
International Journal of Advanced Biological and Biomedical Research  
Available online at http:www.ijabbr.com 

Volume 9, Issue 3 (2021) pp. 270-285                  DOI: 10.22034/ijabbr.2021.525079.1349 

270 | P a g e  

 

Original Article 

 

Phyto-mediated silver nanoparticles via Melissa 

officinalis aqueous and methanolic extracts: 

synthesis, characterization and biological properties 

against infectious bacterial strains 

Fatemeh Dehghan Nayeri1*, Sudabeh Mafakheri2, Maryam 

Mirhosseini1, Riyaz Sayyed3 

1 Department of Agricultural Biotechnology, Faculty of Agricultural and Natural 

Sciences, Imam Khomeini International University (IKIU), Qazvin, Iran 
2 Department of Horticulture Science, Faculty of Agricultural and Natural Sciences, 

Imam Khomeini International University (IKIU), Qazvin, Iran 
3 Department of Microbiology, PSGVPM'S Arts, Science and Commerce College, 

Shahada, 425409 Maharashtra, India 

*Corresponding Author E-mail: nayeri@eng.ikiu.ac.ir 

Received: 13 February 2021, Revised: 13 June 2021, Accepted: 20 July 2021 

ABSTRACT 

Background: The present study was aimed to examine the influence of extraction 

method on the morphology, physico-chemical characteristics and antimicrobial 

properties of AgNPs synthesized from Melissa officinalis.  

Methods: AgNPs were prepared by two extraction methods. The properties of obtained 

nanoparticles were characterized by SEM, UV-Vis, XRD and FTIR techniques. 

Accordingly, SEM images showed different shape, size and morphology of AgNPs using 

two different extracts types.  

Results: The UV-Vis spectroscopy confirmed the formation of AgNPs by observing a 

distinct surface Plasmon resonance band around 450 nm. SEM images showed different 

shape, size and morphology of AgNPs using two different extracts types. AgNPs derived 

from the aqueous extract were rod-shaped with a diameter of 19 to 40 nm whereas 

spherical particles were synthesized by the methanolic extract found smaller with size 

distribution ranging from 13 to 35 nm. The XRD pattern indicated that AgNPs formed 

by the reduction of Ag+ ions using the methanolic extract were crystal-like in nature. 

The functional groups of the methanolic extract involved in synthesis and stabilization 

of AgNPs were investigated by FTIR. In addition, AgNPs containing methanolic extract 

showed higher antioxidant activity.  

Conclusion: In this respect, the biosynthesized particles showed potential bio-

functionality through which higher antioxidant property and antimicrobial profile 

against infectious strains were observed. By and large, these results have shown that 

http://www.ijabbr.com/
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best compared to 0.5 and 0.25 mg/100 mL 
while 0.05 mg/100 mL concentration did 
not show any color change indicating no 
formation of AgNPs in this lowest 
concentration. 
The results also showed that the size of 
colloidal particles was between 1 to 1000 
nm. The formation of colloidal solutions 
from the reduction of silver ions occurs in 
two steps (nucleation and growth) 
(Figure 1). Reducing and stabilizing 
agents are known as the major 
components in the formation of metal 

nanoparticles [20]. Biologically, plant 
metabolites such as sugars, proteins, 
terpenoids, polyphenols, alkaloids, 
flavonoids and phenolic acids are 
responsible for the reduction and 
stabilization of nanoparticles. It has been 
reported that the OH groups present in 
the backbone flavonoids play a critical 
role in the reduction of silver ions to 
AgNPs [21]. Since 7 mL aqueous and 2.5 
mg/100 mL methanolic extracts resulted 
in the faster formation of AgNPs, they 
were used for further analysis. 

 

Figure 1. The reducing agents (in plant extract) donate electrons to Ag+ ions lead them 
as neutral Ag atoms (Ag0). These atoms due to van der Waal's forces of attractions come 

closer and combine to form cluster of Ag atoms of diameter 1 to 100 nm, called Ag 
nanoparticle. A silver nanoparticle in nano scale may contain about hundreds of atoms 
of silver. If these clusters (nanoparticles) come closer they agglomerate first and then 

aggregate to form bulky particles, which is not AgNPs [20]. 

3.2. Characterization of NPs 

3.2.1. Ultraviolet-visible spectroscopy 

Color change from yellow to brownish-
red and dark brown is the first sign of 
nanoparticle production and is due to 
excitation of the surface Plasmon 
resonance [22]. The biosynthesis of nano 
particle should be confirmed via physical 
methods like UV-Vis spectrophotometer, 
SEM, XRD and FTIR [23].  

The biosynthesis of AgNPs and the 
reduction of Ag+ ions to Ag atoms were 

recorded by UV-Vis spectroscopy. The 
reaction was conducted for 2 h. The UV-
Vis absorption spectra of colloidal 
solutions of AgNPs using M. officinalis 
methanolic extract had absorbance near 
450 nm. The broadening peak is a sign of 
the poly-dispersed particles formation 
(Figure 2). Hafez et al. [24] produced 
AgNPs that showed UV-Vis absorbance at 
425 nm and Keshari et al. [25] reported 
the absorption band of AgNPs at 442 nm. 
Also, the absorption of the AgNPs was 
observed near 430 nm [26] and 420 nm 

https://www.sciencedirect.com/science/article/pii/S097594761730390X#!
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It has been reported that the 
nanoparticles deformation as different 
shapes and diameters is the result of 
altering the plant extract and/or the 
reaction conditions depending on the 
application [21]. The surface areas and 
the shapes of nanoparticles effect on their 
antimicrobial activity [30] due to different 
effective surface areas and active facets 
[30]. It was suggested that Melissa 
officinalis scavenged DPPH radical in a 
concentration-dependent manner [31] 
that is in agreement with the result of our 
study. DPPH assay revealed the sample of 
5 mg/50 mL methanolic extract had the 
highest antioxidant activity compared to 
the 7 mL aqueous extract.  

Based on the SEM results, the particles 
produced by methanolic extract were 
spherical and smaller in size in 
comparison to the rod-shaped particles 
derived from the aqueous extract. 
Therefore, further experiments were 
conducted using the methanolic sample.  

3.2.3. X-ray diffraction (XRD) analysis 

The XRD is one of the most widely used 
techniques to characterize the structural 
properties of NPs. In order to gain the 
structural information, the resulting 
diffraction patterns obtained from the 
penetration of X-rays into the 
nanomaterials is compared with 
standards [32]. Figure 4 shows the XRD 
pattern of the AgNPs synthesized by using 
the methanolic extract of lemon balm. The 
AgNPs diffractogram displayed several 
sharp intense peaks at 2 theta angles, 
which indicated the crystalline structure 
of the AgNPs and confirmed the formation 
of the AgNPs. Four distinct reflections at 
37.5° (111), 44.37° (200), 64.56° (220) 
and 76.58° (311) evidently indicated the 
formation of the face-centered cubic 
structure of the AgNPs in the sample.  

 

Figure 4. XRD diffractogram of biosynthesized AgNPs by Melissa officinalis methanolic 
extract. 

The XRD outline displayed that the 
AgNPs formed by the reduction of Ag+ 
ions by M. officinalis extract are crystal-
like in nature. This result is in accordance 
with the XRD analysis of Shaik et al. [33]. 

Additional peaks at 32.25° and 54.62° 
were observed on the preparation of 
AgNPs using M. officinalis methanolic 
extract (Figure 4). These peaks are 
attributed to the existence of some 
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violet color of DPPH solution changed to 
yellow as soon as the AgNPs were added. 
This may be because of the presence of 
antioxidant in the medium. However, the 
process of yellowing may slow down and 
the target substance exhibits poor 
antioxidant activity or no color change. 
The inhibitory concentration of the 
material is investigated based on the 

absorbance of DPPH radiation at a 
wavelength of 517 nm. The color change 
rate in the methanolic extract was also 
higher than that of the aqueous extract 
and AgNPs (Figure 6). The methanolic 
extract of lemon balm and AgNPs 
exhibited highest antioxidant activity 
compared to the aqueous extract. 

 

Figure 6. DPPH radical scavenging activity of two extracts of Melissa officinalis and the 
synthesized AgNPs using methanolic extract. The methanolic extract had the highest 

antioxidant activity among the samples. 

Various studies have reported the 
DPPH scavenging activity by AgNPs from 
plant extracts [24]. The production of iron 
NPs using aqueous extracts obtained from 
26 tree species and antioxidant properties 
of these have been reported [25]. These 
researchers interestingly found dried 
leaves (higher concentration) produce 
extracts with higher antioxidant 
capacities than non-dried leaves (lower 
concentration). This is probably due to 
evaporation of water from leaves that 
result in the concentration of antioxidants 
[25].  

3.4. Antimicrobial property of AgNPs 

The antimicrobial effect of spherical 
silver nanoparticles was investigated by 
agar well diffusion and disc diffusion 
methods. Green synthesis of the AgNPs 
using this lemon balm extract showed an 
effective antimicrobial activity against 
Gram-positive bacteria such as B. subtilis 
and S. aureus and Gram-negative 
bacterium namely E. coli and against 
yeast, S. cerevisiae (Figure 7 and 8). 

In disc diffusion method the diameter 
of inhibition zone for B. subtilis, S. aureus, 
E. coli and S. cerevisiae was 5.7, 5.6, 7 and 
4 mm respectively, while in agar well 
diffusion method it was 10, 10, 11.3 and 
9.25 mm, respectively (Figure 7 and 8).  
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In both methods, Gram-negative 
bacterium, E. coli exhibited the highest 
sensitivity to the AgNPs compared to 
other test organisms. The results of the 
present study were similar to those of 
others [38, 39] and elucidated that AgNPs 
from methanolic extract of lemon balm 
inhibited bacterial and fungal growth. The 
antimicrobial effect of AgNPs was found 
to be dependent on the size, shape and 
concentration of AGNPs, smaller and 
spherical particles produced higher 
inhibition compared to larger and non-
spherical particles. This may be due to the 
availability of more surface area in 
smaller and spherical particles [40]. 
Similarly, higher concentrations of AgNPs 
resulted in more inhibition of the 
bacterial and fungal growth. Antibacterial 
property of AgNPs derived from aqueous 
extract of lemon balm leaves against S. 
aureus and E. coli have been reported by 
Ruíz-Baltazar et al [14]. AgNPs mainly 
exert their antimicrobial effects through 

the disruption of the cell wall and cell 
membrane that finally leading to bacterial 
cell death. Additionally, there are some 
other mechanisms including attack on 
bacterial surface and membrane through 
interaction with sulfur-containing 
proteins [40], disruption of cell 
permeability and respiration, form the 
pits on the cell surface and induce the 
proton leakage that causes cell death [41], 
inhibition of respiratory enzymes of 
bacterial cells by combining with the thiol 
group [42] as well as cell retention of DNA 
replication and preventing cellular 
division [43] might widely contributed to 
the antibacterial effects of AgNPs. The 
entrance of AgNPs also produce higher 
amount of ROS molecules that is linked to 
deactivation of the respiratory enzymes 
and disrupt the cellular membrane and 
damage DNA molecule [44]. Figure 9 
illustrates some possible molecular 
mechanisms might link to antimicrobial 
action of AgNPs. 

 

Figure 9. Proposed mechanism of AgNPs formation and antimicrobial activities exerted 
by Melissa officinalis. (by Photoshop software). 
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Gram-negative and Gram-positive 
bacteria were more susceptible to AgNPs 
compared to the fungal strain [37]. These 
differences in bactericidal and fungicidal 
effects of the AgNPs are due to the 
differences in structural organization of 
the bacterial and fungal cell walls. The 
bacteria are evolutionarily prokaryotic 
types and are less complex. Therefore, 
they are more susceptible to the toxic 
effects of AgNPs compared to the 
eukaryotic fungi. Fungi being the 
eukaryotic organisms, possess superior 
detoxification system that makes them 
resistant to higher concentrations of 
AgNPs [37]. 

4. Conclusion  

Green production of AgNPs is a low-
cost and an eco-friendly method and 
could provide lots of benefits for 
researchers. Therefore, it is a good 
alternative for the industrial production 
of NPs. The biosynthesis of AgNPs using 
lemon balm extracts and their 
antibacterial, antifungal and antioxidant 
activities were studied. The nanoparticles 
produced by the methanolic extract of the 
lemon balm resulted in quicker formation 
of AgNPs and exhibited potent 
antimicrobial and antioxidant activities. 
Due to the antimicrobial properties of the 
green AgNPs, they can be used as an 
antiseptic, sterilant and antimicrobial 
agents. The antioxidant properties of 
green AgNPs also make them ideal 
candidate for food industries to eliminate 
the development of infectious pathogens 
within food cans or similar products.  

Abbreviation: 

AgNO3: Silver nitrate 
AgNPs: Silver nanoparticles 
DPPH: 2,2-diphenyl-1-picrylhydrazyl 
FTIR: Fourier Transform Infrared 
SEM: Scanning Electron Microscope 
XRD: X-Ray Diffraction 
UV: Ultraviolet 

UV-Vis: Ultraviolet-visible spectroscopy 
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