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Abstract

The current world is exposed to immense classes of challenges, of which antimicrobial-caused infectious diseases have been ranked
the third killer disease due to their high resistance capability. Oxidative stress is also the other problem faced by the current world.
In the current study, a leaf of Foeniculum Vulgare was employed for the synthesis of silver nanoparticles (Ag NPs) within the 1:3,
1:1, and 3:1 compositions using 0.1 M of AgNOs;. The calculated average crystalline size from X-ray diffraction (XRD) was found
to be 12.6, 13.7, and 21.6 nm for the 1:3, 1:1, and 3:1 volume ratios, respectively. Scanning electron microscope coupled with
energy dispersive spectroscopy (SEM-EDS) analysis depicts the quasi-spherical shape with an intense Ag peak at around 3.00 eV.
Transmission electron microscope coupled with high-resolution transmission microscope with surface area electron diffraction
pattern (TEM-HRTEM with SAED) showed spherical shaped Ag NPs. The electronic bandgap energy was calculated as 3.1, 3.2,
and 3.3 eV for the 1:1, 3:1, and 1:3 volume compositions, respectively. Ag NPs show 13.5, 12.5, and 11.0 mm zones of inhibition
for the 1:3, 1:1, and 3:1 ratios, respectively. The antifungal activity was found to be 16.9, 11.2, and 10.5 mm for the 3:1, 1:3 and 1:1
ratios, respectively. Lastly, the antioxidant activity was estimated to be 42.4, 28.94, and 27.39% RSA for the 1:1, 3:1, and 1:3
volume ratios respectively. All the ratios of Ag NPs showed promised antimicrobial and antioxidant activity in the presence of 2, 2-
Diphenyl-1-picrylhydrazyl (DPPH) due to the enhanced generation of reactive oxygen species (ROS).
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e Comparative study of the volume ratios on the antimicrobial and antioxidant activities.

1 Introduction

Currently, antimicrobial infectious disease caused by a
variety of sources accounts for the death of millions of
people each year, which occurs in the global arena.
Microbes such as bacteria and fungi pose an imperative
threat to human beings around the globe. Nowadays, these
disease-causing pathogens become more resistant to the
upcoming commercially available antibiotic drugs. Anti-
microbial infectious disease has been a worldwide public
health threat and one of the top-killer diseases due to its
high resistance to antibiotics. According to a recent report
by the Organization of World Health (WHO), infectious
diseases related to drug-resistant microbes have a higher
rate of death at all ages of human beings [1]. The continual
increase of feasting of antimicrobial agents and inap-
propriate use as well as uncontrolled migration of peoples
across the world led to the comprehensive of multidrug-
resistant strains. Most importantly, antibiotic-resistant bac-
teria are a worldwide global problem that has emerged due
to the misuse and long-term administration of antibiotics.
Bacteria exposed to antibiotics can acquire resistance to
antibiotics. Such pathogens transmit resistance to other
microorganisms, giving them the same properties. In addi-
tion to this, the resistance to one antibiotic may manifest as
resistance to many other antibiotics that share the same
structure, resulting in multi-drug resistant (MDR) strains
[2, 3].

The currently available commercially synthesized anti-
biotics become unable to treat the infectious diseases caused
by various classes of bacteria pathogens. Bacteria-caused
infectious diseases have been found to be very serious,
specifically in low-income countries, and lead to the death
of infants, pregnant, and old people. MDR bacterial infec-
tion diseases may lead to an increase in mortality and
morbidity rates, prolonged hospitalization periods, and
economic loss all over the world. Health centers around the
world do not have effective alternatives to treat infected
patients due to the development of MDR bacteria and super
germs. Thus, in the recent world, researchers have exag-
gerated the design and development of a new effective
antibacterial nano-based drug, which is needed, as there is a
growing concern in MDR [4]. As such, nanoparticles,
specifically metal NPs such as Ag NPs fabricated via green

@ Springer

cost-effective methods have been the potential candidate
that would be repairable in preventing and treating both
Gram-negative and Gram-positive pathogenic bacteria,
which is the current most killer disease in the world. Green
synthesized Ag NPs could used to treat immense bacterial-
caused infectious diseases such as E. coli, S. aureus,
P. aeruginosa, and S. pyogen. This is due to its suitable
properties and as well as the high generation of ROS con-
tributed from the use of the bioactive ingredients. An
exploration of the reduction of Ag NPs is principally con-
tributed to the reducing properties of biomolecules of plants
such as flavones, polyphenols also terpenoids. This allows
for the formation of stable high surface area Ag NPs with
the excessive generation of the ROS radicals, which plays a
vital role in slowing down the growth and later the death of
the bacterial cell membranes [5]. Green Ag NPs prompt
neutralization of the surface charge of bacterial membranes
and change its permeability and then leading to the death of
bacteria [4, 5].

Furthermore, fungal infections diseases are increasing
worldwide due to the presence of various sources of
infections. Since the way of prevention of such infections,
diseases are mostly combated with the use of antibiotics,
which has been nullified by fungi resistance. This might be
ascribed due to the retardation in the activity of antifungal
drugs that can be lost their usefulness in curing infectious
diseases caused by innumerable classes of fungi due to the
presence of various side effects and the development of
resistance by such fungi species [4]. This has intern soli-
dified the treatment of fungi infections disease a difficult
and a major challenge in the world. The extreme practices
of antifungal therapy in the health zone have been reported
to contribute massively to antibiotic resistance. Fungal-
caused diseases not only disturb the health system of human
beings but also fatal classes of diseases that affect the world
economic system. Fungi species such as Aspergillus niger
and Candida albicans have been the most common patho-
gens that reduce crop productivity, affects and reduces the
production of different types of fruits and vegetables. Due
to such fact, the finding of an effective drug against fungal
pathogens drug needs the attention of researchers globally.
In comparison to the commercially available drugs, green
synthesized NPs, most importantly metal NPs such as Ag
have been the highly investigated NPs, due to their suitable
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physico-chemical and structural properties towards the tar-
geted applications [6].

In addition to its effective antimicrobial activity, green
synthesized Ag NPs also possessed potential antioxidant
activity (ability of molecules to scavenge free radicals). The
oxidative stress resulting from the inequity between fabri-
cation and accumulation of ROS has been another critical
health problem around the globe. Oxidative stress is a
marvel that can be demarcated as a state when the equili-
brium between the antioxidative defense of the cell and
oxidants is disrupted by the presence of excessive amounts
of oxidants such as reactive oxygen or nitrogen species and
organic compounds containing sulfur-producing alkyl sul-
fanyl radicals (RS") [7]. Oxidative stress has not only
negative effects on the human body but also as free radicals
have a nonpareil function in living organisms. Along with
this, in order to keep and enhance the shelf life of various
products, the use of high surface area-based antioxidant
material is the pillar secure methodology that enhances the
economical pathway. There have been numerous ways of
determining the antioxidant capacity of materials, which is
based on different methodologies and assays. Recent reports
proved that among the different ways, the use of green
synthesized NPs, specifically metal oxides such as Ag, is a
farfetched potential [8]. Due to this fact, Ag NPs also
showed astonishing impending activity in the treatment of
degenerative disease. Therefore, exploration of the potent
antimicrobial and antioxidant applications of green Ag NPs
has now been the ultimate candidate in research and health
centers. The plant Foeniculum vulgare is a well-known
spice and traditional medicine for different diseases such as
kidney stones, gonorrhea, fever, sleeplessness, renal pro-
blems, laxative, leucorrhoea, nosebleeds, diuretic dia-
phoretic, liver discomfort, mouth ulcer, and stomachache,
belong to the Umbelliferae family [9, 10]. Since the plant is
a rich source of ketones, flavonoids, protein, fiber, carbo-
hydrates, and vitamins. Due to this fact, it could be also
explored as a potential templating agent for the synthesis of
Ag NPs.

Foeniculum vulgare 1is a biennial medicinal plant
belonging to the family of Apiaceae [11]. This medicinal
plant is well known for having anti-inflammatory, anti-
spasmodic, antiseptic, carminative, diuretic, hypocholes-
trolaemic, antidiabetic, analgesic, antipyretic, CNS-
stimulant, antioxidant, wound healing, and immune-
modulatory activity as well as gastro-protective and
chemo-preventive activities, analgesic effect and is effective
in gastrointestinal disorder treatment [12]. Also with its
antiulcer and anti-properties, it is used to treat neurological
disorders. Specifically, fresh leaves are also traditionally
used to treat, Gonorrhoea, Gland TB (Nagarsa), Kidney
disease, and Nosebleeds [13]. In addition, the medicinal
plant plays a vital role in the synthesis of stable NPs, used to

avoid the use of expensive and toxic capping agents. This is
due to the unique future of its bioactive components, which
were used to cape and stabilize the shape and size of Ag
NPs for the targeted applications. This again enhances the
generation of a high amount of ROS, which is an essential
factor for the antimicrobial and antioxidant activity of
Ag NPs.

Microbial infectious diseases and antioxidant stress
become serious health problems that have drawn public
attention worldwide as a human health threat that extends to
economic and social complications. Since, the most com-
mon challenges with microbial infectious diseases and
antioxidant stress are not only mortality and morbidity but
in terms of treatment costs, low efficiency of treatment, and
insufficient distribution to society [14]. Therefore, the
design and development of continual solutions for such
global problems need immediate solutions. One of the most
cost-effective and at the same time efficient for the men-
tioned problems is the green synthesis of Ag NPs in the
presence of medicinal and spices plants as a templating
agent. In the previous literature, various techniques of Ag
NPs synthesis for immense applications have been docu-
mented. However, the fabrication of Ag NPs in the presence
of leaf extract of Foeniculum vulgare within different
volume ratios of extract to precursor salt as antimicrobial
and antioxidant activity has not yet been reported. Fur-
thermore, to the best of our knowledge, no study has been
reported on the effect of volume ratios on the antibacterial,
antifungal, and antioxidant applications elsewhere. The
focus of the current report is therefore to investigate the
synthesis of Ag NPs loaded Foeniculum vulgare leaf within
different ratios such as 1:3, 1:1, and 3:1, characterization
using different advanced techniques, and to investigate its
potential antibacterial, antifungal, and antioxidant applica-
tions. Moreover, a comparative analysis of volume ratios on
the targeted applications has been well reported. Lastly, the
study spectacle the fabrication of stable green Ag-based
nano-level drug for the study under consideration.

2 Methodology
2.1 Chemicals and Regents

During the study, different solvents, chemicals, and regents
have been used such as DH,0 (AR), silver nitrate (AgNO;,
Sigma Aldrich), absolute ethanol (99.9% Lab Tech
Chemicals), ethanol reagent (97%), 2, 2-diphenyl-1-
picrylhydrazyl (DPPH, AR), Miiller-Hinton agar, ampi-
cillin, sodium hydroxide (NaOH) (Sigma-Aldrich), and
dimethyl sulfoxide (DMSO, AR). The mentioned chemicals
are analytical grades and so used without any auxiliary
treatment and cleansing.
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Fig. 1 Phytochemical test for
alkaloid (i), flavonoid
(ii),cannins (iii), terpenoid (iv),
steroid (v), glycosides
(vi),benedicts (vii), phenol(viii)
and saponin (viiii)

2.2 Phytochemical test

The presence/absence of various bioactive molecules within
the leaf extract of Foeniculum vulgare that was used as a
reducing and capping agent during the synthesis of Ag NPs
was assessed via phytochemical tests such as saponin,
phenols, benedict, glycoside, steroids, terpenoids (Sal-
kowski test, tannins (ferric chloride test), flavonoids, alka-
loids (Wagner’s test) following previous standard
procedures with certain modifications [15]. Figure 1 dis-
plays the color change for each of the phytochemical tests
of Foeniculum vulgare leaf extract.

2.3 Collection and extraction of Foeniculum vulgare

Foeniculum vulgare leaf was collected from the agricultural
research center of Wondo Genet branch, Sidama Region,
Ethiopia. The collected leaf was washed several times with
distilled water to remove any surface contaminants and dust
particles. Then later, the cleaned leaf was allowed shadow
drying at room temperature in the open air for about 15 days
to remove any remaining moisture content from the washed
leaf. The dried leaf was then grinded using an electrical
grinding machine to produce a fine powder of the leaf fol-
lowed by packing it in a brown bottle by covering it with
aluminum foil to protect against the effect of light. The
extraction process was done by taking 25g of the leaf
powder followed by the addition of 800 mL of DH,0O at
50°C for 40 minutes [16]. The crude extract was then
cooled to room temperature and filtered. The filtrate was
packed within a colored bottle glass followed by covering
with aluminum foil. At the end, the packed filtrate stayed in
the refrigerator at 4 °C for the synthesis of Ag NPs within
different volume ratios.

2.4 Foeniculum vulgare leaf templated Synthesis
of Ag NPs

Synthesis of Ag NPs has been carried out using 0.1 M of
AgNO; by adapting the previously reported procedure, with
minor modifications. Ag NPs were synthesized in three
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different volume ratios 1:1 (100:100), 1:3 (50:150), and
3:1(150:50) using 0.1 M precursor salt with Foeniculum
vulgare leaf extract, respectively in a separate reaction
medium. A small-sized magnetic bar was put inside the
beaker containing the leaf extract and the precursor solution
to boost the reaction kinetics in each of the individual ratios.
Then the mixtures were heated at 30 °C for 1 h on the hot
plate with stirring and after 1 h, the heater was turned off
and the mixed components were stirred for an additional
3 h. The suspension later showed a brownish color, which
indicates the formation of Ag NPs. After the reaction time
was completed, the formed suspensions at different volume
ratios were allowed to stay in a refrigerator overnight. Then
the drifted components above the formed precipitate were
decanted very carefully and the formed precipitate for each
of the individual ratios was washed with ethanol and dis-
tilled water 3 times by centrifugation for 15min at
15000 rpm. After the end of the centrifugation, each of the
individual ratios was then collected using a crucible ceramic
dish and placed into a drying oven at 100 °C. It was then
later allowed to cool and the obtained product was ground
into a small fine powder [17]. Finally, the gray powder
was packed for the next characterization and applications
(Fig. 2). This specific experimental synthesis condition
method was chosen based on environmental friendliness, in
terms of the high generation of ROS content, and then to
achieve small-sized Ag NPs.

2.5 Method of antimicrobial activity
2.5.1 Antibacterial activity test

The biosynthesized Ag (1:1, 1:3, and 3:1 ratio) NPs were
screened for in-vitro antibacterial activities against Gram-
negatives (E.coli and P. aeruginosa) and Gram-positive
(S. aureus and S. Pyogen) via agar disc diffusion technique.
Initially, the medium was prepared by dissolving the 38 g of
Mueller Hinton Agar within 1000 mL of distilled water and
autoclaved at 121 °C for 15 min. The autoclaved medium
was then poured into the sterile plates (20-25 mL/plate) and
the plates were allowed to solidify under the sterile
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Fig. 2 Displays the schematic
graphical synthesis procedure
of Ag NPs within a 1:1
volume ratio

Foeniculum
Vulgare

condition at room temperature. The plates were then seeded
with overnight grown culture approximately 1.5 x 10% CFU/
mL (McFarland standard) by swabbing evenly onto the
surface of the medium with a sterile cotton swab. Then,
35 mg from each of the three ratios of Ag NPs at the con-
centrations of 50, 75, and 100 pug/mL per disc was prepared
by dissolving within 1 mL of DMSO and stirred for 30 min.
From these solutions different concentrations of 50, 75,
and, 100 pg/mL were poured using a micropipette in each
pathogen well. Whatman filter paper no. 1 was used to
prepare discs approximately 6 mm in diameter. From each
different ratio, 80 uL aliquots were taken and saturated with
discs (6 mm diameter) and positioned on the surface of the
medium with sterile forceps and gently pressed down to
ensure contact with the MHA. The plates were then inverted
and incubated at 37°C for 24 h. After incubation, the
potential activities of Ag NPs were evaluated by measuring
the diameter (mm) zone of inhibition around the disc
against the test [18].

2.5.2 Antifungal activity test

The antifungal activities of Ag NPs (1: 1, 1: 3, and 3: 1)
were tested against Aspergillus niger and Candida albicans
using the disc diffusion method. First, solutions 15, 20, and
25 mg/mL from each volume ratio of Ag NPs were prepared
by reconstituting 0.015, 0.020, and 0.025 gm of each Ag
NPs powder in 10 mL of DMSO within a separated flask.
The required amount of PDA and SDA were dissolved in
distilled water. Then the resulting mixture was heated on the
hot plate and autoclaved to get a boiled and uniform

Boil &filte;

F
t

Collected F** 7oy

solution. Solidify the resulting autoclaved medium trans-
ferred into the separated petri plates. Within 15 min of
adjusting the turbidity of the suspension of inoculums, a
sterile cotton swab was dipped into the adjusted suspension
and rotated several times by pressing firmly on the inside
wall of the tube above the fluid level. Then, the dried surface
of PDA and SDA plates was inoculated by streaking using
the swab three times over the entire surface by rotating the
PDA and SDA plates at approximately 60° to ensure an even
distribution of the inoculums. Then, the PDA and SDA
plates were left open for 3-5 minutes to allow any excess
surface moisture to be absorbed. To investigate the potential
antifungal activity of Ag NPs, discs of 6 mm diameter were
prepared from sterile filter paper cut into small circular
pieces of equal size and then impregnated each with 0.01 mL
of the prepared green Ag NPs. The Ag NPs-impregnated
discs were placed onto the surface of the inoculated agar
plates using sterile forceps. Each disc was pressed down to
ensure complete contact with the agar surface. The discs
were distributed evenly so that they were no closer than
24 mm from center to center. Discs of commercial Ketoco-
nazole (10 units/disc) were used as positive control while
DMSO-impregnated discs were used as negative control.
Then the PDA and SDA plates were sealed with Parafilm
and incubated at 27 °C for 5-7 days for fungal pathogens
[19]. After the incubation period had been completed, the
zone of inhibition around each disc was measured to the
nearest mm along two axes (i.e. 90° to each other) using a
transparent ruler. The experiment was performed in three
replications and then means+SD value for each volume
ratio of Ag against the selected fungal pathogen were taken.
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Table 1 Qualitative

phytochemical analysis of No. Phytoconstituents Chemical test/reagent Results Observed color
Foeniculum vulgare leaf extract 1 Alkaloid Wagner’s test + brown/reddish precipitate
2 Flavonoids Alkaline Reagent Test + Yellow
3 Tannins Ferric Chloride test + Brownish-green
4 Terpenoid Salkowski test + reddish-brown
5 Steroid Salkowski test + Red
6 Glycosides Salkowski test + reddish-brown
7 Benedict Benedict test + Blue-green
8 Phenols Ferric Chloride test + Black
9 Saponin Frothing test + Stable persistent froth
2.5.3 Antioxidant activity test =
The DPPH assay technique was used to investigate the :i; :gzg:
activity of free radical scavenging for each of the volume —— 3:1 AgNPs s g =
ratios of green Ag NPs by measuring the diminution in = S < <
the absorbance fixed at 517 nm. The stock solution was 5
prepared by taking 8 mg from each of the volume ratios &
of Ag NPs followed by adding 5 mL of methanol. The E
serial solution was done to spring 50, 100, 200, 400, and =
800 ug/mL in five vials. Then 1 mL from each serial
dilution 4 mL. DPPH was mixed together and shaken
vigorously [18]. The resulting solution was placed in a
dark place at 37 °C for 30 minutes and subjected to UV- T T T
10 20 30 40 50 60 70 80

Vis spectrophotometer to record the resulting absorbance
at 517 nm in the presence of ascorbic acid as a standard
and dissolved. Finally, the absorbance values were
measured and the antioxidant activities were calculated
using the following Eq. 1.

Control OD — Experimental OD

Control OD * 100%

(1)

Where Control OD = Absorbance of the sample without Ag
NPs; Experimental OD = Absorbance of the sample with
Ag NPs. The results obtained were expressed as a
percentage decrease with respect to the control.

% of antioxidant acitivity =

3 Results and discussion
3.1 Phytochemical investigation analysis

The resulting phytochemical analysis of Foeniculum vul-
gare leaf perceived the presence of immense bioactive
molecules. Their presence played a vital role as a capping
and reducing agent during the synthesis of Ag NPs within
different volume ratios. The color change with the “+”
confirms the presence of functional groups such as alka-
loids, flavonoids, tannins, terpenoids, steroid,s and starch
(Table 1) [20, 21].
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Fig. 3 XRD graph of Foeniculum vulgare leaf templated Ag NPs

3.2 XRD Analysis

The X-ray diffraction (XRD-7000, SHIMADZU Cor-
poration, Japan) equipped with a Cu target and
A =0.15406 nm was recorded in the range of 10 to 806.
The XRD analysis was used to evaluate expansively the
degree of phase purity, the estimated average crystal
size, and details of the crystal structure of green syn-
thesized Ag NPs. As can be depicted in Fig. 3, each of
the three-volume ratios of Ag NPs showed peaks at
38.21°, 44.38°, 64.77°, and 77.58° corresponding to the
(111), (200), (220), and (311) crystallographic planes,
respectively. Each of the ratios of green Ag NPs fitted
with the JCPD card number of 00-004-0783. This
ascribed that Foeniculum vulgare leaf extract templated
synthesized Ag NPs is strongly pure without any addi-
tional phase formation as impurities. The XRD pattern of
Ag NPs showed sharp and intense peaks indicating the
finely ground and homogenized with high crystalline
quality [22].

The relative average crystalline sizes of green Ag NPs
were estimated using the equation Scherer’s. The value was
obtained as 12.6, 13.7, and 21.6 nm for the 1:3, 1:1, and 3:1
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Fig. 4 SEM-EDS image of Foeniculum vulgare leaf templated Ag NPs. a-c are the SEM images of the 1:3, 1:1, and 3:1 ratios, respectively

volume ratios of precursor to leaf extract, respectively. The
alteration in the calculated average crystalline size is due to
the change in the volume ratios of extract to precursor salt.
As can be ascribed in Fig. 3, Ag (1:3) showed broad and
short peak intensity, as compared to the counterpart ratios.
This indicates the relatively smaller size of the 1:3 ratios
followed by the 1:1 ratios of Ag NPs. The calculated
average crystalline directly fits with the peak broadening
and intensity. As the amount of the extract to be added is
enhanced, a smaller size is achieved. This is because the
presence of an excessive amount of extract leads to more
reduction and at the same time stabilization of the suspen-
sion during the synthesis process. In addition, the avail-
ability of more reducing agents leads to higher nucleation
rates. This intern increased nucleation rate can result in the
formation of a larger number of smaller-sized Ag nuclei.
This again leads to the formation of smaller averaged Ag
NPs crystalline sizes [17]. However, in opposition, the
smaller amount of extract used results in less capping and
particle growth is high.

3.3 SEM-EDS analysis

The surface morphology futures and elemental composition
of each of the green-formed Ag NPs were analyzed using
SEM equipped with EDS (SEM-EDX-EVO 18 model-low
vacuum facility-ALTO 1000 Cryo attachment) spectro-
scopy. Figure 4a—c presents the SEM image of 1:3, 1:1, and
3:1 volume ratios of Ag NPs with their corresponding EDS
histogram (on the right).

The surface morphology of each Ag NPs nearly quasi-
spherical in the presence of aggregation. The formation of
aggregation in some places of the SEM image is a direct
confirmation of the use of the extract [23]. In addition, the
formation of aggregation might be attributed to the process
of dehydration exerted during the sample preparation stage
for SEM analysis. Furthermore, Ag (1:3) NPs also showed
rod-like structures dominated by the spherical morphology.
The SEM image also revealed a high density of Ag NPs in
the presence of a quasi-spherical structure. On the other
hand, the EDS analysis was employed to detect the
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Fig. 5 TEM-HRTEM and
SAED pattern of Foeniculum
vulgare leaf extract supported
Ag NPs. a-c are TEM of 1:3,
1:1, and 3:1, respectively;

d-f are HRTEM of 1:3, 1:1, and
3:1, respectively; g-i are SAED
of 1:3, 1:1, and 3:1, respectively

(g)

elemental composition of green Ag NPs. The EDS graph
depicted that the synthesized Ag NPs were free of impu-
rities, as also confident from the XRD analysis (00-004-
0783). The dominant strong peaks in each of the volume
ratios are Ag NPs located around 3.00 eV in the presence of
minor peaks of the O atom. The obtained peak values of
EDS comply with those reported before [24]. The absence
of any spotted peaks in the EDS graph is attributed to the
good centrifugation and washing of the Ag samples after the
compilation of the reaction [25]. The atmospheric oxygen
dominantly contributed to the presence of O in the EDS
spectrum of Ag NPs during sample preparation for SEM-
EDS characterization.

3.4 TEM-HRETEM and SAED Analysis

The microstructural analysis, particle distribution, and
crystalline analysis were performed using TEM, HRTEM,
and SAED (JEOL TEM 2100 HRTEM machine).
Figure 5a—c, d—f, g-I showed the TEM-HRTEM and SAED
pattern of the 1:3, 1:1, and 3:1 volume ratios of Ag NPs,
respectively. It can be shown from the TEM images in
Fig. 4 that the particles have possessed quasi-spherical
microstructure, which is consistent with the morphology
obtained via SEM analysis. The formation of this surface
structure is crucial for antimicrobial and antioxidant
applications of green Ag NPs. Furthermore, green Ag NPs
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showed black particles dispersed in gray outer regions,
which indicates that the abundant phenolic molecules
derived from the Foeniculum vulgare leaf extract capped
the obtained Ag-NPs and prevented agglomeration between
the particles of the formed Ag-NPs [26]. The strong cap-
ping of the Ag NPs with the leaf extract leads to the for-
mation of smaller average crystalline-sized Ag NPs as can
be crosschecked from the XRD analysis. The HRTEM
image of each ratio of Ag NPs possessed clear visible
crisscross patterns, further confirming the existence of
numerous phases in the green Ag NPs [18]. Moreover, the
presence of white clear circular spots in the SAED pattern
is additional evidence for the formation of crystalline Ag
NPs [27]. As presented in Fig. 5c, f, i of the 1:3, 1:1, and
3:1 Ratios of Ag NPs, the SAED pattern nearest to the
center of the circle showed clear dots matched to the strong
dominant peaks of the (111) miller indices. As far as the
center of the circle, small clearly invisible spots were
observed, which might present the minor peaks from the
XRD data.

3.5 FTIR analysis

In addition to the phytochemical investigation via numerous
tests, the possible bioactive ingredient Foeniculum vulgare
leaf underwent FTIR (PerkinElmer 65) characterization.
The analysis was recorded in the wave number range of
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4000-400 cm~!. Moreover, this characterization also pro-
vides additional hints for the formation of Ag NPs. Figure 6
shows the FTIR spectra of green synthesized Ag (1:1) as
representative of the three-volume ratios and leaf of Foe-
niculum vulgare. Absorption bands were located at around
3382, 2929, 2849, 2359, 1620, 1409, 1325, 1249, and
549 cm™'. The hydroxyl groups of phenolic acids and their
derivatives could inactivate Ag™ ions via chelation. This
might be probably due to the high nucleophilicity of their
aromatic rings. Since such functional groups release elec-
trons that might convert Ag™ to Ag and generate phenolic
free radical derivatives. Intern, these generated derivatives
reduce other Ag™ ions and are oxidized to O-quinones. The
quinones coupled with the produced Ag NPs to create a
steric barrier around the particles of Ag NPs, preventing
them from aggregating and stabilizing their dispersion [28].

The broad absorption intense peaks are found at 3382
and 3402 cm ™! of the leaf and green Ag NPs corresponding
to the phenolic OH stretching. This very broad O-H stretch
band is observed with a C=0 peak, which almost certainly
indicates that the compound is an aliphatic carboxylic acid.
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Fig. 6 FTIR spectra of Foeniculum vulgare leaf powder and Ag (1:1)
NPs

Furthermore, the relatively less intense peaks shown at 2929
and 2849cm™' correspond to the asymmetric -C-H
stretching of -CH, and -CHj3 groups as well as the —C-N
group of secondary amines. The presence of such functional
groups also conspired via the phytochemical analysis and
showed manifestation of the saponin functional groups
within the leaf extract. This might also be the absorption
band due to the stretching of the C=O vibrations that could
emanate from the presence of adsorbed carbon dioxide on
the surface of leaf powder and Ag NPs. While the narrower
peak of 1613 and 1620cm™' corresponds to the N-H
bending and indicates the presence of secondary amines.
Peaks of 1030 and 1249 cm ™' refer to the C-O vibration of
carbonyl groups of amino acids, peptides, free amino or
cysteine groups in proteins found within the leaf extract and
also that might bind with the green-formed Ag NPs [29].
The band at 540cm™! corresponds to the C-H bending
mode of vibrations. The observed peak is corresponding to
the flavonoids and terpenoid contents of the Foeniculum
vulgare leaf extract.

3.6 UV-Vis Analysis

The optical properties of synthesized Ag NPs were char-
acterized using the UV-Vis (UV-Vis1800-double beam
spectrophotometer, Shimadzu, Japan) spectroscopic tech-
nique. As the amount of extract added during the synthesis
procedure was altered, each of the volume ratios of Ag NPs
showed slight variation in A, The variation in light
absorption is attributed to the change in conductivity and so
optical property (Fig. 7a). The corresponding optical band
gap energy was calculated using Tauc’s plot method and the
calculated value as can be presented in Fig. 7b was found to
be 3.3, 3.2 and 3.1eV for the 1:3, 1:1, and 3:1 volume
ratios, respectively. The bad gap energy indirectly fits with
the average crystalline size obtained from the XRD data
[30]. The current study has been related to the reports of
literature. From the band gap energy graph, as the band gap
energy decreases, average crystalline size increases, and
the optical properties of green Ag NPs are enhanced [31].
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The difference in the intensity and the band position for
each ratio is credited to the volume of leaf extract.

3.7 Antimicrobial and antioxidant activity analysis
3.7.1 Antibacterial activity analysis

The antibacterial activity of Foeniculum vulgare leaf extract
mediated synthesized Ag NPs within the 1:3, 1:1, and 3:1
evaluated via disk diffusion method against E. coli, S.aur-
eus, P.aeruginosa and S.pyogen (Fig. 8 and Table 2). The
antibacterial activity test has been carried out within the
concentration of 50, 75, and 100 ug/mL. The antibacterial
activity of each ratio showed a zone of inhibition between
7.5 and 13.5 mm. From the ratios of Ag NPs, the 1:3 ratios

Fig. 8 Antibacterial zone of inhibition by Ag NPs

showed the maximum (13.5 mm) zone of inhibition against
S. pyogen (ATCC19615) as compared to the counterpart
ratios at 100 ug/mL dose. This improved activity was
obtained due to the enhanced generation of ROS species,
which is associated with the excessive volume of leaf
extract used during the synthesis procedure [32].

A minimal (7.5) zone of inhibition was achieved by 3:1
ratios of Ag NPs against P. aeruginosa (ATCC27853). This
might be ascribed due to the smaller surface area and larger
average crystalline size. Furthermore, this might be also
contributed by the small generation of ROS species, leading
to less effect on the penetration of the Ag™ ion towards the
cell membrane and then to the death of the bacterial cell
membrane. All the volume ratios of Ag NPs are more
effective against Gram-positive pathogens, which can be
attributed to the absence of an external double membrane.
This opportunity enables Ag NPs to easily penetrate the cell
membrane of such pathogens slow down the growth of the
cell and finally kill the pathogen [26, 33]. The antibacterial
activity is found to be dose-dependent. This means as the
concentration of green Ag NPs used is higher, the anti-
bacterial activity is also increased linearly as supported in
Fig. 8 and Table 2. Excessive accumulation of Ag™ in the
presence of large amounts of ROS radicals fastens the
penetration of the cell of bacteria and this results in the
killing of the targeted pathogen [34].

3.8 Antifungal activity analysis

The antifungal activity of the biosynthesized Ag NPs was
tested against two fungal strains Aspergillus niger (AN)
and Candidca albicans (CA). The zone of inhibition was
measured at different concentrations of 15 mg/mL, 20 mg/
mL, and 25 mg/mL for each of the three ratios using
ketoconazole as a standard. The value of the zone of

Table 2 Zone of inhibition by Ag NPs against the targeted pathogen supported with the histogram

Ratios of green Zone of Inhibition (mm)

Ag NPs E. coli ATCC25922 S. aureus ATCC25923 P. aeruginosa ATCC27853 S. pyogen ATCC19615
3:1 50 pg/mL 8 +0.77 9+ 0.67 75+0.7 8 +0.52
75 pg/mL 9 +0.48 95+0.9 9 +0.57 10 = 0.87
100 pg/mL 10.5 0. 85 11 +£0.27 10 = 0.57 11 +£0.23
1:3 50 pg/mL 10 = 0. 80 10.5 £ 0. 89 9+0.25 11 +0.22
75 pg/mL 12 £ 0. 35 12+£0. 15 12 £ 0. 39 125 = 1. 41
100 pg/mL 125 £ 0. 22 135+1.5 12 £ 0. 85 13.5£0.95
1:1 50 pg/mL 9+0.17 9+0.72 8 +045 85+1.5
75 pg/mL 10 £ 0. 85 10 = 0. 85 10.5 £ 0. 29 10+1.8
100 pg/mL 11.5 +0. 28 11 +£1.25 11 + 0.81 12.5 £ 0. 49
Amoxicillin 12.5 14 13 14
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Fig. 9 Antifungal activity of Ag NPs against Aspergillus niger and Candidca albicans

Table 3 Antifungal zone of

inhibition by Ag NPs against Ratio & concentration

Fungal strains and zone of inhibition in mm + SD

Aspergillus niger and Candida of Ag NPs Aspergillus niger Candida albicans
albicans
Mean + SD Ketoconazole  Mean + SD Ketoconazole
3:1 15 mg/mL 125346 22 10.1 £0.59 21
20 mg/mL 14.3 £4.70 14.2 £ 0.25
25 mg/mL 169 £0.3 16.1 £ 0.5
1:3 15 mg/mL 7x15 20 0 15
20 mg/mL 8505 507
25 mg/mL 11.2 £0.28 8.3 +0.25
1:1 15 mg/mL 2+0.5 18 6.6 = 0.85 16
20 mg/mL 5.5 +£0.40 74 £0.76
25 mg/mL 10 = 0.11 10.5 £ 0.26

inhibition indicates that all the ratios and concentrations
of Ag NPs exhibited a varied range of 0—16 mm of anti-
fungal activities against both the tested fungal strains. The
formation of inhibition zones around the wells shows
fungal sensitivity to antifungal and antibiotic ingredients
(Fig. 9) supported by the bar graph. The 1:3 Ag NPs ratios
showed strong activity against Aspergillus niger with a
maximum zone of inhibition of 12.5+3.46, 14.3 +4.70,
and 16.9 mm at the 15, 20, and 25 mg/mL concentrations,
respectively. The second enhanced activity was observed
while using the 1:1 Ag NPs ratio with a maximum zone of
inhibition of 7, 8.5+0.5, and 11.2 +0.28 mm at the con-
centration of 15, 20, and 25 mg/mL against Aspergillus
niger, respectively. The 3:1 ratio showed minimal activity
comparably, with a zone of inhibition 2+ 0.5, 5.5 +0.40,
and 10+0.11 mm at the concentration of 15, 20 and
25 mg/mL against Aspergillus niger, respectively [35].
The 1:3 Ag NPs ratio also showed enhanced performance
against Candida albicans with a maximum zone of

inhibition of 10.1 +£0.59, 14.2+0.25, and 16.1 0.5 mm
at the concentrations of 15, 20, and 25 mg/mL, respec-
tively. The second strongest activity showed at a 1:1 ratio
with a maximum zone of inhibition of 6.6+ 0.85,
7.4+0.76, and 10.5+0.26 mm at the concentrations of
15, 20, and 25 mg/mL against Candida albicans, respec-
tively. Such like that of Aspergillus niger, the 3:1 ratio
showed poor performance comparably, with a zone of
inhibition of 0, 5, and 8.3 £ (0.26 mm at the concentration
of 15, 20, and 25 mg/mL against Candida albicans,
respectively [36].

The detailed summary of the antifungal activity of Ag
(1:3, 1:1, and 3:1) NPs against Aspergillus niger and
Candida albicans is presented in Table 3.

Among the different ratios of the Ag NPs, the 1: 3 ratios
showed better performance of antifungal activity as com-
pared to the remaining two ratios. This might be due to the
smaller average crystalline size and large volume of Foe-
niculum vulgare leaf extract [37-40].

@ Springer



Journal of Sol-Gel Science and Technology

Table 4 shows the antioxidant

activity of Ag NPs Con. of Ag NPs (ug/mL) Control =~ Ag NPs ratios Positive
control
1:1 1:3 3:1 Ascorbic Acid
Abs Abs  %RSA Abs %RSA Abs %RSA Abs %RSA
800 1.1 0.63 4240 080 27.39 0.78 2894  0.03 978
400 1.1 0.77  29.57 0.81 26.48 0.80 27.66 0.04 96.6
200 1.1 086 21.75 0.83 24.29 0.84 2384 0.07 9334
100 1.1 090 1780 0.85 2238 085 22.57 0.12  88.999
50 1.1 092 16.65 0.89 19.11 086 2220 0.14 87.72

Abs Absorbance, Conc. Concentration, %RSA Percentage radical scavenging activity.
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Fig. 10 Concentration of Ag NPs versus absorbance (a) and %DPPH versus concentration of Ag NPs (b)

3.9 Antioxidant activity analysis

The significant antioxidant potential of Foeniculum vul-
gare leaf-loaded Ag NPs within numerous compositions
was evaluated in the presence of DPPH radical scavenging
assay at a concentration of 50, 100, 200, 400, and 800 pg/
mL in the existence of ascorbic acid as a positive control.
The percentage of inhibition observed in all the anti-
oxidant models as the synthesized Ag NPs scavenged free
radicals in a concentration-dependent routine up to the
given concentration [35, 36]. From the three different
volume ratios, 1:3 ratios showed better antioxidant
activity as compared to the 1:1 and 3:1 ratios (Table 4).
This linearly enhanced activity of the 1:3 ratios is directly
related to the presence of a large amount of leaf extract.
This is again in line with the excessive accumulation of
free ROS species.

The antioxidant activity was found to be in the
concentration-dependent to inhibit the free radicals.
Interestingly, the higher concentration of each volume
ratio produced a higher percentage of antioxidant

@ Springer

potential than the lower concentration (Fig. 10 and his-
togram). The antioxidant potential activities of green Ag
NPs align directly with the other antimicrobial applica-
tions. The enhanced antioxidant activity of green-formed
Ag NPs contributed due to the use of the leaf extract (high
generation of ROS species) and the smaller average
crystalline size, as well due to the homogenous surface
structure. On the other hand, the presence of OH radicals
plays a critical role in the lipid peroxidation process [41].
The current findings obtained in the present study divulge
that green Ag NPs may scavenge OH radicals and be
found to be a promised antioxidant activity. The OH
radical scavenging assay was used to find out the anti-
oxidant capacity of green Ag NPs.

In general synthesized Ag NPs obtained in the presence
of Foeniculum vulgare leaf extract within various compo-
sitions, provide strong promising potential applications
towards antibacterial activity, antifungal activity, and anti-
oxidant activity too. Table 5 presents a comparison of
previous reported work of the literature with the current
study.
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Table 5 Antimicrobial and antioxidant comparison of previous work with the current study

NPs Capping agent Antibacterial activity (mm) Antifungal activity Antioxidant activity Ref
(mm) (%RSA)
Ag  Biarum chaduchrum leaf (All in MIC) - - [42]
S.aureus =32, E. faecalis =32, E.
coli = 64 P. aeruginosa = 64
Ag  Saw palmetto 23 against S.aureus and 28 against E. - 13.8 [43]
seed coli
Ag  Moringa oleifera leaves 19 against E. coli - - [31]
Ag  Debregeasia Salicifolia 15 against E. coli and 8 against S.aureus — - [8]
Ag  Aloe vera 9.1 +0.100 against P. aeruginosa - - [44]
Ag  Delonix regia bark - - 37.1+0.12 [45]
Ag  Garcinia Kola Pulp - 6 against Candida - [46]
tropicalis
Ag  Mentha spicata L. (M. 9 against B. cereus 40 [43]
spicata) essential oil
Ag  Foeniculum vulgare leaf 7.5-15.5 2-16.9 16.65-97.8 Current
study
References

4 Conclusion

Green synthesis of Ag NPs was done in the presence of
Foeniculum vulgare leaf extract within the 1:3, 1:1, and
3:1 ratios as an effective antimicrobial and antioxidant
activity. Characterization was performed using XRD,
SEM, TEM, HRETME, SAED, UV-Vis, and FTIR
techniques. The synthesized Ag (1:3, 1:1, and 3:1) NPs
were crystalline without any phase impurities having
quasi-spherical surface morphology in the presence of a
major Ag peak. The antimicrobial study proved that
Foeniculum vulgare leaf-loaded Ag NPs found to be the
best candidates for both Gram-negative and Gram-
positive pathogens. The efficacy showed that green syn-
thesized Ag NPs showed almost similar performance as
the commercially available antibiotics (standard). Anti-
fungal activity of green Ag NPs evaluated against
Aspergillus niger and Candida albicans provides assured
activity with a zone of inhibition in between the range of
0-16 mm. In addition, Foeniculum vulgare templated
synthesized Ag NPs provide surprised antioxidant activ-
ity of 97.0%.
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