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Abstract
Silver nanoparticles were fabricated in the presence and absence of light with silver nitrate and aqueous extract of Prunus
cerasifera leaf via facile and one-pot green method. P. cerasifera leaf extract reduced and stabilized the nanoparticles with
phytometabolites expunging the need for addition of external reducing agents. Optimized silver nanoparticle syntheses was done
with variations in leaf extract concentration, time, temperature, and molarity for deciphering the photocatalytic, antifungal, and
antibacterial potential of synthesized nanoparticles. Optical, compositional, and morphological analyses of the synthesized
nanoparticles were done by UV-visible spectrometry (UV-Vis), Fourier transform infrared spectroscopy (FTIR), atomic force
microscopy (AFM), scanning electron microscopy (SEM), and X-ray diffraction (XRD). Formation of silver nanoparticles was
confirmed firstly through UV-Vis by exhibition of peaks with 400–450 nm. FTIR confirmed the presence of major organic
groups responsible for reduction of nanoparticles. AFM confirmed the spherical morphology of the synthesized nanoparticles
with remarkable dispersion without any agglomeration. Phytochemical analysis for P. cerasifera leaf metabolites was done by
GC-MS. Spherical nanoparticles having a size range of 57–144 nmwere obtained with face-centered cubic crystals. The average
crystallite size obtained fromXRD spectra was 2.34 nm. Enhanced photocatalytic first-order kinetics were obtained for persistent
organic pollutants, i.e., crystal violet, methylene blue, and malachite green (R2 = 0.99, 0.99, 0.98) in less than 15 min. Biomedical
and agricultural significance as an antibiotic drug and utilization as a fungicides substitute was explored against nine resistant
microbes. Statistically significant variations were analyzed via one-way analysis of variance (ANOVA) and Kruskal-Wallis test
and specific multi comparison tests. Active to highly active inhibition zones manifested the use of biogenic silver nanoparticles as
potential candidate for applications in biological arenas and as environmental remediators.
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Introduction

Nanotechnology and biology when unified, known as
nanobiotechnology is a significant field associated with the
fabrication of bioinspired and sustainable technology through
which nanoscale materials are developed for different appli-
cations. Currently, nanotechnology has been greatly employed
for balancing the ecological functioning via removal of ob-
noxious chemicals invading environment and deteriorating its
quality explored in different investigations (Shaheen et al.

2016; Zahra et al. 2017; Amjad et al. 2019; Ali et al. 2019).
Nanomaterials with desired characteristics and eco-friendly
nature have brought a nanorevolution. However, such revolu-
tion is also marked by some concerns from environmentalists
when the mode of synthesis is only limited to chemico-
physical modes particularly aimed at medical applications
(Nayak et al. 2019; Ahmad and Jaffri 2018b; Jaffri and
Ahmad 2018c). Among different metallic nanoparticles syn-
thesized, silver nanoparticles are of prime significance for
their utilization in a myriad of medical, industrial, and eco-
remediation purposes (Qasim Nasar et al. 2019). Variety of
physicochemical methods employing synthetic reducing
agents and organic solvents with elevated toxicities have been
used for silver nanoparticle (SNP) synthesis. Such methods
have detrimental impacts on environment despite the fact that
they produce nanoparticles with higher purity indices (Jaffri
and Ahmad 2018d). Physical synthetic modes are known for
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utilization of deposition of material in gaseous phase, laser
burning, grinding in a mechanical mode, or ionic sputtering.
In such methods, toxic substances are released into the envi-
ronment in addition to the production of large-sized nanopar-
ticles, e.g., 90–110 nm ranging SNPs were synthesized by DC
magnetron sputtering by using anodic alumina template in
nanoporous form (Gohil et al. 2007). Physical synthetic routes
have a requirement for the elevated reaction conditions that
not only employ heavier capital costs but also need installation
of advanced machineries. Similarly, chemical modes cannot
be completed without addition of the environmentally detri-
mental and expensive reducing agents. In case of chemical
methods, solution left from reaction is usually environmental-
ly obnoxious, harmful, or possess an elevated acidity or alka-
linity, e.g., 10–250 nm SNPs were synthesized using poly[N-
vinylpyrolidone] (PVP) as stabilizer in addition to two other
chemical reducing agents, i.e., ethylene glycol and glucose.
Compulsorily, the residual substances in form of PVP, glycol,
and glucose were released to the ecosphere having consider-
able harmfulness towards environment (Samadi et al. 2010).
Nevertheless, current silver nanoparticles are used in different
applications particularly at commercialized scales; the fabri-
cation modes are majorly physical and chemicals ones.

Marked toxicities incurred to environment due to these
modes have recently attracted the scientific community to
synthesize silver nanoparticles using biological entities in
compliance with the principles of the green chemistry.
Particularly, these challenges of toxicity and cost have now
been efficiently addressed via use of plant biochemicals as a
green alternative to the synthetic reducing and capping agents.
Phytosynthesis is congruent with major principles of green
chemistry for selection of highly abundant and nontoxic re-
ducing agents (Ismail et al. 2019; Heydari et al. 2019), where
plant material has been frequently utilized for various tradi-
tional and industrial purposed in form of food, pharmacy,
textiles, perfumes, additives, etc. Plant material has recently
found an interesting application in the nanotechnology for
meeting the sustainability needs by acting as an alternative
to synthetic reducing and stabilizing agents (Shaheen and
Ahmad 2019; Bartosiak et al. 2019; Ahluwalia et al. 2018;
Jaffri and Ahmad 2018a). Particularly, silver nanoparticle syn-
thesis using different plant parts has been an attractive route
due to its rapidity, ecological integrity, pathogenicity free,
lower capital costs, and above all, single-step method in which
plant phytochemicals are used for reduction and stabilization.
Botanical extracts used for reduction and stabilization of
nanoparticles and ensures the prevention of agglomeration
(Gulbagca et al. 2019; Hussain et al. 2019).

Current environmental situation is comparatively worse than
previous eras when human was not dependent upon synthetic
commodities and environmental integrity was not challenged.
Among different environmental challenges being faced by
humans, the contamination of water bodies due to industrial

discharge is most formidable due to complexity of the matrix.
Such contaminants are mostly persistent in nature and do not
degrade easily. Persistent organic pollutants are not easily degrad-
ed and mineralized by conventional methods, i.e., osmotic,
coagulative, filtration, etc. due to their intricate ringed structure
and elevated stability. Thus, the transformation of such obnox-
ious chemicals must be done through an efficient method. Water
contaminants fall in different categories but textile dyes are
known for making a major portion of the polluted matrix.
WorldBank reports are indicative of the fact that up to 20%water
contamination is attributed to textile industry discharge. Textile
industry releases poorly degradable substances, e.g., dye stuff
and detergents. Variety of physical, chemical, biological, and
combination of these methods have been devised for such con-
taminants, but cost-effectiveness and stability of the remediation
technology remains an area of growing research.

Degradation of different contaminants through utilization
of solar light and a nanocatalyst in a photolytic assay has been
envisaged as an effective management strategy since few de-
cades. In this regard, different metal and metal oxide nanopar-
ticles have been utilized for degradation of different dyes.
SNPs are efficient green photocatalysts which can degrade a
variety of such persistent chemicals via series of chemo cata-
lytic reactions. Usually, ultraviolet (UV) radiations are made
use of in photo-degradative pathways but there are some con-
cerns regarding the practical and environmental aspects in
terms of commercialization since the solar energy region oc-
cupied by UV is only 4% in form of renewable resource and
only rest of the 43% is visible light. Such drawback can be
overcome by development of such photocatalysts that are
highly acquiescent to the visible light so that photocatalysis
will be efficient and rapid. Furthermore, photocatalysts are
frequently used due to their simple fabrication modes, negli-
gible cost, and regeneration of the photocatalysts. Such as-
pects are further made desirable by utilization of nanoparticles
as nanophotocatalysts. In this way, variety of organic dyes can
be degraded in a quick and efficient way since there is an
annual production of 450,000 t, out of which major chunk
(up to 11%) is lost during manufacturing and application
modes. Remediation of such organic dyes is incumbent due
to their inherent toxicity towards environment and carcinoge-
nicity towards living organisms.

Among different dyes used in textile industries and other
biomedical purposes, some dyes are particularly toxic due to
their physicochemical properties. Crystal violet (CV), methy-
lene blue (MB), and malachite green (MG) are one of those
dyes. Both CV and MB dyes are used for coloring purposes
while MG is used for extermination of different parasites,
protozoans, and fungal cultures present in water which is a
matrix for fish breeding. Despite higher industrial utilization,
these synthetic dyes are highly harmful. CV, a tri-
phenylmethane dye (Mittal et al. 2010), is known as an eye
irritant and possess hazardous nature. Prolonged exposure to
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CV is associated with the corneal and conjunctival damage in
addition to possibility of permanent blindness. Furthermore,
the severe cases are also marked by renal and respiratory fail-
ure. Despite carcinogenicity associated with CV, it has been
frequently used as a biological stain and as a dermatological
agent in addition to its textile-based applications. MB is a
cationic dye and has an essential toxicity towards human be-
ings and causes different health issues, e.g., visual impair-
ment, methemoglobinemia, vomiting, and nausea (Nafea and
Hassan 2019).

Photocatalytic degradation of MB is essential for abatement
of its toxicity in aquatic media (Recio-Sánchez et al. 2019).
Antiparasitic, antifungal, and antiprotozoan aspects of MG are
well established, but MG has been heavily criticized for its
toxicity and causing different mammalian impairments, e.g.,
mutational, formative aberrations and organ damage (Jindal
and Sinha 2019; Li et al. 2019). MG bioaccumulation can be
due to the human exposure by ingesting the MG contaminated
fish or it can also occur due to workplace exposure to dye or
aquaculture industry. Furthermore, aquatic microbial commu-
nities are also adversely affected due to MG. Different param-
eters play an important role in the toxicity enhancement of MG
as a result of exposure, e.g., time, temperature, and MG quan-
tity. Since the reduction, product of MG is leuco-malachite
green (LeucoMG) which is a highly toxic daughter product
and poses challenges in elimination (Zhou et al. 2019).

In addition to this environmental remediation, SNPs pos-
sess inherent therapeutic potential. Numerous germicidal
drugs have been found ineffective due to development of re-
sistance among microbes widely distributed. Despite higher
advances done in research and remedy of such diseases, such
microbes are responsible for elevating death rate by 25% on a
global scale (Fears and ter Meulen 2014). Thus, SNPs synthe-
sized via novel routes have been found as potential candidate
(Jaffri and Ahmad 2017). The inherent antimicrobial potential
of phytosynthetic Ag NPs is augmented due to presence of
plants phytochemicals which are themselves reservoirs for
antimicrobial components (Mutua et al. 2017). The resistance
exhibited by different microbial strains towards drugs, e.g.,
penicillin and tetracycline, is easily combated by silver nano-
particles for comparatively expanded time durations.
Particularly, smaller size ranges obtained by greener synthesis
has enabled the nanoparticles to better invade the microbial
cellular membrane leading to cytoplasmic nanoparticle aggre-
gation and disruption of enzyme-driven activity. This activity
leads to the ultimate cell death by reactive oxygen species
(ROS) regeneration (Ferreira et al. 2019). For such advanta-
geous features, silver nanoparticles have been frequently
employed in different biomedical products.

P. cerasifera is a wild as well as domesticated shrub found
in European and Central Asia. The conspicuous antimicrobial
and antioxidant activity of P. cerasifera leaves makes them
riveting reducing agents to be used for SNP fabrication.

Despite the fact that P. cerasifera possess such a unique blend
of phytochemicals and other auspicious aspects, they have not
been used on industrial scale for the welfare of human beings.
Parachinar region of Pakistan is highly abundant in wild vari-
ety of P. cerasifera which can be used for large-scale produc-
tion of SNPs in a highly sustainable mode. Studies with leaves
of P. cerasifera have never been reported expressing the un-
derutilization and scarcity of information about such a prodi-
gious blend of reducing phytochemicals. Thus, present inves-
tigation has been designed to employ this stupendous blend of
reducing chemicals in P. cerasifera for the synthesis of silver
nanoparticles for first time in a cost-effective, facile, and sus-
tainable synthetic mode. Current work is novel and different
from all the reported biogenically synthesized nanoparticles
especially silver, in selection of the P. cerasifera leaves for the
first time, its utilization in exploration of the antimicrobial
potential and photocatalysis. Synthetic mode comprised of
fabrication of dark prunosilver nanoparticles (DPSNPs) and
light prunosilver nanoparticles (LPSNPs) at variable optimi-
zation levels with P. cerasifera leaf extract (LE). Synthesized
nanoparticles were characterized via ultraviolet–visible spec-
troscopy (UV-Vis), Fourier transform infrared spectroscopy
(FTIR), scanning electron microscope (SEM), atomic force
microscopy (AFM), and X-ray powder diffraction (XRD).
P. cerasifera leaf phytometabolites were analyzed by gas
chromatography–mass spectrometry (GC-MS). Furthermore,
SNPs were applied for the photocatalysis of persistent organic
pollutants, i.e., crystal violet (CV (C25N3H30Cl)), methylene
blue (MB (C16H18ClN3S)) and malachite green (MG
(C23H25ClN2)) in addition to inhibition of nine antibiotic re-
sistant pathogens, i.e., X. citri (XC), P. syringae (PS), A. niger
(AN), A. flavus (AF), A. fumigatus (AFG), A. terreus (AT),
P. chrysogenum (PC), F. solani (FS), and L. theobromae (LT).

Materials and methods

Materials

Silver nitrate, potassium bromide, methanol, acetone, dichlo-
romethane, ethyl acetate, and dyes, i.e., CV, MB, and MG
were purchased from Sigma-Aldrich Chemicals (USA).
Nutrient agar (NA) and potato dextrose agar (PDA) were pur-
chased from Merck (Germany). Deionized water (DW) and
methanol were used for preparation of all solutions. All appa-
ratus was sterilized and oven dried prior to experimentation.
All chemicals used for experimentation were of analytical
grade and were employed without any further purification.

P. cerasifera leaf extraction

Fresh and healthy leaves of P. cerasifera were sampled in
July 2016 from Alizai region of Parachinar valley, upper
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Kurram agency, Pakistan (Fig. 1). Leaves were washed with
tap water and deionized water for removal of any possible
impurities or dust particles being deposited on it. Leaves were
spread on clean sheets in air and shade dried followed by
drying in oven at 60 °C for 3 h for complete moisture removal.
Leaves were finely powdered with help of pestle and mortar
and were passed through sieve for obtaining complete powder.
Leaf aqueous extract was prepared by boiling of 25 g of leaf
powder in 250 mL DW in Erlenmeyer flask at 60 °C for
10 min. Suspension was stirred vigorously for 400 rpm. Leaf
extract was sonicated at 20-kHz frequency with 10 s pulses.
Sonication duration was 30 min using ultrasonic liquid pro-
cessor (Sonics Vibra-Cell, USA). The resultant mixture was
exposed to centrifugation at 8000 rpm for 25min for complete
removal of insoluble impurities. Extract was filtrated with
Whatman No. 1 filter paper twice and stored at 4 °C for future
use as a reducing agent in SNP optimized syntheses.

Syntheses and optimization

Green synthesis of silver nanoparticles was done by utilization
of P. cerasifera leaf extract as a reducing cum stabilizing
agent. Syntheses were done in both presence and absence of
light to comprehend the impact and interplay of light in silver
nanoparticle production. For both DPSNPs and LPSNPs,
same optimization parameters were adopted for comparison.
Optimized syntheses of DPSNPs and LPSNPs were done for
LE conc., time of incubation, temperature, and AgNO3

solution molarity (Fig. 2). For LE concentration optimization,
different concentrations were treated with AgNO3 1 mM so-
lution. Addition of LE to AgNO3 was followed by magnetic
stirring at 300 rpm in dark ambiance for DPSNPs, and same
method was followed for fabrication of LPSNPs in sunlight.
LE conc. variation comprised of 100, 150, 200, 250, and
300 mL in 500 mL of 1 mM AgNO3 solution at 60 °C.
Incubation time required for SNP synthesis was also observed
for time. Three hundred milliliters of LE in 500 mL of 1 mM
AgNO3 solution was given incubation times of 30, 60, 90,
120, and 150 min at 60 °C. Temperature variation was also
observed for 300 mL of LE in 500 mL of 1 mM AgNO3

solution at 40, 60, 80, 100, and 120 °C. AgNO3 solution
molarity variation comprised of 300 mL of LE in 500 mL of
0.02, 0.05, 0.2, 0.5, and 1 mM. For LPSNPs, no additional
temperature was provided for variation of LE conc., time of
incubation, and AgNO3 solution molarity; however, the tem-
peratures were varied for third parameter. Optimized batches
for dark and light syntheses expressed successful SNP forma-
tion in all cases exhibited via reaction mixture color transfor-
mation. Solution color changed from yellow to dark brown
was indicative of SNP formation which was monitored via
UV–Vis Spectrophotometer (1602, Biomedical Services,
Madrid, Spain). Synthesized nanoparticles were also sonicat-
ed for 10 min and then centrifuged at 8000 rpm for 20 min. It
was followed by supernatant throwing away for collection of
SNP pellet. SNP pellet was subjected to thrice sterile double-
distilled water (SDDW) washing and dried for 24 h at 60 °C.

Fig. 1 Administrative map of the P. cerasifera leaf sampling region, Parachinar, Kurram agency, Pakistan
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Characterization of SNPs

SNPs synthesized with P. cerasifera LE confirmation was
done via a variety of spectroscopic and imaging techniques.
SNPs were analyzed initially upon color transformation via
UV-Vis spectrophotometer in the range of 200–800 nm with
a scan rate 2 nm/s. SNPs (0.5 mL) were diluted with 2.5 mL of
DW. SNPs were centrifuged at 6000 rpm for 10 min (C0060-
230V, Labnet International, Inc. USA). Supernatant was
discarded and SNPs were dried and stored for further analysis.
SNPs were analyzed for functional groups via FTIR spectro-
photometer (8400, Shimadzu, Japan) between wavenumber
4000 and 400 cm−1 after palletization of SNPs with overnight
dried KBr. Crystalline features of SNPs stabilized with
P. cerasifera LE was analyzed via Bruker AXS D-8 powder
X-ray diffractometer (Shimadzu, Kyoto, Japan), operated at
40 kV, 20 mA, with CuKα radiation λ = 1.5406 Å.
Morphological and size ranges were analyzed via scanning
electron microscopy (SEM JOEL JSM-6490, Germany) and
atomic force microscopy (AFM, Park systems, Suwon,
Korea). Furthermore,P. cerasiferaLEwas analyzed for chem-
ical composition via GC-MS (QP5050, Shimadzu, Japan) by
extraction withmethanol, acetone, dichloromethane, and ethyl
acetate for obtaining maximum yield.

SNP-driven nanophotocatalysis

Nanophotocatalytic potential of the SNPs was analyzed against
three dyes. All the degradative experiments were performed in
triplicate, and mean of all the results have been shown. Prior to
nanophotocatalysis, experiments were carried out for getting the
optimized conditions and concentrations of dyes and SNP
photocatalyst amount was kept be fixed for all three dyes.
Photocatalysis was done by mixing 0.50 mL (0.01 M) of CV,

MB, and MG; 1.68 mL DW; 1 mL of NaBH4 (0.05 M); and
0.02mL (50mg/mL) of SNPs kept in dark with 30-min constant
magnetic stirring for establishment of adsorption-desorption
equilibrium between dye molecules and photocatalyst surface.
Control setup was not added with any quantity of SNPs. Both
assemblies were kept in the sunlight for 20 min on a clear sunny
day from 12: 30–12: 50 PM with sunlight having an average
intensity 70–74 Klux (LT300, Extech, UK). Sunlight exposure
triggered gradual decolorization in experimental setup while no
change was observed for control set up. UV-Vis was used in
range of 200–700 nm (scan rate 2 min/s) to evaluate the time
dependent degradative response of dyes towards SNP
nanophotocatalyst. Five milliliters of solution was withdrawn
and analyzed at different time intervals, and overlays were plot-
ted for alleviating absorbance (Ahmad and Jaffri 2018a).
Degradation percentages were calculated by:

D ¼ Ao−At=Ao½ � � 100 ð1Þ
where Ao is the absorbance of dye before irradiation andAt is the
absorbance of dye after irradiation for time interval t.

Antimicrobial assay

Antimicrobial potential of DPSNPs and LPSNPs was evalu-
ated against X. citri, P. syringae, A. niger, A. flavus,
A. fumigatus, A. terreus, P. chrysogenum, F. solani, and
L. theobromae by standard Kirby–Bauer disc diffusion assay.
Fungal and bacterial strains were obtained from Mycology
lab, Fatima Jinnah Women University, Rawalpindi, Pakistan.
Microbial strains with known pathological history were used
in the present research have been isolated from soils of differ-
ent regions. DPSNP and LPSNP stock solution were prepared
by dissolution of the nanoparticles in methanol for obtaining
final concentration of 100 mg/mL and 50 μL of the volumes

Fig. 2 Green synthesis of silver
nanoparticles done in presence
and absence of light stabilized via
P. cerasifera leaf phytochemicals
optimized for various parameters
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2000, 4000, 6000, and 10,000 μg/mL were used for disc load-
ing. Stock solution was sonicated for 30 min and used instan-
taneously for assays. SNP inhibition was compared with
AgNO3 salt solution, standard antibiotic drugs ampicillin
and amphotericin B for bacterial and fungal strains, respec-
tively. Antibacterial assay was performed by swabbing the
bacterial inocula onto presterilized petri dish containing NA
after standardization to a density corresponding to BaSO4

standard of 0.5 McFarland units. Sterilized and round
0.45 cm disc loaded with 50 μL of the 10,000 μg/mL of
ampicillin, 10,000 μg/mL of LE and 2000, 4000, 6000, and
10,000 μg/mL DPSNPs and LPSNPs, respectively, were
inserted into inoculated plates and incubated for 24 h at
37 °C in incubator (Sanyo MR-153, GeminiBV,
Netherlands) followed by measurement of zones of inhibition
(ZOIs) in mm after 24 h. Antifungal assay involved the pro-
duction of fresh fungal mycelia on PDA plates at 25 ± 1 °C
followed by incubation for 5 days. Sterilized and round
0.45 cm disc loaded with 50 μL of the 10,000 μg/mL of
Amphotericin B, 10,000 μg/mL of LE and 2000, 4000,
6000, and 10,000 μg/mL DPSNPs and LPSNPs, respectively,
were inserted into inoculated plates and incubated for 24 h at
28 °C followed by measurement of ZOIs in mm after 48 h
(Jaffri and Ahmad 2018b).

Statistical analysis

All assays were performed in triplicate, and final values ob-
tained for zone of inhibition (mm) were mentioned as means
and standard deviations. P > 0.05 were considered statistically
significant. Inhibition was statistically evaluated by one-way
analysis of variance (ANOVA) and Kruskal-Wallis test.
Values were compared for Tukey HSD, Scheffé, Bonferroni,
and Holm tests for confirming the specificity of statistical
significance among different groups.

Results and discussions

SNP green synthesis

Current study is the first elucidation of the biogenic synthesis of
SNPs in presence and absence of light by utilization of the
reducing phytometabolites of the leafy parts of P. cerasifera.
Phytometabolites not only reduced the silver salt to SNPs but
also acted as a capping agent nullifying the need for any external
agents. P. cerasifera, an angiospermic shrub found in Central
Asia, has an abundant blend of phytochemicals with reducing
and stabilizing potential. P. cerasifera exceeds high phenol and
antioxidants containing fruits like strawberries, apples, and or-
anges because P. cerasifera has an elevated quantity of antho-
cyanins and phenols (Huo et al. 2019). Furthermore, the

presence of organic acids, carbohydrates, aromatic and fibrous
chemicals as expressed by P. cerasifera leaf GC-MS profile
makes it a potential candidate for bioprospecting in SNP syn-
thesis via facile and one-potmethod. Though, several studies did
molecular characterization of P. cerasifera leaf specifically;
however, its potential in biogenic synthesis has never been re-
ported with leaf. Thus, signifying the underutilization of such a
miraculous blend of reducing phytometabolites. Relatively
higher abundance of P. cerasifera can be attributed to the rapid
growth and adaptability of P. cerasifera towards extreme envi-
ronmental conditions. Thus, P. cerasifera leaf metabolites van-
ishes the need for chemical reducing agents that not only pose
challenges to environmental integrity but are also not favorable
in terms of cost benefit analysis. In contrast to these chemical
reducing agents, P. cerasifera leaves that are abundantly avail-
able can reduce SNPs in short duration unlikemicrobe-mediated
biogenic synthesis that needs culture maintenance. Thus, the
choice of P. cerasifera for SNPs production can be scaled up
on commercial level. Present study has been undertaken to syn-
thesize SNPs utilizing the phytochemicals of P. cerasifera leaf
extract in dark as well as sunlight. P. cerasifera leaf stabilized
SNPs were also used for photocatalysis and inhibition of resis-
tant human and plant pathogens.

Characterization of SNPs

UV-Vis

P. cerasifera leaves are a blend of phytochemicals with reduc-
ing nature. Such phytochemicals can be extracted to be used
for green synthesis of SNPs in a facile and greener way. Green
synthesis with P. cerasifera LE was done in different varia-
tions for obtaining the optimized reaction conditions in dark
and light. Optimization was carried out for exploring the effect
of LE conc. reacting with silver salt molar solution, time of
incubation, temperature, and molarity of the AgNO3 solution
on SNP synthesis in dark as well as light conditions. The
reducing and capping potential of P. cerasifera leaf was
proved by synthesis of SNPs with addition of only AgNO3

by varying experimental conditions without any addition of
environmentally perilous chemicals. Addition of AgNO3 to
LE and consequent SNP formation was primarily monitored
by color change of reaction mixture from light yellow to
brown (Alavi and Karimi 2017) being intensified as the reac-
tion time proceeded. Color transformation is governed by the
surface plasmon resonance (SPR) excitation for metal nano-
particles (Samari et al. 2019; Gavamukulya et al. 2019; Qais
et al. 2019). SPR peaks (Table 1) for DPSNPs and LPSNPs
show different peaks with variable shapes for all optimization
parameters. All these variation produced variable SPR peaks
when analyzed on UV-Vis after visual detection of color trans-
formation from yellow to dark brown. SNP colloidal solution
color transformation arise due to SPR excitation with SNPs as
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SNPs possess free electron which gives SPR absorption band
by the dint of collective oscillations of SNPs’ electron with
light waves in a resonating behavior.

Higher stability and negligible agglomeration was found in
SNPs colloidal solution over a prolonged period. UV-Vis
spectra was measured at different LE conc. with absorbance
elevating for increasing concentration. Thus, in both cases,
i.e., DPSNPs and LPSNPs, the highest production was obtain-
ed for 350 mL in 500 mL of 1 mM AgNO3 solution giving
λmax at 433 and 441 nm, respectively (Fig. 3a, b). Similar
highest trend was also observed for time and temperature;
however, DPSNPs at 0.2, 0.5 mM and 0.75, 1 mM AgNO3

expressed similar SPR peaks signifying DPSNPs production
feasibility at both molarities. LPSNPs expressed dissimilar
behavior for molarity by giving highest SPR (463 nm) at
1 mM of AgNO3 (Fig. 3c–h). The incremental absorbance
intensity in all optimization parameters is indicative of the
reduction of Ag+ to Ag0 in the presence of P. cerasifera leaf
metabolites. Sharp peaks for LPSNPs (Fig. 3b, d, f, h) in
comparison to DPSNPs were indicative of relatively smaller
sizes, as confirmed by SEM (Fig. 3b, d, f). While the magni-
tude of SNPs production was comprehended from increasing
absorbance, i.e., upon highest LE conc., time, temperature,
and molarity the highest SNP production was obtained. Such
an augmented production in case of highest LE conc. can be
attributed to the presence of larger phytometabolites available
to reduce silver ions to SNPs (Moteriya and Chanda 2017).
The simultaneous successful production of LPSNPs in sun-
light with additional temperature (except in temperature vari-
ation case), suggests the sustainability of photo exposed SNPs
to be more favorable over DPSNPs which needs maintenance
in dark environments (Thatikayala et al. 2019).

FTIR

SNPs coating with P. cerasifera functional groups was ana-
lyzed via FTIR (Fig. 4a, b). LE exhibited major peaks at 874,
1020, 1415, 1637, and 3308 cm−1 which corresponded to N–H

bend of primary/secondary amines, C–N stretch of aliphatic
amines, C–C stretch of aromatics, N–H bend of primary
amines, and O–H stretch or H–bonded stretch of alcohols or
phenols, respectively. IR bands 1269, 1635, 2934, and
3447 cm−1 for DPSNPs arise from C–N stretch of aromatic
amines, N–H stretch of primary amines, O–H stretch of car-
boxylic acids, and O–H stretch, H–bonded stretch of alcohols
or phenols, respectively. LPSNPs also exhibited peaks nearly
similar to DPSNPs but varied in sharpness and intensity. Such
results are indicative of the richness of P. cerasifera leaves in
phenolic content like other prunus plants (Stierlin et al. 2019;
Smanalieva et al. 2019; Cerri et al. 2019). LPSNP IR bands at
1117, 1269, 1634, 2920, and 3458 cm−1 arise fromC–N stretch
of aliphatic amines, N–O symmetric stretch of nitro com-
pounds, N–H bend of primary amines, C–H stretch of alkanes
and O–H stretch, H–bonded stretch of alcohols or phenols,
respectively. Although there were peak shifts with disappear-
ance of several peaks and origination of new peaks but the
resemblance of LE, DPSNPs, and LPSNPs for IR bands cor-
responding to amines, aromatics, alcohols, and phenols are
suggestive of SNPs being reduced in presence of LE without
any external chemical input. P. cerasiferametabolites simulta-
neously reduced and stabilized the SNPs, thus showing the
transformative and multifunctional role. Phenolic, alcoholic,
and proteinaceous phytochemicals present in P. cerasifera leaf
extract explored via FTIR can be considered as possible reduc-
ing agents for SNPs synthesis.

GC-MS

The promising functional groups in LE involved in reductions
of SNPs were further extended to phytochemical analysis of LE
via optimized GC-MS parameters (Table 2). Major GC-MS
peaks were detected in LE at 4.02 (2-heptadecanone), 6.11
((e)-2-methyl-2-butenoic acid), 7.76 (benzoic acid, 1,3-diox-
an-5-yl ester), 8.88 (benzydamine), 12.67 ((s)-(+)-1-(2-
pyrrolidinylmethyl)-pyrrolidine), 15.87 (α-terpineol), 17.41
(hexadecanoic acid), 18.78 (phytol), 19.25 (1,10,13-

Table 1 UV-Vis λmax and SEM
size ranges of dark prunosilver
and light prunosilver
nanoparticles fabricated at
optimized conditions with
P. cerasifera leaf extract

Synthetic condition λmax (nm) SEM size range (nm)

DPSNPs LPSNPs DPSNPs LPSNPs

Conc. (250 mL) 431 442 60–121.66 60–121.66

Conc. (300 mL) 433 441 82.46–101.98 60–120

Time (120 min) 425 440 82.46–144.22 82.46–128.06

Time (150 min) 423 440 60–134.16 56.57–120

Temperature (100 °C) 459 441 56.57–80 80–121.66

Temperature (120 °C) 438 440 72.11–107.70 63.25–100

Molarity (1 mM) 433 463 72.11–89. 44 63.25–101.98
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hexadecatriene, 7,8-epoxy), and 26.87 min (3-cyclohexene-1-
methanamine, α,α,4-trimethyl-). The presence of such an array
of phytochemicals possessing antioxidant potential exerted in-
fluential impacts of SNP synthesis. Furthermore, the presence
of phytochemicals of reducing nature were also expressed by
GC-MS of LE signifying the duality in terms of reduction and
capping of SNPs. Absence of agglomeration and the intactness
of colloidal and dried SNPs at room temperature for extended
durations was due to this capping role of LE making SNPs

further sustainable and economical. The higher surface to vol-
ume ratio of SNPs enabled the surface adsorption of strong
ligating agents, e.g., α-terpineol, hexadecanoic acid, phytol,
1,10,13-hexadecatriene, 7,8-epoxy, and 3-cyclohexene-1-
methanamine, α,α,4-trimethyl- most probably by establish-
ment of interaction via π-electrons. The presence of
P. cerasifera phytometabolites not only caused the synthesis
of SNPs in nanoregime but also influenced their shape
(Batool et al. 2019; Rolim et al. 2019; Aisida et al. 2019).
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Fig. 3 UV-Vis spectra for P. cerasifera leaf reduced and stabilized silver
nanoparticles optimized for different parameters (a, b) leaf extract
variation for DPSNPs and LPSNPs (c, d) time variation for DPSNPs

and LPSNPs (e, f) temperature variation for DPSNPs and LPSNPs (g,
h) AgNO3 variation for DPSNPs and LPSNPs
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AFM and SEM

SNPs were analyzed for morphological features via AFM and
the microstructural analysis was done by SEM (Figs. 5 and 6).

AFM of SNPs exceeded in giving a deeper insights of the
morphology in qualitative manner for its resolution in both
lateral and vertical nanometer range. Figure 5 shows the lateral
and 3Dmicrograph for phytosynthetic SNPs to be of spherical

a

b

Fig. 4 FTIR spectra for functional groups in a P. cerasifera leaf extract and b DPSNPs and LPSNPs

Table 2 GC-MS peaks for
secondary metabolites in
P. cerasifera leaf extract

Peak RT (min) MW % Area Compound name

1 4.02 254.45 2.63 2-Heptadecanone

2 6.11 100.11 48.45 (E)-2-Methyl-2-butenoic acid

3 7.76 208 0.44 Benzoic acid, 1,3-dioxan-5-yl ester

4 7.99 138.21 0.19 (E,Z)-2,6-nonadienal

5 8.54 98.14 0.34 (Z)-3-Hexenal

6 8.88 309.41 0.14 Benzydamine

7 12.67 154.25 0.19 (S)-(+)-1-(2-Pyrrolidinylmethyl)-pyrrolidine

8 14.61 198.34 0.07 6,10-Dimethyl-2-undecanone

9 15.87 154.25 0.26 α-Terpineol

10 16.82 354.52 0.26 9-Octadecenoic acid, 12-(acetyloxy)-, methyl ester, [R-(Z)]-

11 17.41 256.42 4.14 Hexadecanoic acid

12 18.78 296.53 1.51 Phytol

13 19.25 234.38 3.97 1,10,13-Hexadecatriene, 7,8-epoxy

14 21.09 146.14 0.10 Coumarin

15 26.87 153.26 0.28 3-Cyclohexene-1-methanamine, α,α,4-trimethyl-

16 27.67 108.15 0.20 1,3-Cyclohexadiene-1-carboxaldehyde

Environ Sci Pollut Res (2020) 27:9669–9685 9677



shape with well-dispersed assemblage without any agglomer-
ation. Presence of spherical shaped individual BSNPs were

indicative of smooth surface morphology and homogeneity.
BSNP topographical features were further confirmed via SEM

Fig. 5 AFM micrographs for
silver nanoparticles synthesized
with 300 mL of P. cerasifera leaf
extract in 500 mL of 1 mM
AgNO3

a b c

d e f

Fig. 6 SEMmicrographs for silver nanoparticles reduced byP. cerasifera
leaf extract at different optimization parameters: a LE conc. (300 mL)
variation DPSNPs, b conc. (300 mL) variation LPSNPs, c time (150 min)

variation DPSNPs, d time (150 min) variation for LPSNPs, e temperature
(120 °C) variation DPSNPs, and f temperature (120 °C) variation
LPSNPs
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that exhibited variable size ranges (Table 1) with lower size
ranges predominantly obtained for LPSNPs. However, syn-
thesized SNPs in agreement with AFM exhibited spherical
shapes.

XRD

SNPs were analyzed for their crystallographic parameters via
XRD (Fig. 7). The diffraction pattern for SNPs showed peaks
at 38.09°, 44.16°, 64.40°, and 77.29° which can be indexed to
(111), (200), (220), and (222) planes of face-centered cubic
crystal structure (Shelar et al. 2019; Roy et al. 2019).
Diffraction peaks were matched with standard pattern of
JCPDS card no. 04-0783. Pure crystalline nature of SNPs

was revealed with an average crystallite size of 2.34 nm cal-
culated by Scherer equation. Pure crystallinity of SNPs with-
out any impurities was achieved signifying the role of
P. cerasifera phytochemicals (Varshney et al. 2010). SNPs’
spherical shapes with lower size ranges and FCC crystal of
2.34 nm size when employed for chemo photocatalytic deg-
radation and antimicrobial degradation exhibited remarkable
results.

SNP nanophotocatalytic potential

Waste water pollution is not only a challenging task in terms
of remediation but they also pose environmentally pernicious
impacts on the directly exposed biota till the clean-up

Fig. 7 XRD spectrum for silver
nanoparticles synthesized with
300 mL of P. cerasifera leaf
extract in 500 mL of 1 mM
AgNO3

a

b

c

Fig. 8 Chemical structures of the
target dyes degraded with
biomimetic nanoparticles
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methodologies are applied. Despite advances, the convention-
al methods of ultrafiltration, adsorption and electrical treat-
ments etc. persistent organic pollutants remain a challenge.
Though metallic silver is a poor catalyst but SNPs in this case
can be of great significance due to smaller sizes and an elevated
size to volume ratio for toxic dyes comprising waste waters.
The time-dependent photocatalytic activity of SNPs was ana-
lyzed against persistent pollutants under direct solar irradiance.
SNPs triggered photocatalysis of CV, MB, and MG (Fig. 8) in
less than 15 min in direct solar irradiation signifies the role of
SNPs as efficient and sustainable environmental remediation
tools. Control setup without SNP addition expressed no chang-
es in color upon exposure to solar irradiance, thus expressing
negligible self-catalytic behavior and exhibiting persistence in
the aquatic media. However, SNPs treated experimental setup
comprising three dyes expressed degradation firstly identified
by conversion to achromatized forms followed by an

alleviation in UV-Vis spectral absorbance (Fig. 9a–c).
Degradation percentages expressed the rapid photocatalysis
of MG with 85% degradation in 8 min with complete
achromatization. However, CV and MB were degraded and
converted to their leuco forms at 12 and 14 min, respectively
(Fig. 9d–f). Furthermore, photocatalytic reaction rates were
pseudo-first order for CV, MB, and MG (R2 = 0.99, 0.99,
0.98) (Fig. 9g–i).

The photocatalytic potential of silver nanoparticles has
been frequently investigated. Biogenic silver nanoparticles
have been employed for the degradation of various dyes
(Bhuyan et al. 2017; Elemike et al. 2017; Roy et al. 2015;
Karthik et al. 2017; Saraswathi et al. 2017; Miri et al. 2018)
(Table 3), but no reports are available on the P. cerasifera leaf
stabilized SNPs in this regard. Pie chart (Fig. 9d–f) shows the
gradual achromatization of CV after SNP treatment. Such
shorter time duration explains the ease for transfer of electrons
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Fig. 9 UV-Vis spectra for photodegradation triggered by SNPs in direct
solar irradiance. a–c Crystal violet, methylene blue, and malachite green.
d–f Pie charts showing percent degradation at different time intervals for

crystal violet, methylene blue, and malachite green. g–i Reaction kinetics
for photodegradation of crystal violet, methylene blue, and malachite
green

Environ Sci Pollut Res (2020) 27:9669–96859680



between valence and conduction band for photocatalysis
by SNPs. Ninety-six percent MB degradation was
achieved in 14 min which can attributed to the smaller
size, polydispersity, and enhanced light absorption char-
acteristic of SNPs. MG degradation with SNPs in 8 min is
suggestive of the catalytic role of SNPs and its conversion
to commercial scale. Such photodegrading is caused due
to excitation of SPR upon exposure of SNPs to visible
light, this gives rise to the oscillation of charge density
followed by propagation between Ag+ and dielectric me-
dium. Linear positive correlation between time and
achromatization of CV, MB, and MG in accordance with
ln At/Ao was revealed by kinetic studies is due to “elec-
tron relay effect.” Further studies on P. cersiafera stabi-
lized SNPs with different quantities of photocatalyst, pH,
and kinetic parameters will further strengthen the prag-
matic grounds for use of SNPs in dye degradation at com-
mercial scale.

Antimicrobial activity

Resistance towards multiple drugs exhibited by pathogenic
bacteria and fungi has posed challenges to public health and
agricultural production. Focus has been shifted towards the
formulation of novel antimicrobial drugs comprising SNPs that
can be effective for inhibition of resistant microorganisms. The
enthralling antimicrobial effects towards such resistant
microbes has not been previously reported with P. cerasifera
leaf stabilized SNPs. SNPs in combination with other

nanostructured materials retain its antimicrobial potential;
however, in the present investigation, this potential was
further enhanced due to phytometabolites. Plant pathogens
have been destroying valuable crops since many centuries;
such bacterial and fungal strains can be potentially inhibited
by utilization of the biogenic SNPs. Smaller sized SNPs are
particularly beneficial in the effective treatment of the bacterial
or fungal pathogenicity in addition to their development into an
antiviral medications (Sharma et al. 2019; Kailasa et al. 2019).

Current era is marked by an elevated demand for higher
scale production of SNPs for greater utilization. Silver being
an inherent antimicrobial agent has been engineered at nano-
scale by use of P. cerasifera phytochemicals in the present
investigation. SNPs were investigated for antimicrobial inhi-
bition against nine human and plant pathogenic strains, i.e.,
X. citri, P. syringae, A. niger, A. flavus, A. fumigatus,
A. terreus, P. chrysogenum, F. solani, and L. theobromae in
a dose-dependent manner and compared with standard antibi-
otics (Table 4). Studied pathogens have been found resistant
towards a myriad of antibiotics. SNPs were found effective
against all nine microbes even at 2000 μg/mL volume, and
clearance zones were formed. However, the susceptibilities of
each microbes varied possibly due to their variable response
towards LE metabolites. Anticipatedly, the increase in SNPs
dose increased the clearance zones. Furthermore, SNPs aston-
ishingly exceeded the standard drugs for all nine microbes. In
case of bacterial strains, XC was more inhibited as compare to
PS. For fungal pathogens, SNPs expressed highest clearance
zones for AN and PC; however, AT was least inhibited. The

Table 3 Characteristics of selected persistent dyes for photocatalytic degradation and previous reports on the green Ag NP-based photocatalytic
breakdown

Selected dye characteristics

Generic name Crystal violet Methylene blue Malachite green

IUPAC name [4-[bis[4-(Dimethylamino)phenyl]
methylidene]cyclohexa-2,
5-dien-1-ylidene]-dimethylazanium;
chloride

[7-(Dimethylamino)
phenothiazin-3-ylidene]-
dimethylazanium;chloride

[4-[[4-(Dimethylamino)phenyl]
-phenylmethylidene]
cyclohexa-2,5-dien-1-
ylidene]-dimethylazanium;
chloride

Molecular formula C25H30ClN3 C16H18ClN3S C23H25ClN2

Molecular weight (g/mol) 407.986 319.851 364.917

λmax (nm) 590 664 615

Nanophotocatalytic potential of green synthesized Ag NPs

Biological entity used for
biogenic Ag NP synthesis

Target dye Time (min) Reference

Paederia foetida Rhodamine B 8 Bhuyan et al. (2017)

Lippia citriodora Methylene blue 30 Elemike et al. (2017)

Solanum tuberosum Methyl orange 480 Roy et al. (2015)

Camellia japonica Eosin Y 60 Karthik et al. (2017))

Lagerstroemia speciose Methyl orange
Methylene blue

310
290

Saraswathi et al. (2017)

Prosopis farcta Methylene blue 30 Miri et al. (2018)
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degree of inhibition expressed by SNPs (10,000 μg/mL dose)
against fungal pathogens was as follows: AN (25 ± 0.01) = PC
(25 ± 0.01) > LT (23 ± 0.01) > AF (22 ± 0.01) = FS (22 ±
0.06) > AFG (20 ± 0.01) > AT (17 ± 0.05).

SNPs were found as effective therapeutic agents against
nine tested microbes. Higher inhibition zones produced by
SNPs revealed the antimicrobial potential of silver to be en-
hanced when converted to nanoform with higher surface to
volume ratio. Such remarkable activity can be attributed to the
antimicrobial potential of P. cerasifera LE (Table 3) which in
turn increased the SNPs’ induced clearance zones due to syn-
ergistic effects. SNPs inhibited the growth of nine microbes in
a dose-dependent manner and highest activity was obtained at
10,000 μg/mL and > 18 mm except AT showing active ZOI
but not highly active as remaining eight microorganisms.
Zones of inhibition are categorized as inactive (< 9 mm), frac-
tionally active (9–12 mm), active (13–18 mm), and highly
active (> 18 mm) (Mariselvam et al. 2014). Considerable var-
iation was observed among all strains towards standard, LE,
DPSNPs, and LPSNPs which arises due to the response of
each microorganism towards P. cerasifera leaf capped SNPs.
Bacterial inhibition by SNPs was due to SNPs’ penetration in
bacterial cell wall and thus inducing bacteriostatic. Having
crossed the bacterial cellular permeability, SNPs induce leak-
age of microbial cell material and consequently enter inner
membrane for ROS production. These all events cause micro-
bial cell growth inhibition. Microbial cell inevitable disinte-
gration and death also arise due to SNP treatment after top-
pling of membrane and other components.

SNP-induced extirpation of fungal strains was done
because P. cerasifera-mediated SNPs have not been reported
for fungicidal action so far. Biogenic SNPs have been
employed for fungal inhibition for fewer strains; however,
P. cerasifera-based SNPs exceeded the previous studies by
producing highly active ZOIs. Additionally, SNPs
obliterative mechanism has been explored because multidrug
resistance issue in case of fungal strains is not as precarious
matter as in case of bacterial strains; however, the scarcity of
drugs available to fight human and plant pathogenic fungal
strains suggests the development of new effective antifungal
formulations (Bocate et al. 2019). Furthermore, the use of
antifungal drugs, e.g., amphotericin B and azoles (fluconazole
or ketoconazole) for treatment of human fungal infections can
be highly obnoxious to the major urinary and metabolic or-
gans like kidney and liver. Thus, SNP-based formulations
which do not pose any harm to human cells but effectively
destruct the fungal cell are appropriate candidate for biomed-
ical purposes. In addition to the clinical significance, the high-
ly active ZOI produced for phytopathogens approves the role
of SNPs in wiping out vicious agricultural pathogens. Thus,
SNPs can be used as green fungicides as a sustainable alter-
native to chemical pesticides with known environmental
toxicity. Ta
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Statistical evaluation

The statistical significance of enhanced antimicrobial ac-
tivity of SNPs exceeding standard drugs was evaluated by
one-way ANOVA and Kruskal-Wallis test (P value less
than 0.05 was considered significant) (Table 5). Larger
Kruskal-Wallis statistic (H = 17.50) reflects the statistical
divergence among standard drug, LE, DPSNPs, and
LPSNPs in agreement with ANOVA. Though such vari-
ance was indicated by ANOVA and Kruskal-Wallis test in
general however the statistical significance of individual
treatments was not expressed. Thus, it was evaluated by
four additional tests namely Tukey HSD, Scheffé,
Bonferroni, and Holm tests (P < 0.05) (Table 6).
Assessment of inequality and multiple group specific com-
parison was done by these tests. Practical effectiveness of
SNPs greatly depended upon the use of statistical tests for
inhibition. Variations calculated for all cases are significant
except between DPSNPs vs LPSNPs (P values: Tukey
HSD 0.67, Scheffé 0.75, Bonferroni 1.69, and Holm
0.28) since both SNPs were synthesized at similar condi-
tions with P. cerasifera phytometabolite reduction cum sta-
bilization; thus, they both exhibited higher clearance zones
nullifying the divergence in values of inhibition. In this
case, the null hypothesis is acceptable for nearly equal
ZOIs. Highly significant statistical differences were

obtained for inhibition by standard vs DPSNPs, LE vs
DPSNPs, and LE vs LPSNPs (P < 0.01).

Conclusions

Silver nanoparticles were fabricated for the first time using the
reducing agents found in P. cerasifera leaf extract in confor-
mity with all principles of green chemistry. LE conc., time,
temperature, molarity, presence and absence of light exerted
influential impacts on fabrication process yielding variable
SPR peaks, functional group and size rages for spherical silver
nanoparticles. Crystalline nature without any impurity with an
average crystallite size 2.34 nm is indicative of the role of
P. cerasifera metabolites in reduction and capping of synthe-
sized nanoparticles. Persistent organic pollutants crystal vio-
let, methylene blue, and malachite green were sustainably
photodegraded with silver nanoparticles with pseudo-first-
order kinetics (R2 = 0.99, 0.99, 0.98) in less than 15 min.
Furthermore, SNPs can be efficiently used for obliteration of
the bacterial and fungal cell growth by interfering with cellular
functions due to inherent toxicity which was enhanced due to
phytochemicals capping. Thus, P. cerasifera mediated silver
nanoparticles are concluded to be potential photocatalytic and
antimicrobial bullets for environmental, agricultural, and bio-
medical platforms under nanobiotechnology arena.

Table 5 One-way analysis of
variance (ANOVA) and Kruskal-
Wallis test for general variance in
inhibitory role of DPSNPs and
LPSNPs

One-way ANOVA Kruskal-Wallis test

Source SS df MS F stat p value H p value

Treatment 1091.2222 3 363.7407 46.6002 0.04 17.50 0.00

Error 249.7778 32 7.8056

Total 1341.0000 35

Table 6 Statistical analysis significant specific variance among different groups for inhibiting pathogenic bacterial and fungal strains

Variants Tukey HSD Scheffé Bonferroni and Holm

Q stat p value Inference TT-stat p value Inference TT-stat Bonferroni
p value

Inference Holm
p value

Inference

Std vs LE 2.99 0.01 *p < 0.05 2.11 0.01 *p < 0.05 2.11 0.02 *p < 0.05 0.05 *p < 0.05

Std vs DPSNPs 10.62 0.00 **p < 0.01 7.51 0.00 **p < 0.01 7.51 0.00 **p < 0.01 0.00 **p < 0.01

Std vs LPSNPs 4.53 0.01 *p < 0.05 3.21 0.02 *p < 0.05 3.21 0.01 *p < 0.05 0.00 **p < 0.01

LE vs DPSNPs 13.60 0.00 **p < 0.01 9.62 0.00 **p < 0.01 9.61 0.00 **p < 0.01 0.00 **p < 0.01

LE vs LPSNPs 15.15 0.00 **p < 0.01 10.71 0.00 **p < 0.01 10.71 0.00 **p < 0.01 0.00 **p < 0.01

DPSNPs vs LPSNPs 1.55 0.67 In 1.10 0.75 In 1.09 1.69 In 0.28 In

Std standard, In insignificant

*p < 0.05 (significant), **p < 0.0 (highly significant)
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