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Abstract:

In recent years, the use of biological agents, such as plant extracts, for the green synthesis of
nanoparticles (NPs) has become increasingly popular. This study focuses on the bio
synthesis of silver NPswith the help of leaf extract from Ziziphus mauritianaalog with its
potential antifungal action against plant pathogenic fungi. The study investigated several
parameters, including AgCI2 concentration (ranging from 1 to 100 mM), aqueous extract
(100 to 900 pL), pH (4 to 10), incubation time (15 to 120 min), and temperature (30°C,
60°C, and 90°C) to determine their effect on the synthesis of AgNPs. The optimal
conditions for synthesis were found to be a 100 mM concentration of AgCl2, a temperature
of 30 °C, a pH of 6.0, and a duration of 120 min. The antifungal activity of the synthesized
nanoparticles was evaluated against Aspergillus terreus and Aspergillus niger, and it was
found to exhibit 53.5% and 65.1% inhibition rate, respectively, as measured by colony
formation assay. The NPs were characterized by UV-Visible spectroscopy, which showed
an absorption peak at around 460 nm. X-ray diffraction (XRD) revealed that the synthesized
nanoparticles showed a crestline structure with a size extending from 10 to 100 nm, and

SEM analysis demonstrated that they were nearly spherical in shape with no agglomeration.
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Furthermore, the antifungal study demonstrated that these silver NPs had potent antifungal

action.
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1.Introduction:

The production of metallic nanoparticles (NPs) is a thriving research field due to their breakthroughs
and significant achievements in multiple areas, including engineering and biomedicine (Gaoet
al.,2009,Vinci & Rapa 2019) The fascinating properties of metal NPs, such as drug delivery, imaging,
bio-sensing, and catalysis, have led to successful applications in various fields(Ocsoyet al.,2018).
Silver (Ag)NPs have been extensively utilized in biomedicine due to their exceptional biological
characteristics, along with other types of nanoparticles( Khanet al.,2014,Chernousova&Epple 2013,
Franciet al.,2015).

Nanoparticles possess novel and distinctive properties because of their small size and high surface-to-
volume ratio, which makes them highly attractive for biomedical applications. Consequently,
significant research efforts have been devoted to employing natural materials as safe and eco-friendly
agents for synthesizing nanoparticles(Ahmadet al., 2003, Ahmadet al., 2005,Philip 2010, Thakkaret
al., 2010).

Modern agriculture is confronted with significant challenges, including the attack of crops by insects
and pathogens (such as fungi and bacteria), as well as the ability of these pathogens to adapt to stress
conditions and develop resistance to traditional pesticides, resulting in substantial crop losses
(Spagnolettiet al.,2019, Segorbe et al., 2017, Hartmann et al., 2017). The use of chemical pesticides
is not only environmentally destructive, but also leads to persistent contamination of the soil and
poses various health risks to humans. Therefore, innovative strategies are required for pathogen
control and improving agricultural productivity. Nanoparticles have emerged as a promising approach
to combat plant pathogens and enhance crop yields in the agricultural sector(Spagnolettiet al.,2019).
However, the chemical synthesis of metallic nanoparticles using toxic organic solvents, reducing
agents, and stabilizers is associated with numerous drawbacks at all stages (Wanget al., 2012, Wanget
al., 2012).In contrast, green synthesis approaches can overcome these limitations. In the case of
AgNPs, biologically active materials derived from a variety of sources, such as microbes (bacteria and
fungi) and plants (plant extracts), are utilized for their synthesis, resulting in nanoparticles which
work against different microorganism(Aliet al.,2017, Khanet al 2018, Chowdhury et al., 2018,
Radhakrishnanet al., 2018, Huanget al., 2018).
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In various studies, different types of PEs have been utilized effectively for the production of various
metallic nanomaterials, including AgNPs. For example, researchers have used aqueous extracts of
coffee and tea leaves to prepare polydispersed Ag NPs of spherical shape, ranging in size from 5 to
100 nm. Additionally, biocompatible Ag NPs were obtained using the fruit extract and stem bark of
Terminalia chebula and Callicarpa maingayi respectively in other investigations (Nadagouda&
Varma 2008, Looet al., 2012)The present research utilized leaf extract of Ziziphus mauritiana(ZM-
LE), which is generally know as jujube, to synthesized silver NPs (ZM-AgNPs).Ziziphus plants
belongs to the Rhamnaceae family and is being used traditionally in the area of medicine for its
exceptional biological properties and nutritional value(Parmaret al., 2012). The plant grows in arid
region, and there are more than 40 diverse species of Ziziphus found globally (Mahajan &Chopda
2009). The plant secondary metabolites such asproteins, triterpenes, alkaloids and flavonoids as well
as saponinsand many vitamins are present in high quantity in leaf extract of ZM. As a result, it has

excellent antioxidant, antimicrobial, antitumor, and anticancer properties (Choiet al.,2011, Gao et al.,
2013)

The application of nanoparticles as antimicrobial agents is an emerging field, but their exact
mechanism of action remains unknown. Nevertheless, some researchers suggest that the production of
reactive oxygen species (oxidative stress) by AgNPs within the microorganism's cell is the main cause
of its toxicity and antimicrobial activity (Christensenet al.,2010, Chenet al., 2014). Several studies
have reported that exposure to AgNPs induces oxidative stress in microorganisms, leading to cell
death. For instance, (Spagnolettiet al.,2019)demonstrated that AgNPs cause oxidative stress in E. coli
by causing the formation of reactive oxygen species (ROS). Similarly, in
Phanerochaetechrysosporium, low concentrations of AgNPs stimulate an antioxidant effect
(peroxidase; POD, catalase; CAT,glutathione; GSH and superoxide dismutase; SOD), which results in
oxidative stress, whereas higher concentrations of AgNPs cause apoptosis (Huang et al., 2018).In
addition to rats, studies have also shown that oxidative stress mediated by ROS can occurs in various
organism such as higher plants, algae and Zebrafish(Choiet al., 2010, Aroraet al., 2009, Oukarroumet
al., 2012, Jianget al., 2014).

This study focuses on the synthesis of AgNPs utilizing Z. mauritiana leaf extract. The synthesized
sample was subjected to various analytical techniques including SEM-EDS (scanning electron
microscope-energy dispersive X-ray spectroscope), FTIR (Fourier transform infrared spectroscopy),
and XRD for characterization. Additionally, the antifungal activity of the sample was assessed. To
gain insight into the antifungal mechanism, mycelia of selected plant pathogenic fungi were exposed
to AgNPs, and the resulting oxidative stress was analyzed. Significant changes in the antioxidant

response were observed.

2. Experimental:
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2.1. Materials:

Silver Chloride (AgCl2) and the phytochemical screening reagents were purchased from
Sigma Aldrich. The plastic wares used were obtained from Tarsons Products Pvt. Ltd., India.
All solutions were prepared using sterile Milli-Q water.

2.2. Collection and Preparation of Z. mauritiana Leaves Extract:

Z. mauritiana (Jujube) fresh leaves were collected from the BBAU campus, Lucknow, Uttar Pradesh,
India. After being washed twice with water, they were dried for 3 days and then ground into a fine
powder using an electric blender. The aqueous extract of the leaves was prepared by mixing 10 g of
leaf powder with 100 mL of Milli-Q (100 mg/mL) in a 300 mL conical flask. The mixture was stirred
and heated to 70-90 C for an hour. The mixture was then allowed to cool to room temperature. The
leaf extract was obtained by centrifuging the resultant mixture at 6500 rpm for 20 minutes. The
residual powder was collected by simple decantation and stored in a refrigerator at 4°C for later use.

The resulting powder is known as leaf extract.
2.3. Leaf Extract Based Synthesis of Silver (Ag) Nanoparticles

In this experiment, a 10 mL aqueous solution of ZM-LE (100 mg/mL) was added to 90 mL of water
containing a 0.1M AgCl2 solution. The resulting mixture was then stirred and heated to 95°C for 30
minutes. After this, the mixture was incubated at 85°C for 15 minutes. The solution was then
centrifuged at 10,000 rpm for 10 minutes to obtain the precipitate (AgNPs), which was washed twice
with double-distilled water and centrifuged again at 10,000 rpm for 10 minutes. The resulting mass

was collected and dried at 30-43°C in a hot air oven. The dried AgNPs were then scraped and stored.

To optimize the reaction conditions, various reactions were carried out by varying parameters such as
time, temperature, and precursor concentration. For example, to optimize the reaction time, the
incubation time was varied between 20 to 120 minutes while keeping other conditions constant.
Similarly, for temperature optimization, the incubation temperature was varied between 25 to 95°C.
Additionally, reactions with different concentrations of AgCl, and leaf extract were carried out to
investigate their effect on the quality of AgNPs produced. The concentration of AgCl, ranged between
0.25 to 0.1 mM, while the concentration of leaf extract ranged from 1 to 10 ml.

2.4 Isolation of fungus:

The cultures of Aspegillusterreus and Aspergillus niger was collected from the laboratory(Singh &
Dwivedi.(2020,2022))

2.5 Fungi and their molecular characterization:
The molecular characterization of both test fungus was done by(Singh & Dwivedi(2020,2022))

2.6 Characterization of Synthesized AgNPs:
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2.6.1 Electron Microscopy Analysis:

The JEOL JSM-6490LV model was utilized for electron microscopy to analyzeAgNPs, which were
coupled with an Energy Dispersive X-ray Spectrophotometer (EDS). The AgNPs were dried in an
oven at 40°C for 10 hours, mounted on aluminum studs using carbon tape, and coated with platinum
before analysis to ascertain their shape. To determine the size dimension of the AgNPs, a copper grid
was used for FE-SEM analysis using a Scanning Electron Microscope (JEOL)

2.6.2 XRD Analysis

X-ray diffraction was used to analyze the crystalline structure of synthesized AgNPs which were dried
in an oven at 40°C for 10 hours. The XRD was performed via a Bruker D8 Advance Eco model from

Germany.
2.6.3 FTIR Spectroscopy:

Fourier transform infrared spectroscopy (FTIR) was employed in the USA to examine the IR
spectrum of silver nanoparticles. The sample was prepared for FTIR analysis by blending it with solid
KBr (potassium bromide) and pressing the mixture with a hydraulic press to form thin, see-through
pellets. The IR absorbance of the sample was measured across a wavelength range of 4000 to 400 cm-

1, as stated in references (Babu& Gunasekaran 2009).

2.7 Antifungal Activity Against Plant Pathogenic Fungi
Antifungal Assay

To determine the antifungal activity of AgNPs, the plate dilution method was employed. Different
concentrations of AgNPs (0.25, 0.50, 1, 2, 4 mg/L) were introduced into PDA medium and poured
into 90 mm diameter petri plates. The AgNPs-modified plates were then inoculated with a 0.5 cm
diameter of 7"-day-old culture of Aspergillus niger and Aspergillus terrius GPB and incubated at 28 +
1°C for six days. Colony diameter was measured at regular intervals to track growth in the plates. The

inhibition percentage was measured by following formula:

p=2"% %100
T A

where Ip: inhibition percentage, A: radial growth of fungal colony on without AgNPs amended PDA
plate, a: radial growth of fungal colony on AgNPs amended PDA plate.

2.8 Analysis of Lipid Peroxidation and Antioxidant Response in Fungi Exposed to AgNPs

To evaluate the degree of lipid peroxidation, Aspergillus niger and Aspergillus terreus mycelial

biomass was collected after six days of growth in PDB medium containing different concentrations of
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AgNPs (0, 0.25, and 1 mg/L). The extent of lipid peroxidation was determined by measuring the
levels of malondialdehyde (MDA), a known marker for lipid peroxidation, using the method
described by(Zhanget al.,2007). In addition, we assessed the antioxidant response by analyzing the
activity of catalase (CAT) (Xuet al.,2010) and peroxidase (POD)(Zhuet al., 2004) in both fungi grown

under different concentrations of AgNPs.
2.9 Data Analysis:

The evolutionary analysis of isolate GPB was carried out using MEGA X(Kumar et al., 2018) The
obtained data were subjected to analysis of variance (ANOVA) using SPSS software version 20.0.
Post hoc analysis was performed using the Duncan Multiple Range Test (DMRT) with a significance

level set at P <0.05 to compare the means of the data.

Results and Discussion

3.1 Molecular identification of selected fungus:

Molecular identification of both the test fungus was done by (Singh & Dwivedi(2020,2022))
3.2 Characterization of biosynthesized AgNPs UV—Visible Spectroscopic Analysis

At the beginning of the AgNP synthesis experiment, no color difference was seen in the solution
incubated in the darkened condition even after 2 hours, while the solution which was incubated in the
presence of sunlight turned dark brown, indicating the synthesis of Ag nanoparticles. To confirm the
synthesis of AgNPs, the difference in color from transparent to dark brown in the sunlight-incubated
sample was scanned with the help of UV-Visible spectrophotometer in the spectral band of 300-700
nm. A sharp peak at 460 nm was noticed(Fig.1), which is indicative of the synthesis of AgNPs
because of the Surface Plasmon Resonance (SPR) phenomenon in the NPs(Verma et al., 2016,Kumar
et al,, 2016). It should be noted that the color change caused by the SPR phenomenon is dependent on
the size, concentration, and reducing material of the nanoparticles (Kumar et al., 2016, Lee et al.,
2016).
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Fig.1 Detection of biosynthesized AgNPs using extract of ZM leaf extract by UV-visible

spectrophotometer

3.3 SEM/EDX Analysis of Silver Nanoparticles

The shape and size of AgNPs were determined using SEM analysis. The images displayed both
individual AgNPs and aggregates, with particle sizes ranging from 67-120nm. The dominant size was
120nm for individual cubical particles (refer to Fig. 2). The AgNPs had a spherical and cubical shape
with an uneven surface, and the images of SEM displayed that they were stable and in close contact
with each other. Some aggregated nanoparticles were also present with slightly larger, uneven
structures and their morphology was not so distinct. The analysis of EDX indicated a significant rise
in peak near 3.0 keV, corresponding to Ag’s binding energies (refer to Fig. 2), suggesting that the
high-purity Ag were present in synthesized nanoparticles. Chlorine was detected too in the EDX
analysis. The weight % of Ag was determined to be 98.20, confirming the existence of AgNPs in the
synthesized sample of NPs. Similar findings have been reported for synthesized silver nanoparticles
from various sources, further supporting the presence of Ag (Francis et al., 2017,Dhand et al., 2016,

Mohammed et al., 2018, Bocate et al., 2019).
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Fig. 2(a) SEM analysis of synthesized AgNPs, (b) EDX Spectrum of silver nanoparticles

3.4 FTIR Analysis:

The presences of functional groups on the synthesized nanoparticle of Ag were analyzed by FTIR.
The results are revealed in Figure 3 and in table 1the corresponding functional groups are mentioned.

The observed peak at 3387.0 cm-1 is indicative of the stretching vibrations of N-H and O-H. The
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prominent peak observed at 1610.0 cm-1 corresponds to the extending vibrations of C=O(Kumar et
al., 2019, Neethu et al., 2018). The peak at 1382.6 cm-1 represents the stretching vibrations of —
COOH, while the band of absorption at 1036.2 cm-1 indicates the stretching vibrations of the
phosphate group. The bending vibrations of SO2 are represented by the absorption band at 635.8 cm-
1. The presence of functional groups likes C=0, N-H and COOH may have played a significant part
in the bio-reduction of Ag+ to AgNPs (Saravanakumar et al., 2017).Previous studies have suggested
that carbonyl groups and amino acids in peptide bonds of proteins may bind strongly to metals and

form a coating on the synthesized metallic nanoparticles (Basavaraja et al., 2008).

S.no. Peak(cm—") Assignment

1. 3387.0 —OHand—NHstretching

2. 1610.0 C=Ostretching

3. 1382.6 COOHstretching

4. 1036.2 Phosphatestretching

6. 635.8 SOsstretchinginsulphones
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Fig. 3 Detection of biosynthesized AgNPs using extract of ZM leaf by FTIR spectra.

3.5 XRD Analysis

XRD was utilized in order to confirm the crystallinity of AgNPs obtained via ZM-LE as displayed in
Figure (4). The prepared ZM-AgNPs had a cubic lattice, the presence of 5 distinct peaks in the pattern
of XRD provides evidence like, 27.77" (111), 32.29° (200), 37.10° (111), 43.44" (200), 46.15" (220),
50.10° (311), and 57.44" (222) as well as some major peaks at 2h position 27.77", 32.29" and 35.10°
denoting the different plane (111), (200), (111) respectively (Wojnicki et al.,2019, Yang et al.,

2016,Rajaram et al., 2015). These results showed that AgNPs are crystalline in nature. Some recent
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studies found similar results and reached the same conclusion(Wojnicki et al.,2019, Yang et al., 20186,

Anandalakshmi et al., 2016).
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Fig. 4 Detection of biosynthesized AgNPs using extract of ZM leaf by XRD analysis.

3.6 Antimicrobial Properties:

The antifungal assay was conducted using various concentrations of ZM-AgNPs (0.25, 0.50, 1, 2, 4
mg/L) against 4. terreus and A. niger fungal strains, and the resulting inhibition zones are shown in
Fig. (4). The biosynthesized AgNPs at a dilution of 4 mg/L showed the highest zone of inhibition
against both A. terreus (53.5%) and A. niger (65.1%) compared to other dilutions. The decrease in
ZM-AgNPs concentration lead to the decreased in the zone of inhibition. However, the observed
findings (Fig. 5) were lower than the control value (100%) (Fig.5(a) and 5(b)). These findings suggest

that ZM-AgNPs exhibit selective antimicrobial activity against pathogenic fungal species.
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Fig.5 Inhibition percentage of (a)Aspergillus terreus and (b)Aspergillus niger at different
concentration of biosynthesized AgNPs (mean + standard deviation of three replicates followed by the

same letter are not significantly different at the level of p <0.05DMRT)
3.7 Lipid Peroxidation:

In previous studies, it was observed that exposure to AgNPs increased lipid peroxidation in green
algae, higher plants, and zebra fish (Choi et al., 2010, Oukarroum et al.,2012, Jiang et al., 2014). The
current study found that the accumulation of melondialdehyde (MDA) in 4. niger and A. terreus
significantly increased as the concentration of AgNPs increased from 0 to 0.25 and 1 mg/L (Table 2).
MDA accumulation in 4. niger was consistently more than in 4. ferreus across all treatments, which
may have contributed to the higher inhibition at less AgNPs concentrations and the severe inhibition
of both fungi when the concentration is increased gradually. Similar findings were reported in
Phanerochaetechrysosporium, where rise in MDA accumulation was observed with increase AgNPs
concentration(Huang et al., 2018). It has been reported that ROS production in the presence of AgNPs
inhibit Candida albicans, Alternaria brassicicola, and Fusarium oxysporum(Radhakrishnan et al.,
2018, Kumari et al., 2019). In microbes and plants, under environmental stress condition like heavy
metals, drought and osmotic stress, MDA i.e the end product of Lipid peroxidation is produced by
ROS(Huang et al., 2018, Chen et al.,, 2014,Choi et al., 2010,Jiang et al., 2014,Xu et al.,2012)
.Therefore, it can be concluded that the major inhibition in the growth of A. nigerGPB and 4. terreus

is due to ROS are produced in the presence of AgNPs.
3.8Antioxidant Response:

The table (Table 2) illustrates the effect of varying concentrations of AgNPs on the activity of CAT in
A. niger and A. terreus. When exposed to AgNPs, the CAT activity in both fungi increased
significantly. In A. niger, the CAT activity increased from 0.015 + to 0.0177 + 3.51 IM H202/min/mg
protein with the rise in concentration of AgNPsranging from 0-0.25 and to 1 mg/L. Similarly, in A.
terreus, the CAT activity increased from 0.0114 + 2.0 to 0.0161 = 3.51 1 M H202/min/mg of protein
with the rise in concentration of AgNPs from 0-0.25 and to 1 mg/L.

A study conducted by (Huang et al., 2018) on the impact of AgNPs on Phanerochaetechrysosporium
showed an increment in CAT activity in the presence of AgNPs. It has been reported that CAT plays a
vital function in scavenging H202, that is produced under stressful conditions(Kumar & Dwivedi
2019,Prasad et al ., 2018, Xu et al., 2012, Kumar et al., 2019, Kumar & Dwivedi 2019The presence of
AgNPs has been shown to produce H202 and ROS in both the pathogenic fungi, supporting the
hypothesis that AgNPs induce oxidative stress and death of cell. However, at lower concentrations of
AgNPs, both A. niger and A. terreus showed a strong antioxidant response. Higher concentrations of
AgNPs may result in the induction of high amounts of H202 and ROS, which may be greater than the

antioxidative potential of the fungi, resulting in major inhibition of fungal growth.
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The variation in POD activity is connected to metabolizable constituents’ degradation in microscopic
organism and also their growth(Serra-Wittling 1995). During this research, the trend in POD action
was identical to that of CAT action in fungi exposed to AgNPs. At 1 mg/L of AgNPs, POD activity in
A. niger increased considerable to 0.065U mg-1 protein, accompanied by 0.0012 U mg-1 protein in A.
terreus (Table 2). An identcal variation in POD was observed in P. chrysosporium after
AgNPscontact(Huang et al., 2018). Antioxidant responses such as changes in SOD,POD, CAT, and
GSH after nanoparticle exposure have also been described in various microbes and plants(Huang et

al., 2018, Spagnoletti et al., 2019, Gupta et al., 2018,Kanaujiya et al., 2020, Kumar& Dwivedi 2019).

The impact of AgNPs on lipid peroxidation, as well as the activity of CAT and POD enzymes in A.
niger and A. terreus, was assessed. The obtained results are expressed as the mean of three replicates
+ standard deviation. Any two groups denoted by similar letter indicate no significant change at the

level of p<0.05 (determined using DMRT).

AgNPsconcentration(mg/L) LipidPeroxidation(MDA)(mU/mgofprot) Catalase(1 MH,0,/min/mgprot) Peroxidase(U/mgprot)
Aspergillus niger

0 3.83+0.35" 0.015+2.64" 0.0161+0.15°

0.25 25.23+0.90° 0.0154 +3.60" 0.0153+0.32°

1 32.2+0.95° 0.0177 £3.51° 0.065+0.30°
Aspergillus terreus

0 1.53+0.20° 0.0114+2.0° 0.0011+0.15°

0.25 13.10£0.52° 0.0133+3.21° 0.0007+0.15"

1 18.67+1.01° 0.0161+3.51° 0.0012+0.35°

4.Conclusion

Biosynthesized AgNPs produced from the leaf extract of Z. mauritiana have a high potential for
inhibiting the growth of Aspergillus niger and Aspergillus terreus, which are plant pathogenic fungi.
This is due to their crystalline nature, size range of 65-130 nm, and high functional group availability
that leads to the production of ROS. Various techniques such as UV-Vis spectroscopy, FTIR, XRD,
SEM, and FE-SEM analysis were used to characterize the green synthesized ZM-AgNPs, revealing
spherical shaped AgNPs with an average size of 65-129 nm.Additionally, biosynthesized ZM-AgNPs
exhibited efficient antifungal activity against A. terreus and A. niger in a short time, as demonstrated
by the inhibition zone and minimum concentration of inhibition. As a result, these AgNPs can be used
on a large scale in an eco-friendly and cost-effective manner to control the aforementioned test fungal

species.

49



Acta Traditional Medicine
Volume 01, Issue 02, 2022

References:
Ahmad, A., Senapati, S., Khan, M. 1., Kumar, R., & Sastry, M. (2003). Extracellular biosynthesis of

monodisperse gold nanoparticles by a novel extremophilic actinomycete, Thermomonospora

sp. Langmuir, 19(8), 3550-3553.

Ahmad, A., Senapati, S., Khan, M. I., Kumar, R., & Sastry, M. (2005). Extra-/intracellular
biosynthesis of gold nanoparticles by an alkalotolerant fungus, Trichothecium sp. Journal of

Biomedical Nanotechnology, 1(1), 47-53.

Ali, E. O. M., Shakil, N. A., Rana, V. S., Sarkar, D. J., Majumder, S., Kaushik, P., ... & Kumar, J.
(2017). Antifungal activity of nano emulsions of neem and citronella oils against
phytopathogenic fungi, Rhizoctonia solani and Sclerotium rolfsii. Industrial crops and

products, 108, 379-387.

Anandalakshmi, K., Venugobal, J., & Ramasamy, V. J. A. N. (2016). Characterization of silver
nanoparticles by green synthesis method using Pedalium murex leaf extract and their

antibacterial activity. Applied nanoscience, 6, 399-408.

Arora, S., Jain, J., Rajwade, J. M., &Paknikar, K. M. (2009). Interactions of silver nanoparticles with
primary mouse fibroblasts and liver cells. Toxicology and applied pharmacology, 236(3),

310-318.

Babu, M. G., & Gunasekaran, P. (2009). Production and structural characterization of crystalline
silver nanoparticles from Bacillus cereus isolate. Colloids and surfaces B:

Biointerfaces, 74(1), 191-195.

Basavaraja, S., Balaji, S. D., Lagashetty, A., Rajasab, A. H., & Venkataraman, A. (2008).
Extracellular biosynthesis of silver nanoparticles using the fungus Fusarium

semitectum. Materials Research Bulletin, 43(5), 1164-1170.

50



Acta Traditional Medicine
Volume 01, Issue 02, 2022

Bocate, K. P., Reis, G. F., de Souza, P. C., Junior, A. G. O., Duran, N., Nakazato, G., ... &Panagio,
L. A. (2019). Antifungal activity of silver nanoparticles and simvastatin against toxigenic

species of Aspergillus. International journal of food microbiology, 291, 79-86.

Chen, A., Zeng, G., Chen, G., Liu, L., Shang, C., Hu, X., ... & Zhang, Q. (2014). Plasma membrane
behavior, oxidative damage, and defense mechanism in Phanerochaetechrysosporium under

cadmium stress. Process Biochemistry, 49(4), 589-598.

Chernousova, S., &Epple, M. (2013). Silver as antibacterial agent: ion, nanoparticle, and

metal. AngewandteChemie International Edition, 52(6), 1636-1653.

Choi, J. E., Kim, S., Ahn, J. H., Youn, P., Kang, J. S., Park, K., ... & Ryu, D. Y. (2010). Induction of
oxidative stress and apoptosis by silver nanoparticles in the liver of adult zebrafish. Aquatic

Toxicology, 100(2), 151-159.

Choi, S. H., Ahn, J. B., Kozukue, N., Levin, C. E., & Friedman, M. (2011). Distribution of free
amino acids, flavonoids, total phenolics, and antioxidative activities of jujube (Ziziphus
jujuba) fruits and seeds harvested from plants grown in Korea. Journal of agricultural and

food chemistry, 59(12), 6594-6604.

Chowdhury, S., Basu, A., & Kundu, S. (2014). Green synthesis of protein capped silver
nanoparticles from phytopathogenic fungus Macrophominaphaseolina (Tassi) Goid with
antimicrobial properties against multidrug-resistant bacteria. Nanoscale research letters, 9(1),

I-11.

Christensen, F. M., Johnston, H. J., Stone, V., Aitken, R. J., Hankin, S., Peters, S., &Aschberger, K.
(2010). Nano-silver—feasibility and challenges for human health risk assessment based on

open literature. Nanotoxicology, 4(3), 284-295.

51



Acta Traditional Medicine
Volume 01, Issue 02, 2022

Dhand, V., Soumya, L., Bharadwaj, S., Chakra, S., Bhatt, D., & Sreedhar, B. (2016). Green synthesis
of silver nanoparticles using Coffea arabica seed extract and its antibacterial

activity. Materials Science and Engineering: C, 58, 36-43.

Franci, G., Falanga, A., Galdiero, S., Palomba, L., Rai, M., Morelli, G., &Galdiero, M. (2015). Silver

nanoparticles as potential antibacterial agents. Molecules, 20(5), 8856-8874.

Francis, S., Joseph, S., Koshy, E. P., & Mathew, B. (2017). Green synthesis and characterization of
gold and silver nanoparticles using Mussaenda glabrata leaf extract and their environmental

applications to dye degradation. Environmental Science and Pollution Research, 24, 17347-

17357.

Gao, J., Gu, H., & Xu, B. (2009). Multifunctional magnetic nanoparticles: design, synthesis, and

biomedical applications. Accounts of chemical research, 42(8), 1097-1107.

Gao, Q. H., Wu, C. S., & Wang, M. (2013). The jujube (Ziziphus jujuba Mill.) fruit: a review of
current knowledge of fruit composition and health benefits. Journal of agricultural and food

chemistry, 61(14), 3351-3363.

Gupta, S. D., Agarwal, A., & Pradhan, S. (2018). Phytostimulatory effect of silver nanoparticles
(AgNPs) on rice seedling growth: An insight from antioxidative enzyme activities and gene

expression patterns. Ecotoxicology and Environmental Safety, 161, 624-633.

Hartmann, F. E., Sanchez-Vallet, A., McDonald, B. A., &Croll, D. (2017). A fungal wheat pathogen
evolved host specialization by extensive chromosomal rearrangements. The ISME

journal, 11(5), 1189-1204.

Huang, Z., He, K., Song, Z., Zeng, G., Chen, A., Yuan, L., ... & Chen, G. (2018). Antioxidative
response of Phanerochaetechrysosporium against silver nanoparticle-induced toxicity and its

potential mechanism. Chemosphere, 211, 573-583.

52



Acta Traditional Medicine
Volume 01, Issue 02, 2022

Jiang, H. S., Qiu, X. N, Li, G. B., Li, W., & Yin, L. Y. (2014). Silver nanoparticles induced
accumulation of reactive oxygen species and alteration of antioxidant systems in the aquatic

plant Spirodelapolyrhiza. Environmental toxicology and chemistry, 33(6), 1398-1405.

Kanaujiya, D., Kumar, V., Dwivedi, S. K., & Prasad, G. (2020). Photobiosynthesis of silver
nanoparticle using extract of Aspergillus flavus CR500: its characterization, antifungal
activity and mechanism against Sclerotium rolfsii and Rhizoctonia solani. Journal of Cluster

Science, 31, 1041-1050.

Khan, A. U., Malik, N., Khan, M., Cho, M. H., & Khan, M. M. (2018). Fungi-assisted silver
nanoparticle synthesis and their applications. Bioprocess and biosystems engineering, 41, 1-

20.

Khan, M., Al-Marri, A. H., Khan, M., Mohri, N., Adil, S. F., Al-Warthan, A., ... & Tahir, M. N.
(2014). Pulicariaglutinosa plant extract: a green and eco-friendly reducing agent for the

preparation of highly reduced graphene oxide. RSC Advances, 4(46), 24119-24125.

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: molecular evolutionary

genetics analysis across computing platforms. Molecular biology and evolution, 35(6), 1547.

Kumar, V., & Dwivedi, S. K. (2019). Hexavalent chromium reduction ability and bioremediation
potential of Aspergillus flavus CR500 isolated from electroplating

wastewater. Chemosphere, 237, 124567.

Kumar, V., & Dwivedi, S. K. (2019). Hexavalent chromium stress response, reduction capability and
bioremediation potential of Trichoderma sp. isolated from electroplating

wastewater. Ecotoxicology and Environmental Safety, 185, 109734,

Kumar, V., & Dwivedi, S. K. (2020). Multimetal tolerant fungus Aspergillus flavus CR500 with

remarkable stress response, simultaneous multiple metal/loid removal ability and

53



Acta Traditional Medicine
Volume 01, Issue 02, 2022

bioremediation potential of wastewater. Environmental Technology & Innovation, 20,

101075.

Kumar, V., Singh, D. K., Mohan, S., & Hasan, S. H. (2016). Photo-induced biosynthesis of silver
nanoparticles using aqueous extract of Erigeron bonariensis and its catalytic activity against

Acridine Orange. Journal of Photochemistry and Photobiology B: Biology, 155, 39-50.

Kumar, V., Singh, S., Singh, G., & Dwivedi, S. K. (2019). Exploring the cadmium tolerance and
removal capability of a filamentous fungus Fusarium solani. Geomicrobiology

Journal, 36(9), 782-791.

Kumari, M., Giri, V. P., Pandey, S., Kumar, M., Katiyar, R., Nautiyal, C. S., & Mishra, A. (2019).
An insight into the mechanism of antifungal activity of biogenic nanoparticles than their

chemical counterparts. Pesticide biochemistry and physiology, 157, 45-52.

Lee, J. H,, Lim, J. M., Velmurugan, P., Park, Y. J., Park, Y. J., Bang, K. S., & Oh, B. T. (2016).
Photobiologic-mediated fabrication of silver nanoparticles with antibacterial activity. Journal

of Photochemistry and Photobiology B: Biology, 162, 93-99.

Loo, Y. Y., Chieng, B. W., Nishibuchi, M., & Radu, S. (2012). Synthesis of silver nanoparticles by
using tea leaf extract from Camellia sinensis. International journal of nanomedicine, 4263-

4267.

Mahajan, R. T. C. M., &Chopda, M. (2009). Phyto-Pharmacology of Ziziphus jujuba Mill-A plant

review. Pharmacognosy Reviews, 3(6), 320.

Nadagouda, M. N., & Varma, R. S. (2008). Green synthesis of silver and palladium nanoparticles at

room temperature using coffee and tea extract. Green Chemistry, 10(8), 859-862.

Neethu, S., Midhun, S. J., Sunil, M. A., Soumya, S., Radhakrishnan, E. K., &Jyothis, M. (2018).

Efficient visible light induced synthesis of silver nanoparticles by Penicillium polonicum

54



Acta Traditional Medicine
Volume 01, Issue 02, 2022

ARA 10 isolated from Chetomorphaantennina and its antibacterial efficacy against
Salmonella enterica serovar Typhimurium. Journal of Photochemistry and Photobiology B:

Biology, 180, 175-185.

Ocsoy, ., Tasdemir, D., Mazicioglu, S., Celik, C., Kati, A., & Ulgen, F. (2018). Biomolecules
incorporated metallic nanoparticles synthesis and their biomedical applications. Materials

Letters, 212, 45-50.

Oukarroum, A., Bras, S., Perreault, F., & Popovic, R. (2012). Inhibitory effects of silver
nanoparticles in two green algae, Chlorella vulgaris and Dunaliellatertiolecta. Ecotoxicology

and environmental safety, 78, 80-85.

Parmar, P., Bhatt, S., Dhyani, S., & Jain, A. (2012). Phytochemical studies of the secondary
metabolites of Ziziphus Mauritiana Lam. Leaves. International journal of current

pharmaceutical research, 4(3), 153-155.

Philip, D. (2010). Honey mediated green synthesis of silver nanoparticles. Spectrochimica Acta Part

A: Molecular and Biomolecular Spectroscopy, 75(3), 1078-1081.

Prasad, G., Kumar, V., & Dwivedi, S. K. (2018). Antifungal activity of some selected medicinal

plants against Fusarium solani causing wilt and rot in Pearl millet. 4JBS, 13(1), 21-27.

Radhakrishnan, S., Munuswamy, D. B., Devarajan, Y., & Mahalingam, A. (2018). Effect of
nanoparticle on emission and performance characteristics of a diesel engine fueled with
cashew nut shell biodiesel. Energy Sources, Part A: Recovery, Utilization, and

Environmental Effects, 40(20), 2485-2493.

Rajaram, K., Aiswarya, D. C., &Sureshkumar, P. (2015). Green synthesis of silver nanoparticle

using Tephrosia tinctoria and its antidiabetic activity. Materials Letters, 138, 251-254.

55



Acta Traditional Medicine
Volume 01, Issue 02, 2022

Saravanakumar, A., Peng, M. M., Ganesh, M., Jayaprakash, J., Mohankumar, M., & Jang, H. T.
(2017). Low-cost and eco-friendly green synthesis of silver nanoparticles using Prunus
japonica (Rosaceae) leaf extract and their antibacterial, antioxidant properties. Artificial cells,

nanomedicine, and biotechnology, 45(6), 1165-1171.

Segorbe, D., Di Pietro, A., Pérez-Nadales, E., &Turra, D. (2017). Three Fusarium oxysporum
mitogen-activated protein kinases (MAPKs) have distinct and complementary roles in stress

adaptation and cross-kingdom pathogenicity. Molecular Plant Pathology, 18(7), 912-924.

Serra-Wittling, C., Houot, S., &Barriuso, E. (1995). Soil enzymatic response to addition of municipal

solid-waste compost. Biology and Fertility of Soils, 20, 226-236.

Singh, G., & Dwivedi, S. K. (2020). Decolorization and degradation of Direct Blue-1 (Azo dye) by
newly isolated fungus Aspergillus terreus GS28, from sludge of carpet

industry. Environmental Technology & Innovation, 18, 100751.

Singh, G., & Dwivedi, S. K. (2022). Mechanistic, adsorption kinetics and confirmatory study of
Congo red dye removal by native fungus Aspergillus niger. Biomass Conversion and

Biorefinery, 1-19.

Spagnoletti, F. N., Spedalieri, C., Kronberg, F., & Giacometti, R. (2019). Extracellular biosynthesis
of bactericidal Ag/AgCl nanoparticles for crop protection using the fungus

Macrophominaphaseolina. Journal of environmental management, 231, 457-466.

Thakkar, K. N., Mhatre, S. S., & Parikh, R. Y. (2010). Biological synthesis of metallic

nanoparticles. Nanomedicine: nanotechnology, biology and medicine, 6(2), 257-262.

Verma, D. K., Hasan, S. H., &Banik, R. M. (2016). Photo-catalyzed and phyto-mediated rapid green
synthesis of silver nanoparticles using herbal extract of Salvinia molesta and its antimicrobial

efficacy. Journal of photochemistry and photobiology B: biology, 155, 51-59.

56



Acta Traditional Medicine
Volume 01, Issue 02, 2022

Vinci, G., & Rapa, M. (2019). Noble metal nanoparticles applications: Recent trends in food

control. Bioengineering, 6(1), 10.

Wang, F., Hu, Y., Guo, C., Huang, W., & Liu, C. Z. (2012). Enhanced phenol degradation in coking
wastewater by immobilized laccase on magnetic mesoporous silica nanoparticles in a

magnetically stabilized fluidized bed. Bioresource technology, 110, 120-124.

Wang, Y., Westerhoff, P., &Hristovski, K. D. (2012). Fate and biological effects of silver, titanium
dioxide, and C60 (fullerene) nanomaterials during simulated wastewater treatment

processes. Journal of hazardous materials, 201, 16-22.

Wojnicki, M., Tokarski, T., Hessel, V., Fitzner, K., &Luty-Btocho, M. (2019). Continuous,
monodisperse silver nanoparticles synthesis using microdroplets as a reactor. Journal of Flow

Chemistry, 9, 1-7.

Xu, J., Yin, H., Li, Y., & Liu, X. (2010). Nitric oxide is associated with long-term zinc tolerance in

Solanum nigrum. Plant Physiology, 154(3), 1319-1334.

Xu, J., Zhu, Y., Ge, Q., Li, Y., Sun, J., Zhang, Y., & Liu, X. (2012). Comparative physiological
responses of Solanum nigrum and Solanum torvum to cadmium stress. New

Phytologist, 196(1), 125-138.

Yang, H., Wang, Y., Chen, X., Zhao, X., Gu, L., Huang, H., ... & Zheng, N. (2016). Plasmonic

twinned silver nanoparticles with molecular precision. Nature communications, 7(1), 128009.

Zhang, F. Q., Wang, Y. S., Lou, Z. P., & Dong, J. D. (2007). Effect of heavy metal stress on
antioxidative enzymes and lipid peroxidation in leaves and roots of two mangrove plant

seedlings (Kandeliacandel and Bruguieragymnorrhiza). Chemosphere, 67(1), 44-50.

57



Acta Traditional Medicine
Volume 01, Issue 02, 2022

Zhu, Z., Wei, G., Li, J., Qian, Q., & Yu, J. (2004). Silicon alleviates salt stress and increases
antioxidant enzymes activity in leaves of salt-stressed cucumber (Cucumis sativus L.). Plant

Science, 167(3), 527-533.

58



