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Abstract
Drug resistance in filamentous fungus to antifungal medicines is a huge problem in biomedical applications; so, an effective 
strategy for treating opportunistic fungal infections is needed. Mentha piperita is a very fascinating plant to treat a variety 
of ailments as home remedies. Eighteen strains of Aspergillus species were used for this study which are having a unique 
antifungal resistance profile in presence of silver nanoparticles (AgNPs). AgNPs were prepared, using an aqueous extract 
of M. Piperita and characterized it by various techniques. Structural properties of AgNPs were systematically studied using 
X-ray diffraction (XRD), high-resolution transmission electron microscopy (HRTEM), Fourier-transform infrared spectros-
copy (FT-IR), and Raman measurement, which emanate the single-phase fcc structure of silver nanoparticles. The spherical 
nature and elemental analysis of as-synthesized AgNPs were confirmed using scanning electron microscopy (SEM) and 
energy-dispersive X-ray (EDX) spectroscopy, respectively. The optical study has been analyzed using UV–Vis spectroscopy 
and band gap was calculated as 2.51 eV, using Tauc plot. To analyze and validate the good efficacy of the disc approach, 
antifungal activity of AgNPs nanoparticles in different concentrations against isolates was achieved in both disc and broth 
microdilution. The extracellular enzymatic activity of A. fumigatus was found to explore the precise impact of nanoparticles 
on fungal metabolism. The antifungal efficacy of AgNPs against all fungi was highly successful in disc method. The broth 
approach underlined the favorable results of the disc method. It provided more precise results in determining the minimum 
inhibition concentration (MIC), as well as the minimum effective concentration (MEC). A. fumigatus (AM6) enzymatic activ-
ity was boosted by AgNPs. Also, ß-galactosidase, ß-glucuronidase, and ß-glucosidase are necessary enzymes whose activity 
has been boosted. Consequently, M. piperita AgNPs can play a major and intriguing function against resistant Aspergillus 
species with a significant shift in the enzymatic activity profile of fungi due to this action.
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Introduction

Opportunistic mycoses are major fungal diseases whose 
risk has recently been increased because of the alteration in 
the fungus physiology, host immunological status, or envi-
ronmental circumstances (Gnat et al. 2021; Almansob et al. 
2022). This significant condition is identified as a potentially 
fatal illness in immune-compromised individuals and, more 
recently, in COVID-19 pandemic, especially with aspergil-
losis (Song et al. 2020). Aspergillus species cause aspergillo-
sis, namely, Aspergillus fumigatus, Aspergillus niger, Asper-
gillus flavus, and Aspergillus terreus, which are resulting in 
a variety of infections ranging from noninvasive to invasive 
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(Siddiqi et al. 2018; Maddy et al. 2019; Rudramurthy et al. 
2019).

Fungal infections have long been recognized in the 
Kingdom of Saudi Arabia. According to previous statistics, 
fungal infections account for around 31% of all infections 
with Aspergillus, which constituting 12.38% of all infec-
tions (Almahdi et al. 2016). Moreover, the fungal infections 
accounted for roughly 10%, bacterial infections (gram-pos-
itive organisms: 10% and gram-negative organisms: 32%) 
accounted for 42%, and polymicrobial infections accounted 
for the remaining 48%. (Almuneef et al. 2006; Al-Tawfiq 
and Abed 2009; Ameen et al. 2022). However, in Saudi 
Arabia, specific information on opportunistic fungal infec-
tion is scarce. Consequently, the opportunistic fungal infec-
tion related to immune-compromised individuals will be 
explored in this paper systematically. Also, the drug resist-
ance of filamentous fungi to antifungal drugs is a big con-
cern in the medical field (Arendrup 2014; Ameen 2022). 
So, an effective treatment method is required to medicate 
the opportunistic fungal infections. Surprisingly, the differ-
ent nanoparticles (NPs) are gaining extensive use in vari-
ous biological therapies such as antifungal and antibacterial 
activity (Sathishkumar et al. 2016a; Rajadurai et al. 2021). 
Several biological (using plant extract), chemical (sol–gel, 
auto-combustion, co-precipitation, hydrothermal, etc.) and 
physical approaches have been proposed to synthesize these 
nanoparticles such as Cu NPs (Usman et al. 2012), Au NPs 
(MubarakAli et al. 2011; Almansob et al. 2022), and Ag 
NPs (Sajjad et al. 2019; Khan et al. 2020a). But, the silver 
nanoparticles, synthesized by biological methods, employ-
ing microbes, enzymes, amino acids, proteins, and plant 
extracts, are shown to be more biocompatible, eco-friendly, 
cost-effective, and readily manufactured on a large indus-
trial scale (Jadhav et al. 2016; Parlinska-Wojtan et al. 2016; 
Ameen et al. 2020). The green synthesis of nanoparticles 
using the plant extract, in particular, is a successful strat-
egy that has widespread applicability in modern medicine 
(Inbathamizh et al. 2013; Sathishkumar et al. 2016b). Again, 
phytochemicals that are included in plant extracts function 
as a both reducing and stabilizing agents in creating nano-
particles. Conventionally, several plant components, such 
as Mentha species, have been used as natural biomedicine 
to treat various ailments such as respiratory issues, spasms, 
pain, gastrointestinal complaints, eye infections, bronchi-
tis, gout, and giddiness (Sreelatha et al. 2009; Desam et al. 
2019). So, these Mentha species will be very beneficial to 
synthesize the biocompatible Ag NPs, because these are 
themselves having the natural biomedicine properties.

In this report, the fungal pathogens linked with immune-
compromised individuals were isolated and identified in this 
study. Also, the silver nanoparticles were produced from 
aqueous extract of Mentha piperita and characterized using 
various techniques such as XRD, FT-IR, TEM, Raman, 

SEM, EDX, and UV–Vis spectroscopy. This extract of Men-
tha piperita has historically been used to cure infection in 
home remedies, to develop nano-biomedicine for the treat-
ment of fungal diseases.

Materials and methods

Collection and identification of fungi

The fungal isolates were obtained from the departments of 
King Khalid University Hospital and King Saud Medical 
City hospital in accordance with the Ministry of Health-
Kingdom of Saudi Arabia (MOH-KSA) guidelines and 
following approval by the Institutional Review Board of 
King Khalid University Hospital in Research Project No. 
E-18–3066 (Almansob et al. 2022).

Plant materials

Well-grown Mentha piperita was collected from the super-
market and identified by Government Botanical Survey. The 
leaves of the plant were used for extract preparation.

Preparation of plant extract

The leaves of M. piperita were obtained and identified by 
the Government Botanical Survey, and the voucher speci-
men was kept. The plant leaves were dried for 7 days at 
25℃ in an incubator (Memmert GmbH, Burladingen, Ger-
many). To eliminate any surface pollutants, the dried leaves 
were ground (ALSAIF ELEC grinder, 90,582) and carefully 
rinsed with double-distilled water. The aqueous extract was 
prepared using the decoction extraction procedure. The 
extract was made in a precise 1:16 ratio (plant to solvent). In 
160 mL of double-distilled water, 10 g of powdered material 
was dissolved. Overall, the extract concentration was 0.06 g/
mL (62.5 mg/mL or 62,500 ppm). The extracts were placed 
in an incubator shaker (Gallenkamp, Gillingham, UK) and 
maintained at 25℃ overnight. Later, the extract was filtered 
in two stages using sterile big 124 cm filter sheets (Whatman 
type No. 1, Gillingham, UK) and Acrodisc Syringe Filters 
(0.45 m pore size/ Pall, New York, NY, USA) to remove any 
potential contamination (Almansob et al. 2022).

Biosynthesis of silver nanoparticles

The aqueous plant extract was mixed with 1 mM of aque-
ous solution of  AgNO3 (Nexgen Chemicl, India) in ratios 
(1:1, 1:5, 1:10, and 1:15) with small-scale volumes (1:1, 
1:5, 1:10, and 1 ml:15 ml) in 20 ml sterile glass tubes. Incu-
bation was applied at room temperature till the brownish 
color was formed. Then, large-scale volumes of plant extract 
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were achieved to prepare sufficient amount of nanoparticles 
(50 ml: 500 ml, and 50 ml:750 ml). Control was done in 
the same test procedures, ratio and conditions but sterilized 
DW with extracts was applied instead of  AgNO3 (Rajadurai 
et al. 2021).

The green biosynthesized of AgNPs were confirmed 
by UV–visible spectrophotometer and distilled water will 
be used as reference. The brownish solutions were centri-
fuged for 5–10 min/6000 − 1000 rpm (Heraeus Sepatech 
Labofuge A & MiniSpin Centrifuge, Germany) many times 
and subsequently washed twice with sterilized distilled water 
(DW) and Milli-Q water and one time with 90% ethanol to 
remove the excess  Ag+ ions and pigments. Then, the sedi-
ments were dried in an incubator (Memmert, Germany) for 
24 h at 48–50 °C (Kim et al. 2018; Rajkumar et al. 2021).

Preparation of AgNPs stock solution

According to further experiments, nanoparticles were pre-
pared in an aqueous solution to form antifungal activity. 
The stock concentration of each AgNPs were 1000 ppm and 
serial dilutions of this stock were done to get solutions with 
concentration 200 ppm,100 ppm,50 ppm and 25 ppm.

Characterization of AgNPs

The structural properties of AgNPs samples were evaluated 
using X-ray diffraction (XRD), transmission electron micro-
scope (TEM), high-resolution transmittance electron micro-
scope (HRTEM), selected-area electron diffraction (SAED), 
Fourier-transform infrared (FT-IR) spectroscopy, and Raman 
measurements. XRD measurement of AgNPs was per-
formed on Shimadzu Lab XRD-6100 using Cu-Kα radia-
tion (λ = 1.54 Å) at room temperature to check the phase 
purity and to determine crystal symmetry. TEM images were 
recorded at 200 kV using JEM 1011 Japan. FT-IR spectra 
were carried out using Perkin Elmer Spectrum-2. Raman 
spectroscopy has been carried out using Jobin Yvon Hori-
bra LABRAM-HR with 473 nm laser light. Morphologi-
cal measurement was done using SEM (JEOL, Japan) with 
energy-dispersive X-ray (EDX). UV–Vis absorbance spectra 
and band gap analysis had been studied using UV–Vis Spec-
trophotometer (JASCO, USA).

Antifungal activity of AgNPs

AgNPs solutions with varying concentrations (25, 50, 100, 
200, and 1000 ppm) were produced, and 10 µL of the solu-
tions was put onto the sterile discs. The antifungal activ-
ity was expressed as a zone of inhibition in millimeters 
(mean ± SD). As a reference method, the broth microdilu-
tion technique was used in accordance with the CLSI M38-A 

protocol to test the accuracy and sensitivity of the disc dif-
fusion method (Almansob et al. 2022).

Effect of silver nanoparticles on extracellular fungal 
enzymes

Efficient silver nanoparticles against fungi were selected and 
studied its impact on the enzymatic activity of fungi. These 
fungi were selected due to their high cytotoxicity feature 
and their significant role in respiratory tract infection and 
complication in immune-compromised patients (Gutarowska 
et al. 2014). Nineteen extracellular enzymes profiling were 
investigated throughout the APIZYM (Biomeruex, France) 
strips test. The protocol is based on same protocol of Alman-
sob et al. (2022) (Almansob et al. 2022).

Statistical analysis

All experiments were performed in triplicate and discribed 
as mean ± SD. Two-way ANOVA analysis was applied for 
designed experiment. p < 0.05 was checked for significance.

Results and discussion

Identification of isolates

Eighteen isolates provided from the source departments 
were revived, sub-cultured on Sabouraud’s agar (Oxoid Ltd, 
Basingstoke) and incubated for 5 days at 28 °C. The pure 
cultures were stored in glycerol at -80 °C for further analy-
sis. After morphological identification, fungal isolated cul-
tures were molecularly characterized by partially sequenc-
ing 18S rRNA gene using universal primers ITS1 and ITS4 
(Almansob et al. 2022). The sequences were processed using 
BioEdit software 7.2.4. For similarity search, the BLASTn 
search tool of NCBI was used. The processed sequences for 
fungal strains were submitted to the GenBank database and 
accession numbers were provided (Table 1).

Biosynthesis of silver nanoparticles

AgNPs formation was visually recorded depending on the 
brownish color formation, as shown in Fig. 1. During 4 h, 
Ratio 1:15 (extract  AgNO3) was the most active biosynthesis 
for AgNPs. Principle of nanoparticle formation from plant 
source based on presence of phytochemicals such as phenol, 
flavonoid, isoeugenol and spathulenol existing in Mentha 
leaves act as reducing agent converting element solution to 
metallic form (Jha et al. 2009; Ebrahimabadi et al. 2010; 
Jafarizad et al. 2015).
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Characterization of AgNPs

XRD

The XRD spectrum is recorded to investigate the crystal 

structure of biosynthesized silver nanoparticles to confirm 
the phase purity and single phase of the sample as repre-
sented in the Fig. 2. This XRD results are in good agreement 
as the values for a face centered cubic (fcc) structure of sil-
ver and it is operated in 2θ geometry. The diffraction peaks 

Table 1  List of isolated fungi 
and their Genbank accession 
numbers

No Fungi and (strain) NCBI
Accession no

Similarity% Practical code

1 Aspergillus flavus (AM1) OK396684 100% 1.1
2 A. flavus (AM2) OK396685 100% 1.2
3 A. flavus (AM3) OK396686 100% 1.3
4 A. flavus (AM4) OK396687 100% 1.4
5 Aspergillus flavus (AM5) OK396688 100% 1.5
6 Aspergillus fumigatus (AM6) OK396689 100% 2.1
7 Aspergillus fumigatus (AM7) OK396690 100% 2.2
8 Aspergillus niger (AM8) OK396691 100% 3.1
9 Aspergillus niger (AM9) OK396692 100% 3.2
10 Aspergillus terreus (AM10) OK396693 100% 4
11 Aspergillus flavus (AM11) OK396694 100% 5
12 Aspergillus flavus (AM12) OK396695 100% 6
13 Aspergillus flavus (AM13) OK396696 100% 7
14 Aspergillus terreus 8 – – 8
15 Aspergillus flavus (AM14) OK396697 100% 9
16 Aspergillus flavus (AM15) OK396698 100% 10
17 Aspergillus flavus (AM16) OK396699 100% 11
18 Aspergillus niger (AM17) OK396700 100% 12

Table 2  Efficacy of different 
concentrations of AgNPs of 
Mentha piperita against tested 
fungi (Disc technique)

No Fungi Inhibition zone (mm)

AgNPs

25 50 100 200 1000

1 A. flavus (AM1) 0 ± 0 0 ± 0 8.3 ± 0.6 9.7 ± 0.6 11.3 ± 0.6
2 A. flavus (AM2) 0 ± 0 0 ± 0 0 ± 0 6.3 ± 0.6 6.7 ± 0.6
3 A. flavus (AM3) 0 ± 0 0 ± 0 0 ± 0 7.7 ± 0.6 8 ± 1
4 A. flavus (AM4) 8.3 ± 0.6 9.3 ± 0.6 10.3 ± 0.6 11.3 ± 1.2 12.3 ± 1.2
5 A. flavus (AM5) 6.7 ± 0.6 7.3 ± 1.5 9 ± 2 9.7 ± 1.5 12.7 ± 0.6
6 A. fumigatus (AM6) 0 ± 0 0 ± 0 8.7 ± 0.6 9.7 ± 0.6 11.7 ± 0.6
7 A. fumigatus (AM7) 0 ± 0 0 ± 0 0 ± 0 0 ± 0 9.7 ± 0.6
8 A. niger (AM8) 0 ± 0 0 ± 0 0 ± 0 0 ± 0 10.7 ± 0.6
9 A. niger (AM9) 0 ± 0 0 ± 0 0 ± 0 9.3 ± 0.6 12.3 ± 0.6
10 A. terreus (AM10) 0 ± 0 0 ± 0 0 ± 0 6.3 ± 0.6 9.7 ± 0.6
11 A. flavus (AM11) 6.7 ± 0.6 7.7 ± 0.6 8.0 ± 0 8.0 ± 0 10.3 ± 0.6
12 A. flavus (AM12) 0 ± 0 0 ± 0 0 ± 0 0 ± 0 7.3 ± 0.6
13 A. flavus (AM13) 0 ± 0 0 ± 0 0 ± 0 0 ± 0 7.3 ± 0.6
14 A. terreus 8 0 ± 0 0 ± 0 6 ± 0 6.7 ± 0.6 8.3 ± 0.6
15 A. flavus (AM14) 0 ± 0 0 ± 0 0 ± 0 0 ± 0 6.3 ± 0.6
16 A. flavus (AM15) 0 ± 0 0 ± 0 0 ± 0 0 ± 0 9.7 ± 1.5
17 A. flavus (AM16) 6.7 ± 0.6 7.7 ± 0.6 9.3 ± 0.6 9.7 ± 0.6 10.7 ± 0.6
18 A. niger (AM17) 9.3 ± 1.5 9.7 ± 0.6 12.0 ± 1 12.3 ± 1.2 14.3 ± 1.2
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observed at 38.6°, 43.8°, 64.7°, 78° and 81.1° correspond 
to the respective (111), (200), (220), (311), and (222) dif-
fraction planes belonging to fcc structure of AgNPs, which 
is well matched with the JCPDS card number 04–0783 
(Cai et al. 2017). The particles with sufficient energy orient 
along a thermodynamically favorable direction (111) and 
they move more actively towards thermodynamically stable 
sites in the Ag matrix. The calculated value of inter-planer 

spacing d accorded exactly with cubic structure of JCPDS 
card number 04-0783. No secondary peaks belonging to 
additional phase viz.  Ag2O structure were observed, which 
depicted the single-phase structure of AgNPs (MubarakAli 
et al. 2011). The fcc lattice parameter (a) of AgNPs is com-
puted using the following expression (Eq. 1):

where d is the interplanar spacing, calculated using the 
Bragg’s formula (Eq. 2), and (hkl) is the Miller indices of 
each diffraction planes.

where λ is the wavelength of Cu Kα source of X-rays, and 
the value of θ is taken by the Gaussian curve fitting of (111) 
peaks. The value of lattice parameter is calculated to be 
4.083 Å. Again, the average crystallite size (δ) was evaluated 
from the XRD analysis using Debye–Scherrer formulation 
(Khan et al. 2020b), as expressed by Eq. 3,

where β is the full width at half maxima of each peak and 
calculated value of average crystallite size (δ) was observed 
to be 22  nm which has good agreement as the results 
obtained from the TEM analysis as mentioned in the Fig. 3 
(a, b) (Abd Kelkawi et al. 2017; Kim et al. 2018).

TEM

Transmission electron microscopy (TEM), high-resolution 
transmission electron microscopy (HRTEM), and selected-
area electron diffraction (SAED) observations were meas-
ured to study the greater vision of the morphology (particle 
distribution, and their size), fringe patterns of lattice and 
ring arrangements of the biologically synthesized AgNPs as 
shown in Fig. 3a. TEM image verified the spherical geom-
etry with some clusters or agglomeration of silver nano-
crystallites. Agglomeration of crystallites, and particles is a 
general activity that emanates in a decrease of surface free 
energy by enhancing their shape and decreasing the surface 
area. The agglomeration and accumulation of nanocrystal-
line materials is because of the adhesion of the particles 
through weak forces resulting to submicron sized structure 
(Roselina and Azizan 2012). The average particle size, cal-
culated using image j software, is 30 nm with 15.4 nm stand-
ard deviation (SD). The particle size distribution, fitted by 
the Gauss curve fitting formulation is represented in Fig. 3b, 
which has good concurrence with the results obtained from 
XRD analysis.

(1)1

d2
=

h2 + k2 + l2

a2
,

(2)2dsin� = �,

(3)� =
0.9�

�cos�
,Fig. 1  AgNPs formation using Mentha piperita (1 min-4 h)

Fig. 2  XRD spectrum of AgNPs using Mentha piperita with JCPDS 
spectrum (04–0783)
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The HRTEM fringe pattern of lattice at very large mag-
nification (scale: 5 nm) of biosynthesized nanoparticles 
has been analyzed in the first inset of Fig. 3a. The d-spac-
ing had been measured to be 2.36 Å which indicates the 
(111) Miller plane of AgNPs (MubarakAli et al. 2011). 
Also, the SAED pattern investigated in the second inset 
of Fig. 3a exhibits rings network, emanating the nano-
particles polycrystalline behavior of pure AgNPs. Also, 
the d-spacing and corresponding plane observed from the 
HRTEM and SAED patterns could be well described to the 
fcc structure of AgNPs (Gabriela et al. 2017).

FT‑IR

The outcomes from FT-IR measurement described in Fig. 4 
confirm the formation of the silver nanoparticles. The vibra-
tion bands, positioned below 1000  cm−1, are called the finger 
print region in this spectrum AgNPs (Khan et al. 2020b). The 
stretching vibration of O–H bonds at 3350  cm−1 is obtained 
because of the moisture present in the sample (Khan and 
Rahman 2019). Our FTIR results indicated that the C–H 
vibration bond at 2910  cm−1 and strong stretching vibrations 
of O–H at 2400  cm−1. Another two peaks at 1610  cm−1 and 
1500  cm−1 attributed to the C=C stretching vibrations from 
the aromatic rings. Again, the peaks observed at 1009  cm−1 
correspond to C–O stretching vibrations from alcohol, i.e., 
owing to functional groups of proteins and metabolites cov-
ering the silver nanoparticles. At last, the peak positioned at 
800  cm−1 corresponds to the aromatic groups (Thirunavouk-
karasu et al. 2013).

Raman

Raman spectrum of silver nanoparticles is shown in Fig. 5. 
It consists of vibrational modes at 233  cm−1, 470  cm−1, 
627  cm−1, and 1080  cm−1. Well-formed silver nanoparti-
cles were prepared using Mentha piperita extract which also 
play a vital role as a surfactant for AgNPs. The plant extract 
contained of several organic constituents like hydroxyl 
and carboxylic group. In the typical Raman spectrum, the 
band observed at 233  cm−1 corresponds to Ag–O stretching 
vibrational mode (Linic et al. 2015), further, the vibrational 
peaks positioned at 470  cm−1 and 627  cm−1 are created due 
to stretching vibration of C–N–C and C–S–C (Arvizo et al. 
2012). The last band at 1080  cm−1 is obtained due to the 

Fig. 3  TEM micrograph (a): insets show the corresponding HRTEM 
fringe pattern and SAED ring pattern, and particle size distribution 
using Gaussian curve fitting (b) of AgNPs

Fig. 4  FT-IR spectrum of AgNPs using Mentha piperita 
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carboxylic group (C = O stretching vibration) (Joshi et al. 
2018).

SEM–EDX

The morphology and elemental analysis of AgNPs powder 
had been investigated using SEM and EDX, respectively. 
The SEM measurement was utilized to study the surface 
topography and morphology of the biosynthesized AgNPs, 
as represented in the inset of Fig. 6, which emanates the 
spherical shape with flat structure of the AgNPs (Habibi 
et al. 2010). These as-synthesized nanoparticles also formed 

some specific clusters in spite of close symmetry. Moreo-
ver, the NPs are apprehended by each other by M. piperita 
(stabilizing agent), which plays a vital role in managing 
the dispensation of particle size and also controlling the 
some specific aggregation (Feng et al. 2012). This particu-
lar observation that the plant extract of Mentha piperita 
is a proper capping agent, exhibits in creation of small 
sized nanoparticles. On the other hand, EDX spectroscopy 
attached with SEM microscope is used to recognize the 
elemental configuration of the biosynthesized AgNPs. The 
observed EDX spectrum of AgNPs is well represented in 
the Fig. 6, addressing the confirmation of silver (Ag), oxy-
gen (O) and carbon (C) at their corresponding energy value. 
The observed spectrum of AgNPs is similar as previously 
reported study (Khan et al. 2016; Murugesan et al. 2017), 
rather to observe slightly spiked peak of carbon. The O and 
C peaks confirmed the presence of carbon-based stabilizers 
in the sample. Moreover, the presence of the C and O ele-
ments may correspond to the carbon tape utilized to mount 
the desired sample during the experiment and oxidation of 
surface, respectively (Abdul et al. 2011).

UV–Vis spectroscopy

UV–Vis spectroscopy is one of the important tools and tech-
niques to study the optical properties of the different nano-
materials. As a multifaceted and having excellent applica-
tion in various fields, the optical property of AgNPs sample 
needs to be investigated systematically. To measure the opti-
cal absorbance spectra of the AgNPs and plant extract were 
performed with a UV–Vis double beam spectrophotometer 
as shown in Fig. 7a, b. The typical absorbance spectra of 
both the samples show that the large absorption is obtained 

Fig. 5  Raman spectrum of AgNPs using Mentha piperita 

Fig. 6  EDX analysis of AgNPs 
using Mentha piperita: inset 
shows the corresponding SEM 
image
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at 380 nm. This can be ascribed to the scattering effect from 
the haphazardly oriented nano-crystallites/grains with grain 
boundaries (Cai et al. 2017).

The optical band gap Eg of biologically synthesized 
AgNPs sample is calculated using Tauc plot as derived from 
the relation (Eq. 4) (Akhter et al. 2020) as shown in the inset 
of Fig. 7 (a), given by

where α is the absorption coefficient ( � =
2.303×A

t
 ; here, t is 

the thickness of cuvette (1 cm), and A is the absorbance), 
C is the energy-independent coefficient, hν is the photon 
energy, and Eg is the optical band gap of the synthesized 
AgNPs. Further, the value of n is considered ½ as silver NPs 
have the direct band gap. The optical band gap of AgNPs can 
be evaluated by the linear extrapolation of the plot of (αhν)2 
versus hν on the x-axis (i.e., Eg = 2.51 eV). This band gap of 
the sample may be arise because of the least intermediate 
energy levels and smaller average grain/crystallite size of the 
AgNPs sample. This characteristic of wide optical band gap 
of AgNPs substituted its utilization in biomedical applica-
tions (Usman et al. 2012).

Antifungal activity of AgNPs

In disc technique, the antifungal effectiveness of AgNPs 
against all fungi was markedly significant against all strains 
with 100% (18) as shown in Table 2. Broth microdilution 
method emphasized and matched the positive results of disc 

(4)�h� = C(h� − Eg)
n
,

method depending on Minimum effective concentration 
(MEC) and gave more accurate findings to determine Mini-
mum inhibition concentration (MIC) in which disc method 
could not cover it as observed in Table 3.

27.8% (5) of isolates were sensitive to the lowest con-
centration of nanoparticles (25 ppm) especially A. flavus 
(AM4), and A. niger (AM17) through disc method in which 
this percentage increased to 44.4% (8) in broth method espe-
cially against A. flavus (AM15) and A. niger (AM17). MIC, 
MFC and MEC were 200 ppm in 66.7% (12), 200 ppm in 
55.6% (10) and 25 ppm in 44.4% (8) of fungi, respectively.

There are numerous studies focusing on menthe plant 
either extract, oil, or nanoparticles and its efficiency as anti-
bacterial, antifungal or antioxidant agent. However, there 
are limited published reports either studying the efficacy 
of silver nanoparticles of Mentha piperita on filamentous 
fungi, especially against resistance Aspergillus species, or 
studying the evaluation of disc compared to broth micro-
dilution method in nanoparticles application against nano-
particles filamentous fungi. The efficiency of Ag NPs of 
Mentha spicata against A. niger of Alkfaji report (Alkfaji 
et al. 2020) was almost similar to our results, although the 
concentration of Ag NPs was higher (20 mg) than our con-
centration (0.025 mg/ml). Abd Kelkawi (2017) studied the 
susceptibility of C. albicans to AgNPs of Mentha pulegium 
and recorded 100 ppm as MIC which was similar to our 
result in 11.1% (2) of fungi: A. niger (AM17) and A. flavous 
(AM15) (Abd Kelkawi et al. 2017). Moreover, MIC, MFC, 
and MEC of Au NPs of Mentha piperita in our previous 
report (Almansob et al. 2022) were 1000 ppm in 20% (1), 

Fig. 7  UV–Vis spectra of AgNPs (a): inset shows the Tauc plot for band gap calculation, and UV–Vis absorption spectra of Mentha piperita 
extract (b)
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1000 ppm in 20% (1), and 60% (3) of fungi, respectively, 
indicating the effectiveness of Au NPs in higher concentra-
tion compared to AgNPs which was more efficient in a small 
amount.

In general, differences in the efficacy of the nanoparti-
cles may attribute to size, shape, concentration, and types of 
nanoparticles such as nanoparticles with small sizes have the 
capability to enter cells and interact with significant internal 
components (Karlsson et al. 2009; Sanghi and Verma 2009; 
Abbaszadegan et al. 2015; Abdelmonem et al. 2015; Zhao 
et al. 2015), and this was recorded in our finding in which 
silver nanoparticles of M. piperita were smaller (Av:30 nm) 
with spherical shapes. Overall, Tafrihi et al. (Tafrihi et al. 
2021) showed wonderful activities of Mentha sp. in various 
reports, and this is convenient to our finding as nanoparticles 
form as interesting and promised antifungal efficacy.

Effect of silver nanoparticles on extracellular fungal 
enzymes activity

As shown in Fig. 8, nineteen extracellular enzymes profiling 
of A. fumigatus (AM6) was studied. High concentrations of 
enzymatic activity (20–30 nmoles) were recorded only in 
10.5% (2), which were Naphthol-AS-BI-phosphohydrolase 
and alkaline phosphatase, low to moderate amount (5–10 
nmoles) noted in 15.8% (3) and there was no enzymatic 
activity in 73.7% (14) of enzymes. Enzymes profiling 

was notably modified after treatment fungus with AgNPs 
in which all enzymatic changes 89.5% (17) significantly 
increased especially α-chymotrypsin, ß-glucuronidase, 
ß-glucosidase and N-acetyl-ß-glucosaminidase.

The accurate mechanisms of Ag NPs capacity in inhibi-
tion filamentous fungi especially Aspergillus are challeng-
ing. Therefore, there are few published reports focusing on 
this area. The mechanisms of effect may have attributed to 
one or more factors either on molecular or physiological 
levels such as cell wall degradation and change enzymes 
activity (Feng et al. 2000; Du et al. 2020; Ameen et al. 
2021). In our study, Ag NPs increased most of enzymatic 
activity which agree with Pietrzak (2015) report recorded 
against A. niger with another source of AgNPs (Pietrzak 
et al. 2015). Nevertheless, the highest increases enzymes 
were α-chymotrypsin, ß-glucuronidase, ß-glucosidase 
and N-acetyl-ß-glucosaminidase different from our report 
which indicate the change may be attributed to type of fun-
gus and/or type of adding agents (Gutarowska 2010). How-
ever, impact of Au NPs against A. flavus in our previous 
report (Almansob et al. 2022) was in the opposite face of 
Ag NPs in which increased enzymatic activity of eleven 
enzymes observed with Ag NPs effect decreased with Au 
NPs influence especially acid phosphatase, α-galactosidase, 
ß-glucosidase and N-acetyl-ß-glucosaminidase. Moreover, 
α-galactosidase and ß-glucosidase are the crucial signifi-
cant modification of enzymatic activity between Ag NPs 

Table 3  Efficacy of different 
concentrations of AgNPs 
of Mentha piperita against 
susceptible fungi with disc 
method (Broth microdilution 
technique)

* MEC, **MIC, ***MEC&MIC& FM

NO Fungi Growth rate (scores/4)

AgNPs

25 50 100 200 1000

1 A. flavus (AM1) 4 ± 0 4 ± 0 3 ± 0* 0 ± 0**F 0 ± 0
2 A. flavus (AM2) 4 ± 0 4 ± 0 3 ± 0* 0 ± 0**F 0 ± 0
3 A. flavus (AM3) 3 ± 0* 2 ± 0 1 ± 0 0 ± 0** F 0 ± 0
4 A. flavus (AM4) 4 ± 0 4 ± 0 3 ± 0* 0 ± 0** F 0 ± 0
5 A. flavus (AM5) 3 ± 0* 2 ± 0 1 ± 0 0 ± 0** F 0 ± 0
6 A. fumigatus (AM6) 4 ± 0 3 ± 0* 2 ± 0 0 ± 0** F 0 ± 0
7 A. fumigatus(AM7) 4 ± 0 4 ± 0 3 ± 0* 0 ± 0** 0 ± 0 F

8 A. niger (AM8) 3 ± 0* 0 ± 0** 0 ± 0 F 0 ± 0 0 ± 0
9 A. niger (AM9) 3 ± 0* 0 ± 0** F 0 ± 0 0 ± 0 0 ± 0
10 A. terreus (AM10) 4 ± 0 4 ± 0 3 ± 0* 2 ± 0 0 ± 0** F

11 A. flavus (AM11) 4 ± 0 3 ± 0* 1 ± 0 0 ± 0** F 0 ± 0
12 A.flavus (AM12) 3 ± 0* 2 ± 0 1 ± 0 0 ± 0** F 0 ± 0
13 A. flavus (AM13) 4 ± 0 2 ± 0* 1 ± 0 0 ± 0** 0 ± 0 F

14 A. terreus 8 4 ± 0 3 ± 0* 1 ± 0 0 ± 0** F 0 ± 0
15 A. flavus (AM14) 4 ± 0 1 ± 0* 0 ± 0** F 0 ± 0 0 ± 0
16 A. flavus (AM15) 0 ± 0*** F 0 ± 0 0 ± 0 0 ± 0 0 ± 0
17 A. flavus (AM16) 3 ± 0* 2 ± 0 1 ± 0 0 ± 0** F 0 ± 0
18 A. niger (AM17) 4 ± 0 4 ± 0 3 ± 0* 0 ± 0**F 0 ± 0
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and Au NPs in which these enzymes increased (from 0 to 
30 nmoles) due to influence former and highly eliminated 
(from 30 to 0 nmoles) as an impact of latter. ß-galactosidase, 
ß-glucuronidase and α-glucosidase are interesting enzymes, 
the activity of which increased as a result of effect of both 
Ag NPs and Au NPs against different fungi species. How-
ever, this observation is inconsistent with Pietrzak (2015) 
reporting decrease in α-glucosidase activity in Penicillium 
chrysogenum treated with different type of Ag NPs (Pietrzak 
et al. 2015).

Conclusion

The extract of Mentha piperita was utilized to produce green 
synthesized silver nanoparticles, biologically and character-
ized using various techniques. XRD, HRTEM, SAED, FT-IR 
and Raman analysis confirm the absence of any additional 
phases in the sample, resulting the pure fcc single-phase 
structure of Ag NPs. The average crystallite (grain) size is 
found to be ~ 22 nm, and average particle size of the sam-
ples is measured  as ~ 30 nm from TEM, while the optical 
band gap stays around ~ 2.51 eV. EDX spectrum confirms 
the phase purity and presence of Ag and O elements in the 
sample. Additionally, there are limited studies published 
in Saudi Arabia focusing on resistant Aspergillus and the 
worsening threat. Hence, the biosynthesized Ag NPs can 
be applied for the coating of medical appliances to control 
the nosocomial fungal infections and also be a promising 
candidate for safeguarding the health of patients.
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