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Abstract 
Honeybees (Apis mellifera) are important pollinators of flowering plants and 
agricultural crops contributing annually to billions of dollars in revenues to 
crop production. Honeybees have an average lifespan between 8 weeks to 5 
years. Dead honeybees are abundantly available in beehives and can be uti-
lized as an alternative source to synthesize nanoparticles. In recent years, bi-
ologically synthesized nanoparticles have been preferred over their chemical 
counterparts. However, honeybee-based-green synthesis of nanoparticles has 
not been explored yet. Herein, we report the biosynthesis of silver nanopar-
ticles from honeybees and its antibacterial activity. The synthesis of silver 
nanoparticles was monitored visually through a gradual change in color. 
Furthermore, the biosynthesized nanoparticles were confirmed and characte-
rized by UV-visible spectroscopy. Scanning Electron Microscope was utilized 
to analyze the average size and morphologies of the biosynthesized nanopar-
ticles. Subsequently, the antibacterial potential of the biosynthesized silver 
nanoparticles was tested against selected Gram-positive and Gram-negative 
bacterial strains. It was found that a distinct color change from yellow to 
brown in the reaction solution suggested the formation of silver nanopar-
ticles. The biosynthesized nanoparticles exhibited absorption maxima at 430 
nm. The SEM analysis confirmed the spherical and cuboidal shape of the 
biosynthesized silver nanoparticles with a size range between 10 - 40 nm. 
Furthermore, the biosynthesized silver nanoparticles exhibited strong anti-
microbial potential against tested Gram-positive and Gram-negative bacteria 
strains by aggregating on the cell surface. This study showcases the biomedi-
cal and agricultural applications of biosynthesized silver nanoparticles from 
honeybee wings.  
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1. Introduction 

Honeybees Apis mellifera are part of the diversity on which all living organisms 
on this planet depend for our survival. A. mellifera provides high quality valued 
pollination services for a wide variety of over 90% of global crops [1] [2]. Fur-
thermore, Apis mellifera possesses an extraordinary ability to process and store 
nectar in the form of honey which has traditionally been used as food and medi-
cine products since prehistoric times [3] [4]. Honey contains flavonoids and po-
lyphenols with high antioxidant and anti-inflammatory properties [5] [6]. Addi-
tionally, honey is known to possess wound-healing activity as well as antimi-
crobial properties due to the presence of hydrogen peroxide polyphenolic com-
pounds, methylglyoxal and bee-defensin [6] [7] [8] [9]. Honey has been used for 
centuries as a method to speed up the treatment of ulcers and bed sores skin in-
fections resulting from burns and wounds. Strong inhibitory activity of honey 
has been reported against Staphylococcus aureus, Helicobacter pylori. The anti-
microbial activity of honeybees is not limited to honey. 

Published research denotes that honeybee wings exhibit antibacterial activity 
[10]. These wings are studded with a vast array of rough, sharp, and pointed pil-
lars that disrupt bacterial cells and inhibit their growth [10]. The wings of other 
insects like cicada and dragon flies have also fascinated researchers with their 
antimicrobial properties attributable to the presence of an array of nanopillars 
that kill bacteria on contact [11] [12]. This nanostructure-induced lysis of bac-
terial cells may be the key to developing antimicrobial medical devices to combat 
multidrug resistant bacteria. This property has also inspired scientists who are in 
search of new technologies to triumph over drug resistant bacteria. Among 
many approaches and natural substances used to synthesize nanoparticles, ho-
ney seems to be promising because of its ability to act as a reducing and cap-
ping/stabilizing agent. Honey-based synthesis of nanoparticles has consistently 
demonstrated several advantages over the biological mediated methods. Honey 
mediated synthesis of nanoparticles is a relatively fast process, and does not re-
quire cell culture and separation of nanoparticles from microorganism (which is 
a challenging task). Honey-mediated nanoparticles are shown to exert antimi-
crobial activity primarily by inhibiting ATP synthase and by inducing the pro-
duction of reactive oxygen species [4] [5]. 

Nanotechnology is a promising approach to reduce and combat bacterial re-
sistance [13]. Nanotechnology entails the manipulation of reduction, and fabri-
cation of materials on a nanoscale with sizes ranging from 1 to 100 nm (nm) 
[14] [15]. Currently there are an increasing number of studies devoted to the 
synthesis of nanoparticles employing chemical, physical, and green synthesis 
methods [16] [17] [18] [19]. Herein, we employed green synthesis of nanopar-
ticles because it is cost-effective and improves environmental and human health 
safety [19] [20]. Green synthesis for the nanoscale metals involves two main 
steps. First and foremost, preparation of extracts from the organisms at 90˚C for 
about an hour and pH adjusted, the extract is then added to metal salts or solu-
tion and incubated at 28˚C for about 30 minutes. In this reaction the extract 
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serves as a reducing agent, reducing the metal particles [19] [20]. 
Microorganisms, plants, fungi, spiders, and some insects are for the most part 

exploited for green synthesis [21] [22] [23] [24]. Insects such as American 
roaches and termites have been explored as ecofriendly, cost effective and novel 
biomaterial for the biosynthesis of silver nanoparticles [22] [23]. However, there 
are no reports on the biosynthesis of nanoparticles from honeybees. The present 
study for the first time seeks to expand the use of honeybees for green synthesis 
of silver nanoparticles and to evaluate its antibacterial potential. This novel syn-
thesis approach for nanomaterials is an interesting area in nanoscience and na-
notechnology where its finished products can be used as an alternative antimi-
crobial strategy to reduce the global burden of infectious diseases.  

2. Materials and Methods 

Collection and preparation of honeybee wings 
The dead worker honeybees (Apis mellifera) used in the present study were 

collected in Fall 2023 from Dr. Jeffery Andrew Meixner’s beehive, in Winston 
Salem, North Carolina USA. The wings were gently removed from the body us-
ing a sterile scalpel and stored at room temperature in sterile polystyrene Petri 
dishes (Fisher Scientific) until required. 

Green synthesis and characterization of silver nanoparticles from honey-
bee wings  

Green synthesis of silver nanoparticles was carried out as described by pre-
vious investigators [23] [25]. Honeybee wings (0.1 g) were hydrolyzed in 0.1 M 
of NaOH at 90˚C in a water incubator for 60 mins. After cooling the hydrolyzed 
wing solution was centrifuged at 8000 rpm for 10 minutes. Afterward, the su-
pernatant was collected, and the pH was lowered to 7. Subsequently, 1 ml of the 
wing extract was transferred to 49 ml of silver nitrate solution for the reduction 
of silver ions. The reaction was then incubated at 28˚C ± 1˚C for 30 minutes 
under static conditions for the synthesis of silver nanoparticles via color change. 

High Performance Liquid Chromatography (HPLC) System 
HPLC was carried out at Chemistry Laboratory in Greensboro North Carolina 

using Agilent 1100 series with a C18 column (4.6 mm × 250 mm i.d., 5 μm) at 
35˚C to identify and quantify compounds present in honeybee wing extracts. 
The mobile phase consisted of HPLC water (A) and acetonitrile (B) at a flow rate 
of 1 ml/min. The multi-wavelength detector was monitored at 280 nm. 

Characterization of biosynthesized silver nanoparticles honeybee wing 
extract 

The biosynthesized silver nanoparticles from honeybee wings were characte-
rized using various techniques. The absorption spectrum was measured using 
UV–Visible spectrophotometer (Genesys 10 UV Thermoelectron Corporation, 
UK) within the ranges of 200 - 1000 nm operated at a resolution of 1 nm at 
room temperature. Morphological characterization was carried out at the Joint 
School of Nanoscience and Nanoengineering, Greensboro, North Carolina USA 
using JEOL’s new Field Emission Scanning Electron Microscope, the JSM-IT800. 
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Antimicrobial activity of biosynthesized nanoparticles from honeybee 
wings extracts 

The antimicrobial activity of the biosynthesized silver nanoparticles from ho-
neybee wing extract was investigated against Staphylococcus aureus (ATCC 
25923), Micrococcus luteus (ATCC 4698), Escherichia coli 1946 (ATCC 25922), 
Klebsiella pneumoniae (ATCC 13883), Bacillus megaterium (ATCC 13639) and 
Salmonella typhi (ATCC 9992V). The antimicrobial activity of the biosynthe-
sized nanoparticles against the tested bacteria was determined by micro dilution 
method in triplicate using 96-well plates. The tested bacterial strains were grown 
in Nutrient Broth (NB) medium supplemented with biosynthesized nanopar-
ticles from worker honeybee (10 uM) and incubated at 37˚C for 24 h. The 
growth was monitored after 24 h by using a 98-well plate format Glomaxmulti 
plate reader (Promega, USA). Media inoculated with bacterial strain alone 
served as controls. The experiment was repeated three times.  

Morphological characterization of Tested Bacterial Strains 
The morphological characterization was carried out at the Joint School of 

Nanoscience and Nanoengineering, Greensboro, North Carolina USA using 
JEOL’s new Field Emission Scanning Electron Microscope, the JSM-IT800. For 
morphological characterization of the treated samples, after 24 h of incubation 
period aliquot of bacterial cells was harvested by centrifugation at 8000 rpm, 
washed 3 times and resuspended in PBS. Subsequently, the samples were fixed in 
2.5% glutaraldehyde solution (configured with PBS) overnight at 4˚C followed 
by gradient dehydration using different concentrations of ethanol (using 30%, 
50%, 70%, 80%, 90%, and twice with 100%). The samples were immediately 
pre-frozen at −20˚C, freeze dried for 12 hours, and observed with a scanning 
electron microscope (SEM). 

3. Results 

Biosynthesis of silver nanoparticles from worker honeybee wings 
To synthesize nanoparticles from workers honeybee wings, the wing extract 

was treated with silver nitrate (AgNO3). During the biosynthesis of silver nano-
particle’s reaction, the change of color from light yellow to dark brown (Figure 
1) of the reaction suggests the formation of silver nanoparticles. As seen in the 
reaction below: 

AgNO3 → Ag+ +NO3 

Ag+ + honeybee wing extract → Ag0 (silver nanoparticles) 
HPLC analysis 
The content of the compound’s honeybee wing extract and retention times 

determined by HPLC analysis are shown in Figure 2. The analysis revealed 4 
major components.  

Characterizations of Silver Nanoparticles from honeybee wings 
UV-visible spectrometry is a widely used analytical technique for detecting 

metal nanoparticles [22] [26] [27] [28]. The absorbance taken by UV-vis spec-
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trometer showed an absorption peak at 440 nm (Figure 3) confirming the pres-
ence of silver nanoparticles. Also, scanning electron microscopy (SEM) analysis 
confirmed the presence of dispersed cube-like and spherical shape silver nano-
particles with size range between 10 - 40 nm (Figure 4). 
 

 

Figure 1. (a) Honeybee wings extract with no silver nitrate. (b) Honeybee wings extract 
with added silver nitrate. 
 

 

Figure 2. HPLC profile of water extract derived from honeybee wing extracts. 
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Figure 3. UV-visible spectra of synthesized silver nanoparticles using worker honeybee wings. 
 

 

Figure 4. Scanning electron microscopy image of biosynthesized silver nanoparticles 
from worker honeybee wing extracts (a) biosynthesized silver nanoparticles; (b) cube-like 
nanoparticle; (c) spherical shape silver nanoparticles. 
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Antimicrobial Activity of biosynthesized nanoparticles from worker ho-
neybee wings against bacteria 

The biosynthesized silver nanoparticles from worker honeybees demonstrated 
potential antimicrobial activity. Broth microdilution assay revealed that the 
tested concentration (10 µM) of the biosynthesized silver nanoparticles showed a 
significant (P < 0.05) reduction in the growth of Gram-negative bacteria (Figure 
5) and Gram-positive bacteria (Figure 6) compared to the control after 24 hr. 
The tested concentration almost completely inhibited the growth of all the 
Gram-negative bacterial strains in this order (E. coli < K. pneumoniae < S. typhi 
(Figure 6). The growth inhibitory effect of the biosynthesized silver nanopar-
ticles against Gram-negative bacteria can be ranked from the least to the most 
sensitive as follows (B. megaterium < S. aureus < M. luteus). 

To further understand bacterial responses to 10 µM of the biosynthesized na-
noparticles after 24 hr, bacterial morphology and nanoparticle-cell associations 
were examined with scanning electron microscope (SEM). Seen from SEM mi-
crographs, the biosynthesized nanoparticles aggregated and interacted with the 
treated Gram-negative bacterial cells (Figure 7). A significant morphological al-
teration was observed in silver nanoparticles treated with S. typhi. The cells were 
corrugated and had some depressions and alterations in length (Figure 7(f)). 
 

 

Figure 5. Antimicrobial activity of biosynthesized silver nanoparticles from worker honeybees against Gram-negative bacteria. (a) 
Escherichia coli; (b) Salmonella typhi and (c) Klebsiella pneumoniae. 
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Figure 6. Antimicrobial activity of biosynthesized silver nanoparticles from worker honeybees against Gram-positive bacteria. (a) 
Staphylococcus aureus (b) Micrococcus luteus and (c) Bacillus megaterium. 

 

 

Figure 7. SEM images of Gram-negative bacteria and biosynthesized silver nanoparticles 
from worker honeybee wings: (a) E. coli cell, (b) E. coli cell and nanoparticles, (c) K. 
pneumonia cell, (d) K. pneumonia cell and nanoparticles, (e) S. typhi cell (f) S. typhi cell 
and nanoparticles. 
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Seen from the SEM, the biosynthesized silver nanoparticles also demonstrated 
a significant inhibition of the growth of Gram-positive bacteria strains by ad-
hering and interacting on the walls (Figure 8). The extensive damage of the bac-
terial strains treated with the biosynthesized silver nanoparticles was in this or-
der (M. luteus > B. megaterium > S. aureus). 

4. Discussion 

Honeybees (Apis mellifera) are indispensable for life on earth, as they pollinate 
more than 80% of the flowering plants and agricultural crops and provide high 
quality products [29]. Honeybees usually live for about 6 weeks. Thereafter most 
beekeepers usually clear out the dead bees to create room for a new colony. In 
this study we utilized the wings of dead worker honeybees as an alternative 
source to synthesize nanoparticles. This technology is known as green synthesis 
and has gained attraction because it is a benign and cost-effective approach for 
the synthesis of metallic nanoparticles [30] [31]. 
 

 

Figure 8. SEM images of Gram-positive bacteria and biosynthesized silver nanoparticles 
from worker honeybee wings: (a) S. aureus cell, (b) S. aureus cell and nanoparticles, (c) B. 
megaterium cell, (d) B. megaterium and nanoparticles, (e) M. luteus cell (f) M. luteus cell 
and nanoparticles. 
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During the biosynthesis of silver nanoparticles from worker honeybee wing 
extracts the appearance of the brown color of the reaction solution inarguable 
indicated the formation of silver nanoparticles due to the excitation of surface 
plasmon vibrations in metal nanoparticles as reported by other investigators [32] 
[33]. This change in color is the fundamental barometer for the recovery of silver 
ions and the formation of silver nanoparticles [22] [34]. The major components 
found in the wings (Figure 2) may be responsible for the recovery of silver ions 
and the formation of silver nanoparticles [23]. Several studies revealed that in-
sects’ wings and mushrooms contain aliphatic hydrocarbons or volatile com-
pounds that may oversee the formation of silver nanoparticles [35] [36] [37] 
[38]. Further, the biosynthesized silver nanoparticles were confirmed by UV-vis 
spectroscopy. UV-vis spectroscopy is a tool for detecting metal nanoparticles since 
localized surface plasmon resonance permits the absorption of photons [39]. The 
biosynthesized silver nanoparticles by worker honeybee extracts showed a max-
imum absorbance peak at 440 nm which is specific to silver nanoparticles and 
most metal nanoparticles as reported in previous studies [22] [40] [41]. The ab-
sorbance peak is usually ascribed to the Surface Plasmon Resonance (SPR) due 
to collective oscillations of elections of metal nanoparticles that depend on the 
size and shape of the nature and composition of the dispersion medium as well 
as the size and shape of nanoparticles [42] [43] [44]. 

The scanning electron microscope (SEM) confirmed the formation of spherical 
and cubic-shape nanoparticles with an almost uniform size of 20 - 40 nm which 
agrees with results of [43] [45] who found silver nanoparticles spherical in shape in 
the range of 10 - 50 nm. Agglomeration of the biosynthesized silver nanoparticles 
may be due to dehydration during the preparation of the sample for SEM analysis 
[46]. The morphology of the nanoparticles is known to have profound antimi-
crobial activity, an important role in exploiting their properties for their use in a 
variety of emerging technologies such as cellular uptake, drug delivery, intracellu-
lar trafficking, optical filters, biosensors, and antimicrobial activity [47] [48]. 

Silver has been used for centuries as an antimicrobial agent due to its ability to 
inhibit the enzymatic functions of microbes by interacting with thiol (sulfhydryl) 
groups and by forming reactive oxygen species [49] [50]. With the emergence of 
nanotechnology, silver nanoparticles have fascinated researchers owing to their 
inherent broad-spectrum antimicrobial activity at low concentrations [51]. The 
antimicrobial activity of the biosynthesized silver nanoparticles from worker ho-
neybees was tested against Staphylococcus aureus, Micrococcus luteus, Escherichia 
coli, Klebsiella pneumoniae, Bacillus megaterium and Salmonella typhi. According 
to the results, the biosynthesized silver nanoparticles exhibited strong antimicrobi-
al activity against the tested bacteria. Therefore, further evaluation in determining 
the antimicrobial activity of the biosynthesized silver nanoparticles using SEM was 
needed. Seen from SEM micrographs, the biosynthesized nanoparticles aggregated 
and interacted on the bacteria surfaces due to electrostatic attraction and affinity of 
silver ions to SH groups, such as in cysteine [52]. The small size of the nanopar-
ticles can greatly increase the production of ROS causing damage and inactivation 
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of biomolecules including DNA, proteins, and lipids. The potential antimicrobi-
al activity of the biosynthesized silver nanoparticles from worker honeybee wing 
extract indicates an alternative to conventional antibiotics. 

Gram-negative bacteria were generally more sensitive to the biosynthesized 
silver nanoparticles than Gram negative bacteria. Our data showed that nano-
particles exhibited a relatively strong antimicrobial activity against Gram-negative 
bacteria (for example S. Typhi and K. pneumoniae) by destroying the cell wall 
because of the absence of thick multilayer peptidoglycan. Gram-positive bacteria 
typically have thick multilayer peptidoglycan that could possibly maintain their 
cell shape and protect them from extreme environmental conditions [53]. The 
thicker cell wall renders Gram-positive bacteria comparatively more resistant to 
silver nanoparticles [54]. Surprisingly, it was clear from the data that the bio-
synthesized nanoparticles from worker honeybees completely inhibited the 
growth of tested Gram-positive bacteria M. luteus. SEM images revealed that the 
biosynthesized silver nanoparticles destroyed the cell wall of M. luteus resulting 
in structural changes or loss in membrane integrity which might be attributed to 
the presence of two polymers, i.e., peptidoglycans and teichuronic [55]. 

Honeybees are effective pollinators of flowering plants and agriculture crops 
ensuring the production of food, biofuels, fibers, medicines and building mate-
rials [56]. The importance of honeybees is not limited to pollination. Honeybees 
produce honey that contains antioxidants, which protect the body from inflam-
mation [56]. Honey also has substantial antimicrobial properties due to the 
production of hydrogen peroxide [7]. The wings of worker bees are known to 
play an important role in anti-biofouling surfaces and exhibit antimicrobial ac-
tivity against both Gram negative and Gram-positive bacteria [10]. In this study, 
we demonstrated the biosynthesis of silver nanoparticles using the wings of 
worker honeybees, is a cost-effect, and control technology for synthesizing na-
noparticles with diverse pharmaceutical and biomedical applications [57]. 

5. Conclusion 

In conclusion, green synthesis of metallic nanoparticles has given close and though-
tful attention among scientists worldwide because it is clean, safe, cost-effective and 
causes less environmental damage [58]. Herein we focused on the biosynthesis 
of silver nanoparticles by using worker honeybee wings and evaluated the anti-
microbial activity of the biosynthesized silver nanoparticles against Gram-negative 
and Gram-positive bacteria. The biosynthesized nanoparticles were for the most 
part cuboidal and specifical with a size range from 10 - 45 nm. Additionally, the 
silver nanoparticles possessed antimicrobial against a wide variety of Gram- 
negative and Gram-positive bacteria by aggregating around the bacteria and 
disrupting important cellular mechanisms. 
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