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This investigation displayed the good catalytic activity of silver nanoparticles (AgNPs) on the reduction of
methylene blue dye. During this work, Honey was chosen for environmentally reducing and stabilizing
agents for preparation of silver nanoparticles then characterized these nanoparticles by ultraviolet–vis-
ible spectroscopy (UV–Vis), functional biomolecules were confirmed by Fourier transform infrared spec-
troscopy (FTIR). Via transmission electron microscopy (TEM), the size and shape of silver nanoparticles
revealed that the particles are spherical and monodispersed without major agglomeration, the particle
size ranging from 5 to 25 nm, in addition, the largest particle density levels are 5–10 nm, ZETA Seizers
studied the size distribution of the colloidal solution. UV/Vis spectrophotometer and HPLC were used
to study and analyze the degradation performance of silver nanoparticles on methylene blue. The results
show that 92% of methylene blue has been degraded after 72 h. additionally, several new peaks have
appeared after treatment of the samples by using HPLC.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Honey has undergone comprehensive studies all over the world
on its ingredients, physicochemical properties, mineral and vita-
mins, content, and quality control. Due to its high energy, the avail-
ability of chemical elements, vitamins, and enzymes, it is stated to
aid human longevity. Honey is wealthy in vitamin C and the essen-
tial minerals, as well as it includes components that can act as
antioxidants which play a significant role in preventing cancer
(White, 1978; Singh and Bath, 1997; Terrab et al., 2002; Nanda
et al., 2003; Devillers et al., 2004). This is a study on a simple,
cost-effective, and environmentally friendly biosynthesis of very
tiny AgNPs using normal honey in the water at laboratory condi-
tions with its very active ingredients serving as reducing and pro-
tecting agents. It contains glucose and fructose ingredients that
have permitted its use in the green biosynthesis of AgNPs as both
capping and reducing agents. Besides, it has remarkable qualities
that are often due to its acidic pH and hydrogen peroxide. At alka-
line pH did the conversion of silver ions into AgNPs using natural
honey occur (Haiza et al., 2013). The treatment of pigment efflu-
ents is important since many of the colors are poor in biodegrad-
ability and extremely carcinogenic before discharge into the
receiving water (Brown and De Vito, 1993). It is also important that
the dye effluent is processed before it is discharged into the water.
Latter technological systems for the movement of contaminants
have recently been developed, including chemical systems such
as chlorination and ozonation physical methods like adsorption
(Dejohn et al., 1976), physical systems like adsorption (Sloker
et al., 1998) and biological systems like biodegradation (Moore
et al., 1989). Biosynthesis of metal nanoparticles by a green
approach has recently appeared. Due to its various advantages over
other methods, like non-toxic, environmentally sustainable, and
low cost, biosynthesis of metal nanoparticles (NPs). Researchers
used biological systems to biosynthesize NP by developing simple
protocols involving using metal ion of biological systems as extra-
cellular reductants exporter in reduction processes (Fayaz et al.,
2009; Sharma et al., 2009; Kamel et al., 2016). In this study, AgNPs
were synthesized using natural honey, with its very active ingredi-
ents, and the catalytic activity of the resulting AgNPs was evalu-
ated against methylene blue dye.
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2. Materials and methods

2.1. Biosynthesis of silver nanoparticles using natural honey

Natural honey obtained from the Al-Riyadh market and such by
AgNO3 (Sigma-Aldrich). In 80 mL of deionized water, 20 g of honey
was dissolved, then 15 mL of this honey was applied to 20 mL of
aqueous 10�3 M AgNO3 solution and then stirred for 1 min. The
pH was changed to 6.5 using NaOH to start the removal of Ag ions.
Reduction happens easily, as shown by the solution’s golden yel-
low colour.
2.2. Silver nanoparticle characterization

The silver ion reduction was observed by various wavelengths
from 200 to 1000 nm by measuring double-beam UV–Vis spectra
(model Victoria, Australia) (Al-Zaban et al., 2019a). The size and
shape of AgNPs were performed using transmission electron
microscopy (Al-Othman et al., 2017) (JEM 1400 plus model with
an acceleration voltage of 100 kV). ZETA Seizers (Malvern Zetasizer
ZEN 3600, UK) was used to determine the distribution size of
AgNPs of the colloidal solution (Abd El-Aziz and Al-Othman
2019). AgNPs were freeze-dried using a Heto Lyophilizer (Heto-
Holten, Denmark) for XRDmeasurements, then the powdered sam-
ple was analyzed by an X’pert PRO PANalytical diffractometer
using CuKpha radiation (k = 1.54056 Å) in the range of 20 � 2ɵ
� 80 � at 40 keV (Al-Othman et al., 2017). The FTIR a Nicolet
6700 spectrometer (Thermo Electron Corporation, USA) was con-
firmed functional biomolecules, the region spectrum in the 400–
4000 cm�1 (Abd El-Aziz, 2014).
Fig. 1. Three eppendorf tube containing the aqueous solution of 10�3 M AgNO3 (A),
20% honey (B) and Synthesis of silver nanoparticles after addition honey(C).
2.3. Catalytic activity of AgNPs on reduction of methylene blue

Stock solution of methylene blue dye prepared by 1000 mL of
double distilled water and 10 mg of dye. About 10 mg of biosynthe-
sized AgNPs was added to 100 mL of methylene blue dye solution
using at different pH levels (1.0, 2.0, 3.0, 4.0, 5.0, 6.0 and 70) (Met-
tler Toledo Seven Excellence). The suspension of the reaction was
mixed for 30 min with magnetic stirred. Then the solution was
exposed to the light of the sun frommorning until sunset. At speci-
fic time intervals, 2–3 mL suspension aliquots were used to esti-
mate the photocatalytic dye degradation at various wavelengths
using the UV–Vis spectrophotometer. The dye degradation was
measured at 660 nm using the absorbance value. The proportion
of dye degradation was calculated according to the following
formula:

%Degradation = (1 � At/A0)
At is the absorbance after time t min
Ao is the absorbance at zero time

2.4. HPLC analysis

Degraded intermediates were detected by the HPLC system
(PerkinElmer series 200 UV/VIS model) with a C18 column with
an internal diameter (300 mm � 3.9 mm, 4 mm) with a mobile
phase of methanol (80 percent) and deionized water (20 percent).
The HPLC device has been supported by a fluorescence detector
and UV with 365 emission wavelengths and 430 nm excitation.
Sample filtration was carried out using a 0.45 ll membrane and
then analyzed at a flow rate of 1 mL/min and a total run time of
15 min.
2008
3. Results

3.1. Biosynthesis of silver nanoparticles using natural honey

Fig. 1 showed the golden yellow color of the solution of biosyn-
thesis of AgNPs after the addition of honey.

3.2. UV–Visible spectral analysis

Fig. 2 displayed UV–Vis spectrophotometer of AgNPs. Silver ion
reduction contributes to an increase in color intensity. The absorp-
tion band that was characteristic of monodispersed spherical
AgNPs is observed at 417 nm. UV–Vis spectrophotometer is one
of the most notable features of the optical absorption spectrum
of AgNPs in the Surface Plasmon Resonance (SPR).

3.3. Transmission electron microscopy (TEM)

The TEM image in Fig. 3 shown the AgNPs sizes were decreased
when the pH is increased and almost archived spherical AgNPs of
average size 5–25 nm are obtained.

3.4. X-ray analysis

Intense XRD peaks corresponding to the (111), (200), (220)
and (311) planes were observed at 2h angles of 36.45, 44.31�,
65.41�, and 76.25�, respectively (Fig. 4).

3.5. Fourier Transform-Infrared spectral analysis (FTIR)

The green synthesis of AgNPs was utilizing natural honey has
been examined using Fourier Transform Infrared spectroscopy
(FTIR) based on Fig. 5. Glucose, fructose, sucrose, fats, vitamins,
and minerals are essential ingredients in honey (Al-Zaban et al.,
2019b; Al-Othman et al., 2017; Abd El-Aziz, 2014).

3.6. Effects of the pH levels on the methylene blue degradation

Acidic state leads to creating more reactive sites and contribut-
ing to greater forms of pollutant degradation. The results on reac-
tion rates of various pH values (1.0, 2.0, 3.0, 4.0, 5.0, 6.0 and 7.0)
have been studied (Fig. 6). The degradation efficiency of Methylene
blue was observed to more than 90% within 24 h, at a pH of 2.0.0.
At pH 2.0, which can be due to the release of metal oxides on the
surfaces of the nanoparticles at an acidic pH, the highest rate of
degradation was observed. The removal of methylene blue was



Fig. 2. UV–vis spectrum of the AgNPs prepared using 20 g of honey using pH = 10.

Fig. 3. TEM image of the AgNPs prepared using 20 g of honey of 120,000� (a) and the histogram of the particle size distribution of the AgNPs (b).

Fig. 4. XRD pattern of dried powder of silver nanoparticles prepared using 20 g of honey.
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Fig. 5. FTIR spectrum of AgNPs prepared using 20 g of honey.

Fig. 6. Effect of different pH at methylene blue degradation.
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limited at pH 4, 5, 6, and 7 due to the low H + concentration at
which the removal of methylene blue is not favorable.
3.7. Photocatalytic degradation of methylene blue dye

Degradation of the dye was initially observed by color shift. Ini-
tially, after 24 h of incubation with AgNPs, the color of the dye
changed from dark blue to light blue while exposed to solar radia-
tion (Fig. 7). Consequently, light blue was transformed into light
green. Finally, the degradation process was completed after 72 h.
Fig. 7. Color change methylene blue dye indicates degradation at different time)
initial time (A), 24 h, 48 h and 72 h(. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
3.8. UV–Vis spectrophotometer

Fig. 9 showed the exposure time for complex dye AgNPs at solar
radiation increased, the percentage of oxidation increased. The
peak absorption of methylene blue dye was decreased and the
absorption of AgNPs at 417 nm was improved. Due to the incre-
mental decrease in the absorption value of dye approaching the
baseline and the increased peak for AgNPs, the completion of the
photocatalytic degradation of dye was occurring.
2010
3.9. HPLC

The degradation of the dye was studied by HPLC before and
after photocatalytic degradation. Fig. 10 (A) indicated that the peak



Fig. 8. Percentage of methylene blue degradation by 10 mg/L of synthesized AgNPs
using natural honey at different time points.

Fig. 9. Absorption spectra of methylene blue dye treated with 10 mg/L

Fig. 10. HPLC analysis of methylene blu
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of methylene blue dye occurred at retention time (Rt) 14.5 min,
while Fig. 10 (B) showed that in addition to the peak of methylene
blue dye and other compounds, several peaks of varying intensities
were found at Rt 12.2, 11.8, 10.5, and 9 and 14.5 min (methylene
blue dye), these addition peaks included many compounds differ-
ence in the structure and concentration and related to the degrada-
tion products.
4. Discussion

The reducing agents of natural honey like fructose, glucose, and
vitamin C reduction of Ag ions occurs with NaOH added. Metal ions
allowed the oxidization of glucose to gluconic acid at the base
level, and proteins and/or enzymes can also perform a role in oxi-
dation recaption (Raveendran et al., 2016). SPR was due to collec-
tive electron oscillation around the surface mode of the NPs
of AgNPs synthesized using natural honey at different time points.

e (A) and (B) after dye degradation.



Table 1
Degradation of methyl blue dye (%) by synthesized silver nanopartilces (10 mg).

Exposure time (h) Amount of degradation of dye (%)

2 21.0 ± 0.32
4 45.0 ± 0.28
6 54.0 ± 0.23
24 62.0 ± 0.37
48 78.0 ± 0.29
72 92.0 ± 0.37

±Standard deviation.
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(Ahmad et al., 2010), the formation of SPR is due to the particle
shape and size (Muthukrishnan et al., 2015). The possibility of add-
ing more NaOH leads to produce more gluconic acid, resulting in a
fast reduction of Ag ions and a large amount of very tiny nanopar-
ticles, resulting in sharp and intense SPR (Philip, 2010).

To identify the possible biomolecules responsible for the cap-
ping and effective stabilization of AgNPs synthesized with honey,
FTIR measurement was performed. Fig. 5 showed FTIR bands were
observed the powerful and wide peak at 3350.87 cm�1 detecting
the presence of phenolic compounds. This also is ascribed to the
hydrogen-bonded O-H stretch. The 2957.76 and 2882.84 cm�1 area
bands resulting from C-H aromatic compound stretching have
been reported. Other than that, the functional group of C = C
stretching which is alkene occurred in the AgNPs based on the
noticeable strong peak at 1634.25 cm�1. The bands were also
assigned to the N-H stretching vibration of the proteins at
1418.21 cm�1. In addition, this band could designate the vibra-
tional frequencies corresponding to amide protein, peaks assigned
to C-O single bond at 1248.41 cm�1 and 1044.16 cm�1 will range
anywhere from 1000 cm�1 to 1300 cm-1 based on what type of
compound (Ahmad et al., 2003; Ankamwar et al., 2005; Huang
et al., 2007).

PH is a major parameter that may influence the process of dete-
rioration. The bulk of the oxidation cycle is focused on pH and
acidic conditions that support the reaction (Bokare et al., 2009;
Liu et al., 2011). Increasing the pH to 7.0 can lead to decreased
nanoparticle activity and decreased methylene blue degradation
(Babuponnusami et al., 2012). Furthermore, the deposition of
metal hydroxide on the surface of AgNPs can impede the genera-
tion of reactive oxygen species and limit the removal of blue
methylene (Cheng et al., 2015). The process of oxidation was com-
pleted and was detected by modifying the color of the reaction
mixture to colorless (Kumar et al., 2019; Vanaja et al., 2014). Data
in Table 1 and Fig. 8 indicate that the percentage of degradation of
methylene blue by 10 mg/L of synthesized AgNPs using natural
honey at various time points achieved the highest percentage of
dye degradation (92.0%) after 72 h. The absorption peak for methy-
lene blue dye was displayed at 660 nm which is in good agreement
with the prior data (Zhao et al., 2010). Finally, the peak was van-
ished while the reaction time increased, which means that the
dye had been degraded.

This conclusion was in close alignment with an earlier study in
which adsorption, catalytic degradation, or oxidation by man-
ganese oxides could result in methylene blue decoloration since
manganese can occur in various oxidation states (Chen et al.,
2012). The dominated mechanism depends on forms of manganese
oxide (Suib et al., 2008) and the presence of the surface sites
(Trasatti et al., 1991).
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