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ABSTRACT 
 

Aims: In this study, the phytochemical analysis of Eucalyptus globulus leaf was analyzed and  
used in synthesis of silver nanoparticles. The silver nanoparticle incorporated antimicrobial 
cosmeceutical cream was developed and characterized for physicochemical parameters, 
antimicrobial properties, and biocompatibility was evaluated. 
Methodology: E. globulus aqueous leaf extract was preliminary analyzed for the presence of 
phytochemical and confirmed using thin layer chromatography techniques. Further, a green 
synthesis of silver nanoparticle was accomplished using aqueous leaf extract of E. globulus. The 
formation of nanoparticles was confirmed and characterized by UV-vis spectrophotometer, 
transmission electron microscopy, dynamic light scattering, zeta potential, X-ray diffractometer, 
field emission scanning electron microscopy, and fourier transform infrared spectroscopy. The 
nanoparticles were incorporated in cream and the antimicrobial property was evaluated using agar 
well diffusion method.  
Results: The phyto-chemical evaluation of E. globulus aqueous leaf extract showed the presence 
of phenolic, tannins, saponnins, carbohydrate, and glycoside. Moreover, Eucalyptus globulus 
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aqueous leaf extract exhibited antioxidant activity in a dose dependent manner. The surface 
plasmon resonance peak was 424 nm and functional group such as hydroxyl, carboxyl, alkyl 
halides, amines, carbonyl, amide groups, and phenolic compounds were present which was 
important for the bio-reduction, stabilization, and capping of the silver nitrate into nanoparticles. 
Energy dispersive x-ray (EDX) analysis showed silver as the main element present and the 
nanoparticles were oval in shape and 19-60 nm in size with effective diameter of 90 nm. The test 
cream exhibited surface roughness of ≈ 30 nm, contact angle of ≈ 100, and surface energy of ≈88 
mN/m. The formulated creams were consistent, with satisfactory pH, viscosity and spreadability.  
Conclusion: The results demonstrated an eco-friendly and cost-effective approach to synthesis 
biogenic silver nanoparticles using aqueous extract of E. globulus. Eucalyptus globulus aqueous 
leaf extract stabilized and capped silver nanoparticles incorporated topical cream exhibited potent 
antimicrobial efficacy against Staphylococcus aureus, Staphylococcus epidermidis, and 
Pseudomonas aeruginosa. 
 

 
Keywords: Silver nanoparticles; antibacterial cream; green synthesis; Eucalyptus globulus. 
. 

1. INTRODUCTION 
 
Cosmeceuticals usage has been increased 
drastically over the years with fastest growing 
segment of the beauty and personal care 
products. Nanostructured incorporated cosmetic 
and skin care products gaining popularity in 
cosmetic industry. Cosmetics with engineered 
materials including gel [1], solid lipid 
nanoparticles [2], sunscreen nano-pigments [3], 
and nanoemulsions [4] have been reported for 
commercialization in global market. Cosmetics 
product incorporated with nanoparticles provide 
light scattering, tactile, and matte effects to end 
user. Metallic nanomaterials have been used to 
improve the performance of a wide range of 
cosmetic products, including moisturizer [5], anti-
aging cream [6], hydrogel [1], and perfume base 
dermal dressings [7]. Nanostructures zinc oxide, 
titanium dioxide, zircornium dioxide, and cerium 
oxide are widely used in sunscreen to protect 
skin from UV radiation [8]. Silver nanoparticles 
had demonstrated improved antibacterial 
spectrum against wide range of medical 
important pathogens [9-12] and effective against 
atopic dermatitis, compared to silver nitrate. In 
addition, silver nanoparticles are effective as 
preservatives in cosmetics, and in anti-acne 
preparation [13]. 
 
Green synthesized metallic biocompatible 
nanomaterials are widely applied in biomedical 
science, due to unique physicochemical 
properties, controlled size, and shape [12]. 
Biomedical applications of chemically 
synthesized silver nanoparticles have been 
challenging due to the use of toxic and non-
biodegradable materials. However, the synthesis 
of silver nanoparticles via green chemistry is an 
eco-friendly process and an emerging trend in 

the field of nanobiotechnology [14]. Plant extracts 
and microorganism waste are considered as an 
environmentally safe and cost-effective 
candidate for synthesis of metallic nanoparticles 
due to presence of bioactive constituents 
compared to chemical synthesis. Valorization of 
Pichia spent media  [15] and gene based 
synthesis of silver nanoparticles reported a 
clean, convenient, and inexpensive approach 
with excellent antimicrobial property [16]. 
 
Since from ancient time, plants were used as 
herbal medicine in many parts of the world. In 
some countries tradition, several part of plant 
including leaf, roots, flowers, woods have a 
specific benefit as medicine. Eucalyptus genus is 
not only a plant that has advantage as a pulp, 
plywood, and solid wood production but studies 
had already reported that Eucalyptus globulus 
leaf has phyto-constituents that play an important 
role as therapeutic activities as 
chemotherapeutic [17,18], antidiabetic [19], 
antiseptic, antimicrobial [20,21], gastrointestinal 
disorder treatment, wound healing [22-24], insect 
repellent [25], herbicidal [26,27], acaricidal [28], 
nematicidal [29], perfume [30], soap making, 
grass remover, and other. The major compound 
of Eucalyptus is 1,8-cineole (approximately 70%) 
[31], a monoterpen that include in terpene group. 
On the other hand, Eucalyptus has been also 
reported for the presence of saponin, phenolic, 
and flavonoid [32,33]. Acylphloroglucinol an 
amphiphilic compound that has tail which is acyl 
(hydrophobic side) and head is pholoroglucinol 
(hydrophilic side) is one of compounds also 
present in Eucalyptus genus [34]. Hydrophilic 
head moiety binds with an intermolecular 
hydrogen bond like a “hook” attaching itself to a 
hydrophilic portion of the membrane, after which 
the hydrophobic tail portion of the molecule is 
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then able to enter into the membrane lipid 
bilayer. Hydrophobic tail penetrates deeper into 
the lipid, tail region of the membrane forming an 
amphiphilic conformation with the cationic group 
located at the hydrophobic water interface induce 
large perturbations in lipid bilayer, including 
membrane deformation, membrane is expansion, 
membrane thinning, and enhanced membrane 
fluctuation. Because of this permeabilization, 
membrane disrupted and causes an increasing 
of osmotic pressure inside of the cell with cell 
lysis [35]. Leaves of Eucalyptus species have 
been previously reported to contain various 
phytoconstituents that can reduce the metal salt 
to nanoparticles [11]. 
 
Silver nanoparticles are well documented for 
biomedical applications including anti-acne 
preparation and antibacterial efficacy due to its 
broad-spectrum activity against medical 
important pathogens, and multi-resistant strains 
[36]. Aim of the present study is to accomplish 
phytochemical analysis of E. globulus leaf extract 
using thin layer chromatography assessment. 
Further, to fabricate a silver nanoparticles using 
aqueous leaf extract of E. globulus, a green 
approach and develop antibacterial topical 
cream. Silver nanoparticles fortified cream 
characterized for physicochemical and diffusion 
of Ag

+
 evaluated using young pork ear skin, to 

predict the steady state concentration with 
permeability coefficient. Furthermore, the 
antibacterial efficacy of cream was assessed 
against medical important wound pathogens. 
Moreover, the consistency and stability was 
evaluated using freeze-thaw test. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials  
 
Silver nitrate (Mw: 169.87 g/mol), bee-wax, 
sodium tetraborate (Mw: 381.37 g/mol), liquid 
paraffin, diphenyl-1-picrylhydrazyl (DPPH), 2,2’-
azino-bis(3-ethylbenzoline-6-sulfonic acid) (Mw 
548.68 g/mol) (ABTS), trolox,and fibroblast L929 
cells were purchased from Sigma-Aldrich 
(Steinheim, Singapore). Ethylene tetrazolium 
bromide (3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H, MTT) and trypsin were purchased 
from Merck (Darmstadt, Germany), Dulbecco’s 
modified eagle medium (DMEM) and foetal 
bovine serum were purchased from Gibco 
(Paisley, UK). Bacterial including Pseudomonas 
aeruginosa ATCC 27853, Staphylococcus 
aureus ATCC 25923, and Staphylococcus 
epidermidis ATCC 12228 were obtained from 

culture collections laboratory, department of 
Pharmaceutical Science, Madhav University. All 
other chemicals used were of analytical grade.  
 

2.2 Preparation and Characterization of 
Metallic Nanoparticles 

 
Leaves of E. globulus Labill (Myrtaceae) were 
collected and herbarium was authenticated at 
Institute of Pharmacy and Research, Parul 
University, Gujarat, India. The leaves were rinsed 
with tap water and dried in oven at 40 °C for 72 
h. The dried leaves were pulverized and 
extracted with water using maceration technique 
and evaluated for physicochemical, 
phytochemicals, antibacterial, and radical 
scavenging activity [37]. Moreover, the aqueous 
leaf extract was subjected to thin layer 
chromatography (mobile of phase: toluene-
ethylacetate at ratio of 93:3) using silica gel G to 
support the results obtained from phytochemical 
analysis. The dried extract was used for 
synthesis of silver nanoparticles. In brief, 50 mg 
of E. globulus leaf aqueous extract was mixed 
with 179 mg of silver nitrate in a flask containing 
120 mL of deionized water. The mixture was 
stirred and kept in dark at room temperature until 
the formation of dark brown color. The silver 
nanoparticles colloidal solution was centrifuged 
twice at 10000 rpm (Hermle Z 366 K, Hermle 
Labortechnik GmbH, Germany), 4 °C for 45 min 
and re-suspended in deionized water. 
 
The surface plasmon resonance of silver 
nanoparticle was monitored by multi-plate UV-Vis 
spectrophotometer (Perkins Elmer, USA). The 
Ag+ was quantified using inductively coupled 
plasma optical emission spectrometry (ICP-
OES), (Avio500, Perkin Elmer, USA). The 
morphological structure and size were studied 
using transmission electron microscopy (TEM), 
(TEM-JEOL, USA) and dynamic light scattering 
measurement were carried out using a Malvern 
DLS instrument (Zetasizer Nano ZS90, Malvern 
Inst. Ltd., UK). The crystallinity of lyophilized 
silver nanoparticles was evaluated using X-ray 
diffractometer (XRD - Philips- PW1710, 
Amsterdam). The X-ray peaks and data obtained 
with HighScore Plus software assigned to 
Debey-Scherer equation to calculate the 
crystallite size of silver nanoparticles.  
 

� =  
��

�����
                                                                 (1) 

 
Where, D is the crystallite size of silver 
nanoparticles, K is the Scherer constant with a 
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value ranging from 0.9 to 1, λ is the wavelength 
of the X-ray source (0.1541 nm) used in XRD, β 
is the full width at the half maximum of the 
diffraction peak and ϴ is the Bragg’s angle. 
 
Structural analysis of silver nanoparticle colloidal 
solution was recorded using Fourier Transform 
Infrared Spectroscopy (FTIR, VERTEX 70, 
Bruker, Germany) in the range of 400–4000 cm

–

1, with a 4 cm–1 resolution. The thermal behavior 
of lyophilized silver nanoparticle was investigated 
using differential scanning calorimetry (DSC 
2920 calorimeter, TA Instrument, USA) and 
presence of any degradation during heating was 
confirmed using Mettler Toledo 851e TGA/SDTA 
(Switzerland). In brief, accurately weighed freeze 
dried powder samples (5 mg) was loaded in 
alumina crucible and heated with a rate of 10 
°C/min over a temperature range of 50-800 °C, 
under nitrogen purge (50 ml/min), to determine 
loss in weight. Zeta potential was measured 
using Zetasizer Nano ZSP (Malvern Instruments, 
Worcestershire, UK) using the laser Doppler 
velocimetry technique  [38,39]. 
 

2.3 Antibacterial Activity of Biogenic 
Silver Nanoparticles 

 
Staphylococcus aureus ATCC 25923, 
Staphylococcus epidermidis ATCC 12228, and 
Pseudomonas aeruginosa ATCC 10145 were 
grown on tryptic soy agar at 37 °C for 24 h. All 
microorganisms were stored in tryptic soy agar 
containing 20% glycerol at –80 °C until use. 
 

The minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) 
values of silver nanoparticles against reference 
strains were determined by the broth micro-
dilution method according to Clinical and 
Laboratory Standardization Institute guidelines 
[40]. Briefly, serial two-fold dilutions of the silver 
nanoparticles were carried out in 96-well plate at 
concentration ranged from 0.12–66 µg/ml. An 
aliquot of 100 µL of diluted bacterial suspension 
(10

6
 CFU/ml) was added in each well and 

incubated at 37 °C for 18 h. 
 

2.4 Fortification of Silver Nanoparticles in 
Cream Base 

 

The antibacterial cream was prepared as 
reported previously [36]. Briefly, 10 gm of bee’s 
wax was mixed with hot 30 gm of liquid paraffin 
on water bath at 90 °C as oil phase. The 
aqueous phase was prepared by dissolving 0.5 
gm of sodium tetraborate in required volume of 

double distilled water at 50 °C. An aliquot of 
silver nanoparticles colloidal suspension was 
mixed with aqueous phase and slowly added 
with continues stirring to the oil phase to form 
cream, trapped air bubbles were removed by 
storing the cream over night at 10 °C.  
 

2.5 Characterization of Silver Nano- 
particle Incorporated Cream 

 
Metallic nanoparticle functionalized cream was 
analyzed for surface plasmon resonance using a 
multi-plate UV-vis spectrophotometer reader 
(Perkins Elmer, USA) with dilution. The viscosity 
of the cream was measured at room temperature 
using a Brookfield viscometer, (LVDV-I Prime, 
Brookfield, Middleboro, USA). Zeta potential and 
FTIR were recorded for silver nanoparticles 
incorporated cream as stated in previous section 
2.2. The pH was determined using digital pH 
meter (Docu-pH+, Sartorius, Germany). 
 
The concentration of Ag

+
 in cream was quantified 

using ICP-OES. Briefly, appropriate volume of 
test samples was mixed in required volume of 
deionized water under mechanical shaking and 
extracted Ag+ was quantified using ICP-OES.  
 

2.6 Surface Morphology 
 
Surface topography and elemental compositions 
of silver nanoparticles incorporated cream was 
evaluated by FESEM and EDX using JEOL-
JSM5800LV (Japan). The micrographs were 
recorded at magnifications of 150,000X under a 
voltage of 3.0 kV. Moreover, the sizes of silver 
nanoparticles embedded in the cream were 
analyzed.  

 
Surface morphology and roughness of silver 
nanoparticles cream was analyzed using Atomic 
Force Microscopy (NT-MDT Spectrum 
Instruments, Russia). Three-dimensional images 
of the film surface area (50 μm2) were obtained 
in each test. Data were acquired using 
Easyscan-2 control software, and mean 
roughness (Sa) and root mean square roughness 
(Sq) were recorded. 

 
2.7 Contact Angle and Surface Energy 
 
The static contact angle of cream was evaluated 
by the sessile drop method, using 1 µL of probe 
liquid. The solvent used for the study was double 
distilled water, formamide, and ethylenediamine. 
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Three different surface regions were analyzed in 
triplicate. 
 

2.8 Spreadability and Extrudability 
 
An excess of cream (1 g) was compressed 
uniformly between two glass slides. The time 
required for the top slide to cover a specific 
distance under an applied force of 0.784 N was 
recorded and calculated using equation. 
 

� =  
�.�

�
                                                                      (2) 

 
Where, M is the weight (g) tied to the upper glass 
slide L is the length (cm) moved on the glass 
slide, and t is time (s). Determinations were 
made in triplicates. 
 
Cream extrudability was evaluated as previous 
report [1]. Briefly, silver nanoparticles 
incorporated cream was filled in a clean, 
collapsible one-ounce tube with a tip of 5 mm 
opening. The weight of 50 g was applied at the 
bottom of the tube to release cream through the 
opening. Extrudability was determined by 
weighing the amount of cream extruded through 
the tip. The percentage of cream extruded was 
calculated.  
 

2.9 Cream Index 
 
Optical observation method was employed to 
determine the instantaneous height of the 
emulsion and the aqueous phase inside the 
glass vial using scale. The cream index (CI) was 
calculated using the equation. 
 

�� = �
��

��
� ∗ 100                                           (3) 

 
Where, CC is the total height of the cream layer 
and CT is the total height of the emulsion layer. 
 

2.10 Antibacterial Efficacy of Silver 
Nanoparticles Cream 

 

The antibacterial efficacy of silver nanoparticles 
was evaluated by assessing zone of inhibition 
following CLSI, 2018. Briefly, petri-plates 
containing agar medium was seeded with a 24 h 
culture of the microbial strains. UV sterilized 
cream was placed over the inoculated agar. The 
inoculum size was adjusted so as to deliver final 
inoculums of approximately 10

6
 colony-forming 

units (CFU)/ml, and incubated at 37 °C for 24 h. 
chloramphenicol (30 µg/ml) was used as positive 
control. 

2.11 Ex-vivo Diffusion of Silver 
Nanoparticles 

 
The ex-vivo diffusion study of silver nanoparticles 
cream was evaluated using Franz diffusion cell in 
triplicate. In brief, one-gram silver nanoparticles 
incorporated cream was accurately weighed and 
placed over donor compartment of Franz 
diffusion cell. The metallic cream was separated 
from diffusion media using ear skin of goat and 
observed for the diffusion of Ag

+
. The system 

was maintained for 6 h at 37±0.5 °C in a 
thermostatically controlled water bath at 50 rpm. 
Aliquots of 2 mL were withdrawn at intervals of 0, 
1, 2, 3, 4, 5, and 6 h, with replacement of 
dissolution media(phosphate buffer pH 6.8). 
Samples were analyzed for Ag+ content using 
ICP–OES. The amount of the Ag

+
 diffused was 

fitted to mathematical model to access the 
release kinetic. The cumulative quantity of Ag+ 
permeating through the skin (Q) was plotted as a 
function of time. Skin flux was determined using 
Fick’s law of diffusion. 
 

��� =  
���

� ×��
                                                                (4) 

 
Where Jss is the steady-state skin flux in 
ng/cm

2
/h, dQx is the change in quantity of the 

Ag+ passing through the skin into the receptor 
compartment in µg. A is the active diffusion area 
in cm2, and dt is the time elapsed. The lag time 
(Lt, h) was calculated by extrapolating the linear 
region of the curve to the x-axis. The 
permeability coefficient (p) was calculated using 
equation. 
 

� =  
���

�
(5) 

 
Where, S is the saturation solubility of the drug in 
the donor solution. 
 

2.12 Cytocompatibility Silver Nano- 
particles Incorporated Cream 

 

The cytocompatibility effect of cream with known 
silver nanoparticles concentration was 
investigated on fibroblast (L929) cells as 
previously reported [1]. In brief, cells were 
cultured in high glucose Dulbecco's Modified 
Eagle Medium (DMEM) supplemented with 10% 
fetal bovine serum and 100 µg/mL streptomycin 
and 100 µg/mL penicillin solution. Approximately 
2 × 10

4
 cells were seeded in 96–well plates (100 

μL/well) and incubated at 37 °C in an incubator 
humidified with 5% CO2 at 37 °C. After 24 h 
incubation, the culture medium was replaced with 
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fresh DMEM medium as negative control in 
triplicate. Sterile cream was dissolved in 1000 µl 
of DMEM under constant shaking at 150 rpm for 
24 h and remaining cells were treated with elutes 
of silver nanoparticles from cream, and viability 
was analyzed using MTT assay at 570 nm. 
 

���� ��������� (%) =
���

���
× 100                        (6) 

 

Where, ODT and ODC are absorbance of test 
sample and control. 
 

2.13 Stability Study  
 

The stability of silver nanoparticles incorporated 
cream was evaluated using freeze-thaw test. In 
brief, the metallic cream was kept in refrigerator 
at 4 ± 2 °C for 24 h and subsequently moved to 
40 ± 2 °C for 24 h and repeated for 6 cycles and 
visual appearance was recorded. Furthermore, 
the stability of the silver nanoparticles 
incorporated cream was studied at 40±0.5 °C 
temperature and 75 % of relative humidity. The 
formulation was evaluated periodically for the 
change in color, pH, and antibacterial efficacy. 

 
2.14 Statistical Analysis 
 
The difference in the mean values of the data 
was analyzed using analysis of variance 
(ANOVA). Results with p < 0.05 were considered 
to be significantly different. 
 

3. RESULTS AND DISCUSSION 
 
Preliminary phytochemicals screening of E. 
globulus powder leaves demonstrated the 
presence of tannins, saponnins, carbohydrate, 
and glycoside. The ash values of crude leaf 
powder indicated the presence of inorganic 
composition with other impurities (Table 1). The 
results of physicochemical parameter 
assessment with reference to air dried leaf 
powder demonstrated 8.5, 6.5, 2.85, 0.41, and 
0.35% (w/w) of loss on drying, total ash, water 
soluble ash, acid soluble ash, and sulphated ash, 
respectively. Moreover, the results of thin layer 
chromatography spot indicated presence of 5 
compounds in aqueous fraction of E. globulus 
with Rf of 0.09, 0.16, 0.20, 0.45, and 0.94. 
 

3.1 Radical Scavenging Efficacy of           
E. globulus Leaf Aqueous Extract  

 
Free radicals are pre-requisite for normal cell 
function at physiologic concentration, however 
unwanted free radical can harm cellular 
components, such as lipid, protein, and DNA 
[41]. Thus, the free radical-scavenging activity of 
antioxidants can defend the human body from 
serious damage by free radicals and retards the 
progress of several lives threaten diseases [42]. 
The capability of E. globulus aqueous leaf            
extract to inhibit oxidative reaction was 
investigated by DPPH and ABTS

Table 1. Fluorescence characteristic of the Eucalyptus globulus leafpowder with different 
chemical reagent at 254 and 365 nm 

 
Reagents Visible UV short (254 nm) UV long (365 nm) 
Powder Dull green Green Brown 
Conc. Nitric acid Dull green Dark green Dark brown 
Conc. HCl Dull green Dark green Dark brown 
Conc. Sulphuric acid Dull green Dark green Dark brown 
Ammonia Dull green Dark green Dark brown 
10 % Ferric chloride Dull green Brown Dark brown 
10 % Glacial acetic acid Dull green Green Brown 
Iodine solution Dull green Dark green Dark brown 
Picric acid Yellowish green Yellowish green Brown 
Dil. Sodium hydroxide Brown Greenish brown Dark brown 
Distilled water Dull green Dark green Dark brown 
Chloroform Dull green Dark green Brick red 
Methanol Green Green Brown 
Ethylacetate Dull green Dark green Brick red 
Acetone Dull green Dark green Brick red 
Benzene Brown Dark green Brick red 
Alcohol Dull green Dark green Dark brown 
Ether Dull green Dark green Brick red 

 



assay, and reduction efficacy was reported in 
µg/ml trolox equivalent. Aqueous leaf extract of 
E. globulus demonstrated dose dependent 
elevation of anti-radical activity by inhibiting 
DPPH and ABTS, at a maximum effect of 72.6% 
and 81.6 %, at a125 µg/ml. Previous report on 
globulus plant demonstrated that the plant is rich 
source of phenolic compounds that contributes 
for its potential antioxidant and antimicrobial 
efficacy [43].  
 
3.2 Microscopy of Eucalyptus globulus

Leaf 
 
Transverse sectional microscopy of the 
globulusleaf showed dorsiventrally convex 
midribwith centrally located three boat shaped 
bicollateral meristele, and narrow isobilateral 
laminar extensions traversed with oil glands. 
Moreover, the microscopy of leaf showed upper 
and lower epidermis of radially elongated 
rectangular cells covered with very thick pale 
yellowish-brown cuticle and devoid of trichomes 
with anomocytic stomata. In addition, a 
differentiated mesophyll indicating palisade and 
spongy parenchyma was observed in leaf. 
Further, upper and lower palisade parenchyma 
contains two or three rows of thin walled, 
compactly arranged small palisade cells were 
present in the leaf. Spongy parenchyma consists 
of three to six layered loosely arranged 
 

 
Fig.1. Surface plasmon resonance of silver nanoparticles synthesized using aqueous leaves 

extract of Eucalyptus globulus
spectrophotometer (a). Energy dispersive spectra of silver nanoparticles synthesized using 

aqueous leaves extract of E. globulus
the spherical shaped silver nanoparticles at magnification of 25000 and 100000 X, indicates the 

presence of nanoparticles (c and
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leaf extract of 

dose dependent 
activity by inhibiting 

DPPH and ABTS, at a maximum effect of 72.6% 
and 81.6 %, at a125 µg/ml. Previous report on E. 

plant demonstrated that the plant is rich 
ounds that contributes 

for its potential antioxidant and antimicrobial 

Eucalyptus globulus 

Transverse sectional microscopy of the E. 
leaf showed dorsiventrally convex 

midribwith centrally located three boat shaped 
bicollateral meristele, and narrow isobilateral 
laminar extensions traversed with oil glands. 

f showed upper 
and lower epidermis of radially elongated 
rectangular cells covered with very thick pale 

brown cuticle and devoid of trichomes 
with anomocytic stomata. In addition, a 
differentiated mesophyll indicating palisade and 

ma was observed in leaf. 
Further, upper and lower palisade parenchyma 
contains two or three rows of thin walled, 
compactly arranged small palisade cells were 
present in the leaf. Spongy parenchyma consists 
of three to six layered loosely arranged 

parenchymatous cells were also observed within 
leaf. Furthermore, calcium oxalate clusters were 
present in both palisade and spongy 
parenchyma. The major portion
occupied by vascular shaped bundle towards the 
dorsal side. These vascular bundles are 
surrounded by patches of lignified pericyclic 
fibres. 
 

3.3 Characterization of Metallic Nano
particles 

 
Biogenic synthesis of silver nitrate to silver 
nanoparticles using E. globulus 
extract fraction was visually confirmed by change 
of light brown to dark brown in color. The UV
spectra of silver nanoparticles showed 
characteristics surface plasmon resonance 
vibration at 424nm (Fig.1). The quantificat
silver nanoparticles using ICP-OES revealed Ag
concentration of ~71.34 ± 0.27 µg/ml. Moreover, 
the EDX spectral signal showed 14.7 W% of Ag
in silver nanoparticles with emergence of various 
elements including C (48.1w%) and O (29.6w%) 
indicated the existence of capped compound 
bounded to the surface of nanoparticles (Fig.1). 
The results of morphological and size analysis 
using TEM and DLS demonstrated spherical 
shape of particles in range of 19 
effective diameter of 90 nm.  

  

 

Surface plasmon resonance of silver nanoparticles synthesized using aqueous leaves 
globulus and silver nanoparticles incorporated cream using UV
Energy dispersive spectra of silver nanoparticles synthesized using 

globulus (b). Transmission electron microscopy images showing 
the spherical shaped silver nanoparticles at magnification of 25000 and 100000 X, indicates the 

resence of nanoparticles (c and d) 
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elements including C (48.1w%) and O (29.6w%) 

e existence of capped compound 
bounded to the surface of nanoparticles (Fig.1). 
The results of morphological and size analysis 
using TEM and DLS demonstrated spherical 
shape of particles in range of 19 – 60 nm with 

Surface plasmon resonance of silver nanoparticles synthesized using aqueous leaves 
and silver nanoparticles incorporated cream using UV-vis 

Energy dispersive spectra of silver nanoparticles synthesized using 
images showing 

the spherical shaped silver nanoparticles at magnification of 25000 and 100000 X, indicates the 



 
Fig. 2. Fourier transform spectra of lyophilized 

leaves extract of Eucalyptus globulus
range of 4000 – 400 cm

-1
. X-ray diffraction of lyophilized silver nanoparticles synthesized using 

aqueous leaves extract of E. 
lyophilized silver nanoparticles synthesized using aqueous leaves extract of 
Thermogravimetric (e) and differential thermal (f) spectra of lyophilized 

synthesized using aqueous leaves extract of 
 
The FTIR spectrum of silver nanoparticles is 
presented in Fig. 2. Distinguish vibrational bands 
in higher frequency range were observed for 
globulus aqueous leaf extract fraction as 
reported previously [44].The peak observed at 
1312 cm–1 for plant extract [44] shifted to1384 
cm

–1
 in silver nanoparticles was attributed to C

bending. Silver nanoparticles 
characteristic peaks at 3405–2850, 2427, 1619, 
1384, 1225, 1074, 838 cm

–1 
attributed to O

stretching, O=C=O stretching, C=C stretching, 
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Fig. 2. Fourier transform spectra of lyophilized silver nanoparticles synthesized using aqueous 
globulus (a), silver nanoparticles incorporated cream (b)

ray diffraction of lyophilized silver nanoparticles synthesized using 
. globulus (c). Differential scanning calorimetry spectra of 

silver nanoparticles synthesized using aqueous leaves extract of E. globulus
ermogravimetric (e) and differential thermal (f) spectra of lyophilized silver nanoparticles 

synthesized using aqueous leaves extract of E. globulus 

The FTIR spectrum of silver nanoparticles is 
vibrational bands 

in higher frequency range were observed for E. 
aqueous leaf extract fraction as 

.The peak observed at 
shifted to1384 

in silver nanoparticles was attributed to C–H 
 demonstrated 

2850, 2427, 1619, 
attributed to O–H 

stretching, O=C=O stretching, C=C stretching, 

O–H bending, C–O stretching of vinyl ether, C
stretching of primary alcohol, and C=C bending, 
respectively.  
 
XRD spectra showed peak at of 27.95°(111), 
32.38°(200), 46.33° (220), 54.96° (311), and 
57.62° (222) corresponds to reflection planes of 
a face-centered cubic structure of silver, 
respectively [45] (Fig. 2). The average crystallite 
size was calculated between 20–
2). The zeta potential of silver nanoparticles
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silver nanoparticles synthesized using aqueous 
(a), silver nanoparticles incorporated cream (b) in the 

ray diffraction of lyophilized silver nanoparticles synthesized using 
(c). Differential scanning calorimetry spectra of 

globulus (d). 
silver nanoparticles 

O stretching of vinyl ether, C–O 
stretching of primary alcohol, and C=C bending, 

spectra showed peak at of 27.95°(111), 
32.38°(200), 46.33° (220), 54.96° (311), and 
57.62° (222) corresponds to reflection planes of 

centered cubic structure of silver, 
(Fig. 2). The average crystallite 

–80 nm (Table 
silver nanoparticles was 
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~ –33.6 mV might be due to uniform dispersion 
and crystallite surface repulsive force resulted 
from capping and stabilization of nanoparticles 
[46]. 
 

The thermal description of lyophilized silver 
nanoparticles was analyzed using DSC, TGA, 
and DTG and presented in Fig. 2. The 
exothermic and endothermic peaks at 243 and 
441.67 °C, respectively observed by DSC curve 
corresponds to the melting point of silver [47]. 
Simultaneous thermogram of silver nanoparticles 
demonstrated putrefaction phases with a mass 
loss of 36.24 %. Moreover, the endothermic and 
exothermic peak at 316.39 and 802.61 °C 
correspond to – 410.22 and 101.60 J/g, 
respectively presented by differential 
thermalgravimetric analysis that revealed 
crystalline form of silver nanoparticles with 
complete degradation [48]. 
 

3.4 Antibacterial Activity of Biogenic 
Silver Nanoparticles 

 

The minimum inhibitory concentration of silver 
nanoparticles for the tested microorganisms 
ranged from 0.24–30.72 µg/ml (Table 3). A 
previous study demonstrated that due to 
compositional difference in cell wall and 
membrane of Gram-positive and Gram-negative 
bacteria, silver nanoparticles shows variation in 
antibacterial activity. Moreover, researchers have 
suggested that the bonding of Ag+ with DNA, 
leads to fragmentation of DNA [49]. Interaction of 
silver nanoparticles with cytoplasm, multiple 
enzymes, transporter proteins, and nucleic has 
also been reported as a possible mechanism 
leading to cell death [50]. 

3.5 Characterization of Silver Nano- 
particle Incorporated Cream 

 
The silver nanoparticles incorporated 
antibacterial cream was prepared using bees 
wax, liquid paraffin, and sodium tetraborate due 
to non-irritant and concentration dependent 
biocompatibility. UV-vis spectrophotometer of 
silver nanoparticles incorporated cream 
demonstrated characteristics surface plasmon 
resonance peak at λmax420 nm (Fig.1). The 
results of ICP-OES indicated the concentration of 
8.8µg/ml. The viscosity of cream base and silver 
nanoparticles was obtained as 7.89x105and 8.11 
x10

5
 cPs, respectively at shear stress of 90 rpm. 

Silver nanoparticles embedded cream 
demonstrated zeta potential of – 12.83 mV might 
be due to aggregation in cream base. The zeta 
potential depends on the possible reaction 
between nanoparticles and the base with 
different charges [51].  
 
Vibrational intensity of metallic nanomaterials 
incorporated cream showed similar FTIR 
absorption peaks to silver nanoparticles (Fig.2). 
The absorption peaks ranging from 724–3334 
cm

–1
 was observed. The higher frequency infra-

red spectrum at 3334 and 2918 cm–1 indicated 
O–H stretching due to entrapment of hydroxyl 
group into different mode of hydrogen bonding 
with cream base. Moreover, the peaks observed 
at 2851, 2729–2669, 1650, 1459–1375, and 
724cm–1 ascribed to C–H stretching of alkane, 
doublet C–H stretching of aldehyde, C–H 
bending of aromatic compounds, C–H

 
Table 2. Particle size distribution and the inter planar spacing of silver nanoparticle 

 
°2θ values hkl FWHM (β) in radians Crystallite size (nm) 
27.95 111 0.179 45.72 
32.38 200 0.281 29.43 
46.33 220 0.179 48.25 
54.96 311 0.307 29.16 
57.62 222 0.358 25.32 

 
Table 3. Antibacterial activity of biogenic silver nanoparticles and silver nanoparticles 

incorporated cream against pathogenic microorganisms 
 

Microorganisms MIC/MBC (µg/mL) Zone of inhibition (mm) 
AgNPs AgNPs incorporated Cream 

Staphylococcus aureus 2.10/33.66 19.0 ± 0.16c 
Staphylococcus epidermidis 1.05/16.8 16.0 ± 0.79

b
 

Pseudomonas aeruginosa 0.52/2.10 29.0 ± 0.99b 
Values are expressed as mean ± SEM (n = 6); Data was analyzed by one-way ANOVA descriptive tests

(ns) 

p>0.05; 
**
p<0.01; 

***
p<0.001 



Fig. 3. Field emission scanning electron microscopy (100000 X) (a) with energy dispersive X
ray spectroscopy of silver nanoparticles (b) 

Eucalyptus globulus incorporated 
roughness of topical control cream (c), 

metallic nanostructured material synthesized using aqueous leaves extract of 
Two dimensional surface morphology of control cream (e) and test cream (f). Contact angle 

and surface energy of topical control cream (g), antibacterial cream functionalized with 
biogenic metallic nanostructured material synthesized using aqueous leaves extract of 
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Field emission scanning electron microscopy (100000 X) (a) with energy dispersive X

nanoparticles (b) synthesized using aqueous leaves extract of 
incorporated cream. Three dimensional surface morphology and 

control cream (c), antibacterial cream functionalized with biogenic 
material synthesized using aqueous leaves extract of E. 

surface morphology of control cream (e) and test cream (f). Contact angle 
topical control cream (g), antibacterial cream functionalized with 

ic metallic nanostructured material synthesized using aqueous leaves extract of 
globulus (h) 
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bending of methyl group, and strong C–H 
bending, respectively. Similar spectral patterns 
were reported by researches on cream base with 
green synthesized silver nanoparticles [36]. FTIR 
analysis results demonstrated that the peaks of 
silver nanoparticles spectra were not affected by 
the addition of emulsion base cream. 
Furthermore, the pH of the silver nanoparticles 
incorporated cream was observed 6.8. 
 

3.6 Surface Morphology 
 
Surface topography of silver nanoparticles 
incorporated cream was analyzed using FESEM 
(Fig.3). FESEM image demonstrated spherical 
particles with a diameter range of 26.71–51.82 
nm. The results elemental composition indicated 
presence of carbon (67.6 w %) and oxygen (31.7 
w %) as the major constituent, compared to Ag

+
 

(0.7 w %). The three-dimensional Atomic force 
micrograph of silver nanoparticles and control 
cream with average roughness (Sa) and root 
mean square roughness (Sq) are shown in Fig. 
3. The results demonstrated that the addition of 
silver nanoparticles did not significantly affected 
Sa and Sq compared to control might be due to 
water in oil base emulsion and proper dispersion 
of silver nanoparticles within base                     
[52].  

 
3.7 Contact Angle and Surface Energy 
 
Wettability is an index of the hydrophilic or 
hydrophobic behavior and also of the ability of 
topical cream to adhere on skin. The contact 
angles of silver nanoparticles incorporated cream 
presented in figure3. The results demonstrated 
that the test and control cream are hydrophobic 
in nature with contact angle of ≈100° and surface 
energy of ~85 mN/m.  
 
3.8 Extrudability and Spreadability  
 
The extrudability of the silver nanoparticles 
incorporated cream from the tube is an important 
aspect for ease of its application and patient 
reception. The cream with high consistency may 
not extrude from the tube whereas, low viscous 
emulsion base cram may flow quickly, and hence 
suitable consistency is required in order to 
extrude the cream from the tube. The results of 
percentage extrudability demonstrated that the 
tested concentration of silver nanoparticles 
incorporated cream has smooth consistency 
(41.05±0.01), compared with cream base 
(43.02±0.03).  

Spreadability denotes the extent of area to which 
the cream readily spreads on application. The 
silver nanoparticles incorporated cream showed 
spreadability with a spread time of 92.2±0.81 
g/cm/s. The spreadability of the hydrophobic 
emulsion base cosmetics depends on the 
polymer concentration, polymeric chain length, 
viscosity, and polydispersity [1]. 
 

3.9 Cream Index 
 

The results of creaming index were observed as 
16.66 ±1.22 and 15.67±0.14 for cream base and 
silver nanoparticles cream, respectively. The 
results demonstrated that addition of silver 
nanoparticles in the cream base did not 
significantly affected the creaming index (p 
<0.05). This might be due to chain length of 
emulsifying agent used in the preparation of the 
cream. A previous study reported that soy 
lecithin due to C16–C18 chain length and cis 
unsaturation stabilizes better the oil in water 
emulsion, compared to water in oil [53]. 
 

Silver nanoparticles incorporated cream was 
evaluated for the antibacterial property against 
microorganisms commonly found in skin include 
Staphylococcus aureus ATCC 25923, 
Staphylococcus epidermidis ATCC1228, and 
Pseudomonas aeruginosa ATCC 27853. 
Antibacterial results revealed excellent inhibitory 
effects of the cream on tested microbial 
pathogens (Fig.4 and table 3). The results 
showed that silver nanoparticles embedded 
cream significantly (p<0.05) decreased the 
growth of tested microorganism with zone of 
inhibition in range of 16-29 mm. 
 

3.10 Ex-vivo Diffusion of Silver Nano- 
particles from Hydrophilic Matrix 

 

Topical antibacterial efficacy of silver 
nanoparticles embedded cream depends on the 
release of Ag+ from the emulsion base to the 
skin. Ex-vivo diffusion study results 
demonstrated that 2.9 ± 0.82 µg/ml of Ag+ was 
released from the silver nanoparticles cream with 
a flux ‘J’ of 44.35 ng/cm2/h and permeability 
coefficient of 1.29 after 4 h. These might be due 
to the hydrophobic nature of the polymeric matrix 
and concentration of silver nanoparticles present. 
The release mechanisms of silver nanoparticles 
from the cream were elucidated by fitting the 
release data to kinetic models including zero-
order, first-order kinetic, Higuchi, Korsmeyer, and 
Peppas equation. The silver release follows the 
zero-order kinetic model with fickian diffusion 
(0.067)



 
Fig. 4. Antimicrobial zone of inhibition of topical antibacterial cream functionalized with 
biogenic metallic nanostructured material synthesized using aqueous leaves extract of 

Eucalyptus globulus againstStaphylococcus aureus
Pseudomonas aeruginosa 

 
Fig. 5. Cytocompatibility on fibroblast L929 cells 

nanoparticles incorporated
 

3.11 Cell Line Biocompatibility Study
 

To ensure safety, efficacy, and antibacterial 
effect to end user the silver nanoparticles 
incorporated cream was tested for cytotoxicity. 
The effect of silver nanoparticles incorporated 
cream on the viability of fibroblast L929 cells was 
assessed with concentrations ranging from 
0.265–8.4 µg/ml (Fig.5). The viability of L929 
cells was not affected by tested concentrations of 
the cream, compared with the cell alone. The 
effects of the silver nanoparticles incorporated 
cream on the fibroblast cell at tested 
concentrations ranged from approximately 
>77.11%.These results are in agreements with 
previous report where eluted silver nanoparticles 

Dodiya et al.; JPRI, 33(30B): 80-96, 2021; Article no.

 
91 

 

Antimicrobial zone of inhibition of topical antibacterial cream functionalized with 
biogenic metallic nanostructured material synthesized using aqueous leaves extract of 

Staphylococcus aureus (a), Staphylococcus epidermidis 
Pseudomonas aeruginosa (c) 

 

fibroblast L929 cells following exposure to elutes of 
nanoparticles incorporated topical antibacterial cream 

Line Biocompatibility Study 

ensure safety, efficacy, and antibacterial 
effect to end user the silver nanoparticles 
incorporated cream was tested for cytotoxicity. 
The effect of silver nanoparticles incorporated 
cream on the viability of fibroblast L929 cells was 

rations ranging from 
8.4 µg/ml (Fig.5). The viability of L929 

cells was not affected by tested concentrations of 
the cream, compared with the cell alone. The 
effects of the silver nanoparticles incorporated 
cream on the fibroblast cell at tested 

entrations ranged from approximately 
>77.11%.These results are in agreements with 
previous report where eluted silver nanoparticles 

from surgical sutures were treated with fibroblast 
cells [14].  
 

3.12 Stability Study 
 

The freeze-thaw stability study showed no 
significant changes in the consistency, color, and 
pH. Furthermore, the antibacterial efficacy 
suggested that silver nanoparticles incorporated 
cream was stable and effective. 
 

4. CONCLUSIONS 
 
The study was intended to reduce and stabilize 
silver nitrate using aqueous extract of 
Labill leaf and incorporate metallic nanoparticles 
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in a cream base for potential topical antibacterial 
application. The aqueous E. globulus leaf extract 
demonstrated excellent capping and stabilization 
of silver nanoparticles. Furthermore, the results 
of UV–vis, FTIR, EDX, and TEM micrograph 
supported the formation and stability of silver 
nanoparticles. In addition, the silver 
nanoparticles fortified cream demonstrated 
excellent antimicrobial activity against wound 
pathogen of medical importance. Moreover, this 
green and simple synthesis of silver 
nanoparticles would be suitable for the 
development of a biocompatible formulation for 
pharmaceutical and cosmetic applications. 
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