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Abstract. Currently, the silver nanoparticles (AgNPs) are highly recurrent in medicine due to its magnetic 
and optical properties, becoming important antimicrobial, antiviral and anticarcinogenic agents; 
nevertheless, the synthesis of said nanoparticles is based on chemical methods, applying reducing and 
stabilizing agents that are highly polluting to environment and harmful to health. However, plant extracts 
can be used as a "green" method alternative to chemical conventional synthesis. In the present work, the 
aqueous extract of the leaves of an Oak native to Mexico (Quercus rugosa; Fagaceae) was used as a 
reducing and stabilizing agent in AgNPs synthesis using silver nitrate as a precursor. Different tests were 
performed by varying the volume of the aqueous extract and the concentration of silver nitrate.  Through 
UV-vis spectroscopy, the presence of biomolecules, such as polyphenols and flavonoids, was identified. 
The AgNPs were characterized by the identification of their plasmonic response. 
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INTRODUCTION 

 
Nanoparticles of noble metals, mainly gold (AuNPs) and silver (AgNPs) exhibit interesting optical properties that 

can be utilized on medical applications in radiotherapy systems and thermal ablation; and given its nature of biocompatible 
materials, do not pose significant risks to human health and the environment [1]. AgNPs application in clinical treatments 
involves no side effects to health, since they have reported remains of silver in despicable concentrations in different 
organs and systems of rats [2]; nevertheless, the synthesis of said nanoparticles is based on the implementation of reducing 
agents and chemical stabilizes which may lead to the emergence of some toxic chemical species  absorbed and 
consequently, generate counterproductive effects in medical applications [1]; inducing side effects on health and 
negatively impacting the environment. However, synthesis AgNPs through microorganisms or plant extracts could 
mitigate the effects of these problems, making the nanoparticles potentially more biocompatible and respectable with the 
environment [1, 3, 4]. 

It has been shown that the secondary metabolites of plants, such as flavonoids, polyphenols and terpenes, that could 
be closely related to the immune system of plants by having bactericidal and bacteriostatic properties [5-9], act as reducing 
and stabilizing agents in the synthesis of AgNPs, being a powerful "green" resource alternative to the conventional 
chemical synthesis of metallic nanoparticles [10]. 

In recent years, concern for the environment and human health has increased considerably, so in many investigations 
the extracts have been applied mainly leaves of different plants in the biosynthesis of metal nanoparticles for medical 
applications, particularly for their antimicrobial qualities: Shankar and collaborators in 2004 used the leaves of the neem 
of India in the synthesis of gold and silver nanoparticles [1], as well as Shakeel and collaborators in 2016 [11]. Mostafa 
and collaborators in 2014 used olive leaves in the synthesis of AgNPs to test their antibacterial effect; while Logeswari 
and collaborators in 2015 applied in the biosynthesis of AgNPs, the extracts of the leaves of different plants of medical-
food interest (purple basil, eggplant, asiatic centella and orange tree). Bagherzade and collaborators in 2017 used the 
extract of saffron in their "green synthesis" experiments of AgNPs [12]. Researches on nanoparticle biosynthesis focuses 
principally on commercial plant species and in Mexico, these studies are precarious despite the great diversity of plants 
we possess; having a broad field of research poorly exploited in our native species with potential applications in bio and 
nanotechnology. The white oak (Quercus rugosa: Fagaceae Née, 1801) is a tree species endemic to Mexico that dwell in 
wooded regions with temperate climates [13], this tree possess bactericidal properties and its leaves have been used in 
traditional Mexican medicine to fight infectious diseases and wounds [14]. For all the above, the objective of the present 
study was to use the aqueous extract of white oak leaves as a reducing and stabilizing agent for the biosynthesis of AgNPs 
from silver nitrate as precursor. 

 
METHODOLOGY 

 
1. Aqueous extract preparation. The dry leaves of white oak were collected of a mature specimen in the state of 

Puebla, Mexico. The leaves were ground to a fine powder and 2 grams of the vegetable powder were weighed and mixed 
with 10 mL of deionized water at 80-95 °C in a test tube and vortex was immediately applied for 5 minutes; subsequently 
it was centrifuged at 2500 rpm at 37 °C for 10 minutes. Again, 15 mL of deionized water at 80-95 °C was added to the 
tube with the mixture and vortexed for 5 minutes. Finally, it was centrifuged at 2500 rpm at 37°C for  
15 min. The supernatant liquid was separated of the mixture to be applied immediately in the biosynthesis of the AgNPs. 
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2. Aqueous extract characterization. The characterization of the aqueous extract for the determination of the 
biocompounds with reducing and stabilizing effect was carried out by UV-vis spectroscopy [15]. 

3. Silver nanoparticles biosynthesis. 
3.1 Tests of variation of the aqueous extract concentration. We based on the chemical synthesis method of 

Creighton [16], solutions of 20 mL of 0.3 M of AgNO3 concentration were prepared to mix them with different volume 
of plant extract (1, 2, 3, 4 and 5ml) and were shacked at room temperature for 10 min. The formation of silver nanoparticles 
was determined by the change in the coloration of the solutions and the UV-vis spectrum. The solutions were monitored 
for 5 days to study their stability.   

3.2 Tests of variation of silver nitrate molarity. In this case, the molarity was modified and solutions of 20 mL of 
1, 2, 3, 4 and 5 M concentration of AgNO3 were prepared to mix each with 3 ml of the aqueous extract of the white oak. 
The mixtures were shacked at room temperature for 10 min. The formation of AgNPs was determined by the change in 
coloration of the solutions and the UV-vis spectrum. The solutions were monitored for 5 days. 

4. AgNPs characterization. The characterization of the nanoparticles obtained was carried out by UV-vis 
spectroscopy [21] for the identification of surface plasmon resonance reported from 400 to 470 nm [17, 18] for 5 days 

 
RESULTS AND DISCUSSION 

 
1. Determination of the vegetal biocompounds in the aqueous extract with reducing and stabilizing activity. 

To be able to use the aqueous extract of Q. rugosa, it was necessary to determine the presence mainly phenolic compounds, 
biocomponents with reducing and stabilizing effect in the biosynthesis of AgNPs. Aleixandre-Tudo and Du Toit in their 
research on the release of phenolic compounds from the solid parts of the grape berries during the wine making process 
published [19] report the absorbance peaks for different phenolic compounds ( malvidin-3-glucoside, malvidin-3-
pcoumarylglucoside, catechin, gallic acid, caftaric acid, coutaric acid, rutin, quercetin) that absorb in the range from 200 
to 400 nm approximately (except for malvidin-3-glucoside and malvidin-3-pcoumarylglucoside, which range up to 600 
nm), with slight variations depending on the identity of the phenolic compound. In this context, the resulting spectrogram 
for the aqueous extract white oak presents an absorbance peak in approximately 310 nm (Fig. 1), which suggests that 
some phenolic compounds that possess the fruits of the grape, are also present in the leaves of the tree used in this study. 
However, it is necessary to carry out the characterization by FT-NIR to confirm the presence of said bio components. 

 

 
Figure 1. UV-vis spectrogram of the aqueous extract of Q. rugosa. A peak of absorbance is observed in approximately 
310 nm, at which point they absorb some phenolic compounds, plant biocomponents that have reducing and stabilizing 
properties in the biosynthesis of AgNPs  
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2. Determination of surface plasmon resonance of AgNPs. 
2.1. Tests of variation of the aqueous extract concentration. There are multiple investigations on the synthesis of 

AgNPs in which plant extracts are applied as reducing and stabilizing agents; however, the way in which the variation in 
the concentration of those extracts influences, as well as the concentration of the precursor in the growth of the AgNPs 
over time, is poorly studied and probably also depends on the plant species used. When the concentration of the precursor 
was set to 3 M, favorable results were observed in growth and surface plasmon morphology from the third day on all 
concentrations applied, especially in volume greater than 2mL of the extract (Fig. 2), but when the concentrations of the 
extract are little, in this case 1 and 2 mL, the growth stops in the fourth day, as the availability of the bio compounds with 
the reducing and stabilizing effect is probably finished (Fig. 2 A and B) At higher volume of the aqueous extract (3, 4 and 
5 mL), the definition of the surface plasmons resonance improves over the time and greater growth is observed (Fig. 2 C, 
D and E). 

 
 

 
 

 
 

Figure 2. UV-vis spectrograms of 1, 2, 3, 4 and 5 mL of the aqueous extract of Q. rugosa with 3 M of AgNO3  evaluated 
for 5 days (A, B, C, D and E respectively). The surface plasmon morphology is adjusted from the third day with marked 
in growth depending on the volume of the aqueous extract 
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2.2. Tests of variation of the silver nitrate molarity. When the concentration of the AgNO3 is varied and the 
volume of the aqueous extract is set at 3 mL, a greater growth and better morphology of the surface plasmon resonance 
is observed on the third day, especially in concentrations greater than 1 M; however, the growth decreases in the fourth 
day and increases again to the fifth day. This phenomenon is probably due to the nanoparticles are broken and formed 
again due to their instability (Figure 3 A, B, D and E). In the case of the 3 M concentration of AgNO3, the growth increases 
gradually without showing backs, which suggests that the nanoparticles are more stable and grew steadily during the 5 
days; this indicates that 3 M is the ideal concentration of AgNO3 for the adequate synthesis of nanoparticles (Fig. 3 C). 

 

 

 
Figure 3. UV-vis spectrograms of 1, 2, 3, 4 and 5 M of the AgNO3 with 3 mL of the white oak aqueous extract evaluated 
for 5 days (A, B, C, D and E respectively). The highest growth is observed on the third day, with a decrease in all 
concentrations in the fourth day (A, B, D and E) except for the 3 M concentration that presents a gradual  
growth (C) 
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CONCLUSIONS 

 
Due to the aqueous extract of white oak leaves contains phenolic compounds, is an excellent agent with reducing 

and stabilizing effect, being a viable alternative friendly to the environment and human health that can be applied in the 
"green synthesis" of AgNPs. 

The formation and particularly the growth of the nanoparticles over time is determined by the volume of the aqueous 
extract and the concentration of the precursor; being lower in low volume; in addition, the better defined surface plasmons 
resonance were obtained from the second day in high concentrations of both elements in the biosynthesis of AgNPs; 
however, the concentration of 3 M of the AgNO3 is the most adequate, and the high concentrations of the aqueous extract 
can vary in the 3 M colloidal solution to obtain the successful biosynthesis of AgNPs. However, it is necessary to carry 
out the characterization by transmission electron microscopy to study the average size of the AgNPs. 

It is highly recommendable to continue with researches on the potential applications of endemic plant species in 
biotechnology so that the manufacturing processes are more respectful with the environment and human health. 
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