”° and the least activity at 107, which means as
dilution increases antibiotic sensitivity also increased. The anti-
biotic activity of Dabur honey(A3) against the diluted culture of
Enterococcus faecium and Staphylococcus aureus, showed the
highest antibiotic sensitivity at 10 and the least activity at 10
T which means as dilution increases antibiotic sensitivity also
increased. An increase in antibiotic sensitivity along the dilution
of broth, and there was a decrease in many bacterial colonies
along the graph. From Figure 2a, the antibiotic activity of Natu-
ral (N1) honey against E.coli increases with an increase in dilu-
tion of broth, and the number of colonies decreases with an
increase in dilution. E.coli is less inhibited by (N1) honey at 10*
concentration with 1.3 cm. Thus antibacterial activity of Natural
honey was high at 10®° concentration which was 2.4 ¢cm, and
the number of bacterial colonies was less at 10 concentration
which was 40x10° (CFU/ul). The Figure shows the increasing ac-
tivity along the concentration. It shows less antibiotic sensitivity
of 3.8cm at 10 concentration.

In Figure 2a, Escherichia coli was highly inhibited by Aralam
(N2) honey with antibiotic sensitivity of 4.5 cm at 10° concen-
tration, which shows the high inhibition zone diameter among
all honey samples. Thus the number of colonies present de-
creases along the concentrations, which shows a high number
of colonies (365x10) at 10" dilution and less number of colo-
nies (40x10°) at 10-5. It reveals the antibiotic activity of Jamun
(N3) honey against Escherichia coli. The graph showed differ-
ent antibiotic sensitivity from dilution 10" to 10 with 3.3, 3.5,
3.8, 4.1 and 4.4 cm. Jamun (N3) honey was effective against E.
coli. Hence, the inhibition zone diameter of Jamun (N3) honey
against E.coli was high at 107° with

4.4 cm. Tables 2a and 2b, represented the antibiotic activity
of Commercial (Processed) honey samples Lion (A1), Be Good
(A2), and Dabur (A3) against Escherichia coli. It showed
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Figure 2e: The antibiotic activity of unprocessed honey, Natural
honey Kasaragod (N1), Aralam (N2), Jamun (A3) and processed
honey, Lion(A1), Be good (A2), Dabur(A3) honey samples against
clinical pathogen Enterococcus faecium,
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Figure 2f: The antibiotic activity of unprocessed honey, Natural
honey Kasaragod (N1), Aralam (N2), Jamun (A3) and processed
honey, Lion (A1), Be good (A2), Dabur(A3) honey samples against
clinical pathogen Staphylococcus aureus

an increase in antibiotic sensitivity along the different concen-
trations of broth, and there was a decrease in several bacterial
colonies along the graph. From Figure 2a, the antibiotic activity
of Lion (A1) honey against E.coli increases with an increase in
dilution of broth, and the number of colonies decreases with
an increase in dilution. E.coli is less inhibited by Lion honey at
10?, 10 and 102 concentration with 3.8 cm. Thus antibacte-
rial activity of Lion honey was high at 10®° concentration which
was 4.3 cm, and the number of bacterial colonies was less at
107 concentration which was 40x10%(CFU/ul). It showed the in-
creasing activity along the concentration.

From Figure 2a, Escherichia coli was inhibited by Be good
(A2) honey with antibiotic sensitivity of 3.9 and 4.2 cm at dilu-
tion from 10 to 10®° concentration. Thus the number of colo-
nies present decreases along increasing dilution, in which a high
number of colonies (365x10) present at 10! dilution and less
number of colonies (40x10°) at 10°. It revealed the antibiotic
activity of Dabur (A3) honey against Escherichia coli. The graph
showed different antibiotic sensitivity from dilution 107" to 107®
with 3.6, 3.8, 3.9, 4, and 4 cm. Dabur (A3) honey was effective
against E.coli. Hence, the inhibition zone diameter of Dabur (A3)
honey against E.coli was high at 10* and 10~ of 80x10* (CFU/ul)
and 40x10° with 4 cm. Figure 2b and Table 2 represented the
antibiotic activity of Natural (Unprocessed) honey samples Nat-
ural (N1), Kasaragod, Aralam (N2), Jamun (N3) against Entero-
bacter cloacae. It showed that increase in antibiotic sensitivity
along the dilutions of broth, and there was a decrease in many
bacterial colonies along the graph.

From Figure 2b, the antibacterial activity of Natural (N1)
honey against Enterobacter cloacae increases with an increase
in dilution of broth, and the number of colonies decreases with
an increase in dilution. Enterobacter cloacae is less inhibited by
(N1) honey at 10 concentration which is 1cm. Thus antibiotic
activity of Natural honey was high at 10* and 10° concentra-
tions which was 1.7 cm, and the number of bacterial colonies
was less at 10”° concentration which was 32x10%(CFU/ul). Fig-
ure 2b, showed the increasing activity along the dilutions. From
the figure, the Enterobacter cloacae were moderately inhibited
by Aralam (N2) honey with antibiotic sensitivity 1.2, 1.8, 2.5,
2.6, and 2.7 cm at concentrations 10 to 10°. It reveals that En-
terobacter cloacae is highly inhibited by Aralam (N2) honey at
10° concentration, which shows 2.7 cm. Thus the number of
colonies present decreases along increasing dilution, in which a
high number of colonies (365x10) present at 107" dilution and
less number of colonies (40x10°) at 10°. It also revealed the
antimicrobial effect of Jamun (N3) honey against Enterobacter
cloacae. The graph shows different antibiotic sensitivity from
dilution 10 to 10° with 1, 2.2, 2.3, 2.5, and 2.7 cm. Jamun (N3)
honey was effective against Enterobacter cloace. Hence, the in-
hibition zone diameter of Jamun (N3) honey against Enterobac-
ter cloacae was high at 107° with 2.7 cm.

The antibiotic activity of Commercial (Processed) honey
samples Lion (A1), Be Good (A2), and Dabur (A3) against En-
terobacter cloacae. It showed an increase in antibiotic sensitiv-
ity along with the decreasing concentration of broth, and there
was a decrease in several bacterial colonies along the graph.
The antibiotic activity of Lion (A1) honey against Enterobacter
cloacae increases with an increase in dilution of broth and the
number of colonies decreases with an increase in dilution. En-
terobacter cloacae is less inhibited by Lion honey at 10 con-
centration. Thus antibacterial activity of Natural honey was
high at 10 concentration which was 3.5 cm, and the number
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Figure 3b: Antibiotic activity Agar plate assay by well diffusion

method.

of bacterial colonies was less at 107 concentration which was
32x10%(CFU/ul). It showed increasing activity along with the in-
crease in dilution. The Enterobacter cloacae were less inhibited
by Be good (A2) honey with antibiotic sensitivity 1 cm at 107
concentration, which shows the less inhibition zone diameter
among all honey samples. Thus the number of colonies present
decreases along increasing concentration, in which more num-
ber of colonies (252x10 CFU/ul) present at 107" dilution and less
number of colonies (32x10°) at 107°. It revealed the antibiotic
activity of Dabur (A3) honey against Enterobacter cloacae. The
graph shows different antibiotic sensitivity from dilution 10! to
10° with 1.5, 2.6, 2.8, 3.3, and 3.9 cm. Dabur (A3) honey was ef-
fective against Enterobacter cloacae. Hence, the inhibition zone
diameter of Dabur (A3) honey against Enterobacter coli was
high at 10° with 3.9 cm.

Figure 2c shows the antibiotic activity of natural (N1) honey
at different dilutions against Pseudomonas aeruginosa. At 10
dilution number of organisms is higher and antibiotic activ-
ity is lower (1.4cm). At 10° dilution the number of organisms
decreased and antibiotic activity increased (3.6cm) as shown
in the Figure. It also showed the antibiotic activity of natural
(N2) honey at different dilutions against Pseudomonas aerugi-
nosa. At 10! dilution, antibiotic activity is lower (2cm) and at
10° dilution antibiotic activity is increased (3.4cm). It showed
the antibiotic activity of Jamun (N3) honey at different dilutions
against Pseudomonas aeruginosa. At 10 antibiotic activity is
lower (2cm) and at 10° dilution antibiotic activity increased
(3.3cm) with a decrease in several organisms. It showed the an-
tibiotic activity of Lion (A1) honey at different dilutions against
Pseudomonas aeruginosa. At 10 dilution number of organisms
is higher and antibiotic activity is lower (2cm). At 10° dilution
the number of organisms decreased and antibiotic activity in-

creased (3cm). Figure 2c shows the antibiotic activity of Begood
(A2) honey at different dilutions against Pseudomonas aerugi-
nosa. At 10! dilution number of organisms is more and antibi-
otic activity is less (1.5cm). At 10° antibiotic activity increased
(2.6cm). It showed the antibiotic activity of Dabur (A3) honey
at different dilutions against Pseudomonas aeruginosa. At 10!
dilution number of organisms is higher and antibiotic activity
is lower (2cm). At 10° dilution the number of organisms de-
creased and antibiotic activity increased (3cm).

Figure 2d shows the antibiotic activity of natural (N1) honey
at different dilutions against Proteus mirabilis. At 10* dilution
number of organisms is higher and antibiotic activity is lower
(1.3cm).At 10° dilution the number of organisms decreased and
antibiotic activity increased (3cm). Figure 2d shows the antibi-
otic activity of Aralam (N2) honey at different dilutions against
Proteus mirabilis. At 10 dilution number of organisms is higher
and antibiotic activity is lower (2cm). At 10° dilution, antibiotic
activity is increased (3cm). It showed the antibiotic activity of
Jamun (N3) honey at different dilutions against Proteus mirabi-
lis. At 10 dilution number of organisms is higher and antibiotic
activity is lower (2.2cm). At 10° dilution the number of organ-
isms decreased and antibiotic activity is increased (2.6cm). It
showed the antibiotic activity of Lion (A1) honey at different
dilutions against Proteus mirabilis. At 10 dilution number of
organisms is higher and antibiotic activity is lower (1.0cm).At
107 dilution the number of organisms decreased and antibiotic
activity is increased (2.6cm). It showed the antibiotic activity of
Begood (A2) honey at different dilutions against Proteus mira-
bilis. At 10 dilution number of organism is higher and anti-
biotic activity is lower (2cm).At 10 dilution antibiotic activity
is increased (3.2cm). The Figure showed the antibiotic activity
of Dabur (A3) honey at different dilutions against Proteus mi-
rabilis. At 10 dilution number of organism is higher and anti-
biotic activity is lower (2.0cm). At 10° dilution the number of
organism decreased and antibiotic activity is increased (3.2cm).
From the above figure.2e, revealed the antibacterial activity
of unprocessed (Natural honey Kasaragod (N1), Aralam (N2),
Jamun (N3) and processed Lion (A1), Begood (A2), Dabur (A3)
against Entercoccus faecium. It showed the antibiotic activity
of different honey samples towards Enterococcus faecium. The
higher antibiotic sensitivity was observed in Dabur (A2) honey
was 2.5cm and lower activity was observed in natural honey
Kasaragod (N1) was 1.2cm. The Figure 2e, represented the an-
tibiotic sensitivity of Natural honey against at different dilution
of Enterococcus faecium. From the graph, it was observed that
increase in antibiotic activity when increase in dilution. Natural
honey Kasaragod showed highest antibiotic sensitivity at 10
Sand least activity at 10". Antibiotic sensitivity of Aralam (N2)
honey against at different dilution of Enterococcus faecium was
represented in figure 2e. The graph showed that the sensitiv-
ity was gradually increased with increase in dilution. The higher
sensitivity was 2.5cm at dilution 10 and lower sensitivity was
1.5cm at dilution 10™. Antibiotic activity of Jamun honey against
at different dilution of Enterococcus faecium was represented
in the figure. The graph showed increase in sensitivity of Jamun
honey against Enterococcus faecium. In dilution 10" the sensi-
tivity was 0.7cm and in dilution 10°° the sensitivity was 2cm. The
Figure2e, represented the antibiotic sensitivity of Lion honey
against at different dilution of Enterococcus faecium. From the
graph, it was observed that increase in antibiotic activity when
increase in dilution. Lion honey showed highest antibiotic sen-
sitivity at 10-°and least activity at 10”". The antibiotic sensitivity
of Be good honey against at different dilution of Enterococcus
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Figure 4a: UV Spectrum of Natural honey: (N1, N2 and N3).
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faecium was represented in figure. The graph showed that the
sensitivity was gradually increased with increase in dilution.
The higher sensitivity was 3 at dilution 10°and lower sensitivity
was 1.2 at dilution 101. The antibiotic activity of Dabur honey
against at different dilution of Enterococcus faecium was rep-
resented in figure. The graph showed increase in sensitivity
of Dabur honey against Enterococcus faecium. In dilution 10*
the sensitivity was 0.9cm and in dilution 10°°the sensitivity was
2.7cm. The above figure 2f, showed that the antibiotic activ-
ity of different honey samples towards Staphylococcus aureus.
The higher antibiotic sensitivity was observed in Dabur (A3)
honey was 3.5cm and lower activity was observed in natural
honey Kasaragod (N1) was found to be 1.6cm zone formation.
The Figure 2f, represented the antibiotic sensitivity of Natural
honey Kasaragod against at different dilution of Staphylococcus
aureus. From the graph, it was observed that increase in antibi-
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Figure 4d: UV Spectrum of Commercial honey: (A1, A2 and A3)

200.00

otic activity when increase in dilution. Natural honey Kasaragod
showed highest antibiotic sensitivity at 10° and least activity
at 10™. The antibiotic sensitivity of Aralam honey against at dif-
ferent dilution of was Staphylococcus aureus represented in
the figure. The graph showed that the sensitivity was gradually
increased with increase in dilution. The higher sensitivity was
3.5 at dilution 10° and lower sensitivity was 2 at dilution 107
Antibiotic activity of Jamun honey against at different dilution
of Staphylococcus aureus was represented in figure. The graph
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showed increase in sensitivity of Jamun honey against Staphy-
lococcus aureus in dilution 10 the sensitivity was 1.5cm and
in dilution 107 the sensitivity was found to be 3cm. The Figure,
represents the antibiotic sensitivity of Lion honey against at dif-
ferent dilution of Staphylococcus aureus. From the graph, it was
observed that increase in antibiotic activity when increase in
dilution. Lion honey showed highest antibiotic sensitivity at 10°
and least activity at 10™. The Antibiotic sensitivity of Begood
honey against at different dilution of Staphylococcus aureus
was represented in figure. The graph showed that the sensitiv-
ity was gradually increased with increase in dilution. The higher
sensitivity was 4.5cm at dilution 10®° and lower sensitivity was
1.5cm at dilution 10 There is a large difference between 107
and 10°° (3cm). The antibiotic activity of Dabur honey against at
different dilution of Staphylococcus aureus was represented in
the figure. The graph showed an increase in the sensitivity
of Dabur honey against Staphylococcus aureus in dilution 107
the sensitivity was 1.5cm and in dilution 10 the sensitivity was
observed to be 3.4cm. In the case of Enterobacter cloacae, the
antibiotic activity of Natural (N1) honey Kasaragod against the
undiluted culture of 260x10%(CFU/ul) was 1.2cm, and that of di-
luted culture of 252x10 (CFU/ul) gives 1cm which shows differ-
ence of 0.2cm. Aralam (N2) honey inhibits the growth of undi-
luted Enterobacter cloacae which gives antibiotic sensitivity of
1.4cm and gives antibiotic sensitivity of 1.2cm in diluted culture.
It shows a 0.2 cm variation between them. Jamun (N3) honey
showed antibiotic sensitivity of 2.1cm against undiluted culture,
whereas N3 showed 1cm of antibiotic sensitivity against diluted
culture, the difference between antibiotic sensitivity in diluted
and undiluted culture was 1.1cm. In Lion (A1), Be Good (A2),
and Dabur (A3) honey samples inhibit the growth of undiluted
culture of Enterobacter cloacae, which showed antibiotic sen-
sitivity of 2.2, 2.5 cm. In diluted culture, honey samples inhibit
growth with antibiotic sensitivity of 2.8, 2.2, and 1.5cm. They
showed differences of 0.6, 0.3, and 1cm. Here diluted culture of
Enterobacter cloacae was highly inhibited by all honey samples
than the undiluted culture. In the case of Natural Kasaragod
(N1) honey against Pseudomonas aeruginosa, the rate of
antibiotic sensitivity in undiluted culture is

1.2cm and that of diluted culture is 1.4 cm. In the case of
Aralam (N2) honey, the rate of antibiotic sensitivity in undiluted
culture is 2.4cm and that of diluted culture is 2 cm. In the case
of Jamun (N3) honey, the rate of antibiotic sensitivity in undi-
luted culture is 2.4 cm, and that of diluted culture is 2 cm. In
the case of Lion (A1) honey, the rate of antibiotic sensitivity of
undiluted culture is 2.5cm and that of diluted culture is 2 cm.

This means in these four samples there is a slight variation
(0.2cm -0.5cm) in the antibiotic sensitivity between diluted and
undiluted cultures. In the case of Begood (A2) honey, the rate
of antibiotic sensitivity of undiluted culture is 3 and that of di-
luted culture is 1.5 cm. In the case of Dabur (A3) honey, the
rate of antibiotic sensitivity in undiluted culture is 3.2 cm and
that of diluted culture is 2 cm, which means higher variation
(1.2 cm-1.5 cm) in the antibiotic sensitivity between diluted and
undiluted culture. In the case of Natural Kasaragod (N1) honey
against Proteus mirabilis, the rate of antibiotic sensitivity for un-
diluted culture is 1.5 and that of diluted culture is 1.3 cm.

In the case of Aralam (N2) honey rate of antibiotic sensitivity
for undiluted culture is 2.4 cm and that of diluted culture is 2
cm. In the case of Jamun (N3) honey rate of antibiotic sensitivity
for undiluted culture is 2.6 cm and that of diluted culture is 2.2
cm. That means all these three samples show slight variation

(0.2 cm-0.4 cm) in the antibiotic sensitivity between diluted and
undiluted cultures. In the case of Be good (A2) honey rate of
antibiotic sensitivity for undiluted culture is 2.8 cm and that of
diluted culture is 2 cm.

In the case of Dabur (A3) honey rate of antibiotic sensitivity
for undiluted culture is 3 cm and that of diluted culture is 2 cm,
which means both A2 and A3 show much higher variation(0.8
cm-1 cm) in antibiotic sensitivity. In the case of Lion (A1) honey
rate of antibiotic sensitivity for undiluted culture is 2.8 cm and
that of diluted culture is 1 cm, which means Al shows a higher
variation (1.8 cm) in the antibiotic sensitivity between diluted
and undiluted culture.

Tables 2a and 2b, showed the antibiotic activity of different
honey samples N1, N2, N3 (Natural) and A1, A2, A3 (Artificial)
against undiluted and diluted cultures of Enterococcus faecium
and Staphylococcus aureus. In the case of Natural honey (N1)
against Enterococcus faecium, the rate of antibiotic sensitivity
of undiluted culture was 1.2 cm, and that of diluted culture was
1.3 cm. In the case of Aralam honey (N2); the rate of antibi-
otic sensitivity in undiluted culture was 1.4 and that of diluted
culture was 1.5cm. In the case of Jamun Honey (N3); the rate
of antibiotic sensitivity against undiluted culture was 1.6 and
that of diluted culture was .07cm. This means in these three
unprocessed honey samples there is a slight variation (0.1-0.9)
in the antibiotic sensitivity between diluted and undiluted cul-
tures. In the case of Lion Honey (Al); the rate of antibiotic
sensitivity in undiluted culture was

2.4cm and that of diluted culture was 1.3cm, In the case
of Begood Honey (A2); the rate of antibiotic sensitivity in un-
diluted culture is 2.4cm and that of diluted culture is 1.2cm,
In case of Dabur Honey (A3); the rate of antibiotic sensitivity
undiluted culture is 2.5cm and that of diluted culture is 0.92cm.
This means higher variation (1.1-1.6) in the antibiotic sensitivity
between diluted and undiluted cultures. In the case of Natural
honey, the rate of antibiotic sensitivity of undiluted culture was
1.6cm, and that of diluted was 0.8cm, In the case of Aralam (N2)
honey, the rate of antibiotic sensitivity of undiluted culture was
2.9cm, and that of diluted was 0.9cm, In case of Jamun (N3)
honey, the rate of antibiotic sensitivity undiluted culture was
3cm and that of diluted was 1.5cm.

That means all these three samples show a small variation
(0.8-1) in the antibiotic sensitivity between diluted and undilut-
ed cultures. In the case of Lion (A2), honey the rate of antibiotic
sensitivity in diluted culture was 3.1cm, and that of diluted was
1.5cm. In the case of Be good (A2) honey, the rate of antibiotic
sensitivity in undiluted culture was 3.5cm and that of diluted
was 1cm. In the case of Dabur (A3) honey, the rate of antibiotic
sensitivity of undiluted culture was 3.5cm and that of diluted
was 1.5cm, which means both Al and A2 showed much higher
variation (1.5-1.6) in antibiotic sensitivity. In the case of Dabur
(A3) honey, the rate of antibiotic sensitivity for undiluted cul-
ture is 3.5cm, and that of diluted culture is 1.5cm, which means
A3 shows a higher variation (2) in the antibiotic sensitivity
between diluted and undiluted culture.

Spectral Analysis

The honey samples were diluted in ethanol and deionized
water and allowed for centrifugation at 5000 rpm for 4 hours.
These catalyzed samples were subjected to spectral analysis
and the presence of active ingredients or compounds was de-
tected by UV- Vis spectrometer.
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UV Spectral Analysis of Honey: UV Spectra Data Acquisition

The Spectral analysis of different honey samples undiluted
(Figures 4a and 4b) and diluted in Ethanol (Figures 4c and 4d)
were observed. From the spectral analysis (Figures 4a,4b,4c,
and 4d), it was confirmed that the presence of active ingredi-
ents or compounds were present in the tested honey samples,
which are responsible for the antibiotic activity against the se-
lected clinical pathogens of Escherichia coli, Enterobacter cloa-
cae, Pseudomonas aeruginosa, Proteus mirabilis, Enterococcus
faecium, and Staphylococcus aureus. Figures 4a- 4d represented
the spectrum of Natural (Natural honey, Kasaragod (N1), Ara-
lam (N2), Jamun (N3) honey and Commercial (Lion (A1), Be
good (A2), Dabur (A3) honey. Honey is a dense substance, so its
transparency is less, which means more absorbing capacity. The
transparency of honey is less; hence its absorbance is high. The
particles present in honey absorb light and emit partial light. In
the graph Nanometer (nm) shows a particular compound pres-
ent in honey samples, and that absorbance shows the density
of the honey samples. In Figure 4a, the spectrum of Natural
honey (N1, N2, and N3) gives slight differences in peaks with
wavelength 265nm and 270 nm. Peaks showed one compound
the corresponding absorbance shows density. Here Natural
(N1) honey Kasaragod is taken as the standard value because
of the absence of other additives or preservatives, which shows
high purity with a wavelength of 265nm. In the N2 graph, peaks
show a wavelength of 270 nm with an optical density (OD) value
of 0.899 OD. The N3 graph gives a peak with a wavelength the
same as that of N2 (270 nm) against a 1.677 OD value. Here,
N1, N2, and N3 showed the same wavelength but a difference
in OD value which represents the different concentrations of
compound present in honey samples, ie., from the absorbance
value it fluctuates and the density may differ. In Figure 4b, the
Spectrum of commercial honey (A1, A2, and A3) shows peaks
with the same wavelength of 270 nm for Lion (A1), Be good
(A2), and Dabur (A3) honey samples. Here the absorbance value
fluctuates and gets different densities. The graph of Lion (A1)
honey gives a wavelength of the same nanometer (270 nm) and
an absorbance value of 0.0476 OD. In graph A2 (Be good), a
peak with 270 nm wavelength gives an absorbance of 1.707
OD. The graph of Dabur (A3) also has a peak that gives the
same wavelength of 270 nm and a different absorbance value
of 1.896 OD.

In Figure 4c, among the Natural honey samples (N1, N2, and
N3) Natura (N1) honey, Kasaragod gives a high absorbance val-
ue that of Aralam (N2) and Jamun (N3) honey, with 948 OD,
which means natural (N1) honey, Kasaragod shows high density
with an original concentration of the compound which absorbs
the light more. In Figure 4d, among the Commercial honey sam-
ples (A1, A2, and A3), Dabur (A3) shows a high optical density
that of Lion (A1) and Be Good (A2) honey, with 1.896 OD. Lion
(A1) shows a lower absorbance value of 0.0476 OD. Here the
absorbance value of 1.896 OD of the Dabur (A3) sample gives
more density. Thus, it consists of a pure denser concentration
of the compounds which absorbs more light. From figures 4a-
4d, among all honey samples of natural and commercial, Nat-
ural (N1) honey, Kasaragod shows a high absorbance value of
5.948 OD. Hence, it shows more density which means the pure
one. The result was sustained by several preceding researches
which have established those various kinds of honey, together
commercially and locally manufactured, have antibacterial ac-
tivity. Nzeako and Hamdi (2000) reported in their work on six
commercial honeys that inhibition of S. aureus, E. coli, and P.
aeruginosa also did not occur at honey concentrations of 40%.

In comparison to the current work, these authors also found
that honey inhibited Candida albicans, while the zone of inhi-
bition was less related to other organisms. Ceyhan and Ugar
(2001) studied 84 honeys against eight bacteria and two fungi
and showed that honey has broad-spectrum activity. Moreover,
these authors stated that the antibacterial activity of honey was
greater than that which could be attributed to the sugar content
of the honey. The antibacterial activity of honey has also been
examined for its possible use in reducing food-borne pathogens
[35], avoiding catheter exit or entry site infection [25], for the
cure of colitis [3] or even to guard the gastric mucous in H. pylori
encouraged inflammation [2,25]. The claim of honey to wounds
to animals in veterinary environments has also been renowned
[18].

From the spectral analysis, two characteristic peaks were
observed at around 270 nm and 300 nm, those are associated
with the absorbance of benzoic, salicylic, and aryl-aliphatic ac-
ids in honey. The shape of the spectral curves was quite related,
exclusively between 250- 400 nm, with piercing variances in
peak absorbance intensity at 270nm and 300 nm. These spec-
tral results are consistent with previously reported work [10].
The UV-Vis absorption spectra of sixteen bulk Tuscany honey
samples were reported similarly, including acacia, clover, etc
[26]. Different peak absorbance intensities were reported
around 270nm-280 nm depending on the type of honey. The
minor peaks were also reported between 300nm-335 nm. The
characteristic feature of original or raw UV spectral data is high
noise with very high absorbance, particularly in the interim of
190nm — 250nm.

This raw spectral data is in unrelated information such as
background information and systematic noise coming from the
influences of light scattering, differences in path length, sample
particle size, short lamp intensity at the jump of spectral acqui-
sition and other features [39]. Consequently, to attain a satisfac-
tory result, in this study for advance chemo metrics calculation
used comparatively low noise spectral data using pre-processed
spectral data in the interval of 250nm—400 nm.

Antimicrobial agents are principally significant in reducing
the global burden of infectious diseases. However, as resilient
pathogens grow and extend, the effectiveness of the antibiot-
ics is reduced. This kind of bacterial resistance to antimicrobial
agents poses a precise severe threat to public health. Hence,
substitute antimicrobial strategies are directly needed, and thus
this condition led to a re-evaluation of the therapeutic use of
ancient remedies, such as honey. Honey has been used since
ancient times as a method of accelerating wound healing and
as an agent for the treatment of ulcers and other skin infections
resulting from burns and wounds. The therapeutic properties of
honey can be recognized because it deals with antibacterial ac-
tivity, sustains a moist wound environment that promotes heal-
ing, and has a high viscosity which helps to offer a defensive
barrier to avoid infection. The practice of drinking milk is quite
common in our day-to-day activities. While using raw milk or
even after boiling some of the pathogens remain in it and lead
to some common infection either directly or indirectly. So this
topic is selected to identify the antibacterial activity of honey
and to inhibit the growth of these pathogens using honey as a
natural antibiotic compound. For this study, three samples of
Natural (unprocessed) and three samples of Commercial (pro-
cessed) were collected from different sources in the Kasaragod
district. Cultures of pathogenic bacteria Escherichia coli, Entero-
bacter cloacae, Pseudomonas aeruginosa, Proteus mirabilis, En-
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terococcus faecium, and Staphylococcus aureus were obtained
from Kanhangad Diagnostic Centre (KDC) Lab, Kanhangad. Ob-
tained cultures were sub-cultured on Nutrient agar and incu-
bated aerobically at 37°c. The organism which was maintained
in the laboratory on nutrient broth underwent serial dilution
and the concentration of the pathogen at different dilutions
was examined.

To study the antibiotic activity of honey against Escherichia
coli, Enterobacter cloacae, Pseudomonas aeruginosa, Proteus
mirabilis, Enterococcus faecium, and Staphylococcus aureus,
well diffusion assay method was used. The results were ob-
tained by measuring the zones around the wells after the dimi-
nution of the well size. Antibiotic activity of each honey sample
obtained against both undiluted and diluted cultures of clini-
cal pathogens E.coli, Enterobacter cloacae, Pseudomonas
aeruginosa, Proteus mirabilis, Enterococcus faecium, and
Staphylococcus aureus. It yielded positive results on undiluted
and diluted cultures using all honey samples. The growth of the
undiluted culture was less inhibited by different honey samples
and the diluted was highly inhibited by all honey samples, and
the number of bacterial colonies was high in the undiluted cul-
ture whereas less in the diluted culture. The results showed the
different antibiotic activity of different honey samples against
undiluted and diluted cultures of E.coli and Enterobacter cloa-
cae, in which antibiotic activity of Lion (A2) honey against dilut-
ed culture shows high activity and antibiotic activity of Natural
(N1) honey against undiluted culture of shows less activity. In
10! dilution, the number of organisms was more and the di-
ameter of zone formation was less. In 10 dilution, the number
of organisms was less and the diameter of zone formation was
more. Hence, it revealed that as dilution increased, antibiotic
sensitivity also increased. Thus, to reduce the cost, and burden
of infectious diseases and to inhibit the growth of pathogens
from milk, these suitable methods could be used more often in
the future.

Conclusion

In conclusion, Microbial resistance to honey has never been
reported, which makes it avery promising topical antimicrobial
agent against the infection of antibiotic-resistant bacteria and in
the treatment of long-lasting wound infections that do not re-
act to antibiotic remedies. Therefore honey has been cast off as
a former option for medication. The exact explanation of honey
is not known, but it is clear that the higher the concentration of
honey the greater its usefulness as an antibacterial agent. It is
too obvious that the antibacterial effect declines over time and
that different species of bacteria vary in their susceptibility to
honey.

Although there is evidence of antibacterial activity from the
use of honey in the topical treatment of infected wounds, fur-
ther consideration needs to be given to its parenteral applica-
tion and healing possessions to optimize the use of this product
in medical and universal infections.

The result showed that the antibiotic activity of allhoney sam-
ples against diluted cultures was higher than that of undiluted
cultures. Hence, the antibiotic activity of all samples against the
diluted culture was observed to be higher than that against the
undiluted culture because of less number of colonies present in
the diluted culture. Thus antibiotic sensitivity increases with an
increase in dilution and a decrease in several colonies or cells.
The results revealed that the possibility of using these honey
samples for the inhibition of bacterial strains Escherichia coli,

Enterobacter cloacae, Pseudomonas aeruginosa, Proteus mira-
bilis, Enterococcus faecium, and Staphylococcus aureus which is
present in raw milk and wounds cause infectious diseases. The
honey samples capable of antibiotic activity against clinical
pathogens have the potential to be used as an effective tool for
inhibiting the growth of pathogenic microorganisms. Further-
more, results indicated that the honey samples could be po-
tentially used in the inhibition of bacterial microorganisms that
cause infectious diseases and had a promising application as an
antibacterial agent against pathogens of raw milk. In General,
the antibacterial activity of honey has been confirmed though
there are distinct results among investigators as to whether
concentration is effective or not. Perfectly, these characteristics
are due to more than one factorial influence. Hence, further
research is compulsory in this area. Furthermore, the world
nowadays desires advanced assessments of natural bioactive
compounds that can be applied against pathogens and to com-
bat microorganisms with negligible adjacent effects or signifi-
cances of over dosage.
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