
Vol.:(0123456789)

Research on Chemical Intermediates (2020) 46:1771–1788
https://doi.org/10.1007/s11164-019-04062-1

1 3

One‑step biological synthesis of cauliflower‑like Ag/MgO 
nanocomposite with antibacterial, anticancer, and catalytic 
activity towards anthropogenic pollutants

M. Jayapriya1 · K. Premkumar2 · M. Arulmozhi1  · K. Karthikeyan2

Received: 3 September 2019 / Accepted: 18 December 2019 / Published online: 4 January 2020 
© Springer Nature B.V. 2020

Abstract
The present research work explores an environmental benign, lucrative approach for 
the synthesis of cauliflower-like Ag/MgO nanocomposite using Musa paradisiaca 
bract extract (MPBE) with multifunctional efficiency towards antibacterial, antican-
cer, and catalytic degradation towards methylene blue (MB), methyl orange (MO), 
and O-nitrophenol (O-Nip). The UV–visible absorption spectra of the synthesized 
Ag/MgO nanocomposite exhibit absorption peak at 270  nm and 410  nm, respec-
tively. Fourier transform infrared spectroscopy was used to probe the functional 
biomolecules responsible for the reduction of Ag/MgO nanocomposite. The X-ray 
diffraction spectroscopy and the surface morphological images revealed the suc-
cessful formation of cauliflower-like Ag/MgO nanocomposite. The fabricated nano-
composite exhibited potent antibacterial and anticancer activity for human patho-
genic organisms Escherichia coli and Staphylococcus aureus with zone of inhibition 
15 mm and 14 mm and showed  IC50 value of 190 μg/ml against A549 cells. Apop-
tosis assay (AO/EB staining) was carried out, and the obtained results showed that 
bright green fluorescence indicates early apoptosis, red to orange fluorescence indi-
cates late apoptosis, and red fluorescence denotes necrosis. Also the synthesized Ag/
MgO nanocomposite exhibits enhanced catalytic degradation of 91%, 95%, and 98% 
in 6 min, 9 min, and 10 min for MB, MO, and O-Nip. Hence, this study highlights 
the use of MPBE for effective fabrication of cauliflower-like Ag/MgO nanocom-
posite with multifaceted application that acts as a potential candidate to resolve the 
diverse problems.
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 Introduction

Recent progress in utilizing inorganic nanoparticles for multifaceted applications 
has garnered greater attention due to their enhanced potential towards catalyst [1, 
2], antimicrobial agent [3, 4], drug delivery [5, 6], molecular diagnosis [7], and 
anticancer agent [8]. Among them, magnesium oxide nanoparticles (MgO NPs) 
are functional metal oxides that have been utilized for treating several ailments 
owing to its biocompatibility and significant stability under arduous conditions 
[9]. MgO NPs have enhanced potential in the field of catalysis, refractory materi-
als, paints, pharmaceuticals, and bioremediation [10]. In biomedical field, MgO 
NPs exhibit remarkable applications in bone regeneration [11], antimicrobial 
agent [12], antitumour agent [13], antioxidant [14], analgesic [15], anti-inflam-
matory [16], and antidiabetic [17]. US Food and Drug Administration acknowl-
edged that MgO NPs (21CFR184.1431) are non-hazardous, eco-friendly in nature 
that can be readily used in pharmaceutical industries [18]. The plausible mecha-
nism of MgO NPs behind the aforesaid biological activities may be due to reac-
tive oxygen species (ROS)-induced oxidative stress that results in the formation 
of superoxide anions(O2·−), hydroxyl radicals (·OH), dissolution of cations, etc. 
[19]. Also incorporation of these nanomaterials exhibits dissolution of cell mem-
brane that results in inhibition of enzyme activity, synthesis of DNA, and disrup-
tion of energy transduction [20]. Further, ROS produced by these nanomaterials 
induce anticancer, antitumor, and catalytic activity that made MgO as a versa-
tile candidate in both environmental and therapeutic applications. However, the 
above applications are mainly due to the controlled morphology, structure, and 
size because of its alterations in physical and chemical properties.

Hence to fabricate MgO nanoparticles with multifunctional efficiency, it is 
necessary to modify both morphology and surface chemistry as the above-men-
tioned applications occur on the surface of nanomaterial [10]. So the fabrication 
of nanoparticles with various morphologies provides reaction specificity which 
may be due to the formation of various surface atoms and crystallographic facets. 
In the recent past, there have been reports on the MgO-based metal nanoparti-
cles that actively utilized in multifarious field. Hence, the present work intends 
to develop Ag/MgO nanocomposite to improve the surface morphology of MgO 
NPs, and thus, AgNPs are considered to have capacious spectrum of catalytic, 
antimicrobial, anticancer, and anti-inflammatory activities [21–24]. Also the fas-
cinating properties of AgNPs are that at minimum concentration it is lethal to 
microbes but safe to human beings. Our previous report showed that biologically 
derived AgNPs exhibit exemplary antimicrobial, antioxidant, and catalytic activ-
ity towards various anthropogenic pollutants [21, 22]. Certain studies showed that 
metal/metal oxide nanocomposites exhibit better bactericidal activities against 
several gram-positive and gram-negative bacteria [25]. There are several physio-
chemical strategies that have been employed to fabricate metal/metal oxide nano-
composite with various morphologies such as core–shell [26], yolk-shell [27], 
nano-rattle [28], nanotubes [29], nanosheets [30], and so forth. The fabrication 
of aforesaid nanostructure includes several physiochemical strategy that produce 
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harsh environmental conditions, rigorous energy, and toxic byproducts [31]. In 
this context, there is an increase in concern to develop a lucrative, environmen-
tal benign strategy that provides superior platform to fabricate Ag/MgO nano-
particles with well-defined morphology that acts as a potent candidate to resolve 
diverse problems with multifunctional properties.

Hence in this study, Musa paradisiaca (MPBE) bract extract was used as a reduc-
ing and capping mediator for the one-spot synthesis of Ag/MgO nanoparticles. 
MPBE is rich in several phytoconstituents such as flavonoids, tannins, alkaloids, 
and phenolic compounds, especially the bract part M. paradisiaca consists of antho-
cyanins like delphinidin, peonidin, malvidin, and pelargonidin which are notorious 
for their antimicrobial, anticancer, and antioxidant properties [32, 33]. Also these 
phytoconstituents are responsible for the reduction of several metal and metal oxide 
nanoparticles. Herein, biological method was adopted for the fabrication of Ag/
MgO nanocauliflower using MPBE as a reducing and capping mediator. To the best 
of our knowledge, this is the first report that employs eco-friendly method for the 
fabrication of Ag/MgO nanocomposite that provides simple, cost-effective approach 
that revokes harsh environmental conditions and hazardous chemicals. Then, the 
synthesized nanocomposite were characterized using UV–visible spectroscopy, 
Fourier transform infrared (FT-IR) spectroscopy, X-ray diffraction (XRD) spectros-
copy, field emission scanning electron microscopy (FE-SEM), transmission electron 
microscopy (TEM), and X-ray fluorescence (XRF) spectroscopy. Further, the syn-
thesized Ag/MgO nanocomposite was investigated for its multifunctional efficiency 
towards antibacterial, cytotoxicity of Ag/MgO nanocomposite towards lung cancer 
cell line and catalytic degradation of methyl orange (MO), methylene blue (MB), 
and O-nitro phenol (O-nip) (Scheme 1).

 Experimental

 Materials

Magnesium nitrate hexahydrate (Mg  (NO3)2·6H2O) and silver nitrate  (AgNO3) were 
obtained from Sigma-Aldrich, India. Muller Hinton Agar (MHA), MHA broth, 
3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT), and sterile 
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Scheme 1  Schematic illustration for the formation of Ag/MgO nanocauliflower
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discs. Dulbecco’s Modified Eagle’s medium (DMEM) was obtained from Himedia 
laboratories, India. Other chemical agents used in the current study were of ana-
lytical grade and used without purification. M. paradisiaca bract was procured from 
local market, Tiruchirappalli, Tamil Nadu, India. Double-distilled water (DD·H2O) 
was used throughout the experiment.

 Preparation of MPBE extract

MPBE extract was prepared by taking 1:10(w/v) proportion of finely chopped bract 
and DD.H2O. The aforesaid mixture was boiling at 60 °C for 30 min under reflux 
conditions. Then, the dispersion was decanted using Whatmann No. 1 filter paper to 
separate the solid particles. The distillate was stored at 4 °C and used as a reducing 
and capping mediator for the fabrication of nanocomposite.

 Synthesis of Ag/MgO Nano cauliflower

Environmental benign strategy was employed to fabricate Ag/MgO nanocauli-
flower. In a typical synthesis, 10 ml of MPBE was added slowly to 100 ml of 0.1 M 
 (MgNO3)2·6H2O) solution and stirred continuously for 2  h at room temperature. 
Then, 10 mM of  AgNO3 was added to the above-mentioned suspension. The reac-
tion mixture was stirred vigorously for about 4 h. The resulting precipitate was cen-
trifuged and washed several times with D·DH2O, ethanol, and acetone to rule out 
impurities. The obtained precipitate was dried in room temperature and calcined at 
300 °C for 2 h.

 Characterization studies

The UV–visible absorption spectrum of synthesized nanocomposite was carried 
out using JASCO-V700 series spectroscopy in the range of 200–800 nm. The func-
tional groups responsible for the reduction of Ag/MgO nanoparticles were screened 
using FT-IR spectroscopy in the range of 400–4000 cm−1 (Perkin Elmer, UK, Para-
gon-500). XRD pattern of synthesized nanocomposite was examined using X’pert 
Pro diffractometer (Pan Analytical) System with CuK radiation (K = 1.5406 Å). The 
morphological investigation of the synthesized nanocomposite was analysed using 
FE-SEM, (JOEL JSM-7600F FEG-SEM), and the elemental analysis was carried 
out using XRF (Shimadzu Ltd., LAB CENTER XRF-1800 Tokyo, Japan). Further 
topographical and morphological investigation was carried out using TEM, Philips 
CM 200, operating at a voltage 200 kV.

 Antibacterial activity

The antibacterial activities of the synthesized Ag/MgO nanocomposite were 
assessed using disc diffusion method. The bacterial strains of gram-positive Staphy-
lococcus aureus (S. aureus) and gram-negative Escherichia coli (E. coli) were used 
as a model test strains. In  vitro antibacterial activity was examined using Muller 
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Hinton Agar (MHA) medium obtained from Himedia laboratory (Mumbai). Fif-
teen millilitre of MHA molten agar medium was poured into a sterile Petri plates 
and allowed to solidify for 5 min. The inoculum suspension was swabbed homoge-
neously and dried for 5 min. Then, 60 µl of Ag/MgO nanocomposite was loaded on 
6 mm sterile disc. Further, nanocomposite-loaded disc was placed on the surface of 
the medium, and then, the plates were incubated at 37 °C for 24 h. Standard antibi-
otic disc ciprofloxacin (CIP) was used as a positive control. After incubation, zone 
of inhibition was measured with transparent ruler in millimetre.

 In vitro anticancer activity of synthesized Ag/MgO nanocomposite

Cell culture

Human lung cancer cell line (A549) was procured from National Centre for Cell 
Science (NCCS), Pune, India. The A549 cells were cultured in DMEM medium 
consisting of 10% foetal bovine serum (FBS) and 1X antibiotic solution (10,000 
units penicillin and 10 μg/ml streptomycin) kept in a humidified atmosphere incu-
bated at 37 °C with 5%  CO2.

Cytotoxicity assay

Cytotoxicity of synthesized Ag/MgO nanocomposite against A549 cell line was 
measured using MTT assay. Typically cultured A549 cells (1 × 106  cells/ml) were 
added on 96-well plates and exposed with different concentration of Ag/MgO nano-
composite (100–200 µg/ml), and the plates were incubated at 37 °C for 24 h with 
atmosphere containing 5%  CO2. The incubated cells were then treated with 10 µl of 
MTT and further incubated for about 4 h at 37 °C with 5%  CO2 atmosphere. Then, 
the formazan crystals were dissolved well with 200 µl of DMSO and the absorbance 
was measured colorimetrically at 570 nm. The effect of synthesized Ag/MgO nano-
composite on the proliferation of A549 cell line was measured using the formula 
given below.

 Apoptosis assay

Acridine orange/ethidium bromide (AO/EB) staining was used to examine the Ag/
MgO nanocomposite-induced apoptosis in A549 cancer cell line. Cultured A549 
cells (1 × 106 cells/ml) were seeded in 6-well plates and treated with opted  IC50 con-
centration of Ag/MgO nanocomposites. Then, the plates were incubated at 24 h and 
48 h at 37 °C with the atmosphere containing 5%  CO2. After the period of incuba-
tion, AO/EB staining solution was added and incubated for 5  min. The unbinded 
dyes were removed by washing with PBS. The stained cells were examined under 

%of viability =
OD value of experimental sample

OD of control samples
× 100
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UV illumination using the 40× objective (Nikon 80i Eclipse, Japan), and the digi-
tized images were captured for the identification of apoptotic cell death.

Catalytic activity of Ag/MgO nanocauliflower

MO, MB, and O-nip were chosen as a model reaction to evaluate the catalytic effi-
ciency of biologically fabricated Ag/MgO nanocauliflower. The reaction was carried 
out in standard quartz cuvette of 1 cm path length with 4 ml volume. Briefly, aque-
ous solution of O-nip ( 30 μl of 0.01 M) was mixed well with 1.5 ml of D·DH2O 
and 1 mg of solid  NaBH4 was added to the aforesaid mixture followed by the addi-
tion of 5 mg of Ag/MgO nanocauliflower. Similarly, 1 mM of MO or 2 mM of MB 
was mixed well with 1 ml of D  DH2O followed by the addition of freshly prepared 
 NaBH4 (0.5 M, 200 μl) solution and catalysts to the reaction mixture. The reduction 
process was monitored using UV–visible spectroscopy.

 Results and discussion

UV–visible spectroscopy

The UV–visible absorption spectra of the synthesized Ag/MgO nanocomposite 
exhibit characteristic absorption peak at 270 nm and 410 nm, respectively (Fig. 1). 
The existence of two distinct absorption peak confirms the formation of Ag/MgO 
nanocomposite. The absorption peak at 270  nm corresponds to n–π* transition 
which may be attributed to the excitation of surface  O2

− anions of MgO nanopar-
ticles and the peak at 410 nm corresponds to π–π* which may be due to the surface 
plasmon resonance of AgNPs. The synthesized AgNPs exhibit shorter wavelength 
(410  nm) which confirms the formation of Ag NPs with reduced size which was 
consistent with previous report [34, 35]. The obtained results was consistent with 
the previous report.

Fig. 1  UV–visible spectrum of 
synthesized Ag/MgO nanocom-
posite 
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X‑ray diffraction (XRD) analysis

The X-ray diffraction pattern of the synthesized Ag/MgO nanocomposite is 
shown in Fig. 2. The diffraction peaks at 2θ = 38°, 44°, 63° can be indexed to the 
hkl planes (222), (400), and (440) corresponding to cubic MgO phase (JCPDS 
30-0794) [34]. Similarly, the diffraction peaks at Ag observed at 2θ positions 38°, 
44°, 63°, and 78° indexed to (111), (200), (220), and (311) crystallographic plane 
of cubic Ag phase (JCPDS 01-1164), respectively [35].

The average crystalline size of the synthesized Ag/MgO nanocomposite was 
obtained using Scherrer equation,

where D is the average particle size, K is the shape factor (constant 0.9), λ is the 
X-ray wavelength (1.5406  Å), β is the full width at half maximum of the peak 
(FWHM), and θ is the diffraction angle and found to be 45 nm.

D = K�∕� cos �

Fig. 2  Powder XRD pattern of 
Ag/MgO nanocomposite
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 FT‑IR analysis

FT-IR analysis was performed to identify the biomolecules responsible for the reduc-
tion of Ag/MgO nanocomposite. Figure 3a shows the broad stretch at band positions 
3443, 1636, and 619 cm−1. The vibration band obtained at 3443 and 1636 cm−1 cor-
responds to N–H, N=C=S vibrations and –C=C– vibrations, respectively. These 
vibrations assigned to the phytochemicals present in the MPBE extract [10, 21]. 
The same vibrations with reduced intensity were observed in the Ag/MgO nano-
composite. The functional group vibrations shift may be attributed to the surface 
functionalization of phytochemicals of Ag/MgO nanocomposite. The broadband 
between 400 to 600 cm−1 corresponds to the Ag and MgO nanoparticles [36]. The 
reduction of Ag/MgO nanocomposite by MPBE extract may be due to the presence 
of phytoconstituents, namely alkaloids, tannins, flavonoids, phenolic compounds, 
and anthocyanins. The reduction of MgO nanoparticles may be attributed to p-track 
conjugation effect formed by the lactone hydrogen atom and the hydroxyl group pre-
sent in the polyphenol. By the process of chelating effect, the hydroxyl group binds 
with metal ions to form metal phenolate complex. Further, it undergoes hydrolysis 
to form metal oxide nanostructure. The formation of Ag NPs due to the tautomeric 
conversion of anthocyanin from enol to keto form may liberate an active hydrogen 
atom that can reduce metal ions to form AgNPs.

 Morphological analysis

The morphological and topographical view of the synthesized Ag/MgO nanocom-
posite was visualized using electron microscopy. The FE-SEM image of the synthe-
sized Ag/MgO nanocomposite revealed the formation of cauliflower-shaped nano-
particles which may due to the orientation attachment and aggregation of Ag and 
MgO nuclei which is clearly depicted in Fig. 4a, b. Further, the formation of cauli-
flower-shaped nanocomposite was substantiated using TEM analysis where an aver-
age diameter ~ 100 nm is shown in Fig. 4b [37]. Further, the chemical purity of the 
synthesized Ag/MgO nanocomposite was investigated using XRF studies. Figure 5 
reveals the presence of elemental signals of Ag and Mg which confirms the pres-
ence of silver on the surface of magnesium, and the intensity of oxygen was lower 
than that of aforesaid materials. The presence of weak signals affirms the carbon and 
oxygen peaks which clearly showed the capping of biomolecules present in MPBE 
extract.

Antibacterial activity

The antibacterial activity of the as-synthesized Ag/MgO nanocomposite using 
MPBE was evaluated using disc diffusion method against E. coli and S. aureus 
and the positive control ciprofloxacin. Figure 6a, b shows the potent bactericidal 
activity against both gram-negative and gram-positive bacteria. Escherichia coli 
showed maximum inhibition zone of 15  mm, and S. aureus showed 14  mm at 



1779

1 3

One‑step biological synthesis of cauliflower‑like Ag/MgO…

the concentration of 60 μl (mg/ml), respectively [38]. The enhanced antibacterial 
activity of the synthesized Ag/MgO nanocomposite may be due to the formation 
of more defect sites on the surface of MgO that intensifies the adsorption of oxy-
gen to produce more reactive oxygen species (ROS) [39].

100 nm

(a) (b)

(c)

Fig. 4  a FE-SEM image of fabricated Ag/MgO nanocauliflower and b TEM view of Ag/MgO nanocau-
liflower

Fig. 5  Elemental analysis of Ag/MgO nanostructures using XRF study
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 Anticancer potential of Ag/MgO nanocomposite

Globally increased mortality was found due to the most prevalent form of lung 
carcinoma in both the sexes. Results illustrated from epidemiological studies 
showed that amidst all types of cancer 12.4% of new cases and 17.6% of total 
cancer mortality were due to lung cancer [40]. Non-small lung cancer (NSCLC) 
is the major patron of total lung cancer, which was further divided into adeno-
carcinoma (35%), large cell carcinoma (2.9%), and squamous cell carcinoma 
(20%) [41]. A549 cancer cells (adenocarcinomic human alveolar basal epithelial 
cells) were used frequently as in  vitro model systems for the study of NSCLC 
[42]. Traditional treatment methods such as chemotherapy, surgery, and radiation 
therapy itself or in combination are being used for lung cancer treatment [43]. 
However, these methods are expensive with harsh side effects neuronal damage, 
skin irritation, and severe ache [44].Hence, there is need for the development of 
non-hazardous, environmental benign, and lucrative drug for the treatment of 
cancer [45]. Thus nanoparticles with the smaller size possessing unique physi-
ochemical properties that provides superior platform of exceptional interactions 
with nucleic acids, lipids, and proteins present on the surface of the cell and the 
body cells present inside. Hence the nanomaterials can be used in the diagnosis 
and treatment of lung carcinoma. In the recent past, several metal nanoparticles 
such as Ag, Au, and Pt have been used in carcinoma therapy against various types 
of cancer [46]. In this study, the anticancer potential of Ag/MgO nanocomposite 
synthesized using MPBE was investigated against lung cancer cell lines (A549).

Fig. 6  Antibacterial activity of the synthesized Ag/MgO nanocomposite a E. coli and b S. aureus 
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In vitro cytotoxicity

The in  vitro cytotoxic effect of the synthesized Ag/MgO nanocomposite on 
lung cancer cell lines (A549) was evaluated using MTT assay. Figure  7 shows 
the cytotoxic effect of synthesized Ag/MgO nanocomposite with the reduction 
in the mitochondrial function of A549 cells in a dose-dependent manner with an 
 IC50 value of 190 μg/ml [47]. Previous studies showed that the green-synthesized 
Se-NPs were evaluated for its anticancer activity against HepG2 and Mcf-7 and 
exhibit  IC50 value of 392.57 and 252.44 μg, whereas the synthesized nanocom-
posite exhibits lower  IC50 with higher anticancer efficiency. Hence from the 
obtained results, it was scrutinized that the synthesized Ag/MgO nanocomposite 
actively inhibits A549 cell line that acts as a potent candidate in biomedical field 
[48–50]

Fig. 7  In vitro cytotoxic effect 
of synthesized Ag/MgO nano-
composite using MTT assay

(b)(a)

Fig. 8  Photomicrographs of AO/EB-stained A549 cells incubated for 24 h a without Ag/MgO NPs and 
b with Ag/MgO NPs, respectively. Cells which are viable (light green), early apoptotic (bright green 
fluorescence), late apoptosis (red to orange fluorescence), and necrosis (red fluorescence). (Color figure 
online)
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 Apoptosis assay in A549 cells induced by Ag/MgO nanocomposite

Provoking the apoptotic pathway for killing the cancer cells is the key point for 
chemotherapeutic drugs used in cancer treatment. Figure 8a, b shows the AO/EB-
stained A549 lung cancer cell line treated with the synthesized Ag/MgO nano-
composite through which the morphological changes occurred during apoptosis 
were observed. From the obtained results, the fluorescent green represents the 
viable cancer cells (Fig. 8a), whereas the Ag/MgO nanocomposite-treated cancer 
cells (Fig. 8b) showed bright green fluorescence, indicating that early apoptosis, 
red to orange fluorescence indicates late apoptosis, and red fluorescence denotes 
necrosis. Hence from the obtained results, it was scrutinized that the Ag/MgO 
nanocomposite actively triggers apoptotic cell death in A549 cell line [51, 52].
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MB using Ag/MgO nanocomposite
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 Catalytic degradation of dyes

MB degradation using Ag/MgO nanocomposite

MB is a heterocyclic aromatic compound that exhibits absorption peak at 660 nm 
and shoulder peak at 290 nm. The peak at 660 nm attributed to the chromophore 
functional group of MB and its dimers, notably –C=S and –C=N, whereas the peak 
at 290 nm ascribed to � − �∗ transition belongs to unsaturated conjugate aromatic 
rings [50, 51]. After the addition of  NaBH4 and Ag/MgO Nano catalyst, the intensity 
of the absorption band at 660 nm and 290 nm gradually diminishes which showed 
the concurrent oxidation, reduction, and mineralization of the MB which is shown 
in Fig. 9a. The degradation efficiency of MB in the presence of Ag/MgO nanocom-
posite was found to be 91% in 6  min (Fig.  9b).The enhanced degradation of MB 
dye may be due to the formation of  O2˙ and OH˙ radicals owing to the amalgamated 
effect of Ag and MgO nanoparticles. Insert Fig. 9a depicts the visual decolouriza-
tion of MB dye. The plausible mechanism for the transfer of electrons from  NaBH4 
to excited MB and its reduction is represented by following reaction

The kinetics of the reaction was probed using time-dependent absorption spec-
trum of MB, when an excess amount of  NaBH4 was added to the reaction mixture 
compared to that of MB. Henceforth, the rate of the reaction is independent of 
 NaBH4. So the reaction followed pseudo-first-order kinetics it may be denoted as 
follows.

where Ct = concentration at time and C0 = concentration at t = 0, At = absorbance of 
dye at time t and A0 = absorbance at t = 0, Kapp = apparent rate constant. Figure 9c 
represents the graph of ln (At/A0) with radiation time for Ag/MgO From the dis-
played sketch, the rate constant of the reaction was found to be 6.395 × 10−3 s−1 for 
Ag/MgO nanocomposite.

 MO degradation using Ag/MgO nanocomposite

MO is an azo dye that has wider application in paper dyeing, printing, and textile 
industries as an organic dye [53]. MO exhibits characteristic absorption peak at 
463 nm in the presence of  NaBH4; after the addition of Ag/MgO nanocomposite, the 
intensity of MO was gradually reduced with respect to time (Fig. 10a). After 9 min, 
the degradation efficiency of MO in the presence of Ag/MgO nanocomposite was 
found to be 95% which is depicted in Fig. 10b. MO degradation obeys pseudo-first-
order kinetics. From the graph (Fig. 10c), the rate constant of the reaction was found 

Ag/MgO NaBH4 + h� → Ag/MgO − NaBH4(h
+ − e

−)

2e− +MBH+ + H+
→ Respective end product

ln
(

C
t
∕C0

)

= ln
(

A
t
∕A0

)

= −Kapp t
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to be 4.83 × 10−3  s−1. Insert Fig.  10a shows the visual reduction of MO dye. The 
plausible mechanism for the transfer of electrons from  NaBH4 to excited MO and its 
reduction is represented by following reaction.

 

 O‑Nip degradation using Ag/MgO nanocomposite

The compiled UV-absorption spectra of O-Nip in the presence of Ag/MgO nanocom-
posite is shown in Fig. 11a. The absorption spectra of O-Nip were exhibited at 340 nm. 
Subsequently after the addition of  NaBH4, there is a peak shift from 340 to 415 nm that 
reveals the formation of nitrophenolate ions. After the addition of Ag/MgO nanocom-
posite, the absorption peak at 415 nm gradually reduces which was visually confirmed 
by the change of colour from yellow to colourless solution (insert Fig. 11a).The degra-
dation efficiency of O-Nip in the presence of Ag/MgO nanocomposite was found to be 

Ag/MgO − NaBH4 + hv → Ag/MgO − NaBH4

(

h
+ − e

−
)

2e− +MOH+ + H+
→ Respective end product.

Fig. 10  a UV–visible absorption spectra for the degradation of MO by  NaBH4 in the presence of Ag/
MgO nanocomposite, b degradation efficiency, and c plot of ln(At/A0) versus reaction time for the reduc-
tion of MO using Ag/MgO nanocomposite
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98% in 10 min is depicted in Fig. 11b. From the graph (Fig. 11c), the rate constant of 
the reaction was found to be 6.421 × 10−3 s−1 which obeys pseudo-first-order kinetics 
[54–56].

 Possible mechanism for the catalytic degradation of pollutants

The possible mechanism for the catalytic degradation of aforestated organic pollutants 
and azo dyes using Ag/MgO nanocomposite may be due to the amalgamated effect of 
Ag on MgO and is shown in Fig. 12. Ag ions can effectively relay the electrons propa-
gated by  BH4− to the anthropogenic pollutants and the adsorbed  O2 at the surface of 
MgO.
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Fig. 11  a UV–visible absorption spectra for the degradation of O-nip by  NaBH4 in the presence of Ag/
MgO nanocomposite, b degradation efficiency and c plot of ln(At/A0) versus reaction time for the reduc-
tion of O-nip using Ag/MgO nanocomposite
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 Conclusion

In summary, this is the first ever report where cauliflower-like Ag/MgO nano-
composite was synthesized using MPBE which was considered as an environ-
mental benign, lucrative strategy. The synthesized Ag/MgO nanocomposite acts 
as a multifunctional platform with potent antimicrobial, anticancer, and catalytic 
potential towards MO, MB, and O-Nip. The incorporation of Ag on MgO exhib-
its enhanced antibacterial activity for human pathogenic organisms E. coli and 
S. aureus with zone of inhibition 15 mm and 14 mm [57, 58] and showed  IC50 
value of 190 μg/ml against A549 cells. Gaining insight into the anticancer activ-
ity apoptosis assay (AO/EB staining) was carried out, and the obtained results 
showed bright green fluorescence indicates early apoptosis, red to orange fluo-
rescence indicates late apoptosis, and red fluorescence denotes necrosis. Also the 
synthesized Ag/MgO nanocomposite exhibits enhanced catalytic degradation of 
91%, 95%, and 98% in 6 min, 9 min, and 10 min for MB, MO, and O-Nip. Hence 
from the obtained results, it was scrutinized that the synthesized cauliflower-like 
Ag/MgO nanocomposite that acts as a potent candidate with multifunctional effi-
ciency could find applications in pharmaceuticals and environmental field.

Acknowledgements Authors gratefully acknowledge the SAIF, Mumbai, for providing all spectroscopic 
images.
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