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Nowadays, it has become urgently necessary to change the traditional methods of synthesis of
metallic nanoparticles, and to start using safer and more eco-friendly approaches. In the present
work a green synthesis of silver nanoparticles was carried out using mint leaf extract (Mentha
piperita) as the reducing and stabilizing agent. Silver nanoparticles were synthesized using a 1 mM
silver nitrate solution and varying the volume of the extract (150, 250, 350 �L), at a temperature
of 30 �C for 24 h. The formation of silver nanoparticles was monitored by a UV-Visible spectropho-
tometer which showed absorption peaks ranging from 438–470 nm. Atomic Force Microscopy and
Transmission Electron Microscopy analysis showed that the silver nanoparticles presented different
morphologies. For the treatment with 150 �l of extract, the silver nanoparticles were mostly spher-
ical and for the other two treatments we observed spherical, triangular, hexagonal and irregular
morphologies of the nanoparticles. Dynamic Light Scattering analysis determined a mean size of
50 nm for all of the treatments, with zeta potential values ranging from −20 to −23 mV. The results
showed that the synthesized silver nanoparticles had antibacterial activity against pathogenic bac-
teria such as Escherichia coli and Staphylococcus aureus. The minimum inhibitory concentration
required for S. aureus was 11.1, 26.3 and 51.5 �g ·ml−1, for the treatments of 150, 250 and 350 �l
of extract, respectively. All of these values were higher than for E. coli, which presented a Minimum
Inhibitory Concentration of 2.49 �g ·ml−1. This work offers a quick, simple and non-toxic method for
the synthesis of silver nanoparticles.

Keywords: Metallic Nanoparticles, Eco-Friendly Synthesis, Atomic Force Microscopy,
Transmission Electronic Microscopy, Antibacterial Activity.

1. INTRODUCTION
Nanotechnology is an interdisciplinary field of research
combining biology, chemistry, physics and material sci-
ence, which involves working with particles with sizes
up to 100 nm.1�2 Its importance relies on the new and
improved properties that these particles exhibit at this
scale, due to specific characteristics such as size, distri-
bution and morphology.3 Various industries have taken
advantage of these properties for example the optic,4

electronic,5 cosmetic,6 textile7 and medical industries.8�9

In the past decade the synthesis and use of silver
nanoparticles (AgNP’s) has rapidly increased because of

∗Author to whom correspondence should be addressed.

their unique optical, catalytic, electronic and magnetic
properties. There has also been a great interest in the use
of the AgNP’s in the biomedical industry, because of the
inhibitory effects that they present against several microor-
ganisms including some resistant bacterial strains.10�11 The
most widely used and known applications in this field
include topical ointments and creams for preventing infec-
tions of burns and wounds, medical devices and implants
with silver-impregnated polymers, among others.3�12

Synthesis of silver nanoparticles can be achieved
through different methods such as chemical and physical.2

Although these two are currently the most popular, they
present some disadvantages such as the use of large
amounts of toxic chemicals, high energy requirements,
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high expense, and not being suitable for biological
purposes.13 For these reasons, there has been seen in recent
years a growing need to start focusing on and developing
more environmentally friendly processes of nanoparticle
synthesis.14

Recently, the biosynthesis of nanoparticles, which is an
emerging highlight of the intersection of nanotechnology
and biotechnology, has become a really good alternative
for the obtention of safer and more benign products not
only for the environment but also for the people that poten-
tially will use them.15 This sort of green synthesis involves
the use of different biological systems like bacteria,16�17

yeasts,18 fungi,19 algae,20 and plants.21�22 Among these
organisms, the use of plants and their extracts offer sev-
eral advantages over the traditional methods and other bio-
logical systems, for example toxic chemicals often used
as capping agents in chemical methods are not required,
is a quite rapid, simple and cost-effective approach that
can also be suitably scaled up for large-scale synthe-
sis of nanoparticles and it also avoids the elaborate pro-
cess of isolating microorganisms and maintaining cell
cultures.23

Biomolecules found in plant extracts like alkaloids,
terpenoids, flavonoids, sugars, and aminoacids, can act
as reducing and stabilizing agents in the biosynthesis
of nanoparticles.24 Several plants have been utilized for
the production of silver nanoparticles, among them are:
Azadirachta indica;25 Aloe vera;26 Capsicum annuum L;27

Jatropha curcas;28 Magnolia kobus;29 Carica papaya;30

Hibiscus rosa sinensis;31 Mentha piperita;15�35 Morinda
citrifolia,32 Sesbania grandiflora,33 Albizia adianthifolia34

and Ziziphora tenuior.35 In the present work, we report the
biosynthesis of silver nanoparticles by reducing Ag+ ions
using Mentha piperita leaf extract, and the evaluation of
their antimicrobial activity against two pathogenic bacteria
such as Staphylococcus aureus and Escherichia coli.

2. MATERIALS AND METHODS
2.1. Chemical
The silver nitrate (AgNO3� was purchased from J.T. Baker
(México).

2.2. Aqueous Mint Leaf Extract Preparation
Leaves of Mentha piperita were first thoroughly washed
with tap water and then with milli-Q water, then were
dried in a drying oven at 50 �C for 24 h. The dried leaves
were then pulverized using a mortar and pestle. Five grams
of the leaf powder was taken and mixed with 50 mL of
sterilized Milli Q water and kept in boiling water bath at
100 �C for 30 min. The extract was then centrifuged at
5000 rpm for 15 min, filtered with Whatman filter paper
No 1, and then sterilized through a 0.22 �m pore size
Ministart® membrane filter. The filtered extract was stored
in a refrigerator at 4 �C for further studies.

2.3. Biosynthesis of Silver Nanoparticles
For the biosynthesis of silver nanoparticles, the effect of
the concentration of the plant extract was determined by
varying the volumes of the aqueous mint leaf extract (150,
250 and 350 �L) that were mixed in 10 mL of a 1 mM
silver nitrate solution. The reaction mixture was incubated
at 30 �C for 24 h, in constant agitation and under darkness.
All experiments were carried out in triplicate. The reaction
mixtures were monitored at different periods of time and
the formed nanoparticles were further characterized.

2.4. Characterization of Silver Nanoparticles
The synthesized nanoparticles were characterized by ultra-
violet visible (UV-vis) spectroscopy. The formation and
growth of AgNP’s was monitored as a function of time on
a Shimadzu UV-1800 spectrophotometer in 300–900 nm
range.

2.4.1. FTIR Analysis
In order to determine the main functional groups on
the mint leaf extract, FTIR analysis was carried out
as described earlier. Control samples (mint leaf extract
powder) and the test samples (reaction mixtures) were
lyophilized and analyzed. The FTIR spectra were collected
at resolution of 4 cm−1 in the transmission mode (4000–
400 cm−1� using a FTIR spectrophotometer (Nicolet 6700,
Thermo Scientific).

2.4.2. Determination of Polyphenolic Content in
Mint Leaf Extract

The amount of total phenolics in the mint extract was
determined using the method of Folin Ciocalteu. A stan-
dard curve was first plotted using tannic acid as a stan-
dard. Different concentrations of tannic acid were prepared
in Milli Q water, and their absorbances were recorded at
765 nm. 0.5 mL of the extract was mixed with 0.75 mL
of water, 0.625 mL of folin reagent (1 N) and then
3.125 mL of 20% sodium carbonate (Na2CO3� solution
was added. The final mixture was shaken and then incu-
bated for 40 min in the dark at room temperature. The
absorbance of all samples was measured at 765 nm using
a UV-Vis spectrophotometer and the total phenolics con-
tent was expressed as mg ·ml−1 with respect to tannic acid,
according to the standard curve.

2.4.3. Force Atomic Microscopy (AFM)
The nanoparticles were purified for the analysis with the
Force Atomic Microscopy. For purification, the nanoparti-
cles were centrifuged with 30% isopropanol at 13000 rpm
for 30 min at 4 �C, this was carried out twice. Finally, the
pellet was resuspended in 1.5 mL of Milli Q water. The
nanoparticles were then redispersed in an ultrasonic bath
for 15 min and then were sonicated in a GEX 130 Cole-
Palmer sonicator for 4 min with a 6 mm titanium probe
at a 35% amplitude. The purified silver nanoparticles were
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visualized with an Asylum Research, MFP-3DTM AFM.
A drop of the nanoparticles was deposited onto a mica
substrate and was allowed to air dry for 24 h. Samples
were analyzed using tapping mode AFM using 10 mm
silicon nitride probe. The height data was collected at a
scanning frequency of 1 Hz. WsxM software (4.0 Develop
8.1, Nanotec. Electronica, S.L., Spain) was used for the
AFM analysis.

2.4.4. Transmission Electron Microscopy (TEM)
TEM samples of the purified silver nanoparticles were
prepared by placing 5 �l of the reaction mixtures over
carbon-coated copper grids, allowing the samples to dry
in a desiccator with silica for 16 h. TEM measurements
were performed on a JEOL (model JEM 2011) instrument,
operated at an accelerating voltage of 120 kV.

2.4.5. Energy Dispersive X-ray (EDX)
EDX measurements of the reduced silver nanoparticles
drop coated onto carbon-coated copper grids were per-
formed on a JEOL (model JEM 2011) TEM instrument
equipped with an OXFORD EDS 6498 attachment.

2.4.6. Dynamic Light Scattering (DLS) and
Zeta Potential

Particle size distribution and the zeta potential of silver
nanoparticles were determined using Zetasizer Nano-ZS90
(Malvern Instruments). The analysis was performed at a
scattering angle of 90� at a temperature of 25 �C using
samples diluted to different intensity concentrations with
Milli-Q distilled water.

2.5. Antibacterial Activity of Synthesized
Nanoparticles

Representative Gram positive and negative microor-
ganisms (Staphylococcus aureus ATCC 25923 and
Escherichia coli ATCC 25922) were used to evaluate the
antibacterial activity of silver nanoparticles. The calcu-
lation of Minimum Inhibitory Concentration (MIC) was
performed by the Resazurin Microtitre Assay (REMA),
according with the methodology described by Alvarado
et al.36 A bacterial suspension of each bacterium was cen-
trifuged at 3500 rpm for 5 minutes and the pellets were
resuspended in saline solution 0.85% m/v NaCl. Then
5× 104 UFC/well of test microorganisms were added to
96-well microtiter plates and the final volume in each
well was made up to 100 �l. AgNP’s were then added
in increasing concentrations, and to test for cell viability,
10 �l of a 0.01% (m/v) resazurin solution was added to
each well. The plates were then incubated at 30 �C for
24 h. After the incubation period the presence of viable
microorganisms in each well was estimated by a change
in color from blue to a bright pink. All experiments were
done in triplicate and averages of the MIC values were
reported.

3. RESULTS AND DISCUSSION
3.1. Biosynthesis and Characterization of

Silver Nanoparticles
3.1.1. UV-Vis Spectra Analysis
After the addition of M. piperita extract, the color of the
AgNO3 solution changed from colorless to a pale yellow,
and finally to a brown, dark brown and light brown for
the treatments of 150, 250 and 350 �L of extract, respec-
tively, indicating the synthesis of silver nanoparticles in
the aqueous solution (Figs. 1(a–e)).
Various phytochemicals present in the mint extract,

like alkaloids, polysaccharides, amino acids, oximes, pro-
teins, flavonoids and others, polyphenols may reduce Ag+

into Ag0. Polyphenolic compounds present the capacity
of binding and chelating metallic ions into nanoparticles.
The functional groups related with this kind of activity are
hydroxyl, carbonyl and carboxyl.37 It is well known that
M. piperita presents a high polyphenolic content, up to
19%.38 We confirmed that M. piperita constitutes a great
source of bioreductive and stabilizing agents for AgNP’s,
as we report a concentration of 9,81 mg ·ml−1 of antioxi-
dant polyphenols such as tannic acid in this plant, which
could be involved in the reduction for the biosynthesis of
nanoparticles.
The UV-Vis spectra of the synthesized silver nanopar-

ticles are shown in Figure 2. The maximum absorption
peak in all treatments ranged from 438–470 nm wave-
length, which increased in intensity with time until 24 h,
in all the treatments. This peak indicated the characteristic
surface plasmon resonance of the silver nanoparticles.41�42

The SPR band is highly sensible to the size and shape
of the nanoparticles, which depend directly on the con-
centration of the extract and silver nitrate, and the type
of biomolecules present in the plant extract.43 Maxi-
mum absorption peaks at longer wavelengths suggest
bigger sizes in the nanoparticles, on the other hand par-
ticles with smaller diameters interact with light at shorter
wavelengths.44�45 The characteristic SPR band, is due to
the collective oscillation of the electrons located in the
conduction band when they interact with light. It was also
observed that the intensity of the SPR band increased with

Figure 1. Color change during the synthesis of silver nanoparticles.
(a) M. piperita extract, (b) AgNO3 solution, (c) synthesized AgNP’s at
24 h with 150 �L of extract, (d) synthesized AgNP’s at 24 h with 250 �L
of extract, (e) synthesized AgNP’s at 24 h with 350 �L of extract.
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Figure 2. UV-vis spectrum analysis. (a) AgNO3 and mint leaf extract, (b) plasmon resonance of silver nanoparticles reduced by 150 �L of M. piperita
at 450 nm, (c) plasmon resonance of AgNP’s reduced by 250 �L of M. piperita at 438 nm, and (d) plasmon resonance of AgNP’s reduced by 350 �L
of M. piperita at 470 nm.

time (Figs. 2(a–c)). This increase with time could be due
to the increase in the number of nanoparticles formed as
a result of the reduction of silver ions over time because
at higher concentrations of extract, more bioactive com-
pounds with bioreductive capacity could be found.46�47

3.1.2. FTIR Analysis
FTIR analysis was used for the characterization and iden-
tification of the biomolecules responsible for the AgNP’s
synthesis (Fig. 3). The FTIR spectra of M. piperita leaf
extract before and after bioreduction showed significant
changes. The FTIR spectrum of the mint extract (Fig. 3(a))
showed peaks in the range of 3349 and 1000 cm−1.
The FTIR of mint leaf extract (Fig. 3(a)) shows absorp-

tion bands at 3349, 1597, 1403, 1279, and 1055 cm−1.
The broad and very intense band at 3349 cm−1 could be
attributed to the presence of the hydroxyl functional groups
of alcohols and phenolic compounds that may exist in
plant extracts. The sharp peak located at 1597 cm−1 is
related to the presence of carbonyl containing compounds,

which may be involved in the bioreduction of the silver
ions.48 The peaks at 1403–1279 cm−1 arise from the C–N
stretching mode of aromatic amine groups.49 The marked
peak at 1055 cm−1 can also be related to the stretching
vibration of the C–OH bond from proteins in the plant
extract.48

The results of infrared spectroscopy of the obtained
silver nanoparticles synthesized using different volumes
of the plant extract are shown in the Figures 3(b)–(d).
As shown, the extract volume, ranging from 150 to
350 �L, seemed to not have any effect on the spectra of
the nanoparticles. The band at 3404 cm−1 can be assigned
to the stretching of hydroxyl groups. The band at around
1700 can be associated to the presence of carbonyl groups.
The bands at 1646 and 1353 cm−1 are mainly attributed to
the stretching vibrations of the C–N bond of amide func-
tional groups. Likewise, the band at 1048 cm−1 is also
related to the presence of C–O bonds.50

The majority of bands showed the presence of char-
acteristic functional groups such as alcohols, phenols,
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Figure 3. FTIR spectra of mint extract and synthesized AgNP’s. (a) Mint extract, (b) synthesized AgNP’s with 150 �L of M. piperita, (c) synthesized
AgNP’s with 250 �L of M. piperita and (d) synthesized AgNP’s with 350 �L of M. piperita.

aldehydes, flavonoids, amines, amides. All of these
phyto-constituents are greatly involved in the biore-
duction and stabilization of the produced generate
nanoparticles.51�52

Figure 4. AFM height images of the synthesized AgNP’s. (a) AFM of AgNP’s reduced with 150 �L of M. piperita, (b) AFM of AgNP’s reduced
with 250 �L of M. piperita, (c) AFM of AgNP’s reduced with 350 �L of M. piperita.

3.1.3. Force Atomic Microscopy (AFM)
Topographic analyses of the AgNP’s of all treatments are
shown in Figure 4. The AFM images for all the treatments
showed spherical shapes of nanoparticles. For the treatment
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Figure 5. TEM micrographs of the synthesized AgNP’s. (a; b) with 150 �l of mint leaf extract; (d; e) with 250 �l of mint leaf extract; (g; h) with
350 �l of mint leaf extract. EDX spectra of the synthesized AgNP’s. (c) AgNP’s synthesized with 150 �l of mint extract; (f) AgNP’s synthesized with
250 �l of mint extract; (i) AgNP’s synthesized with 350 �l of mint extract.

with 150 �L of M. piperita extract showed nanoparticles
with 50–200 nm in size range (Figs. 4(a and b)) and pre-
sented heights between 3–35 nm. The profiles for the treat-
ment of 250 �L ofM. piperita extract showed≤75–175 nm
in size and 3.5–35 nm in height range (Figs. 4(c and d)) and
the nanoparticles synthesized with 350 �L of M. piperita
extract showed a size range from 75 to 175 nm and the
heights ranged from 9 to 32.5 nm.

3.1.4. TEM and EDX Studies
Transmission electron microscopy images of AgNP’s are
shown in Figure 5. According to TEM micrographs the

obtained silver nanoparticles had different morphology
according with the concentration of the extract. The
nanoparticles synthesized with 150 �L of extract were
mainly spherical, with sizes between 20 and 50 nm
(Figs. 5(a and b)). TEM analysis clearly revealed a
higher formation of different morphologies in the treat-
ments with 250 and 350 �L of extract. In both
treatments spherical, nanotriangles and irregular nanopar-
ticles were observed. A higher proportion of spheri-
cal nanoparticles with sizes less than 10 nm in the
treatment were visualized using 250 �L of extract
(Figs. 5(d, e)).
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It was noticeable that as the amount of M. piperita
extract in the reaction increased, the number of morpholo-
gies increased. It has been already reported in different
studies that by using plant extracts, and in this case using
different concentrations extract, a diversity of morpholo-
gies can be achieved.35�53 It is actually more common
to obtain more morphologies with this kind of approach
than with other biological systems like bacteria, or with
chemical methods, where the nanoparticles produced are
mostly spherical.5 It has been visualized in TEM micro-
graphs, that through the green synthesis using Salicornia
brachiata the AgNP’s obtained were highly diversified in
shape including spherical, rod-like, prismatic, triangular,
pentagonal and hexagonal patterns.40 Similarly, it has been
established that with leaf extracts of Mangifera indica,
Eucalyptus tereticornis, Carica papaya, and Musa par-
adisiaca the nanoparticles exhibited different sizes and
shapes like oval (60–150 nm), spherical (25–40 nm) and
irregular (10–50 nm).12 Cubic and hexagonal shapes have
also been obtained by synthesizing AgNP’s with Arge-
mone mexicana and Eucalyptus hybrida extracts.54�55 The
fact that in the present work at higher concentrations the

Figure 6. Size distribution by intensity histograms of the synthesized AgNP’s using mint leaf extract. (a) AgNP’s with 150 �l of extract; (b) AgNP’s
with 250 �l of extract; (c) AgNP’s with 350 �l of extract.

AgNP’s presented more diversity in morphology could
be attributed to the high amount and variety of chem-
ical constituents present in the extract, in which each
one present different reducing, chelating and binding
properties.
EDX spectra recorded from the AgNP’s of all treatments

showed a strong Ag signal at 3 keV along with a Cu peak
(Fig. 5). This Cu peak could be originated by the cop-
per grids used for the analysis itself. In the treatment with
150 �l of mint leaf extract only Ag and Cu peaks were
recorded (Fig. 6(c)). Particularly, in the case of the treat-
ments using 250 �l and 350 �l of mint leaf extract, it was
possible to visualize weak signals of other elements such
as S, Al, Si, Ca, Cl, Na and Mg (Figs. 5(f and i)), which
may be due to the presence of biomolecules or chemical
constituents of the mint leaf extract that are often bound
to the surface of the AgNP’s.3�56 It was also possible with
this technique to quantify the elemental composition in all
of the treatments. In the case of treatment with 150 �l of
mint extract, silver was found in 67.98%, in the treatment
using 250 �l in a 55.19% and finally in a 41.40% using
350 �l of extract.
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3.1.5. Dynamic Light Scattering (DLS) and
Zeta Potential

The three treatments showed nanoparticles with aver-
age hydrodynamic diameters in the range of 49 nm to
53 nm (Fig. 6). This indicates that the average size of the
nanoparticles did not vary greatly by increasing concentra-
tion of the extract. As for the stability, AgNP’s obtained
zeta potential values in a range of −20 to −23 mV. These
values suggest an incipient stability of the nanoparticles
and a surface negative charge of the synthesized AgNP’s,
which may be due to the stabilizing action of biomolecules
present in the extract of M. piperita as polyphenols, alka-
loids, flavonoids, tannins and others.57

On the other hand, AgNP’s of all treatments presented
a polydispersity index of 0.5 with two main peaks in the
histograms (Figs. 6(a–c)), which demonstrate the presence
of two major subpopulations of AgNP’s with different
intensities. The peaks with lower intensity corresponded
to smaller nanoparticles and on the contrary the peaks
with a higher intensity corresponded to larger nanoparti-
cles. In the case of treatment with 150 �l of extract the
mean sizes of AgNP’s were 9 nm and 99 nm; for the treat-
ment with 250 �l of extract the exhibited mean sizes were
13 nm and 105 nm and finally using 350 �l of extract the
sizes were 11 and 103 nm, for the lesser and more intense
peak respectively.

3.1.6. Antibacterial Activity of Synthesized
Nanoparticles

The AgNP’s displayed antimicrobial activity toward the
tested pathogenic strains of E. coli and S. aureus. The
minimum inhibitory concentration (MIC) required for
S. aureus was 11.1 �g/ml for the treatment with 150 �l
of extract, 26.3 �g ·ml−1 for the treatment of 250 �l of
extract and 51.5 �g ·ml−1 for the treatment of 350 �l of
extract. All of these values were higher than for E. coli,
which presented a MIC of 2.49 �g ·ml−1 in all the treat-
ments (Table I).
The synthesized nanoparticles showed no difference in

the inhibition of the growth of E. coli, this indicates that
despite the difference in morphology and concentration
of silver ions over other ions in the treatments, it didn’t
have influence on the minimum inhibitory concentration.
This demonstrates that the synthesized nanoparticles are
highly efficient against E. coli, even at low concentrations.
Therefore, it was possible to determine through the MIC
values that the AgNP’s exhibited lower antibacterial activ-
ity against Gram positive bacteria if compared to Gram
negative E. coli. The difference between the sensitivity of
these two microorganisms may be due to the difference in
the cell wall composition and structure. The presence of a
thicker layer of peptidoglycan (∼20–80 nm) in gram posi-
tive bacteria generates a three-dimensional rigid structure,
which makes them less sensitive to antibacterial agents
such as AgNP’s, as it can prevent nanoparticles to enter

the cell wall.23�58 On the other hand, a much thinner pep-
tidoglycan (∼7–8 nm) layer in E. coli converts it into a
more susceptible microorganism to these agents.47 Similar
results were obtained with synthesized AgNP’s using Oci-
mum sanctum and Mentha piperita extract which exhib-
ited a higher effect towards Gram negative bacteria than
on positive ones.15�59 One of the most important advan-
tage that the present work offers over other studies already
reported using Mentha piperita and even with other plant
extracts for the biosynthesis of AgNP’s, is the sensitivity
assay implemented for the determination of the MIC val-
ues. Most studies use the agar diffusion test rather than the
liquid ones which are highly sensitive, such as the REMA
Assay.60 The REMA Assay it is actually known for being
not only really sensitive, but also less toxic for the cells
and highly reproducible.61

It’s important to mention that the obtained AgNPs
exhibited lower average sizes (50 nm), in all treatments,
than others obtained by MubarakAli et al.15 which exhib-
ited 90 nm in size.15 It is well known that smaller parti-
cles exhibit stronger antibacterial effects against bacteria
than do the bigger ones, because of the increase in their
superficial area.62 This increase generates a larger contact
surface which also allows higher Ag+ release, resulting
in cell death.63 However, the loss in the effectiveness of
antibacterial activity presented by the AgNP’s synthesized
using higher concentrations of extract against S. aureus
(Table I), could be due to the presence of larger nanoparti-
cles at higher concentrations of extract (250 �l and 350 �l
of extract). As the TEM images showed; in the treatments
using 250 and 350 �l of extract there were nanoparticles
and agglomerates with sizes up to 300 nm approximately.
It becomes really complicated for these larger particles and
agglomerates to interact and enter the cells.64 On the con-
trary, in the treatment with 150 �l of extract it was possible
to visualize more homogeneous nanoparticles with smaller
sizes. These results are comparable with those obtained by
Sharma et al.65 in which the nanoparticles synthesized with
disaccharides presented the highest antibacterial activity
against S. aureus because of its small size (25 nm), on
the contrary those synthesized with monosaccharides, with
bigger sizes (50 nm), exhibited the lowest activity.65 They
obtained MIC values of 54 �g ·ml−1 against S. aureus with
the bigger nanoparticles and a lower value of 6.75 �g ·
ml−1 with the smallest ones.

Table I. Minimum inhibitory concentration (�g ·ml−1� of the synthe-
sized AgNP’s against E. coli and S. aureus.

Treatments

150 �l of 250 �l of 350 �l of
Bacterium extract extract extract

Escherichia coli 2�49a 2�49a 2�49a

Staphylococcus aureus 11�11b 26�31c 51�57d

Note: Values with the same letter do not show significant statistical difference.
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Although there is no concrete information on the spe-
cific and exact mechanisms of the bactericidal actions
of AgNP’s against bacteria, several studies propose some
possible mechanisms that may be responsible for the
inhibitory effects that they present. One of the most
accepted mechanisms is the release of highly toxic Ag+

ions, which are extremely attracted to the negatively
charged cell wall of bacteria.63 This electrostatic interac-
tion often results in the binding of the nanoparticles in the
cell wall of bacteria causing a change in the membrane
permeability and its disruption.66 The silver ion appears to
penetrate through ion channels and once they get inside its
interaction with the cytoplasm and ribosomes cause a sup-
pression in the expression of enzymes and proteins, essen-
tial for ATP production, which causes the disruption of the
bacteria.67–69 It has also been hypothesized that silver ions
affect the function of some membrane-bound enzymes,
which are essential for the respiratory chain.70 This kind
of interaction with thiol groups of respiratory enzymes
results in the production of reactive oxygen species which
damage the cell.71 On the other hand, other studies report
that silver presents a high affinity to react with sulfur- or
phosphorus-containing biomolecules, such as proteins in
the membrane or inside the cells and DNA, respectively.72

It is necessary to mention that the antibacterial activity of
AgNP’s is highly dependant on their size and shape.73

It is highly important to establish that the obtained
MIC values, specifically the ones for E. coli, were lower
than others reported in the literature using this kind of
approaches and also even if compared to some antibi-
otics, Dipankar and Murugan74 reported a 6,25 �g/ml
MIC using Iresine herbstii extract, and a 7,25 �g/ml for
kanamycin antibiotic.74 Krishnaraj et al.69 reported even
a higher one (10 �g/ml MIC) for Gram-negative E. coli
and V. cholerae.69 Finally, the values obtained here were
much lower if compared to other biological systems like
fungi, where the MIC was as high as 30 �g/ml.23 The last
statement is really valuable because obtaining low MIC
values against one of the most common human pathogenic
bacteria like E. coli is greatly significant for public health
system, as it shows that these could be used as an alter-
native for orthodox antibiotics in the treatment of the
diseases often caused by these microorganisms, specially
because they tend to develop resistance to other antibacte-
rial agents.

4. CONCLUSIONS
In conclusion, we report a green approach for the synthesis
of silver nanoparticles using M. piperita leaf extract. This
work offers a quick, simple and non-toxic method for the
synthesis of silver nanoparticles without using any harmful
reducing and stabilizing agent. The biosynthesis of AgNPs
using M. piperita leaf extract results in the formation of
nanoparticles with various shapes (mainly spherical, trian-
gular and irregular morphologies), with a high diversity

in shapes as the concentration of the extract increased.
The nanoparticles obtained presented a lower mean size
of 50 nm if compared to other studies using mint leaf
extract. The REMA Assay revealed promising results of
important antibacterial activity against pathogenic bacte-
ria such as Escherichia coli and Staphylococcus aureus.
Consequently, it is concluded that AgNPs synthesized
through this method could potentially be used in biomed-
ical applications.
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