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ABSTRACT: Illuminating the use of nanomaterials, carbon quantum dots (CQDs) have
transfigured the food safety arena because of their bright luminescence, optical properties,
low toxicity, and enhanced biocompatibility. Therefore, fluorescent resonance energy
transfer, photoinduced electron transfer, and an internal filtering effect mechanism allow
precise detection of food additives, heavy metal ions, pathogenic bacteria, veterinary drug
residues, and food nutrients. In this review, we describe the primal mechanism of CQD-
based fluorescence sensors for food safety inspection. This is an abridged description of the
nanodesign and future perspectives of more advanced CQD-based sensors for food safety
analysis.

1. INTRODUCTION
The emergence of nanotechnology is a revolutionary step in all
area of research materials, particularly carbon quantum dots
(CQDs), a form of carbon dot (CD), as a new type of
fluorescent carbon nanomaterial that comprises of oxygen/
nitrogen organic functional groups.1 It was first discovered by
Xu’s group in 2004 through the purification of single-walled
carbon nanotubes fragments.2 For the last 5−10 years,
researchers have been working on many aspects of nanoma-
terials and carbon dots such as synthetic approaches and their
their characteristics, and most important are their prominent
applications in the field of biomedical science and industrial
uses.3,4 Recently, CQDs have received enormous attention for
their high fluorescence intensity, resistance to photobleaching,
good light stability and biocompatibility,5,6 and wide use in
biological imaging,7,8 biochemical analysis,9 photoelectric
catalysis,10−12 food analysis,13−17 and other fields.

This review is focused on the detection mechanism of CQD
fluorescent sensors and their key application in food detection
that chiefly includes heavy metal ions, food additives,
foodborne pathogenic bacteria, agricultural and veterinary
drug residues, and nutrient composition detection (Figure 1).
The upcoming challenges of CQDs in all groups of science are
also discussed.

2. FLUORESCENCE PROPERTIES AND DETECTION
MECHANISM OF CQDS

Photoluminescence is one of the important optical properties
of CQDs. The reported luminous mechanisms of CQDs
majorly include bandgap transitions of conjugated π-
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Figure 1. Overview of carbon dot nanomaterial-based biosensor for
food analysis.
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domains,18,19 surface defection state,20,21 and effects of
fluorescents or the other fluorophores.22,23 Due to the wide
range of synthetic raw materials, diverse preparation methods,
and a variety of complex components (including nitrogen and
nitrogen morphology, nitrogen, and sulfur, etc.),24,25 it is
difficult to form a unified theory by comparing the results in
the literature. Therefore, the fluorescence mechanism of CQDs
needs further study.

CQDs have remarkable fluorescence stability and stable
fluorescence emission under continuous long-time excitation
light.26 In addition, CQDs have low toxicity, low cost, easy
functionalization, and good biocompatibility. Based on such
premium properties, CQD fluorescent sensors have attracted
intense attention for food analysis applications. The
fluorescence sensor of CQDs is mainly created on the principle
of fluorescence quenching (on−off)27 or fluorescence enhance-
ment (on−off−on).28 The mechanism of fluorescence
quenching or enhancement primarily includes fluorescence
resonance energy transfer (FRET), photoinduced electron
transfer (PET), and their internal filtering effect (IFE).
2.1. Fluorescent Resonance Energy Transfer. FRET is

a technology to determine the distance between the binary
molecules that is based on the resettlement of the energy from
a fluorescent donor to a fluorescent receptor in a narrow
distance.29,30 Based on this principle, a new fluorescent
molecule for quantitative detection of L-cysteine (L-Cys) was
established.31 The system consists of positively charged CDs
and negatively charged N-acetyl-L-cysteine-capped gold nano-
particles (NAC AuNPs) to form the FRET module. The
fluorescence of CDs was highly reduced by NAC-AuNPs
(Figure 2). Tian et al.32 designed a FRET ratiometric adapter

sensor that uses cerium oxide nanoparticles as donors and
graphene quantum dots as acceptors (GQDs) to sense
ochratoxin A in feed and food chains where the detection
range was about 0.01−20 ng/mL with a maximum limit of
detection of 2.5 pg/mL.
2.2. Photoinduced Electron Transfer. PET refers to an

electron transferral process where an excited electron is shifted
from one donor to the fluorophore, quenching the
fluorescence.33,34 A typical PET molecule usually consists of

a fluorophore acceptor, receptor (donor or quencher), and
spacer. Based on this mechanism, Hu et al.35 prepared a unique
raspberry-like γ-Fe2o3@CD nanocatalyst that has a proficient
visible-light photocatalyst in PET-RAFT polymerization
because of the oxidative quenching among the photoexcited
γ-Fe2O3@CDs and RAFT agent in the PET development.
2.3. Internal Filtering Effect. IFE refers to the where the

the fluorescence decreases owing to the absorber gripping the
excitation and emission light of the fluorophore. Compared
with FRET and other technologies, IFE avoids many tedious
labeling processes and has the benefits of extraordinary
sensitivity, good discrimination, and a simple and flexible
procedure. The absorber and the fluorophore are the two main
units of the IFE sensing system, and their optical characteristics
and spectral overlap directly affect the quenching efficiency of
IFE.36

Based on this principle, Gao et al. successfully fabricated
potent N/S/P-codoped carbon dots (N/S/P-CDs) for the
recognition of tetracycline in milk by an IFE.37 Cui et al. had
designed a nanomaterial-based point of care testing (POCT)
device composed of a ratio fluorescence test strip, a sample
slot, and a smartphone along with an UV lamp for the specific
detection of tetracycline. The ratio fluorescence test strips were
made from nitrogen and sulfur codoped CDs (N,S-CDs) and
Eu3+ placed onto filter paper. N,S-CDs/Eu3+, as a fluorescent
absorber, can efficiently obstruct the fluorescence of N,S-CDs
through IFE, resulting in fluorescence reduction.38 Li et al.
developed a dual-signal parathion methyl nanomaterial which
combines fluorescence through UV−vis spectrophotometry to
evaluate organophosphorus pesticides (Ops) using silver
nanoparticles (AgNPs) enhanced with graphic carbon nitride
(g-C3N4). The design of silver nanoparticles decreased the
fluorescence strength of the g-C3N4 duo to IFE39 (Figure 3).
2.4. Other Detection Mechanisms. In addition to the

above three common detection mechanisms, the detection
mechanism of a fluorescence sensor based on CQDs in food
analysis also includes the reaction of CQDs with the analyte to
shape a ground-state complex that can detect the analyte based
on static quenching. The fluorescence quenching is roughly
divided into three types: dynamic quenching, static quenching,
and an amalgamation of the two. Vibrant quenching is due to
collisions between the fluorophore and the specific quencher in
an excited state, while static quenching is from the formed
complex between the quencher and fluorophore.40−42

Xu et al. had shown the ability to dissolve hydrophilic
luminous CQDs in water via a hydrothermal method using
aloe as the carbon source to detect tartrazine. The interface
between tartrazine and CQDs forms a ground-state complex,
and the detection of tartrazine is achieved by static quenching
with the detection range of 0.25−32.5 μM; the detection limit
is 73 nM.43−45

Aggregation-induced quenching is also one of the common
fluorescence detection mechanisms. Zhou et al. developed a
dosage-sensitive fluorescent colorimetry test paper using
glutathione- and dithiothreitol-modified red quantum dots
(CdTe QDs) combined with cyan carbon dots to detect
arsenic ions As(III). The detection mechanism realizes the
ophthalmic detection of As(III) by inducing the aggregation of
CdTe QDs, thereby quenching the red fluorescence of CdTe
QDs.46

Figure 2. Schematic illustration of ratiometric detection of L-cysteine
using a FRET system of CDs and NAC-AuNPs by far-red fluorescent
sensing.
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3. APPLICATION OF CQDS IN FOOD ANALYSIS
3.1. Food Additives. Food ingredients and condiments are

extensively used in the production of high-quality materials to
improve the look, surface, and preservation of food.44,47−49

Excessive use of food flavorings agents has caused a major risk
to human health and food security, such as chronic intestinal
inflammation, carcinogenesis, and metabolic syndrome.50

Therefore, it is important to introduce an efficient method
for the detection of food contaminants in the form of additives.
A huge variety of nanomaterial-based biosensors have been
fabricated, designed, and commercially industrialized (Table
1).

Tannic acid (TA), as a food additive, plays an important part
in the flavor and quality of beverages and wines. TA has certain
benefits to the human body, but a high content of TA in food
will have adverse effects on the human body and may lead to
poor taste and lower product quality. Yang et al.51 developed a
polyamine-functionalized CQD from precursors containing
renewable xylans and branched polyethylene imines (BPEI)
using a naive and proficient microwave-assisted method for
detection of TA in white wine. The concentrations of TA in
the water and ethanol solutions for optimum conditions are
often in the 0.1−5 μM range with detection limits of 36.8 and
44.9 nM, respectively.

Rhodamine 6G (R6G) is a cationic dye that is prohibited
from use in the course of high-quality food manufacture. Cui et
al.52 presented a molecularly imprinted fluorescent sensor with
carbon dot-embedded periodic mesoporous organosilica
(PMO) as a support via a one-pot self-assembly process for
extremely sensitive detection of R6G. The detection
concentration of R6G ranges from 4 to 7 μg/L.

Clenbuterol (Clen), also known as bony meat powder, has
been banned in most countries. However, it is still illegally
added to animal meat. Thus, Yao et al.53 synthesized a
multifunctional nitrogen/silver-codoped CD (CDN/Ag) by a
microwave method and constructed a dual-spectroscopic
immunosensor based on surface-enhanced Raman scattering
(SERS)/resonance Rayleigh scattering to detect Clen. The
advantage of this immunosensor was that no fluorescent
labeling steps were required and the lowest detection limit was
about 0.68 pg·mL−1.

Water-soluble tartrazine, also called lemon yellow, is a kind
of artificial pigment which is extensively used as a food additive
in foods such as sweets and beverages.56 However, several
studies have shown that people who consume an excess of
foods containing pigments (such as lemon yellow) may suffer
from diarrhea and allergy.57 Thus, there is an urgent need to
develop a proficient, economical, and informal method to
detect tartrazine in foods. Therefore, Yang et al.54 used urea as
source of nitrogen with FeCl3·6H2O as the chlorine source to
prepare N, Cl codoped fluorescent CDs (N, Cl FCDs) by a
hydrothermal method, which can be used to detect tartaric
acid. The detection range was 48 nmol·L−1.

Melamine is commonly used as a feedstock to produce
plastics, coatings, leather, paints, laminates, etc. Due to its high
nitrogen concentration (66%), it is used to illegally supplement
dairy products to increase the clear protein content.58 Gold
nanoparticle@CD nanocomposites (Au@CQDs) were synthe-
sized with AuNPs and CQDs for visual analysis of melamine in
milk. The fluorescent radiation of Au@CQDs increased with
increasing concentration of melamine. The detection range was
1−10 μmol·L−1, and the degree of quantification was 12 nmol·

Figure 3. Mechanism of organophosphorus pesticide detection using g-C3N4/AgNPs.

Table 1. Biosensors for the Detection of Food Flavorings Agents and Additives

Analytes Biosensors Nanomaterials LOD Detection range Real Samples Ref

Tannic acid Fluorescent BPEI-CDs 36.8 nm 0.1−5 μM lake water and white wine 51
Rhodamine 6G MIP CDs-PMO-

MIS
−a 4−7 μg/L water 52

Clenbuterol SERS/RRS dual-spectroscopic
immunosensor

CDN/Ag 0.68 pg −a pork liver 53

Tartrazine Fluorescent N,Cl-FCDs 48 nM 0.1−30 μM beverages 54
Tartrazine Fluorescent CDs 73 nM 0.25−32.5 μM candy, steamed buns made of corn and

honey
43

Melamine Fluorescent Au@CQDs 12 nM 1−10 μM milk 55
a�: not mentioned.
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L−1.55 As a novel carbon-based nanomaterial, CD fluorescence
sensing probes alone or in combination with fluorescence
spectrometry have a wide application panorama in the
determination of food additives.
3.2. Heavy Metal Ion. Heavy metal toxicity is counted as a

major threat to human health and food security. Certain heavy
metal ions including Pb2+, Cd2+, Cr6+, Hg2+, As3+, and
radioactive metals are considered important polluters of
water and the environment that are easy to accumulate in
the food chain and body.49,59,60 The traditional methods for
detecting heavy metal ions have many disadvantages, such as
being time-consuming and requiring complex operation and
expensive large instruments. In contrast, CQDs fluorescent
sensors have high sensitivity, good selectivity, and simple
operation. So, the interaction between CQDs and some metal
ions can cause the fluorescence quenching of CQDs, which are
helpful in detecting heavy metal ions. Based on the IFE,
various biosensing nanomaterial have been developed (Table
2)

Li et al.61 tailored a unique, simple, and ratiometric
fluorescence probe using copper nanoclusters and nitrogen-
doped CQDs (CuNCs-CNQDs) for quick detection of
lead(II) ions (Pb2+) in porphyra. Over the IFE, the acquired
CuNCs-CNQDs demonstrated a worthy fluorescent response
to the Pb2+ with a detection margin of 0.0031 mg·L−1 (range
0.010−2.5 mg·L−1). The study provided an intuitive, stable,
and sensitive method for the detection of Pb2+ in porphyra.
Yang et al.62 prepared hydrophilic CDs by a one-step
hydrothermal carbonization of ethylene diamine tetraacetic
acid (EDTA) salt to construct fluorescent test papers for
sensitive detection of Cr6+, whereas Hou et al.63 prepared
water-soluble CDs with the help of electrochemical carbon-
ization of sodium citrate and urea to diagnose Hg2+ based on
fluorescence quenching of Hg2+. It is also used as unique
without any labeling process to probe for selective detection of
Hg2+ with a wide-ranging concentration of 0.01−10 μM and
detection control of 3.3 nM. Because different CQDs have
different surface functional groups and different metal ions
interact with CQDs in different ways, it is essential to select
more suitable CQDs for heavy metal ion detection.
3.3. Foodborne Pathogens. Foodborne pathogens that

use food as a carrier are one of the main factors causing
foodborne illnesses. Enteropathogenic Escherichia coli, Staph-
ylococcus aureus, Salmonella, and Campylobacter jejuni are
common foodborne pathogens.64,65 Foodborne pathogens are
a growing threat to public health, and their detection is of
global significance for food safety and foodborne disease
prevention.66 Recently, nanomaterial-based biosensors have
been applied to detect foodborne pathogens.

Escherichia coli often remains in uncooked sausage or milk,
lettuce, apple juice, and other foods that have not been
sterilized at high temperature. If eaten by people, it may cause
gastroenteritis and may also cause bloody colitis or hemolytic
uremic syndrome and renal failure. Ahmadian-Fard-Fini et al.67

prepared a new magnetic and photoluminescence nano-
composite (Fe3O4−CQDs) for identification of E. coli bacteria
that required two steps for the synthesis of Fe3O4−CQDs: blue
CQDs were synthesized (i) using a one-pot hydrothermal
method with lemon and grape fruit extracts and (ii) in
combination with Fe3O4-modified nanoparticles. The results
showed that the fluorescence of blue CQDs was steadily
quenched with the increase in E. coli. The quenching intensity
had a good linear correlation with the concentration of E. coli,
and the concentration range for detecting E. coli is 0−9 × 107

CFU/mL.
Similarly, Choi et al.68 constructed a nanosensor with diol-

modified fluorescent probe (DYE) and phenylboronic acid
functionalized fluorescent CQD (FCQD) for detecting of E.
coli and S. aureus. When they exist in food, the glycol group of
polysaccharides on the bacterial cell surface forms a new cyclic
borate ester bond with FCQDs, which replaced the dye
molecules. The DYE molecules were released into the solution,
causing the recovery of the fluorescence of FCQD. Although
the fluorescence sensor based on CQDs had the advantages of
high sensitivity and short time consumption in detecting
foodborne pathogens, most methods can only detect a single
pathogen. Therefore, it is essential to establish the most
efficient and fast formula that can be used for simultaneous
detection of multiple foodborne pathogens is the future
research direction.
3.4. Pesticide Residue. Excessive or unreasonable use of

pesticides will lead to pesticide residues, posing a serious threat
to the ecological environment. Pesticides left in crops such as
grain will further affect food quality, thereby affecting human
health. The traditional methods for detecting pesticide residues
are chromatography and chromatography−mass spectrometry.
Although they are highly sensitive and accurate, they are
complex and time-consuming. The fluorescence analysis
method based on CQDs can overcome the above short-
comings when used to detect pesticide residues in food.69

Numerous nanometric biosensors have been designed and
developed (Table 3)

Thiophanate methyl (TM) is commonly used for the
treatment and control of various diseases of crops and the
storage of grain after harvest. However, long-term exposure to
TM70 may cause teratogenesis, cancer, and other risks, and it
has been banned in the United States. Han et al.72 have
developed a ratiometric fluorescence sensor for ultrasensitive

Table 2. Biosensors in Heavy Metal Detection

Analytes Biosensors Nanomaterials LOD Detection range Real Samples Ref

Pb2+ Fluorescent CuNCs-CNQDs 0.0031 mg/L 0.010−2.5 mg·L−1 porphyra 61
Cr6+ Fluorescent CDs 10−5 M 0−0.1 M water 62
Hg2+ Fluorescent CDs 3.3 nM 0.01−10 μM lake water 63

Table 3. Biosensors for the Detection of Pesticide Residue

Analytes Biosensors Nanomaterials LOD Detection range Real Samples Ref

Thiophanate Methyl Fluorescent CD/CU 2.90 × 106 μM 0.1−20 μM soil 70
Methyl-Parathion Fluorescent N-CDs 13 ppb 0.02−20 ppm tap water and food samples 71
OrganophosphOrus Pesticides Fluorescence/UV−vis g-C3N4/AgNPs 0.0324 μg·L−1 0.1−1.0 μg·L−1 lake water, apple, carrot 39
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detection of TM using copper ion (Cu2+) triggered double
emission carbon dots (CD/Cu) with a detection range of 0.1−
20 μmol·L−1, and the detection limit is 2.90 × 106 μmol·L−1.
The sensor has good precision for everyday applications with
recoveries of 88.33−101.09% and RSD of 1.61−5.06% and can
be used for ultrasensitive detection of TM residues in complex
matrices.

Organophosphorus pesticides (OPPSs) were broadly used in
agricultural production for their robust effect and broad
spectrum.73 OPPSs may inhibit the activity of acetylcholine
esterase, and its obvious accumulation may lead to organ
failure and endanger the health of humans.74 Huang et al.75

prepared an extremely sensitive ratiometric fluorescent probe
for the detection of OPPSs in normal tap water and food based
on the inner filter effect between nitrogen-doped CDs and 2,3-
diaminophenazine. The detection limit of methylparathion is
13 ppb. The experimental results further verified the detection
effect of a ratiometric fluorescent probe on OPPs in food
samples, which correlated with GC−MS results. Yan et al.76

prepared a novel manganese dioxide (MnO2) nanosheet-CD
sensing platform for the detection of organophosphorus
pesticides. The detection range was 0.05−5 ng·mL-1 with a
detection limit of 0.015 ng·mL−1. For the detection of
triazophos in cucumber samples, Wu et al.77 developed a
magnetic, molecularly imprinted polymeric mocrosphere
(MMIP) sensor comprising MMIPS and vinyl phosphate-
modified CDs (CDs@VPA). The system presented a good
liner relationship from the concentration range of 0.0035−0.20
mmol/L, and the LOD limitation was 0.0015 nmol·L−1. Lan et
al.78 developed a fluorescent biosensor for indirectly measuring
methyl parathion (MP) using N-doped carbon dots based on
alkaline-induced hydrolysis. The fluorescence sensor displayed
enhanced fluorescence responses to MP in a dose-dependent
manner in a concentration range of 0.075−15 ppm.

As we compared the traditional single emission fluorescent
probes with composites nanomaterials this ratiometric probe
can eliminate the limitations of experimental conditions
including light source, probe concentration, and background
interference effects to achieve higher anti-interference perform-
ance in pesticide residue detection. Therefore, the ratiometric
fluorescent sensor based on CQDs has a good development
prospect.
3.5. Veterinary Drug Residue. Antibiotics, as commonly

used veterinary drugs, are widely used to treat bacterial
infections in all form of populations and communities on earth.
Long-term overuse of antibiotics will lead to the accumulation
of antibiotics in animals, thus affecting food quality and
safety.79 At present, it is difficult for the traditional detection

methods to meet the requirements of rapid and highly sensitive
detection of antibiotic residues in food. Thus, the improve-
ment of highly sensitive and trustworthy analytical methods for
the detection of antibiotic residues in animal-derived foods has
become the focus of research. Many nanomaterial-based
biosensors for veterinary drug residues have been developed
(Table 4)

Tetracycline antibiotics (TCs) have been used to treat a
great variety of bacterial infections by either Gram-positive and
Gram-negative bacteria. It has been observed that TCs remain
in foods, as honey and milk obtained from animals will lead to
adverse allergic reactions, gastrointestinal disorders, and
hepatotoxicity and promote bacterial resistance to antibiotics.
Fan et al.80 designed a novel fluorescent sensor based on S,N-
doped CQDs (S,N-CQDs) for efficient detection of TCs.
From 1.88 to 60 μmol·L−1 of TC concentration, the plot made
between fluorescence intensity and TC concentration showed
good linearity, and the detection limit for TC is 0.56 μmol·L−1.
Miao et al. used tobacco as a carbon source to synthesize
bright-blue fluorescent CQDs (QY nearly 27.9%) by hydro-
thermal method to fabricate a fluorescence sensor for sensitive
detection of three different types of tetracyclines (tetracycline,
oxytetracycline, and chlorotetracycline). The overall detection
ranges for tetracycline, oxytetracycline, and chlorotetracycline
are 5.18, 6.06, and 14 nmol·L−1, respectively.81

Aminoglycoside antibiotics including kanamycin, neomycin,
amikacin, and tobramycin are common antibacterial agents
used to treat diseases produced by Gram-negative and Gram-
positive bacteria.86 Although effective, the use of aminoglyco-
side antibiotics has declined over the years due to serious side
effects, including nephrotoxicity and ototoxicity.87

It has been reported that Fe3+ has a fluorescence quenching
effect on CDs. With the intensification of Fe3+ concentration,
the fluorescence emission of CDs gradually decreases; based
on this, Fu et al.83 synthesized a blue fluorescence CD
combined with Fe3+ to build a nonfluorescent system for
detection of ampicillin with a limit detection of 0.70 μM.
However, the fluorescence sensor based on CQDs has many
advantages in the detection of antibiotics, such as being highly
sensitive, fast, and simple, but many antibiotics have
fluorescence characteristics that may affect the detection of
CQDs. Therefore, the anti-interference ability of CQDs in
antibiotic detection should be further improved.
3.6. Nutritional Composition. The interaction between

some metal ions and CQDs can cause the fluorescence of
CQDs to be quenched, while many nutrients have metal
chelating ability. Adding them to the CQD solution containing
these metal ions can restore the fluorescence of CQDs.

Table 4. Biosensors for the detection of veterinary drug residue

Analytes Biosensors Nanomaterials LOD Detection range Real Samples Ref

Tetracycline Fluorescent S,N-CQDs 0.56 μM 1.88−60 μM milk, honey, tap
water

80

Tetracycline Fluorescent CDs 5.18 nM 15.5−6 μM tobacco 81
Ooxytetracycline Fluorescent CDs 6.06 nM 20 nM−2 μM tobacco 81
Oxytetracycline UV CDs-Fe3+ 22.8 nM 0.1−2.7 μM milk 82
Chlorotetracycline Fluorescence/UV−vis CDs 14 nM 20 nM−0.2 μM tobacco 81
Ampicillin UV CDs-Fe3+ 0.70 μM 0−150 μM river water 83
Kanamycin Immune AuNPS-CDs 18 nM 0.04−0.24 μM milk 84
Kanamycin Electrochemiluminecence

(ECL)
MIL-53(Fe)@CdS-PEI 1.7 × 10−11 M 1.0 × 10−10−1.0 × 10−6 M milk and honey

sample
85

Neocycin ElectrochemilUminecence
(ECL)

MIL-53(Fe)@CdS-PEI 3.5 × 10−10 M 1.0 × 10−9−1.0 × 10−5 M milk and honey
sample

85
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Therefore, this principle can be used to build a fluorescence
enhanced sensor for detecting nutrients in food.

Vitamin C, namely ascorbic acid (AA), is a water-soluble
vitamin that can promote the formation of collagen, cure
scurvy, prevent gum bleeding, etc., but excessive intake will
also bring harm to human health. Li et al.88 had developed a
very smart care point (SPOC) sensor which consists of a
fluorescent paper chip, 3D printed-accessories, and a
smartphone for efficient sensitive and form-based quantitative
detection of AA. Fluorescent paper chips were made by
drawing silicon-doped carbon dots (SiCDs)−Fe3+ as “ink”
onto filter paper, where SiCDs emitted a strong fluorescence
signal quenched by Fe3+ and then were recycled by AA due to
the release of −NH2/−OH and the introduction of defects on
SiCDs. The SPOC exhibited high sensitivity and a detection
range as low as 18.12 nM. Integration of a portable sensing
platform via fluorescent sensors and smartphone devices will
be conducive to the super sensitivity and on-site detection of
AA.

Glutathione (GSH) is an endogenous antioxidant and a free
radical scavenger that can associate with free radicals and heavy
metals to transform harmful substances into harmless
substances that excrete out from the body.89 Aberrant levels
of GSH have been related to numerous diseases, such as
Alzheimer’s disease, cancer, cardiovascular disease, etc. Zhang
et al.90 used glucose and polyethylenimine as raw materials to
synthesize branched polyethylenimine-functionalized CQDs
(PEI-CQDs) by a hydrothermal method. Since the fluo-
rescence of PEI-CQDs can be effectively quenched by Cu2+,
the addition of GSH can restore the fluorescence of the above
system. On this basis, a “turn-on” fluorescence probe for
detection of GSH detection was developed using PEI-CQDS-
Cu2+system. The low concentration detection range of GSH is
0−80 μM, the detection range for high concentration is 0−
1400 μM, and the corresponding detections are 0.33 and 9.49
μM, respectively. Compared with the traditional GSH
detection probe, the PEI-CQDS-Cu2+ system has a significant
advantage in that it can be used to detect both low
concentration and high concentration GSH. Due to the
complexity of food ingredients, the accuracy of the test results
will be affected when actual samples are tested. Therefore, it is
necessary to select appropriate sample pretreatment methods
and CQDs with better stability and selectivity.

4. CONCLUSIONS
Therefore, based on their excellent performance, the
fluorescence sensors based on CQDs have great prospects in
food detection. However, there are still several problems that
need to be addressed for the practical application of food
detection. Current methods for CQDs can often detect only
one class of analytes. Therefore, development of nanosensors
based on CQDs that can simultaneously detect multiple
analytes is an important direction for future work. In addition,
fluorescence sensors based on CQDs mostly use single
fluorescence intensity as the response signal, which is prone
to influence by various factors including instrument error,
solvent, and other experimental factors. Different from the
fluorescent sensor with a single signal, the ratiometric
fluorescent sensor can greatly reduce the above interference,
achieve higher analysis accuracy through the self-calibration of
two fluorescence intensities, and the ratiometric fluorescent
method is usually accompanied by visible color changes, which
can be used for rapid visual identification and detection. In the

future, based on the application research of CQDs in food
detection, we will focus on the development of multi-
component visual portable detection technology.
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