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Abstract
Background. Phyto-reduction using Senna alata methanol leaf extract for nanoparticle (NP) biosynthesis 
is of great importance for the production of value-added nanomaterial with antimicrobial potential.

Objectives. The aim of this study was to investigate the biosynthesis of zinc oxide nanoparticles (ZnONPs) 
using crude methanol leaf extract of S. alata (SaZnONPs), antimicrobial efficacy of this extract, optimization 
of its production parameters, and its application in cold cream formulation.

Material and methods. Phytosynthesized SaZnONPs were characterized using UV-Vis absorption spec-
troscopy, Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), thermogra-
vimetric analysis (TGA), dynamic light scattering (DLS), X-ray diffraction (XRD) analysis, and energy-di-
spersive X-ray (EDX) spectroscopy. The antimicrobial activity of SaZnONPs and the formulated cold cream 
was evaluated. 

Results. The SaZnONPs surface plasmon resonance (SPR) was 400 nm. Functional groups such as alkenes, 
alkynes and alkyl aryl ether were present. The SEM image showed NPs 7.10 nm in size and with a needle-
-like shape. The TGA values show the formations of stable ZnONPs, while the DLS showed the particle dia-
meter average of 89.7 nm and 855.4 nm with 0.595 polydispersity index. The EDX analysis confirmed the 
formation of pure ZnONPs, and the crystallinity was confirmed with XRD analysis. Twenty-four hours of in-
cubation and production at pH13 was optimal for NPs synthesis. The SaZnONPs and the formulated cold cre-
am have antimicrobial properties against some pathogenic bacteria and Pichia sp. (16.00 mm) and Tricho-
phyton interdigitale (11.00 mm).

Conclusions. Senna alata was able to serve as a stabilizing and capping agent for SaZnONPs biosynthesis. 
The SaZnONPs had good antimicrobial potential and can be used in cold cream formulation.
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Introduction 
The problem of drug resistance has been a serious chal-

lenge to the wellbeing of the world population, which ne-
cessitates the search for new drugs with high antimicrobial 
potency to combat the existing resistant microorganisms. 
Nanotechnology has proven to be one of the most valuable 
means of  synthesizing antimicrobial agents with a  broad 
spectrum of activity. Noble metals such as silver, gold, zinc, 
copper, and iron are bio-converted by microbial and plant 
metabolites for nanoparticle (NP) synthesis; the NPs are 
widely used in drug delivery systems. Nanoparticle syn-
thesis is an  important field in nanotechnology as a result 
of material properties based on size.1

Zinc oxide nanoparticles (ZnONPs) have received 
considerable attention due to their unique antibacterial, 
antifungal and UV filtering properties, and high catalytic 
and photochemical activities, which are not observed at 
bulk phase.2–4 Specifically, ZnONPs have a tremendous 
potential in biological applications like biological sens-
ing, biological labelling, gene delivery, drug delivery, and 
nano-medicines due to their antibacterial, antifungal, 
anti-diabetic, anti-inflammatory, wound-healing, anti-
oxidant, and optical properties.5,6 

Zinc oxide nanoparticles can be synthesized using direct 
precipitation, homogeneous precipitation, solvothermal, so-
nochemical, reverse micelles, sol-gel, hydrothermal, thermal 
decomposition, and microwave irradiation methods.7 Apple-
rot et al. reported that ZnONPs exhibited stronger inhibitory 
activity against pathogenic microorganisms than chemically 
synthesized NPs.8 The antibacterial potential of  ZnONPs 
against some clinical pathogens has been reported.9

Green method of ZnONPs biosynthesis is gaining impor-
tance due to its simplicity, eco-friendliness, broad antimi-
crobial efficiency, and environmental control of chemical 
toxicity.10,11 There is an increasing interest in the biosynthe-
sis of metal NPs using plants as bio-reducing and capping 
agents based on their suitability for large scale production 
of NPs. Nanoparticles produced using plants are character-
ized by better stability and diversity in shape and size com-
pared to the NPs produced using other organisms.12

Among the wide range of medicinal plants are members 
of the genus Senna. Senna alata is an ornamental shrub 
which is mostly used as antimicrobial agent.13,14 The plant 
has been used for treating a wide variety of infections and 
diseases.15,16 Senna alata has been reported to contain 
phytochemicals which are responsible for their biologi-
cal actions against various pathogens. This has made it 
an important plant in various fields of relevance.14,16

Biosynthesis of ZnONPs using different plants such as Aloe 
vera extract, Citrus aurantifolia extract, Plectranthus am-
boinicus, orange juice, Ocimum basilicum L. var. urpurascens, 
and Parthenium hysterophorus L. has been reported.17–21 

The antibacterial efficacy of  the biosynthesized 
ZnONPs using ethanol extract of Murraya koenigii against 
some bacteria has been reported.22 This research aimed 

at examining the phytosynthesis of ZnONPs using crude 
methanol leaf extract of S. alata, as well as at optimization 
of production parameters, antimicrobial efficacy and ap-
plication of the ZnONPs in cold cream formulation.

Material and methods

Plant collection and extraction 

Fresh leaves of S.  alata were collected from the prem-
ises of the University of Ibadan, Nigeria. The leaves were 
cleaned with running tap water and rinsed with distilled 
water to remove debris and contaminants. The leaves were 
air-dried at room temperature, chopped into small pieces, 
milled, poured into a  macerating jar, and methanol was 
added and filled to the brim. The solvent was then stirred 
with the solute using a sterilized glass rod and this was re-
peated every 8 h during a cycle which lasted for 72 h. After 
72 h of extraction, the extract was decanted and filtered us-
ing a Whatman’s filter paper (No. 1), and then concentrated 
using a rotary evaporator under reduced pressure and low 
temperature. 

Collection of test cultures 

Typed strains (Pseudomonas aerogenosa (ATCC 27853), 
Staphylococcus aureus (ATCC 29213), Bacillus sp., Esch-
erichia coli (ATCC 11775), and E. coli (ATCC 35218)) and 
clinical strains (5 strains of Multi Drug Resistant Staphy-
lococci (MRS) and fungi (Candida albicans, Candida 
krusei, Candida tropicalis, Trichophyton sp., Aspergillus 
niger, and Penicillium sp.)) were obtained from the De-
partment of Microbiology of the University of Ibadan. 

Photosynthesis of zinc oxide 
nanoparticles 

The ZnONPs was biosynthesized using methanol leaf 
extract of S. alata. The plant extract was added to 10 mM 
zinc acetate solution in ratio of 1:50. The mixture was in-
cubated for 24 h to facilitate the formation of NPs. Aque-
ous leaf extract and zinc acetate solution were used as 
controls throughout the experiments. Change in the color 
of  the solution indicated the presence of  ZnONPs. The 
NPs were dried at 60°C to obtain a pale white powder.

Characterization of nanoparticles 

Visual observation and UV-Vis spectra analysis 

The gradual color change of the mixture in the test bottle 
was visually observed and noted. The formation and stabil-
ity of the NPs was monitored by measuring the absorbance 
using UV–Vis spectrophotometry (UV–Vis spectrophotom-
eter; Ocean Optics, Winter Park, USA). The optical property 
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of the NPs was determined using ultraviolet and visible ab-
sorption spectroscopy in the range of 200–800 nm at a reso-
lution of 1 nm. The UV-Vis spectra were recorded at 24–72 h.

Fourier-transform infrared spectroscopy analysis 

The functional group and composition of  the ZnOPS 
synthesized using crude methanol leaf extract of S. alata 
(SaZnONPs) was determined using Fourier-transform 
infrared spectroscopy (FTIR) spectroscopy (Shimadzu, 
Kyoto, Japan). Two milligrams of  the SaZnONPs was 
ground with KBr salt at 25°C and pressed into a mold to 
form a pellet. The spectra were recorded at a wave range 
of 500–4000 cm−1 and at a resolution of 4 cm−1.

Scanning electron microscopy analysis 

The size and shape of the SaZnONPs were determined 
using scanning electron microscopy (SEM). Thin films 
of  dried SaZnONPs were gold-coated using a  coater 
(Model No. JFC-1600; JEOL, Akishima, Japan). The im-
ages of SaZnONPs were obtained in a SEM (Zeiss EVO-
MA 10; Carl Zeiss AG, Oberkochen, Germany). Details 
regarding applied voltage, magnification and size of  the 
contents of the images were also implanted on the images.

Thermogravimetric analysis 

Thermogravimetric analysis (TGA) was done on the 
dried SaZnONPs in SDT 2960 device (TA Instruments, 
New Castle, USA). The samples were heated in open alumi-
na pans from 40°C to 600°C, under an oxidant atmosphere 
(O2), flux of 50 mL/min and a heating rate of 10°C/min.  
The estimation of  the zinc content in SaZnONPs was 
done using the residue at 600°C.

Dynamic light scattering 

Particle size distribution and average size of SaZnONPs 
was determined using PSI Online Diameter-Measuring 
Particle Size Analyzer (DFMC, Dandong, China). Liquid 
sample before centrifugation was diluted 10 times using 
deionized water and transferred to cuvette, and analy-
sis was performed using dynamic light scattering (DLS) 
(Malvern Zetasizer Nano Z500; Malvern Panalytical, 
Malvern, UK). The sample holder temperature was main-
tained at 25°C. 

Energy-dispersive X-ray spectroscopy 

The elemental analysis of SaZnONPs was determined us-
ing an  energy-dispersive X-ray (EDX) spectroscopy. The 
dried SaZnONPs powder was used for the analysis and pure 
ZnO was used as standard. The EDX analysis software from 
Oxford Instruments (Abingdon, UK) was used. All measure-
ments were performed at an accelerated voltage of 10 kV.

X-ray diffraction analysis of SaZnNPs 

The purity and crystalline structure of the SaZnONPs was 
determined using X-ray diffraction (XRD) analysis. X-ray dif-
fraction patterns were obtained in a Siemens Kristalloflex dif-
fractometer (Siemens AG, Munich, Germany) using nickel-
filtered Cu-Kα radiation from 4° to 70° (2θ angle).

Determination of antimicrobial potential  
of the SaZnONPs 

The antibacterial and antifungal potential of  the 
SaZnONPs was determined using agar well diffusion meth-
od.23 The isolates were cultured overnight in peptone water 
and 18 hour-old culture of the isolate was seeded on Muel-
ler–Hinton agar (Lab M Ltd., Heywood, UK) plates. Uniform 
wells of 7 mm were cut on the dried agar plate and the wells 
were filled with 20 μL of the SaZnONPs. Zinc acetate solu-
tion, methanol extract of S. alata leaves, dimethyl sulfoxide 
(DMSO), streptomycin, and fungusol (miconazole nitrate 
BP 2%; Afrab Chem Ltd, Lagos, Nigeria) were used as con-
trols. The inoculated plates were incubated at 37°C for 24 h 
for bacteria and at 28°C for 72 h for fungi. Diameters of clear 
zones of inhibition (ZOI) around the wells were measured in 
millimeters. Diameters greater than 1 mm were considered 
positive after subtracting the original diameter of the cork 
borer (7 mm) from the final reading.

Minimum inhibitory concentration determination 
of the SaZnONPs 

To determine the minimum inhibitory concentration 
(MIC) of the SaZnONPs, wells were bored on inoculated 
agar plates. The wells were filled with 20 μL of  different 
concentration (10–100%) of  the SaZnONPs. The plates 
were incubated appropriately at 37°C for 24  h for bacte-
ria and at 28°C for 72 h for fungi. The zones of inhibition 
were then observed and recorded. The lowest concentra-
tion of the SaZnONPs that completely inhibited the growth 
of the test microorganism was taken as the MIC of the NPs. 

Optimization of production conditions for SaZnONPs 
phytosynthesis 

The production parameters such as incubation time (2–
72 h), different concentration of zinc acetate (1–20 mM) 
and the leaves extract (0.2–0.8 mL), incubation tempera-
ture (28–45°C) and pH (4–13) for NP biosynthesis was 
optimized. UV-visible spectra of and the FTIR of the bio-
synthesized SaZnONPs were evaluated. 

Formulation of SaZnONPs cold cream 

The cold cream formulation was done by first prepar-
ing the oil phase and aqueous phase. To prepare the base, 
the oil phase was prepared by adding beeswax (10 g) to 



B. Adebayo-Tayo, S. Borode, O. Olaniyi. ZnONPs phytosynthesis8

liquid paraffin (30 g) and the mixture was placed in a wa-
ter bath (90°C). For the aqueous phase preparation, borax 
(0.5 g) was dissolved in distilled water (9.5 mL) and heated 
up to 50°C. The SaZnONPs was dissolved in the aqueous 
phase to form a mixture. The cold cream SaZnONPs was 
formulated by slowly adding the oil phase to the aqueous 
phase with continuous stirring until it become semisolid. 
The control cold cream was formulated without the addi-
tion of SaZnONPs. The formulated samples were kept for 
further analysis.

Determination of pH and the viscosity of the of the 
formulated cream 

The pH of  the formulated cold creams was measured 
using direct immersion of the electrode of pH meter into 
formulated creams. The viscosity of  the formulated cold 
cream samples at different shear rates was done using 
a Brookfield viscometer DV-II+ pro (Brookfield Engineer-
ing Laboratories, Middleboro, USA) with spindle No. S–64 
at 20 rpm at 25°C, and the analysis was done in duplicate.

Determination of the antimicrobial activity of the cold 
cream 

The antimicrobial potential of  the formulated cold 
cream samples was evaluated using agar well diffusion 
method. The test pathogens were spread on Mueller agar 
using sterile cotton swabs. Wells were bored in the inocu-
lated agar plates and the formulated cream samples were 
introduced into the wells. Formulated cream samples 
without the NPs, zinc acetate solution, streptomycin, and 
fungusol were used as controls. The plates were incubat-
ed and the diameters of  clear zones of  inhibition (ZOI) 
around the wells were recorded in millimeters.

Results and discussion 
The visual observation of the ZnONPs synthesized us-

ing the crude methanol extract of S. alata after 24 h in-
cubation is shown in Fig. 1A–C. The mixture turned pale 
brown after 24 h of incubation, indicating the formation 
of SaZnONPs.

The UV-Vis absorption spectrum of SaZnONPs is shown 
in Fig.  2. The absorption spectrum was recorded for the 
NPs in the range of  200–800  nm. The surface plasmon 
resonance (SPR) peak was observed at 400 nm after 24 h.

The absorption spectrum of SaZnONPs 400 nm may be 
ascribed to the nanometric size effect of the synthesized 
ZnO, which is characteristic of hexagonal ZnONPs.24 The 
SPR peak of  370  nm has been reported by different re-
searchers.21,25,26 This absorption peak shows evidently the 
monodispersion of the SaZnONPs formed. The sharp and 
prominent absorption band may arise due to the transi-
tions from a valence band to conduction band.

The spectra of  the biosynthesized SaZnONPs charac-
terized using FTIR are shown in Fig. 3. Twelve peaks were 
observed – from 3852.04  cm−1 to 464.73  cm−1. The FTIR 
spectrum showed a broad peak at 3444.43 cm−1, which corre-
sponds to the stretching vibrations of hydroxyl OH band. The 
peak at 2075.73 cm−1 indicates an alkyne C≡C bending vibra-
tion. The peaks at 1643.73 cm−1 and 1633.71 cm−1 showed 
the stretching vibrations of  cyclic and conjugated alkenes 
(C=C) group. Furthermore, the peaks at 3852.04 cm−1 and 
1416.09 cm−1 indicate the presence of alcohol (O–H) group. 
The peak at 1650.78 cm−1 indicates the presence of phosphine 
(X=C=Y) groups. The band at 1011.78 cm−1 corresponds to 
the bending vibration of the alkyl aryl ether (C–O), while the 
peak at 569.06 cm−1 shows the presence of an alkyl halides 
(C–X) group. Finally, the band at 464.73 cm−1, 651.76 cm−1 
and 716.56 cm−1 corresponds to the stretching of Zn-O com-
pound. 

The FTIR results show the possible plant biomolecules 
involved in the NP biosynthesis and as functioning capping 
agents. It also shows that the biosynthesized SaZnONPs 
were surrounded by proteins and other metabolites.27 
Based on the FTIR spectra, it can be stated that the pres-
ence of these functional groups suggests that the biological 
molecules play an important role in the biosynthesis of NPs, 
and could possibly perform dual functions of formation and 
stabilization of SaZnONPs in an aqueous medium.

Fig. 2. UV-Vis spectra of photosynthesized SaZnONPs

Fig.  1. Visual observation of photosynthesized SaZnONPs. A. Senna alata 
crude methanol leaf extract. B; Zinc acetate. C; Biosynthesized ZnONPs
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The SEM image of  SaZnONPs is presented in Fig.  4.  
It shows needle-like shape NPs with 10.3 nm in diameter.

The SEM images of the crystals showed some non-uni-
form distribution in the form of  a  needle-like structure 
without agglomeration. The boundaries between single 
crystallites were visible. Agglomerates were composed 
of several individual nano-sized crystals. 

The TGA of SaZnONPs is showed in Fig. 5. The TGA 
profile showed a  continuous weight loss with 2 quasi-
sharp changes occurring at 234.02°C and 473.75°C, fol-
lowed by a nearly constant plateau. The annealing above 
473.75°C seems to guarantee the formation of  stable 
SaZnONPs. After heating to 234.02°C, the excess water 
seems to be driven off and the material initiates organic 
carbon decomposition. The material continues to de-
compose. Oxidation of the catalyst particles is seen after 
473.75°C, leading to dramatic mass changes with a resid-
ual mass of 4.95% at 846.87°C.

The TGA showed a  two-stage weight loss, which in-
dicates 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 ZnONPs in extract-zinc 
acetate hybrid. Oxidation of the catalyst particles is seen 
after 473.75°C, leading to dramatic mass changes with 
a residual mass of 4.95% at 846.87°C. This report differs 
from the observation of  Ramesh et al.,27 who observed 
thermal dehydration at 165°C and 318°C respectively, 
with an endothermic peak at 390°C during the decompo-
sition of zinc nitrate to ZnO. 

Fig. 3. FTIR spectra of SaZnONPs

Fig. 4. SEM image of SaZnONPs

Fig. 5. The results of TGA of SaZnONPs
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The TGA shows the interaction between the NPs and 
the stabilizer. Singh et al.28 reported that the TGA of NPs 
and of  capping agents not only provides information 
about the stability of NPs, but can also evaluate the yield 
of NPs in the final product.

Figure 6 shows the average particle size, size distribution, 
and polydispersity index (PDI) of  SaZnONPs using DLS 
measurement. It shows average particle sizes of 412.0 nm 
and 155.2 nm with a polydispersity index of 0.481.

The hydrodynamic diameter, which uses the diffusion 
coefficient of the SaZnONPs colloids and the autocorre-
lation function measured with DLS techniques, showed 

the size and distribution of the NPs. The large average di-
ameter of 549.2 nm can be attributed to the aggregation 
of the NPs over time. This is in line with the work of Chit-
sazi et al., who observed that there was an increase in the 
average diameter of synthesized NPs with an increase in 
reaction time.29 

The EDX spectrum of the biosynthesized SaZnONPs is 
shown in Fig. 7. The spectrum of  the optimized sample 
confirmed the presence of zinc and oxygen in the powder. 
Consequentially, there are no other elements except zinc, 
thereby sustaining the pure chemical form of the formed 
ZnONPs.

Fig. 6. DLS showing the particle size distribution of SaZnONPs

Fig. 7. EDX spectra of SaZnONPs
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Figure  8 shows the results of  XRD analysis of  the 
SaZnONPs. It was observed that the 7 reflection peaks of 2θ 
degree with corresponding Miller indices (hkl) showed 
values at 15.32° (002), 37.39° (110), 40.58° (002), 42.15° 
(101), 43.09° (101), 44.18° (002), and 46.99 (101), which are 
matched with the Crystallography Open Database (COD; 
http://www.crystallography.net/cod) in MATCH! Phase 
Identification (https://www.crystalimpact.com/match) 
from Powder Diffraction software.

The EDX spectrum of  SaZnONPs sample confirmed 
the presence of  zinc in the powder. The EDX clearly 

showed the purity of biosynthesized metal NPs and of the 
SaZnONPs.30

The antifungal potential and MIC of  the SaZnONPs 
against pathogenic fungi is shown in Table  1. The 
SaZnONPs presented activity only against Pichia sp. and 
T. interdigitale with a zone of 16 mm and 11 mm, respec-
tively, while the remaining fungi strain were resistant. The 
activity of the SaZnONPs against Pichia sp. and T. inter-
digitale was up to 10%, showing that the 2 organisms are 
highly susceptible to SaZnONPs.

Table 1. Antifungal activity and MIC of SaZnONPs against some pathogenic fungi

Test bacteria

Antibacterial activity [mm] MIC for SaZnONPs [%]

SaZnONPs zinc acetate solution fungusol
zone of inhibition [mm]

100 90 70 50 30 10

C. albicans A – – 2 – – – – – –

C. albicans B – – 6 – – – – – –

C. albicans C – – 8 – – – – – –

Rhizopus sp. – – 4 – – – – – –

Pichia sp. 16 6 8 16 16 14 12 10 8

C. tropicalis – – 4 – – – – – –

C. krusei – – 2 – – – – – –

T. interdigitale 11 4 6 11 15 14 12 8 8

SaZnONPs – zinc oxide nanoparticles biosynthesized using crude methanol leaf extract of Senna alata; MIC – minimum inhibitory concentration.

Fig. 8. XRD pattern of SaZnONPs
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The antibacterial activity and MIC of  the SaZnONPs 
against pathogenic bacteria is shown in Table  2. The 
SaZnONPs presented activity against S. aureus D E. coli 
35218, S. saprophyticus B and S. epidermidis C with zone 
of inhibition of 9 mm, 5 mm and 2 mm, respectively. The 
SaZnONPs had a low activity (1.00 mm) against S. aureus 
D at 10% concentration, while there was no activity re-
corded against it for S. saprophyticus B and S. epidermidis 
C beyond the full 100% concentration of the SaZnONPs.

The SaZnONPs showed activity against only 2 of the fun-
gi species. Rajiv et al. observed that plant pathogenic fungi 
were susceptible to ZnONPs.21 The susceptibility of  test-
ed fungi pathogens can be attributed to the nature of the 
particles, i.e., their nanoscale structure.31 The SaZnONPs 
showed activity against different species of  Staphylococ-
cus and against E. coli 3521. Gunalan et al.10 observed that 
ZnONPs were active against S. aureus, while Ambika and 
Sundrarajan24 recorded antibacterial activity against S. au-
reus and E. coli. Gunalan et al. revealed that the nanosize 
of NPs enables the permeability of bacteria cell membrane 
and gives access to the organelles of the cell.10

The MIC of  the NPs against both the fungi and bacte-
ria pathogens showed a  continuous decrease in activity 
along with the reduction in the concentration of the NPs 
used. This showed that the activity of the NPs depends on 
its concentration. This is in accordance with the report 
of Dubey et al.32 and Oboh and Abulu33 who stated that an-
timicrobial activity is a function of the concentration of the 
active ingredient that is in contact with the organism. 

Optimization of  conditions of  different production 
parameters on the biosynthesis of  ZnONPs was inves-
tigated. Figure 9A shows the UV-Vis spectra during op-

timization of  incubation time (2–72  h) on the biosyn-
thesis of  SaZnONPs. The optimum incubation time for 
the biosynthesis was recorded at 24  h. The SPR shows 
a high sharp peak after 24 h of synthesis at a wavelength 
of 400 nm.

Figure 9B shows the UV-Vis spectra during optimiza-
tion of SaZnONPs biosynthesis at different molar con-
centration of  zinc acetate; 10  mM supported the opti-
mum SaZnONPs biosynthesis. The SPR showed a sharp 
peak at 400 nm for 10 mM zinc acetate molar concen-
tration. Broad peaks were observed for other concentra-
tions at 500 nm.

Figure 10A shows the UV-Vis spectra during optimiza-
tion of different incubation temperature (4–45°C) for the 
biosynthesis of SaZnONPs. The temperature of 4°C sup-
ported optimum SaZnONPs production and the SPR was 
recorded at 600 nm. 

Figure  10B shows the UV-Vis spectra for optimiza-
tion of SaZnONPs biosynthesized using different volume 
of the extract (0.2–0.8 mL). 0.8 mL of the extract support-
ed optimum SaZnONPs biosynthesis. The SPR showed 
peaks was at 450 nm.

Figure  11 shows the UV-Vis spectra for optimization 
of pH (4–13) for biosynthesis of SaZnONPs. pH 13 sup-
ported optimum biosynthesis with SRP at 450 nm.

It is well known that the morphology and size of metal 
NPs produced from a metallic precursor in a solution de-
pend on various reaction conditions, such as the concen-
tration of metal ion, ratio of metallic salt/reducing agent, 
time, temperature, and pH.34 The optimization of condi-
tions for SaZnONPs synthesis in this study indicated the 
effect of  the different parameters – time, temperature,  

Table 2. Antibacterial activity and MIC of SaZnONPs against some pathogenic bacteria

Test bacteria

Antibacterial activity [mm] MIC for SaZnONPs [%]

SaZnONPs zinc acetate solution streptomycin
Zone of inhibition [mm]

100 90 70 50 30 10

S. aureus A – – 8.00 – – – – – –

S. aureus B – – 9.50 – – – – – –

S. aureus C – – 12.50 – – – – – –

S. aureus D 9 – 12.00 9 10 8 8 5 1

S. aureus 29213 – – 7.00 – – – – – –

E. coli 35218 5 4 7.00 5 – – – – –

E. coli 11775 – – 6.50 – – – – – –

P. aeruginosa 27853 – – 7.00 – – – – – –

C. freundii – – 8.00 – – – – – –

S. typhi 14028 – – 7.00 – – – – –

B. cereus – – 7.50 – – – – – –

S. saprophyticus A – – 8.50 – – – – – –

S. saprophyticus B 2 – 8.00 2 – – – – –

S. epidermidis A – – 8.00 – – – – – –

S. epidermidis B – – 8.00 – – – – – –

S. epidermidis C 2 2 6.50 2 – – – – –
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concentrations of  zinc salt and extract, and pH on the 
NPs phytosynthesis. The effect of  time is a  significant 
factor that affects production of  SaZnONPs. The SPR 
was recorded after 24  h which is a  period considered  
being enough for the maximal production of SaZnONPs. 
This finding was in contrast with the report of Raliya and 

Tarafdar,29 where it was observed that the biosynthesis 
of  ZnONPs was optimal after 72  h of  incubation. The 
incubation temperature of 4°C showed the highest plas-
mon peak of the biosynthesis of SaZnONPs while the SPR 
was observed using 10 mM of zinc acetate. Different vol-
ume of S. alata leaf extracts were used for the synthesis 
of SaZnONPs, and 0.8 mL of the extract was most suitable. 
These results also indicate that basic pH had the highest 
peak during SaZnONPs biosynthesis. A sharp peak was 
recorded at pH 12. pH affects the amount of NPs produc-
tion and their stability, which is a critical factor in the con-
trol of the size and morphology of NPs.35

Figures  12–15 show shows the FTIR spectra of  the 
different optimized conditions for the biosynthesis 
of  SaZnONPs. Five troughs corresponding to the hy-
droxyl O–H stretching bonds, alkynes and amides were 
prominent in all the spectra.

The FTIR spectra under different optimization con-
ditions showed that the peaks around 3400  cm−1 and 
1600  cm−1, which corresponds to the O–H stretch and 
C=C stretch, were constant under all conditions. This 
shows that under different optimization conditions, there 
are large amounts of compounds that can actively chelate 

Fig. 11. UV-Vis spectra of the SaZnONPs biosynthesized at different pH

Fig. 10. UV-Vis spectra of the SaZnONPs biosynthesized at (A) different incubation temperature and (B) different concentration of the extract

Fig. 9. UV-Vis spectra of the SaZnONPs biosynthesized at different (A) incubation time and (B) molar concentrations of zinc acetate

A B

A B
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Fig. 12. FTIR spectra of SaZnONPs biosynthesized under optimized concentration of zinc acetate: A) 0.1 mM zinc acetate; B) 5.0 mM zinc acetate; C) 15.0 mM 
zinc acetate; and D) 20.0 mM zinc acetate
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and reduce the NPs, which is confirmed in the finger-
print regions of the latter end of the spectrum. The effect 
of different parameters could have inhibited the activity 
of some of the components of the plant extract, as seen 
in the absence of some functional groups under different 

conditions. The biological entities act as capping and sta-
bilizing agents in the synthesis process. Good examples 
are the phytochemicals like flavonoids, phenolics, terpe-
noids, and cofactors, which act mainly as reducing and 
stabilizing agents during synthesis.

Fig. 13. FTIR spectra of SaZnONPs biosynthesized under optimized temperature: A) 4°C; B) 28°C; and C) 45°C
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Fig. 14. FTIR spectra of SaZnONPs biosynthesized under optimized extract to zinc acetate ratio: A) 1:100; B) 3:100; and C) 4:100
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Fig. 15. FTIR spectra of SaZnONPs biosynthesized under optimized pH: A) pH 4; B) pH 7; C) pH 10; and D) pH 13
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Table 3 shows the viscosity and pH measurement 
of the cold cream incorporated with 1% SaZnONPs (C1) 
and cold cream combined with 2% SaZnONPs (C2). The 
viscosity was reported in a unit of centipoises (cps) and 
torque. The apparent viscosity and torque were shown 
in relation to the revolutions per minute (rpm or shear 
stress) for the formulations. The viscosity for the C1 
and C2 formulated cold cream samples were 14,400 cps 
and 12,240  cps at 50  rpm and 8080  cps and 6920  cps 
at 100 rpm, respectively. 

The pH of the cream base was 5.64, while the pH of the 
C1 and C2 samples were 8.16 and 7.56. There was an in-
crease in pH when 1% and 2% SaZnONPs was incorpo-
rated into the cream base.

Table 4 shows the antibacterial and antifungal activity 
of cold cream incorporated with SaZnONPs against the 
test pathogen. Only 1 strain of S. aureus was susceptible 

Table 4. Antibacterial and antifungal activity of SaAgNPs-incorporated cold cream formulation

S/N Test bacteria Antibacterial activity of SaZnONPs cold cream 
[mm] S/N Test fungi Antifungal activity of SaZnONPs cold cream 

[mm]

1 S. aureus A 3.0 1 C. albicans A –

2 S. aureus B – 2 C. albicans B –

3 S. aureus C – 3 C. albicans C –

4 S. aureus D – 4 Rhizopus sp. –

5 S. aureus 29213 – 5 Pichia sp. 2.0

6 E. coli 35218 – 6 C. tropicalis –

7 E. coli 11775 – 7 C. krusei –

8 P. aeruginosa 27853 – 8 T. interdigitale 5.0

9 C. freundii –

10 S. typhi 14028 –

11 B. cereus –

12 S. saprophyticus A –

13 S. saprophyticus B –

14 S. epidermidis A –

15 S. epidermidis B –

16 S. epidermidis C –

17 S. typhi 14028 –

18 B. cereus –

S/N – sample number.

to the formulated cream with a  3.0  mm zone of  inhibi-
tion. The cream showed activity against 25% (2) of  the 
fungal pathogens – Pichia sp. (2.0 mm) and T. interdigi-
tale (5.0 mm). 

The pH of  the human skin typically ranges from 4.5 
to 6.0, and 5.5 is considered to be the average pH of the 
skin.36 Therefore, the formulations intended for appli-
cation to the skin should have pH close to this range. 
In this study, all the cream formulations were close to 
the pH of the skin. The cream formulations also showed 
proper viscosity, which is needed for good cream-based 
formulations.

Conclusions
Senna  alata methanol leaf extract was a  good bio-

reducing, stabilizing and capping agent for zinc acetate 
in the phytosynthesis of SaZnONPs. The biosynthesized 
NPs exhibited good antibacterial and antifungal activ-
ity against some of the test pathogens. The SaZnONPs 
formulated cream has good viscosity and pH and appre-
ciable antimicrobial efficiency against a  few of  the test 
bacteria and fungi.
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Table 3. Viscosity and pH values of the different cream formulations

Sample code

Viscosity

pH50 rpm 100 rpm

centipoise torque centipoise torque

C1 14,400 18.05 8080 20.2 8.16

C2 12,240 15.3 6920 17.3 7.56

C3 – – 7560 – 6.92

Cream base – – 3160 – 5.64

C1 – cold cream incorporated with 1% SaZnONPs;  
C2 – cold cream incorporated with 2% SaZnONPs;  
C3 – cold cream incorporated with 2% zinc acetate.
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