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Abstract: Background: Excessive active oxygen will suppress the antioxidant defense system, result-

ing in a series of negative effects. Antioxidant substances in the diet can protect important biological 

molecules by mitigating the harm caused by oxidative stress and reducing the occurrence of chronic 

diseases related to aging. Therefore, simple, reliable and rapid detection methods for screening potential 

antioxidants in the diet have become very important. 

Methods: 1.0 g scented tea was added into 25 mL boiling water, and the extracting solution was filtered 

through filter paper by normal funnel after 10 min stirring extraction. After cooled to room temperature, 

the filtrate was diluted with water. Then, 100 �L of the scented tea extract was added into 300 �L of 

GNR solution, and water was added until the total volume was 900 �L. Subsequently, 900 �L of CTAB 

solution (0.2 mol/L) and 10 �L of hydrochloric acid (3 mol/L) were added successively. After mixing, 

800 �L of H2O2 solution (1.26 mol/L) was added for the reaction. The variation of the GNR absorption 

spectrum with time was measured to determine the inhibition of oxidation and IC50. 

Results: The rate of oxidation of GNRs was reduced by the addition of antioxidant substance, such as 

scented teas. The stronger the antioxidant activity was, the lower the rate of GNR oxidation and the 

smaller the change in the longitudinal absorption peak. The blue-shift of the longitudinal absorption 

wavelength was monitored by ultraviolet-visible spectroscopy, enabling evaluation of the antioxidant 

activity of scented teas. The IC50 values of AA, Lophatherum gracile Brongn, rose, lavender, hawthorn 

and lotus leaf were 0.0088, 0.0338, 0.0540, 0.0907, 0.2383 and 0.2533 mg/mL, respectively. 

Conclusion: The relative antioxidant activities from strong to weak for these five scented teas were as 

follows: Lophatherum gracile Brongn > rose > lavender > hawthorn > lotus leaf. The order was in good 

accordance with that obtained by the conventional DPPH method. This method is simple and easy to 

operate, interference-free, and provides a promising solution for filed screening of antioxidant activity 

of natural products.�

Keywords: Gold nanorods, longitudinal surface plasmon resonance, antioxidation activity, scented tea, ascorbic acid, rate of 
oxidation.

1. INTRODUCTION 

Many active oxygen species in the human body partici-
pate in physiological and pathological cellular processes [1]. 
Excessive active oxygen will suppress the antioxidant de-
fense system, resulting in a series of negative effects such as 
protein denaturation, DNA damage, enzyme inactivation and  
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lipid peroxidation [2-4]. Antioxidant substances in the diet can 
protect important biological molecules from these deteriora-
tions, thus mitigating the harm caused by oxidative stress and 
reducing the occurrence of chronic diseases related to aging 
[5, 6]. Clinical data and epidemiologic studies indicate that the 
intake of fruits and vegetables has an inverse relationship with 
the occurrence of some diseases (for example, inflammation, 
cardiovascular disease, cancer and diseases related to aging). 
The antioxidants (polyphenols, vitamin E, vitamin C and caro-
tene, etc.) in foods effectively prevent diseases related to oxi-
dative stress [7]. Therefore, simple, reliable and rapid detec-
tion methods for screening potential antioxidants in the diet 
have become very important. 
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At present, the most commonly used approaches for anti-
oxidant capacity assays are those based on spectrophotomet-
ric methods, such as the determination of total phenolic con-
tent with the folin ciocalteu assay, the trolox equivalent  
antioxidant activity and scavenging activity toward stable 
free radicals. As stable free radicals, 2,2-diphenyl-1-
picrylhydrazyl (DPPH), 2,2’-azinobis (3-ethylbenzthiazo- 
line-6-sulfonic acid) (ABTS) and galvinoxyl have been fre-
quently used to investigate the antioxidant capacity in food 
and drug industry [8]. However, these absorbance based 
quantitative analyses are liable for interference with other 
light-absorbing components in the samples. Besides these 
methods, electrochemical techniques also offer direct deter-
mination of the total antioxidant capacity, such as Cyclic 
Voltammetry (CV), Differential Pulse Voltammetry (DPV) 
and Flow-Injection Analysis with Amperometric Detection 
(FIA-AD) [9]. In fact, electrochemical methods only can be 
applied to electroactive antioxidant substances. Furthermore, 
Chromatographic (HPLC and GC) and Electrophoresis (CE) 
techniques are coupled to a wide range of detectors, such as 
electrochemical, ultraviolet-visible spectrophotometry (UV-
Vis) or Mass Spectrometry (MS), for separation and deter-
mination of specific antioxidants [10, 11]. However, they are 
expensive, and time consuming due to complex pretreatment 
of samples analyzed for screening purposes. In spite of the 
great multiplicity of methods, there is no approved or stan-
dardized method, which can by itself provide an adequate 
measure of antioxidant capacity, because of the complexity 
of this issue [12]. 

In recent years, a number of nanomaterials have been 
used to evaluate antioxidant capacity, including metal 
nanoparticles [12-14], quantum dots [15], and polymer 
spheres [16], because they have special thermal, mechanical, 
optical, electrical, magnetic and biological properties. Scam-
picchio et al. developed a method to evaluate antioxidant 
activity using the growth of Gold Nanoparticles (GNPs) in-
duced by phenolic acids [17]. As a consequence of the reduc-
ing property of the phenolic hydroxyl group, phenolic com-
pounds are able to reduce HAuCl4 to form gold nanoparticles 
in solution without the need for catalysis by gold seeds. The 
absorption intensity of the generated gold nanoparticles was 
related to the antioxidant activity of the phenolic acids. The 
proposed method could also be used to evaluate the antioxi-
dant activity of various drinks. On that basis, Qian group 
realized antioxidant evaluation of phenolic acids and plant 
extracts, using the growth of gold nanoshells induced by 
H2O2 [18,19]. In their studies, SiO2/GNP composites were 
employed as nanoprobes. Compared to traditional evaluation 
methods, the assays based on nanomaterials have attracted 
much attention for their advantages such as rapid detection, 
easy operation and simple equipment. 

In this present work, the rod-like gold nanoparticles sta-
bilized by cetyltrimethylammonium bromide (CTAB) were 
utilized to evaluate the antioxidant activity based on the etch-
ing of nanorods (GNRs). These GNRs have resonance ab-
sorption peaks for two surface plasmon polaritons: one paral-
lel (longitudinal) and one perpendicular (radial) to the long 
axis direction. Moreover, the longitudinal peak is sensitive to 
their aspect ratio and different optical signals are acquired in 
a wide range of wavelength by simply adjusting the length-
to-diameter ratio. As CTAB can reduce the redox potential 

of Au(I)/Au(0), GNRs are oxidized easily [20]. This oxida-
tion process preferentially takes place at the longitudinal 
direction of GNRs, leading to blue-shift of the GNRs longi-
tudinal absorption wavelength. However, the oxidation reac-
tion will be inhibited by addition of antioxidants. The 
stronger the antioxidant activity was, the lower the rate of 
GNR oxidation and the smaller the change in the longitudi-
nal absorption peak. The blue-shift of the longitudinal ab-
sorption wavelength was monitored by ultraviolet-visible 
spectroscopy, enabling evaluation of the antioxidant activity 
of scented teas. 

2. MATERIALS AND METHOD 

2.1. Chemicals and Instrumentation 

Sodium borohydride (NaBH4), chloroauric acid 
(HAuCl4), cetyltrimethylammonium bromide (CTAB), silver 
nitrate (AgNO3), hydrochloric acid (HCl), ascorbic acid 
(AA), hydrogen peroxide (H2O2) and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) were obtained from Shanghai San-
gon Biotechnology Ltd. China. All chemicals used in the 
present work, unless mentioned otherwise, were of analytical 
reagent grade. Doubly distilled water was used for all ex-
periments. The GNRs were characterized with a transmission 
electron microscope (JEM2100, JEOL, Japan). The UV-Vis 
absorption spectra of the GNRs were recorded using an ul-
traviolet-visible spectrophotometer (TU-1901, Persee, 
China). 

2.2. Preparation of GNRs 

Preparation of seeds: An aqueous solution of CTAB (0.2 
mol/L, 5.0 mL) was placed in a beaker. Aqueous HAuCl4 
(5�10

�4
 mol/L, 5.0 mL) was added with stirring. Then, a 

freshly prepared aqueous solution of NaBH4 (0.01 mol/L, 0.6 
mL) at 0 °C was added rapidly with stirring. After further 
stirring for 2 min, the prepared solution was stored at 25 °C 
for 2 h. 

Preparation of GNRs: Aqueous solutions of AgNO3 
(4�10

�3
 mol/L, 125 �L) and HAuCl4 (l�10

�3
 mol/L, 2.5 mL) 

were added with stirring to an aqueous solution of CTAB 
(0.2 mol/L, 2.5 mL) in a beaker. After mixing, AA solution 
in water (0.10 mol/L, 120 �L) was added. When the color of 
the solution changed from dark brown yellow to pale yellow, 
25 �L of gold seeds were added for reaction at 27 °C for 50 
min. After centrifugation, the prepared GNRs were dispersed 
into water for subsequent experiments. 

2.3. Oxidation of GNRs 

300 �L of GNR solution, 600 �L of water, 900 �L of 
CTAB solution (0.2 mol/L) and 10 �L of hydrochloric acid 
(3 mol/L) were mixed in a baker. Then, 800 �L of H2O2 so-
lution (1.26 mol/L) was added for reaction at 25 °C. The 
variation of the GNR absorption spectrum with time was 
measured and the oxidation rate was calculated according to 
the variation of the GNR absorption spectrum with time 
(Formula 1). 

T
R ��
=

           

 (Formula 1) 
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Where, R is the oxidation rate; �� is the change of the 
longitudinal absorption peak position (blue-shift) when the 
two peaks merged; T is the time required for merging of the 
two peaks. 

2.4. Inhibition of GNR Oxidation by AA/Determination 
of Antioxidant Activity of AA 

81 �L of AA solution (0.2 mg/mL) was mixed with 300 
�L of GNR solution in a baker, and 519 �L of water was 
added to give a total volume of 900 �L. Then, 900 �L of 
CTAB solution (0.2 mol/L) and 10 �L of hydrochloric acid 
(3 mol/L) were added successively. After mixing, 800 �L of 
H2O2 solution (1.26 mol/L) was added for reaction at 25 °C. 
The initial concentration of AA in reaction system was 
0.0062 mg/mL. The inhibition of oxidation was calculated 
according to the variation of the GNR absorption spectrum 
with time (Formula 2). 

Inhibition of oxidation %100
-

0

0
�

�

��
=

�

�� H     (Formula 2) 

Where, 0��  is the change of the longitudinal absorption 

peak of GNRs after reaction with H2O2 solution for 45 min 

in the absence of antioxidant, and H��  is the corresponding 

change in the presence of antioxidant. Inhibition of GNR 

oxidation by AA was expressed as IC50, corresponding to the 

concentration of antioxidant required to inhibit oxidation by 

50%. 

2.5. Determination of Antioxidant Activity of Scented 
Teas Using GNRs 

Five kinds of scented teas, Lophatherum gracile Brongn 
(LGB), rose, lavender, hawthorn and lotus leaf, were bought 
from the local supermarket. 1.0 g tea was added into 25 mL 
boiling water, and the extracting solution was filtered 
through filter paper by normal funnel after 10 min stirring 
extraction. After cooled to room temperature, the filtrate was 
diluted with water and used to detect antioxidant activity. 
The detail sampling information is listed in Table 1. 

The antioxidant activities of scented teas were deter-
mined according to above procedure for AA. 100 �L of the 
scented tea extract (see Table 1 for the pretreatment) was 
added into 300 �L of GNR solution. Then, water was added 
until the total volume was 900 �L. Subsequently, 900 �L of 
CTAB solution (0.2 mol/L) and 10 �L of hydrochloric acid 

(3 mol/L) were added successively. After mixing, 800 �L of 
H2O2 solution (1.26 mol/L) was added for reaction. The 
variation of the GNR absorption spectrum with time was 
measured to determine the inhibition of oxidation and IC50. 

2.6. Determination of Antioxidant Activity with DPPH 
Method 

DPPH radical scavenging activity was measured accord-
ing to Yu et al.’s method [21] with minor modification. 
Briefly, AA solution or scented tea extract (diluted if neces-
sary) was mixed with 2 mL DPPH solution (0.2 mg/mL in 
absolute ethanol) and reacted for 30 min without light, and 
the resultant solution was immediately analyzed using the 
TU-1901 ultraviolet-visible spectrophotometer at wavelength 
of 517 nm. The antioxidant activities of AA and scented teas 
with DPPH method were calculated based on the standard 
curve of AA. 

3. RESULTS AND DISCUSSIONS 

3.1. Oxidation of GNRs with H2O2

When GNRs were oxidized by H2O2, the nanorods were 
gradually shortened, and a blue-shift was observed for the 
longitudinal absorption peak (shifted to shorter wavelength). 
Fig. (1) shows the TEM images of the GNRs before and after 
oxidation by H2O2. It can be seen that the length of the 
GNRs decreased as the oxidation progressed, and the rod-
like morphology changed to small spherical particles with 
time. Fig. (2a) gives the UV-Vis absorption spectra acquired 
every 3 min until the longitudinal and transverse absorption 
peaks merged. It can be seen that the longitudinal absorption 
peak gradually blue-shifted from 825 nm after the addition of 
H2O2. This was accompanied by a gradual intensity decrease 
of the absorbance. There was little change in the position of 
the transverse absorption peak around 530 nm, but the ab-
sorbance also decreased gradually. After 60 min oxidation, 
the longitudinal and transverse absorption peaks were 
merged completely. This phenomenon is consistent with the 
morphological change observed under TEM in Fig. (1). In 
addition, a new peak appeared at 393 nm. The absorbance at 
393 nm increased gradually as the reaction progressed. This 
peak can be attributed to the characteristic absorption of 
AuBr4

�
 [22]. 

To select an appropriate H2O2 concentration for subse-
quent experiments, the merging of the longitudinal and 
transverse absorption peaks was considered to indicate com-

Table 1. Information of the sample pretreatment. 

Sample 
Quantity 

(g) 

Filtrate 

(mL) 
Dilution Ratio 

Concentration 

(mg/mL) 

Lophatherum gracile Brongn 1.0029 9.5 200 0.5278 

Rose 1.0080 5.2 100 1.9385 

Lavender 1.0019 8.0 125 1.0019 

Hawthorn 1.0090 9.8 50 2.0592 

Lotus leaf 1.0041 8.4 50 2.3907 
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pletion of the oxidation reaction. The influence of H2O2 con-
centration on the oxidation rate of GNRs was investigated. 
The initial concentrations of H2O2 in reaction system were 
0.386, 0.773, 1.354 and 1.934 mol/L. The relationship be-
tween H2O2 concentration and oxidation rate of GNRs calcu-
lated according to Formula 2 is shown in Fig. (2b). It was 
illustrated that higher concentrations of H2O2 increased the 
rate of oxidation. To best observe the influence of antioxi-
dant on the oxidation process, 0.386 mol/L H2O2 was used in 
subsequent experiments. 

3.2. Inhibitory Effect of AA on Oxidation of GNRs 

AA has certain antioxidant activity and has a scavenging 
action on H2O2. Therefore, the rate of GNR oxidation by 
H2O2 was reduced in the presence of AA. To investigate the 
influence of AA concentration on the oxidation of GNRs by 
H2O2, the initial AA concentration in reaction system varied 
(0, 0.0015, 0.0062, 0.0108 and 0.0154 mg/mL). In Fig. (3a), 
the reaction time is shown on the x-axis and the wavelength 
of the GNR longitudinal absorption peak is on the y-axis. It 
can be seen that the blue-shift of the longitudinal absorption 
peak decreased after the addition of AA. The GNR longitu-
dinal absorption peak at the beginning of the oxidation was 
located at 825 nm. After reaction for 45 min, the longitudinal 
absorption peak decreased to 709 nm in the absence of AA 
and the longitudinal absorption peak was shifted by 116 nm. 
After adding the AA with different concentrations, such as 
0.0015, 0.0062, 0.0108 and 0.0154 mg/mL, the longitudinal 
absorption peak was shifted by 102, 68, 51 and 32 nm and 
oxidation was increasingly inhibited at higher AA concentra-
tions, demonstrating an improved antioxidant effect. The 
relationship between AA concentration and inhibition of 
oxidation is shown in Fig. (3b). The IC50 value for AA was 
determined to be 0.0088 mg/mL. 

3.3. Antioxidant Activities of Different Scented Teas 

To investigate the antioxidant activity of Lophatherum 
gracile Brongn, rose, lavender, hawthorn and lotus leaf, cer-
tain volumes of scented tea extracts (Table 1) were respec-
tively taken out and treated as AA solution in 3.2. The GNR 
longitudinal absorption at the beginning of the oxidation was 
located at 825 nm. After reaction for 45 min, ultraviolet-
visible absorption spectra of the H2O2-GNR system in the 
presence of scented teas at different concentrations were 
recorded and shown in Figs. (4a, c, e, g and i). It is found 
that the longitudinal absorption peak was shifted by 112, 88, 
67, 57 and 49 nm, respectively in the presence of 0, 0.0202, 
0.0263, 0.0324 and 0.0404 mg/mL of Lophatherum gracile 
Brongn, by 112, 102, 69, 58 and 43 nm, respectively in the 
presence of 0, 0.0149, 0.0297, 0.0520 and 0.0743 mg/mL 
rose, by 112, 102, 91, 69 and 51 nm, respectively in the pres-
ence of 0, 0.0154, 0.0384, 0.0691 and 0.0998 mg/mL laven-
der, by 112, 73, 69, 57 and 49 nm, respectively in the pres-
ence of 0, 0.1183, 0.1736, 0.2367 and 0.2628 mg/mL haw-
thorn, and by 112, 87, 65, 52 and 41 nm, respectively in the 
presence of 0, 0.1282, 0.2015, 0.2748 and 0.3664 mg/mL 
lotus leaf. The results showed that higher dose of scented 
teas reduced more blue-shift, indicating greater inhibition for 
H2O2 oxidation of GNRs. The relationship between scented 
tea concentration and inhibition of oxidation is shown in 
Figs. (4b, d, f, h and j). The IC50 values of Lophatherum 
gracile Brongn, rose, lavender, hawthorn and lotus leaf were 
0.0338, 0.0540, 0.0907, 0.2383 and 0.2533 mg/mL, respec-
tively. 

3.4. Comparison of Antioxidant Activity of Scented Teas 

AA was selected as the reference, and antioxidant activ-
ity of a scented tea was assayed and expressed by AA 

Fig. (1). TEM images of the GNRs before (a) and after oxidation by H2O2 for 45 min (b) and 60 min (c). 

Fig. (2). UV-Vis absorption spectra acquired every 3 min after the addition of 0.386 mol/L H2O2 to the GNRs (a); Influence of H2O2 concen-
tration on the rate of GNR oxidation (b).
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Fig. (3). Influence of AA concentration on the longitudinal absorption wavelength of the GNRs (a); Influence of AA concentration on oxida-
tion of GNRs by H2O2 (b).

Fig. (4) contd…. 
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Fig. (4). Variation of the UV-Vis absorption spectra of GNRs during oxidation of H2O2 in the presence of scented tea extracts (a,c,e,g,i); In-

fluence of scented tea extract concentration on oxidation (b,d,f,h,j). Extract concentrations (Lines 1-5): a,b. Lophatherum gracile Brongnat, 0, 

0.0202, 0.0263, 0.0324 and 0.0404 mg/mL, respectively; c,d. Rose, 0, 0.0149, 0.0297, 0.0520 and 0.0743 mg/mL, respectively; e,f. Lavender, 

0, 0.0154, 0.0384, 0.0691 and 0.0998 mg/mL; g,h. Hawthorn, 0, 0.1183, 0.1736, 0.2367 and 0.2628 mg/mL; Lotus leaf, 0, 0.1282, 0.2015, 

0.2748 and 0.3664 mg/mL. Line 0 (a,c,e,g,i) represents the absorption spectrum of original GNRs in the absence of H2O2 and scented tea 

extract. 

Table 2. Comparison of antioxidant activity of scented teas. 

Ascorbic Acid Equivalent Gallic Acid Equivalent 
Sample 

IC50

(GNR Method) GNR Method DPPH Method GNP Growth Method [23] GNP Growth Method [24] 

Ascorbic acid 0.0088 1.0000 1.0000 1.0000 1.0000 

Lophatherum gracile Brongn 0.0338 0.2604 0.0828 0.0661 0.0166 

Rose 0.0540 0.1630 0.0734 0.0540 0.0157 

Lavender 0.0907 0.0970 0.0119 0.0296 0.0140 

Hawthorn 0.2383 0.0369 0.0104 0.0124 0.0080 

Lotus leaf 0.2533 0.0347 0.0093 0.0085 0.0076 

equivalent (milligram of AA per gram of tea). Obviously, the 
higher the AA equivalent was, the better the antioxidant ac-
tivity was. The IC50 values and AA equivalents for five 
scented teas are summarized in Table 2. It can be seen that 
Lophatherum gracile Brongn had the highest antioxidant 
activity, and the order from strong to weak for five scented 
teas investigated was Lophatherum gracile Brongn, rose, 
lavender, hawthorn and lotus leaf. In order to verify the reli-
ability of the protocol, antioxidant activity of the five scented 
teas was also evaluated using the conventional DPPH 
method. The comparison is shown in Table 2. It can be seen 

that the AA equivalents obtained by the two methods dif-
fered, possibly due to factors such as the type of potential 
antioxidant substances and their solubility in water, and the 
synergism with other substances in scented tea. Notably, 
because the determination of antioxidant capacity is based on 
the change in the longitudinal absorption wavelength (blue-
shift), the result obtained by this GNR method should be less 
interfered by the background color of sample solution than 
that based on measurement of common absorbance under a 
fixed UV-Vis wavelength. In addition, the sequence of anti-
oxidant activities for the five scented teas with this proposed 
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GNR method was the same as evaluated not only by the 
method based on growth of gold nanoparticles (GNP growth 
method) [23, 24] but also by conventional DPPH method. 
Therefore, the GNRs based strategy proposed in this study is 
feasible for the evaluation of antioxidant activity of scented 
teas. 

CONCLUSION 

In this study, the antioxidant capacity of scented teas was 
evaluated according to the UV-Vis absorption spectral varia-
tion of GNRs during oxidation by H2O2. The morphology of 
GNRs is changed in aspect ratio during oxidation. The rate 
of oxidation was reduced by the addition of antioxidant sub-
stance. Thus, Lophatherum gracile Brongn, rose, lavender, 
hawthorn and lotus leaf extracts were used as antioxidants to 
inhibit the oxidation of GNRs by H2O2. The results indicated 
that the relative antioxidant activities for these five scented 
teas were as follows: Lophatherum gracile Brongn > rose > 
lavender > hawthorn > lotus leaf. The order was in good ac-
cordance with that obtained by the conventional DPPH 
method. This method is simple and easy to operate, interfer-
ence-free, and provides a promising solution for filed screen-
ing of antioxidant activity of natural products. 
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