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Abstract

Nanoparticles biosynthesis has been extensively studied for its biomedical applications. In this study, the in-vitro antibacterial and 

antifungal activity of greenly fabricated silver nanoparticles (NPs) from Senna alata leaf extract (SaAgNPs) and silver nanoparticle 

cream blend (SaAgNPs-cream blend) were investigated. The SaAgNPs were characterized using UV-visible spectrophotometry, FTIR, 

SEM, TGA, DLS, EDX, and XRD. The presence of surface plasmon band around 500 nm indicates AgNPs formation and functional groups 

such as alkenes, carboxylic acids, and alkyl aryl ether responsible for capping and stabilization of the nanoparticles. The SaAgNPs 

were spherical and 1.00 µm in size; TGA shows the formation of stable SaAgNPs, DLS shows 1.8 % intensity with 1905 nm average 

diameter and a polydispersity index of 0.595. EDX analysis confirmed the formation of pure silver nanoparticles. SaAgNPs supported 

the production of cosmetically acceptable SaAgNPs-cream blend with appropriate pH and viscosity. SaAgNPs and the SaAgNPs cream-

blends had antibacterial activity against all and some of the test bacterial and fungal isolates. SaAgNPs had the highest activity against 

Pseudomonas aeruginosa 27853, Rhizopus sp. and Candida tropicalis with a zone of 16 mm and 30 mm. The cream-blends had activity 

against 68.75 % and 75 % of the test bacteria and fungi with the highest activity against Streptococcus epidermidis B (7.0 mm) and 

Candida albicans B (8.0 mm). In conclusion, the crude Senna alata leaf extracts, the bio-fabrication SaAgNPs and SaAgNPs-cream blend 

have antibacterial antifungal potentials which can be effectively utilized for the control of pathogenic bacteria and fungi.
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1 Introduction
Resistance to antibiotics and outbreak of infectious dis-
eases by emergence and reemergence pathogens has 
been on the high side and this has constituted a prob-
lem to global health. There is a growing concern about 
the emergence of Multi-Drug Resistant (MDR) patho-
gens with their impact on the global economy and preven-
tive medicine system. MDR pathogens are listed among 
the top three threats to public health by the World Health 
Organization (WHO) [1]. This problem has necessitated 
researchers and pharmaceutical companies in search of 
novel broad-spectrum antimicrobials. The use of antimi-
crobial agents has been described as one of the satisfying 
forms of chemotherapy used tremendously for the treat-
ment of communicable diseases [2]. Research has been 
geared toward the use of nanotechnology in search of and 
to develop new antimicrobials with a high spectrum of 

activity to tackle the existence of resistance strains, emer-
gence, and reemergence pathogens.

Nanotechnology is an emerging technology that deals 
with nano-scale structures starting from approximately 
1–100 nm in a minimum of one dimension. Antibacterial 
applications of nanotechnology are growing rapidly and 
the use of metal nanoparticles (NPs) as an alternative to 
antibiotics is on the increase. The combination of bio-
synthesis and nanoparticles is a new ground to fight and 
prevent infectious agents by applying nano-scale mate-
rials [3]. The green chemistry approach has caught the 
attention of Scientists and this has become an active part 
of recent nanobiotechnological research [4]. 

Silver is a noble metal with unique properties such as 
good electrical conductivity, high antimicrobial efficiency, 
catalytic activity, and chemical stability [5]. It has been 
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extensively applied in the various biomedical fields, agri-
culture, textile, and water industries. Silver has applica-
tion as antimicrobials in ionic, nanoscale, and bulk metal-
lic forms [6]. Silver nanoparticles have been considered 
as essential metal nanoparticles with good characteristics 
and diverse applications in various fields and the produc-
tion of different new products. Investigation into nanos-
ilver may proffer a solution to the problem of multidrug 
resistance, emergence, and reemergence pathogens [7]. 

The green approach of nanoparticle biosynthesis through 
bio-reduction and stabilization of noble metals by metabo-
lites from microorganisms and bioactive compounds from 
plants is on the increase and is gaining interest in biomed-
ical application. Biosynthesis of different metal-based 
nanoparticles using microbial metabolites and plant phy-
tochemicals for various applications has been reported [8]. 
The leaf extracts of Azadirachta indica, Atrocarpus altilis, 
Mussaenda glabrata and Myrtaceae family have been used 
for the biosynthesis of silver nanoparticles [9–13].

Senna alata is a medicinal plant commonly known 
as Asunwon, emperor's candlesticks, and candle brush 
tree [14, 15]. It is a medicinal plant from the family 
Leguminosae and subfamily Fabaceae and it has vari-
ous applications in traditional medicine [16]. The roots, 
leaves, and flowers of Senna alata possess diverse phyto-
chemical components with biological properties such as 
antibacterial, antifungal, antitumor, expectorant, insecti-
cidal, anti-inflammatory, hydragogue, sudorific, diuretic, 
pesticidal potentials [17–21]. 

The plant extracts have been traditionally used for the 
treatment of skin infections, pityriasis versicolor, and 
hymenolepisdiminuta, for alleviation of asthma symp-
toms, internally as an expectorant for bronchitis, as a lax-
ative to expel intestinal parasites, for stomach problems, 
and weight loss [16, 22–26]. Senna alata fresh leaf juice 
has been reported to be useful for the treatment of ring-
worm, snakebite, scorpion bite, skin diseases, impetigo, 
syphilis sores, itching, mycosis (washerman's itch), her-
pes, and eczema [27]. Biological evaluation of phytochem-
icals coated silver nanoparticles using aqueous extract of 
leaves of Cassia alata has been reported by Vijayakumari 
and Sinthiya [27]. The antimicrobial mechanism through 
enhancement of bacterial membrane degradation of eco-
friendly synthesized Senna alata silver nanoparticles has 
been reported [28]. Different parts of the plant are used 
for the preparation of herbal remedies with antimicrobial 
properties. This preparation may be in form of cream, 
lotion, soap, sap, solvent extracts, and ointment which has 

been reported to contain antimicrobial properties [29]. 
Topical application of cream through the skin has been a 
promising concept as a result of easy penetration, large 
surface area, and easy contact with the circulatory and 
lymphatic system in association with the non-invasive 
nature of the cream. Senga et al. [30], reported an herbal 
dermal ointment formulation from whole leaves of Cassia 
alata Linn. Development and evaluation of antimicrobial 
herbal formulations containing the methanolic extract of 
Cassia alata for skin diseases have been reported [31]. 
There is a dearth of information on the antibacterial and 
antifungal potential of Senna alata silver nanoparticle and 
silver nanoparticle-cream blend. The antiseptic property 
of Cassia alata-based herbal soap against skin pathogens 
has been reported [32]. The study aimed at fabrication and 
characterization of silver nanoparticles using Senna alata 
leaf extracts through green chemistry approach, produc-
tion of Senna alata silver nanoparticle-cream blend, and 
evaluation of in-vitro antibacterial and antifungal poten-
tial of the fabricated silver nanoparticles and the Senna 
alata silver nanoparticle-cream blend. 

2 Materials and methods
2.1 Collection of plant
The leaves of Senna alata were collected from the prem-
ises of the University of Ibadan. Silver nitrate (AgNO3) 
was obtained from Sigma–Aldrich Chemicals Germany.

2.2 Extraction of plant extract
The collected leaves were air-dried and then milled. This 
was then poured into a macerating jar and then methanol 
was added and filled to the brim. The solvent was then 
stirred with the solute using a well-sterilized glass rod and 
this was repeated every 8 hours which lasted for 72 hours. 
After 72 hours of extraction, the extract was decanted and 
filtered using a Whatman's filter paper (No.1). This was 
then concentrated using a rotary evaporator under reduced 
pressure and low temperature.

2.3 Production and characterization of silver 
nanoparticles
2.3.1 Biosynthesis of Silver Nanoparticles (AgNPs)
The crude methanol leaf extract of Senna alata was used 
for the biosynthesis of silver nanoparticles. 100 mL of 
1 mM aqueous solution of silver nitrate (AgNO3 ) was pre-
pared in 250 mL Erlenmeyer flasks and 40 mL of the dis-
solved crude methanol Senna alata leaf extract was added 
into the conical flasks for the bioreduction of the silver 
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nitrate (AgNO3 ) into silver (Ag0 ). This composite was 
observed for colour changes and then later placed in an 
incubator for the complete bioreduction at a temperature 
of 37 °C for 24 to 72 hours.

2.3.2 Characterization of the greenly fabricated 
SaAgNPs
The SaAgNPs were characterized using visual observation, 
UV-Vis spectroscopy, Fourier-Transform infrared spectro- 
scopy, scanning electron microscopy, thermogravimet-
ric analysis (TGA), dynamic light scattering (DLS), ener-
gy-dispersive X-ray spectroscopy (EDX), and X-ray dif-
fraction (XRD).

Visual observation of the reaction mixture during bio-
synthesis was done and colour changes were noted.

The bio-reduction of silver nitrate solution for SaAgNPs 
biosynthesis was monitored by measuring the optical den-
sity of the reaction mixture through UV–Vis spectros-
copy. Analysis was done using UV–Vis spectrophotome-
ter (Ocean Optics, USA). 2 mL of the sample suspension 
was collected after 72 hrs to monitor the completion of the 
bio-reduction of the nanoparticles in an aqueous solution. 
Subsequent scan in UV-Visible spectra, between a wave-
length of 200 - 800 nm at a resolution of 1 nm. The UV-Vis 
spectra were recorded after 72 hrs.

FTIR was used for the determination of the functional 
groups responsible for the bio-reduction of Ag+ to Ag0. 
The analyses of the dried SaAgNPs were carried out using 
the potassium bromide (KBr) pellet (FTIR grade) method 
in a ratio of 1:100. FTIR spectroscopy (Shimadzu) was 
used to record the spectrum at the wavelength between 
400–4500 cm−1 and resolution of 4 cm−1. 

Scanning electron microscopy (SEM) analysis was car-
ried out using the JEOL machine for SEM. A thin film of 
dried SaAgNPs powder sample was coated on a coater 
(JEOL, Akishima-shi, Japan, and Model No. JFC-1600). The 
images of NPs were eventually obtained in an SEM. The 
information concerning the applied voltage, magnification, 
and image contents sizes was also implanted on the images. 

The thermo-stability of the dried SaAgNPs samples was 
determined using TGA instruments. Samples were placed 
in 100 μL ceramic pans and equilibrated to 28 °C in the 
TGA, and then heated at a rate of 40–600 °C per minute. 
During the sample measurement, the air was introduced to 
the samples at a rate of 50 mL/min to maintain an oxidiz-
ing environment around the sample [33]. The residue was 
used to estimate the silver content in the SaAgNPs.

Particle size distribution and the average size of 
SaAgNPs were obtained using a particle size analyzer. The 

samples were diluted and analyzed using DLS (Malvern 
Zetasizer, Nano Z500 UK) and the sample holder tempera-
ture was set at 25 °C . 

The EDX spectroscopy was used to determine the ele-
mental composition of the SaAgNPs. The homogenized 
and well pelletized dried samples were used and pure sil-
ver was used as standard. Oxford instruments analytical 
EDX analysis software was used. 

XRD analysis was carried out using a Siemens 
Kristalloflex diffractometer operating at 45 kV with a 
current of 40 mA using nickel-filtered Cu-Kα radiation 
from 4 to 70° (2 θ angle).

2.4 Production of SaAgNPs-cream blend 
The SaAgNPs-cream blend was prepared according to 
the method of Adebayo-Tayo et al. [34]. The greenly fab-
ricated SaAgNPs were mixed with the aqueous phase. 
The reaction mixture was homogenized properly and the 
oily phase was aseptically added. The mixture was stirred 
properly until a semisolid cream blend was formed. Cream 
base without the addition of SaAgNPs was used as control. 

The physicochemical parameters (pH and viscosity) 
of the fabricated silver nanoparticles cream blend were 
analyzed. The pH was determined using a digital pH 
meter [35]. The viscosity was determined using Brookfield 
viscometer DV-II+ pro with spindle type 7 at room tem-
perature of 25 °C . The spindle was rotated at 50 and 100 
RPM (Revolutions Per Minute).

2.5 Determination of the in-vitro antibacterial and 
antifungal potential of the fabricated SaAgNPs and 
SaAgNPs-cream blend
The antibacterial and antifungal potential of the fabricated 
SaAgNPs and the SaAgNPs-cream blend were tested using 
the Agar Well Diffusion method [36]. Wells were bored on 
previously seeded Mueller Hilton agar plates. 100 µL of 
SaAgNPs, SaAgNPs-cream blend, and the control samples 
were dispensed into the wells. The inoculated plates were 
incubated at 35 °C for 24 and 72 hours for bacteria and 
fungi respectively. Dimethyl sulfoxide (DMSO), strepto-
mycin, fungusol (Miconazole Nitrate B.P. 2 %), and sil-
ver nitrate were used as control. The antibacterial and anti-
fungal activities were then determined by measuring the 
diameter of the zones of inhibition in millimeters (mm).

2.6 Minimum Inhibitory Concentration (MIC) 
determination
The MIC of the SaAgNPs was determined using the agar 
well method. A sterile cork borer (8 mm) was used to bore 
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wells on seeded plates. SaAgNPs at different concentra-
tions from 10 100 % were dispensed into each well. The 
preparation was left to diffuse before incubating at 37 °C 
and 28 °C  for 24 and 72 hrs for bacteria and fungi respec-
tively. The lowest concentration of SaAgNPs that com-
pletely prevented the growth of the test isolates was taken 
as the MIC of the SaAgNPs.

3 Results and discussion
3.1 Visual observation of the SaAgNPs
The visual observation of the greenly synthesized 
SaAgNPs is shown in Fig. 1. A change in colour of the 
reaction mixture from pale green to brown indicated the 
formation of silver nanoparticles. 

Recently Nanoparticles have attained great interest 
because of their unique physical and chemical properties. 
UV-visible absorption spectroscopy is broadly being uti-
lized as a technique to determine the optical properties 
of nanosized particles. The formation of SaAgNPs could 
be easily monitored by a change in color from pale green 
to brown colour. Silver nanoparticle synthesized, initially 
observed by a colour change from pale green to brown was 
further confirmed by UV-visible spectroscopy. The gen-
eration of dark brown color is due to the surface plasmon 
resonance (SPR) exhibited by the SaAgNPs [37].

3.2 UV-Vis spectrophotometry analysis of the SaAgNPs
UV-Vis absorption spectrum of greenly synthesized 
SaAgNPs after 72 hours of incubation is shown in Fig. 2. 
The absorption spectrum was recorded for the nanoparti-
cles in the range of 200 – 800 nm. The surface plasmon 
resonance (SPR) peak was observed at 500 nm, which cor-
responds to silver nanoparticles biosynthesis.

SaAgNPs showed maximum absorbance at 500 nm 
after 74 hours of incubation, which implies that bioreduc-
tion of Ag+ to Ago has taken place following incubation 
of the extract with AgNO3. A surface plasmon peak of 
550 nm was reported by Adebayo-Tayo et al. [38] during 
the biosynthesis of Citrus aurantifolia silver nanoparti-
cles. Balashanmugam et al. [39] reported a peak at 430 nm 
for Cassia roxburghii mediated silver nanoparticles. 
Krishnaraj et al. [40] reported the absorption spectrum 
of silver nanoparticles produced by Azadirata indica leaf 
extract presents a maximum peak at 420 nm.

The reduction of silver nitrate by plant extracts occurs 
through the oxidation of the amino group or some alka-
loids or terpenoids present in this plant by the transfer of 
electrons from the functional group of the bioactive com-
pounds to the Ag+ ions. This plant extract can then pas-
sivate the surface of silver nanoparticles and stabilize the 
nanoparticles produced owing to the coordination of nitro-
gen atoms or some other groups with Ag0 atoms at the sur-
face of SaAgNPs. The resulting metallic silver nucleates 
gradually to form SaAgNPs and further stabilizes it elec-
trostatically [41, 42]. 

Bioactive components of plants were reported to be 
responsible for the bio-reduction of silver ions to silver 
nanoparticles [43].

3.3 FTIR analysis of the SaAgNPs
The FTIR spectrum of the greenly synthesized SaAgNPs is 
shown in Fig. 3. 14 peaks were present between 3937 cm−1 
to 453 cm−1. The FTIR spectrum showed a broad peak 
at 3435 cm−1 which corresponds to the stretching vibrations 
of the hydroxyl OH band. The peak at 2103 cm−1 indicates 
an alkyne C≡C bending vibration. The peaks at 1643 cm−1, 
952 cm−1, 903 cm−1 and 710 cm−1 showed the stretching 
vibrations of alkenes (C=C) group. Furthermore, the peak 
at 1437 cm−1 indicates the presence of the carboxylic acid 
(O-H) group. The peak at 1318 cm−1 indicates the presence 

Fig. 2 UV-Vis spectra of silver nanoparticles biosynthesized using 
crude methanol leaf extract of Senna alata

(a) (b) (c)

Fig. 1 Visual observation of biosynthesized silver nanoparticles; 
(a) Senna alata crude methanol leaf extract; (b) Silver nitrate; 

(c) Biosynthesized silver nanoparticles
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of phenol; tertiary alcohol. The band at 1015 cm−1 corre-
sponds to the bending vibration of alkyl aryl ether (C-O), 
while the peak at 1418 cm−1 shows the presence of an alco-
hol O-H group.

The FTIR spectra of the biosynthesized silver nanopar-
ticles using Senna alata leaf extract showed different 
peaks which represents the functional groups of biopre-
cursor responsible for bio-reduction of Ag+. These func-
tional groups have a strong ability to bind with reduced 
non-ionic Ag metal to prevent agglomeration and to stabi-
lize nanoparticles in the medium. 

Possible functional groups like primary and second-
ary proteins, alcohols, ethers, carboxylic acids, esters, and 
anhydrides have been reported for silver nanoparticles of 
Cassia auriculata leaf extract [44].

3.4 SEM analysis of the SaAgNPs
SEM micrograph of greenly synthesized SaAgNPs is 
shown in Fig. 4. The SaAgNPs are spherical in shape with 
an average diameter of 10.2 nm.

The spherical shape to irregular shape with agglomera-
tion and 10 nm size of the nanoparticles was evidenced by 
SEM images. Sintubin et al. [45] reported silver nanopar-
ticles biosynthesized from plants, algae, yeasts, fungi, and 
bacteria exhibited varied sizes and shapes.

3.5 TGA analysis of the SaAgNPs
The thermogravimetric analysis of the greenly synthesized 
SaAgNPs is shown in Fig. 5. The TGA profile shows a con-
tinuous weight loss with two quasi-sharp changes occurring 

at 268.68 °C  and 485 °C  followed by a nearly constant pla-
teau. The annealing above 400 °C  seems to guarantee the 
formation of stable SaAgNPs. After heating to 268.68 °C, 
the excess water seems to be driven off and the material 
initiates organic carbon decomposition. Oxidation of the 
catalyst particles is seen after 485 °C, leading to dramatic 
mass changes with a residual mass of 23.46 % at 884.81 °C . 

Fig. 3 FTIR spectra of silver nanoparticles biosynthesized using crude methanol leaf extract of Senna alata

Fig. 4 3D scanning electron micrograph of silver 
nanoparticles biosynthesized using crude methanol leaf 

extract of Senna alata

Fig. 5 Thermogravimetric analysis of silver nanoparticles 
biosynthesized using crude methanol leaf extract of Senna alata
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The two stages of weight loss by SaAgNPs during TGA 
analysis indicate the decomposition and vaporization of 
various functional groups at different temperatures. The 
large weight loss may be attributed to the breakdown of 
the organic carbon coordinated with silver nanoparti-
cles in the extract-AgNO3 hybrid. Deshmukh et al. [46] 
recorded a two-stage weight loss in both silver and iron 
oxide nanoparticles biosynthesis. When the temperature 
reached 884.81 °C the weight of the hybrid remained at 
23.46 %. TGA shows NP-stabilizes interaction and con-
firmation of the stabilizer type. The report is in line with 
the report of Singh et al. [47], that the TGA of nanopar-
ticles and capping agents not only provides information 
about the stability of nanoparticles but can also evaluate 
the yield of nanoparticles in the final product.

3.6 DLS analysis of the SaAgNPs
Average particle size, size distribution, and polydispersity 
index (PDI) of the greenly synthesized SaAgNPs were mea-
sured using dynamic light scattering (Fig. 6). Two hydro-
dynamic diameters were present in the SaAgNPs with an 
average particle size of 855.4 nm and 89.70 nm respectively. 

The hydrodynamic diameter using the diffusion 
coefficient of SaAgNPs colloids and the autocorrela-
tion function measured using dynamic light scattering 
techniques showed the size and distribution of the NPs. 

The large average diameter 1905 nm of the SaAgNPs can 
be attributed to the aggregation of the nanoparticles over 
time. This is in line with the work of Chitsazi et al. [48] 
who observed an increase in the average diameter of syn-
thesized nanoparticles with an increase in reaction time. 

3.7 EDX analysis of the SaAgNPs 
Fig. 7 reports the EDX spectrum of the greenly synthe-
sized SaAgNPs is shown in Fig. 7. The spectrum of the 
optimized sample confirmed the presence of silver in the 
powder. The appearance of other elements is attributed to 
grid support. Consequently, there are no other elements 
except silver, other elements present are as a result of 
interference from the sample bottle. 

The EDX spectrum of the SaAgNPs sample confirmed 
the presence of silver in the sample, which clearly shows the 
purity of the greenly synthesized silver nanoparticles [49, 50].

3.8 XRD analysis of the SaAgNPs 
The XRD pattern based on the face-centered cubic struc-
ture of Bragg reflection index of the SaAgNPs is shown 
in Fig. 8. The XRD pattern showed three notable peaks 
at 2 θ values of 20.31°, 36.45°, and 79.09°, and can be 
indexed as (100), (111) and (311) planes of the face-centered 
cubic (FCC) structure, respectively. The crystallite size 
was observed as 8.66 nm at a 2 θ angle of 79.09°.

Fig. 6 Dynamic light scattering showing the particle size distribution of silver nanoparticles biosynthesized using 
crude methanol leaf extract of Senna alata
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3.9 Antibacterial activity of the SaAgNPs
3.9.1 Determination of the antibacterial activity of the 
SaAgNPs
The antibacterial activity of the greenly synthesized 
SaAgNPs is shown in Table 1. SaAgNPs had antibac-
terial activity against all the test bacterial isolates. 

The antibacterial activity ranged from 8.0–16.0 mm. 
Pseudomonas aeruginosa 27853 had the highest sus-
ceptibility follow in order by Staphylococcus aureus A 
and B and Staphylococcus saprophyticus A with a zone 
of 14.0 mm. The least antibacterial activity was against 
Staphylococcus aureus C, Staphylococcus aureus 29213, 

Fig. 7 EDX spectrum of silver nanoparticles biosynthesized using crude methanol leaf extract of Senna alata

Fig. 8 XRD pattern of silver nanoparticles biosynthesized using crude methanol leaf extract of Senna alata
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Eschericia coli 35218, Citrobacter freundii, and 
Salmonella typhi 14028.

AgNO3 and streptomycin had antibacterial activ-
ity against the test bacterial isolates. Staphylococcus 
aureus A and Staphylococcus aureus C and D had the 
highest susceptibility (8.0 and 12.0 mm).

The antibacterial activity of the SaAgNPs against all 
the tested bacteria pathogen is in line with the work of 
Sarsar et al. [51] who reported the antibacterial activ-
ity of silver nanoparticles of Penicillium atramentosum. 
Antibacterial activity may be due to the loss of activity 
during DNA replication. It has been hypothesized that the 
expression of ribosomal subunit proteins, as well as some 
other cellular proteins for ATP synthesis, becomes inac-
tivated [52].

3.9.2 Determination of the antifungal activity of the 
SaAgNPs
The antifungal potential of the greenly synthesized 
SaAgNPs is shown in Table 2. All the test fungal strains 
were susceptible to the SaAgNPs. The antifungal activity 
ranged from 9.0–30.0 mm. The highest antifungal activity 
was against Rhizopus sp. and Candida tropicalis follow in 
order by Candida albicans C. The least antifungal activity 
was against Candida albicans A with a zone of 9.0 mm.

The test fungi were more susceptible to AgNO3 solution 
than the commercial antifungal agent. Candida albicans C 

had the highest susceptibility to AgNO3 solution with the 
antifungal activity of 18.0 mm while Candida albicans B 
had the least susceptibility (4.0 mm). Candida albicans C 
and Pichia sp. had the highest susceptibility (8.0 mm) to 
fungusol. Candida krusei and Candida albicans A had the 
least susceptibility with a zone of 2.0 mm.

The antifungal potential of the greenly synthesized 
SaAgNPs showed that the nanoparticles were effective 
as an antimicrobial agent in the control of pathogenic 
fungi such as Candida albicans and Candida tropicalis. 
Balashanmugam et al. [39] and Mallmann et al. [53] also 
reported the antifungal activity of silver nanoparticles 
against fungi.

3.10 MIC of the SaAgNPs
The Minimum Inhibitory Concentration of the greenly syn-
thesized SaAgNPs against pathogenic bacteria is shown in 
Table 3. SaAgNPs showed activity against Staphylococcus 
aureus A, Staphylococcus aureus B, Salmonella typhi 
14028, Bacillus cereus, and Staphylococcus epidermidis A 
up to 10 % concentration. The MIC for Pseudomonas 
aeruginosa 27853 was at 30 % SaAgNPs concentration.

The Minimum Inhibitory Concentration (MIC) of 
SaAgNPs against pathogenic fungi is shown in Table 4. 
The silver nanoparticles had activity against 3 fungal 
strains; Rhizopus sp, Candida tropicalis, and Candida 
krusei at 30 % concentration.

Table 1 Antibacterial activity of SaAgNPs against some test bacteria

S/N Test Bacteria
Zone of inhibition (mm)

SaAgNPs* AgNO3
** Streptomycin*** DMSO

1 Staphylococcus aureus A 14.0 8.0 8.00 –

2 Staphylococcus aureus B 14.0 8.0 9.50 –

3 Staphylococcus aureus C 8.0 6.0 12.50 –

4 Staphylococcus aureus D 10.0 4.0 12.00 –

5 Staphylococcus aureus 29213 8.0 4.0 7.00 –

6 Eschericia coli 35218 8.0 2.0 7.00 –

7 Eschericia coli 11775 12.0 4.0 6.50 –

8 Pseudomonas aeruginosa 27853 16.0 6.0 7.00 –

9 Citrobacter freundii 8.0 2.0 8.00 –

10 Salmonella typhi 14028 8.0 2.0 7.00 –

11 Bacillus cereus 10.0 3.0 7.50 –

12 Staphylococcus saprophyticus A 14.0 8.0 8.50 –

13 Staphylococcus saprophyticus B 12.0 4.0 8.00 –

14 Staphylococcus epidermidis A 10.0 4.0 8.00 –

15 Staphylococcus epidermidis B 12.0 4.0 8.00 –

16 Staphylococcus epidermidis C 10.0 3.0 6.50 –

* SaAgNPs – Silver nanoparticles biosynthesized with Crude methanol leaf extract of Senna alata;
** AgNO3 – Silver nitrate;
*** Streptomycin – Antibacterial drug
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The MIC of the nanoparticles against both the fungi and 
bacteria pathogens showed a continuous decrease in activ-
ity with a reduction in the concentration of the nanopar-
ticles used. This showed that the activity of the nanopar-
ticles is concentration-dependent. This is following 

the report of Dubey et al. [54] and Oboh and Abulu [55], 
who stated that antimicrobial activity is a function of the 
concentration of the active ingredient that is in contact 
with the microorganism.

3.11 Physicochemical property of SaAgNPs-cream 
blend
Table 5 shows the pH and viscosity measurement of the 
SaAgNPs-cream blend. The pH SaAgNPs-cream blends 
were 7.10, 7.26, 7.34 and 5.64 for SaAgNPs-CBa-cream 
blend (1 %), SaAgNPs-CBb-cream blend (2 %), AgNO3-
CBc-cream blend (2 %) and the cream base. The pH 
increased to 7.26 when 2 % SaAgNPs was incorporated 
into the cream base. The viscosity of the SaAgNPs-cream 
blends at 50 rpm was 21,520, 14,440 cP and 9,060, 6,700, 
7800 and 3160 at 100 rpm.

The viscosity was reported in a unit of centipoises (cP) 
and torque. The apparent viscosity and torque were shown 
about the revolutions per minute (rpm or shear stress) for 
the formulations.

Table 2 Antifungal activity of SaAgNPs against some pathogenic fungi

S/N Test Fungi
Zone of inhibition (mm) Control (mm)

SaAgNPs* AgNO3
** Fungusol*** DMSO

1 Candida albicans A 9.0 7.0 2.0 –

2 Candida albicans B 14.0 4.0 6.0 –

3 Candida albicans C 28.0 18.0 8.0 –

4 Rhizopus sp. 30.0 16.0 4.0 –

5 Pichia sp. 10.0 6.0 8.0 –

6 Candida tropicalis 30.0 17.0 4.0 –

7 Candida krusei 10.0 6.0 2.0 –

8 Trichophyton interdigitale 14.0 10.0 6.0 –

* SaAgNPs – Silver nanoparticles biosynthesized with Crude methanol leaf extract of Senna alata;
** AgNO3 – Silver nitrate;
*** Fungusol – Miconazole Nitrate B.P. 2 %

Table 3 MIC of SaAgNPs against selected pathogenic bacteria

Test Bacteria

% MIC for SaSNPs

Zone of inhibition (mm)

100 90 70 50 30 10

Staphylococcus 
aureus A 14.0 17.0 15.0 10.0 9.0 8.0

Staphylococcus 
aureus B 14.0 9.0 9.0 9.0 8.0 5.0

Staphylococcus 
aureus C 8.0 6.0 4.0 5.0 2.0 –

Staphylococcus 
aureus D 10.0 – – – – –

Staphylococcus 
aureus 29213 8.0 4.0 3.0 4.0 1.0 –

Eschericia coli 35218 8.0 4.0 4.0 2.0 – –

Eschericia coli 11775 12.0 4.0 4.0 3.0 – –

Pseudomonas 
aeruginosa 27853 16.0 12.0 14.0 12.0 9.0 –

Citrobacter freundii 8.0 4.0 3.0 2.0 – –

Salmonella typhi 
14028 8.0 6.0 8.0 8.0 6.0 3.0

Bacillus cereus 10.0 4.0 4.0 3.0 2.0 1.0

Staphylococcus 
saprophyticus A 14.0 5.0 4.0 4.0 2.0 –

Staphylococcus 
saprophyticus B 12.0 9.0 8.0 7.0 6.0 –

Staphylococcus 
epidermidis A 10.0 8.0 7.0 7.0 6.0 3.0

Staphylococcus 
epidermidis B 12.0 5.0 4.0 4.0 3.0 –

Staphylococcus 
epidermidis C 10.0 4.0 4.0 3.0 1.0 –

Table 4 MIC of SaAgNPs against selected pathogenic fungi

Test Fungi

% MIC for SaAgNPs 

Zone of inhibition (mm)

100 90 70 50 30 10

Candida albicans A 9.0 6.0 4.0 3.0 – –

Candida albicans B 14.0 6.0 4.0 1.0 – –

Candida albicans C 28.0 4.0 3.0 – – –

Rhizopus sp. 30.0 5.0 5.0 4.0 2.0 –

Pichia sp. 10.0 – – – – –

Candida tropicalis 30.0 4.0 4.0 3.0 2.0 –

Candida krusei 10.0 4.0 4.0 3.0 2.0 –

Trichophyton 
interdigitale 14.0 8.0 8.0 3.0 – –
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3.12 Antibacterial and antifungal potential of the 
SaAgNPs-cream blend
Table 6 shows the antibacterial activity of the SaAgNPs-
cream blend. The susceptibility of the different bacteria to 
the cream-blend varies. The cream-blend had antibacterial 
activity against 68.75 % of the test bacterial isolates while 
31.25 % were resistant. The highest antibacterial activity 
was against Staphylococcus epidermidis B (7.0 mm) fol-
lowed by Pseudomonas aeruginosa 27853 (6.0 mm). Most 
of the Staphylococcus aureus A, B, C, and Staphylococcus 
epidermidis A, B, and C were susceptible to the SaAgNPs-
cream blend.

Table 7 shows the antifungal activity of the SaAgNPs-
cream blend. The cream-blend had activity against 75 % 
of the fungal isolates. Candida albicans B had the high-
est susceptibility (8.0 mm) follow in order by Pichia sp. 
(7.5 mm) and Trichophyton interdigitale (6.0). 25 % of the 
fungi (Candida albicans A and Rhizopus sp.) were resis-
tant to the SaAgNPs-cream blend. 

4 Conclusions
Senna alata leaf extract was successfully used for the 
fabrication of silver nanoparticles and preparation of 

SaAgNPs-cream blends. The SaAgNPs-cream blend 
had cosmetically acceptable physiochemical parameters. 
The nanoparticles and the cream blend have antibacterial 
and antifungal potential against the test isolates and can be 
used in the preparation of antibacterial and antifungal cream.

Table 6 Antibacterial activity of SaAgNPs-cream blend against the 
test bacteria

Test Bacteria
SaAgNPs-cream blend

Antibacterial activity (mm)

Staphylococcus aureus A 4.0

Staphylococcus aureus B 3.0

Staphylococcus aureus C 4.0

Staphylococcus aureus D –

Staphylococcus aureus 29213 –

Eschericia coli 35218 5.5

Eschericia coli 11775 –

Pseudomonas aeruginosa 27853 6.0

Citrobacter freundii 1.0

Salmonella typhi 14028 –

Bacillus cereus 4.0

Staphylococcus saprophyticus A –

Staphylococcus saprophyticus B 3.0

Staphylococcus epidermidis A 5.0

Staphylococcus epidermidis B 7.0

Staphylococcus epidermidis C 5.0

Table 7 Antifungal activity of SaAgNPs-cream blend against the 
test fungi

Test Fungi SaAgNPs-cream blend

Candida albicans A –

Candida albicans B 8.0

Candida albicans C 0.5

Rhizopus sp. –

Pichia sp. 7.5

Candida tropicalis 2.0

Candida krusei 1.0

Trichophyton interdigitale 6.0
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