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ABSTRACT

Honey is a nutritional food with health-promoting properties. Antiseptics are topical agents that act
to prevent growth of microorganisms. A range of Apis florea bee honey from Karnataka was used to
investigate the prevention of infection and promote healing of wounds in rat models as honey is a
tissue-regenerative agent. It contributes to all stages of wound healing, and thus has been used in
direct topical application and also in dressings. Most honey samples with various dilutions have
proved to possess, significant antibacterial potency against selected bacterial isolates by disc
diffusion assay. The Coorg honey of Apis florea species showed highest antibacterial activity
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against Staphylococcus aureus (ATCC 6538) with 19.26+0.23 mm and the least susceptibility was
recorded for bacterial strain Erwinia nigrifluens (ATCC 21922) with 8.97+0.48 mm. The Kolar honey
of Apis florea species showed highest antibacterial activity against Bacillus cereus (ATCC 31443)
with 8.79+0.16 mm and least susceptibility was recorded for Staphylococcus aureus (ATCC 6538)
with 7.01+0.55 mm. The Bengaluru honey of Apis florea species showed highest antibacterial
activity against Staphylococcus aureus (ATCC 6538) with 9.95+0.23 mm and least susceptibility
was recorded for E. coli (ATCC 25891) with 6.27+0.22 mm. The present study also checked the
wound healing ability of honey when applied topically in several rat models. The control rats were
healed by 20 + 1.07 days. The Kanamycin treated rats were healed on 10+1.45 days. 13 £1.07days
were recorded to heal the wounds by Apis florea honey samples of Abbe Falls, Coorg regions. 18
+1.54 days and 17 +1.03 days were recorded against Champion Reef regions of Kolar district and

Varthur regions of Bengaluru district.

Keywords: Apis florea honey; antibacterial potency; excision wounds; wound healing.

1. INTRODUCTION

Natural honey is composed of 82% of water,
carbohydrates, proteins, phytochemicals,
antioxidants, and minerals. the amount of
compounds with medical activities vary among
the various types of honey. The sugars in honey
include, fructose (38.2%), glucose (31.2%),
sucrose (0.7-1%), disaccharides and higher
saccharides (9%) [1]. Flavonoids, organic acids,
phenolic acid, vitamins, and enzymes present in
the honey may improve wound healing. The
deposition of fibroblasts and collagen formation
may also be promoted by the amount of amino
acids found in honey [2].

A wound is a disturbance in the normal structure
and function of the epidermis. The epidermis is
considered as the first line of defense and
protection against trauma. Wound healing is a
complex process with many interdependent
immunological and physiological mediators to
restore the cellular integrity of the damaged
tissue [3]. With the emergence of drug-resistant
bacteria, many antimicrobial agents have
become ineffective in wound treatment. Thus, the
use of natural honey as a wound treatment agent
is used as alternative medication [4,5,6]. The use
of honey has gained clinical popularity for
possible use in wound treatment and in
regenerative medicine [7,8,9]. Topical honey
treatment has shown to possess antimicrobial
properties, promote autolytic debridement,
stimulate growth of wound tissue in dormant
wounds, stimulate anti-inflammatory activity that

swiftly reduces pain, edema and exudates
production [10].
Natural honey is a viscous fluid; its jelly

consistency creates a surface layer over the
wound that inhibits the entrance of bacteria and

protects the wound from dehydration [11]. Its
high sugar content creates a higher osmotic
gradient that pulls fluid up through the subdermal
tissue and offers an additional glucose source for
flourishing cellular components in the wounded
area [12]. The low pH of honey increases tissue
oxygenation, while free radicals, which lead to
tissue damage, are removed by flavonoids and
aromatic acids [13]. According to the international
guidelines on the proper use of antimicrobials in
medicine, honey and other alternative
therapeutics were used for the treatment of skin
lesions on animal models. Honey exerts
bacteriostatic and bactericidal actions [14,15,16].
This present work looks into the antibacterial
activity and wound healing efficacy of variuos
Apis florea honey samples from Karnataka.

2. MATERIALS AND METHODS

2.1 Study areas

The present study areas of Karnataka, India
were of different biogeographical regions of
Coorg district (12° 19’45 North latitude to 75°
53’44 East longitude), Bangalore district (12° 58’
to 13° 65’ North latitude to 77° 35’ to 77° 40’ East
longitude with an elevation of 928m) and Kolar
district (12° 46’ to 13° 58’ North latitude and 77°
21’ to 78° 35’ East longitude).

2.2 Procurement
Samples

of Apis bee Honey

One hundred and twenty five honey samples of
Apis florea were harvested from various
geographical areas of Karnataka during 2019 to
2023. With the help of a local beekeeper, few
bees were collected from the hive and identified
for Apis species. Upon identification, the honey
samples from the comb were collected under
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sterile conditions. Each honey sample was first
filtered with a sterile mesh to remove debris. All
the samples were collected and transported in
sterile sealed bottles or screwed cups with
authentic labels. Four replications of bottles for
each sample were kept under storage at 2 to 8°
C until tested as per the method proposed by
Nzeako and Hamdi [17] as well as Bhushanam
and Madhusudan [18].

2.3 Determination of Antibacterial
Potency of Honey Samples Collection
of Bacterial Isolates

The test isolates were collected from American
Type Collection Center (ATCC). These human
pathogens are used for testing antibacterial
activity. The clinical isolates were identified
based on the standard microbiological technique.
The bacterial strains, Bacillus cereus (ATCC
31443), Bacillus subtilis (ATCC 32441),
Burkholderia glumae (ATCC 25813), Erwinia
nigrifluens (ATCC 21922), Escherichia coli
(ATCC 25891), Klebsiella sp. (ATCC 31482),
Pseudomonas aeruginosa (ATCC 287858) and
Staphylococcus aureus (ATCC 6538) were used
to determine the antibacterial activity of each
sample of honey [18].

2.4 Culturing of Bacterial Strains

The test isolates were maintained on Mueller-
Hinton Agar by slant-streak technique and
incubated at 37°C for 24 h[19]. The slants with
strains were stored at 4° C. Under aseptic
conditions, pure colonies of bacterial isolates
from slants were picked with an inoculating loop
and suspended in 3 to 4 ml of Mueller-Hinton
broth (Hi- Media) in sterile test tubes and
incubated for 24 h at 36 to 37° C [20]. Multiple
slants were stored for further use.

2.5 Antibacterial Disc Diffusion Assay

Bacterial inoculums suspension containing 10° to
108 CFU/mL were prepared in sterile saline (0.9
g/L) and spread on Mueller-Hinton (MH) agar
plates. The antibacterial activities of honey were
tested using the agar disc diffusion method of
Kirby- Bauer method against the pathogens.
Using sterile forceps, Whatman filter discs (3 = 6
mm), impregnated with saturated honey dilutions
of 75 %, 80%, 85%, 90% and 95% (v/iv % of
honey: water), were placed on the inoculated
plates and incubated at 37°C for 24 h [21]. The
clear zone of inhibition around the discs indicates
the presence of antibacterial activity of honey

[22]. This zone of inhibition was measured in mm
including the diameter of the disc. Experiments
were carried out in triplicates. The broad
spectrum kanamycin was used as positive
control [23].

2.6 Pharmacological Wound
Potency of Albino Rats

Healing

Pharmacological effects of various Apis florea
honey was evaluated on infected excision
wounds of Albino rats. Twenty five male Albino
rats weighing 250 to 350 g each were used in the
present study. The rats were kept in the animal
unit at one week prior to initiation of the study.
The rats were given commercial pellet and water
throughout the study to ensure stabilization of
their good health. Rats were anesthetized with
an injection of Ketamine (50 mg/kg) and Xylazine
(5 mg/kg). Under anesthesia, the back of both
sides of the body were shaved. Following this
procedure, rats were returned to their cages for
24 h to allow any edema caused by the shaving
procedure to recede. The wound site was
prepared following the excision wound model
[24]. Initially, the rats were anesthetized as
described above and a circle of diameter of
15mm was marked one each right side of the
thigh of animal’s skin surface, and the skin was
gently dissected out. The area was measured
immediately by tracing out the wound area using
a sterile transparent tracing paper and the area
was recorded. Treatment was initiated only after
2 days of excision as the wound was exposed for
the bacterial infection. After 2 days of excision,
the wound was swabbed with potent
concentration of honey. Simultaneously, the
wound area of each animal was measured while
the animals were under anesthesia on the days
of post-surgery. Each application was evaluated
in 5 rats per group and results shown were a
mean of 5 determinations [24,25]. A group Albino
rats with excision but without treatment were
used as control.

2.7 Measurement of Wound Contraction

The excision wound margin was traced after
wound creation by using transparent paper and
the respective area was measured using a graph
paper. Wound contraction was measured at
every 2 days’ interval, until complete wound
healing, and expressed in percentage of the
healed wound area [13]. The evaluated surface
area was then used to calculate the percentage
of wound contraction, taking the initial size of
wound 15 mm as 100%, by using the following
formula:
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% Wound Contraction= (Initial wound size
— Specific nt" day wound size) / Initial
wound size x 100

The data obtained from period of excision wound
healing was subjected to analysis of Meanz
Standard Deviation.

3. RESULTS
3.1 Antibacterial Efficacy of Honey

Most of the honey samples with various dilutions
have proved to possess, significant antibacterial
potency against the selected bacterial isolates
such as Bacillus cereus (ATCC 31443), Bacillus
subtilis (ATCC 32441), Burkholderia glumae

(ATCC 25813), Erwinia nigrifluens (ATCC
21922), Escherichia coli (ATCC 25891),
Klebsiella sp. (ATCC 31482), Pseudomonas

aeruginosa (ATCC 287858) and Staphylococcus
aureus (ATCC 6538).

The honey samples collected from regions of
Abbe falls, Kushal Nagar and Somavarapet of
Coorg district were tested against the selected
test isolates and exhibited significant inhibitory
zones indicating pronounced antibacterial activity
(Table 1).

The Coorg honey of Apis florea species showed
highest antibacterial activity against
Staphylococcus aureus (ATCC 6538) with
19.26+0.23 mm and the lowest being 7.15+0.83
mm. However, the least sensitivity range was
recorded for bacterial strain Erwinia nigrifluens
(ATCC 21922) with 8.97+0.48 mm.

The honey samples collected from regions of
Champion reefs, Oorgaum and Coromandel of
Kolar district were tested against the selected
test isolates and exhibited significant inhibitory
zones indicating pronounced antibacterial activity
(Table 2).

The Kolar honey of Apis florea species showed
highest antibacterial activity against Bacillus
cereus (ATCC 31443) with 8.79+0.16 mm and
the lowest being 6.13+0.04 mm. However, the
least sensitivity range was recorded for bacterial
strain Staphylococcus aureus (ATCC 6538) with
7.01+0.55 mm.

The Bengaluru honey of Apis florea species
showed highest antibacterial activity against
Staphylococcus aureus (ATCC 6538) with
9.95+0.23 mm and the lowest being 6.11+0.17
mm (Table 3). However, the least sensitivity
range was recorded for bacterial strain E. coli
(ATCC 25891) with 6.27£0.22 mm.

The natural honey samples of the present study
areas that retained antibacterial potency against
control isolates were used in the wound healing
of experimental Albino rats. The wound healing

experiments on the Albino rats showed
significant variations.
In the present investigations, the

excision wounds were assessed by gross
inspection of epithelialization and wound
healing. The research findings of the present
study reiterate that honey can aid wound
healing when applied topically on rat models.
The control rats were healed by 20 + 1.07 days
(Table 4). The Kanamycin treated
rats were healed on 10+1.45 days. The high
potency of Apis florea honey from Coorg district
(Abbe Falls) healed the test wounds in 13
+1.07days. Similarly, 14 £1.38 days and15 +1.52
days were recorded to heal excision wounds by
Apis florea honey of Kushalnagar and Somvarpet
regions. 18 +1.54 days were recorded for
Champion Reefs regions of Kolar district.
Similarly, 19 +1.01 and 19 #1.82 days were
recorded to heal excision wounds by Apis florea
honey of Oorgaum and Coromandel regions of
Kolar district. 17 +1.03 days were required to
heal the excision wounds by Apis florea
honey samples of Varthur regions of Bengaluru
district. Similarly, 18 +1.62 and 17 £1.08 days
were recorded for Apis florea honey of Jakkur
and Kengeri regions of Bengaluru district
(Table 4).

4. DISCUSSION

Antibacterial potency is the effect influenced by
the agent preferably the chemicals that inhibit or
slow down the growth of bacteria in the given
media. Honey has been demonstrated in many
studies to have antibacterial effects, attributed to
its high osmolarity (Sugar content), low pH, high
hydrogen peroxide, high moisture content, high
ash content and other uncharacterized
compounds. Low pH alone is inhibitory to many
pathogenic bacteria [26]. All the factors such as
low pH, high sugar content and peroxide content
are combattingly responsible for antibacterial
activity of medicinally important and potent honey
[27]. A study of 345 samples of New Zealand
honeys found antibacterial activity of diluted
honeys [28]. The author had also suggested the
influence  of  phytochemical origin and
geographical origin of honey in the antibacterial
activity. In the present study, most honey
samples of Coorg exhibited potent antibacterial
activity.
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Table 1. Antibacterial activity (Mean+ SD) of diluted Apis florea honey from Coorg, Karnataka

Concentration  Bacillus Bacillus Burkholderia Erwinia E. coli Klebsiella Sp Pseudomonas  Staphylococcus
of Apis florea  cereus subtilis glumae nigrifluens (ATCC (ATCC aerugenosa aureus (ATCC
honey (v/v%, (ATCC (ATCC (ATCC (ATCC 25891) 31482) (ATCC 287858) 6538)
Honey-water) 31443) 32441) 25813) 21922)

ABBE FALLS, COORG
75 6.93+0.03 6.91+0.53 6.52+0. 73 6.34+0.13 6.93+0.02 6.13+0.05 7.34+0.16 7.8610.14
80 7.84+0.49 7.40£0.09 6.97+0.03 6.22+0.06 7.97+0.33 7.43+£0.92 8.25+0.07 9.66+0.51
85 9.66+0.82 9.52+0.89 8.36+0.71 7.17+0.27 10.79+0.03 8.75+0.03 11.88+0.37 12.65+0.04
90 11.82+0.71 10.3710.67 10.9310.36 7.49+0.02 11.27+0.07 9.29+0.14 13.73+0.02 14.91+0.07
95 12.14+0.95 11.58+0.16 11.87+0.58 8.64+0.65 12.35+0.81 10.53+0.52 15.08+0.62 16.96+0.16
100 12.38+0.47 12.7610.63 11.03%0.29 8.82+0.16 14.95+0.41 12.02+0.74 17.53+0.72 19.26+0.23

KUSHALNAGAR, COORG

75 6.87+0.52 6.52+0.28 6.49+0.28 6.16+0.72 6.72+0.54 6.09+0.53 6.93+0.04 7.24+0.62
80 7.84+0.49 7.40+009 6.97+0.03 6.22+0.06 7.97+0.33 7.43+0.92 8.25+0.07 9.66+0.51
85 9.46+0.73 9.22+0.66 7.85+0.21 6.88+0.71 9.51+0.92 8.55+0.59 9.93+0.22 10.98+0.82
90 11.35+0.21 11.03+0.43 9.67+0.50 6.95+0.38 12.13+0.62 9.96+0.52 12.08+0.93 13.65+0.4
95 11.62+0.03 12.92+0.56 10.52+0.38 7.71+0.07 12.26+0.05 10.98+0.69 14.52+0.57 16.37+0.0
100 13.74+0.37 12.99+0.27 10.66+0.63 8.97+0.48 13.64+0.02 11.51+0.64 16.55+0.36 18.71+0.03

SOMVARPET, COORG
75 6.54+0.69 6.37+0.22 6.06+0.53 6.11+0.58 6.67+0.53 6.331£0.47 6.82+0.93 7.15+0.83
80 7.11+0.32 7.06+0.35 6.08+0.37 6.19+0.04 7.93+0.57 6.84+0.22 8.17+0.53 8.86+0.94
85 8.63+0.59 7.69+0.83 6.36+0.92 6.73+0.55 9.08+0.12 7.31+0.93 9.64+0.85 9.91+0.32
90 10.41+0.06 10.05+0.47 7.74+0.61 6.82+0.91 11.45+0.61 9.92+0.28 11.59+0.94 12.64+0.48
95 10.62+0.45 10.39+0.53 8.54+0.32 7.50+0.43 11.93+0.52 10.31+0.73 13.22+0.06 15.16+0.05
100 10.65+0.22 10.4940.29 9.31+0.05 8.26+0.11 12.61+0.30 12.11+0.59 14.69+0.55 16.65+0.47
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Table 2. Antibacterial activity (Mean+ SD) of diluted Apis florea honey from Kolar, Karnataka

Concentration  Bacillus Bacillus Burkholderia  Erwinia E. coli Klebsiella Sp Pseudomonas Staphylococcus
of Apis florea cereus subtilis glumae nigrifluens  (ATCC (ATCC aerugenosa aureus
honey (v/v%, (ATCC (ATCC (ATCC (ATCC 25891) 31482) (ATCC (ATCC
Honey-water) 31443) 32441) 25813) 21922) 287858) 6538)
CHAMPION REEFS, KOLAR
75 6.131+0.04 6.11+0.27 6.13+0.02 6.18+0.06 6.17+0.13 6.09+0.22 6.08+0.07 6.07+0.22
80 7.42+0.05 6.48+0.18 6.27+0.17 6.26+0.04 6.19+0.11 6.17+0.11 6.11+0.05 6.17+0.53
85 7.45+0.13 7.15+0.34 6.22+0.27 6.53+0.08 6.22+0.17 6.24+0.90 6.24+0.83 6.28+0.94
90 7.59+0.33 7.68+0.21 6.43+0.92 6.94+0.07 7.58+0.12 6.37+0.11 6.92+0.66 6.29+0.22
95 8.26+0.22 7.92+0.29 6.67+0.94 6.98+0.12 7.69+0.22 6.39+0.24 7.80+0.76 6.34+0.28
100 8.79+0.16 8.16+0.37 6.91+0.55 7.16+0.64 8.64+0.54 7.10+0.33 8.60+0.45 6.47+0.48
OORGAUM, KOLAR
75 6.29+0.13 6.14+0.18 6.11+0.25 6.08+0.01 6.11+0.02 6.12+0.24 6.09+0.33 6.07+0.11
80 6.57+0.27 6.79+0.23 6.27+0.34 6.10+0.04 6.14+0.04 6.22+0.37 6.11+0.53 6.18+0.27
85 6.91+0.51 6.8+0.27 6.59+0.43 6.15+0.01 6.16+0.22 6.31+0.28 6.24+0.94 6.27+0.31
90 7.11+0.91 6.9+0.72 6.81+0.27 6.19+0.31 6.91+0.24 7.52+0.33 6.32+0.66 6.3910.11
95 7.59+0.14 7.18+0.44 6.93+0.54 6.34+0.17 7.13+0.22 7.94+0.23 6.45+0.84 6.44+0.83
100 8.22+0.59 8.19+0.61 7.10+0.12 6.58+0.16 7.54+0.09 8.66+0.41 7.63+£0.91 6.92+0.17
COROMANDEL, KOLAR
75 6.16+0.22 6.19+0.45 6.19+0.22 6.14+0.33 6.12+0.26 6.08+0.25 6.07+0.01 6.04+0.23
80 6.28+0.18 6.4610.26 6.28+0.44 6.17+0.19 6.28+0.35 6.09+0.11 6.11+0.64 6.08+0.83
85 6.39+0.26 6.82+0.14 6.39+0.17 6.22+0.16 6.34+0.42 6.14+0.22 6.16+0.22 6.19+0.11
90 6.54+0.17 6.92+0.23 6.53+0.72 6.28+0.27 6.86+0.24 6.38+0.14 6.92+0.37 6.28+0.23
95 6.83+0.11 7.10+0.22 6.97+0.12 6.29+0.19 6.95+0.17 6.81+0.55 7.10+0.01 6.29+0.01
100 7.10+0.15 7.20+0.64 7.32+0.22 7.10+0.28 7.10+0.48 6.97+0.23 7.20+0.61 7.01+0.55

(n=5, Significant at p>0.05)
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Table 3. Antibacterial activity (Mean+ SD) of diluted Apis florea honey from Bengaluru, Karnataka

Concentration  Bacillus Bacillus Burkholderia  Erwinia E. coli Klebsiella Pseudomonas  Staphylococcus
of Apis florea cereus subtilis glumae nigrifluens  (ATCC Sp aerugenosa aureus
honey (v/v%, (ATCC (ATCC (ATCC (ATCC 25891) (ATCC (ATCC (ATCC
Honey-water) 31443) 32441) 25813) 21922) 31482) 287858) 6538)
VARTHUR, BENGALURU
75 6.04+0.05 6.03+0.11 6.08+0.26 6.07+0.04 6.07+0.34 6.09+0.01 7.131£0.15 7.52+0.11
80 6.08+0.33 6.04+0.08 6.09+0.53 6.08+0.03 6.09+0.24 6.14+0.25 7.16+£0.06 7.61+0.09
85 6.09+0.22 6.08+0.28 6.09+0.22 6.08+0.11 6.10+0.27 6.18+0.37 7.19+0.22 8.62+0.43
90 6.11+0.58 6.09+0.45 6.10+0.11 6.10+0.07 6.10+0.03 6.19+0.38 7.22+0.61 9.14+0.87
95 6.24+0.67 6.19+0.36 6.11+0.46 6.11+0.04 6.13+0.11 6.22+0.99 7.23+0.53 9.84+0.57
100 6.84+0.83 6.21+0.33 6.21+0.76 6.14+0.22 6.18+0.22 7.12+0.26 7.91+0.11 9.95+0.23
JAKKUR, BENGALURU
75 6.05+0.27 6.09+0.11 6.07+0.04 6.08+0.12 6.11+0.66 6.02+0.11 6.09+0.01 6.95+0.37
80 6.08+0.62 6.11+0.23 6.08+0.01 6.09+0.11 6.15+0.33 6.07+0.37 6.11+0.28 7.16+0.38
85 6.16+0.63 6.23+0.17 6.17+0.06 6.17+0.31 6.16+0.24 6.09+0.34 6.19+0.19 7.63+0.76
90 6.19+0.62 6.47+0.94 6.18+0.67 6.19+0.67 6.18+0.32 6.17+0.66 6.26+0.47 7.931+0.04
95 6.24+0.73 6.58+0.33 6.28+0.33 6.28+0.64 6.19+0.17 6.23+0.22 6.38+0.92 8.16+0.56
100 7.12+0.92 6.95+0.36 6.43+0.11 6.37+0.92 6.27+0.22 6.26+0.11 7.18+0.22 8.26+0.57
KENGERI, BENGALURU
75 6.05+0.27 6.09+0.11 6.07+0.04 6.08+0.12 6.11+0.66 6.02+0.11 6.09+0.01 6.95+0.37
80 6.09+0.17 6.08+0.23 6.05+0.23 6.09+0.11 6.08+0.22 6.09+0.14 7.64+0.34 6.24+0.33
85 6.18+0.38 6.09+0.37 6.11+0.24 6.11+0.17 6.09+0.13 6.18+0.27 7.74+0.88 6.58+0.19
90 6.21+0.73 6.19+0.53 6.23+0.79 6.13+0.14 6.15+0.34 6.19+0.53 8.13+0.43 6.96+0.44
95 6.28+0.22 6.19+0.73 6.34+0.81 6.18+0.52 6.19+0.37 6.28+0.34 9.17+0.09 7.23+0.38
100 6.37+0.59 6.59+0.18 9.59+0.14 6.27+0.29 6.23+0.11 6.37+0.91 9.21+0.77 7.51+0.83

(n=5, Significant at p>0.05)
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Table 4. Showing Mean number of days (Mean * Standard Deviation) for the healing of wounds on experimental animal models in vitro

Type of Wound

Mean No. of Days+ Standard Deviation

Control Treatment with Kanamycin Treatment with Apis florea honey Coorg
Abbe Falls Kushalagar Somvarpet
20+1.07 10+1.45 13 +£1.07 14 +1.38 15 +1.52
Percentage of wound Healing on 10t day
50 100 76.92 71.43 66.67
Control Treatment with Kanamycin Treatment with Apis florea honey Kolar
Champion Oorgaum Coromandel
(ZD Reefs
) 20+1.07 10+1.45 18 £1.54 19+1.01 19 +1.82
@) Percentage of wound Healing on 10t day
5 50 100 55.56 52.63 52.59
Control Treatment with Kanamycin Treatment with Apis florea honey Bengaluru
Varthur Jakkur Kengeri
20+1.07 10+1.45 17 £1.03 18 £1.62 17 +1.08
Percentage of wound Healing on 10t day
50 100 58.82 55.58 58.81

N=5, Signicant at p< 0.005 levels
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Fig. 1. Showing minimum inhibitory zones (1Z) in mm of Apis florea honey samples Wound
healing potency of Apis honey samples on experimental rats

Fig. 2. Wound healing in Albino rat model

The Coorg honey of Apis florea species showed
highest antibacterial activity against
Staphylococcus aureus (ATCC 6538) with
19.26+0.23 mm and the lowest being 7.15+0.83
mm. However, the least sensitivity range was
recorded for bacterial strain Erwinia nigrifluens
(ATCC 21922) with 8.97+0.48 mm. Earlier
studies by Albaridi [29], Anand et al. [30], M
Bhushanam and S Madhusudan [18,31] and
Matzen et al. [32] as well mentioned, the use of
diluted honey in controlling the bacterial growth
and the dilutions could be confirmed through in
vivo and clinical studies. The present findings are
in accordance with previous studies reported that
different honey types possess different efficacies
and mechanisms against the same bacteria
[29,33,34,35,36]. Nzeako and Hamdi [17]
reported antibacterial activity of Pseudomonas,
Acinobacter and Staphylococcus was noticed at
40 per cent dilutions of Saudi Arabian honey.

Andargarchew et al. [20] reported antibacterial
activity against E. coli, S.aureus, P. aeruginosa,
S.shiga, S.typhi, P. vulgaris, K.aerogenes and
P.mirabilis at various dilutions of A.melliferan
honey. French et al. [37] reported antibacterial
activity of honey against coagulase negative
Staphylococci. Noori et al. [38] reported against
Streptococcus, E. coli and Staphylococuss
aureus. Mitra et al. [39] reported antibacterial
activity of honey against S.aureus, E.coli, P.
aeruginosa and Klebsiella.

Honey with high osmorlarity, low pH and high
peroxide content favors the outflow of fluid from
wound tissue, aiding cleansing, reducing edema
and decreasing pain. The pure honey and diluted
honey, when applied to wounds, permits
movement of water through osmosis, thus
contributing to the cleaning of wounds [40,41].
Also, the movement of fluid from underlying
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tissue and capillaries in response to this osmotic
pull will lead to improvements in the increased
levels of dissolved oxygen and nutrients. Thus,
the nutrient content of honey stimulates the cell
growth and provides energy for the dividing cells
on the surface of wounds [11,2,21,42]. Honey
along with wound healing prevents scar
formation that makes a difference in effects for
the outcomes wound infection, scar quality, pain
and patient satisfaction as the evidence is low to
very low-certainty [19,43,44].

In the present investigations the cutaneous
wounds were assessed by gross inspection of
epithelialisation and wound healing. The high
potency of Apis florea honey from Coorg district
showed 13 + 1.07 to 15 + 1.52 days for healing
of wounds upon the treatment than the control
animals (20 + 1.07 days). The high potency of
Apis florea honey from Bengaluru district showed
17 £ 1.03 to 18 = 1.62 days for healing of
wounds upon the treatment than the control
animals (20 + 1.07 days). The high potency of
Apis florea honey from Kolar district showed 18 +
154 to 19 + 1.82 days for healing of wounds
upon the treatment than the control animals (20 +
1.07 days). Similar findings were reported by
Georgina [40], Molan [42], Adikwu and Alozie
[24], Bangroo et al. [45] and Bhavin et al. [46]
reported wound healing in human patients using
honey. Manuka honey dressing has long been
available as a non-antibiotic treatment in the
management of chronic wound infections.
Vandamme et al. [14] reported systemic wound
healing using honey on human patients. Molan
[28] studied wound healing in mice, rats and
buffalo calves. In another research, the results
show that the natural extracts of honey had a
stimulatory effect on monocytic cells’ production
of TNF-a, IL-1B, and IL-6. Both pro- and anti-
inflammatory mechanisms include cytokines
because several cell types actively involved in
tissue healing are modulated by the production of
cytokines by monocytic cells in the wound region.
The Australian jelly bush honey exhibited the
most effect, with significant increases in cytokine
levels seen in both New Zealand Manuka and
Pasture varieties compared to control groups
(sugar solution). These results suggest that
components other than sugars are involved in
the regulatory effects of honey, although it is
unknown which specific component/s are
involved in mediating these effects [47].
Combining the antibacterial MH with gelatin-
based hydrogel in a 3D patch can improve
printing efficiency and produce positive biological
results useful in regenerative wound treatment.

An extrusion-based printing approach created
antibacterial Manuka-gelatin 3D patches with
optimum porosity, good form accuracy, and
structural stability. The gram-positive
microorganisms (S. epidermidis and S. aureus)
and gram-negative microbes (E. coli), frequently
found in infected ulcer sites, were successfully
eradicated with Manuka-gelatin 3D patches.
These patches also increased human epidermal
keratinocyte and dermal fibroblast proliferative
rates and encouraged angiogenesis [48].
Numerous research studies on using honey for
wound treatment in animal and clinical instances
exist. Fresh wounds treated with topical honey
accelerated wound contraction and enhanced
granulation tissue formation [49,50].

5. CONCLUSIONS

The research findings of the present study on the
antibacterial activity of Apis florea honey from
Karnataka on pathogenic bacteria showed good
and acceptable results. Variations in the
antibacterial activity could be attributed by the
Apis honey quality, floral varieties, diversity of
geographical regions. Hence identification of
appropriate honey type to control the specific
bacterial growth is required. Further deciphering
of phytochemicals in the effective honey variety
is important in order to use the honey against
specific pathogens. The excision wounds were
healed rapidly by the potent Apis florea honey
from Coorg district.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image
generators have been used during the writing or
editing of this manuscript.

ETHICAL APPROVAL

Animal Ethic committee approval has been
collected and preserved by the author(s).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Visavadia BG, Honeysett J, Danford MH.
Manuka honey dressing: An effective

714



10.

11.

12.

Bhushanam et al.; Uttar Pradesh J. Zool., vol. 45, no. 18, pp. 705-717, 2024, Article no.UPJOZ.4128

treatment for chronic wound infections. Br.
J. Oral Maxillofac. Surg. 2018;46:55-56.
Dryden M, Goddard C, Madadi A, Heard
M, Saeed K, Cooke J. Using antimicrobial
Surgi honey to prevent caesarean wound
infection. Br J Midwifery. 2014;22(2):111-
115.
Molan,
wound dressing. Wounds.
141-151.

Hixon KR, Klein RC, Eberlin CT, Linder
HR, Ona WJ, H, Gonzalez. A critical
review and perspective of honey in tissue
engineering and clinical wound healing.
Adv Wound Care. 2019;8(8): 403-15.
Mandal MD, Mandal S. Honey: Its
medicinal property and antibacterial
activity. Asian Pac. J. Trop. Biomed.
2020;1(2):154-160.

Basualdo C, Vero'nica Sgroy, Monica S
Finola, Juan M Marioli. Comparison of the
antibacterial activity of honey from different
provenance against bacteria usually
isolated from skin wounds. Veterinary
Microbiology. 2017;124(3-4):375-381.
Hixon KR, Lu T, Carletta MN, McBride-
Gagyi SH, Janowiak BE, Sell SA. A
preliminary in vitro evaluation of the
bioactive potential of cryogel scaffolds
incorporated with Manuka honey for the
treatment of chronic bone infections. J
Biomed Mater Res Part- B, Appl Biomater.
2017;106(5):1918-33.

Mandal S, Pal NK, Chowdhury IH,
Debmandal M. Antibacterial activity of
ciprofloxacin and trimethoprim, alone and
in combinittion, against Vibrio cholerae O1
biotype El Tor serotype Ogawa isolates.
Pol J Microbiol. 2009; 58(1):57-60.

Levy SB, Marshall B. Antibacterial
resistance worldwide: Causes, challenges
and responses. Nat Med. 2005;10(12
Suppl)):122-9.

Stephens JM, Schlothauer RC, Morris BD,
Yang D, Fearnley L, Greenwood DR,
Loomes KM. Phenolic compounds and
methylglyoxal in some New Zealand
manuka and Kanuka honeys. Food Chem.
2010;120(1):78-86.

Molan PC. Potential of honey in the
treatment of wounds and burns. Am J Clin
Dermatol. 2001;2(1):13-19.

Sundoro A, Nadia K, Nur A, Sudjatmiko G,
Tedjo A. Comparison of physical-chemical
characteristic and antibacterial effect
between Manuka honey and local honey. J
Plastik Rekonstruksi. 2012;1:3.

Rhodes T. Honey: A biologic
2015;27(6):

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

715

Speer SL, Schreyack GE. Manuka honey:
A Ttissue Engineering Essential Ingredient.
J Tissue Sci & Eng. 2015;6(2):1.
Vandamme L, Heyneman A, Hoeksema H,
Verbelen J, Monstrey S. Honey in modern
wound care: A systematic review. Burns.
2013;39(8):1514-25.

Al-Nahari AA, Almasaudi SB, Abd El-
Ghany el SM, Barbour E, Al Jaouni SK,
Harakeh S. Antimicrobial activities of Saudi
honey against Pseudomonas aeruginosa.
Saudi J. Biol Sci. 2015; 22(5):521-525.
Girma A, Seo W, She RC. Antibacterial
activity of varying UMF-graded Manuka
honeys. PLoS  One. 2022;14(10):
e0224495.

Nzeako BC, Hamdi J. The use of Honey in
treatment of Infected Wounds. Am. J.
Clinical Path. 2000;10(22):13-20.
Bhushanam M, Madhusudan S.
Antimicrobial characterisation of Apis
honey on human pathogenic bacteria. Int.
J. Curr. Micro. App. Sci. 2023;8(4):5201-
5207.

Laallam H, Boughediri L, Bissati S,
Menasria T, Mouzaoui MS, Hadjadj S,
Hammoudi R, Chenchouni H. Modelling
the synergistic antibacterial effects of
different botanical origins from the Sahara
Desert of Algeria. Front. Microbiol.
2015;6:1239.

Andargarchew Mulu, Belay Tassema,
Fetene Derbie. In vitro assessment of
antimicrobial potential of honey on
common human pathogens, Ethiop. J.
Health Dev. 2004;18(2):107-111.

Jan Hudzicki. Kirby- Bauer Disc Diffusion
susceptibility test protocol. American Soc.
Microbiol: 1-23.

Harley JP, Klein DA, Prescott LM,
Sherwood LM, Willey JM, Woolverton CJ.
Microbiologie, 3rd Edn. Brussels: De
Boeck University; 2010.

Hegazi AG, Abd EI- Moez SI, Amr M
Abdou, Abd Allah FM. Synergistic
antibacterial activity of egyptian honey and
common antibiotics against clostridium
reference strains. Int. J. Curr. Microbiol.
App. Sci. 2014;3(8):312- 325.
Adikwu MU, Alozie BU. Application of snail
mucin dispersed in detarium gum gel in

wound healing. Sci. Res. Essays.
2007;2(6):195-198.
Leong AG, Herst PM, Harper JL.

Indigenous New Zealand honeys exhibit
multiple anti- inflammatory activities. Innate
Immun. 2012;18(3):459-66.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bhushanam et al.; Uttar Pradesh J. Zool., vol. 45, no. 18, pp. 705-717, 2024, Article no.UPJOZ.4128

Alvarez-Suarez JM, Gasparrini M, Forbes-
Hernandez TY, Mazzoni L, Giampieri F.
The composition and biological activity of
honey: A focus on Manuka honey. Foods.
2014;3(3):420-32.

Olofsson TC, Butler E, Lindholm C, Nilson
B, Michanek P, Vasquez A. Fighting off
wound pathogens in horses with honeybee
Lactic acid bacteria. Curr Microbiol.
2021;73(4):463-473.

Molan PC. The antibacterial activity of
honey. 2. Variation in the potency of the

antibacterial activity, Bee WId. 2015;
73(2):59-76.

Albaridi NA. Antibacterial potency of
honey. International Journal of

Microbiology. 2022;1:1-10.

Anand S, Deighton M, Livanos G, Morrison
PD, Pang ECK, Mantri N. Antimicrobial
activity of Agastache honey and
characterization of its bioactive compounds
in comparison with important commercial
honeys. Frontiers in Microbiology. 2021;10.
Bhushanam M, Madhusudhan S, Bajpai M,
Sibi G. Physicochemical and antibacterial
activities of Apis honey types derived from
Coorg, Karnataka, India. Journal of Applied
and Natural Science. 2021;13(2):729-734.
Matzen RD, Leth-Espensen JZ, Jansson T,
Nielsen DS, Lund MN, Matzen S. The
antibacterial effect in vitro of honey derived
from various Danish flora. Dermatology
Research and Practice, Art. 2018;6:1-10.
Cebrero G, Sanhueza O, Pezoa M, Baez
ME, Martinez J, Baez M, Fuentes E.
Relationship among the minor
constituents, antibacterial activity and
geographical origin of honey: A multifactor
perspective. Food Chemistry.
2020;315:126296.

Al-Masaudi SB. The antibacterial activities
of honey. Saudi Journal of Biological
Sciences. 2020;28:2188- 2196.

Al-Masaudi SB, Al-Nahari AAM, Abd EI-
Ghany ESM, Barbour E, Al Muhayawi SM,
Al-Jaouni S, et al. Antimicrobial effect of
different types of honey on Staphylococcus
aureus. Saudi Journal of Biological
Sciences. 2017;24(6): 1255-1261.
Carnwath R, Graham EM, Reynolds K,
Pollock PJ. The antimicrobial activity of
honey against common equine wound
bacterial isolates. Vet J. 2014;199(1): 110—
4.

French VM, Cooper RA, Molan PC. The
antibacterial activity of honey against
coagulase - negative Staphylococci, J.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

716

Antimicrobial 2005;
56(1):228-231.

Noori S, Al — Waili, Mohammed Akmal S,
Faiz M, Al — Walilli, Khelod Saloom, Amjed.
The Antimicrobial potential of honey from
United Arab Emirates on some microbial
isolates. Med. Sci. Monitt. Int. Med. J. Exp.
Clin. Res. 2006;11(12):433-438.

Mitra SK, Sundaram R, Venkataranganna
MV, Gopumadhavan S, Prakash NS,

Chemotherapy.

Jayaram HD, Sarma DNK. Anti-
inflammatory, Antioxidant and
Antimicrobial activity of ophthacare Brand,
an Herbal eye drops. Phyto Med.

2000;7(2):123-127.

Georgina Gethin. Case series of use of
Manuka honey in leg ulceration. Int.
Wound J. 2005;2:10-15.

Bhushanam M, Bhargava HR, Reddy MS.
Antibiotic activity of various types of honey
of Apis species. World Journal of
Agricultural Sciences. 2020;9(4):309-315.
Molan PC. The evidence supporting the
use of honey as a wound dressing. Int J
Low Extrem Wounds. 2006;5(1):40—
54.

Hoogewerf CJ, Hop MJ, Nieuwenhuis MK,
Oen IM, Mmh E, Middle koop, Van Baar
ME. Topical treatment for facial burns.
Cochrane Data Base of Systematic
Reviews. 7(7):Art. No. CD008058.

Lajpat Rai, Muhammad Ali Ghufran,
Khursheed Ahmed Samo, Munawar
Hussain Mangi, Jahanzaib Babar, Mujeeb
Rehman Abbasi. A comparative study
between wuse of topical honey and
Edinburgh University's Solution of Lime
(EUSOL) Dressing in Necrotizing Fascitis

Wounds. Cureus. 2023;15(1): article.
e33825.

Bangroo AK. Ramji Khatri and Smith
Chauhan. Honey dressing in Pediatric
burns, J. Indian Assoc. Pediatr. Surg.

2005;10(3):172-175.

Bhavin G, Visavadia, Jan Honeysett,
Martin H Danford. Manuka honey dressing:
An effective treatment for chronic wound
infections. Br. J. Oral Maxillofac Surg.
2008;46(1):55-56.

Alangari AA, Ashoori MD, Alwan W,
Hannah R Dawe, Brigitta Stockinger,
Jonathan N, et al. Manuka honey activates
the aryl hydrocarbon receptor:
Implications  for  skin  inflammation.
Pharmacol Res. 2023; 194:106-848.

Brites A, Ferreira M, Bom S, Liliana
Grenho, Ricardo Claudio, Pedro S, et al.



49.

Bhushanam et al.; Uttar Pradesh J. Zool., vol. 45, no. 18, pp. 705-717, 2024, Article no.UPJOZ.4128

Fabrication of antibacterial and
biocompatible 3D printed Manuka-gelatin
based patch for wound healing
applications. Int J Pharm. 2023;632: 1225-
41.

Fernandes KE, Frost EA, Remnant EJ,
Kathleen R Schell, Nural N Cokcetin, Dee
A Carter. The role of honey in the ecology

50.

of the hive: Nutrition, detoxification,
longevity, and protection against hive
pathogens. Front Nutr. 2022;9:9541-70.
Nair AB, Gorain B, Pandey M, Shery
Jacob, Pottathil Shinu, Bandar Aldhubiab,
et al. Tocotrienol in the treatment of topical
wounds: recent updates. Pharmaceutics.
2022;14(11): 2479.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://prh.mbimph.com/review-history/4128

717


https://prh.mbimph.com/review-history/4128

