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A B S T R A C T

Nitroxynil (NIT) is a commonly used veterinary medicine to treat fascioliasis in food and milk producing cattle 
and sheep. The residues from the edible animal food products cause severe health issues in humans. Therefore, it 
is of significant importance to generate an analytical approach for the detection of NIT in food products. Herein, 
the tyrosine derived carbon dots (T-CDs) were successfully synthesized by a simple one step hydrothermal 
method using tyrosine and ethylenediamine. The preparation conditions of T-CDs were optimized and analysed 
by UV–vis spectroscopy, fluorescence spectroscopy, PXRD, TEM, FT-IR and XPS. T-CDs shows high selectivity, 
good anti-interference ability (1500–fold), high sensitivity (LOD: 5.2 nM), fast response (5 min) towards the 
detection of NIT. T-CDs expressed contrast fluorescent confocal images depending on its concentration and NIT 
concentration. The detection of NIT in food samples such as cow meat, mutton, cow milk and also human urine 
samples was demonstrated. Good recovery results were achieved and the acquired findings were validated by 
HPLC detection method. All of the results prove that the present sensing strategy is simple, sensitive, selective 
towards NIT in food and urine samples, it provides a pathway to create an interesting new fluorescent sensor for 
the estimation of NIT.

1. Introduction

Nitroxynil (4-hydroxy-3-iodo-5-nitrobenzonitrile, NIT) is a haloge
nated nitrophenol, commonly used as a subcutaneous veterinary drug 
for the treatment of prophylaxis and control of fascioliasis in cattle and 
sheep [1]. Fascioliasis is a liver fluke disease (a type of parasitic worm 
infection) caused by Fasciola hepatica and Fasciola gigantica [2–4]. It 
majorly affects the fertility, milk productivity thus causing financial loss 
to livestock farmers [5]. Administration of NIT terminates the ATP 
formation via oxidative phosphorylation [6,7]. NIT exhibits higher ac
tivity than other fasciolicides in both adult and immature flukes, studies 

revealed that NIT remains in animal residues even after 90 days of 
treatment [8]. Even though NIT has prodigious benefits to treat parasitic 
infections, NIT may accumulate in edible animal products such as milk 
and meat which leads to inauspicious effects on humans such as allergic 
skin, respiratory irritation, tachycardia, fever and development of bac
terial resistance etc., [9]. Again, transferring even ng/L concentrations 
of NIT residues in water can affect the life in aquatic system [10]. NIT 
has been restricted in Ireland for the treatment of fluke in dairy cattle. In 
order to ensure the food safety, the Food and Agricultural Organization 
(FAO), the European Commission Regulations and the Food and Drug 
Administration (FDA) advised that a maximum residual limit (MRL) for 
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NIT should be lower than 400 μg per kg of animal muscle [11,12]. 
Therefore, it is crucial to develop an efficient sensing method for the 
sensitive, selective and facile detection of NIT in food samples.

Numerous sensing techniques have been established for the estima
tion of NIT such as liquid chromatography, mass spectrometry, gas 
chromatography, voltametric assay, high performance liquid chroma
tography, polarography and square wave voltammetry [13–19]. Un
fortunately these methods have detriments in terms of need of 
time-consuming operation, have long response time, and need to 
pre-treat the sample, high-cost instrumentation, low detection limit and 
lack of selectivity. On the other hand, the spectrofluorimetric method 
overcomes the above drawbacks by providing on-site visual detection in 
a cost-effective manner [19–26]. Fluorescent carbon dots (CDs) are 
receiving huge attention for the detection of biomolecules, drugs, pes
ticides and food additives due to their enhanced optical properties, low 
cytotoxicity with high biocompatibility, prevention of reabsorption, 
overlap with autofluorescence and many others. A vast number of CDs 
have been reported for the development of electrochemical, fluorescent 
sensors and bioimaging applications [27–32]. CDs have been widely 
explored for the detection of veterinary drugs and nitroaromatic com
pounds due to their favourable photophysical properties and high 
sensitivity. CDs derived from various organic and biomass precursors 
have been reported for sensing antibiotics and nitro-containing drugs 
through fluorescence quenching mechanisms such as photoinduced 
electron transfer or inner filter effects. However, many of these probes 
show limited selectivity in complex food matrices, require longer 
response times, or lack validation in real biological samples. In partic
ular, reports on CDs fluorescent sensors for nitroxynil detection remain 
scarce, indicating the need for alternative sensing strategies with 
improved selectivity and practical applicability.

Herein, we prepared tyrosine derived carbon dots (T-CDs) through a 
simple one step method using tyrosine, ethylene diamine and utilized for 
the detection of NIT. The prepared T-CDs have both positive and nega
tive functional moieties on the surface. Considering the electron- 
withdrawing nitro and halogen groups present in nitroxynil, we 
designed a tyrosine-derived carbon dot–based fluorescent probe capable 
of efficient interaction with NIT. The introduction of ethylenediamine 
during synthesis provides surface functional groups that promote strong 
intermolecular interactions, leading to selective fluorescence quenching 
and enabling sensitive detection of NIT. The synthesis conditions were 
optimized as 7h reaction time with 170 ◦C of hydrothermal reaction 
temperature based on the achieving the best emission nature of the T- 
CDs. The formation of T-CDs was confirmed through various techniques 
such as UV–vis spectroscopy, emission properties, PXRD, TEM, FT-IR 
and XPS. The size of the T-CDs varies between 3.8 and 5.3 nm, the 
functional groups present on the surface were analysed through FT-IR 
and XPS techniques. Addition of NIT to the T-CDs causes quenching 
the emission behaviour of the T-CDs, from the obtained slope value of 
the linearity plot the lowest limit of detection (LOD) was found to be 4.9 
nM. The present probe expressed high selectivity and interference 
ability towards NIT in the presence of 1500 fold excess of similar drugs, 
metal ions and anions. The bioimaging potential of the suggested probe 
was tested by using PC3 cell lines with three different concentrations of 
T-CDs and also with different concentrations of NIT. Finally, the 
detection of NIT was achieved in real samples such as cow meat, mutton, 
milk and human urine sample.

2. Experimental section

2.1. Materials

Tyrosine and 1,2-ethylenediamine were purchased from Aladdin, 
China. Nitroxynil, praziquantel, clenbuterol, phenothiazine, cyprohep
tadine, mebendazole, ractopamine, diethylcarbamazine, tensamin, 
anthelvet, nicarbazin, sulfamethazine, oxfendazole, fructose, glucose, 
galactose and sucrose were purchased from Energy Chemical Company 

in China. From Hyclone (USA) the Fetal bovine serum (FBS), strepto
mycin, Dulbecco's phosphate buffered saline (DBS) penicillin, Roswell 
Park Memorial Institute (RPMI) medium 1640, Hepes buffer solution, 
and other cell culture materials were obtained. MTT-4,5- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide was obtained 
from Beyotime China. Benzoate, oxalate, acetate, sulfite, phosphate, 
fluoride, nitrate, lead (Pb2+), potassium (K+), zinc (Zn2+), mercury 
(Hg2+), iron (Fe3+), aluminum (Al3+), copper (Cu2+) and cadmium 
(Cd2+) were obtained. All other reagents were used as received as of 
analytical grade without additional purification. The whole experi
ments, the deionized water (DI) was used which was processed in our 
laboratory purification system.

2.2. Instrumentation

Cary 8454 spectrophotometer, Cary Eclipse instruments (Agilent 
Tech. USA) instruments were used to measure the absorption and 
emission spectra, respectively. Fourier transform infrared spectroscopy 
(FT-IR) was taken using a Thermo Nicolet 380 FT-IR spectrophotometer. 
A JEOL Jem advanced analytical HR-TEM was utilized for carrying out 
TEM images of N-CDs. Using the HI 2210 pH meter (Hanna Instruments, 
Woonsocket, RI, USA), the pH of the solutions was adjusted. A BioTek 
ELX800 microplate reader (Fisher Scientific, USA) was used to analyze 
the biocompatibility of T-CDs. Leica TCS SP 5 II (Leica Microsystems, 
USA) confocal laser scanning microscope with a 63× oil immersion 
objective lens with a diode laser as the light source was used to shoot live 
cell images.

2.3. Synthesis of T-CDs

The tyrosine derived carbon dots were prepared by single step in-situ 
method. In shortly, the L-tyrosine (0.05 g, 0.28 mmol; MW = 181.19 g/ 
mol) and 1,2-ethylenediamine (0.03 g, 0.50 mmol; MW = 60.10 g/mol) 
were dissolved in deionized water (50 mL). Concentrated H2SO4 (100 
μL, 1.88 mmol; density = 1.84 g/mL, MW = 98.08 g/mol) was added 
dropwise to the mixture [29]. The forward mixture was sonicated for 
few minutes until to get a clear solution. The obtained transparent so
lution was transferred into a Teflon lined stainless steel autoclave, 
allowed to react for about 7h at 170 ◦C in the oven. The resulting yellow 
coloured liquid was collected, centrifuged several times at 12,000 
relative centrifugal force, the supernatant liquid was collected and 
filtered with a pore size of 0.2 μm syringe filter. Further purification was 
carried out with the 3.5 KD pore size dialysis membrane for 48 h with 
occasional water changes. The final purified light yellow coloured T-CDs 
were stored at 4 ◦C and used for further sensing and other applications.

2.4. Spectroscopy measurements

The 0.4 mg/mL and 0.2 mg/mL (in DI water) T-CDs were used to 
measure the absorbance and emission spectra, respectively. As per the 
reaction conditions the amount of NIT was chosen. The probe, all the 
analytes were dissolved in DI water only. To verify the selectivity, each 
analyte was added to T-CDs separately and noted the emission response. 
For interference analysis, each analyte was added to the probe, NIT 
containing mixture and noted the emission spectra.

2.5. Cell culture, cytotoxicity and live cell imaging

The RPMI 1640 medium supplemented with 100 mg/mL penicillin, 
streptomycin and 10 % FBS was used to culture the PC3 cell lines at 
37 ◦C with 5 % CO2 environment. In the culture dish and 96-well plates 
the cells were cultured for imaging and cytotoxicity analysis, respec
tively. Different concentrations of T-CDs (0, 0.2, 0.5, 1, 2, 5, 7, and 10 
mg were dissolved in 10 mL of DI water), were added to the grown cells 
in 96 wells and incubated for about 24 h. The probe was then removed 
and the cells were gently washed with DI water then 0.5 mg/mL of MTT 
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was added and incubated for about 4 h. The produced formazan crystals 
were dissolved in 0.1 mL DMSO and observed with a BioTek ELX800 
microplate reader. The cytotoxic effect of T-CDs was evaluated by using 
the following formula, as reported. 

Survival ratio (%) = (Absorbance of the sample/Absorbance of the 
control) *100                                                                                     

The 0.2 mg/mL diluted probe T-CDs were stained into the cultured 
cells in the 35 mm dish. The different concentration probes such as 10, 
50, and 100 μL were injected into the cultured cells for 30 min and 
washed with DBS. The 1 and 3 μM of NIT solutions were injected into the 
probe stained cells, incubated for 10 min and carried out the fluores
cence confocal studies.

2.6. Sample preparation for real sample analysis

The ability to detect NIT in real samples using the present probe T- 
CDs was tested with cow meat, lamb meat, cow milk and human urine 
samples. The cow meat and lamb meat samples were prepared as fol
lows: The meat samples were purchased from the local market without 
any pre-treatment. The 0.5 g of meat sample was treated with known 
amount of NIT for 15 min. The meat sample was sonicated in DI water 
about 3 min and centrifuged. The supernatant liquid was collected and 
used for further analysis. The schematic illustration of the sample 
preparations is depicted in Scheme 1 [8,20,33]. The milk and urine 
samples were diluted into 20 times and subjected to analysis. All the 
experiments were done with five replicates and the mean value was 
taken. Using the following formula the recovery of the tests was 
calculated. 

Recovery (%) = (detected amount/spiked amount) × 100                    

The urine samples involved in this study were checked and approved 
by the Ethics committee of Zhenjiang People's hospital with IRB review 
approval documentation number of 2025–003-02. About five volunteers 
we collected urine samples among them four members are in our 
research team. All the five members are donated their urine samples 
with full of their own interest without compulsion by other factors.

3. Results and discussions

3.1. Preparation of T-CDs

Tyrosine and ethylene diamine were selected as precursors for the 
synthesis of T-CDs. Tyrosine is an amino acid, a good carbon source, is 
rich in heteroatoms (amine and acid functional moieties) and has both 

positive and negative centres to interact with the analyte molecules 
strongly. Ethylene diamine is a good source of nitrogen and it is used to 
initiate the dots preparation through polymerization followed by 
carbonization process. The detailed preparation of T-CDs has been 
explained in Section 2.3. T-CDs was prepared through a facile single-step 
hydrothermal method, using the emission intensity the synthesis con
ditions such as reaction time and hydrothermal temperature were fixed. 
Initially, the excitation and emission behaviour of the prepared T-CDs 
was analysed (Fig. S1A), it seems the T-CDs were expressed its excitation 
at 352 nm, its corresponding emission profile found at 444 nm. Further, 
the emission performance of T-CDs at different excitation wavelengths 
was studied by exciting the probe from 330 to 360 nm. The 350 nm of 
excitation was provided the best emission profile (Fig. S1B). The best 
reaction time and hydrothermal reaction temperature was found by 
altering these phenomena and observed the emission intensity to meet a 
good emitting T-CDs (Fig. S1C and S1D). The rise in hydrothermal 
temperature from 150 ◦C to 170 ◦C, the emission peak at 444 nm was 
increased with slight red shift (Fig. S1C), again rising the temperature to 
180 ◦C the emission intensity was decreased. Further, the effect of re
action time was noticed by increasing the reaction time from 5h to 8h. It 
seems that from 5h to 7h of reaction time, the emission intensity was 
increased, further increasing the reaction time there is no significant 
effect on the emission profile (Fig. S1D). From the above experiments, it 
is concluded that the hydrothermal temperature of 170 ◦C and 7h re
action time are the optimized reaction conditions to produce the best 
emitting T-CDs.

3.2. Characterizations of T-CDs

In order to achieve the good emitting T-CDs, the 7h reaction time 
with 170 ◦C of hydrothermal reaction temperature was kept constant for 
the preparation of T-CDs. The as prepared T-CDs were used for different 
characterizations such as XRD, TEM, XPS, sensing analysis and bio
imaging applications. As shown in Fig. 1, S1 and S2, the prepared T-CDs 
shows an absorbance peak at 348 nm and its corresponding emission 
peak appears at 444 nm with Stokes shift of 96 nm. By using rhodamine 
101 as a reference molecule, the quantum yield of the T-CDs was eval
uated to be 15.2 % [15,34–36]. The size and morphology of the prepared 
T-CDs were examined through TEM analysis. The uniformly distributed 
aggregation free spherical dots with size ranges of 3.8–5.3 nm were 
found in the TEM images (Fig. 2). The average and most populated size 
of T-CDs was found to be 4.4 nm. The crystalline nature of the prepared 
T-CDs was studied through PXRD analysis. The obtained PXRD pattern 
was displayed in Fig. 3A, which shows a broad band at 24.6

◦

. It is the 
characteristic PXRD pattern for highly disordered carbon containing 
carbon dots [28]. Further, the functional groups present on the T-CDs 

Scheme 1. Schematic illustration of NIT detection procedures in meat samples.
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were analysed using FT-IR and XPS techniques (Fig. 3B). In the FT-IR 
spectrum, the strong peaks appeared at 1280 cm− 1, 1475 cm− 1, 1685 
cm− 1, 2880 cm− 1, and 3330 cm− 1. The peaks appear at 1280 cm− 1, 
1475 cm− 1 for C––O and C–N stretching vibrations, respectively. The 
C––C, C––O and C––N stretching vibrations were observed as joint peaks 
around 1685 cm− 1. The characteristic broad and strong peak appears at 
3330 cm− 1 was due to the presence of OH and NH2 functional groups 
[37].

Furthermore, the exact bonding nature was studied by XPS analysis, 
the C, N and O atoms are presented in the prepared T-CDs (Fig. 4A). In 
addition, the high resolution C1s spectrum consists of three peaks at 
284.6 eV, 285.7 eV and 288.1 eV for C–C, C–OH and O–C––O binding 
modes (Fig. 4B). The N1s region was deconvoluted into three peaks at 
399.2 eV, 399.9 eV and 401.1 eV for C–NH2, N-(C––O) and NH4

+ bonds, 
respectively (Fig. 4C). Furthermore, the O1s region shows three peaks at 
530.8 eV, 531.5 eV and 535.6 eV, which are ascribed to C––O, C–O and 
C––O binding atmospheres (Fig. 4D), respectively [38,39]. The results 
are strongly suggested that, the T-CDs possess NH2, OH and acid 

functional moieties on the surface of T-CDs, which makes more conve
nient in the view of sensing variable targets. The chemical composition 
and presence of elements were analysed through CHN elemental anal
ysis (Table S2). It is found that, the T-CDs has C = 61.7 wt%, H = 6.3 wt 
%, and N = 12.8 wt%. The significant nitrogen content confirms suc
cessful incorporation of nitrogen-containing functional groups from 1, 
2-ethylenediamine. The high carbon content and comparatively low 
hydrogen reflect the formation of an aromatic/graphitic carbon core 
typical of carbon dots.

3.3. Sensing of NIT using T-CDs

Our major aim of the proposed study is to detect the NIT using T-CDs, 
the initial evaluation of the sensing ability of T-CDs was analysed 
through spectrophotometric analysis (Fig. 5A). The T-CDs shows an 
absorbance band at 348 nm, the absorbance peak was redshifted to 373 
nm after introducing 2 μM of NIT into the T-CDs solution. It seems that, 
the present probe T-CDs has good interaction with NIT and able to detect 
the NIT. Since the present probe T-CDs have good emission behaviour, 
the sensitive detection of NIT was analysed by spectrofluorometric 
techniques (Fig. 5B). The probe T-CDs shows an emission at 444 nm with 
its corresponding excitation at 350 nm. By the addition of 50 nM of NIT, 
the emission intensity was decreased. Further, the emission intensity 
was decreased linearly with a slight red shift with each addition of 50 
nM of NIT (Fig. 5B). The fluorescent colour of the solution changed from 
bright cyan blue to less intense blue with the addition of 0.7 μM of NIT. 
Under UV lamp the photographic images were taken for T-CDs and T- 
CDs after interacting with 0.7 μM of NIT and the obtained images were 
displayed in the inset of Fig. 5B. The possible hydrogen bonding, elec
trostatic interactions between the –NO2, –OH groups present on the NIT 
with the functional moieties present on the T-CDs surface. Hence, the 
emitting nature of the T-CDs was quenched after interaction with NIT. 
By each addition of NIT, the emission intensity was decreased linearly 
and the obtained linear plot of emission intensity versus the concen
tration of NIT was shown in Fig. 5C. The linear regression coefficient was 
achieved as 0.9927 and from the slope value the LOD was found to be 
5.2 nM (S/N = 3). It is worthwhile to compare the LOD of the present 
method with the earlier reports as we achieved lowest LOD for NIT 
(Table S1).

Fig. 1. Excitation and emission spectra obtained for T-CDs.

Fig. 2. (A–C) TEM images and (D) High resolution TEM image obtained for T-CDs.
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3.4. Quenching mechanism, quenching and binding constants

The quenching behaviour of T-CDs in the presence of NIT was ana
lysed using the Stern–Volmer (SV) approach to determine the quenching 
and binding parameters (Fig. S3). The SV plot (Fig. S3A), constructed 
using the relation F0/F = 1 + KSV[Q], exhibited a marked upward de
viation from linearity at higher quencher concentrations, indicating the 
coexistence of both dynamic and static quenching processes. From the 
initial linear region, the Stern–Volmer quenching constant (KSV) was 
calculated as 5.33 × 106 L mol− 1, reflecting the strong quenching 
capability of NIT toward T-CDs (Fig. S3B). Before examining the 
quenching mechanism, spectral overlap was assessed to rule out arte
facts. The absorption spectrum of NIT shows minimal overlap with the 

excitation and emission bands of T-CDs, indicating that inner-filter ef
fects cannot account for the observed fluorescence suppression (Fig. 1). 
Furthermore, the negligible overlap between T-CDs emission and NIT 
absorption eliminates the possibility of Förster resonance energy trans
fer (FRET). A slight red-shift in the emission maximum of T-CDs was 
observed upon incremental addition of NIT. This bathochromic shift 
cannot arise from IFE or FRET; instead, it suggests subtle perturbation of 
the emissive surface states of T-CDs due to donor–acceptor electronic 
interactions. The electron-rich functional groups on T-CDs (–OH, –NH2) 
can weakly associate with the strongly electron-deficient NIT moieties 
(–NO2, –C ––– N, and I-substituted aromatic ring), which partially sta
bilises the excited state and introduces mild charge-transfer character, 
lowering the emission energy and producing the observed red-shift.

Fig. 3. Characterizations of T-CDs through (A) XRD spectrum and (B) FT-IR spectrum.

Fig. 4. XPS spectra obtained for T-CDs (A) Survey spectrum, (B–D) C1s, N1s, and O1s regions, respectively.
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To clarify the quenching pathway, time-resolved fluorescence life
time measurements were performed on T-CDs before and after NIT 
addition (Fig. 6). The average lifetime decreased from 6.24 ns (T-CDs) to 
5.82 ns (T-CDs + NIT). As only dynamic (collisional) quenching reduces 
the excited-state lifetime, this measurable decrease provides direct evi
dence that the dominant quenching mechanism is dynamic. The 
donor–acceptor nature of the interacting species further supports a 
photoinduced charge-transfer (CT) pathway, where excited-state elec
trons from T-CDs transfer to the electron-deficient NIT molecules. This 
CT-mediated collisional process aligns with the lifetime data and ex
plains the high quenching efficiency. The binding constant (KA) associ
ated with ground-state interaction was determined using the double- 

logarithmic equation log[(F0 − F)/F0] = log KA + n log[Q]. The corre
sponding linear plot (Fig. S3B) yielded a KA value of 5.62 × 102 L mol− 1, 
indicating moderate ground-state association. This agrees with the 
minor static component inferred from the curvature of the SV plot.

Overall, the combined steady-state, time-resolved, and electronic 
interaction analyses confirm that the fluorescence suppression of T-CDs 
by NIT occurs primarily through dynamic, photoinduced charge transfer 
mediated collisional quenching, with a secondary and weaker static 
component arising from limited ground state association. A mild 
excited-state stabilization responsible for the small red-shift arise from 
limited ground state donor acceptor interactions between T-CDs and 
NIT. Further, the relatively slow quenching kinetics can be attributed to 
a diffusion-controlled association between T-CDs and NIT. Since no 
chemical reaction occurs, the interaction proceeds through gradual non- 
covalent adsorption on the heterogeneous CD surface.

3.5. Optimization of detection of NIT using T-CDs

Since our aim is to selectively detect NIT among the pool of possible 
interferences, without being affected by its detection environment such 
as reaction time and pH. Generally, most sensors are affected by their 
detection conditions. In order to achieve an accurate, best sensing per
formance the detection conditions need to be studied and standardized. 
For this, we tested the selective detection response among the possible 
interferences and along with the possible interferences (Fig. S4). The N- 
CDs were allowed to interact with 0.5 mM of common interferences 
including similar drugs (Scheme S1) such as ractopamine, tensamin, 
tetramisole, oxfendazole, anthelvet, nicarbazin, mebendazole, pheno
thiazine, praziquantel, cyproheptadine, diethylcarbamazine, anions and 
cations which are commonly present on the environmental samples and 
body fluids. From Fig. S4, the results clearly indicate that the T-CDs gave 
a selective response towards NIT only. Again, the interference ability 
towards the detection of NIT using T-CDs was analysed by adding 0.7 μM 
of NIT along with 10 mM of other interfering solutions. The emission 
intensity towards the detection of NIT was not significantly altered even 

Fig. 5. (A) UV–Vis spectra obtained for T-CDs and T-CDs after interaction with 2 μM of NIT, (B) Fluorescence emission spectra obtained for T-CDs in the presence of 
various concentrations of NIT (each 50 nM). Inset: Photographs obtained under UV lamp for T-CDs and its after reaction with NIT and (C) The linearity plot obtained 
between the fluorescence intensity against the concentration of NIT.

Fig. 6. Fluorescence life time decay curves obtained for T-CDs (red line) and T- 
CDs with NIT (black line). (For interpretation of the references to colour in this 
figure legend, the reader is referred to the Web version of this article.)
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in the presence of 1500 fold excess of interferences. It indicates that the 
present probe T-CDs has good selectivity and good anti-interference 
ability towards the detection of NIT, the sensing response would not 
be affected by commonly presented interferences. Further stability of T- 
CDs and its binding with NIT at various pH was studied by measuring the 
emission intensity of T-CDs and T-CDs with NIT at various pH 
(Fig. 7A–C). The results revealed that the present probe T-CDs is highly 
stable in neutral pH, in both acidic and basic conditions the T-CDs is not 
stable (Fig. 7A–C). This might be the functional groups present on the 
surface of the T-CDs were hydrogenated or dehydrogenated in acidic 
and basic environments and also the highest sensing ability was also 
achieved at neutral pH. This will be benefitted during the detection of 
NIT in biological samples. The detection time of NIT using T-CDs was 
analysed by introducing various concentrations of NIT in T-CDs. The 
emission response was observed, the plot of emission intensity versus 
the response time was drawn (Fig. 7D). It seems that, the emission in
tensity dropped immediately by introducing each concentration of NIT 
and attained plateau about 5 min for all the concentrations of NIT. 
Hence, the reaction time of 5 min is acceptable for the detection of NIT 
using the present probe T-CDs.

3.6. Fluorescence bioimaging using T-CDs

All the above outcome results led us to extend the application of T- 
CDs towards NIT detection in cell lines via fluorescent bioimaging. 
Before introducing the probe solution to the living cells, the survival 
ratio of the living cells against the probe solution was tested using the 
regular MTT assay method. The PC3 cell lines were cultured in a 96-well 
plate and the different concentrations of the present probe T-CDs were 
introduced into the grown cell wells. The obtained cell survival ratio was 
plotted against the concentration of the probe solution and displayed in 
Fig. S5. About 90 % of the cells were live even when treated with 10 mg 
T-CDs, the high survival ratio of the cells indicates that the present probe 
T-CDs has good biocompatibility and will be benefit as a good bio
imaging reagent. Fig. 8 shows the fluorescence confocal bioimages 

obtained for PC3 cells stained with different concentrations of probe T- 
CDs and then treated with NIT. Initially, the well grown PC3 cells were 
treated with 10, 50, and 100 μL of probe solutions (0.2 mg/mL) (I, II and 
III, respectively). The bright blue fluorescent images were obtained as 
shown in Fig. 8A–D, and G. The different concentrations treated three 
types of probe-stained cells were further exposed with 1 μM (Fig. 8B–E, 
and H) and 3 μM of NIT (Fig. 8C–F, and I). After treatment with NIT, the 
fluorescence intensity of the cells was decreased, the intensity varies 
with the concentrations of the NIT. It is noted that, the concentrations of 
the probe solution do not provide significant impact towards the 
detection of NIT in live cells, i.e. even at low concentration probe can 
provide contrast images and there are no significant differences 
observed in Fig. 8C–F and I. These findings suggest that T-CDs can be a 
good bioimaging reagent and can produce contrast images with different 
NIT concentrations.

3.7. Determination of NIT in injection, meat, milk and urine samples

Based on the obtained interesting results, the developed probe for the 
detection of NIT was applied to the estimation of NIT in various real 
samples such as commercial injection, lamb meat, cow meat, and cow 
milk and also in human urine samples. The injection “Dovix” was sub
jected to the analysis, the known amount of 20, 50 and 100 nM of NIT 
was added to the probe solution. Based on the obtained calibration 
curve, the amount of NIT present in the sample was determined. It seems 
that the present method of detection shows high recovery results based 
on the added amount of commercial drug Dovix (Table 1). The cow 
meat, lamb meat, cow milk and human urine samples were collected as 
explained in Section 2.7, Scheme 1. As NIT is used as a veterinary 
medicine the detection of NIT in human edible meat samples, milk 
samples and human urine samples is of concern. It is mentioned that the 
regulatory limits of NIT on the type of meat and milk samples are 20 and 
20–400 μg kg− 1 (depending on the meat such as kidney, liver, muscle 
and fat) as per the European Commission Regulation number 997/1999 
[33,40]. The real sample analysis results indicated that the proposed 

Fig. 7. Effect of pH on T-CDs (A) in the absence (B) in presence of 0.7 μM of NIT, (C) its bar chart representation and (D) Plot of fluorescence emission intensity 
versus reaction time obtained for T-CDs in the presence of different concentrations of NIT.
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present sensor is suitable for the detection of NIT in food and urine 
samples. The recovery results obtained for spiked NIT in lamb meat was 
from 99.5 % to 99.9 %, in cow meat was from 100.02 % to 100.25 %, in 
cow milk was from 98.5 % to 99.7 % and in human urine samples was 
from 98.5 % to 99.6 %. The present probe has good recovery with the 
spiked amount of NIT, which revealed that the present probe T-CDs 
could be used for the estimation of NIT in food samples and urine 
samples. Further, the obtained results were validated with HPLC 
method.

4. Conclusions

The proposed probe T-CDs was successfully synthesized by using 
tyrosine and ethylenediamine as precursors. The emission peak was 
observed at 444 nm with corresponding excitation at 352 nm. Based on 

its emission peak, the reaction conditions were optimized to achieve 
good emitting T-CDs as 7h reaction time with 170 ◦C of hydrothermal 
reaction temperature. The successful formation of T-CDs, their size, 
shape, surface functional groups and bonding nature were analysed 
through UV–vis spectroscopy, emission properties, PXRD, TEM, FT-IR, 
and XPS. The sizes of the T-CDs varied from 3.8 to 5.3 nm, and the 
average size of the T-CDs was found to be 4.4 nm. By introducing each 
concentration of NIT into the T-CDs the emission nature was quenched 
linearly, based on the slope value obtained from the linearity curve, the 
LOD was found to be 5.2 nM. T-CDs shows high selectivity among the 
pool of similar drugs, common interfering ions and high interference 
tolerance ability. Even in the presence of 1500 fold excess of interfering 
compounds, T-CDs selectively detects NIT. T-CDs displayed contrast 
bioimages depends on both concentration of probe solution as well as 
presence of different concentration of NIT. Since, NIT is present on the 
food residues of anthelmintics the cow meat, mutton meat, milk samples 
were tested for the ability to detect the NIT. Moreover, the NIT detection 
was also tested in human urine samples and achieved good recovery 
results. The present method of detection was validated by HPLC method. 
Finally, through a simple preparation method a highly biocompatible 
probe T-CDs were prepared and delivered a highly sensitive, selective 
detection of NIT. The detection in meat sample, milk and urine samples 
was demonstrated. The present work encourages the researchers to find 
the simplest way to sensitively detect the harmful drugs in food samples.
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Table 1 
Detection of NIT in food and urine samples using T-CDs (n = 5).

Samples NIT spiked 
(nM)

NIT measured (nM) Recovery 
(%)

Fluorimetry 
method

HPLC 
method

Dovix 
injection
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50 49.7 49.2 99.4

100 99.98 99.90 99.98

Lamb meat 20 19.9 19.0 99.5
50 49.8 49.2 99.6
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Cow meat 20 20.05 19.5 100.25

50 50.01 49.4 100.02
100 100.02 99.97 100.02

Cow milk 20 19.7 19.1 98.5
50 49.6 49.5 99.2

100 99.7 99.5 99.7
Human urine 20 19.7 19.5 98.5
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100 99.6 99.5 99.6
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