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Summary

Introduction: Mentha aquatica Linn. var. crispa is a herb and traditional medicine plant from Vietnam.
Mentha sp. is also a group of plants with high antioxidant capacity. Silver nanoparticles (AgNPs) are
nanomaterials with a high antibacterial and antioxidant capacity. Therefore, there is potential for their use in
food processing and packaging. Green synthesis is considered as one of trends in efficient synthesis of AgNPs.
In our study, the extract of this material can be applied as a silver reducing agent in production of AgNPs.

Objective: The main purpose of this research was to synthesise AgNPs using M. aquatica extract and to
determine some characteristics of such green-synthesised AgNPs, such as particle size, Fourier transorm
infrared (FTIR) as well as antimicrobial and antioxidant activities.

Methods: The size distribution of AgNPs was determined by dynamic light scattering (DLS). The FTIR
spectra of the AgNPs were used to identify functional groups that could conjugate AgNPs and play an
important biological role. Antimicrobial activity was determined using the standard disc diffusion method
and minimum inhibitory concentration (MIC). Antioxidant activity was determined using 2,2-diphenyl-
1-picrylhydrazyl (DPPH) and 2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assays. In
addition, micromorphology of samples was observed using scanning electron micrography.

© 2023 Le H.V.N. et al.
This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs
License (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Results: The optimum synthesis conditions for AgNPs obtained were AgNO, concentration of 1 mM stirred
for 24 h at room temperature to produce an average particle size of 83.6 nm. The FTIR spectra indicated that
functional groups such as alcohols, phenols, alkyl halides, and alkynes could act as reducing and stabilising
agents for AgNPs. The antibacterial activity of AgNPs resulted in MIC values of 0.0625 mg/ml against
Staphylococcus aureus, 0.125 mg/ml against Escherichia coli and Bacillus subtilis, and 0.5 mg/ml against
Salmonella enteritidis. Concerning the antioxidant activity of AgNPs, the IC was 1.29 mg/ml and the
IC was 1.47 mg/ml.

50-ABTS

50-DPPH

Conclusion: Results show that M. aquatica extract can be used to synthesise silver nanoparticles with good
antibacterial and antioxidant capacities. The product has potential applications in food preservation and
packaging.

Key words: antioxidant activity, extraction, Mentha aquatica, phenolic compounds, silver nanoparticles
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INTRODUCTION

Currently, nanotechnology is growing and is
applicable in many fields. Nanosized materials of
different shapes have different unique chemical,
physical and optical properties [1, 2]. Nanoparticles
(NPs) can be synthesised by many methods, for
example physical, chemical and biological ones [3].
The green synthesis of silver nanoparticles (AgNPs)
requires silver nitrate and a natural reducing
agent. In general, natural reducing agents or other
components present in the cell act as stabilisers. The
traditional methods for the production of NPs are
expensive, harmful to humans, and environmentally
unfriendly. Therefore, to overcome these problems,
the green methods can be applied to the synthesis of
NPs, especially for natural plant resources [4].

There are many possible sources of the bio-
synthesis of NPs, including microorganisms such
as yeast, fungi, viruses, and microalgae [5]. NPs
can be also synthesised through plant-mediated
synthesis, which is more beneficial than the use of
microorganism, because they do not require spe-
cific techniques and difficult methods such as
isolation, culture management, and multiple steps of
purification. The use of existing herbal plants that are
rich in antioxidants has been of interest due to the
use of different parts of the plant such as leaf, peel,
fruit, flowers, and roots [6, 7]. Many chemicals found
in plant extracts, such as polyphenols, ascorbic acid,
flavonoids, terpenoids, and proteins, are important
in the process of metal ion absorption, precursor salt
reduction, and capping agents, some of them having
intrinsic antibacterial characteristics [8].

In Vietnam, Mentha aquatica is a common
seasoning herb used in soups, salads, and sauces.
It can be found in Vietnamese markets under the

name “Hung 1ai”. It has also been used for antiseptic
wound dressings and for the treatment of headaches
and diarrhoea in traditional medicine [9, 10].
Mentha species compositions exhibit significant
antioxidant activity and antibacterial properties [11,
12]. In food packaging and food processing, AgNPs
are one of the most promising antibacterial and
antioxidant materials. They have a broad spectrum
of antimicrobial efficacy against pathogens and
can be used to prevent and eradicate microbial
infection. As a result, we hypothesise that using M.
aquatica extract may result in AgNPs with enhanced
antibacterial activity and antioxidant activity. The
combination of AgNPs and M. aquatica extract
might be a promising alternative for use in food
packaging and additives with less cytotoxicity.

There are many methods of green synthesis
using plants and their extracts. However, studies on
green synthesis from M. aquatica extract have not
been recorded. In this case, AgNPs were synthesised
and examined by different techniques: ultraviolet-
visible (UV-vis), Fourier transform infrared (FTIR),
and dynamic light scattering (DLS) spectroscopy.
From these techniques, their size changes can be
determined. Synthesised AgNPs were tested against
four bacterial strains: Escherichia coli, Salmonella
enteritidis, Bacillus subtilis, and Staphylococcus au-
reus. The antioxidant activity of AgNPs was also
evaluated.

MATERIAL AND METHODS

Preparation of acetone extract

M. aquatica used in the study was obtained from
Long An province, Vietnam. It was dried at 40°C
for 14 h in the oven (Shel Lab SGO3-2, USA),
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until the moisture was less than 8%. The moisture
was determined, using a moisture analyser (Ohaus
MB120, China). Then, the dried sample was ground
and passed through a 60-mesh sieve. Extract was
obtained by adding the powder to acetone 50% in
water with powdered materials to solvent ratio of
1/20 (g/ml) and extraction at 40°C. After 2 h, the
sample was filtered by number 2 filter paper. The
extract was prepared and used within a day.

Chemicals

AgNO,, DPPH (1,1-diphenyl-2-picrylhy drazyl), ABTS
(2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)),
and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid) were obtained from Sigma-Aldrich
(USA) and used as received. Solvents and other

chemicals were of analytical standard from Xilong
(China).

Media and microorganisms

Nutrient Broth (NB), Muller Hinton Agar (MHA)
obtained from Himedia (India). Microorganisms
used in antibacterial activity test consisted of E.
coli - ATCC 25922, S. enteritidis - ATCC 13076, S.
aureus— ATCC 25923, and B. subtilis - ATCC 25924.
These were purchased from Microbiologics (USA).

Synthesis of silver nanoparticles

AgNPs were synthesised by adding a solution of
silver nitrate and extract of M. aqua into aqueous
acetone 50% and stirred with a magnetic stirrer
for 24 h at a room temperature. The colour of the
solution changed from light yellow green to brown,
indicating the formation of the AgNPs [8]. Synthesis
of NPswas carried out with initial solutions of AgNO,
in concentrations of 1 mM (1 ml of 100 mM AgNO,
+ 10 ml extract solution + 89 ml aqueous acetone
50%), 5 mM (5 ml of 100 mM AgNO, + 10 ml extract
solution + 84 ml aqueous acetone 50%), 9 mM (9 ml
of 100 mM AgNO, + 10 ml extract solution + 81 ml
aqueous acetone 50%), and stirring for 24 h at room
temperature. After synthesis, UV-vis spectroscopy
(the wavelength ranges from 200 to 800 nm), size
distribution, and FTIR spectra of the AgNPs were
determined, together with the antibacterial activity
by the standard disc diffusion method.

Antibacterial and antioxidant activity of silver
nanoparticles

Antibacterial activity of the NPs with optimum
AgNO, concentration was determined by minimum
inhibitory concentration (MIC) method on four
types of bacteria (E. coli, S. enteritidis, S. aureus,

and B. subtilis) and antioxidant activity evaluated
according to DPPH and ABTS assays.

Characterisation of green synthesised AgNPs

UV-vis spectroscopy (Thermo Scientific GENESYS
6 UV-vis) with a wavelength range of 200-800 nm
was used to confirm the formation of NPs with
acetone extract used as a reference or control. The
AgNPs were collected by centrifugation (400 g,
30 min) and subsequently washed several times
with acetone and then distilled water. The samples
were used for further analysis [13].

The size distribution of AgNPs was analysed
by DLS using a Malvern instrument at 25°C, while
the FTIR spectra of the AgNPs (FT/IR-4700; Jasco,
Japan) were used to identify functional groups that
could conjugate the AgNPs and play important
biological roles. Sample of AgNPs of was placed on
the chamber of the instrument and measured in the
range of 400-4000 cm''.

Determination of antibacterial activity

Standard disc diffusion method

The procedure used was that of Hudzicki [14]
with several small modifications. Microorganisms
were standardised using 0.5 McFarland standard
(~10® CFU/ml) and diluted to 10° CFU/ml. Diluted
bacterial solution (50 ul) was added to a petri dish,
(containing sterile MHA media) spread evenly
over the agar surface and allowed to dry. Then, five
discs (5 mm in diameter) were placed onto the agar
surface. These five discs have been dipped into five
different solutions: sample 0 (S0) - acetone 50% in
water; sample 1 (S1) - solution before synthesis of
NPs (extract solution, AgNO, solution and solvent);
sample 2 (S2) - ampicilline solution 10 pg/ml;
sample 3 (S3) - solution after synthesis of NPs; and
sample 4 (S4) - extract solution. The samples were
incubated at 37°C for 20 h and antibacterial ring
diameter was measured.

Minimum inhibitory concentration (MIC)

The MICs of the green-synthesised AgNPs were
performed according to method of Oonmetta-aree
et al. [15] with small changes. Microorganisms
were prepared using 0.5 McFarland standard
(~10% CFU/ml) diluted to 10° CFU/ml. NPs were
diluted in sterilised water to 10, 5, 2.5, 1.25, 0.625,
0.3125 mg/ml. The prepared NPs solution (1 ml)
and 1 ml of microorganisms (10° CFU/ml) were
added to 8 ml of NB media solution and incubated
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for approximately 24 h. The MIC of the NPs was
regarded as the lowest concentration that did not
permit any turbidity of the tested microorganism.

Determination of antioxidant activity

DPPH assay

The DPPH assay was evaluated by the procedure
of Enujiugha et al. [16] with some minor changes.
The sample (0.2 ml) was mixed with 4 ml of 0.1 mM
DPPH in ethanol 99.5%, vortexed and put in the
dark for 30 min. Using a spectrophotometer (UVS-
2800; Labomed, USA), the absorption was measured
at 517 nm. Results are expressed as the ability of
AgNPs to scavenge 50% of free radical DPPH.

ABTS assay

The ABTS assay of AgNPs was performed according
to method of Biskup et al. [17] with minor changes.
Distilled water was used to dissolve potassium
persulfate and ABTS at a concentration of 7 mM
ABTS and 2.45 mM potassium persulfate. These
were mixed in a ratio of 1:1 (v/v) and kept in the
dark at room temperature for 16 h before use. For the
experiments, distilled water was used to dilute the
ABTS radical (ABTS**) solution to an absorbance of
1.00 at 734 nm, and 0.1 ml of the sample was added
to 2.9 ml ABTS*, vortexed and kept in the dark for
6 min at room temperature. The absorbance was read
by the spectrophotometer. Results are expressed as
the ability of AgNPs to scavenge 50% of free radical
ABTS.

Data analysis

All experiments were performed in triplicates and
results were expressed as an average of three samples
+ standard deviation (mean +SD). IBM SPSS
Statistics software, version 20 (IBM, USA) was used
to compare these results with a significance level of
95% (p<0.05).

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

Nanoparticles synthesis

The reducing agent’s reduction of silver nitrate into
silver metal results in the formation of AgNPs, which
is known to cause a colour change from yellow to

o

Figure 1.

Colour change during synthesis of AgNPs (A - before
NPs synthesis; B - after NPs synthesis)

dark brown in the reaction mixture containing
AgNO, and M. aquatica acetone extract (fig. 1).
After 24 h of stirring, the colour intensity increased.
The production of AgNPs was clearly detected by a
change in colour. The stimulation of surface plasmon
resonance of the NPs in the reaction mixture caused
the rapid colour change observed during the pro-
duction of AgNPs biosynthesised using M. aqua
acetone extract.

Effect of AgNO, concentration on nanoparticles

The UV-vis spectra pointed out the maximum
absorbance at 485 nm of the biogenic AgNPs after
24 h of reaction. It is also well known that the
absorption band of AgNPs shifts from 400 to 500 nm.
The peak of surface plasmon resonance wavelength
moves to longer, redder wavelengths and increases
with increasing particle diameter [18, 19]

The concentration of metal salts has shown to
have a significant impact on NP production. Fi-
gure 2 shows the UV-vis spectra of the AgNPs
with increasing concentration of silver nitrate
from 1 mM to 9 mM at a constant concentration
of M. aquatica solution extract as a stabiliser and
a reducing agent. The band of highest intensity
corresponded to a concentration of 9 mM AgNO,
after 24 h of reaction. A broad surface plasmon
resonance was seen at 485 nm through the spectra.
This finding is in agreement with reports by
Sadeghi and Gholamhoseinpoor [20], who reported
spectrophotometric absorption at a wavelength
of 460 nm when they synthesised AgNPs using
Ziziphora tenuior extract.



Green synthesis of silver nanoparticles from extract from Mentha aquatica Linn. var. crispa and evaluation... 41

1.07

0.87

0.67

370 470

------- ImMM == = 5mM

omM

Wavelength (nm)

Figure 2.

UV-vis absorption spectra of AgNPs synthesised with different AgNO3 concentrations

Table 1.

Effect of AgNO3 concentration on the size of AgNPs

AgNO, concentration Particle size [nm]

1 mM 95.10+2.17¢
5mM 142.37+3.03°
9mM 354.73+34.46°¢

Different letters (a, b, c¢) in the same column indicate significant
differences (p < 0.05)

Dynamic light scattering (DLS) analyses

DLS was used to measure the diameter of NPs;
the data is displayed in figure 3 and table 1. The
size of the NPs increased proportionally with the
concentration of AgNO, from 1 mM to 9 mM at
5 mM and 9mM AgNO, concentration; the particle
diameters of AgNPs were greater than 100 nm.
The DLS graph shows the diameter range between
60 and 200 nm and an average particle diameter
of 95.10+2.17 nm at 1 mM AgNO3 concentration,
while Khodadadi et al. [21] produced AgNPs from
Vaccinium arctostaphlyos extract with an average
diameter of 21 nm. Arya et al. [22] synthesised
AgNPs and CuNPs with sizes of 40-100 nm for
AgNPs and 10-70 nm for CuNPs.

Fourier transform infra spectroscopy

The FTIR spectrum shows instinct absorption
bands at 3448.36 cm™ which indicates phenol and
alcohol moieties with free OH groups. The bands at

1639.55 cm™ represent the C=C group in aromatic
compounds, those at 1357.76 cm™ and 1238.64
cm™ can be assigned to C-N stretching vibrations
of aromatic and amines and the N=O stretching
characteristic of nitro compound in the leaf
extract, respectively [23]. The band at 1068.26 cm™
represents the alcohol CO group. The bands at
813.34 cm™ and 716.96 cm™ indicate the presence
of aromatic CH bonds in compounds in the extract
solution and the synthesised AgNPs. The band at
556.56 cm™ is a characteristics of C-Cl group in
alkyl halide compounds (fig. 4) [24].

Antimicrobial activity of extract

The results of antimicrobial activity showed that
sample 0 (acetone 50% in water) and sample 4 (M.
aquatica solution extract) were negative against
four types of selected bacteria. The results of other
samples are presented in figure 5.

The results in figure 5 show that all samples after
nano formation showed increased antibacterial
ability, higher than that of the control sample but
still lower than the control antibiotic ampicillin.
This difference was statistically significant at a 5%
level of significance.

Nanoparticle size must be lower than 100 nm
[25], so we decided to synthesise NPs from M.
aquatica with experimental conditions in which
AgNO, concentration of 1 mM was used.

Antimicrobial and antioxidant activity of silver
nanoparticles

AgNPs are nanomaterials with a high antibacterial

and antioxidant capacity. This study shows that
nano silver produced from M. aquatica has

Vol. 69 No. 12023
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DLS of AgNPs with AgNO3 concentrations
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FTIR spectra of AgNPs synthesised using M. aquatica extract
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Antimicrobial activity of samples on the selected bacteria (S1: solution before NPs synthesis; S2: ampiciline 10 yg/ml;

S3: solution after NPs synthesis)

good antimicrobial and antioxidant activity. The

evaluation of results is shown in table 2.

Table 2 illustrates that the antimicrobial activity
of AgNPs against S. aureus was 0.0625 mg/ml and
against E.coli was 0.125 mg/ml. These are higher

than the results of Uzunuigbe et al. [26], who

researched NPs synthesised from Acacia senegal

Table 2.

leaf extract, where the MIC against S. aureus was
1.25 mg/ml and against E. coli was 0.63 mg/ml.
This antimicrobial activity was the same as that

Antimicrobial and antioxidant activity of AgNPs synthesized using M. aquatica extract

Antimicrobial activity (MIC) [mg/ml]

E. coli S. enteritidis S. aureus B. subtilis
0.125 0.5 0.0625 0.125
Antioxidant activity (IC, ) [mg/ml]
AgNPs (DPPH) Trolox (DPPH) AgNPs (ABTS) Trolox (ABTS)
1.29+0.01° 0.4+0.00° 1.48+0.09Y 0.56+0.01*

Different letters (a, b) indicate significant differences (p < 0.05) between samples for DPPH assay. Different letters (x, y) indicate significant differences

(p < 0.05) between samples for ABTS assay.

kerba polonica
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reported by Korkmaz et al. [27] against S. aureus
(0.0625 mg/ml) but lower than that against B. subtilis
and E. coli (0.0625 mg/ml).

Antioxidant activities of AgNPs according
to DPPH (IC,=1.29 mg/ml) and ABTS (IC_ =
1.48+0.09) were all lower than the Trolox standard.
These antioxidant activities were lower than the
reports by Saratale et al. [28], who synthesised
AgNPs using Taraxacum officinale where the IC,
and IC, , . . levels were 56.1 ug/ml and 45.6 ug/ml.
Besides, the IC,, 1op from the present study was also
lower than the optimum results of Azeez et al. [29],
who researched the synthesis of NPs using the pod
extract of Cola nitida and Amaranthus caudatus Linn
(0.67 mg/ml).

CONCLUSION

This study synthesised AgNPs with an initial AgNO,
concentration of 1 mM and stirring for 24 h. The
obtained NPs had an average diameter of 83.6 nm
with the groups of substances involved in forming
the NPs including phenolic compounds, alcohols,
aromatics, ethers, and alkyl halides. After the NPs
were synthesised, antibacterial activity was higher
than before. The results of MIC determination
against four bacterial species showed the strongest
antibacterial ability against S. aureus, with an MIC
of 0.0625 mg/ml, against E. coli and B. subtilis
0.125 mg/ml, against S. enteritidis 0.5 mg/ml. The
NPs also showed antioxidant capacity, as shown
by an IC_ .., of 1.29 mg/ml and an IC, ,, . of
1.47 mg/ml. Knowing these results, it is possible
to use NPs with antimicrobial and antioxidant
properties in the research and appliance in food
preservation.

Conflict of interest: Authors declare no conflicts of
interest.
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