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Abstract
The present study reports the optimization of a green method for the synthesis of silver nanoparticles (AgNPs) via reduc-
tion of  Ag+ ions using cell-free supernatant of mutant Bacillus licheniformis M09. UV–Visible spectroscopy showing an 
absorption peak at ~ 430 nm confirmed the synthesis of AgNPs. Transmission electron microscope (TEM) analysis exhibited 
spherical AgNPs within the size range of 10–30 nm. Fourier transform infrared (FTIR) measurements assured the presence 
of effective functional molecules which could be responsible for stabilizing the AgNPs. X-ray diffraction (XRD) pattern veri-
fied the crystalline nature of AgNPs. Furthermore, the synthesized AgNPs showed an excellent photocatalytic degradation 
of methylene blue dye in less than 3 h under visible light proving their potential as a catalytic agent for bioremediation for 
next-generation dye degradation in effluent treatment. The AgNPs demonstrated antimicrobial activity against Gram-positive 
and Gram-negative foodborne pathogens which endorsed its suitability as agents to extend shelf-life in food packaging and 
food safety applications. The results also revealed a strong concentration-dependent cytotoxicity of AgNPs against human 
breast adenocarcinoma cells (MCF-7), while 15.07 µg/mL of  IC50 was attained. The outcome suggests the possible applica-
tion of these AgNPs in nanomedicine formulations. Thus, these findings propose promising ways for the valorization of the 
waste fermentation supernatant left after cell harvesting and desired metabolite extraction.
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Introduction

In recent years, nanoparticles have found applications in 
diverse fields like electronics [1, 2], catalysis [3], biosen-
sors [4], medicine, enzyme immobilization, and stabiliza-
tion [5, 6], and energy [7] due to which their demand has 
increased progressively. The traditional techniques used for 
nanoparticles synthesis are expensive and time-consuming, 
and possess potential environmental and biological risks [8]. 
Hence, there is an ever-rising need for the development of 
an eco-friendly process to synthesize nanoparticles. Various 
biological approaches have been proposed for nanoparticle 
synthesis using enzymes, microorganisms, plants, and fungi 
[9, 10]. These are environmentally feasible, cost-effective, 
and time-efficient alternatives to the available chemical and 
physical methods.

Among various nanoparticles, silver nanoparticles 
(AgNPs) have gained tremendous importance as an anti-
microbial, larvicidal, anticancer, and wound-healing agent 
[11]. AgNPs are also reported for working as catalysts in 
chemical reactions [12], biolabeling [13], optical recep-
tors [14], and dye degradation. Azo dyes, the major and 
most versatile class of dyes used in food, paper, and textile 
industries, are always been a concern for their detrimen-
tal effects on the environment. Several physicochemical 

methods such as adsorption, chemical treatment, and 
ion-pair extractions have been adopted for the removal of 
these dyes [15, 16]. The high costs and generation of large 
amounts of sludge during these processes are the major 
drawbacks. To overcome these problems, researchers are 
adopting biological methods of remediation owing to their 
eco-friendly and green nature [17–19]. Nano-bioremedia-
tion is an upcoming technology developed to enhance the 
existing bioremediation processes.

To fulfill the demands of the increasing population, the 
industrial revolution has provided better solutions to the 
way of living. However, it also has its own consequences 
like increasing pollution and also poses a threat to the 
environment. Fermentation is one of the industrial opera-
tions which, after extracting the desired product, generate 
a huge amount of waste that is rich in metabolites such 
as proteins, enzymes, etc. [20]. These wastes usually are 
not utilized further. In the previous studies, our desired 
metabolite (arginase), which was produced intracellu-
larly from a mutant B. licheniformis M09 by fermenta-
tion technology, was extracted from the cell through the 
downstream process [21]. The scale-up studies of bacterial 
arginase production led to the generation of liters of the 
cell-free supernatant as a waste. Any biological system 
that is rich in metabolites such as proteins [20] functions 
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as a reducing agent (enzymatic reduction) and, hence, can 
be explored for the biosynthesis of nanoparticles. This 
cell-free supernatant may still contain some inorganic and 
organic compounds with properties conducive for biosyn-
thesis of AgNPs. Such a complementary process may pos-
sibly help valorization of a waste supernatant as well as 
improve the monetary gains from a fermentation process.

In the current study, we have attempted a green approach 
for the synthesis of AgNPs by utilizing fermentation super-
natant left after harvesting cells for the desired biopolymer. 
The synthesized AgNPs were then characterized and their 
capability for photocatalytic degradation of methylene blue 
(azo dye) was evaluated. Furthermore, these AgNPs were 
also investigated for their antimicrobial activity and cyto-
toxicity potential against human breast adenocarcinoma cells 
(MCF-7).

Materials and methods

Materials

All the chemicals used in the study were procured from Hi-
Media Ltd, Mumbai. Agar, beef extract, silver nitrate, pep-
tone, yeast extract, manganese chloride, glucose, arginine, 
sodium chloride, and other media components used were of 
analytical grade.

Methods

Bacterial strain and its maintenance

The pure culture of Bacillus licheniformis (NRS-1264) 
was procured from Agricultural Research Service (USDA 
Agricultural Research Service, Salinas, California, USA). 
The strain was successfully mutagenized for the improved 
production of arginase and its production media were opti-
mized in the previous studies [21]. The mutant strain, i.e., B. 
licheniformis M09, was further employed for the synthesis 
of AgNPs. The slants were maintained on optimized media 
at 4 °C for regular use and subcultured after every 30 days 
to maintain its potency.

Inoculum and fermentation

The seed (nutrient broth) medium of B. licheniformis M09 
was inoculated with loopful of cells from previously grown 
cells from nutrient agar slant. The inoculated flasks were 
incubated at 37 °C, 180 rpm for 18 h and were used as 
inoculum for further study. This 18 h old seed (3%, 3 × 107 
CFU/mL) was inoculated into sterile production medium 
(50 mL) in 250 mL of Erlenmeyer flasks. The flasks were 
incubated for 24 h at 37 ± 2 °C, 180 rpm on an incubator 

shaker. After 24 h fermentation, the batch was harvested 
and subjected to centrifugation (Beckman Coulter J2-MC, 
Brea, USA) at 10,000 rpm (12,100g) for 15 min to obtain 
cell-free supernatant.

Synthesis of the silver nanoparticle using the cell‑free 
supernatant

The core idea behind synthesizing AgNPs was to utilize 
cell-free supernatant, which was, otherwise, a waste, gen-
erated in the process of arginase production by fermenta-
tion. The synthesis of silver nanoparticle was initiated by 
adding sterile  AgNO3 (1 mM) to the cell-free supernatant 
(1:1 v/v) as reducing/stabilizing agents in Erlenmeyer flask 
and incubated for 36 h at room temperature (28 ± 2 °C) 
under static condition. In addition, control experiments 
were also carried out by incubating  AgNO3 and cell-free 
supernatant separately and monitored for any color change 
in samples at room temperature for 36 h. Samples from 
each flask were withdrawn at a specific time interval and 
subjected to absorption spectrum analysis using UV–Vis 
spectrophotometer (Shimadzu UV 1800, Japan) in the 
range of 200–800 nm. After 36 h, the flasks were harvested 
and subjected to centrifugation at 10,000 rpm (12,100 g) 
(Beckman Coulter J2-MC, Brea, USA) for 20 min to recover 
AgNPs pellet. The obtained pellets were washed repetitively 
with distilled water (DW) and dried at 50 °C for 24 h. The 
AgNPs’ powder was used for further studies.

Characterization of AgNPs

UV–Vis spectroscopy The UV–Vis absorption spectra of 
AgNPs, cell-free bacterial supernatant, and silver nitrate 
solution (1 mM) were recorded using UV–visible spectro-
photometer at a scanning range of 300–800 nm, at 0.5 nm 
resolution.

X‑ray diffraction (XRD) analysis Crystalline nature of dried 
AgNPs powder was detected by X-ray diffractometer (XRD-
6000, Shimadzu Corporation, Tokyo, Japan) using CuKα 
(λ = 1.54056 Å). The intensities were recorded at 2θ angles 
from 5°-80°.

Fourier transform infrared spectroscopy (FTIR) analy‑
sis FTIR was performed to determine the presence of func-
tional groups responsible for AgNPs synthesis and stabil-
ity. The dried powdered sample of control supernatant and 
synthesized AgNPs was mounted on the Bruker–Alpha’s 
Platinum ATR model (Bruker, Massachusetts, USA) and 
characterized by attenuated total reflection (ATR) mode at 
40 ± 4% relative humidity, 25 °C, and 400–4000 cm−1 wave 
number. The number of spectral resolution and scans was 
set to 4 and 24 cm−1, respectively.
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Particle‑size analysis and zeta potential The particle size 
and zeta potential of AgNPs produced by B. licheniformis 
M09 were analyzed by NanoPlus DLS Particulate Systems 
(Micromeritics Instrument Corporation, GA, USA) to rec-
ognize the particle size and surface charge on AgNPs, 
respectively.

Transmission electron microscopy (TEM) The shape and 
size of AgNPs were determined with transmission electron 
microscopy. AgNPs were dispersed in deionized water 
and were mounted on a copper grid (300 mesh size). The 
samples were dried under infrared (IR) lamp for 30 min 
and subjected for TEM analysis (Tecnai G2, F30 electron 
microscope, Oregon, USA) instrument operated at 300 kV 
accelerating voltage.

Applications of biosynthesized AgNPs

Photocatalytic degradation of  methylene blue (MB) 
dye The biosynthesized AgNPs were used for photocata-
lytic degradation of MB dye (λmax = 660 nm) under visible 
light irradiation at a temperature (T = 25 °C). In this study, 
mercury vapor lamp of 400 W enclosed by quartz cylindri-
cal jacket with UV cut-off filter liquid solution was used to 
obtain the visible light of wavelength ≥ 400 nm. The photo-
degradation study was carried out by dispersing 20 mg of 
AgNPs in 100 mL of MB dye solution (10 mg/L) in a Pyrex 
glass beaker. To ensure constant dispersion of AgNPs in the 
MB dye solution, the mixture was allowed to stir continu-
ously (200 rpm) for 30 min in dark and then subjected to 
irradiation under the visible light. The MB solution without 
AgNPs was also tested under identical condition as a con-
trol. The degradation of MB dye solution was investigated 
by withdrawing an aliquot of 2 mL solution from the beaker 
at a specific time interval. The samples were centrifuged 
at 10,000  rpm (12,100g) (Beckman Coulter J2-MC, Brea, 
USA) for 20  min and obtained supernatant was analyzed 
using UV–Vis spectrophotometer in the wavelength range 
of 300–800 nm. The percent degradation of dye was calcu-
lated using the following equation:

 where C0 is the initial concentration of MB dye solution 
and Ct is the concentration of the dye solution after time ‘t’.

Antibacterial activity of  silver nanoparticles The anti-
bacterial activity of AgNPs synthesized from the cell-
free supernatant was assayed against selected pathogenic 
microorganisms including Gram-positive (Bacillus subti-
lis subsp. spizizenii ATCC 6633, Staphylococcus aureus 

(1)Dye degradation (%) =

(

C0 − C
t

C0

)

× 100,

ATCC 6538) and Gram-negative bacteria (Escherichia 
coli ATCC 25922 and Pseudomonas aeruginosa ATCC 
10145) using well-diffusion and broth dilution methods.

Well‑diffusion method Agar well diffusion was used to evalu-
ate the antibacterial activity of synthesized AgNPs against the 
above-mentioned organisms. Each strain was spread homoge-
neously onto the Muller–Hinton agar plates using sterile glass 
spreader and wells (10 mm) were made in the plates using 
a sterile cork borer. Different concentrations of AgNPs, viz., 
15, 45, and 90 µg/mL, were poured into each well and incu-
bated for 24 h at 30 °C. Inhibition zone was measured after 
24 h of incubation.

Broth dilution method The above-mentioned strains were 
grown in Luria–Bertani broth at 37  °C for 24  h and were 
serially diluted with fresh sterile LB medium to get an initial 
absorbance of 0.05 at 600 nm. The 50 µL of AgNPs solution 
of different concentrations (15, 45, and 90 µg/mL) were added 
into wells of a 96-well microplate containing 200 µL of fresh 
sterile LB medium (three replicates), and then, 20 µL of bac-
terial cell suspension was inoculated in each well followed by 
incubation for 24 h at 30 °C. The LB broth was used as a con-
trol. After 24 h of incubation, absorbance was measured using 
96-well microplate reader (µQuant spectrophotometer, BioTek 
Instruments Pvt Ltd, Mumbai, India) to assess the effect of 
AgNPs on the growth of studied bacterial strains.

In vitro anticancer/cytotoxicity assay The MTT assay was 
employed to evaluate anticancer activity/cytotoxicity. Human 
breast adenocarcinoma cells (MCF-7) were used to investigate 
the anticancer activity of AgNPs. In brief, 0.1 million MCF-7 
cells were seeded in 96-well plate and incubated overnight at 
37 °C in 5%  CO2. Furthermore, the cells were treated with 
different dilutions (5–100  µg/mL) of AgNPs and incubated 
for 24  h at 37  °C in 5%  CO2. On completion of 24  h, the 
sample-treated cells were incubated with 10 µL of 5 mg/mL 
3-(4,5-dimethyl-1,3-thiazol-2-yl)-2,5-diphenyl-2H-tetrazol-
3-ium bromide (MTT) reagent for 4 h. The medium with MTT 
was then removed and the formed formazan crystals were sol-
ubilised using dimethyl sulfoxide (DMSO). The subsequent 
product concentration was measured by spectrophotometry at 
580 nm using microplate reader. The experiments were done 
in triplicates and cell viability percentage was calculated with 
respect to control cells incubated without AgNPs treatment 
using the following equation:

(2)Cell viability (%) =

(

ODtreated cell

ODuntreated cell (control)

)

× 100.
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Statistical analysis

All determinations were performed in triplicates and the 
values were stated as the mean ± standard deviation of three 
determinations. Analysis of variance (ANOVA) and multiple 
range Duncan’s test were employed using IBM SPSS Statis-
tics 23 software to arbitrate the statistical significance of the 
differences between the means (p ≤ 0.05).

Results and discussion

AgNPs synthesis using the cell‑free supernatant

The AgNPs synthesis was confirmed by visual observation 
and UV–visible spectroscopy (Fig. 1). The gradual change 
in color of the reaction mixture  (AgNO3 + cell-free superna-
tant) with time from pale yellow to dark brown (inset of the 
figure) indicates the formation of AgNPs [22]. The charac-
teristic absorption peak of AgNPs was observed at around 
430 nm and a steady increase in its intensity with reaction 
time was also perceived. There were no significant color 
changes observed in control flask containing only  AgNO3 
solution and cell-free supernatant till 36 h of incubation. 
Comparable results were reported by Jeevan et al. [23] for 
AgNPs formation from the supernatant of P. aeruginosa 
culture for 72 h.

Characterization of synthesized silver nanoparticles

XRD analysis

The XRD analysis results showed the clear peaks of cubic 
phase at 37.94° (1 1 1), 44.35° (2 0 0), 64.51° (2 2 0), 
and 77.21° (3 1 1) with interlayer spacing d = 0.236 nm, 
d = 0.204 nm, d = 0.144 nm, and d = 0.124 nm, respectively 
(Fig. 2a). All of these peaks were indexed to the standard 
cubic phase of AgNPs. Comparison of the XRD spectrum 
with the standard confirmed the crystalline nature of AgNPs. 
Similar results were reported by Philip et al. [24] and Jeevan 
et al. [23] using Fusarium oxysporum and Pseudomonas aer-
uginosa, respectively.

FTIR spectroscopy

To determine the possible bio-reducing functional groups 
involved in the reduction of  Ag+ ions and stabilization of 
AgNPs, FTIR analysis of control supernatant and AgNPs 
was performed and the results are presented in Fig. 2a, b, 
respectively. The spectra showed strong bands at 3286 cm−1, 
2108 cm−1, 1638 cm−1, 1560 cm−1, 1414 cm−1, 1261 cm−1, 
1072  cm−1, and 707  cm−1 for control supernatant and 
3447 cm−1, 2122 cm−1, 1639 cm−1, 1555 cm−1, 1414 cm−1, 
1098  cm−1, 1021  cm−1, and 658  cm−1 for synthesized 
AgNPs. The bands at 3400–3500  cm−1 indicate amino 

Fig. 1  UV–visible absorption 
spectrum of the reacting mix-
ture at different time intervals. 
The inset of the figure shows a 
sequential visual change in the 
color of reaction from pale yel-
low to dark brown depicting the 
synthesis of AgNPs
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Fig. 2  a X-ray diffraction curve 
of AgNPs. b FTIR spectrum 
of supernatant (control), and c 
AgNPs, synthesized after 72 h 
of incubation using B. licheni-
formis M09 supernatant
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group stretching and antisymmetric stretching of C–H bond 
in methyl group of protein or polysaccharide, respectively 
[26], while NH bending of primary alkalamides and stretch-
ing of C–N bonds in C = N bond of amide-II region can be 
confirmed by functional peaks at 1700–1550 cm−1 [27]. The 
distinctive peaks at 1414 cm−1 indicate O–H bending, while 
1098 and 1021 cm−1 revealed the C–O stretching (Fig. 2b). 
The band at the peak detected at 707 cm−1 is allocated 
to bounded amine groups (–NH) of supernatant which is 
shifted to 658 cm−1 after the reduction of silver nitrate. It 
is well recognized that biological components having these 
functional groups interact with metal salts and leads to the 
reduction process [28]. These peaks clearly suggested the 
involvement of carboxylic and amine groups in reducing 
silver salts for the synthesis of AgNPs [29, 30].

Particle‑size analysis and zeta potential

Dynamic light scattering (DLS) and zeta potential were 
employed to determine the size of the particles and their 

potential stability in the colloidal suspension. Figure 3a 
exhibits the particle-size distribution of AgNPs synthesized 
by B. licheniformis M09. The mean particle hydrodynamic 
size of the AgNPs in aqueous solution was found to be 
20 nm and zeta potential of − 11.37 ± 0.04 mV (Fig. 3b). 
The present values of zeta potential confirmed the moder-
ate stability of AgNPs [31]. Kalpana and Lee [32] reported 
similar results using supernatant of K. pneumoniae for the 
AgNPs synthesis, in which the particles range in size from 
15 to 37 nm with an average size of 22 nm.

Transmission electron microscopy (TEM)

The transmission electron microscopy was performed 
to understand the morphology and microstructure of the 
AgNPs. Figure  4a shows the low magnification TEM 
image which revealed the average size of AgNPs is around 
10–30 nm. The high-resolution (HR) TEM in Fig. 4b con-
firms that the synthesized AgNPs are mono-dispersed and 
spherical in shape. Figure 4c represents the fast Fourier 

Fig. 3  a Particle-size histogram 
showing the distribution and 
b zeta-potential analysis of 
AgNPs synthesized using B. 
licheniformis M09
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transform (FFT) view of the HR-TEM image of AgNPs. 
Figure 4d shows the inverse FFT of crystalline AgNPs with 
an interlayer spacing of d = 0.237 nm which corresponds to 
(111) plane. Figure 4e shows the line profile spectra of crys-
talline AgNPs with an inter-planer spacing of d = 0.237 nm. 
The face-centered cubic (FCC) crystalline structure of 
AgNPs was validated by the selected area electron diffrac-
tion (SAED) pattern (Fig. 4f) in conjunction with XRD 
studies.

Applications of biosynthesized AgNPs

Photocatalytic degradation of methylene blue (MB) dye

The photocatalytic property of biosynthesized AgNPs 
for MB dye degradation was studied under visible light 

irradiation and the results are presented in Fig. 5a. The deep 
blue color of dye (0 min) changed to light blue (105 min) 
and then colorless after 180 min of irradiation with AgNPs 
under visible light (inset of Fig. 5a). The distinct absorption 
peak (at 664 nm) of MB solution decreased with exposure 
time and was approaching the baseline after 180 min. The 
dye degradation was found to be 94% after 180 min of light 
exposure (Fig. 5b). Similar kinds of results were reported by 
Vanaja et al. [33] where the MB maximum degradation was 
achieved after 72 h using AgNPs synthesized from Morinda 
tinctoria. Figure 5c shows the kinetic curves for photocata-
lytic degradation of MB by plotting C/C0 v/s time, where C 
is the final concentration and  C0 is the initial concentration 
obtained as a function of irradiation and reveals the excellent 
photocatalytic efficiency. In Fig. 5d, kinetic curves demon-
strate the pseudo-first-order linear form ln (C/C0) = kt, where 

Fig. 4  a TEM images of 
AgNPs. b HR-TEM images of 
representative AgNPs. c HR-
TEM image showing crystal lat-
tice fringes. d Integrated image 
from the FFT plot; e line spectra 
showing inter-planer spacing 
and f selected area electron dif-
fraction (SAED) pattern
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k and t are apparent rate constants [34, 35]. However, in the 
present study, the MB solution showed a significant degrada-
tion of dye with an exposure period of 180 min. Figure 5e 
exemplifies the graphical representation of the putative 
mechanism which leads to photocatalytic degradation of MB 

dye using biosynthesized AgNPs. When AgNPs is exposed 
to visible light irradiation, a photon energy (hυ) equal or 
greater than the bandgap excites the electron  (e−) from filled 
valence band (VB) to the empty conduction band (CB) and 
leaving hole  (h+) behind in the valence band [36]. The hole 

Fig. 5  a UV–visible absorption spectrum indicates the photocata-
lytic degradation of methylene blue dye at different time intervals. 
The inset of the figure shows gradual visual observation of the color 
change of dye from blue to colorless. b Line graph showing MB dye 
degradation % at the different time interval of visible light exposure. 

c Kinetic curves for degradation of MB dye. d Kinetic fits (ln (C/C0) 
vs. time) curve for degradation of MB dye. e Schematic illustration of 
putative mechanism leads to photocatalytic degradation of methylene 
blue dye using biosynthesized AgNPs



550 Bioprocess and Biosystems Engineering (2019) 42:541–553

1 3

Fig. 6  Graphical representa-
tion of antibacterial activity of 
biosynthesized AgNPs with a 
size of zone of inhibition using 
well-diffusion method and b 
percent inhibition of bacterial 
growth using broth dilution 
method, against four tested 
bacteria: (1) Staphylococcus 
aureus, (2) Bacillus subtilis, (3) 
Pseudomonas aeruginosa, and 
(4) Escherichia coli 
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in the valence band reacts with water molecule  (H2O) adsorb 
on the surface of AgNPs to produce hydroxyl-free radical 
 (OH·) which is powerful oxidizing agent and electron in the 
conduction band react with  O2 to produce superoxide ions 
 O2

− which is a strong-reducing agent. Both the oxidizing and 
reducing agents are active reagents to decompose dye into 
simpler organic molecules adsorb on the surface of AgNPs 
[37–39]. Therefore, for the degradation of MB under visible 
light irradiation, the biosynthesized AgNPs may act as effec-
tive photocatalyst [33, 40].

Antibacterial activity of silver nanoparticles

The prominent zones of inhibition against both Gram-
positive and Gram-negative bacteria were observed using 
AgNPs. The diameter of zone of inhibition was found to 
increase with an increase in the concentration of AgNPs 
showing more noticeable effect towards Gram-negative 
organisms (Fig. 6a). Zone of inhibition assay, thus, pro-
vided a preliminary information about AgNPs’ antibacte-
rial activity against selected bacteria. Broth dilution assay 
was further performed to evaluate percent growth inhibi-
tion of selected bacteria at various concentrations of AgNPs 
(Fig. 6b). The results revealed that the bacterial growth 
was inhibited by AgNPs in a dose-dependent manner. The 
growth of S. aureus, B. subtilis, P. aeruginosa, and E. coli 
was inhibited by 12, 13, 24, and 26% at a lower concentra-
tion (15 µg/mL) of AgNPs, and by 45, 48, 66, and 62% at 
higher concentration (90 µg/mL), respectively. Since AgNPs 
synthesized using B. licheniformis M09 are of smaller in 
size, they probably have better-penetrating abilities through 
cell wall resulted in enhanced cidal effect against Gram-
negative bacteria. Though the detailed mechanism behind 

the efficacy of silver nanoparticles as an antibacterial agent 
is still unclear, it might be due to its penetration into the cell 
membrane by adhesion and further interaction with genetic 
material leading to the inhibition of replication process by 
altering the protein involved in the duplication of DNA and 
cellular metabolism [41].

In vitro anticancer/cytotoxicity

In this study, the cytotoxicity of biogenic AgNPs was tested 
against MCF-7 cell line by MTT assay and percentage cell 
viability was investigated (Fig. 7). The MTT assay is a 
widely accepted method which relies on the fact that the 
reduction of MTT to purple formazan is proportionate to 
the level of energy metabolism in the cells. Hence, the spec-
trophotometrical measurement of dye intensity is directly 
related to the number of viable cells. The proliferation of 
cancer cells (MCF-7) was found to be inhibited in a dose-
dependent manner when treated with varying concentrations 
of AgNPs. The green-synthesized AgNPs did not show a 
substantial effect on cell viability at lower concentrations. 
However, the cytotoxic effect was observed to increase with 
increase in concentrations of AgNPs. The cell growth was 
inhibited by 3, 9, 20, 44, 69, and 90% with the administra-
tion of 5, 10, 25, 50, 75, and 100 µg/mL of AgNPs, respec-
tively. Following the observations of cytotoxicity induced 
by AgNPs on MCF-7 cells resulted in the inhibitory con-
centration  (IC50) value of 56.25 µg/mL. The results suggest 
that AgNPs possess strong cytotoxic ability against MCF-7 
cells and our findings go well in agreement with the results 
reported in the earlier studies [42, 43].

Fig. 7  Graphical representation 
of in vitro cytotoxicity effect 
of biosynthesized AgNPs on 
human breast adenocarcinoma 
cells (MCF-7)
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Conclusion

The present research demonstrated an efficient green synthe-
sis approach for the synthesis of AgNPs from waste super-
natant generated after separating B. licheniformis M09 cells 
in fermentative arginase production. The biosynthesized 
AgNPs efficiently degraded MB dye with visible light irra-
diation and also proved to be an excellent antimicrobial as 
well as an anticancer agent. The current work suggests new 
approaches on similar lines by utilizing the other fermenta-
tion wastes, possibly rich in reducing agents for the synthesis 
of various nanoparticles. The outcomes of this study rec-
ommend that, apart from being simple, cost-effective and 
compatible, AgNPs synthesized by a facile method from 
waste supernatant are an efficient way for effluent treatment, 
ecological health, and environmental bioremediation. These 
biosynthesized AgNPs can also be explored for application 
in the field of pharmaceutics and food preservation.
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