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Abstract
Metal nanoparticles are used often in medicine; however, they are associated with collateral damage. 
Therefore, an alternative source of nanoparticles, for example plant extracts, which have been used in 
folk medicine, is required that is both effective and eco-friendly. In this study, we used Lawsonia inermis, 
Rhamnus fsrangula, Camellia sinensis, and Thymus vulgaris to prepare silver nitrate nanoparticles 
(AgNPs). The nanoparticles were differentiated by UV-Vis spectroscopy and transmission electron 
microscopy. Further, the antibacterial and antifungal activity of each AgNPs preparation was examined 
against different species of microorganisms. A change in color of the plant extracts was considered 
to indicate formation of AgNPs. AgNPs synthesized using these plant extracts showed significant 
antimicrobial activity against selected strains of bacteria and fungi. Therefore, these AgNPs prepared 
using plant extracts are effective and safe for use against these microbes. They also offer important 
advantages over commercial antibiotics and may prevent the risk of emergence of antibiotic-resistant 
bacterial strains.
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INTRODUCTION
 Nanotechnology is primarily concerned 
with the synthesis of nanoparticles of variable 
shape, chemical composition, size, and controlled 
dispersity, and may be used for human benefits. 
Physical and chemical methods are used to 
successfully produce well-defined and pure 
nanoparticles, but these methods are potentially 
hazardous to the environment and also very 
expensive1-3. Different methods have been 
developed to produce nanoparticles, the most 
popular being chemical approaches; however, it is 
not feasible to avoid the use of toxic chemicals in 
the synthesis protocol of some chemical methods. 
Since the application of noble nanoparticles, such 
as platinum, silver, and gold, to human contact on 
a large scale, there has been an increasing need 
to synthesize nanoparticles without using toxic 
chemicals and to develop environmental-friendly 
synthesis processes4. 
 Researchers have long recognized that 
silver has an inhibitory effect on microorganisms 
in general and many bacterial strains normally 
encountered in industrial and medical processes5. 
Silver and silver nanoparticles (AgNPs) most 
commonly find applications in the medical 
industry6. In recent years, biological methods 
for nanoparticle synthesis using enzymes, plants 
or plant extracts, and microorganisms have 
emerged as eco-friendly alternatives to physical 
and chemical methods7-9. Nanoparticle synthesis 
using plants can be useful in other biological 
processes by eliminating the complex process of 
preserving cell cultures10,11. Recent approaches 
to green chemistry using plant extracts for the 
synthesis of AgNPs have become a major focus 
owing to their potential applications and stability 
and the simplicity of their associated procedures. 

Plant materials such as root, bark, leaf, callus, fruit, 
and fruit peel have been used in many studies 
on nanoparticle synthesis in recent years12,13. 
Therefore, the aim of this study was to synthesize 
AgNPs by reducing silver ions with aqueous leaf 
extracts from Camellia sinensis, Rhamnus frangula, 
Thymus vulgaris, and Lawsonia inermis. Further, 
we aimed to evaluate the antimicrobial effect of 
the synthesized nanoparticles against different 
bacterial and fungal species. These plants were 
chosen because they are often used in folk and 
popular medicine for the treatment of many 
diseases and for their anti-microbial activity.
 Samples of healthy C. sinensis, R. 
frangula, T. vulgaris, and L. inermis leaves were 
collected from a local market in Dammam, Saudi 
Arabia. After transport to the lab, the samples 
were stored at -20°C until use.

MAteRiAls AND MethODs
Plant extraction and AgNPs biosynthesis 
 To remove contaminants and particles 
of adherent dust from the samples, leaves were 
initially rinsed with running tap water, followed 
by a second wash step with sterile distilled water. 
Four grams of each leaf sample was cut into small 
pieces, and then boiled for 5 min in 20 mL distilled 
water. The samples were then filtered through 
filter paper (Whatman No. 1). Ten milliliters of the 
filtrate was mixed with 90 mL of 1 mM AgNO3 and 
incubated overnight in the dark to avoid photo-
activation of silver nitrate. A control sample was 
prepared without adding plant extracts. For the 
synthesis of nanoparticles was followed a similar 

Fig. 1. (La) Lawsonia inermis, (Th) Thymus vulgaris, (Rh) 
Rhamnus frangula and (Ca) Camellia sinensis before 
added the leaf extracts with aqueous solution of silver 
nitrate

Fig. 2. The changes of color after added the leaf 
extracts to aqueous solution of silver nitrate (La) 
Lawsonia inermis, (Th) Thymus vulgaris, (Rh) 
Rhamnus frangula and (Ca) Camellia sinensis.
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procedure by using centrifuged leaf extract14.
AgNPs characterization
 A UV-Vis spectrometer was used to 
confirm the synthesis of the AgNPs using the 
plant extracts by determining the absorption peak 
at 200-700 nm at regular intervals. To remove 

impurities, the reaction mixture was centrifuged 
for 10 min at 10,000 rpm and the pellet was 
washed three times and then resuspended in 
sterile distilled water.
Transmission electron microscopy (TEM) 
 Transmission electron microscope (FEI, 

Fig. 3. UV-Vis absorbance of La, Rh, Ca and Th silver nanoparticles.

Fig 4. TEM images of a) La, b)Rh, c) Ca and d) Th silver nanoparticles.



  www.microbiologyjournal.org1282

Aldosary & El-Rahman J Pure Appl Microbiol, 13(2), 1279-1284 | June 2019 | DOI 10.22207/JPAM.13.2.71

Journal of Pure and Applied Microbiology

TEM, Czech Republic working accelerating voltage 
was 80 Kv) was used to analyze the nanoparticle 
size and surface morphology.
Analysis of antibacterial activity of AgNPs
 Clinical samples were collected from 
the King Fahad University Hospital microbiology 
laboratory, Al Khobar.
 In vitro antibacterial activity was 
determined for the AgNPs synthesized using each 
leaf extract. First, the dried AgNPs were weighed 
and dissolved in sterile distilled water (C. sinensis 
extract-AgNPs, 1243.6 mg/10 mL; R. frangula 
extract-AgNPs, 914.8 mg/10 mL; T. vulgaris extract-
AgNPs, 675.1 mg/10 mL; and L. inermis extract-
AgNPs, 1094.6 mg/10 mL), and immediately 
used. The following 10 human pathogens were 
used for assaying the antimicrobial activity of 
the AgNPs: Streptococcus pyogenes, Candida 
albicans, Enterococcus faecalis, Enterobacter 
cloacae, methicillin-resistant Staphylococcus 
aureus (MRSA) ATCC, three strains of Klebsiella 
pneumoniae (MDR), Escherichia coli, four strains 
of Pseudomonas aeruginosa (MDR), Klebsiella 
pneumoniae, and Acinetobacter (HDR). A single 
colony was inoculated into nutrient broth and 
incubated overnight. Then, the turbidity was 
adjusted to 0.5 McFarland standard for the 
inocula15. Next, the inocula were spread onto 
nutrient agar plates using a swab, and 25 µL AgNPs 
(approximately 125µg) was added into the well. 

AgNO3 (1 mM), leaf extracts, and ciprofloxacin 
(commercial antibiotic) were also added as 
standard to other wells as positive and negative 
controls, respectively. The plates were incubated 
for 24 h at 37°C and the inhibition zone was 
measured and expressed in millimeters. Data for 
each strain were collected from three independent 
experiments repeated twice16.

RESULTS AND DISCUSSION
UV-Vis spectrophotometric measurements for 
AgNPs
 In our study, we used an extracellular 
biosynthesis method to prepare AgNPs using leaf 
extracts. The color of the extracts changed to 
brown (Fig. 2) after the leaf extracts were added 
to a solution of silver nitrate; this indicated that 
AgNPs were synthesized, which was attributed 
to surface plasmon vibrations excitation with 
the AgNPs17,18. The results of UV-Vis spectro-
photometric measurements showed a strong 
absorption peak at 220 to 300 nm for R. frangula 
extract-AgNPs, when using. For L. inermis extract-
AgNPs, the peak absorption was observed at 210 
to 370 nm; for C. sinensis extract-AgNPs, it was 
observed at 240 to 310 nm; and for T. vulgaris 
extract-AgNPs, it was observed at 210 to 350 nm 
(Fig. 3). UV-Vis analysis between 200 to 600 nm 
showed maximum absorbance at 440 nm for L. 
inermis extract-AgNPs19. An absorbance peak 

Table 1. Antimicrobial activity of La, Rh, Ca and Th silver nanoparticles

   Inhibition zone (mm)

Isolates Lawsonia  Rhamnus Camellia  Thymus  Control*  Control*
 inermis Frangula sinensis vulgaris +ve -ve

Streptococcus pyogens R R R R R R
Candida albicans 10mm R R 5mm 11mm 21.5mm
Enterofecalis 4mm R R 4mm 14mm 14mm
E. coli 7mm R R 13mm 4mm R
Entero cloacae R R R R 11mm 13mm
Klebsiella pneumonia R 4mm 3mm R 4.5mm 5mm
MRSA  ATCC 7mm 6mm R 6mm 32mm 8mm
Klebsiella pneumoniae R R R R 8mm R
(MDR)
Pseudomonas aeuroginosa 4mm 4mm 28mm 36mm 32mm 9mm
MDR
Acinobactor HDR R R R 30mm 15mm 20mm

*R= Resistant                     *Control  +ve = Ciprofloyin                         *Control  -ve = AgNo3 
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of 427–437 nm was previously observed for C. 
sinensis extract-AgNPs, using UV–Vis spectro-
photometer20.
Transmission electron microscopy (TEM)
 TEM images of the plant extract-AgNPs 
are shown in Fig. 4. The AgNPs were spherical with 
varying size as follows: L. inermis, 95-115 nm (Fig 
4.a); R. frangula, 10-48 nm (Fig 4.b); C. sinensis, 15-
45 nm (Fig 4.c); and T. vulgaris, 10-108 nm (Fig 4.d). 
T. vulgaris extract-AgNPs were previously reported 
to have a spherical shape and average particle size 
of approximately 30-50 nm21. TEM micrographs of 
L. inermis extract-AgNPs in this study indicated that 
the particles have a spherical morphology and are 
well segregated with a mean diameter of 18 nm. 
Individually separated lattice fringes were clearly 
visible and well-ordered as revealed by TEM. The 
results confirmed the formation of spherical, 
polycrystalline, stable, and uniform AgNPs using 
leaf extract of L. inermis18.
Antimicrobial activity
 Table 1 shows the antimicrobial activity of 
the plant extract-AgNPs. S. pyogenes was resistant 
to all of the plant extract-AgNPs and also resistant 
to ciprofloxacin. Similarly, K. pneumoniae (MDR) 
was resistant to all the plant extract-AgNPs, as well 
as to AgNO3, but was inhibited by ciprofloxacin, 
with an inhibition zone diameter of 8 mm. The 
effect of T. vulgaris extract-AgNPs against E. coli, 
P. aeruginosa (MDR), and Acinetobacter (HDR) was 
stronger than that of AgNPs synthesized using the 
other extracts, and positive or negative controls. 
L. inermis extract-AgNPs were more effective 
against C. albicans than T. vulgaris extract-AgNPs 
(10 mm and 5 mm inhibition zone diameters, 
respectively). Conversely, T. vulgaris extract-AgNPs 
were more effective against E. coli than L. inermis 
extract-AgNPs (13 mm and 7 mm inhibition zone 
diameters, respectively). Additionally, all the plant 
extract-AgNPs were able to inhibit the growth of 
P. aeruginosa (MDR). K. pneumoniae (MDR) and 
E. cloacae were resistant to all the plant extract-
AgNPs. 
 The inhibition zone diameters for L. 
inermis extract-AgNPs against E. coli, P. aeruginosa, 
Bacillus subtilis, and Proteus vulgaris were 12 
mm, 11 mm, 13 mm, and 9 mm, respectively, 
whereas the average inhibition zone diameter for 
amoxicillin was 20 mm. AgNPs synthesized using L. 
inermis extract have been shown to have maximum 

antibacterial activity against B. subtilis22. In this 
study, L. inermis extract-AgNPs demonstrated 
maximum inhibition against B. subtilis (21 mm), S. 
aureus (22 mm), E. coli (20 mm), K. pneumoniae 
(21 mm), and P. aeruginosa (17 mm). Ciprofloxacin 
antibiotic disc inhibition zone diameters were 22 
mm, 0 mm, 30 mm, 0 mm, 30 mm, and 28 mm for 
S. pneumoniae, E. coli, S. aureus, P. aeruginosa, 
B. subtilis, and K. pneumoniae, respectively. The 
extract of R. californica leaves was the most active 
among the three extracts, whereby the strongest 
effect was noted on the only antibiotic-resistant 
strain tested, MRSA23. C. sinensis extract-AgNPs 
have also shown potent antimicrobial activity 
against pathogenic bacteria20.

CONCLUSION
 In this study, we attempted bio-reduction 
of silver ions using extracts of medicinal plants 
and tested the antimicrobial activity of the 
AgNPs formed. We noted a change in the color 
of the plant extracts, which was considered to 
indicate the formation of AgNPs. We noted good 
antimicrobial activity of these AgNPs against 
different microorganisms. T. vulgaris extract-
AgNPs were more effective than AgNPs prepared 
using other extracts, and the positive or negative 
controls, against E. coli, P. aeruginosa (MDR), and 
Acinetobacter (HDR). L. inermis extract-AgNPs 
were more effective against C. albicans than T. 
vulgaris extract-AgNPs. In contrast, T. vulgaris 
extract-AgNPs were more effective against E. 
coli than L. inermis extract-AgNPs. We conclude 
that AgNPs synthesized using medicinal plant 
extracts have a significant antifungal effect, and 
therefore have the potential to be widely used in 
the manufacture of antimicrobial drugs.
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