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A B S T R A C T

Gallic acid (GA) is widely used in beverages, food, and other fields as antioxidant. However, GA is slightly toxic 
and the accumulation of GA is harmful to human body. Therefore, it’s vital to develop simple and sensitive 
detection methods for GA. In this work, a novel ratiometric fluorescent nanoprobe (named CoOOH/OPD/SiNPs) 
for the GA detection in different foods was designed and prepared. The fluorescence of silicon nanoparticles 
(SiNPs) at 443 nm would be quenched by cobalt oxyhydroxide (CoOOH) nanoflakes. o-phenylenediamine (OPD) 
would be oxidized to 2,3-diaminophenazine (DAP) by CoOOH nanoflakes that have peroxidase-like activity, 
which produces a new fluorescent peak at 556 nm. Meanwhile, SiNPs’ fluorescence would be quenched through 
DAP due to inner filter effect (IFE). With the addition of GA, the reductive decomposition of CoOOH decreased 
DAP level, causing IFE being restrained. The concentration of GA indicates an excellent linear relationship with 
fluorescence ratio (F443/F556) in range of 0.4–12 μM (R2 = 0.9937) with 0.16 μM detection limit. This nanoprobe 
is applied to GA detection in water, tea leaves, fruits and nut fruits, which would be expected to act as a portable 
device for complex substances analysis.

1. Introduction

Gallic acid (3,4,5-thihydroxybenzoic acid, GA), one of natural 
polyphenol compounds with hypotoxicity and straightforward chemical 
structure, widely exists in plants like gallnuts, fructus corni, sumac, 
rhubarb, oak bark, witch hazel, hops, grapes and tea (Boye et al., 2006; 
Stanković et al., 2017; X. Tan, Li, & Yang, 2020). As a strong antioxidant, 
gallic acid has lots of biological activities and pharmacological effects, 
for instance, antibacterial, anti-oxidation, anti-mutagenic and anti- 
tumor efficacy, etc. (Baghayeri, Amiri, Hasheminejad, & Mahdavi, 
2018; Shahamirifard, Ghaedi, Razmi, & Hajati, 2018). Due to its three 
hydroxyl groups of GA chemical structure, it is well known as having 
high reducibility. GA makes extensive use of antioxidant in beverages, 
food, medicines and other fields (Niu, Pei, Ma, Yang, & Ma, 2022; Sekar 
et al., 2022). However, GA is slightly toxic and hard to biodegrade at low 
concentrations. The accumulation of gallic acid is bad for human health, 
which may cause several diseases, including dizziness, headache, fatigue 
and stomach upset, etc. (Chen et al., 2020; Liang et al., 2016; X. Wang, 
Tan, Wang, Wu, & Kong, 2019). Therefore, it is significance to establish 
sensitive and selective analytical methods for GA in food substances, 
which is critical to knowing their health benefits.

Currently, a variety of techniques have been developed for GA 
analysis, including high performance liquid chromatography (HPLC) 
(Švecová, Bordovská, Kalvachová, & Hájek, 2015), thin layer chroma-
tography (TLC) (Dhalwal, Shinde, Biradar, & Mahadik, 2008), flow- 
injection chemiluminescence (S. Li et al., 2012), spectrophotometry 
(Dmitrienko, Medvedeva, Ivanov, Shpigun, & Zolotov, 2002), fluores-
cence spectroscopy (Pan et al., 2022), oscillating chemical reactions 
(Jiménez-Prieto, Silva, & Pérez-Bendito, 1996), capillary electropho-
resis (H. X. Liu et al., 2014) and electrochemical methods(Badea et al., 
2019). However, some of these techniques may suffer from limitations, 
such as requirement of sophisticated and costly instruments, time- 
consuming and not suitable for onsite field analysis. Due to its remark-
able advantages, such as high sensitivity and selectivity, rapid response 
times and ease of applications, the fluorescent technique is a prospective 
way for gallic acid detection. Lots of fluorescent probes have been set up 
to detect gallic acid in recent years. Nevertheless, most fluorescent 
probes are based on a single signal, which is easily influenced by probe 
concentrations, environmental noises, excitation intensity, light source 
and measurement conditions (Huang et al., 2018). The ratiometric 
fluorescent probes have multi-fluorescence signals and one of them 
serves as a built-in calibration system, which can offer a background 
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signal not influenced by light sources and environmental noise (M. Li 
et al., 2018; Pang & Liu, 2020; L. Wang et al., 2020; X. Xu et al., 2019). 
Therefore, it is great of significance to design a ratiometric fluorescent 
probe for gallic acid detection with low cost and simple operation.

Metal oxyhydroxide, a type of two-dimensional nanomaterials, have 
been attracted widespread attention because of its superior light ab-
sorption capability and large specific surface area (X.-P. Zhang, Zhao, 
Shu, & Wang, 2019). Cobalt oxyhydroxide (CoOOH) nanoflakes have 
been applied for the development of fluorescent sensors due to the fact 
that they have abundant hydroxyl functional groups on surface with 
favorable stability and dispersibility in aqueous medium (S. G. Liu et al., 
2019; W. Xu et al., 2018). Fluorescent silicon nanoparticles (SiNPs) have 
some merits in applications of biological and optical biosensing, owing 
to their superior properties, including chemical inertness, stable pho-
toluminescence, favorable biocompatibility, low toxicity and benign 
water solubility (Dou et al., 2017; Peng et al., 2014; X. Zhang et al., 
2015). The preparation of SiNPs usually suffers from long reaction time, 
complex synthesis steps, low quantum yield or high reaction tempera-
ture (Xing et al., 2019). Thus, it is meaningful to develop SiNPs with 
good performance and explore for designing biosensors.

In the present work, we established a ratiometric fluorescence probe 
(denoted as CoOOH/OPD/SiNPs) for accurate detection of gallic acid 
(Scheme 1). The SiNPs with outstanding blue fluorescent emission serve 
as one of fluorescence signal. The CoOOH nanoflakes have simple 
preparation procedure, peroxidase-like activity and quenching capa-
bility. The CoOOH nanoflakes’ absorption spectrum has a good overlap 
with emission spectrum of SiNPs. The fluorescence of SiNPs (443 nm) 
would be quenched by fluorescent inner filter effect (IFE). o-phenyl-
enediamine (OPD) is catalytically oxidized to 2,3-diaminophenazine 
(DAP) by CoOOH nanoflakes, which generates a new fluorescent emis-
sion peak at 556 nm. Meanwhile, the fluorescence of SiNPs at 443 nm is 
quenched by DAP due to IFE. When the presence of GA, CoOOH nano-
flakes would be reduced to Co2+. The CoOOH nanoflakes are decom-
posed and decline DAP generation, which cause IFE being restrained. 
Thus, the fluorescent ratio at F443/F556 regards as signal readout pro-
motes the ratiometric fluorescence analysis of GA. This method could 
apply to determination of gallic acid in different tea leaves, fruits and 
nut fruits.

2. Experimental section

2.1. Materials and apparatus

Gallic acid (GA), (3-Aminopropyl) trimethoxysilane (APTMS, 97 %), 

cobalt chloride hexahydrate (CoCl2⋅6H2O), KCl, CaCl2, MgCl2, MnCl2, 
NaCl, sodium hypochlorite (NaClO), boric acid (H3BO3), sodium hy-
droxide (NaOH), 2,3-diaminophenazine (DAP), sucrose, phenol, cate-
chol, salicylic acid, N-ethylmaleimide (NEM), arginine, glutamate, 
serine, sarcosine, glycine and leucine were obtained from Shanghai 
Macklin Biochemical Technology Co., Ltd. Acetic acid (HAc), phos-
phoric acid (H3PO4) and ethyl acetate were acquired from Sinopharm 
Chemical Reagent Co., Ltd. o-phenylenediamine (OPD) and glucose 
were purchased from Shanghai Aladdin Biochemical Techonology Co., 
Ltd.

Fluorescence spectra were recorded by F-7000 fluorescence spec-
trophotometer (Hitachi, Japan). Fluorescence lifetime curves were 
measured by FLS1000 steady state and transient state fluorescence 
spectrometer (Edinburgh, UK). The UV–vis absorption spectra were 
measured by TU-1901 double-beam spectrophotometer (Purkinje, Bei-
jing). Scanning electron microscopy (SEM) and transmission electron 
microscopy (TEM) images were acquired by MIRA LMS (TESCAN, 
Czech) and Tecnai F20 (FEI, USA), respectively. X-ray photoelectron 
spectroscopy (XPS) spectra were measured by K-Alpha (Thermo Scien-
tific, USA). X-ray diffraction (XRD) patterns were acquired by X-ray 
diffractometer (Panalytical Empyrean, Holland). Fourier-transform 
infrared (FT-IR) spectra were obtained with Nicolet iS20 spectrometer 
(Thermo Scientific, USA). The zeta potentials and sizes of prepared 
materials were measured by Malvern Zetasizer Nano ZS90 (Malvern, 
UK).

2.2. Preparation of fluorescent silicon nanoparticles

Fluorescent silicon nanoparticles (SiNPs) were carried out according 
to our previous work with further modification (Yang et al., 2021). The 
synthetic procedure was as follows: 30 mL of ultrapure water and 3.75 
mL of APTMS stirred vigorously until mixed well. Afterwards, it was 
heated in a 50 mL autoclave for 2 h at 200 ◦C using hydrothermal 
method. After cooling to room temperature, purification steps were as 
follows: the SiNPs were collected and stirred with excess ethyl acetate. 
Stand for some time until the phase separated. The purified SiNPs of 
bottom aqueous phase were collected for further use.

2.3. Synthesis of CoOOH nanoflakes

The CoOOH nanoflakes were synthesized referring to previously 
literatures with minor modifications (Wu et al., 2019). Briefly, 300 μL of 
NaOH solution (1 M) was added to 10 mL of CoCl2⋅6H2O (10 mM) so-
lution followed by ultrasonication for 5 min. Then, the mixture was 

Scheme 1. Schematic depiction of fluorescent ratiometric nanoprobe (CoOOH/OPD/SiNPs) for gallic acid detection.
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collected by centrifuging (12,000 rpm, 10 min). Subsequently, acquired 
precipitate was re-dispersed in 10 mL water. 500 μL of NaClO (0.9 M) 
was dripped into the mixture with ultrasonication for 20 min. Next, the 

mixed solution was centrifuged and washed with ultrapure water. 
Finally, the product was dried with 60 ◦C.

Fig. 1. TEM images of (A) SiNPs, (B) CoOOH nanoflakes, (C) SEM image of CoOOH nanoflakes, (D) XRD pattern and (E) XPS full spectrum of CoOOH, (F) High 
resolution Co 2p region of XPS for CoOOH.

Fig. 2. (A) XPS full spectrum of SiNPs. (B) DLS particle size distributions of SiNPs and CoOOH nanoflakes. (C) FT-IR spectra of CoOOH nanoflakes (line a) and SiNPs 
(line b). (D) Fluorescence emission spectra of SiNPs with different excitation wavelengths (310, 320, 330, 340, 350, 360, 370 and 380 nm).
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2.4. The detection of gallic acid

150 μL of Britton-Robinson (BR) buffer (40 mM, pH = 6), 150 μL of 
CoOOH nanoflakes (0.1 mg⋅mL− 1), 150 μL of OPD (0.75 mM), different 
concentrations of GA and ultrapure water were mixed and diluted to 1.4 
mL. The mixed solution was set at room temperature for 90 min. Then, 
100 μL of SiNPs (Adjust pH to neutral using hydrochloric acid) was 
added into above solution. These fluorescence spectra were measured 
with excitation wavelength of 360 nm.

2.5. Foods samples analysis

The sample pretreatment methods refered to previous literature with 
minor modifications (Q. Tan et al., 2022). 0.5 g of green tea and red tea 
were soaked with boiling ultrapure water (10 mL) for three times and 
filtered with 0.22 μm filter membranes, respectively. The solution was 
transferred to 50 mL volumetric flask. Fruits and nut (lychee, apple, 
banana, grape, mango and chestnut) were cut up and crushed by food 
pulverizer. 5.0 g food samples were dispersed in 30 mL ultrapure water 
and ultrasound for 30 min, which transferred to 50 mL volumetric flask. 
These solutions were filtered by filter paper and centrifuged at 15000 
rpm with 10 min.

These samples diluted to certain multiples and mixed with varying 
concentrations of standard GA solutions (0, 2.00 μM, 4.00 μM). After 
that, the following analysis of GA in food samples referred to above 
procedure in “2.4 The detection of gallic acid”.

3. Results and discussion

3.1. Characterization of materials

The SiNPs are selected as a fluorescence signal of probe, which have 
favorable photostability and outstanding fluorescence performance. The 
morphology of proposed SiNPs is characterized by transmission electron 
microscopy (TEM). The TEM image shows that SiNPs have obvious 
lattice fringes with average diameter of 4 nm (Fig. 1A), which is 
consistent with the hydrodynamic size observed in Fig. 2B. The XRD 
pattern of SiNPs demonstrates in Fig. S1, which also indicates the syn-
thesis of SiNPs. TEM image in Fig. 1B demonstrates that flake-like 
CoOOH were successfully prepared, which are hexagonal with a 
length of 120 nm in accordance with hydrodynamic size of Fig. 2B. In 
order to confirm the synthesis of CoOOH nanoflakes further, scanning 
electron microscopy (SEM) image indicates the flake-like shape of 
CoOOH (Fig. 1C). Additionally, The SEM mapping and energy- 
dispersive spectrometry (EDS) of CoOOH nanoflakes (Fig. S2) also 
prove the presence of O and Co elements.

As depicted in Fig. 1D, the X-ray diffraction (XRD) pattern displays 
three diffraction major peaks at 2θ = 23.3◦, 2θ = 45.5◦and 2θ = 59.3◦. 
These peaks are assigned to the (003), (012) and (015) lattice faces of 
CoOOH nanoflakes, respectively. Fig. 1E and Fig. 1F shows X-ray 
photoelectron spectroscopy (XPS) analysis of CoOOH nanoflakes. Fig. 1E 
is full spectrum of CoOOH nanoflakes, which indicates the presence of 
Co and O elements further. Co 2p spectrum of Fig. 1F displays two major 
peaks at 780.2 and 795.3 eV, which correspond to Co 2p3/2 and Co 2p1/ 
2. Above two shakeup satellite peaks illustrate the oxidation state of Co 
(III). The spin-orbit splitting energy of two Co 2p peaks is 15.1 eV, which 
is matched well with previously report in literature (Yang & Wang, 
2022).

Fig. 3. (A) Fluorescent excitation (a, blue line) and emission (b, black line) spectra of SiNPs and UV–vis absorption spectra of CoOOH nanoflakes (c, red line). (B) The 
fluorescence lifetime of SiNPs in the absence and presence of CoOOH nanoflakes. (C) Fluorescence spectra of SiNPs (line a), SiNPs+CoOOH (line b), SiNPs+OPD (line 
c), SiNPs+GA (line d), SiNPs+CoOOH+OPD (line e), SiNPs+CoOOH+OPD + GA (line f). (D) UV–vis absorption spectra of SiNPs (line a), OPD + CoOOH (line b), 
OPD + CoOOH+GA (line c),SiNPs+CoOOH+OPD (line d), SiNPs+CoOOH+OPD + GA (line e).
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3.2. Spectral characterization and feasibility analysis

The Fig. 2A is XPS full spectrum of SiNPs, which certifies the pres-
ence of C, O, N and Si elements. Furthermore, the high resolution XPS 
regions of Si 2 s, Si 2p, N 1 s and O 1 s for SiNPs were shown in Fig. S3. As 
depicted in Fig. 2B, the dynamic light scattering (DLS) results consist 
with TEM images of SiNPs and CoOOH nanoflakes sizes (Fig. 1A, B). 
These FT-IR spectra in Fig. 2C display the surface chemical structure of 
CoOOH nanoflakes and SiNPs, which proves successful preparation of 
nanomaterials. The FT-IR spectra analysis (line a, Fig. 2C) shows that 
CoOOH nanoflakes have characteristic absorption bands located at 577 
cm− 1 (Co–O2− ), 1617 cm− 1 (Co–O) and 3303 cm− 1 (–OH), which 
agree with previous literature (S. G. Liu et al., 2019). As shown in line b 
of SiNPs, the strong broad peak at 3303 cm− 1 corresponds to stretching 
vibration of O–H bond and N–H bond, and the peak at 1637 cm− 1 is 
related to the bending vibration of N–H bond. The slight peak (~1090 
cm− 1) attributes to Si-O-Si asymmetric stretching vibration peak.

To explore the spectral properties of nanoparticles, emission wave-
lengths of SiNPs with different excitation wavelengths were recorded in 
Fig. 2D. The emission wavelength of SiNPs depends on an excitation 
wavelength of 310 to 380 nm with a slight red shift from 420 to 443 nm, 
which indicates the excitation-dependent property of SiNPs. The quan-
tum yield of fluorescent silicon nanoparticles was calculated to be 12.34 
%, which ensured excellent optical sensing and imaging.

In Fig. 3A, fluorescent excitation and emission spectra of SiNPs 
overlaps significantly with UV–vis absorption spectrum of CoOOH 
nanoflakes. In the previous report, CoOOH nanoflakes not only can be 
used as quencher, but also as peroxidase-like that can catalytically oxi-
dizes OPD to generate fluorescent product DAP (Yang & Wang, 2022). 
The quenching mechanism would be fluorescent inner filter effect. The 
average fluorescent lifetime is calculated by the following equation, 
where τ1 and τ2 refer to fast and slow attenuation component, 

respectively. 

τave =

(
A1τ2

1 + A2τ2
2

A1τ1 + A2τ2

)

As demonstrated in Fig. 3B, fluorescence lifetime curves of SiNPs 
before (9.457 ns) and after adding CoOOH nanoflakes (9.462 ns) have 
no significant variation. Therefore, these results prove that quenching 
mechanism between SiNPs and CoOOH nanoflakes is inner filter effect. 
In addition, we measured zeta potential changes of CoOOH nanoflakes, 
SiNPs with and without adjusting pH to detection system in Fig. S4. The 
potential of CoOOH has an attraction with SiNPs in detection system, 
which further substantiates the possible interaction between them.

In order to confirm the feasibility of this probe for gallic acid 
detection, fluorescence emission and UV–vis absorption spectra 
response was performed. As depicted in Fig. 3C, fluorescence emission of 
SiNPs is not affected by OPD and GA (line c, line d). The SiNPs have a 
maximum fluorescence emission peak with 443 nm (line a) and fluo-
rescent intensity would be quenched by CoOOH nanoflakes (line b). 
CoOOH nanoflakes can catalytically oxidize OPD to fluorescent DAP, 
which generate a new fluorescent emission peak with 556 nm (line e). 
Meanwhile, SiNPs’ fluorescence emission peak (443 nm) decreases. 
When target analyte GA was added in the system, the fluorescence of 
SiNPs recovered and emission with 556 nm decreased, illustrating GA 
can reduce the produce of DAP (line f). As depicted in Fig. 3D, UV–vis 
absorption spectra were measured to testify the sensing mechanism. 
When OPD was added in the system, a broad absorption peak with 430 
nm appeared (line b, line d). In the presence of GA, the absorption peak 
intensity (430 nm) significantly appeared to decline (line c, line e), 
which showed GA prevented OPD from being oxidized into DAP effec-
tively (An et al., 2021).

Fig. 4. (A) The effects of CoOOH nanoflakes concentrations, (B) The effects of OPD concentrations, (C) The effects of pH values, (D) The effects of reaction time.
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3.3. Experimental parameters optimization

In order to acquire optimal response for GA detection, experimental 
conditions such as concentration of CoOOH, amount of OPD, pH and 
incubation time were explored. As shown in Fig. 4A, as the addition of 
CoOOH nanoflakes, F443/F556 (the fluorescence intensity ratio of SiNPs 
at 443 nm and DAP at 556 nm) declined and reached a stable status. 
Hence, 10 μg⋅mL− 1 of CoOOH nanoflakes was selected for next pro-
cedure. Meanwhile, the concentration of OPD have similar variation 
trend (Fig. 4B). With the OPD amount increasing, emission peak at 556 
nm (DAP) increased gradually. Thus, F443/F556 decreased and 75 μM 
was chosen for optimal OPD concentration.

The pH values have great effects on sensitivity and liner range. In 
Fig. S5, pH values have little effect on fluorescence intensity of SiNPs. As 
exhibited in Fig. 4C, F443/F556 reaches the maximum at pH 7.0. How-
ever, pH 6.0 was selected for gallic acid detection. The Fig. S6 shows the 
fluorescence response of probe for GA and blank sample at pH 7.0 and 
6.0. We discovered a high F443/F556 ratio between pH 6.0 and blank 
sample compared with pH 7.0. Therefore, pH value is selected as pH 6.0 
properly. In addition, the incubation time is illustrated in Fig. 4D. The 
value of F443/F556 remains stable after 90 min. Therefore, 90 min is 
chosen as optimal reaction time for gallic acid detection. In order to 
evaluate the stability of nanoprobe, different reaction time were per-
formed to gallic acid and blank samples detection (Fig. S7). This 
detection method has an excellent stability within 24 h.

Fig. 5. (A) Fluorescence responses of nanoprobe (CoOOH/OPD/SiNPs) with various concentrations (0, 0.4, 1.0, 2.0, 4.0, 6.0, 8.0, 10, 12, 30, 50 and 70 μM) of GA 
under 360 nm excitation wavelength. (B) The corresponding response curve of F443/F556 with GA concentrations under optimal conditions. (C) The linear rela-
tionship of F443/F556 against the GA concentration (0.4, 1.0, 2.0, 4.0, 6.0, 8.0, 10 and 12 μM). (D) Selectivity of CoOOH/OPD/SiNPs system for GA detection (in-
terferences and target objects from left to right: blank, K+, Ca2+, Na+, Mg2+, Mn2+, glucose, sucrose, phenol, catechol, salicylic acid, NEM, arginine, glutamate, 
serine, sarcosine, glycine, leucine and GA; concentrations: 70 μM).

Table 1 
Results of gallic acid in different tea, fruits and nut with proposed nanoprobe.

Samples Spiked (μM) Found (μM) Recovery (%) RSD (%, n = 3)

Green tea 0 2.52 ± 0.13 – 2.43
2.00 4.85 ± 0.10 107.3 3.09
4.00 6.84 ± 0.22 104.9 4.50

Red tea

0 0.54 ± 0.03 – 0.90
2.00 2.79 ± 0.13 109.8 2.56
4.00 4.74 ± 0.01 104.4 0.36

Lychee 0 0.32 ± 0.05 – 0.94
2.00 2.25 ± 0.27 97.0 5.09
4.00 3.83 ± 0.21 88.7 3.88

Apple 0 – – –
2.00 2.08 ± 0.09 103.9 1.57
4.00 3.58 ± 0.04 90.1 0.64

Banana 0 0.30 ± 0.03 – 0.58
2.00 2.39 ± 0.20 103.9 3.86
4.00 4.56 ± 0.13 106.0 2.33

Grape 0 – – –
2.00 2.19 ± 0.20 109.4 2.57
4.00 3.66 ± 0.06 91.5 1.09

Mango 0 1.33 ± 0.18 – 3.32
2.00 3.60 ± 0.10 108.2 1.77
4.00 5.18 ± 0.19 97.2 3.77

Chestnut 0 0.47 ± 0.11 – 2.00
2.00 2.60 ± 0.12 105.1 2.39
4.00 4.66 ± 0.15 104.0 2.95
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3.4. Detection of gallic acid in solution and food samples

As depicted in Fig. 5A, under optimized experimental conditions, the 
fluorescence peak at 443 nm (SiNPs) increases whereas 556 nm (DAP) 
declines gradually with rising GA concentrations (0–70 μM). The 
dependence of fluorescence ratio (F443/F556) with GA concentrations is 
displayed in Fig. 5B. As the concentration of GA increased, F443/F556 
enhanced and reached equilibrium. As shown in Fig. 5C, an excellent 
linear relationship (R2 = 0.9937) is acquired between fluorescence ratio 
(F443/F556) and GA concentration in the range of 0.4–12 μM. The linear 
equation is F443/F556 = 0.20983CGA + 1.33578. This method gains a low 
detection limit (LOD) of 0.16 μM according to 3σ/k principle, where k 
and σ represent the slope of calibration line and standard deviation of 
blank samples, respectively. In Fig. 5D, in order to evaluate selectivity of 
GA detection, we examined several potential interfering substances, 
such as ions, saccharides, phenols, amino acid and others etc. These 
results of nanoprobe shows high selectivity toward gallic acid detection.

The novel nanoprobe was applied to gallic acid detection in aqueous 
solution and different kinds of tea leaves, fruits and nut. In order to 
illustrate the feasibility of this nanoprobe, analysis results before and 
after standard addition of GA in green tea, red tea, lychee, apple, ba-
nana, grape, mango and chestnut were listed in Table 1. The recoveries 
ranged from 104.9 to 107.3 % with relative standard deviations (RSDs) 
over the range of 2.43–4.50 % in green tea. Meanwhile, the recoveries 
were 104.4–109.8 % with RSDs of 0.36–2.56 % in red tea. The recovery 
rate of gallic acid in lychee, apple, banana, grape, mango and chestnut 
was 88.7–97.0 %, 90.1–103.9 %, 103.9–106.0 %, 91.5–109.4 %, 
97.2–108.2 % and 104.0–105.1 %, respectively. It is meaningful that the 
proposed probe has potential for gallic acid quantification in real sam-
ples with excellent practicability and repeatability. Moreover, a com-
parison for GA detection with proposed probe and previously reported 
various methods was made (Table 2). These results demonstrate that 
LOD of the nanoprobe is comparable with or superior to some previously 
reported methods.

4. Conclusion

Summarily, a novel fluorescent silicon nanoparticles-based ratio-
metric fluorescent nanoprobe (named CoOOH/OPD/SiNPs) was estab-
lished for the detection of gallic acid. The fluorescence of SiNPs (443 
nm) would be quenched by CoOOH nanoflakes and OPD was oxidized to 
DAP (556 nm). Simultaneously, SiNPs’ fluorescence is quenched by DAP 
due to inner filter effect. With the addition of gallic acid, due to 
peroxidase-like activity of CoOOH nanoflakes, CoOOH decomposed and 
declined the generation of DAP, causing IFE being inhibited and real-
izing gallic acid detection. Hence, the nanoprobe enables gallic acid 
detection in water, tea leaves, fruits and nut fruits, which has potential 
application for complicated substances analysis on site.
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