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Abstract
A low-cost and reliable detection of hydrogen peroxide is essential in the pharmaceutical, medical, and food industries, since 
H2O2 can cause irreversible cellular damage through the oxidation of biomolecules. This paper describes a sensitive lumi-
nescent sensor for H2O2 based on a dual fluorescence-colorimetric assay for determining the hydrogen peroxide using silver 
nanoparticles prepared with Plinia cauliflora extracts (PcAgNPs). Nanoparticles were characterized by UV–Vis, transmis-
sion electron microscopy, elemental analysis, Zeta potential, FTIR, and fluorescence. The average size of spherical particles 
was ~ 14 nm. The photoreduction process and pH control improved the nanoparticle's photophysical properties and stability. 
With pH adjustment, the Zeta potential of PcAgNPs prepared with fruit extract changed from ~ − 17 mV to ~ − 30 mV. The 
behavior of the PcAgNPs SPR and fluorescence bands were studied in the presence of H2O2. The SPR band of PcAgNPs 
around 420 nm gradually decreased upon the increasing concentration of H2O2, while the PcAgNPs emission has an enhance-
ment and a shift (from ~ 470 to ~ 440 nm) in the presence of hydrogen peroxide. A calibration curve was obtained in the range 
of 0–5 μM, with a calculated detection limit of 0.15 μM. The present biosensor can be applied as an alternative method for 
detecting hydrogen peroxide in medical care and environmental monitoring.

Keywords  Plinia cauliflora · Silver nanoparticles · FTIR · UV–Vis · Photoreduction · Fluorescence · Hydrogen peroxide

1  Introduction

Hydrogen peroxide (H2O2) is a reactive oxygen species 
(ROS) and plays a vital role in many biological processes 
and enzymatic reactions[1]. This compound is employed in 
several industrial sectors for bleaching and sterilizing proce-
dures in the food industry, water treatment, and biochemical 
practices[2–4]. Nowadays, H2O2 has been employed as a 
disinfection adjuvant to mitigate the risk of indirect SARS-
CoV-2 spreading [5]. H2O2 can cause intracellular oxidative 
stress associated with aging, neurodegeneration, and can-
cer[6, 7]. For this reason, an accurate and low-cost method 
to detect H2O2 in vitro and in vivo has become necessary[8].

Various analytical methods have been applied to deter-
mine hydrogen peroxide, including fluorescence and colori-
metric assays[9–11]. Fluorescence sensors exhibit changes 
in emission intensity or shifts in the emission profiles[12, 
13]. However, naked-eye detection or colorimetric detection 
is most preferred because of its simplicity, low costs, and 
fast response[14].

Silver nanoparticles (AgNPs) have been used for sensing 
applications [15–18]. Colorimetric detection of H2O2 using 
AgNPs has been described[17, 19]. However, the use of fluo-
rescence spectroscopy of plant-synthesized AgNPs to detect 
variations in H2O2 content in a solution was not reported.

AgNPs possess strong surface plasmon resonance (SPR) 
absorption of around 420 nm depending on their size, shape, 
composition, and the surrounding media[20]. The environ-
mentally friendly and sustainable synthesis methods like 
green synthesis using plant extracts[21, 22] or microor-
ganisms [23] and physical methods such as pulsed laser 
ablation[18, 24, 25] and photoreduction [26–28] have been 
employed to synthesize AgNPs of variable sizes and shapes.

Compared to chemical methods, photochemical routes 
in nanotechnology are advantageous, because they avoid 

 *	 Lilia Coronato Courrol 
	 lcourrol@unifesp.br

1	 Instituto de Ciências Ambientais, Químicas e Farmacêuticas, 
Departamento de Física, Universidade Federal de São Paulo, 
Diadema, São Paulo, Brazil

2	 Centro de Ciências e Tecnologia dos Materiais, Instituto 
de Pesquisas Energéticas e Nucleares, IPEN/CNEN-SP, 
São Paulo, SP, Brasil

http://orcid.org/0000-0002-1842-6152
http://crossmark.crossref.org/dialog/?doi=10.1007/s00339-022-05821-5&domain=pdf


	 K. de Oliveira Gonçalves et al.

1 3

692  Page 2 of 12

the use of toxic or harmful compounds, allow spatial and 
temporal control, do not depend on expensive instrumenta-
tion or highly qualified personnel, and, most importantly, 
can be performed under environmental conditions [28–31]. 
The photochemical process begins with the reduction of 
the metallic precursor, from (Ag+) to its zero valence state 
(Ag0) by the photocatalyzed action of the reducing agent. 
The Ag0 form nucleation centers or nuclei that later grow 
and aggregate to give rise to AgNPs.

In 2003, plant-based synthesis of silver nanoparticles 
was published using Medicago sativa [32]. After this pub-
lication, several other studies were performed using plant 
extracts to obtain silver nanoparticles [33–36]. Synthesis 
of nanoscale materials using plant extracts attracts atten-
tion as it is a simple, effective, cheap, and feasible method 
for obtaining nanoparticles. Biologically active compounds 
found in plants can reduce metal ions much faster than bac-
teria or fungi. Polyphenols compounds, such as flavonoids 
and phenolic acids, are among the essential phytochemicals 
responsible for the nanoparticle's bioreduction [37]. These 
compounds can reduce silver ions and, at the same time, act 
as a capping agent stabilizing the nanoparticles [38]. The 
photoreduction method can improve the optical quality of 
AgNPs prepared with plant extracts[28, 39].

Recently, several publications on Plinia cauliflora have 
attracted considerable attention since the fruits and leaves of 
this plant present antioxidant, anti-inflammatory, antimicro-
bial, and anti-cancer activities [40–44]. P. cauliflora (Mart.) 
Kausel is a tree in the family Myrtaceae that includes about 
5900 species. These species are found in Brazil's Atlantic 
rainforest, Pantanal, Cerrado, and Caatinga biomes [45]. 
The tree is 10–15 m tall with single leaves up to 7 cm long 
and blooms in the spring and summer (Fig. 1a). The flow-
ers and fruits (jabuticaba) grow in clusters along the trunk 
and branches. Jabuticaba is sweet, pleasant to taste, and 
rich in phenolic constituents, anthocyanins, flavanols, and 

ellagitannins [44]. Traditionally jabuticaba is used for the 
treatment of diarrhea, asthma, chronic inflammation of the 
tonsils, etc. [41, 42, 46]. There is no report on the synthesis 
of AgNPs mediated by P. cauliflora extracts.

In this paper, the P.cauliflora extracts, photoreduction 
method, and pH control were employed to obtain AgNPs 
with excellent optical properties. The nanoparticles were 
characterized by UV–Vis, transmission electron microscopy, 
elemental analysis, FTIR, and fluorescence spectroscopy. 
Furthermore, the H2O2 detection was described based on 
the reduction of the SPR band (colorimetric method) or/
and the increase in the fluorescence intensity of PcAgNPs. 
Method sensitivity was obtained.

2 � Materials and methods

2.1 � Materials and synthesis

Silver nitrate (AgNO3) was purchased from Sigma-Aldrich. 
P. cauliflora leaves and fruits were collected from a spon-
taneous germination tree in São Paulo, SP, Brazil. All solu-
tions were prepared with double-distilled water under ambi-
ent conditions.

P. cauliflora leaves and fruits were repeatedly washed with 
double-distilled water. Leaves or fruits (1.040 ± 0.025 g) 
were finely chopped and boiled for 5 min in 100 mL of dou-
ble-distilled water. After 1 min, the solutions were filtered, 
and two mmol of AgNO3 was added to the extracts at ~ 80 °C 
to prepare silver nanoparticle solutions (PcAgNPs). After 
the reaction, the suspensions became acidic (pH ≅ 3.9 ± 0.3). 
The pH of prepared solutions was adjusted to neutral with 
sodium hydroxide (NaOH). Solutions containing AgNO3 and 
P. cauliflora extracts were submitted to the photoreduction 
process to improve nanoparticle properties (Table 1). In this 
case, 10 mL of solutions were exposed to a 300 Watt xenon 

Fig. 1   a Jabuticaba tree, b P. cauliflora leaves, c jabuticaba, d leaves infusion, e extract from P. cauliflora leaves, f PcAgNP 2, g PcAgNP 6
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lamp (Cermax) for 1 min. After the photoreduction process, 
pH was adjusted to neutral. Some pictures of the synthesis 
process are shown in Fig. 1.

2.2 � Characterization of nanoparticles

Spectrophotometry in the UV–Vis region was performed 
with the Shimatzu MultiSpec 1501 spectrophotometer. In 
this case, 50 µL of PcNPs were diluted in 500 µL of doubly 
distilled water, and the measurements were carried out in a 
10 mm optical path quartz cuvette in the range of 200 and 
800 nm.

The colloidal suspension's zeta potential and size were 
analyzed using the Zetasizer Nano ZS Malvern. Three assays 
were made for each sample.

The Fourier transform infrared spectroscopy (FTIR) was 
obtained with Shimatzu IRPrestige. In this case, 200 µL 
of the PcNPs and their extracts were deposited on micro-
scope slides and dried in an oven at 60°. The process was 
repeated three times. The material deposited on the blades 
was scraped off to make KBr pellets.

The JEM 2100 JEOL microscope obtained transmission 
electron microscopy images and elemental analysis.

Fluorescence measurement was recorded on an RF-
5301PC Shimatzu fluorimeter. The fluorescence spectra 
were accomplished on a 1 × 1 cm quartz cell at excitation 
at 320 nm.

2.3 � Determination of hydrogen peroxide 
calibration curve

Hydrogen peroxide solutions were prepared in deionized 
water. 1 mL of hydrogen peroxide solution (0–5 pM) was 
added to 1 mL of PcAgNP6. The reaction was done at room 
temperature and finished after 30 min. With the increasing 
H2O2 concentration, the PcAgNPs solution color changed 
from yellow to transparent. A standard calibration curve was 

obtained from PcAgNp6 intensity fluorescence (at 470 nm) 
behavior exciting samples at 320 nm.

2.4 � Selectivity for H2O2

To determine the selectivity of the method, fluorescence 
analysis were performed with PcAgNP6 in the presence of 
Ba2+, Ca2+, Cd2+, Co2+, Cu2+, K+, Li+, Mg2+, Na+, Sr2+, 
Zn2+ cations (from Vetec) at a concentration of 100 μg/mL 
(± 3 μg/mL) incubated for 30 min. Interference of glucose 
(Glucose PAP SL, from ElitechGroup), cholesterol (Choles-
terol solution, from ElitechGroup), triglycerides (Triglyc-
erides Mono SL, from ElitechGroup), urea peroxide (Urea 
hydrogen peroxide from Aldrich), tryptophan (Tryptophan 
P.A. from Vetec), and human saliva (56 years old healthy 
woman) were also determined. 100 µL of solutions were 
mixed with 2 mL of PcAgNP6 (100 µM).

3 � Results

3.1 � PcNPs’ synthesis and characterization

Extracts of P. cauliflora leaves and fruits present absorption 
bands in the UV region attributed to polyphenols like flavo-
noids, tannins, etc., as observed in Fig. 2a [47]. Leaf extract 
presents absorption bands at 233 nm (A-ring absorption) and 
λ = 349 nm (B-ring absorption) that can be assigned to flavo-
noids like quercetin and a band at 277 nm of tannic acid[48]. 
The absorption bands of fruit extract are considerably more 
intense than leaf extract. The fruit extract bands centered 
at 247 nm and 375 nm, with a shoulder around 305 nm, are 
attributable to ellagic acid (EA)[49]. The exhibited absorp-
tion peak around 420 nm in the visible region may be due 
to chlorophyll absorption. The anthocyanins absorb light 
between 460 and 550 nm and are responsible for fruit color.

The UV–Vis spectra of the PcAgNPs prepared with leaf 
and fruit extracts are shown in Fig. 2b, c. In both cases, 
SPR bands around 430 nm can be observed, indicating 
the formation of the PcAgNPs immediately after adding 
AgNO3 to the extracts. After exposure to Xenon light for 
only 1 min, the SPR band intensity increases. With the 
pH adjustment to 7.0, a blue shift (to ~ 420 nm) of the 
PcAgNPs SPR band is observed. The full width at half 
maximum (FWHM) of the SPR band describes the poly-
dispersity of the solution. A narrow SPR band is observed 
in Fig. 2c for nanoparticles prepared with fruit extract by 
photoreduction (~ 399 nm), indicating that these nano-
particles are more homogeneous and smaller. The opti-
cal density is almost three times higher for the samples 
prepared with fruit extract than those prepared with leaf 
extract (Fig. 2c). This effect indicates that fruit extract 
prepared AgNPs are more concentrated than leave extract 

Table 1   Prepared samples. Reagents concentrations and method

Sample Leaves Fruits AgNO3 Light (min) pH

Pc leaves extract 1.1 g
Pc fruits extract 1.1 g
PcAgNP1 1.1 g 2 mmol
PcAgNP 2 1.1 g 2 mmol 7.0
PcAgNP 3 1.1 g 2 mmol 1 min Xe
PcAgNP 4 1.1 g 2 mmol 1 min Xe 7.0
PcAgNP 5 1.1 g 2 mmol
PcAgNP 6 1.1 g 2 mmol 7.0
PcAgNP 7 1.1 g 2 mmol 1 min Xe
PcAgNp8 1.1 g 2 mmol 1 min Xe 7.0
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prepared AgNPs. Figure 2d shows the TEM images of 
PcAgNP6, indicating particles with diameters of ~ 14 nm, 
and the elemental analysis indicated the presence of Ag 
in the samples.

Zeta potential measurements were performed to analyze 
the stability of the suspensions. The average of the results 
obtained for the PcAgNPs without and with photoreduc-
tion is presented in Table 2. The results indicate that the pH 
adjustment improves the stability of solutions. PcAgNP6 
were the more stable particles. The PcAgNPs kept their sta-
bility and colors for at least a year.

3.2 � FTIR analysis

Figure 3 and Table 3 present the FTIR spectra obtained 
for leaf extract and PcAgNPs prepared with leaf and fruit 
extracts. These spectra can be compared to the spectra 
obtained by Sampaio et al. [50] for fruit extracts. They 
observed bands in the region 1600 and 1700 cm−1, an intense 
stretching peak at 1721 cm−1, and a peak at 1225 cm−1. For 
spectra measured for PcAgNPs prepared with fruit extract, 
the same bands are observed (Fig. 3a). In PcAgNPs prepared 
with leaf extract, it is possible to observe bands at about 
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Fig. 2   a UV–Vis spectra of leaf and fruit extracts. b UV–Vis spec-
tra of PcAgNPs (leaf extract) before and after irradiation with Xenon 
lamp by 1  min and pH adjustment. c UV–Vis spectra of PcAgNPs 
(fruit extract) before and after irradiation with Xenon lamp by 1 min 

and pH adjustment. d TEM images of PcAgNP6, size distribution, 
and elemental analysis of synthesized particles to show the Ag or 
other elements present in the sample. Accelerating voltage: 200.0 kV 
Magnification: 100,000
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2919 and 2842 cm−1, indicating the presence of C–H2 asym-
metric and symmetric stretching probably of tannic acid 
[51]. Also, the band at 1627 cm−1 due to the C=C stretch-
ing vibrations[52]. The peak observed around 1386 cm−1 in 
fruit extract indicates that the C–H vibration of the different 

extract compounds interacts significantly with AgNPs. The 
spectra presented in Fig. 3b of nanoparticles prepared with 
fruit extract and photoreduction indicated the presence of 
the same functional groups responsible for the bioreduction 
of Ag+ and capping/stabilization.

3.3 � Fluorescence analysis

The fluorescence analysis of samples is shown in Fig. 4. Fig-
ure 4a shows the emission band of fruit extract due to flavo-
noids around 440 nm when excited at 320 nm. This figure 
also shows the fluorescence spectra of PcAgNPs prepared 
with leaf extract and pH 7.0, showing a shift in emission 
peak (from ~ 470 nm) and a reduction in intensity compared 
to the fruit extract emission. Figure 4b shows the excitation 
and emission spectra (excitations at 300, 320, and 340 nm) 
obtained for PcAgNPs (fruits extract), presenting a similar 
spectra profile that one obtained for leaf extract.

3.4 � Detection of H2O2

A series of H2O2 solutions with different concentrations 
were added to the PcAgNP6 (fruits extract) solution and 
incubated for 30 min. PcAgNP6 nanoparticles were chosen 

Table 2   Zeta potential, particle 
size, and PDI obtained for 
PcAgNPs

a Measured 5 months after synthesis

Sample Method Zeta Poten-
tial (mV)

Particle size (± SD) (nm) (PDI)

PcAgNP1 Leaves extract − 10.8 66.84 ± 45.1 0.455
PcAgNP2 Leaves extract, pH 7.0 − 20.0 44.74 ± 20.54 0.211
PcAgNP3 Leaves extract, Xe − 17.1 63.70 ± 42.48 0.445
PcAgNP4 Leaves extract, photoreduction, pH 7.0 − 15.5 65.25 ± 31.22 0.252
PcAgNP5 Fruits extract − 17.1 84.79 ± 45.61 0.289
PcAgNP6 Fruits extract, pH 7.0 − 30.4 104.94 ± 90.20 0.323a

PcAgNP7 Fruits extract, Xe − 20.5 97.72 ± 31.38 0.210a

PcAgNP8 Fruits extract, photoreduction, pH 7.0 − 26.7 71.53 ± 36.56 0.261
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Fig. 3   a FTIR spectrum obtained from the P. cauliflora leaf extract 
and PcAgNPs prepared with fruit and leaf extracts with pH 7.0. b 
PcAgNPs prepared with fruit extract with photoreduction and pH 7.0

Table 3   FTIR peaks obtained 
from P. cauliflora extracts and 
PcAgNPs

Plants extracts
Wavenumber (cm−1)

PcAgNPs
Wavenumber (cm−1)

O–H stretching 3420 3394
Symmetric and asymmetric vibrational mode 

of C–H2 stretching
2919, 2849 2919, 2849

C–H bending 2930
C=O stretching 1721[50] 1727
C=C stretching 1627[52] 1627
C–H bending 1381 1386
C–O stretching 1225[50] 1225
C–O stretching 1082 1057
C–H bending 805
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for the H2O2 detection studies because they have excellent 
optical properties, stability, and an easy synthesis process. 
Figure 5a shows the UV–Vis spectra of PcAgNP6 in the 
presence of H2O2, indicating that the SPR peak decreases 
gradually with the increase in the concentration of H2O2. 
However, Fig. 5b shows an opposite profile in fluorescence 
spectra, showing an increase in the PcAgNP6 emission band 
at ~ 460 nm (excitation at 320 nm) with the increase in the 
concentration of H2O2. This result indicates that the lumi-
nescence intensity was gradually restored with an increase in 
the concentration of H2O2. Furthermore, a shift in emission 
peak position could be observed.

The potential use of PcAgNPs as a luminescence sensor for 
H2O2 was studied. A calibration curve obtained from the emis-
sion spectra of PcAgNP6 in the presence of H2O2 is presented 
in Fig. 6a. A good linear relationship over the range from 0 to 
5 μM with a correlation coefficient of 0.98 was obtained. The 
limit of detection (LOD) was calculated to be 0.15 μM accord-
ing to the signal-to-noise method 3σ rule. The detection limit 
was comparable to H2O2 sensors reported in Table 4.

Figure 6b shows the changes in PcAgNPs colloidal solu-
tion color in the presence of H2O2 with concentrations ranging 
from ~ 0 to 5 µM, indicating a potential naked-eye colorimetric 
sensor.

The selectivity of PcAgNPs for H2O2 detection was studied. 
As shown in Fig. 6c, reduced luminescence changes could 
be observed with the ionic species Ba2+, Ca2+, Cd2+, Co2+, 
Cu+, K+, Li+, Mg2+, Na+, Sr2+, and Zn2+, compared to results 
obtained with H2O2 with a concentration of 5 µM. In Fig. 6d 
is observed the PcAgNP6 fluorescence spectra profile in the 
presence of glucose, cholesterol, triglycerides (present in the 
blood), urea hydrogen peroxide (present in the urine), trypto-
phan and saliva. No significant change in PcAgNP fluores-
cence intensity was observed in the presence of these sub-
stances, compared to the changes in the emission intensity 
and peak wavelength promoted by H2O2. These results dem-
onstrate that the PcAgNPs system is selective for H2O2 over 
other non-target substances.
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Fig. 5   a SPR absorption spectra obtained for PcAgNPs (fruits 
extract) after reaction with H2O2 in various concentrations. b Fluo-
rescence spectra obtained with 320 nm excitation after reaction with 
H2O2 in various concentrations for 30 min
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4 � Discussion

The leaves of P. cauliflora possess tannin and flavonoids, 
quercetin, and myricetin [43, 46]. P. cauliflora  fruit, 
jabuticaba, contains carbohydrates, vitamins, minerals, 
tannins, carotenoids, phenolic acids as ellagic acid, and 
flavonoids, like quercetin and its isomers, myricetin and 

anthocyanins, and organic acids as citric acid, succinic 
acid, malic acid, oxalic acid, and acetic acid [45, 46, 59].

The synthesis of silver nanoparticles from leaf and 
fruit extracts occurs by reducing the metallic ions to neu-
tral atoms by a redox process promoted by the bioactive 
compounds present in the extracts [60]. After mixing 
plant extracts and silver nitrate, the SPR bands are wide, 

(a) (c)

(d)

(b)

Fig. 6   a Fluorescence turn-on calibration curve. b The color change 
of PcAgNPs in the presence of H2O2 with concentrations ranging 
from ~ 5–0 µM. c The selectivity of the colorimetric sensing method 
toward H2O2. Variations in luminescence intensity of the PcAgNP 
system in the presence of interfering species (Ba2+, Ca2+, Cd2+, 

Co2+, Cu+, K+, Li+, Mg2+, Na+, Sr2+, Zn2+) or H2O2. d Changes in 
the fluorescence spectra (excitation at 320 nm) due to glucose, cho-
lesterol, triglycerides, urea hydrogen peroxide, tryptophan, and saliva 
in PcAgNP6 solution

Table 4   Comparison of 
analytical performances of 
different H2O2 sensors based on 
silver nanoparticles

Method limit of detection Method limit of detec-
tion, µM

Linear range, µM References

Amperometric response 0.24 10–260 [53]
Amperometric response 0.56 0.005–47 [54]
Colorimetric sensor 5.00 75–500 [55]
Colorimetric sensor 3.70 0.45–121 [56]
Fluorescence sensor 0.30 0–17.0 [57]
Colorimetric sensor 0.21 0–140 [58]
Fluorescence turn-on sensor 0.15 0–5.0 This work
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indicating agglomerates. The optical properties of PcAg-
NPs can be controlled by adjusting the pH to neutral and 
submitting the solution to the photoreduction process with 
Xenon illumination. Electrostatic stabilization is regulated 
by pH adjustment, and the SPR bands become narrowed, 
indicating monodispersed nanoparticles. Particles can be 
redispersed by the photoreduction method. Photoreduction 
offers steric repulsion within nanoparticles, thus prevent-
ing the agglomeration and giving rise to a mutual stabili-
zation system. The photoreduction process and pH control 
increase the Zeta potential value (Table 1), making it more 
negative, indicating more stable nanoparticles.

The UV–Vis spectra obtained for leaves and fruit 
extracts presented in Fig. 1a showed that fruit extract 
has an increased concentration of ellagic acids (EA) and 
anthocyanins, whereas leaf extract flavonoids such as 
quercetin [61, 62], and tannic acid[48]. The action of poly-
phenolic compounds is probably responsible for reducing 
silver ions and the coating the nanoparticles avoiding their 
agglomeration [63–65].

Tannic acid mediates the reduction of metal salts and 
the synthesis of AgNPs. In this case, carboxylic acid 
groups (COOH) lose their hydrogen atom to become car-
boxylate ions (COO−) during the reduction process. The 
COO− formed attaches to the surface of silver nanoparti-
cles to act as a surfactant and stabilize AgNPs[66].

Quercetin gives two electrons to Ag+, forming two 
AgNPs, with the consequent oxidation of the catechol 
present on the B ring of the o-quinone group[67].

Ellagic acid reduces silver ions resulting in the forma-
tion of AgNPs due to the two-electron oxidation of the 
hydroxyl groups of the phenol ring system, leading to the 
formation of a quinoid-containing ketone system [68].

The one-step oxidation–reduction mechanism between 
Ag+ and phenolic –OH of anthocyanin leads to Ag0 [69].

Vibrational bands at 3394 (O–H), 2919 and 2849 
(C–H2), 2930 (C–H), 1727 (C=O), 1627 (C=C), 
1386 (C–H), 1225 and 1057 (C–O), and 805 and 
771  cm−1 (C–H), observed in PcAgNPs (Fig. 3), indi-
cate the presence of organic molecules from P. cauliflora 
extracts linked to Ag nanoparticles.

The fluorescence behavior of the studied samples is 
shown in Fig. 4. Broadband from 380 to 500 nm for leaf 
extract is due to plant fluorophores[70, 71]. PcAgNPs pre-
sent a reduction in emission intensity and a shift in the emis-
sion peak compared with extracts.

PcAgNPs absorption band in the presence of H2O2 gradu-
ally decreased with the increase of H2O2 concentration, as 
observed in Fig. 5a. However, the luminescence intensity of 
the system was gradually restored with an increasing con-
centration of H2O2 (Fig. 5b). The nanoparticles' SPR sup-
pression and luminescence recovery occur immediately after 
contact with H2O2 and stabilize between 10 and 30 min. 

Therefore, an incubation time of 30 min is recommended 
before signal reading.

A good linear relationship over the range from 0 to 
5 μM was observed in the fluorescence analysis. The criti-
cal feature can be observed in the emission peak shift with 
increased H2O2 concentration, making this method sensitive 
and selective. The sensitivity of this method is compared, 
as observed in Table 4, to other reported methods for H2O2 
detection[9, 72].

A schematic representation of H2O2 sensing is shown in 
Fig. 7. The detection mechanism involves a redox reaction 
between the H2O2 and the zero-valent silver. This redox 
reaction removes the stabilizing agent from the surface of 
the nanoparticles, facilitating the interaction H2O2–Ag0, 
releasing Ag+. With this process, the absorbance intensity of 
the colloidal solution decreases, making the solution color-
less. Same time, the luminescence of plant extract polyphe-
nols, which diminishes in the presence of the nanoparticles, 
is recovered with their destruction. Generally, fluorescence 
turn-on sensors are less susceptible to false-positive signals 
than fluorescence quenching sensors [73, 74]. Therefore, 
PcAgNPs allow both fluorescence turn-on and colorimetric 
H2O2 sensors can be reached.

A dual fluorescence-colorimetric assay for determining 
the hydrogen peroxide using PcAgNPs was developed. The 
natural fluorescence of Plinia caulifora was quenched upon 
reaction with AgNPs. Adding hydrogen peroxide to PcAg-
NPs, the analyte replaced the surface-bound P. caulifora 
molecules, the aggregation of the nanoparticles occurred, 
corresponding fluorescence reappeared, and a colorimetric 
variation was observed. The method can be applied to meas-
ure the activity of enzymes that generate or eliminate H2O2. 
This allows the screening of compounds that affect the activ-
ity of such enzymes as glucose oxidase.

The required instrumentation for the hydrogen peroxide 
sensor proposed in this work could be a filter-based fluo-
rometer that is simpler, cheaper, and smaller compared to 
a conventional spectrometer due to the absence of conven-
tional monochromators used for excitation and emission 
wavelength selection. In this case, an excitation source a 
light-emitting diode (LED) at 320 nm, an emission filter 
at ~ 460 nm, and a photosensor are required.

5 � Conclusions

This paper presented a simple, fast, non-toxic, eco-friendly, 
and low-cost process to obtain nanoparticles from P. cauli-
flora leaf and fruit extracts. The formation of the PcAgNPs 
started immediately after adding AgNO3 to the extracts. The 
photoreduction process and pH adjustment improve particle 
qualities. PcAgNPs of the average size of ~ 14 nm are very 
stable in neutral pH and did not show a significant variation 
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during 1 year. Comparisons between nanoparticles prepared 
with leaf and fruit extracts indicated that PcAgNPs prepared 
with fruits and pH adjustment were the more stable. The 
fluorescence analysis of PcAgNPs with excitation at 320 nm 
revealed broadband with a peak around 470 nm due to flavo-
noids present on the surface of the nanoparticles. With the 
increased concentration of H2O2, the PcAgNPs SPR band 
gradually decreased, while the luminescence intensity of 
the system increased. The increase in luminescence occurs 
from the decomposition of AgNPs by H2O2, which restores 
the emission of plant extract. A shift in the emission peak 
was also observed in the presence of H2O2. To our knowl-
edge, this is the first report of plant-mediated synthesized 
nanoparticles applied to detect H2O2 by fluorescence turn-on 
method reported in the literature. These finds can be crucial 
in applying plant-mediated synthesized silver nanoparticles 
to develop effective fluorescent sensing platforms for label-
free sensors.
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