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Abstract: The antibacterial, anticancer, and wound-healing effects of honey can vary according to 
the type, geographical region, honey bee species, and source of the flowers. Nanotechnology is an 
innovative and emerging field of science with an enormous potential role in medical, cosmetics, and 
industrial usages globally. Metal nanoparticles that derived from silver and range between 1 nm 
and 100 nm in size are called silver nanoparticles (AgNPs). Much advanced research AgNPs has 
been conducted due to their potential antibacterial and anticancer activity, chemical stability, and 
ease of synthesis. The purpose of the present study was to explore the physicochemical properties 
of honey and the potential to use forest honey to synthesize AgNPs as well as to appraise the nano-
particles’ antimicrobial and anticancer effects. Here, we used three different percentages of forest 
honey (20%, 40%, and 80%) as biogenic mediators to synthesize AgNPs at room temperature. The 
development of AgNPs was confirmed by color change (to the naked eye) and ultraviolet-visible 
spectroscopy studies, respectively. The absorbance peak obtained between 464 to 4720 nm validated 
both the surface plasmon resonance (SPR) band and the formation of AgNPs. Regarding the sugar 
profile, the contents of maltose and glucose were lower than the content of fructose. In addition, the 
results showed that the SPR band of AgNPs increased as the percentage of forest honey increased 
due to the elevation of the concentration of the bio-reducing agent. A bacterial growth kinetic assay 
indicated the strong antibacterial efficacy of honey with silver nanoparticles against each tested 
bacterial strain. Honey with nanotherapy was the most effective against hepatocellular carcinoma 
(HepG2) and colon cancer (HCT 116) cells, with IC50s of 23.9 and 27.4 µg/mL, respectively, while 
being less effective against breast adenocarcinoma cells (MCF-7), with an IC50 of 32.5 µg/mL. 
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Honey is a pleasant, natural, and sweet material made by honey bees from nectar 
and honeydew collected from flowers [1]. It is extracted from various botanical sources; 
has diverse chemical compositions, physical properties, and sensory features; and can be 
identified as a link between its attributes and its geographical origin, with beekeepers 
benefiting financially [2]. It is referred to as “the drink of the gods,” and is sweet to taste. 
In human diet, sweet nourishments have always been remained a significant part since 
ancient times. A temptation and enjoyment of sweet tastes is present in human beings at 
birth, and a fondness for sweetened flavours over plain tastes is usual through the grow-
ing period [3]. Honey, being sweet in taste has medicinal values and contains a significant 
amount of antioxidants, amino acids, and carbohydrates [4,5]. 

Honey also comprises some vitamins, minerals, enzymes, and phenolic compounds, 
which enable it to be a good antioxidant, boost immunity, and aid in food digestion and 
absorption. Despite honey’s high carbohydrate content, the glycaemic index of honey is 
very low, making it a good way for diabetics to stay on track with their diet [6]. Honey 
has been shown to have potent healing properties that combat a variety of chronic diseases 
and conditions [7], including cardiovascular disorders, gastrointestinal disorders [8], pul-
monary disorders [9], hypertension, diabetes [10], autophagy dysfunction, and fungal and 
bacterial infections, which were reported in several studies. It may also be beneficial for 
patients with Coronavirus disease (COVID-19) [11]. Several studies have related honey’s 
basic physicochemical features to its botanical origin [12]. It is high in carbohydrates (80–
85%) and energy, and honey’s sugars, similar to those of many fruits, are easily absorbed 
[13]. Most honey is made up of sugars (40% fructose, 35% glucose, and 5% sucrose) and 
water (20%) [14–16]. Enzymes, amino acids, protein, vitamins, minerals, organic acids, 
ash, and phenol compounds are among the more than 180 components found in honey 
[17], and it has some enzyme activity, hydroxymethylfurfural (HMF), and amino acids. 
These contribute to a vital aspect of the quality of honey [18], while the color, acidity, ash, 
sugar profile, and proline levels of honey are all affected by the flower source [19]. 

To suppress related bacteria, new and better antimicrobial treatments are continually 
being researched [20]. Nanotechnology is a cutting-edge technology with numerous ap-
plications in biotechnology, engineering, architecture, food security, food technologies, 
medical sciences, and other important sectors [21]. As a result of the introduction of nan-
otechnology, numerous related industries have seen significant growth in recent years 
[22]. Top-down and bottom-up approaches are the two main types used for creating na-
noparticles [23]. Nanotechnology is currently thought to be a reliable medicinal tool and 
involves the creation of various nano-materials [24,25]. Magnesium, copper, gold, and sil-
ver have all been used in the construction of such structures [26]. Each metal has optical 
properties, which can be used to make metallic nanoparticles [27], and there are a variety 
of physical and chemical processes for its creation [28]. However, plants, on the other 
hand, are now frequently employed in the green synthesis process [29] and the process of 
making honey [30] because of their purity, low toxicity, and environmental friendliness. 
Notably, pH, osmolarity, hydrogen peroxide, and phytochemical content can increase the 
ability of honey to kill bacteria [31]. Some of the investigations have looked into the im-
munomodulatory effects of honey [32], and there are also a number of other factors, in-
cluding the honey type, its geographic region and distribution, and plant characteristics, 
which can enhance the antibacterial activity of honey [33]. Moreover, cancer is treated 
using radiotherapy and chemotherapy, but these treatments are expensive and toxic to 
the normal cells in our bodies [34]. As a result, recent research has mostly concentrated on 
finding natural products, such as honey, that can help treat cancer. It has been demon-
strated that honey can enhance anticancer effects [34,35]. 

Silver nanoparticles (AgNPs) are currently the subject of much new research since 
they have many biological applications [36–38]. AgNPs are promising antibacterial agents 
for wound and burn treatment [39]. Because of their demonstrated capabilities as antibac-
terial, antiviral, and antifungal agents, AgNPs have been used in many biotechnology 
fields [40,41]. In addition, the concentration of honey employed in manufacturing AgNPs 



Nutrients 2023, 15, 684 3 of 17 
 

 

is directly correlated with the AgNPs’ antifungal action [42]. Silver nitrate is reduced by 
the use of honey and also acts as a stabilizing mediator for AgNPs created as part of an 
environmentally friendly process for fabricating silver nanoparticles (AgNPs) at low tem-
peratures [43]. Traditional medicine uses Somra (Acacia) and Calotropis procera honey. The 
benefits of mixing Somra honey (20%) and a C. Procera extract—for which water has been 
used to extract important components from the leaves—have been investigated, while the 
honey/leaf extract has been used to create AgNPs independently, with positive results 
[44]. Utilizing Indonesian wild honey as a mediator, AgNPs have been effectively synthe-
sized using a simple and environmentally acceptable ‘green synthesis’ process [45]. Sidr 
honey and its synthesized AgNPs have been studied for their antibacterial properties and 
their potential to be employed as antimicrobial agents [30]. 

The main purpose of the present research was to evaluate honey’s physicochemical 
properties and its interaction with silver nanoparticles in terms of inhibiting microbial and 
human cancer cell line growth.  

2. Materials and Methods 
2.1. Chemicals and Reagents 

Each chemical and reagent used was of superior quality and according to the high-
performance liquid chromatography (HPLC) standards. Sucrose, fructose, and maltose 
were purchased from the Indian based companies named Central Drug House (P) Ltd. 
New Delhi, India; Loba Chemie Pvt. Ltd. Mumbai, India; and Techno Pharmchem, New 
Delhi, India respectively. While, glucose was bought from th Chem-LabNV, Zedelgem, 
Belgium. However, 5-(hydroxymethyl) furfural, Mueller Hinton Broth, Sulforhodamine B 
sodium salt solution, and AgNO3 were purchased from the USA based company Sigma-
Aldrich (St. Louis, MO, USA). HPLC standard grades water and acetonitrile were bought 
from Indian based company Chemie Pvt. Ltd. Mumbai, India. While, Roswell Park Me-
morial Institute (RPMI) 1640 medium and Penicillin-Streptomycin (10,000 U/mL ) were 
purchased from Thermo Fisher Scientific Inc. (Waltham, MA, USA). Fetal bovine serum 
(FBS), Trichloroacetic acid (TCA), acetic acid, and tris base were purchased from the 
Merck, Darmstadt, Germany. 

2.2. Physicochemical Analysis of Honey  
The pH and moisture of honey were measured and documented according to the 

International Honey Commission’s (2009) harmonized methods [46]. Briefly, pH was 
measured in 13% (w/v) honey after calibrating the pH meter with buffer solutions of pH 4 
and pH 7. The moisture content was determined using a refractometer by applying one 
drop of honey on the prism of the refractometer.  

Sugar Analysis Using a High-Performance Liquid Chromatography-Refractive Index 
Detector (HPLC-RID) 

An electric balance (Shimadzu, Kyoto, Japan) (100 mL) was used to measure 1.25 g 
of each sample in a glass beaker. Then, a 25 mL total volume was made by filling the glass 
beaker with high-performance liquid chromatography (HPLC)-grade water. A vortex was 
used to dissolve the honey and filter it through 0.22 mm syringe filters (Labgeräte GmbH, 
Iso-lab). An HPLC system (Agilent 1260 Infinity II) with a pump (1260 Quat Pump VL) 
and a vial sampler (1260 vial sampler) was used to measure the contents of glucose, malt-
ose, fructose, and sucrose [47], with the carbohydrate ZOz column (4.6 × 150 mm, 5 m), 
with an isocratic mobile phase of acetonitrile (water with a ratio of 75:25 was used, v/v; 
the flow rate was kept at 1.0 mL/minute, and a refractive index detector (1260 RID) was 
used). At 35 °C, a 10-liter sample was injected and examined. Fructose and glucose stand-
ard curves were primed using HPLC-grade water at values ranging from 0.0625 percent 
to 2.00 percent (w/v), while sucrose and maltose standard curves were primed at 0.03125 
percent to 1.00 percent (w/v). The Chem Station Edition. Rev. C.01.10 (201) software was 
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installed. All of the equipment and software were purchased from Agilent Technologies, 
Santa Clara, CA, USA. The retention time of the standard was synchronized with the chro-
matographic peaks that corresponded to each sugar. To determine the association be-
tween the peak area and concentration, a calibration curve was created using successive 
dilutions of standards and fitted using linear regression analysis. The sugar content was 
given as a percentage [48]. 

2.3. Synthesis of Nanoparticles 
The honey sample was obtained in the Saudi Arabian city of Abha. Sigma Aldrich’s 

AgNO3 was purchased and utilized exactly as directed. To make the solutions, double-
distilled water was used. 

2.3.1. Green Synthesis of AgNPs  
In this study, 2, 4, and 8 mL of honey were dissolved in 8, 6, and 2 mL of double-

distilled water to yield 20, 40, and 80% forest honey solutions, respectively. Different per-
centages of the honey solutions (20%, 40%, and 80%) and AgNO3 (0.01 M) solutions were 
combined in simple reactions, and the mixtures were placed in an ultrasonic bath for 30 
min and maintained at room temperature. The color of the mixture solution changed to 
brown, which indicated the formation of AgNPs. The solutions were denoted by the ab-
breviations AgNP-1, AgNP-2, and AgNP-3. The materials were stored in a refrigerator for 
future studies. 

2.3.2. Characterisation 
The characterization and optical-sensing application of the AgNPs were obtained us-

ing an ultra-violet-visible, double-beam spectrophotometer (PG Instrument). Scanning 
electron microscopy (JSM 6360 SEM/EDX) was used to scan the geometry and structure 
of the produced AgNPs. 

2.4. Well-Diffusion Method for Antibacterial Susceptibility Assay 
For evaluating the studied bacteria’s vulnerability to honey alone (20%, 40%, and 

80%) and honey with AgNPs (20%, 40%, and 80%), the growth of the bacterial strains until 
the logarithmic phase, i.e., O.D.610 of 0.4–0.6, took place in a Mueller Hinton (MH) broth. 
After that, further dilution of the tested strains of bacteria was carried out in an MH broth 
until a theoretic O.D.610 of 0.01 was reached. In order to determine the antibacterial effec-
tiveness of honey and honey with AgNPs, the agar well-diffusion method was used [49]. 
A sterile syringe cap was used to create wells with a 6 mm diameter in nutritional agar, 
and a sterile cotton swab with a diluted culture was used for the production of a lawn 
culture on the agar. After that, 20 µL volumes of honey and honey with silver nanoparti-
cles were placed in a Petri dish with triplicate wells and incubated aerobically at 37 °C for 
24 h. The diameter of the clear zone, where the growth of bacteria had been inhibited, was 
calculated in millimeters, and the well diameter was calculated in millimeters. 

2.5.Growth Kinetic Assay 
A logarithm of comparable size to the population of bacteria at various time intervals 

was used to construct a bacterial growth curve that illustrated the viability of the bacteria. 
The bacterial growth curve was employed to estimate the efficacy of honey and honey 
with AgNPs as antibacterial agents. Throughout 16 h of bacterial cultivation, the optical 
density (O.D.600) was taken to establish the growth curve of the bacteria. To explore the 
efficacy of the honey and honey with AgNPs in inhibiting the tested bacterial strains, 20 
µL of volumes of honey and honey with AgNPs were combined with 180 µL of the bacte-
rial culture (O.D.600 of 0.01). To serve as a control, a bacterial culture well with no treatment 
was used. This assay was performed in 96-well plates, which were incubated aerobically 
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for 16 h at a temperature of 37 °C, and the optical density was recorded every 2 h at inter-
vals of 600 nm using a plate reader (FLUOstar Omega, BMG Labtech, Allmendgrun, 
Ortenberg, Germany). Every set of experiments was repeated thrice to determine average 
values. The average optical density was plotted against time.  

2.6. Anticancer Properties of Honey 
2.6.1. Cell Culture 

American Type Culture Collection (ATCC) human mammary gland, breast adeno-
carcinoma (MCF-7), human colon adenocarcinoma (HCT 116), and hepatocellular carci-
noma (HePG2) cell lines were collected and grown in RPMI1640 medium, Gibco, USA. 
FBS (fetal bovine serum) (10%) and 100 units/mL of PS (penicillin/streptomycin) were 
added to the cultural mix. The cells were incubated at a temperature of 37 °C in a humid-
ified environment containing 5% CO2 [50]. 

2.6.2. Cell Viability Assay 
Additionally, 96-well plates were seeded with MCF-7, HeLa, and HePG2 cells, at ap-

proximately 105/well. Following 72 h exposure to honey and honey with AgNPs, the me-
dium was changed to 150 L of 10% trichloroacetic acid (TCA) from Merck for 1 h at 4 °C; 
then, the cultures were washed five times with distilled water. Afterward, a 70 µL SRB 
solution (0.4% w/v) (Sigma Aldrich, St. Louis, MO, USA) was added for 10 min at room 
temperature in a dark location. The cells were washed three times with 1% acetic acid 
(Merck) and left overnight to air dry. The protein-bound SRB stain was dissolved by add-
ing 150 µL of 10 mM Tris Base (Merck), and the O.D. was measured at 540 nm using a 
FluoStar Omega microplate reader (BMG Labtec, Ortenberg, Germany) [51]. 

3. Results 
3.1. Physiochemical Properties of Honey 

Our results relating to the sugar profile of honey are shown in Table 1. Concerning 
the sugar profile, the fructose content was the highest (38.80 ± 0.39), followed by the con-
tents of glucose (24.31 ± 0.44) and maltose (1.45 ± 0.24), while the sucrose content was the 
lowest (0.76 ± 0.03).  

Table 1. Analysis of physicochemical properties of honey. 

Parameters Minimum Maximum Mean Std. Deviation 
Fructose 38.36 39.12 38.80 0.39 
Glucose 23.91 24.78 24.31 0.44 
Sucrose 0.05 0.10 0.076 0.03 
Maltose 1.18 1.63 1.45 0.24 

pH 3.80 3.82 3.80 0.01 
Moisture 16.00 17.00 16.66 0.57 

The identification and quantification of the main sugar levels in honey were deter-
mined using an HPLC analytical approach in this study. At retention durations of 6.080, 
7.015, 10.004, and 12.214 min, fructose, glucose, sucrose, and maltose peaks could be iden-
tified (Figure 1). Fructose, glucose, sucrose, and maltose peaks were observed at retention 
durations of 6.077, 7.024, 10.098, and 12.085 min, respectively (Figure 1). 
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Figure 1. Sugar contents in honey. 

3.2. UV—Vis Spectra of Forest Honey  
The absorption spectra of the AgNPs synthesized using different percentages (20, 40, 

and 60%) of forest honey are presented in Figure 2. It is clear from Figure 1 that the AgNPs 
synthesized using 20%, 40%, and 80% honey showed absorption bands at 472 nm and 468 
nm, whereas the absorption band was obtained at 464 nm for the AgNPs synthesized us-
ing 80% honey. In addition, a blue shift in the SPR band was observed when the concen-
tration of honey was increased from 20 to 80%. The observed results also indicated that a 
different size of AgNPs was obtained using a different percentage of honey.  

 
Figure 2. UV–vis spectra of forest honey (A) and AgNPs using 20% (B), 40% (C), and 80% honey 
(D). 
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3.3. Scanning Electron Microscopy (SEM) 
The SEM micrographs of the pure forest honey and AgNPs synthesized using differ-

ent percentages (20, 40, and 80%) of forest honey are shown in Figure 3. It is clear from the 
images that the AgNPs had a round surface and a spherical shape with the 20% and 80% 
concentrations of forest honey, but they were rice-shaped with 40% forest honey. It has 
been stated that nanoparticles aggregate excessively in solution.  

 
Figure 3. Scanning electron microscope (SEM) images of forest honey (a) and AgNPs synthesized 
using 20% (b), 40% (c), and 80% forest honey (d). 

3.4. Antibacterial Efficacy of the Synthesised Compounds 
Gram-negative and Gram-positive bacterial isolates were treated to test the antibacterial effi-

cacy of honey and honey with AgNPs (Figure 4). Susceptibility studies showed that the 
honey with AgNPs showed antibacterial properties for all the tested bacterial types, while 
honey alone exhibited no effect against any of the tested bacterial strains (Figure 4). Honey 
with AgNPs showed the highest antibacterial activity against S. saprophyticus (17 to 21 
mm), while the lowest antibacterial activity was observed against K. pneumoniae (10 to 12 
mm) (Figures 4 and 5). 
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Figure 4. (A–H). Antibacterial properties are exhibited by the zones of inhibition produced by honey 
and honey with AgNPs (a = 20% honey, b = 20% honey with AgNPs, c = 40% honey, d = 40% honey 
with AgNPs, e = 80% honey, and f = 80% honey with AgNPs). (A) Pseudomonas aeruginosa; (B) Esch-
erichia coli; (C) Klebsiella pneumoniae; (D) Salmonella; (E) Staphylococcus aureus; (F) Staphylococcus sap-
rophyticus; (G) Streptococcus pyogenes; (H) Enterococcus faecalis. 
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Figure 5. (A–H). Inhibitory efficacy of the honey with AgNPs. (HS-1: 20% honey with silver nano-
particles; HS-2: 40% honey with AgNPs; HS-3: 80% honey with AgNPs). (A) Pseudomonas aeruginosa; 
(B) Escherichia coli; (C) Klebsiella pneumoniae; (D) Salmonella; (E) Staphylococcus aureus; (F) Staphylococ-
cus saprophyticus; (G) Streptococcus pyogenes; (H) Enterococcus faecalis. 

3.5. Effect on Bacterial Growth  
The bacterial growth curve of honey with AgNPs was used to examine the efficacy 

of different concentrations of honey with AgNPs on bacterial growth at various time in-
tervals. The growth progress of the bacteria was examined for 16 h (Figure 6). It is self-
evident that the bacterial isolates’ growth was slowed as a result of their treatment. The 
efficacy of the honey containing silver nanoparticles in inhibiting each investigated bacte-
rial strain was demonstrated upon testing the bacterial growth kinetics. 
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Figure 6. (A–H). Effect of honey with silver nanoparticles on microbial growth. (HS-1: 20% honey 
with silver nanoparticles; HS-2: 40% honey with silver nanoparticles; HS-3: 80% honey with silver 
nanoparticles). (A) Pseudomonas aeruginosa; (B) Escherichia coli; (C) Klebsiella pneumoniae; (D) Salmo-
nella; (E) Staphylococcus aureus; (F) Staphylococcus saprophyticus; (G) Streptococcus pyogenes; (H) Enter-
ococcus faecalis. The growth cycle of untreated organisms served as the growth control. Optical den-
sity at 600 nm was measured at regular time intervals of 2 h. 
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3.6. Anticancer Effect on Different Cell Lines 
Human cancer cell growth was shown to be inhibited by treatment with honey and 

honey with nanoparticles. The SRB assay was conducted for MCF-7, HCT 116, and HePG2 
cell viability following treatment with increasing concentrations of honey and honey with 
nanoparticles for 72 h; the IC50 values are illustrated in Table 2. Honey (Gh = Forest) with 
nano-therapy was the most effective against hepatocellular carcinoma (HepG2) and colon 
cancer (HCT 116), with IC50s of 23.9 and 27.4 µg/mL, respectively, while being ineffective 
against breast adenocarcinoma cells (MCF-7), with an IC50 of 32.5 µg/mL. Meanwhile, the 
honey (S = Sider with nano-therapy showed a promising killing effect against MCF-7 cells, 
with an IC50 of 24.6 µg/mL, compared to HepG2 and HCT 116 cells, with IC50s of 31.08 and 
30.3 µg/mL, respectively. The S. Control, on the other hand, showed a low cytotoxic effect 
on the three cancer cell lines, with IC50s greater than 100 µg/mL, as did the Gh (Figure 7). 
The control showed a low effect on HePG2 cells, but the Gh did not. The control had a 
moderately toxic effect on MCF-7 and HCT 116, with IC50s of 85.5 and 89.02 µg/mL, re-
spectively (Figure 8). 

Table 2. The IC50s of honey (Gh = Forest and S = Sider) and honey and nanoparticles for MCF-7, 
HePG2, and HCT 116 human tumor cells. 

Treatments 
IC50 (µg/mL) 

MCF-7 HepG2 HCT 116 
S. Control 118.6 ± 1.1 141.6 ± 4.5 210.9 ± 4.5 

Gh. Control 85.5 ± 5.1 156.1 ± 2.3 89.02 ± 2.4 
S. Nano 24.6 ± 1.8 31.08 ± 1.1 30.3 ± 0.2 

Gh. Nano 32.5 ± 0.7 23.9 ± 0.8 27.4 ± 0.7 

 
Figure 7. Cytotoxic effects of honey (Gh = Forest and S = Sider) and nanoparticles on different hu-
man cell lines. 
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Figure 8. The different IC50s of honey (Gh = Forest and S = Sider) and honey and nanoparticles 
against three human tumor cell lines. 

4. Discussion 
The main purpose of this study was to evaluate and investigate the physicochemical 

properties of honey and its interaction with nanoparticles in inhibiting the growth and 
viability of bacteria and human cancer cell lines. Our study reported that the fructose con-
tent was higher than the contents of glucose and maltose. Previous studies demonstrated 
that the total sugar concentration of Manuka honey in New Zealand was significantly 
lower than that of Saudi honey (p-value = 0.006) and Hungarian honey (p-value = 0.006) 
[52,53]. Moreover, the Manuka honey’s moisture percentage was significantly higher than 
that of the Saudi and Hungarian honey (p-values = 0.009 and 0.015, respectively). Our 
findings are consistent with those of Ismail et al. [54], showing that fructose is the main 
sugar type present in all studied wild honey, with the highest quantity found in blossom 
honey (46 g/100 g). 
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Nanotechnology is among the most auspicious technologies in current areas of study 
in modern science. Our results demonstrated that different sizes of AgNPs were obtained 
when using different percentages of honey. In addition, the AgNPs had a round surface 
and spherical shape with 20 and 80% forest honey but had a rice shape with 40% forest 
honey. This synthesis is more practical because honey works as a stabilizing and reducing 
agent. However, the main challenges with honey-based nanoparticles are the necessity of 
defining the compounds in honey that cause metal reduction and determining which of 
the several available honey applications is suitable for manufacturing nanoparticles. 

In this study, we explored the efficacy of different concentrations of honey with silver 
nanoparticles in inhibiting Gram-negative and Gram-positive bacteria. Honey with 
AgNPs showed positive effects against all of the tested bacterial strains, producing zones 
of inhibition that ranged from 10 to 21 mm. Our study observed that honey with AgNPs 
showed the highest antibacterial effect against Gram-positive bacterial flora. Hypotheti-
cally, the dissimilarity in the absorption band is due to the deviation of the color of AgNPs, 
even though the deviation of color relates to the size of the nanoparticles [55,56]. The char-
acteristic absorption spectra obtained in the range of 472 nm to 464 nm due to surface 
plasmon resonance (SPR) prove that the synthesis of AgNPs at room temperature using 
honey is possible [57,58]. 

Almalki et al. [59] found similar results when they tested the nanoparticles against 
Gram-positive Bacillus subtilis and Gram-negative Escherichia coli. The results revealed that 
the chemicals tested were particularly efficient against Gram-positive bacteria. Differ-
ences in the cell wall architectures and antibacterial mechanisms of AgNPs for different 
cell types could explain the disparities in susceptibility to silver nanoparticles [60]. Gram-
positive bacteria, for example, have a thick peptidoglycan layer, but there is a thin layer 
of peptidoglycan in Gram-negative bacteria; the latter also contain an outer layer made 
up of lipids, making them more complicated and resistant to AgNP diffusion. In the log-
arithmic growth phase, inhibitory effects were visible. Similarly, it was recently revealed 
that Gram-positive bacteria are most susceptible during the exponential growth phase 
[61]. Employing nanoparticles as antibacterial agents is linked to bacterial resistance. 
Honey combined with AgNPs could be used as an alternative antibacterial agent without 
the negative side effects associated with disinfectants, antibiotics, and other standard an-
timicrobials [62].  

In addition, our findings demonstrated that the growth of human cancer cells was 
inhibited by treatment with honey and honey with nanoparticles. However, honey with 
nanotherapy was most effective against hepatocellular carcinoma (HepG2) and colon can-
cer (HCT 116) cells, whereas it was ineffective against breast adenocarcinoma cells (MCF-
7). Our results are in line with the findings of Ghramh, Ibrahim, and Kilany [30], who 
reported that honey and honey with AgNPs had anticancer effects against HepG2 cells. 
Furthermore, Acacia honey showed potent anticancer activity against breast (MCF-7), co-
lon (HCT-116), and lung (A549) cancer cell lines [63]. Another study reported similar find-
ings in that Majra honey demonstrated anticancer effects on both the HepGe2 and Hela 
cell lines when combined with AgNPs; however, honey alone did not have this effect on 
Hela cells [64]. 

Our findings were restricted to biological activities because we did not investigate 
the underlying mechanism through which metal oxide nanoparticles created using a 
honey-mediated process act. Thus, further studies are required to determine the mecha-
nism through which nanoparticles created through honey-mediated processes act in drug 
delivery and medical applications.  

5. Conclusions 
In the present study, the forest honey was found to be acidic in nature and moisture 

content was 16.66% which is according to the international standards. The fructose con-
tent was the highest, followed by the contents of glucose, maltose, and sucrose. The syn-
thesis AgNPs was validated by means of UV-Vis spectroscopy in 464 nm and their size 
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was ascertained through SEM and verified to be smaller than 100 nm with diverse out-
lines. Furthermore, due to the presence of a high concentration of the bio-reducing agent, 
the SPR band of AgNPs increased as the percentage of forest honey increased. Antibacte-
rial studies revealed that the honey with AgNPs had antibacterial properties for all tested 
Gram-negative and Gram-positive bacterial strains, while honey alone exhibited no effect 
against any of the tested bacterial strains. A bacterial growth kinetic test revealed that 
honey containing silver nanoparticles had good antibacterial activity against each tested 
bacterial strain. Honey with nanotherapy was most effective against hepatocellular carci-
noma (HepG2) and colon cancer (HCT 116) cells, while it was ineffective against breast 
adenocarcinoma cells. Further clinical trials are required to explore the roles of various 
biomolecules in the biosynthesis of honey with AgNP nanoparticles and its use in medical 
fields. 

Author Contributions: Conceptualization, S.A.A., H.A.G. and K.A.K.; methodology, I.A., A.K., 
S.E.I.E., A.M.A., R.M.H.A., W.M.A.A. and K.A.K.; software, I.A. and A.K.; validation, M.E.A.M., 
A.G.A.-S., M.A., B.M.A.-S. and K.A.K.; formal analysis, I.A., A.K., S.E.I.E., A.M.A., R.M.H.A., 
W.M.A.A. and K.A.K.; investigation, I.A., A.K., S.E.I.E., A.M.A., R.M.H.A., W.M.A.A. and K.A.K.; 
resources, S.A.A. and H.A.G.; data curation, B.M.A.-S. and M.E.A.M.; writing—original draft prep-
aration, I.A., A.K., K.A.K. and M.E.A.M.; writing—review and editing, I.A., A.K., K.A.K. and 
M.E.A.M.; supervision, M.E.A.M., H.A.G. and B.M.A.-S.; project administration, S.A.A., H.A.G. and 
K.A.K.; funding acquisition, H.A.G. and K.A.K. All authors have read and agreed to the published 
version of the manuscript. 

Funding: This research was funded by the Ministry of Education in KSA through a project number 
KKU-IFP2-DA-7. 

Institutional Review Board Statement: Not Applicable. 

Informed Consent Statement: Not Applicable. 

Data Availability Statement: Data is contained within the article.  

Acknowledgments: The authors extend their appreciation to the Ministry of Education in KSA for 
funding this research work through project number KKU-IFP2-DA-7. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. El Sohaimy, S.A.; Masry, S.; Shehata, M. Physicochemical characteristics of honey from different origins. Ann. Agric. Sci. 2015, 

60, 279–287. 
2. dos Santos Scholz, M.B.; Júnior, A.Q.; Delamuta, B.H.; Nakamura, J.M.; Baudraz, M.C.; Reis, M.O.; Kato, T.; Pedrão, M.R.; Dias, 

L.F.; Dos Santos, D.T.R. Indication of the geographical origin of honey using its physicochemical characteristics and multivariate 
analysis. J. Food Sci. Technol. 2020, 57, 1896–1903. 

3. Zheng, X.; Zhao, Y.; Naumovski, N.; Zhao, W.; Yang, G.; Xue, X.;  Wu, L.; Granato, D.; Peng, W.; Wang, K. Systems Biology 
Approaches for Understanding Metabolic Differences Using ‘Multi-Omics’ Profiling of Metabolites in Mice Fed with Honey 
and Mixed Sugars. Nutrients 2022, 14, 3445. https://doi.org/10.3390/nu14163445 

4. Cortés, M.E.; Vigil, P.; Montenegro, G. The medicinal value of honey: A review on its benefits to human health, with a special 
focus on its effects on glycemic regulation. Cienc. E Investig. Agrar. 2011, 38, 303–317. 

5. Samarghandian, S.; Farkhondeh, T.; Samini, F. Honey and Health: A Review of Recent Clinical Research. Pharmacogn. Res. 2017, 
9, 121–127. https://doi.org/10.4103/0974-8490.204647. 

6. Rana, S.; Mishra, M.; Yadav, D.; Subramani, S.K.; Katare, C.; Prasad, G. Medicinal uses of honey: A review on its benefits to 
human health. Prog. Nutr. 2018, 20, 5–14. https://doi.org/10.23751/pn.v20i1-S.6394. 

7. Ajibola, A. Novel Insights into the Health Importance of Natural Honey. Malays. J. Med Sci. 2015, 22, 7–22. 
8. Eteraf-Oskouei, T.; Najafi, M. Traditional and modern uses of natural honey in human diseases: A review. Iran J. Basic Med. Sci. 

2013, 16, 731–742. 
9. Muhamad, R.; Draman, N.; Aziz, A.A.; Abdullah, S.; Jaeb, M.Z.M. The effect of Tualang honey on the quality of life of patients 

with chronic obstructive pulmonary disease: A randomized controlled trial. J. Taibah Univ. Med Sci. 2017, 13, 42–50. 
https://doi.org/10.1016/j.jtumed.2017.05.014. 

10. Ramli, N.Z.; Chin, K.Y.; Zarkasi, K.A.; Ahmad, F. A Review on the Protective Effects of Honey against Metabolic Syndrome. 
Nutrients 2018, 10, 1009. https://doi.org/10.3390/nu10081009. 



Nutrients 2023, 15, 684 15 of 17 
 

 

11. Hossain, K.S.; Hossain, M.G.; Moni, A.; Rahman, M.M.; Rahman, U.H.; Alam, M.; Kundu, S.; Rahman, M.M.; Hannan, M.A.; 
Uddin, M.J. Prospects of honey in fighting against COVID-19: Pharmacological insights and therapeutic promises. Heliyon 2020, 
6, e05798. https://doi.org/10.1016/j.heliyon.2020.e05798. 

12. Terrab, A.; Recamales, A.F.; Hernanz, D.; Heredia, F.J. Characterisation of Spanish thyme honeys by their physicochemical 
characteristics and mineral contents. Food Chem. 2004, 88, 537–542. https://doi.org/10.1016/j.foodchem.2004.01.068. 

13. White, J.; Doner, L.W. Honey composition and properties. Beekeep. United States Agric. Handb. 1980, 335, 82–91. 
14. Ajlouni, S.; Sujirapinyokul, P. Hydroxymethylfurfuraldehyde and amylase contents in Australian honey. Food Chem. 2010, 119, 

1000–1005. 
15. Belay, A.; Haki, G.D.; Birringer, M.; Borck, H.; Lee, Y.-C.; Kim, K.-T.; Baye, K.; Melaku, S. Enzyme activity, amino acid profiles 

and hydroxymethylfurfural content in Ethiopian monofloral honey. J. Food Sci. Technol. 2017, 54, 2769–2778. 
16. Kędzierska-Matysek, M.; Teter, A.; Florek, M.; Matwijczuk, A.; Niemczynowicz, A.; Matwijczuk, A.; Czernel, G.; Skałecki, P.; 

Gładyszewska, B. Use of physicochemical, FTIR and chemometric analysis for quality assessment of selected monofloral hon-
eys. J. Apic. Res. 2021, 1900637. https://doi.org/10.1080/00218839.2021.1900637 

17. Ouchemoukh, S.; Louaileche, H.; Schweitzer, P. Physicochemical characteristics and pollen spectrum of some Algerian honeys. 
Food Control. 2007, 18, 52–58. https://doi.org/10.1016/j.foodcont.2005.08.007. 

18. Belay, A.; Haki, G.D.; Birringer, M.; Borck, H.; Lee, Y.-C.; Cho, C.-W.; Kim, K.-T.; Bayissa, B.; Baye, K.; Melaku, S. Sugar profile 
and physicochemical properties of Ethiopian monofloral honey. Int. J. Food Prop. 2017, 20, 2855–2866. 

19. de Sousa, J.M.B.; de Souza, E.L.; Marques, G.; de Toledo Benassi, M.; Gullón, B.; Pintado, M.M.; Magnani, M. Sugar profile, 
physicochemical and sensory aspects of monofloral honeys produced by different stingless bee species in Brazilian semi-arid 
region. LWT—Food Sci. Technol. 2016, 65, 645–651. https://doi.org/10.1016/j.lwt.2015.08.058. 

20. López-Esparza, J.; Espinosa-Cristóbal, L.F.; Donohue-Cornejo, A.; Reyes-López, S.Y. Antimicrobial activity of silver nanoparti-
cles in polycaprolactone nanofibers against gram-positive and gram-negative bacteria. Ind. Eng. Chem. Res. 2016, 55, 12532–
12538. 

21. Pasupuleti, V.R. Nanoscience and nanotechnology advances in food industry. In Future Foods; Elsevier: Amsterdam, The Neth-
erlands, 2022; pp. 721–732. 

22. Thiruvengadam, M.; Rajakumar, G.; Chung, I.-M. Nanotechnology: Current uses and future applications in the food industry. 
3 Biotech 2018, 8, 74. https://doi.org/10.1007/s13205-018-1104-7. 

23. Balasooriya, E.R.; Jayasinghe, C.D.; Jayawardena, U.A.; Ruwanthika, R.W.D.; de Silva, R.M.; Udagama, P.V. Honey Mediated 
Green Synthesis of Nanoparticles: New Era of Safe Nanotechnology. J. Nanomater. 2017, 2017, 5919836. 
https://doi.org/10.1155/2017/5919836. 

24. Bayda, S.; Adeel, M.; Tuccinardi, T.; Cordani, M.; Rizzolio, F. The History of Nanoscience and Nanotechnology: From Chemical-
Physical Applications to Nanomedicine. Molecules 2019, 25, 112. https://doi.org/10.3390/molecules25010112. 

25. Patra, J.K.; Das, G.; Fraceto, L.F.; Campos, E.V.R.; del Pilar Rodriguez-Torres, M.; Acosta-Torres, L.S.; Diaz-Torres, L.A.; Grillo, 
R.; Swamy, M.K.; Sharma, S.; et al. Nano based drug delivery systems: Recent developments and future prospects. J. Nanobi-
otechnol. 2018, 16, 71. https://doi.org/10.1186/s12951-018-0392-8. 

26. Hemath Naveen, K.; Kumar, G.; Karthik, L.; Bhaskara Rao, K. Extracellular biosynthesis of silver nanoparticles using the fila-
mentous fungus Penicillium sp. Arch. Appl. Sci. Res. 2010, 2, 161–167. 

27. Patil, S.; Chandrasekaran, R. Biogenic nanoparticles: A comprehensive perspective in synthesis, characterization, application 
and its challenges. J. Genet. Eng. Biotechnol. 2020, 18, 67. https://doi.org/10.1186/s43141-020-00081-3. 

28. Hanžić, N.; Jurkin, T.; Maksimović, A.; Gotić, M. The synthesis of gold nanoparticles by a citrate-radiolytical method. Radiat. 
Phys. Chem. 2015, 106, 77–82. 

29. Iravani, S. Green synthesis of metal nanoparticles using plants. Green Chem. 2011, 13, 2638–2650. 
30. Ghramh, H.A.; Ibrahim, E.H.; Kilany, M. Study of anticancer, antimicrobial, immunomodulatory, and silver nanoparticles pro-

duction by Sidr honey from three different sources. Food Sci. Nutr. 2020, 8, 445–455. 
31. Molan, P.C. The antibacterial activity of honey: 1. The nature of the antibacterial activity. Bee World 1992, 73, 5–28. 
32. Cornara, L.; Biagi, M.; Xiao, J.; Burlando, B. Therapeutic properties of bioactive compounds from different honeybee products. 

Front. Pharmacol. 2017, 8, 412. 
33. Jull, A.B.; Cullum, N.; Dumville, J.C.; Westby, M.J.; Deshpande, S.; Walker, N. Honey as a topical treatment for wounds. Cochrane 

Database Syst. Rev. 2015, 2015, CD005083. 
34. Kudva, A.K.; Rao, S.; Rao, P.; Pais, M.L.; Adnan, M.; Pai, K.S.R.; Baliga, M.S. Evidence for anticancer properties of honey with 

emphasis on mechanistic overview. Funct. Foods Cancer Prev. Ther. 2020, 00007-7. https://doi.org/10.1016/B978-0-12-816151-
7.00007-7 

35. Kaya, B.; Yıldırım, A. Determination of the antioxidant, antimicrobial and anticancer properties of the honey phenolic extract 
of five different regions of Bingöl province. J. Food Sci. Technol. 2021, 58, 2420–2430. 

36. Alharbi, N.S.; Alsubhi, N.S.; Felimban, A.I. Green synthesis of silver nanoparticles using medicinal plants: Characterization and 
application. J. Radiat. Res. Appl. Sci. 2022, 15, 109–124. 

37. Beyene, H.D.; Werkneh, A.A.; Bezabh, H.K.; Ambaye, T.G. Synthesis paradigm and applications of silver nanoparticles 
(AgNPs), a review. Sustain. Mater. Technol. 2017, 13, 18–23. 



Nutrients 2023, 15, 684 16 of 17 
 

 

38. Kowalczyk, P.; Szymczak, M.; Maciejewska, M.; Laskowski, Ł.; Laskowska, M.; Ostaszewski, R.; Skiba, G.; Franiak-Pietryga, I. 
All that glitters is not silver—A new look at microbiological and medical applications of silver nanoparticles. Int. J. Mol. Sci. 
2021, 22, 854. 

39. Hosny, A.; Kashef, M.; Rasmy, S.; Aboul-Magd, D.; El-Bazza, Z. Antimicrobial activity of silver nanoparticles synthesized using 
honey and gamma radiation against silver-resistant bacteria from wounds and burns. Adv. Nat. Sci. Nanosci. Nanotechnol. 2017, 
8, 045009. 

40. Das, P.; Ghosal, K.; Jana, N.K.; Mukherjee, A.; Basak, P. Green synthesis and characterization of silver nanoparticles using bel-
ladonna mother tincture and its efficacy as a potential antibacterial and anti-inflammatory agent. Mater. Chem. Phys. 2019, 228, 
310–317. 

41. Amiri, M.R.; Alavi, M.; Taran, M.; Kahrizi, D. Antibacterial, antifungal, antiviral, and photocatalytic activities of TiO2 nanopar-
ticles, nanocomposites, and bio-nanocomposites: Recent advances and challenges. J. Public Health Res. 2022, 11, 
22799036221104151. 

42. Czernel, G.; Bloch, D.; Matwijczuk, A.; Cieśla, J.; Kędzierska-Matysek, M.; Florek, M.; Gagoś, M. Biodirected Synthesis of Silver 
Nanoparticles Using Aqueous Honey Solutions and Evaluation of Their Antifungal Activity against Pathogenic Candida Spp. 
Int. J. Mol. Sci. 2021, 22, 7715. 

43. El-Bisi, M.; El-Rafie, H.; El-Rafie, M.; Hebeish, A. Honey bee for eco-friendly green synthesis of silver nanoparticles and appli-
cation to cotton textile. Egypt. J. Chem. 2013, 56, 187–198. 

44. Ghramh, H.A.; Ibrahim, E.H.; Ahmad, Z. Antimicrobial, immunomodulatory and cytotoxic activities of green synthesized na-
noparticles from Acacia honey and Calotropis procera. Saudi J. Biol. Sci. 2021, 28, 3367–3373. 
https://doi.org/10.1016/j.sjbs.2021.02.085. 

45. Marsudi, M.A.; Sari, F.F.; Wicaksono, P.M.; Asmoro, A.; Basuki, A.; Wibowo, A. Optimization of Green Synthesis Approach of 
Silver Nanoparticles Using Indonesian Wild Honey. In Key Engineering Materials; Trans Tech Publications Ltd.: Stafa-Zurich, 
Switzerland, 2021; pp. 111–115. 

46. Bogdanov, S.; Martin, P.; Lullmann, C. Harmonised methods of the international honey commission. Swiss Bee Res. Cent. FAM 
Liebefeld 2002, 5, 1–62. 

47. Bogdanov, S. Nature and origin of the antibacterial substances in honey. LWT-Food Sci. Technol. 1997, 30, 748–753. 
48. Khan, K.A.; Ghramh, H.A. Nutritional efficacy of different diets supplemented with microalga Arthrospira platensis (spirulina) 

in honey bees (Apis mellifera). J. King Saud Univ.—Sci. 2022, 34, 101819. https://doi.org/10.1016/j.jksus.2021.101819. 
49. Arora, S.; Saquib, S.A.; Algarni, Y.A.; Kader, M.A.; Ahmad, I.; Alshahrani, M.Y.; Saluja, P.; Baba, S.M.; Abdulla, A.M.; Bava-

beedu, S.S. Synergistic effect of plant extracts on endodontic pathogens isolated from teeth with root canal treatment failure: 
An in vitro study. Antibiotics 2021, 10, 552. 

50. Beretta, G.; Moretti, R.M.; Nasti, R.; Cincinelli, R.; Dallavalle, S.; Marelli, M.M. Apoptosis-mediated anticancer activity in pros-
tate cancer cells of a chestnut honey (Castanea sativa L.) quinoline–pyrrolidine gamma-lactam alkaloid. Amino Acids 2021, 53, 
869–880. https://doi.org/10.1007/s00726-021-02987-9. 

51. Alam, M.M.; Nazreen, S.; Almalki, A.S.; Elhenawy, A.A.; Alsenani, N.I.; Elbehairi, S.E.I.; Malebari, A.M.; Alfaifi, M.Y.; Alsharif, 
M.A.; Alfaifi, S.Y. Naproxen Based 1,3,4-Oxadiazole Derivatives as EGFR Inhibitors: Design, Synthesis, Anticancer, and Com-
putational Studies. Pharmaceuticals 2021, 14, 870. 

52. Izwan, Z.M. Study on Antioxidant Capacity, Antibacterial Activity, Phenolic Profile and microbial Screening Of Selected Malaysian and 
Turkish Honey/Mohd Izwan Zainol; University of Malaya: Kuala Lumpur, Malaysia, 2016. 

53. Alvarez-Suarez, J.M.; Gasparrini, M.; Forbes-Hernández, T.Y.; Mazzoni, L.; Giampieri, F. The composition and biological activ-
ity of honey: A focus on Manuka honey. Foods 2014, 3, 420–432. 

54. Ismail, M.; Abdallah, E.M.; Elsharkawy, E.R. Physico-chemical properties, antioxidant, and antimicrobial activity of five varie-
ties of honey from Saudi Arabia. Asia Pac. J. Mol. Biol. Biotechnol 2021, 2021, 27–34. 

55. Van Viet, P.; Sang, T.T.; Bich, N.H.N.; Thi, C.M. An improved green synthesis method and Escherichia coli antibacterial activity 
of silver nanoparticles. J. Photochem. Photobiol. B Biol. 2018, 182, 108–114. 

56. Kajani, A.A.; Bordbar, A.-K.; Esfahani, S.H.Z.; Razmjou, A. Gold nanoparticles as potent anticancer agent: Green synthesis, 
characterization, and in vitro study. RSC Adv. 2016, 6, 63973–63983. 

57. Kumar, B.; Smita, K.; Cumbal, L.; Debut, A. Green synthesis of silver nanoparticles using Andean blackberry fruit extract. Saudi 
J. Biol. Sci. 2017, 24, 45–50. 

58. Sadeghi, B.; Gholamhoseinpoor, F. A study on the stability and green synthesis of silver nanoparticles using Ziziphora tenuior 
(Zt) extract at room temperature. Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 2015, 134, 310–315. 

59. Almalki, A.S.; Nazreen, S.; Malebari, A.M.; Ali, N.M.; Elhenawy, A.A.; Alghamdi, A.A.; Ahmad, A.; Alfaifi, S.Y.; Alsharif, M.A.; 
Alam, M.M. Synthesis and biological evaluation of 1,2,3-triazole tethered thymol-1,3,4-oxadiazole derivatives as anticancer and 
antimicrobial agents. Pharmaceuticals 2021, 14, 866. 

60. Loza, K.; Diendorf, J.; Sengstock, C.; Ruiz-Gonzalez, L.; Gonzalez-Calbet, J.; Vallet-Regi, M.; Köller, M.; Epple, M. The dissolu-
tion and biological effects of silver nanoparticles in biological media. J. Mater. Chem. B 2014, 2, 1634–1643. 

61. Kumar, A.; Vemula, P.K.; Ajayan, P.M.; John, G. Silver-nanoparticle-embedded antimicrobial paints based on vegetable oil. Nat. 
Mater. 2008, 7, 236–241. 

62. Roe, D.; Karandikar, B.; Bonn-Savage, N.; Gibbins, B.; Roullet, J.-B. Antimicrobial surface functionalization of plastic catheters 
by silver nanoparticles. J. Antimicrob. Chemother. 2008, 61, 869–876. 



Nutrients 2023, 15, 684 17 of 17 
 

 

63. Hamadou, W.S.; Bouali, N.; Badraoui, R.; Lajimi, R.H.; Hamdi, A.; Alreshidi, M.; Patel, M.; Adnan, M.; Siddiqui, A.J.; Noumi, 
E. Chemical Composition and the Anticancer, Antimicrobial, and Antioxidant Properties of Acacia Honey from the Hail Region: 
The in vitro and in silico Investigation. Evid.-Based Complement. Altern. Med. 2022, 2022, 1518511. 

64. Ghramh, H.A.; Ibrahim, E.H.; Kilnay, M. Majra honey abrogated the normal and cancer cells proliferation inhibition by Juni-
perus procera extract and extract/honey generated AgNPs. Anti-Cancer Agents Med. Chem. 2020, 20, 970–981. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI 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. 


