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Introduction

Biosynthesis methods have many advantages over traditional
chemical synthesis routes, including a lower cost, minimal envi-
ronmental impact, and the potential for one-pot synthesis. The
literature contains many studies on the biosynthesis of silver
nanoparticles (AgNPs) using plant extracts or tissue materials.
For example, Rivera-Rangel et al. [1] used castor oil oily phase,
Brij 96 V,1,2-hexanediol surfactants, and Geranium leaf aqueous
extract to synthesize AgNPs with a size of 25~150 nm. Huang et
al [2] synthesized AgNPs using Cacumen Playcladi extract. The
results showed that the mean size and distribution of the AgNPs
increased with an increasing silver nitrate precursor concentra-
tion. However, given a reaction temperature of 90°C, nanoparti-
cles with a size of just 18.4 + 4.6 mm could be obtained. Ahmed
et al, [3] and Ahmed et al., [4] proposed green synthesis meth-
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Abstract

The organic compounds of Taiwan Oolong tea are used
as low cost green reduction agents for the first time in this
study to facilitate the biosynthesis of silver nanoparticles
(AgNPs) using silver nitrate. The experiments commence by
confirming the general feasibility of the proposed AgNP re-
action process. A dilution method is then presented in which
De-ionized (DI) water is added to the reaction solution to
control the NP size and prevent metal oxide precipitation. It
is shown that the synthesized AgNPs have a Polydispersity
Index (PDI) of around 0.2 and an average particle size of less
than 45 nm. They are thus of comparable quality to that
of standard AgNPs produced using mainstream chemical
synthesis methods. The results indicate that the proposed
method provides a viable low-cost, low-energy and scalable
route for the synthesis of AgNPs for a wide variety of ap-
plications.

ods for the preparation of AgNPs using leaf extracts of Skimmia
laureola and Azadirachta indica, respectively. Similarly, Baghiza-
deh et al [5] synthesized AgNPs using seed extract of Calendula
officinalis. Dhand et al [6] proposed a zero-energy route for
the preparation of AgNPs with a size of 20~30 nm using coffee
seed extract as the reducing agent. Begum et al [7] used various
aqueous solutions derived from black tea leaves to synthesize
AgNPs. The results showed that stable nanoparticles of various
shapes and sizes could be rapidly formed when using plain tea
leaf broth or broth containing ethyl acetate as a precursor.

Gondwal and Joshi Nee Pant [8] synthesized AgNPs and
CuNPs using aqueous leaf extract of Cassia occidentalis. The
two NPs showed excellent antibacterial activity against Escheri-
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chia coli and Salmonella typhi bacteria, respectively. However,
the AgNPs showed a lower toxicity than the CuNPs. Other simi-
lar studies confirming the favorable antibacterial properties of
AgNPs fabricated through green synthesis routes (Logeswari et
al. [9]; Shivakumar et al. [10]; Sondi and Salopek-Sondi [11]).
Khatami et al [12] synthesized colloidal AgNPs with an average
size of 12 nm using pine pollen as both a reducing agent and a
capping agent. The antifungal properties of the NPs were evalu-
ated in vitro and were shown to be highly effective in inhibit-
ing and disrupting fungal growth. Kim et al [13] and Larue et
al [14] showed that biosynthetic AgNPs not only have an ex-
cellent antibacterial and antifungal performance, but are also
harmless to common plants, such as wheat and lettuce. As a
result, they have significant potential as new anti-pathogenic
agents in place of harmful pesticides. Kathiravan et al. [15] syn-
thesized AgNPs using the plant extract of Melia dubia. The re-
sulting NPs were tested on human breast cancer cells and were
shown to exhibit both a remarkable cytotoxicity effect and a
high therapeutic index. Recently, Valarmathi [16] successfully
utilized a marine source of S. filamentosa to synthesize AgNPs
for the first time. The produced AgNPs are sphere-shaped with
the range between 20 and 30 nm in size. Sana and Dogiparthi
[17] reported a simple, rapid, efficient and eco-friendly ap-
proach to produce AgNPs with bio-reduction of silver ions and
aqueous extract of G. Moluccana. This method is also useful for
large scale production of nanoparticles and could result in eco-
nomic viability. Ahn et al [18] synthesized silver nanoparticles
using thirty Chinese plant extracts via a green synthetic strat-
egy. They showed that among the thirty extracts, seven extracts
(Cratoxylum formosum, Phoebe lanceolata, Scurrula parasitica,
Ceratostigma minus, Mucuna birdwoodiana, Myrsine africana
and Lindera strychnifolia) exhibited the successful synthesis of
silver nanoparticles. These results provide ample and system-
atic information for researchers on the green synthesis of silver
nanoparticles using plant extracts.

Given the effective antibacterial and antifungal properties
of biosynthetic AgNPs, together with their significant potential
for pharmaceutical science and anti-cancer therapy, the synthe-
sis of AgNPs through green, low-energy methods has attracted
significant attention these days. However, very few low-energy
or even zero-energy methods have thus far been proposed for
controlling the biosynthesis process. Accordingly, the present
study proposes a novel technique for controlling the growth of
AgNPs produced using the leaf extract of Taiwan oolong tea by
diluting the reaction mixture using carefully controlled amounts
of De-lonized (DI) water. The observation results show that the
dilution procedure slows the reaction process and enables the
synthesis of AgNPs with a quality comparable to that of NPs
produced using a standard chemical synthesis route.

Material and methods

Silver nitrate was purchased from Panreac, Inc. (Taiwan),
and used without further purification. Oolong tea leaf was pur-
chased from Songxing Tea Factory in Changhua County, Taiwan.
Finally, DI water was obtained from the Direct-Q5 system pur-
chased from Merck (Germany).

2 grams of oolong tea leaves were added to 600 ml of DI
water and left to stand for 24 hours. The tea broth was trans-
ferred to a covered 1000 ml beaker and heated. Once the broth
reached boiling conditions, it was removed from the heat and
allowed to cool naturally to room temperature. Finally, the

broth was filtered through Waterman Paper #1 and stored in a
refrigerator at 6°C to maintain a constant extract concentration
throughout all of the experiments.

Initial concentration of silver nitrate

10 ml of silver nitrate with concentrations of 0.1, 0.2, 0.4,
0.6, 0.8 and 1.0 mM, respectively, was placed in six 100 ml clean
beakers. 1 ml of tea extract was added to each beaker for 1 hour
to synthesize AgNPs.

Volume of tea extract

0.6,0.8,1.0, 1.2, 1.4 and 1.6 ml of tea extract was added to
six 100 ml clean beakers. 10 ml of 1 mM silver nitrate solution
was added to each beaker and left to stand for 1 hour to syn-
thesize AgNPs.

Dilution method

10 ml of 1 mM silver nitrate solution was added to a 100 ml
clean beaker. 1 ml of tea extract was added to the beaker and
was allowed to stand for 15 minutes; resulting in a color change
from light yellow to golden yellow. 90 ml of DI water was then
added to the reaction solution and left to stand for 12 hours.

Nucleation time

10 ml of 1 mM silver nitrate was added to two 100 ml clean
beakers. 1 ml of tea extract was added to each beaker and al-
lowed to stand for 5 minutes and 20 minutes, respectively. 90
ml of DI water was then added to each beaker and left to stand
for 12 hours.

Dilution ratio

10 ml of 1 mM silver nitrate was added to two 100 ml clean
beakers. 1 ml of tea extract was added to each beaker and al-
lowed to stand for 20 minutes. 90 ml and 190 ml of DI water
was added to the two beakers, respectively, and left to stand
for 24 hours.

Instruments

The absorbance spectra of the various reaction solutions
were measured using a UV/vis spectrophotometer (GENESYS
10S, Thermo Fisher, USA). The size of the AgNPs was measured
using a dynamic light scattering (DLS) instrument (Delsa Nano
C, Beckman, USA).

Results and discussion
Green synthesis principle of nanoparticles

Huang et al [2] measured the concentrations of four com-
ponents of Cacumen Platycladi extract (i.e., reducing sugar,
flavonoids, saccharide and protein) before and after the AgNP
reaction process, respectively. The results indicated that the
reaction process was dominated by the reducing sugars and
flavonoids. Ajitha et al [19] prepared AgNPs using Momordica
charantia leaf broth and found a significant change in the C-O-C
bonds in the molecular structures of the glucose and flavonoid
components of the extract following the reaction process (see
Figure 1). Hence, it was again inferred that the glucose and fla-
vonoids played a key role in the AgNP synthesis process. Based
upon this principle, the organic compounds in Taiwan oolong
tea leaf are used as green reduction agents to facilitate the bio-
synthesis of silver nanoparticles for the first time.
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Figure 1: C-O-C-bond loss after AgNP reaction (Ajitha et al.
[19]).

Effects of initial silver nitrate concentration

Figure 2 shows the UV/vis absorbance spectra of the reaction
solutions prepared using silver nitrate solutions with concentra-
tions of 0.1~1.0 mM. It is seen that for silver nitrate concentra-
tions in the range of 0.4~1.0 mM, the absorption peak inten-
sity increases approximately linearly with an increasing nitrate
concentration. Moreover, a small blue-shift in the absorption
spectrum occurs. However, for silver nitrate concentrations of
0.1 and 0.2 mM, the absorbance spectra are virtually the same
and the absorption intensity has a low and approximately con-
stant value for wavelengths of more than 400 nm. Hence, it is
inferred that a low silver nitrate concentration results in a slow,
or even stagnant, reaction process.
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Figure 2: Absorbance spectra for reaction solutions produced
using 1 ml of tea extract and silver nitrate concentrations of
0.1~1.0 mM.

Effects of tea extract volume

Figure 3(a) shows the UV/vis absorption analysis results for
the reaction solutions produced with a constant silver nitrate
concentration of 1 mM and tea extract volumes of 0.6, 0.8, 1.0,
1.2, 1.4 and 1.6 ml, respectively. For each sample, the peak ab-
sorption intensity occurs at a wavelength of 440 nm. Moreover,
the magnitude of the peak intensity increases with an increasing
extract volume. Hence, it is inferred that the amount of AgNPs
synthesized in the reaction process increases with an increasing
tea extract volume. An inspection of Figure 3(b) confirms that
the quantity of the AgNPs increases linearly with an increasing
extract volume with a correlation ratio of R?> = 0.9964. In other
words, the reaction process for extract volumes of 0.6 ~ 1.6 ml
is predictable and stable.
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Figure 3: (a) Absorbance spectra for reaction solutions pro-
duced using silver nitrate concentration of 1 mM and tea extract
volumes of 0.6 ~ 1.6 ml. (b) Regression analysis results for relation-
ship between absorbance peak intensity and tea extract volume.

Effects of dilution control method

As described above in relation to Figure 2, for low concentra-
tions of silver nitrate (i.e., 0.1 mM or 0.2 mM), a slow and almost
stagnant reaction process is induced. In the present study, this
phenomenon is deliberately exploited to prevent the excessive
growth of the AgNP particles in the reaction process. In particu-
lar, 10 ml of 1 mM silver nitrate solution is initially reacted with
1 ml of tea extract for 15 minutes to synthesize AgNPs as seed
crystals, and 90 ml of DI water is then added to the reaction
solution. The solution is left to stand for 12 hours, during which
time the seed crystals continue to slowly catalyze the metal ions
not previously reacted in the solution to produce further AgNPs.
Figures 4(a) and 4(b) show the initial reaction solution after 15
minutes and the diluted solution after 12 hours, respectively.
Figure 5 presents the DLS analysis results for the AgNP particle
size after 12 hours. An inspection of the DLS results shows that
the AgNPs have an average particle size of 45 nm and a Polydis-
persity index (PDI) of 0.264.
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Figure 4: (a) Initial reaction solution with 1 mM silver nitrate.
(b) Diluted reaction solution after 12 hours.
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Figure 5: DLS analysis results for AgNP size distribution after
12 hours.

Effects of dilution ratio and nucleation time

Figure 6(a) shows the absorbance spectra of the diluted re-
action solutions prepared with 90 ml and 190 ml of DI water,
respectively. As expected, the peak absorption intensity of the
solution diluted with 90 ml of DI water is higher than that of
the solution diluted with 190 ml of DI water due to the greater
AgNP concentration. Moreover, the DLS results show that the
AgNPs prepared with 90 ml of DI water have a mean size of 37.5
nm, whereas those prepared with 190 ml of DI water have a
slightly larger size of 39.5 nm.
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Figure 6: (a) Absorbance spectra of AgNP solutions diluted with
90 ml and 190 ml of DI water, respectively. (b) Absorbance spectra
of diluted AgNP solutions with initial reaction times of 5 minutes
and 20 minutes, respectively.

Figure 6(b) shows the absorbance spectra of the diluted
AgNP solutions prepared with initial reaction times of 5 min-
utes and 20 minutes, respectively. As expected, the absorption
peak intensity of the solution prepared with an initial reaction
time of 20 minutes is greater than that of the solution prepared
with a reaction time of 5 minutes due to the corresponding in-
crease in the AgNP size. The difference between the reaction
solutions is obvious even to the naked eye; with the solution
prepared using a reaction time of 5 minutes having a dim yellow
appearance and that with a reaction time of 20 minutes having
a far darker yellow hue. Furthermore, the DLS analysis results
confirm that the AgNPs with a 20-minute reaction time have an
average size of 37.5 mm, while those prepared with a 5-minute
reaction time have a slightly smaller size of 36 nm.

Conclusion

The present study has proposed a method for the synthesis
of AgNPs using the leaf extract from Taiwan Oolong tea for the
first time as the reducing and capping agent and silver nitrate
as the precursor. The results have confirmed that the intensity
of the AgNP reaction process increases with both an increasing
leaf extract volume and an increasing silver nitrate concentra-
tion. However, for a low silver nitrate concentration (less than
0.2 mM), a stagnant reaction process occurs. This phenomenon
has been exploited in the present study as a low-cost and low-
energy control method for preventing excessive AgNP growth
and metal oxide precipitation. The DLS results have shown that
the AgNPs have a mean size of 45 nm and a polydispersity index
of 0.264. It is noted that these properties are consistent with
those of AgNPs fabricated through traditional chemical routes.
Overall, the results indicate that the proposed method provides
a viable low-cost, low-energy and scalable route for the synthe-
sis of AgNPs for a wide variety of applications.
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