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Abstract 

Silver nanoparticles (AgNPs) exhibit excellent antibacterial effects against both Gram-positive and Gram-

negative bacteria. They represent a possible way to combat bacteria resistant to conventional antibiotic 

treatment. Over time, bacteria also become resistant to AgNPs. One solution is to modify the AgNP surface 

with various simple or more complex biomolecules with antibacterial activity. Such modifications can be 

achieved using so-called green synthesis. The green synthesis of AgNPs is based, for example, on the use of 

plant extracts as reducing agents. The AgNPs obtained have biomolecules derived from the extract bound to 

their surface. The aim of this work was to identify other plant species with a high content of secondary 

metabolites with the potential antibacterial activity that would make them suitable for green synthesis. A large 

number of plants occurring in tropical areas of Vietnam contain a lot of hitherto unspecified substances with 

the potential antibacterial effect.  Nanoparticles prepared using extracts of harvested plants were characterized 

by physical and biochemical methods. Silver nanoparticles with the modified surface can be used to combat 

resistant bacteria. 

Keywords: Ethnobotany, biochemical analysis, antioxidant activity 

1. INTRODUCTION 

In recent years, nanotechnology is developing rapidly and is being used in all sectors of human activity. 

Nanomaterials, due to the excellent antibacterial effect, are being explored for possible health applications [1]. 

Nanoparticles can also be used for their physicochemical properties suitable as tags in sensor / biosensor 

analysis [2,3]. Green synthesis introduces new technologies that are more compatible with biological systems 

and molecules. Various kinds of plant-derived biomolecules can be used for such synthesis [4]. In addition, 
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the synthesized nanoparticles can be coated with a cationic polyelectrolyte layer to further enhance the 

nanoparticle effect [5]. Adhesive hydrogels are of great popularity in biomedical applications, but there are a 

number of adhesion and antibacterial problems. Lignin hydrogels with silver nanoparticles (AgNPs) have been 

designed to significantly improve these properties. Lignin hydrogels with AgNPs have been designed to 

significantly improve these properties [6]. For example, different ways how to prepare various AgNPs-based 

nanotransporters for targeted therapy of tumour or bacterial diseases are being sought. The antibacterial 

properties of AgNPs are most studied and discussed [5,7]. However, their biological effect is still not very clear 

and must be carefully studied [8,9]. Indeed, AgNPs are characterized not only by antibacterial but also antiviral, 

antifungal [10] and antitumor effects [11]. The aim of this work was to prepare AgNPs with the modified surface 

to increase their antibacterial abilities and to test this activity. By using green synthesis, such modifications 

can be easily achieved. Typical for green synthesis is the use of plant extracts that replace chemical reducing 

agents in the reaction, such as NaBH4 or LiAlH4. Tropical and subtropical forests represent a great potential 

as there is a large number of endemic plant species in which a lot of chemical compounds (low-molecular-

weight substances) as well as biologically important molecules (peptides, proteins, nucleic acids, etc.), have 

been described. Especially phenolic substances, namely flavonoids, are important in antibacterial activity. 

2. MATERIAL AND METHODS 

Biological material collection sites have been selected in the cooperation with CEMM researchers. Plant 

samples were collected in the university campus of the VNU University of Science, Thong Nhat and Tuoi Tre 

part, Hoan Kiem lake, and Hanoi Botanical Garden, Hanoi Night Market, Tu Dung Homestay Botanic Garden 

in Can Tho and Cat Tien National Park. All activities were handled in direct collaboration with workplaces at 

Vietnamese universities. Plant species were collected in tropical forest areas in Vietnam as a part of a scientific 

expedition in July 2019. Six plant species were selected. GPS coordinates were recorded for each plant. Plants 

used in experiments were as follows: Lagerstroemia indica, Lagerstroemia speciosa, Alstonia scholaris, 

Polyalthia longifolia, Aglaonema multifolium, and Delonix regia. Individual plant species were classified into 

families and genera primarily by the appearance of their leaves, stems, and overall plant appearance. 

Alternatively, flowers or fruits were used to identify plants. Plant identification was provided by the Department 

of Pharmacognosy of the Faculty of Pharmacology at Tra Vinh University. 

Short description of nanoparticle preparation: Immediately after collection, the plants were washed in distilled 

water and divided into smaller parts. Subsequently, all samples were transferred to a Petri dish and placed in 

an oven (HN101, Lang-Shan, China) for 24 hours at 60 °C. The samples were then homogenized to a fine 

homogeneous powder using a mixer (Mixer Grinder HL1643/06, Philips, Netherlands). The material thus 

prepared was used to prepare the plant extract. 1 g of the prepared plant material was mixed with 50 mL of 

distilled water heated to 80 °C. Extraction was carried out for 1 hour with stirring (IKA RH basic, Malaysia) at 

80 °C and 300 g. Each plant extract was filtered and allowed to cool to room temperature. After filtration, the 

plant extracts were mixed with 0.1 M AgNO3 (1:1) and allowed to stir with a magnetic stirrer (IKA RH basic, 

Malaysia) at room temperature (23 °C) for 18 hours. During the formation of nanoparticles, the colour of the 

resulting solution gradually changed (increasing the absorbance in the area of 450 nm due to the formation of 

nanoparticles). 

VIS absorption spectra were measured in the 250‒750 nm range. (Biochemical analysis of AgNPs surface 

was performed on BS-300 automatic analyzer (Mindray, China). DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS 

(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) and FRAP (ferric reducing ability of plasma) methods 

were used for sample analysis [12,13]. Infinite F50, (Tecan, Switzerland) was used to measure bacterial growth 

curves. The antimicrobial activity of the AgNPs prepared by green synthesis was determined by the 

microdilution method, with some modifications. Different volumes of the stock solution AgNPs and broth media 

were added to 96-well microtiter plates to obtain tested concentrations with a final volume of 250 µL. Then a 

1-10 µL of the microbial inoculums were inoculated in microtiter plate wells to obtain a final concentration of 
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104 cells/mL. The plates were incubated for 24 h at 30 °C and after incubation, viable cell numbers were 

enumerated, and the colony-forming units per millilitre (CFU/mL) were determined. Positive and negative 

controls were included in all assays. Probit analysis used to determine the minimum inhibitory concentrations 

(Qinslab Information System, Czech Republic). 

3. RESULTS AND DISCUSSION 

In the experimental work, AgNPs were prepared by green synthesis with yields between 60 - 80 % 

depending on the individual plant species used for the synthesis. 

 

Figure 1 Typical absorption spectra of AgNPs: (A) Lagerstroemia indica, (B) Lagerstroemia speciosa, (C) 

Alstonia scholaris, (D) Polyalthia longifolia, (E) Aglaonema multifolium, (F) Delonix regia. (G) XRD analysis of 

AgNPs (H,I) HRTEM analysis of AgNPs. Other experimental details are given in Material and Methods part. 

Evidence of formation of AgNPs was indicated by the presence of absorption maxima of about 450 nm  

(Figure 1). Spherical AgNPs showed only one peak. The more the absorption maximum was shifted to higher 

wavelengths, the larger the AgNPs were. The appearance of peaks with a smaller area under the curve at 

lower wavelengths confirmed the presence of monodisperse nanoparticles. On the other hand, peaks with a 

larger area under the curve at higher wavelengths confirmed the presence of polydispersion. Characterization 

of AgNPs: The size of nanoparticles ranged from 20 ‒ 60 nm, which is similar to the average size (27 nm) of 

those prepared by Nicolescu et al. [14] that found the maximum peak at 400 ‒ 440 nm. On the contrary, some 

researchers reported the maximum peak in the area of 340 ‒ 620 nm [15]. The HRTEM analysis confirmed a 

polyhedron shaped AgNPs. By obtaining the XRD spectrum, we confirmed the presence of carbon and oxygen 

on the surface of AgNPs (Figure 1). 

In further experiments nanoparticles were characterized in terms of secondary metabolites bound to their 

surface. AgNPs were dispersed in ultrapure water, with 40 W., ultrasound for 30 min and then analysed. 

Chemical analysis (phenolic compounds, ABTS, DPPH, FRAP) showed the presence of phenolic groups on 

the AgNPs surface. The total concentrations of phenolic compounds and the ability of AgNPs to quench free 

oxygen radicals are summarized in Figure 2. The highest concentration of phenolic compounds was found in 
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AgNPs prepared with L. speciosa extract. The most significant antioxidant activity, measured by ABTS method 

was observed in A. scholaris, by DPPH method in P. longifolia and by FRAP method in A. scholaris.  

 
Figure 2. Biochemical characterization of AgNPs. (A) Concentrations of total phenolic compounds on the 

surface of AgNPs. (B, C, D) AgNPs ability to quench free oxygen radicals ‒ ABTS, DPPH, and FRAP 

methods. GAE- gallic acid equivalent. 

Antibacterial activity was monitored for Gram-positive S. aureus and M. luteus, for Gram-negative E. coli and 

S. marcescens. In the diffusion test, the diffusion zones about 1.5 ‒ 2 cm were observed. Growth curves and 

Probit analysis showed minimal inhibitory concentrations between 0.8 ‒ 5 mg/ml. The highest antibacterial 

effect was shown for AgNPs form A. multifolium. This nanoparticle form have moderately high concentration 

of phenolic compounds and have strongly high ability to generate free oxygen radicals, especially FRAP. The 

lowest MIC value was shown for AgNPs from P. longifolia. We can suggest, that the concentration of phenolic 

compounds correlates with antibacterial properties of green synthesis silver nanoparticles. The highest 

susceptibility to silver nanoparticles in our experiment was shown for E. coli strain. There is no significantly 

difference, between AgNPs effect on Gram-positive and Gram-negative bacteria (p < 0.05) see in Table 1. 

Table 1 - Effect of green synthesized AgNPs on bacterial cells in diffusion test  

Treatment 
 

Strain 

AgNPs from 

L. indica 

AgNPs from 

A. scholaris 

AgNPs from 

P. longifolia 

AgNPs from 

A. multifolium 

E. coli < 0.8 1.3 1.6 < 0.8 

S. marcescens < 0.8 1.3 5 0.8 

S. aureus 2.5 1.3 3.2 < 0.8 

M. luteus 1.3 1.3 5 1.3 - 0.8 

Minimal inhibition concentration (MIC) of AgNPs is given in mg/mL 
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4. CONCLUSIONS 

We have prepared silver nanoparticles using a green synthesis approach in which plant extracts prepared 

from plant species collected in Vietnam were used. In these areas, there are many plant species in which not 

all secondary metabolites have been described in detail. However, these substances may have potential 

antibacterial activity. Using the green synthesis, the AgNPs surface can be modified with these substances to 

improve their antibacterial activity. Such nanoparticles can be used to combat bacterial resistance very 

effectively. Our results show that applying the principles of green chemistry can allow the synthesis of 

nanoparticles with biologically important molecules that have higher antimicrobial activity and less impact on 

environment than nanoparticles prepared by chemical synthesis.  
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