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Abstract
The present work describes the biofabrication of highly stable, water-dispersible mycogenic silver/silver (I) oxide nanopar-
ticles (Ag/Ag2O NPs) alongside its potential applications in non-enzymatic electrochemical glucose sensing and catalytic 
degradation of methylene blue (MB) dye in presence of reducing agent  NaBH4. These Ag/Ag2O NPs were fabricated from 
silver oxide micro powder using endophytic fungus Fusarium oxysporum based environmentally friendly, bio-inspired, 
top-down approach which is highly reproducible, reliable, and cheap. Bacterial and plant-mediated bottom-up approaches 
have been previously reported for the production of Ag/Ag2O NPs. Bacterial methods are not economical as they require 
expensive sophisticated instruments for separation and purification. Similarly, plant-based means of synthesis are not reli-
able and reproducible due to geographical and seasonal variability’s. UV–Visible spectroscopy, TEM, SAED, FTIR, XRD, 
TGA, and DSC were used for the characterization and investigation of thermal properties of mycogenic nanoparticles and 
their antimicrobial activity was evaluated by filter- paper bioassay technique.
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Introduction

Nanotechnology is the branch of engineering that involves 
the study of materials having one or more dimensions of 
the size of 1–100 nm. In recent decades, nanotechnology 
has flourished due to their size-dependent novel proper-
ties and its wide applications in technology (Sharma et al. 
2009) Among different types of inorganic nanomaterial, 
nano-sized metal oxide especially Silver Oxide nanopar-
ticles have achieved considerable importance for their 
potential application in different branches of science and 
technology as well as medical science.  Ag2O was used 
as a catalyst (Derikvand et al. 2010; Wang et al. 2011) 
for the oxidation of organic molecules and oxygen evolu-
tion by water splitting. The material is also reported for 
its application in fuel cells (Pishbin et al. 2007), sensors 

(Petrov et al. 2008), photovoltaic cells (Ida et al. 2008), and 
biomedicine (Tarahovsky et al. 2008). Various methods 
including the chemical method (Yong et al. 2013), elec-
trochemical method (Wei et al. 2011) have been reported 
for the fabrication of silver oxide nanoparticles. However, 
most of the techniques required high temperatures, toxic 
chemicals, while also being capital intensive. Thus, it is the 
prime requirement to develop non-polluting, eco-friendly 
nano synthesis protocols that can generate safe, stable, reli-
able nanomaterials. The biological ’green’ nanofabrication 
routes which have recently been developed are in com-
plete synchronization with the environment. Our group is 
amongst the key contributors (Islam et al. 2021; Shankar 
et al. 2004; Bansal et al. 2006; Ahmad et al. 2007; Khan 
et al. 2014) to the field. Recently biosynthesis of silver 
oxide nanoparticles has been reported using plant extract 
(Manikandan et al. 2017; Jalees et al. 2018) and bacteria 
(Dhoondia et al. 2012). In the present work, we have bio-
transformed  Ag2O micro powder into Ag/Ag2O NPs using 
endophytic fungus Fusarium oxysporum followed by the 
investigation of electrochemical, thermal, catalytic, and 
antimicrobial activity. To the best of our knowledge, it’s the 
first report of mycogenic fabrication of Ag/Ag2O NPs using 
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fungal biomass. Fungus-based synthesis of nanomaterials 
is more advantageous as compared with other biological 
methods because fungal biomass is easily separable from 
nanoparticle solution by simple filtration method, easily 
isolatable by plating, the potential for large-scale pro-
duction, abundant in nature, and easy to handling (Khan 
et al. 2017). Non-enzymatic glucose sensing was carried 
out electrochemically because in medical science diabetes 
becomes a serious health problem and thus glucose level 
in blood should be investigated. Different enzymatic and 
non-enzymatic sensing methods (Fuglerud et al. 2019; Lee 
et al. 2018) have been reported. In the enzyme base sensor, 
there are some drawbacks i.e., low chemical and thermal 
stability, poor reproducibility, and expensive costs. Thus 
researchers are attracted to enzyme-free electrochemical 
determination using a nanomaterial modified electrode 
(Shahriary et al. 2015; Chen et al. 2012). Different metal, 
metal oxide and their nanocomposite-based modified elec-
trode were used for enzyme-free electrochemical glucose 
sensing (Maurício et al. 2017; Shabbir et al 2019; Zhu et al. 
2016). Here mycogenic silver oxide nanoparticles were 
used as modified electrodes to detect glucose through the 
enzyme-free electrochemical method.

In this developing world, one of the major threats to 
human health and aquatic life is organic dye molecules 
which are extensively used in different industries like tex-
tiles, paints, paper, cosmetics, plastics, etc. Among various 
hazardous organic dyes thiazine dye Methylene Blue (MB), 
also known as methylthioninium chloride, is mainly utilized 
in biomedical, biological, and biochemical fields. The exces-
sive use of this MB dye causes environmental pollution and 
toxicity. Thus removal of this dye from water is of prime 
importance for human beings and aquatic life as well. Nano-
catalyst-based degradation of MB achieved a prominent 
place as nanoparticles provide a large surface-to-volume 
ratio, high shelf life and enhanced catalytic activity. Silver 
nanoparticles-based catalytic degradation of MB in pres-
ence of  NaBH4 has been investigated (Edison et al. 2016; 
Saha et al. 2017). Herein, we have investigated the catalytic 
activity of mycogenic Ag/Ag2O NPs on the degradation of 
MB in the presence of reducing agent  NaBH4. Along with 
this thermal and antimicrobial activity of Ag/Ag2O NPs 
were also investigated as silver shows antimicrobial activity 
(Ibarra et al. 2018).

Experimental section

Chemicals

AR grade Silver (I) Oxide micropowder was purchased 
from SRL, agarose from CDH whereas KOH, acetone, 

and D-glucose with AR grade was obtained from Qua-
ligens. Apart from this Malt extract, Yeast extract, 
and Peptone from Hi-media were used without further 
purification.

Isolation, purification and maintenance 
of endophytic fungus Fusarium oxysporum

The endophytic fungus, Fusarium oxysporum was iso-
lated from the plant parts such as leaves and maintained 
on potato dextrose agar (PDA) slants at 25 °C. The stoke 
cultures were maintained by subculturing at monthly 
intervals. After growing the fungus at pH 7 and 25 °C 
for 96 h, the PDA slants were preserved at 15 °C. From 
an actively growing stoke culture, subcultures were made 
on a fresh slant and after 96 h of incubation at pH 7 and 
25 °C, were used as the starting material for fermentation 
and biotransformation experiments. For the biotransfor-
mation of micron size  Ag2O into Ag/Ag2O nanoparticles, 
the fungus was grown in 500 ml Erlenmeyer flask con-
taining 100 ml of MGYP medium which is composed of 
malt extract (0.3%), glucose (1%), yeast extract (0.3%), 
peptone (0.1%). The culture was grown with continuous 
shaking on a rotary shaker (200 rpm) at 25 °C for 96 h. 
After 96 h of fermentation, mycelial mass was separated 
from the culture broth by centrifugation (7000 rpm) at 
15 °C for 20 min and then mycelia was washed thrice 
with sterile distilled water under sterile condition.

Biotransformation of  Ag2O micro powder into Ag/
Ag2O nanoparticles

The harvested mycelia mass (30 g) was then resuspended 
in 100 ml 0.1%  Ag2O micro powder in 500 ml Erlenmeyer 
flask at pH 7 at 25  °C and maintained under shaking 
conditions at 200 rpm. The reaction mixture was moni-
tored for biotransformation for change in colour black 
to brown. The fungal mycelia were separated from the 
respective reaction mixture by filtration using Whatman 
filter paper. The filtrate containing nanoparticles were 
lyophilized to powder form for easy handling and further 
characterization.

Characterization techniques of mycogenic Ag/Ag2O 
nanoparticles

The Cary 5000 UV–Vis–NIR spectrophotometer was used 
for recording UV- Visible spectra of mycogenic Ag/Ag2O 
NPs at wavelengths from 200 to 800 nm to obtain initial 
conformation of Ag/Ag2O NPs production. Fourier trans-
form infrared (FTIR) spectra were recorded at wavenumber 
ranges from 400 to 4000  cm−1 for examining the func-
tional biomolecules coated on silver oxide nanoparticles. 
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Whereas the X-ray powder diffraction (XRD) technique 
was executed to obtain the crystalline phase and unit cell 
dimensions using a Rigaku X-ray diffractometer. Most 
importantly, Ag/Ag2O NPs were characterized by Trans-
mission Electron Microscopy (TEM, JEM-JEOL, JAPAN), 
High-resolution transmission electron microscopy (HR-
TEM), and selected area electron diffraction (SAED) pat-
tern for investigation of the particles size, shape, crystalline 
structure, and surface morphology of biotransformed Ag/
Ag2O NPs.

Electrochemical measurement

The electrochemical activity of micron  Ag2O particles and 
mycogenic Ag/Ag2O nanoparticles has been studied by per-
forming Cyclic Voltammetry (CV) in a three-electrode cell. 
In the electrochemical study, modified microelectrodes with 
silver oxide and Ag/Ag2O nanoparticles were separately 
used as a working electrode whereas the remaining two 
were platinum countered electrode and Ag/AgCl reference 
electrode. The individual working electrodes were made by 
using a drop-casting technique in which 50 μl of each aque-
ous solution (micron  Ag2O and Ag/Ag2O nanoparticles) 
having a concentration of 1 mM were suspended on Glassy 
carbon electrode (GCE) with subsequent evaporation of  H2O 
molecules. We also used 1 M KOH solution as an electrolyte 
for performing CV at room temperature. The recording of 
voltammograms was started from 0 V in the positive direc-
tion with a sweep rate of 50  mVs−1 in the potential range 
−1.0 V to + 1.0 V.

Non‑enzymatic glucose sensing

Enzyme-free glucose sensing was carried out by record-
ing a cyclic voltammogram of 1 M KOH solution in the 
absence/presence of glucose. The five different concentra-
tions (25, 50, 75, 100, and 125 μmol/L) of glucose were 
used to investigate the variation of the current peak. To 
obtain magnified peaks, the scanning was performed in a 
potential window ranges from 0 V to 1.0 V with the same 
scan rate of 50 mVs − 1 and the same starting potential 
0 V in the positive direction. The working electrodes were 
constructed by dropping 50 μl of 1 mM micron  Ag2O solu-
tion and mycogenic  Ag2O nanoparticles solution onto GCE 
surface.

Catalytic degradation of MB dye

Time and NPs weight-dependent catalytic activity of 
mycogenic Ag/Ag2O NPs was investigated on the degrada-
tion of MB dye in the presence of reducing agent  NaBH4. 
For time-dependent experiment, 2 ml of aqueous  NaBH4 
solution (50 mM) and 1 ml of Ag/Ag2O NPs solution 

(0.1 mg/ml) were added to 2 ml of aqueous MB solution 
(0.1 mM) and UV–Vis spectra of the solution mixture 
were recorded at a regular time interval of 10 min using 
UV–Vis–NIR spectrophotometer. Similarly, NPs weight-
dependent dye degradation activity was investigated by 
recording UV–Vis absorption maxima of the aliquots 
with different dosages of Ag/Ag2O NPs from 0.1 mg/ml 
to 0.5 mg/ml at a fixed time of 10 min. For the control, 
the same experiment was carried out with 0.5 mg/ml of 
 Ag2O micropowder.

Thermal analysis

Simultaneous thermogravimetric analysis and Differential 
scanning calorimetry (TGA/DSC) techniques were used to 
observe the behavior of Ag/Ag2O NPs at different tempera-
tures and the study of thermal properties (decomposition, 
enthalpy of reaction, and thermal stability) of biotrans-
formed silver/silver oxide nanoparticles. For TGA analysis 
alumina was used as reference material.

Antimicrobial activity (filter paper bioassay) 
of mycogenic Ag/Ag2O NPs

The fungus Aspergillus niger and Gram-positive bacterium 
Bacillus subtilis were maintained on potato dextrose agar 
(PDA) and nutrient agar (NA) slant respectively. Stoke cul-
tures were maintained by subculturing at monthly intervals. 
From an actively growing stoke culture, subcultures were 
made on fresh slants and after 96 h of incubation at pH 7 and 
25 °C, were used as the starting material for antimicrobial 
activity.

Freshly prepared spore suspension of test cultures 
was immediately overlaid on the surface of sterile PD 
agar (Aspergillus niger) and nutrient agar (Bacillus sub-
tilis) plates (100 mm diameter). These plates were incu-
bated at 25–28 °C for few hours for initial germination 
and facilitation of vegetative growth. Sterile filter paper 
(Whatman no 3, 1 square centimeter in size) was placed at 
three places and named a, b, c. Soon after, 100 µl of myco-
genic Ag/Ag2O NPs solution was loaded on filter paper b 
(50 µg/100 µl) and c (100 µg/100 µl). For negative control, 
only water was loaded on the filter paper a. The antibac-
terial and antifungal activities were evaluated after 24 h 
and 72 h respectively by examining the zone of inhibition 
across the filter paper.

Results and discussion

The present endophytic fungus was isolated in the labora-
tory and identified as Fusarium oxysporum based on cultural 
and morphological characteristics. The fungus when reacted 
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with 0.1%  Ag2O (aqueous solution) at room temperature for 
72 h on a rotary shaker (200 rpm), resulted in the extracellu-
lar synthesis of Ag/Ag2O NPs and characterized by various 
standard techniques. UV–Vis spectroscopic measurement 
was carried out for the preliminary characterization of bio-
transformed Ag/Ag2O NPs. Figure 1a represents the UV–Vis 
spectroscopic measurement of (I)  Ag2O micro powders from 
which silver/silver oxide nanoparticles were produced after 
72 h completion of reaction with fungus Fusarium oxyspo-
rum and (II) biotransformed Ag/Ag2O NPs. Color changes 
during the reaction were the initial visual conformation for 
the formation of nanoparticles. The spectrum shows two 

absorption maxima at 265 nm and 415 nm for biotrans-
formed Ag/Ag2O NPs whereas no peak was observed for 
 Ag2O micro powder. The SPR (surface plasmon resonance)) 
absorption at 415 nm specified the presence of Ag nanopar-
ticles with  Ag2O nanoparticles (Ravichandran et al. 2016; 
Elemike et al. 2017). The absorption peak at 265 nm cor-
responds to fungus secreted aromatic amino acid which 
worked as capping molecules (Khan and  Ahmad 2013). 
Being the nanoparticles capped by organic molecules, it 
showed non-flocculating and water-dispersible in nature. 
The missing absorption edge for  Ag2O micro-powder is due 
to the absence of SPR of micron size silver oxide particles.

Fourier transform infrared spectroscopy (FT-IR) was 
performed to ensure the presence of a characteristic Ag–O 
stretching band and the bond vibration frequency for cap-
ping stabilized protein biomolecules. FT-IR spectrum of 
biotransformed silver oxide nanoparticles (Fig. 1b) showed 
an absorption peak at 570  cm−1 correspond to the Ag–O 
vibration (Ravichandran et al. 2016). The strong absorptions 
at 3400  cm−1 and 2937  cm−1 were assigned for O–H (alco-
hol) or N–H (amines) stretching vibration and C–H (alkyl) 
stretching. The peak at 1629   cm−1 attribute to N–C = O 
amide I bond which is the most intense absorption band in 
proteins whereas the band at 1580  cm−1 is a representative 
of amide II mainly come from in-plane N–H bending. The 
peaks entered at 1398  cm−1, 1025  cm−1 and 661  cm−1 can be 
associated with C–N stretching of amine, alcohol/phenolic 
stretching, and aromatic C–H bending (Manikandan et al. 
2017).

The size of nanoparticles are confirmed by Transmis-
sion electron microscopy (TEM). The micron size of par-
ent silver oxides is shown in Fig. 2a whereas the formation 
and spherical shape of biotransformed silver/silver oxide 
nanoparticles are represented by the TEM images shown 
in Fig. 2b and c respectively. The particle size distribution 
histogram (Fig. 2d) obtained from TEM analysis shows the 
mean particle size is 6.43 nm including standard error of 
0.05 nm. To investigate inter planer distance and crystallin-
ity HR-TEM (Fig. 2e) and Selected area electron diffraction 
(SAED) (Fig. 2f) has been carried out respectively. Both 
of these analyses illustrate that the Ag/Ag2O NPs are crys-
talline and confirmed the presence of (111) plane which is 
further confirmed by XRD.

The XRD diffraction pattern of biosynthesized  Ag2O 
nanoparticles (Fig. 3b) shows four distinct peaks at 27.4, 
32.1, 37.2 and 64.5 corresponding to the diffraction plane 
of (110), (111), (200) and (311), confirming the pres-
ence of  Ag2O nanoparticle same as reported data of  Ag2O 
(Taufik and Saleh 2018). Additionally, several reflection 
peaks were observed at 37.2, 44.6, 46.2, and 76.3 which 
indexed to (111), (200), (211), and (311) plans of FCC sil-
ver respectively (Jalees et al. 2018). The XRD diffraction 

Fig. 1  a UV–Visible spectrum of (I) untreated  Ag2O micropowder 
and (II) biotransformed Ag/Ag2O nanoparticles. The inset shows a 
glass vial containing untreated  Ag2O solution before (glass vial on 
the left side) and after reaction with fungal biomass (glass vial on 
the right side). b FT-IR spectra of biotransformed silver/silver oxide 
nanoparticles
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Fig. 2  a TEM image of parent  Ag2O micropowder. b, c TEM image 
of biotransformed Ag/Ag2O nanoparticles. d Particle size distribution 
of biotransformed Ag/Ag2O nanoparticles obtained from TEM image. 

e HR-TEM images of biotransformed Ag/Ag2O nanoparticles show-
ing inter-planer distance (d-spacing). f SAED pattern of biotrans-
formed Ag/Ag2O nanoparticles
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pattern also demonstrates that the most intense diffrac-
tion peak observed at 37.2 also confirmed the presence 
of Ag nanoparticles with  Ag2O nanoparticles and the 
peak indexed as plane (111) for Ag and plane (200) for 
 Ag2O. The XRD pattern was also used for the estima-
tion of the mean grain size of mycogenic Ag/Ag2O NPs 
by calculating the breadth of the Bragg’s reflections using 
Debye–Scherer’s formula and it was found to be 9.95 nm. It 
also observed that the computed mean size of silver oxide 
nanoparticles by XRD and the average size calculated from 
the TEM image by plotting the Histogram is approximately 
the same. The width of the XRD diffraction peak for bio-
transformed Ag/Ag2O nanoparticles is much greater than 
the diffraction peak width of  Ag2O micro powder (Fig. 3a) 
which also confirmed the biotransformation of  Ag2O micro 
powder into Ag/Ag2O NPs.

A typical cyclic voltammogram recorded at 25 °C is 
shown in Fig. 5a and Fig. 4a for silver oxide microparticles 
and silver/silver oxide nanoparticles (black line) respec-
tively. Both voltammograms show three oxidation peaks 
(A1, A2 and A3) in the anodic sweep. However, three reduc-
tion peaks (C1, C2 and C3) were observed for micron  Ag2O 
while four reduction peaks were marked for mycogenic Ag/
Ag2O nanoparticles (C1, C2, C3 and C4) in the cathodic 
sweep. Comparison with literature data (Riyantoa and Rizki 
2020) we can assign the anodic peaks at A1, A2 and A3 for 
the formation of  AgO‒ or AgOH,  Ag2O and AgO whereas 
cathodic peaks at C1, C2 and C3 are leveled for the reduc-
tion of AgOH,  Ag2O and AgO. It is believed that the follow-
ing redox reactions are responsible for the appeared peaks.

Ag + OH−
↔ AgOH + e− (A1/C1)

2Ag + 2OH−
↔ Ag2O + H2O + 2e− (A2/C2)

Ag2O + 2OH−
↔ 2AgO + H2O + 2e− (A3/C3)

The appeared cathodic current peak at C4 is ascribable to 
the subsequent re-dissolution of AgO (most well-known as 
mixed oxide  AgIAgIIIO2) (Hernández-Ramírez et al. 2009).

This reduction peak indicates the improved electro-
chemical activity of nano Ag/Ag2O (Habekost 2016). 
There are no characteristic peaks observed when we used 
uncoated glassy carbon electrode during the forward and 
backward scan (red line).

Figures 5b and 4b represent comparative cyclic voltam-
mograms that were recorded at different glucose concen-
trations where micron  Ag2O particles and mycogenic Ag/
Ag2O nanoparticles were used as a working electrode. The 
peaks represented by (I) and (II) corresponding to cycle1 
and cycle2 recorded in the absence of glucose indicate stable 
current conditions. The anodic current peak A3 decreases 
with an increase in glucose concentration. The decrease in 
anodic current peak A3 in the presence of glucose can be 
interpreted as oxidation of glucose into gluconic acid by the 
reduction of  Ag2O. As long as  Ag2O participates in glucose 
oxidation, its concentration decreases with increasing the 
concentration of glucose and hence the anodic current peak 
A3 decreases. Figure 4c represents the possible mechanism 
of electrochemical glucose sensing. The linear plot of A3 
peak current vs glucose concentration  (R2 = 0.995) corre-
sponds to mycogenic Ag/Ag2O nanoparticles (Fig. 4d) sug-
gested that the capping protein and oxidized gluconic acid 
does not interfere with glucose oxidation reaction while 
there was no such linear response (Fig. 5c) observed in case 
of micron  Ag2O particles (Fig. 5b) due the interaction of 
oxidized gluconic acid with Ag (A1 current peak decreases, 
Fig. 5a) to form silver gluconate.

2AgO
(

Ag2O2

)

+ 2e− → 2AgO−(C4)

Fig. 3  a X-ray diffraction patterns of  Ag2O micropowder. b X-ray diffraction patterns of biosynthesized Ag/Ag2O Nanoparticles
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The degradation of MB with  NaBH4 was monitored 
in the presence and absence of mycogenic Ag/Ag2O NPs 
through UV–Vis spectrophotometer. The gradual decrease in 
UV–Vis absorption peak at wavelength 664 nm in the pres-
ence of Ag/Ag2O NPs (Fig. 6a) with reaction time confirmed 
its catalytic ability for MB dye degradation as there was no 
degradation observed in absence of Ag/Ag2O NPs (Fig. 6b). 
The catalytic efficiency of Ag/Ag2O NPs has been evalu-
ated by examining the absorption spectra recorded at vari-
ous concentrations of Ag/Ag2O NPs i.e., 0.1 (A), 0.2 (B), 
0.3 (C), 0.4 (D) and 0.5 mg/ml (E) and compared with the 
degradation ability of control  Ag2O microparticles (0.5 mg/

ml) (Fig. 6c). The percentage (%) degradation bar graph 
(Fig. 6d) at the indicated higher concentration (0.5 mg/ml) 
for control  Ag2O microparticles (50.6%) and mycosynthe-
sized Ag/Ag2O NPs (86.5%) shows enhanced catalytic activ-
ity of NPs by 36% at a fixed time of 10 min. The enhanced 
catalytic activity was attributed as Ag/Ag2O NPs provide 
more surface area as compared with the bulk  Ag2O micro-
particles for catalytic degradation reaction.

To study the thermal stability, thermogravimetric analy-
sis was performed to measure the mass change of biosyn-
thesized Ag/Ag2O NPs as a function of temperature at a 
heating rate of 10 ℃/min under nitrogen atmosphere. TGA 

Fig. 4  Cyclic Voltammograms of a Ag/Ag2O Nanoparticles deposited 
on Glassy carbon electrode (GCE) in alkaline electrolyte. b Cyclic 
Voltammograms of mycogenic Ag/Ag2O nanoparticles in absence 
of glucose [cycle1 (I) and cycle2 (II) and in the presence of glucose 

having concentration 25  μmol/L (III), 50  μmol/L (IV), 75  μmol/L 
(V), 100 μmol/L (VI), 125 μmol/L (VII). c Possible mechanism for 
non-enzymatic glucose sensing. d Plot of A3 peak current vs. glucose 
concentration
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measurement of Ag/Ag2O NPs (Fig. 7a) shows a continu-
ous weight loss with three sharp changes starting at 100 °C, 
230 °C, and 365 °C. The effective weight loss starting at 
100 °C means the loss of moisture whereas weight loss 
started at 230 °C results from the degradation of protein 
molecules which indicates that the silver oxide nanoparticles 
are surrounded by capping protein. The thermal degradation 
starting at 365 °C attributed to the transformation of  Ag2O 
into Ag nanoparticles (Taufik and Saleh 2018; Siddiqui et al. 
2013).

Ag2O → 2Ag + ½  O2
Differential scanning calorimetry (DSC) analysis was 

performed as a complementary technique of TGA with a 
heating rate 10 °C/min. The scanning was carried out from 
200 °C to 400 °C for measurement of the enthalpy change. 
DSC profile of biotransformed silver/silver oxide nanoparti-
cles shows two peaks (Fig. 7b) at 230 °C and 365 °C which 

is good agreement with the TGA measurement. The DSC 
curve shows an endothermic peak for degradation of protein 
molecules whereas the transformation of  Ag2O nanoparti-
cles into Ag nanoparticles followed the exothermic process. 
Differential scanning calorimetry (DSC) analysis was also 
displayed the required temperature for the thermal decom-
position of silver oxide nanoparticles to silver nanoparti-
cles (365 °C) is lower than the temperature required for the 
decomposition of silver oxide micropowder to silver oxide 
nanoparticles (400 °C) (Shin et al. 2013).

Figures 8 and 9 represent the antifungal and antibacte-
rial activity of mycogenic silver oxide nanoparticles against 
Aspergillus niger and Bacillus subtilis respectively. The 
clearance zone observed in b and c clearly stabilised the 
antimicrobial activity of these biogenic Ag/Ag2O NPs.

Fig. 5  a Cyclic Voltammograms of micron  Ag2O particles depos-
ited on Glassy carbon electrode (GCE) in alkaline electrolyte. b 
Cyclic Voltammograms of micron  Ag2O particles in absence of glu-
cose [cycle1 (I) and cycle2 (II)] and in the presence of glucose hav-

ing concentration 25  μmol/L (III), 50  μmol/L (IV), 75  μmol/L (V), 
100  μmol/L (VI), 125  μmol/L (VII). c Plot of A3 peak current vs. 
glucose concentration
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Fig. 6  UV–Vis absorption spectra of the aliquots recorded with 
0.1  mg/ml Ag/Ag2O NPs (a) and Without (b) Ag/Ag2O NPs at a 
regular time interval of 10 min ambient temperature. c Ag/Ag2O NPs 

weight dependent (from 0.1 mg/ml to 0.5 mg/ml) absorption spectra 
at a fixed time of 10 min and d Percentages (%) of MB degradation 
graph

Fig. 7  a TGA curve of biosynthesized Ag/Ag2O nanoparticles. b DSC curve of biotransformed Ag/Ag2O nanoparticles
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Conclusion

We herein report a highly simple, nontoxic top-down green 
approach for the production of protein capped, water dis-
persible, stable Ag/Ag2O NPs which can be produced in 
abundance using endophytic fungus Fusarium oxysporum. 
The obtained particle size of synthesized nanoparticles is in 
the range between 5–10 nm which are crucial for biomedi-
cal applications. The electrochemical study of mycogenic 
Ag/Ag2O NPs in the presence of glucose shows that it may 
become a potential candidate for enzyme-free glucose deter-
mination and may provide a simple and direct methodology 

for low-limit detection. These thermally stable green syn-
thesized Ag/Ag2O NPs exhibited catalytic potency for 
the degradation of MB dye in presence of reducing agent 
 NaBH4. We have also investigated the antimicrobial activity 
of synthesized Ag/Ag2O NPs and we found it is an excel-
lent antimicobial agent against Aspergillus niger and Bacil-
lus subtilis. At a time when drug resistance is increasing at 
an alarming rates, our mycogenic Ag/Ag2O NPs exhibiting 
antimicobial activity will find major use in the development 
of a newer improved drug.

We believe that this novel top-down approach of using 
endophytic fungus Fusarium oxysporum to reduce the size 
of desired material into water-dispersible nanomaterials, 
can be extended to many other bulk material and nanopar-
ticle synthesis in large amounts, as compare to any other 
biological or chemical or physical methods. These elec-
trochemically stable nanoparticles can be used in electro-
chemical sensing, catalysis, advanced materials, antimi-
crobials and in many biomedical applications. Thus we 
can say our Ag/Ag2O NPs are multifunctional in nature.
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