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A B S T R A C T   

This work presents the development of a novel antifungal ternary approach that is eco-friendly, biocompatible, 
and cost-effective. It consists of Bryum argenteum extract, silver nanoparticles, and healing clay smectite. The 
research focuses on the green production of silver nanoparticles using an aqueous extract of Bryum argenteum as 
a stabilizing and reducing agent, as well as the synthesis of clay dispersion and plant extract. The silver nano
particles were characterized by FTIR, SEM, UV–Vis spectroscopy, and XRD. Using a standard phytochemical 
screening procedure, the aqueous, ethanolic, and acetonic extracts of Bryum argenteum were subjected to 
phytochemical screening. Silver nanoparticles and plant extract were evaluated for their antioxidant properties 
using DPPH scavenging activity at 517 nm. Using the agar well diffusion method, a number of investigations 
have been conducted on the antifungal potential of the proposed innovative ternary approach against Rhizopus 
oryzae (R. oryzae) and Aspergillus Niger (A. Niger). The color shift validated the silver nanoparticle generation, 
and the maximum absorbance at 432.11 nm was observed employing UV–Vis spectroscopy. Several functional 
groups responsible for the synthesis of AgNPs were identified by Fourier transform infrared spectroscopy. The 
particles are spherical in shape, with the range of 10 nm to 50 nm in size. Both ethanolic and aqueous extracts of 
Bryum argenteum contain sterols, flavonoids, cardiac glycosides, and terpenoids. AgNPs have stronger antioxi
dant activity in comparison to the aqueous extract of Bryum argenteum. Out of all the individual components, 
AgNPs demonstrated the strongest antifungal activity, with clay and plant extract coming in second and third, 
respectively. Additionally, their binary composition exhibits a synergistic effect with each combination. How
ever, the ternary combination consisting of smectite clay, Bryum argenteum mediated silver nanoparticles, and 
Bryum argenteum extract showed exceptional antifungal efficiency against the mentioned fungus species. In 
respect to the zone of inhibition, the maximal antifungal activity was correlated with concentration and pH. 
Conclusion: It is concluded here that the proposed ternary system has significant antifungal potential. Future 
technological and medicinal studies will find this new ternary system to be an invaluable tool.   

1. Introduction 

Green synthesis of nanoparticles is a widely used technique in 
practice. It is preferred over physical and chemical processes such as 
chemical vapor deposition, hydrothermal, sol–gel, and chemical 

precipitation because of its biodegradable nature, environmentally 
friendly approach, and use of non-hazardous chemicals (Ying et al., 
2022; Zhang et al., 2016). 

Concerning green synthesis of nanoparticles, Nanometallics is a 
popular topic in nanomaterials research and modern material science. 
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Because of the unusual surface-to-volume ratio and ability to signifi
cantly alter physical, chemical, and biological properties, nanosized 
metallic particles have been employed in various sectors of life, 
including electronics, catalysts, dental material development, and 
pharmaceuticals (Sharma et al., 2009; Zhao et al., 2016). This is why the 
production and usage of metallic nanoparticles drew the attention of the 
researchers. Among the noble metal nanoparticles silver nanoparticles 
are ideal because of their superb optical, thermal electrical properties, 
catalytic potential, and antimicrobial capabilities(Gurunathan et al., 
2015). Owing to their unusual characteristics, AgNPs have found 
application in a wide range of industries and products, such as phar
maceutical, food, medical device coatings, optical sensors, cosmetics, 
antibacterial agents, industrial, household, and healthcare products; 
(Chernousova and Epple, 2013; Key et al., 2022; Li et al., 2014). 

The green synthesis of nanoparticles from bryophytes has started in 
the last decade. Despite being the second-largest (18000–23000 spe
cies), believed to be the oldest group of plants still existing in terrestrial 
habitats, and the closest surviving relative of the early terrestrial plants 
that have been neglected due to challenges in the collection in a sig
nificant amount for analysis; their availability only in certain seasons 
and their restricted geographical distribution. Research into the me
dicinal uses of these plants has recently begun. Many genera remain 
unexplored and offer opportunities for new research(Mukhia et al., 
2019; Srivastava and Bhargava, 2022). All regions have bryophytes, 
which live in aquatic to xeric environments. These plants have higher 
concentrations of bioactive components like terpenoids, bioflavonoids, 
isoflavonoids, and flavonoids(Saritas et al., 2001).In contrast to other 
varieties of non-flowering land plants, these species are a very effective 
group despite their modest sizes and restricted competitive capacities 
(Akintola et al., 2020; Alam, 2021). 

Members of the Bryaceae family, including Bryum argenteum, are 
widespread throughout the world. Burns, injuries, and wounds are 
treated with Bryum species and B. argenteum in particular, in folk 
medicine(Harris, 2008). B. argenteum is reportedly effective against a 
range of bacterial and fungal strains because it contains proven flavo
noids(Karpiński and Adamczak, 2017). With regards to Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus 
aureus, Enterococcus faecalis, Enterobacter aerogenes, P. syringae, 
Proteus mirabilis, B. argenteum specifically demonstrated in vitro 
antimicrobial properties of various (aqueous and ethanolic) extracts 
(Munir et al., 2023). Additionally, this species has been employed in 
medicine as an antipyretic, antidotal, and antirhinitic(Iqbal et al., 2019). 
The antifungal properties of this genus have been proven against fungi 
like Candida albicans, Trichophyton mentagrophytes and Penicillium 
ochrochloron (Sabovljevic et al., 2006). 

Like phytoremediation, the use of minerals as medicine is ancient. 
Clays such as smectite, kaolinite and bentonite among minerals are used 
in various pharmaceutical preparations because of their chemical 
inertness, rheological properties, large specific surface area, high sorp
tion capacity, and little or no toxicity to the patient(Eren, 2010; Huang 
et al., 2011; Ngulube et al., 2017). 

Smectite refers to a collection of phyllosilicate minerals that includes 
montmorillonite, beidellite, nontronite, saponite, and hectorite (Odom, 
1984). Variations in chemical composition distinguish these and 
numerous additional less frequent species, including substitutions of Al 
for Si in tetrahedral cation sites and Al, Fe, Mg, and Li in octahedral 
cation sites. The effect of di-octahedral smectite in treating epithelium 
could be predicted due to its delaying property; the attachment of di- 
octahedral smectite to bacterial strain e.g. Escherichia coli 31A is due 
to its surface charge, chemical composition, and swelling properties 
(Bertin et al., 2000). 

A novel approach to using a ternary system against human pathogens 
is suggested, taking into account the individual antimicrobial potential 
of all three of the aforementioned components. In our previous work 
(Khan et al., 2022) this approach was applied against selected bacteria 
by using Bentonite as healing clay. The remarkable outcomes inspired us 

to apply this strategy to other therapeutic clays and fungi. The current 
study aims to evaluate the pharmacological properties of the individual 
components with their unique ternary system, including antioxidant and 
antibacterial capabilities. 

2. Material and methods 

2.1. Collection of plant sample 

In the month of September 2022, Bryum argenteum was collected 
from Nerian Sharif in Azad Kashmir, Pakistan, at latitude 33.751608 and 
altitude 73.7721151(Fig. 1). The plant has been authenticated, and a 
specimen (Poonch 756) has been submitted to the Herbarium, Univer
sity of Poonch Rawalakot, Azad Kashmir, Pakistan. 

2.2. Materials 

Smectite clay, consisting of very fine particles, was supplied by 
Sigma-Aldrich. It is used as a model substrate. The physicochemical 
properties of smectite clay are presented in Table 1. Precursor salt silver 
nitrate (AgNO3-Sigma-Aldrich) and other chemicals like HNO3, KOH 
(Sigma-Aldrich) nutrient agar (Pronadisa), potato dextrose agar 
(Rapid Labs), nutrient broth (Rapid Lab), and deionized distilled water 
with conductivity less than 0.05 uS were also used. The antifungal 
Iitraconazole (Sami Pharmaceuticals) served as a reference drug. The 
overview of this research work is shown in the Fig. 2 and Table 2. 

2.3. Methods 

2.3.1. Preparation of plant extracts 
After collection, the plant was washed first with tap water, then with 

deionized water to remove dirt particles, and dried after cleaning. Plant 
material (50 g plant/100 ml distilled water) was boiled for 30 min, 
resulting in a yellowish aqueous solution. The resulting extract was 
cooled to room temperature and filtered through Watt-Man filter paper 
#1. To remove unwanted solid particles, the extract is centrifuged at 
5000 rpm for 5 min. A crude extract was then obtained and stored at 4 ◦C 
until use. 

2.3.2. Ethanolic/Acetonic extract. 
An ethanolic/ acetonic extract of shade-dried Bryum argenteum was 

prepared using a simple maceration procedure. A crude extract of the 
plant material (50 g) was obtained by grinding it and soaking it in pure 
ethanol (300 mL) and acetone (300 mL) for fourteen days. The extract 

Fig. 1. Bryum Argenteum (Silver Moss).  
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was then distilled using a Rotavapor model (Rotavapor R-220 Pro), 
obtained as a crude extract, and kept at 4 ◦C until use. 

2.4. Smectite dispersion 

The aqueous dispersion was produced by dispersing 0.1 g of smectite 
(0.1 % solid content) into 100 ml of Millipore water employing a high- 
intensity ultrasonic processor, the UP-200, operating at 24 kHz and up to 
200 W (Dr Hielscher GmbH) at 22 ◦C. The dispersion was then examined 
using various standard experimental techniques(Bhatti et al., 2012). 

2.5. Synthesis of Organo-Silver nanoparticles 

Mixing Bryum argenteum aqueous extract with AgNO3 solution 
resulted in a yellowish solution, indicating the synthesis of silver 
nanoparticles due to the reduction of Ag + into Ag metal. The presence 
of poly (vinylpyrrolidone) created the stable dispersion of silver nano
particles in an aqueous medium. The formation of AgNPs was confirmed 
by UV–VIS spectroscopy (λmax. 432 nm). The sample was observed for 
72 h until the highest absorbance was achieved, indicating the 
completion of the reaction with maximum yield. Various combinations 
of novel ternary systems comprising an aqueous extract of Bryum 
argenteum, AgNPs, and smectite clay were prepared to demonstrate 
their antifungal potential. 

2.5.1. Optimum condition for the synthesis of AgNPs 
In order to establish optimal conditions for AgNP synthesis, the plant 

samples were treated with AgNO3 solutions at various ratios, with 
amounts varying from 0.001 to 0.1 M. UV–Vis spectroscopy was 
employed to monitor the interaction between the silver ions and the 
plant extract at various intervals between 0 and 72 h. 

2.5.2. Impact of pH on the synthesis of AgNPs 
To evaluate the impact of pH (2–10) on the production of AgNPs, the 

pH of the mixture having an optimum concentration of AgNO3 and plant 
extract was adjusted using HNO3 and KOH standard solutions for acidic 
and basic pH, respectively. 

2.5.3. Impact of pH-Dependent time of contact 
The impact of the time of contact between AgNO3 solution and plant 

extract (having a specific pH) on the maximum yield of AgNPs, was 
studied by applying the standard procedure for pH adjustment. 

2.6. Characterization techniques 

UV–Vis spectroscopy, FT-IR spectroscopy, scanning electron micro
scopy, and X-ray diffraction analysis were used to characterize the 
studied material. 

2.6.1. Uv–Vis spectroscopy 
To confirm the synthesis of AgNPs from Bryum argenteum aqueous 

extract, a UV–visible spectrophotometer model (AE Lab. Model AE-S90- 
UK) with a wavelength range of 190–1100 nm was used at regular 
intervals. 

2.6.2. Scanning electron microscopy 
The surface morphology of AgNPs and smectite was examined using 

a scanning electron microscope (Joel JSM-6490A Analytical Scanning 

Electron Microscope). 

2.6.3. X-ray diffraction 
An X-ray diffraction analysis was performed to investigate the 

elemental composition and sizing of AgNPs and smectite using the 
Phillips PW 1830 with the specification of a 30 mA current range, a 40 
kV voltage, and CuK1 radiation. 

2.6.4. FTIR studies 
FTIR spectroscopy was performed to characterize smectite and 

AgNPs in the range of 4000 cm− 1 to 500 cm− 1 using the FTIR spec
trometer (SPECORD 210 PLUS). 

2.6.5. Point of zero charge (ZPC) as a function of PH 
To determine the point of zero charge of smectite as a function of pH, 

the potentiometric titration technique was applied using the Denver 
potentiometer (USA 250). 

2.7. Antifungal activity 

The fungal strains used in this assay are Aspergillus niger (A. niger) 
and Rhizopus oryzae (R. oryzae), and the agar well diffusion method is 
used. When the medium reached a temperature of 30–40 ◦C and was 
well mixed, about 1 ml of the inoculum was poured into the sterilized 
potato dextrose agar medium, and 20 ml of this medium was poured into 
all Petri dishes and allowed to solidify. Four 6 mm indentations were 
made using a sterile cork borer. In each petri dish, 50 µL of the plant 
extract was poured into each well using a sterilized micropipette. 
Negative controls (DMSO) were maintained for each fungal strain where 
neat solvents were used instead of the extract. The control areas were 
subtracted from the test zones. The standard anti-mycotic, Itraconazole 
(25 µg/mL) was used as a positive control. Plates were incubated at 
28 ◦C for 48–72 h. The diameter of the zone of inhibition was measured 
to estimate the growth of fungus. The entire process of horizontal 
laminar airflow was performed aseptically. The experiment was per
formed in triplicate. 

2.8. Antioxidant activity 

Using the scavenging potential of DPPH free radicals, an extract of 
silver nanoparticles was evaluated for an antioxidant assay. (5–20 mg/ 
ml), ethanol, the aqueous extract, and its silver nanoparticles were 
mixed. The addition of the DPPH solution and shaking was done. The 
mixture was kept in the dark for 30 min. A UV spectrophotometer (Cecil- 
Elect. UK) at 517 nm was employed against a blank (1 mL ethanol + 0.5 
mL DPPH solution) to determine the optical density of each sample. 
Readings were taken three times for each sample. The formula de
termines optical density as follows 

Inhibition(%) = [(AB − AA)/AB] × 100 (1)  

2.9. Phytochemical screening 

To identify the natural compounds present in different extracts, a 
phytochemical screening was performed on aqueous, methanolic, and 
ethanolic extracts of Bryum argenteum using standard methods. 

Table 1 
Physicochemical Property of Smectite.  

Model Adsorbent Source ZPC 
at pH  

Primary Particle size (µm) BET Surface area (m2/g)  Particle size distribution Charge 
on particle  

Smectite Sigma-Aldrich  7.5 0.05 µm  31.09 Narrow Negative  
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3. Results and discussion 

3.1. Characterization of smectite 

Smectite clay, a member of the layered silicates known as hydroxyl 
alumino-silicates, contains alkali and alkaline earth metals. Smectite 

purchased from Sigma has been characterized in terms of its size, surface 
charge, purity, and surface area. Some of the physicochemical properties 
of smectite are given in Table 1. 

The structure of smectite contains tetrahedral layers arranged be
tween octahedral layers in the clay stack pattern. The SEM image of 
smectite shown in Fig. 3a examines the shape and structure of the 

Fig. 2. Overview of the research work.  
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material. 
The literature reveals that smectite consists of two-dimensional 

layers of octahedral AlO4 or tetrahedral SiO4 at the corner with the 
chemical formula Al2Si3O4. The silica tetrahedron shares its three oxy
gen atoms with the next tetrahedron, while the oxygen at the fourth 
corner is not shared with the other tetrahedron(Bertin et al., 2000; 
Odom, 1984). All of the oxygen from the undivided apex is going in the 
same direction as the bed. Made from cations such as aluminum or 
magnesium, the octahedral sheets are fixed in clays by tetrahedral 
sheets. Six oxygen atoms are coordinated on this octahedron sheet. The 
undivided apex of the tetrahedron leaves forms one side of the octahe
dron leaves. A gap above the tetrahedron sheet has an extra oxygen 
atom. The bond formation occurs between additional oxygen and 
hydrogen atoms, creating an OH group in the clay structure. A single 
octahedral and tetrahedral group exists in a 1:1 tone; similarly, two 
tetrahedral and one octahedral group exist in a 2:1 tone. The layers can 
be neutrally or net negatively charged depending on the composition of 
the tetrahedral and octahedral layers. Interlayer cations such as Na +
and K + take over the balancing of negative charges. Hence, it is evident 
that smectite consists of silicate and aluminate groups in an arrangement 
called the TOT structure. The space between the TOT layers contains 
water molecules and cations(Bertin et al., 2000). 

3.1.1. Particle size 
The average particle size quantified by XRD analysis was 0.05 µm. A 

narrow particle size distribution was noticed from the peak values and 
computation using the Scherer equation. 

τ =
Kλ

βcosθ
(2)  

where τ the average size of the crystalline domains,K is a dimensionless 
shape factor, with a value close to unity. λ, is the wavelength of the X- 
ray, β, is the line broadening at half the maximum intensity (FWHM) and 
θ is the Bragg angle. 

3.1.2. Point of zero charge (ZPC) as a function of pH 
The potentiometric titration technique as a function of pH was used 

to determine the point of zero charges. A potentiometer (HANNA 
H1931) was used for this purpose. The ZPC was calculated at pH 7.5. 

3.1.3. Scanning electron microscopy 
SEM was employed to investigate the surface morphology of smectite 

clay. Fig. 2a exhibits an SEM image of clay. It is observed that smectite 
has 2-D sheets having honeycomb texture. 

3.1.4. FTIR studies 
The FTIR spectrum of clay is presented in Fig. 3b. The absorption 

peaks reported in FTIR spectroscopic measurements are 1633 cm− 1 and 
3626 cm− 1 due to vibrations of OH groups in the smectite due to 
stretching and bending vibrations of adsorbed water molecules. The 
bands of the OH group, AlMgOH, Al2OH, and AlFeOH, can be given as 
875, 916, and 835 cm− 1. The 530 cm− 1 and 1032 cm -1 bands are due to 
Si-O-Si stretching and Si-O strain. The octahedral layer with Al gives the 
most sensitive band at 515 cm -1. The SiOH group gave a broad band 
near 995 cm− 1(Madejová et al., 2002). 

3.2. Characterization of silver nanoparticles 

UV–Vis spectroscopy was performed for absorbance measurements 
in the range of 190 nm to 1100 nm. No early-stage peak showed any 
synthesis of Ag particles, but surface plasmon resonance of silver was 
observed after half an hour and synthesis of AgNPs was confirmed by an 
intense absorption peak at λmax. 432 nm (Fig. 4a). Reduction of Ag+in to 
AgNPs with the help of plant secondary metabolites(The plant extract 
served as both reducing and stabilizing agents)completed in 72 h, shown 
by maximum absorbance at mentioned λmax.In order to find the opti
mum concentration of plant extract an analysis of plant extracts in 
different volume ratios of 10 mL to 30 mL with a fixed volume(10 mL) of 
AgNO3 having concentrations from 0.001 to 0.1 M at room temperature 
was performed(Rucha et al., 2012). 

3.2.1. Scanning electron microscopy 
SEM was employed to investigate the surface morphology of silver 

nanoparticles. Fig. 4b exhibits the SEM image of silver nanoparticles in 
different diameters. The particles are spherical in shape with the range 
of 10 nm to 50 nm in size. 

3.2.2. XRD analysis of Ag nanoparticles 
To determine the size and crystallinity of silver nanoparticles, XRD 

analysis was performed. Fig. 4c and 4d list the XRD patterns of the 

Table 2 
Phytochemical screening of different Extracts of Bryum Argenteum.   

Compound  Photochemical 
Test applied  

Observation  Aqueous 
extract  

Ethanolic 
Extract  

Acetonic 
Extract  

Alkaloids   Mayers and hagers test 
No ppt ¡ ¡ ¡

Anthraquinones  
Born Trager’s test No layer formation ¡ ¡ ¡

Flavanoids  Lead acetate test and gelatin test  

Alkaline reagent and sodium hydroxide test 

White ppt   

Yellow fluorescent colour 

þ þ þ

Sterols Salkowaski test  

Libermann-burchardt test 

Reddish brown colour  

Brown ring 

þ þ þ

Terpenoids Salkowiski test  

Libermann-burchardt test 
Phenyl hydrazine test 

The lower layer turned yellow 
Deep red colour  

Yellow-orangecolour 

þ þ þ

Saponins  
Froth test No froth ¡ ¡ ¡

Cardiac Glycosides   Keller killeni test 
Ferric chloride test 

Brown ring 
Green colour 

þ þ þ
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synthesized AgNPs. The X-ray diffraction peaks at 2θvalues 38.01◦, 
44.21◦, 64.4◦, and 78.01◦ with d-spacing of 2.467, 5.7658, and 2.922, 
corresponded to the hkl plans of (111), (200), (220), and (311) 
respectively, showed the production of silver nanoparticles as shown in 
Fig. 3c,3d (Zielińska et al., 2009). 

3.3. Optimum conditions for the synthesis of AgNPs 

To establish ideal conditions for AgNPs fabrication at ambient tem
perature, AgNO3 solutions in concentrations ranging from 0.001-0.1 M 
were applied to the plant extract in various volume ratios i.e. 10 to 30 
mL. UV–visible spectroscopy was used to track the reaction between the 
metal ion and plant extract over durations ranging from 0 to 72 h. The 
surface Plasmon absorption band displayed exceptional efficiency at 
λmax 432 nm, indicating that AgNPs are synthesized swiftly and steadily 
over 72 h. The graph demonstrated how increasing AgNO3 concentra
tion led to an increase in AgNP production. Maximum AgNPs production 
was observed at 0.1 M AgNO3 for 30Ml of plant extract (Ishii and Xuan, 
2014; Ndikau et al., 2017). 

3.3.1. Impact of pH on the synthesis of silver nanoparticles 
As pH rises, the percentage absorption rises as well. Both the syn

thesis of AgNPs and the reduction of particle size are indicated by the 
growth and shift of the absorption band to a longer wavelength, 
respectively. The highest absorbance was observed as a narrow peak at 
pH 10, which is an indication of maximum synthesis and uniform par
ticle size distribution. Therefore, it is believed that the basic pH values 
promote AgNPs synthesis as well as a decrease in particle size and par
ticle size distribution and vice versa (Alqadi et al., 2014a; Awada et al., 
2020). The effect of pH on AgNPs synthesis is given in the supplemen
tary data file. 

3.3.2. Impact of time-dependent pH 
The effect of time-dependent pH on AgNPs synthesis is also given in 

the supplementary data file. When the plant extract and AgNO3 solution 
come into contact for a longer period and the pH rises, the percentage 
absorbance increases. The results showed that a maximum absorbance 
was observed after 72 h with pH 10. Consequently, it is believed that the 
pH-10 and 72-hour contact time; control both the synthesis of AgNPs 

Fig. 3. a. SEM Picture of smectite b. FTIR Spectrum of Smectite.  
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and particle size.(Alqadi et al., 2014b; Awada et al., 2020; Darroudi 
et al., 2011). 

3.4. Phytochemical screening 

Different bioactive components present in Bryum argenteum are 
shown in the tabulated form. Along with other phytochemicals presence 
of flavonoids is confirmed(Mccleary et al., 1960; Saritas et al., 2001). 
Our results are in good agreement with those reported in the literature 
(Karpiński and Adamczak, 2017; Mccleary et al., 1960; Saritas et al., 
2001). 

3.5. Antioxidant activities of AgNPs and Bryum argenteum 

DPPH• is commonly used for investing free radical scavenging 
properties of natural compounds and nano particles. Bryum argenteum 
extract scavenged 14.65, 8.34, 7.61, 6.96,5.15 and 1.74 % DPPH radi
cals at concentrations 400, 300, 200, 100, 50, 25 µg/mL, whereas AgNPs 
scavenged 86.75, 82.19, 76.15, 61.58, 51.65 and 37.08 % for the same 
concentrations. According to this study, the antioxidant activity of silver 
nanoparticles surpasses the activity of the Bryum argenteum extract. 
Fig. 5 compares the two, i.e. the extract of Bryum argenteum and the 
silver nanoparticles(Akintola et al., 2020; Fukumoto and Mazza, 2000; 
Zhang et al., 2017). 

Fig. 4. a.UV.Vis-Spectrum of Silver Nanoparticles b. SEM of Silver Nanoparticles c. XRD Graph of Silver Nanoparticles d. Energy diagram of AgNPs.  
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Fig. 5. Comparisons between the Antioxidant Activity of Bryum Argenteum 
and Silver Nanoparticles. 
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3.6. Antifungal assays 

The antifungal potential of individual components in binary and 
ternary systems has been evaluated in aqueous, ethanolic, and acetonic 
systems. 

3.6.1. Antifungal potential of individual components 
A systematic, precise antifungal investigation was conducted to 

assess the antifungal potential of the proposed ternary system. This 
study comprised an investigation of the antifungal potential of the in
dividual, binary system, and finally, the ternary system. 

AgNPs, smectite dispersion, and plant extract each showed 

antifungal activity in an aqueous solution, with 10, 18, and 13 mm zones 
of inhibition against A. Niger, accordingly. The same components 
exhibited an 8, 16, and 12 mm zone of inhibition in the case of R. oryzae, 
respectively. But compared to R. oryzae, this antifungal potential is 
higher against A. niger (Sabovljevic et al., 2006). These findings 
revealed that the order of antifungal potential of individual components 
is as follows: 

AgNPs ˃ Smectite clay dispersion ˃ Aqueous plant extract. 
For ethanolic media, the zones of inhibition exhibited by plant 

extract, AgNPs, and clay for A.niger were 14, 21, and 18 mm, respec
tively, while for R. oryzae they were 12, 22, and 12 mm, respectively. 
According to the findings, AgNPs in the ethanolic medium have a higher 

Fig. 6. A. Antifungal activities of Individual and Binary system for A.Nigerb.R.Oryzae c.Comparison of Antifungal Activity of Novel Ternary System Comprising 
ofBryum argenteum, AgNPs and Smectite Clay Against A.Nigar an R. Oryzaed. Effect of pH on Zone of Inhibition at Antifungal Activity. 
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potential for antifungal activity than clay and plant extracts(Sabovljevic 
et al., 2006). However, the overall potential of each component was 
higher than that of the components in the aqueous medium. This is 
caused by the components’ inherent potential in addition to the me
dium’s antibacterial activity (Sabovljevic et al., 2006). The findings are 
shown in Fig. 6a. 

The order of antifungal potential of individual components in the 
ethanolic medium is as under. 

AgNPs ˃ smectite clay dispersion ˃ aqueous plant extract. 
Antifungal potential of individual components in acetonic medium 

followed the following order. 
Smectite clay dispersion ˃ AgNPs ˃ aqueous plant extract. 
However, the values of the zone of inhibitions were higher for R. 

oryzae as compared to A. niger. The overall order of antifungal potential 
depending upon the nature of the medium is as under. 

Ethanolic medium ˃acetonic medium ˃aqueous medium. 
The results are depicted in Table 3 for A. niger, and Table 4 for R. 

oryzae respectively. These results are also shown in Fig. 6b. 

3.6.2. Antifungal potential of binary systems 
Antifungal potential of the binary system comprising of clay and 

plant extract and clay coupled with AgNPs in an aqueous medium 
showed 16 and 18 mm zone of inhibition against A. niger respectively 
while in the case of R. Oryzae, same binary system exhibited a 10 and 17 
mm zone of inhibition. These findings revealed that the order of anti
fungal potential of the binary system is as under. 

Clay + AgNPs ˃ Clay + plant extract. 
However, this antifungal potential is higher against A. Niger. From 

these results, it is also observed that clay coupled with AgNPs showed a 
synergistic effect and did not suppress the antifungal potential of each 
other. 

The binary system comprising clay and plant extract and clay 
coupled with AgNPs in ethanolic medium showed 16 and 18 mm zone of 
inhibition against A. Niger respectively while in the case of R. oryzae, 
same binary system exhibited a 15 and 16 mm zone of inhibition. It is 
revealed that the order of antifungal potential of the binary system in the 

ethanolic medium is as follows. 
Clay + AgNPs ˃Clay + plant extract. 
The case of an acetonic medium binary system comprising clay and 

plant extract and clay coupled with AgNPs showed a 17 and 18 mm zone 
of inhibition against A. Niger respectively while in the case of R. Oryzae, 
same binary system exhibited an 18 and 20 mm zone of inhibition. These 
findings revealed that the order of antifungal potential of the binary 
system in the acetonic medium is the same as that of the ethanolic 
medium. 

The overall order of antifungal potential of the binary system 
comprising of clay and AgNPs independence of medium is as under. 

Acetonic medium ˃ Ethanolic medium ˃Aqueous medium. 
The Results for the mentioned binary systems are also shown in 

Table 3 for A.niger, and its comparison with the literature cited(Khan 
et al., 2022)and in Table 4 for R.oryzaeand its comparison with the 
literature cited(Khan et al., 2022)respectively. 

Table 3 
Antifungal activities of Bryum Argenteum, AgNPs and smectite clay for A.niger 
and and its comparison with the literature cited(Khan et al., 2022).   

S. 
No  

Samples used  zone of inhibition 
(mm) for A.Nigar 
(Khan. M et al., 2022)  

zone of inhibition 
(mm) for A.Nigar 
(Khan. M et al., 2022) 

1 Plant extract 
(aqueous) 

10 2 

2 AgNPs aqueous 
dispersion 

18 14 

3 Smectite clay 
aqueous dispersion 

13 1 

4 Plant extract 
(Ethanolic) 

15 10 

5 AgNps (Ethanolic) 21 20 
6 AgNps (acetonic) 19 20 
7 Clay (Acetonic) 15 1 
8 Clay + Plant extract 

(Aqueous) 
16 1 

9 Clay + AgNPs 
(Aqueous) 

18 14 

10 Clay + Plant extract 
(Ethanolic) 

16 12 

11 Clay + AgNPs 
(Ethanolic) 

18 21 

12 Clay + Plant Extract 
(Acetonic) 

17 3 

13 Clay + AgNPs 
(Acetonic) 

18 7 

14 DMSO 0 0 
15 Antifungal Drug 24 25  

Table 4 
Antifungal activities of Bryum Argenteum, AgNPs and Smectite Clay for R. 
Oryzaeand itscomparison with literature cited(Khan et al., 2022).  

S. 
No 

Samples used zone of inhibition 
(mm) for R.Oryzae 
(Khan.M et al., 2022) 

zone of inhibition 
(mm) for R.Oryzae 
(Khan.M et al., 2022) 

1 Plant extract 
(aqueous) 

8 1 

2 AgNPs aqueous 
dispersion 

16 16 

3 Smectite clay 
aqueous dispersion 

12 1 

4 Plant extract 
(Ethanolic) 

13 12 

5 AgNps (Ethanolic) 22 20 
6 AgNps (acetonic) 13 20 
7 Clay (Acetonic) 19 1 
8 Clay + Plant extract 

(Aqueous) 
16 2 

9 Clay + AgNPs 
(Aqueous) 

18 16 

10 Clay + Plant extract 
(Ethanolic) 

15 13 

11 Clay + AgNPs 
(Ethanolic) 

19 21 

12 Clay + Plant Extract 
(Acetonic) 

18 3 

13 Clay + AgNPs 
(Acetonic) 

19 7 

14 DMSO 0 0 
15 Antifungal Drug 24 25  

Table 5a 
Antifungal Activity of Novel Ternary System Bryum argenteum AgNPs and 
Smectite clay for A.niger.  

Novel Ternary system Samples used % zone of 
inhibition (mm) 

Extract:AgNPs:SmectiteA.Niger    

Novel ternary system of Bryum 
argenteum, AgNPs and Smectite clay         

1: 1: 1 12 
2: 1: 1 13 
3: 1: 1 15 
1: 2: 1 18 
1: 3: 1 19 
1: 1: 2 15 
1: 1: 3 17 
1: 2: 2 19 
1: 3: 2 20 
1: 3: 3 21 
2: 3: 3 21.5 
3: 3: 3 24.5 
DMSO 0 
Antifungal 
Drug 

26  
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3.6.3. Antifungal potential of ternary systems 
To evaluate not only the antifungal potential of the ternary system 

but the synergetic or antagonistic impact of each component, twelve 
different combinations were prepared as shown in Table 5a for A. niger 
and Table 5b for R.oryzae respectively. 

According to the table, the antifungal potential of the ternary system 
increases as the concentration of AgNPs increases. For instance, in the 
case of A. niger, the zone of inhibition increased up to 19 mm for 1:3:1 
and 1:1:1 (12 mm), respectively. Increasing the concentration of the 
remaining two components produced outcomes that were comparable. 
These findings showed that while each component had a unique 
contribution to antifungal activity, the component with the larger 
contraction increased antifungal activity overall. The antifungal activity 
of AgNPs is well known, so this finding is not unexpected. However, 
since both plant extract and swelling clay are used as antifungal dis
persants and carriers respectively for AgNPs to provide chances of 
interacting with fungal strains, their importance cannot be ignored. This 
argument is also further supported by the results obtained by increasing 
the concentration (threefold) of all components of the ternary system. 
The antifungal activity also increased to its maximum i.e. 24.5 mm for A. 
niger and 24 mm for R.oryzae, Here the role of healing clay smectite and 
plant extract can easily be observed. Due to the physical parameters of 
bentonite like high cation exchange capacity, high surface area, high 
swelling capacity, high water dispersibility, high absorption capacity, 
and non-toxic nature(Dardir et al., 2018) astringent and hemostatic 
action(Carretero, 2002)they are typically used in medicinal and 
cosmetic uses. Keeping in view the mentioned properties of clay we can 
easily understand this increase in antifungal activity. Antifungal activity 
of the Bryum argenteum has also been proven by literature(Motti et al., 
2023; Sabovljevic et al., 2006). Therefore when these three components 
were gathered in a suggested ternary system these components showed a 
synergistic effect. The result of antifungal activities of the ternary system 
against A. niger and R.Oryzae are shown in Tables 5a and 5b 
respectively. 

From the table, it is also observed that the presence of plant extract 
showed an antagonistic effect in the ternary system as shown by the 
1:1:1 (13 mm), 2:1:1(13.5 mm) and 3:1:1 (16 mm) respectively. In our 
study, the ternary system with a ratio of 3:3:3 showed a marked effect in 
controlling the growth of selected fungal strains i.e. (24.5 mm for A. 
niger and 24 mm for R.Oryzae as shown in Fig. 6c. 

Silver nanoparticles are found in higher concentrations than other 
composite ternary systems, and their antimicrobial activity varies 
depending on the microbial organism(Elmer et al., 2005). Silver nano
particles can significantly delay mycelial growth in vitro and can bind 
directly to and penetrate the cell membrane to destroy spores. The 

diffusion mechanism of silver nanoparticles into the microbial cell 
membrane is not fully understood(Park et al., 2013). This study found 
that silver nanoparticles, Bryum argenteum extract and smectite clay 
were effective in regulating two phytopathogens, A.niger and R. oryzae, 
as a fungicide surrogates. The ternary system strongly inhibited the 
growth of fungi, suggesting the possibility of eradicating them using the 
method. 

However, for practical implementation, parameters such as phyto
toxicity and delivery to the host tissue must be evaluated. 

3.6.4. Effect of pH on antifungal activity 
Table 6 displays the antimicrobial behavior of silver nanoparticles 

mediated by Bryum argenteum at various pH values. As pH rises, anti
fungal action rises as well. AgNPs production grows as the medium’s pH 
rises, as was previously stated in Section 3.3.1, but particle size reduces 
(Ndikau et al., 2017). In comparison to larger particles, smaller particles 
can more readily interact with the fungal cell membrane and penetrate 
the cell, increasing antifungal activity. At neutral pH, the findings are 
comparable to those produced by individual AgNPs, but at higher pH, 
the higher values of the zone of inhibition are caused by the medium’s 
highly basic and corrosive character(Wiegand et al., 2015). The result is 
presented in Fig. 6d. 

4. Conclusion 

This study supports the presence of flavonoids, sterols, terpenoids, 
and cardiac glycosides in B. argenteum as significant secondary me
tabolites. Together with medicinal clay, these bioactive substances and 
silver nanoparticles demonstrated antifungal activity against A. niger 
and R. Oryza. This research was done to find out how well three different 
components in a ternary system, namely H. Bryum argenteum extract, 
Bryum argenteum silver nanoparticles, and a smectite clay, worked 
together. According to this research, ternary systems can be utilized as 
natural fungicides rather than synthetic antifungals. 

This study supports the presence of flavonoids, sterols, terpenoids 
and cardiac glycosides as important secondary metabolites in 
B. argenteum. Together with medicinal clay, these bioactive substances 
and silver nanoparticles demonstrated antifungal activity against A. 
niger and R. oryzae. All three components showed the antifungal po
tential against selected fungal strains, however higher antifungal po
tential was observed by AgNPs as an individual component. In the case 
of the binary system, clay + AgNPs showed the maximum antifungal 
activity. While the presence of these components in the suggested 
ternary system showed the highest antifungal potential, this is compa
rable to the standard antifungal drug. It is also observed that antifungal 
activity is pH and concentration-dependent. This study suggests that the 
ternary system can be used as an antifungal instead of a synthetic 
fungicide. 
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