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a b s t r a c t

In this work, the nano-g-C3N4/UiO-66-NH2 composite was prepared by one-step solvothermal method.

The as-prepared composite was characterized by scanning electron microscopy, Brunner-Emmet-Teller

measurement, energy dispersive spectrometer, X-ray diffraction, and Fourier transform infrared spec-

troscopy. By using nano-g-C3N4/UiO-66-NH2 composite as sorbent, a dispersive solid-phase extraction

coupled with high-performance liquid chromatography was developed to sensitive analysis of food col-

orants including tartrazine, amaranth, carmine, sunset yellow, allura red and bright blue. The experiment

parameters including the amount of sorbent, adsorption time, the pH of adsorption solution, desorption

time, desorption solvent, the pH of desorption solution as well as the proportion between desorption

solvent and buffer solvent were investigated. Under the optimized conditions, the limits of detection

(S/N = 3) and limits of quantitation (S/N = 10) were determined in the ranges of 0.08–0.8 and 0.2–

2.0 ng/mL, respectively. With the developed sample pretreatment method, carmine and brilliant blue

were determined from blueberry juice by HPLC-DAD. The contents were calculated as 1.53 μg/mL and

0.17 μg/mL, respectively.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

With improving the standard of living, food safety received con-

siderable attention. Colorants as a type of food additives are com-

monly used to improve food appearance to make them more at-

tractive and appetizing [1]. According to their origin, food colorants

can be divided into natural colorants and synthetic colorants. Nat-

ural colorants with property of relatively safe are mainly extracted

from plant tissues, animals and microorganisms [2]. Due to com-

plex extraction procedures, poor stability and high cost, the ap-

plication of natural colorants is limited in food industry. So, the

natural colorants are usually replaced by synthetic colorants be-

cause of their stable properties, bright colors and low prices [3].

However, some synthetic colorants are considered to have chronic

toxicity, lethality, carcinogenesis and gene mutation to customer,

particularly to children [4]. Therefore, it is very necessary to de-

velop simple, reliable and high-efficient method for determination

of synthetic colorants in foodstuffs.
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Various analytical methods including high performance liq-

uid chromatography (HPLC) [5], liquid chromatography-mass spec-

trometry (LC-MS) [6], capillary electrophoresis [7], electrochemical

sensor [8], as well as Raman spectra and surface-enhanced Raman

scattering [9,10] were reported to determine synthetic colorants in

different food matrices. Moreover, mass spectrometry (MS) with an

interchangeable thermal desorption electrospray ionization source

was used to rapid screening of basic colorants in processed veg-

etables [11]. Among above-mentioned techniques for determining

colorants, HPLC equipped with UV or DAD earned great attention

because of easy operation, low-cost in maintenance and operation,

as well as reliable results. However, low-sensitivity of this detector

limited the widely application of HPLC for ultra-trace analytes in

complex samples. To improve the detection sensitivity of univer-

sal methods, developing high-efficient sample pretreatment tech-

niques was paid more and more attention.

With the fast developing of nanoscience and nanotechnology,

various sample pretreatment methods based on nanomaterials

were developed for clean-up and preconcentration of trace tar-
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gets in complex samples [12,13]. Nanoparticles as sorbents gained

widespread interest in sample pretreatment since they can signif-

icantly affect the sensitivity and selectivity of the methods. Due

to large surface area, high porosity, wide range of pore shapes,

abundant organic linkers, and tunable frameworks, metal-organic

frameworks (MOFs), a kind of organic-inorganic hybrid materi-

als, are gaining increasing attention in various fields, such as en-

ergy storage [14], pollutants adsorption [15], chemical sensor [16],

biomedicine [17], and catalysis [18]. Recently, MOFs and MOF-

based composites were found as an ideal sample pretreatment ma-

terial in biological, environmental and food analysis [19–22]. How-

ever, the application of MOFs in sample pretreatment was limited

because of their poor chemical stability in liquid matrices (e.g., wa-

ter or solvents).

Among MOFs, UiO-66 is a zirconium-based building brick with

high stability and specific surface area, which was synthesized

in 2010 [23]. The crystal form of UiO-66 can keep basically un-

changed in water and organic solvents (e.g., DMF, acetone and ben-

zene). Graphitic carbon nitride (g-C3N4), a new non-metallic ma-

terial, has drawn considerable attention with its unusual numer-

ous intrinsic properties, such as good dispersion, large specific sur-

face area, excellent thermal and chemical stability, as well as good

biocompatibility and non-toxicity [24–26]. Our group has demon-

strated that g-C3N4 or g-C3N4-based composites as the useful sor-

bent for clean-up and preconcentration of ultra-trace compounds

in sample pretreatment [27–30].

In this work, the composite of two-dimensional nano-g-C3N4

and three-dimensional MOF (UiO-66-NH2) were prepared by one-

step solvothermal method. The composite was used as sorbent of

dispersive solid-phase extraction (dSPE) for clean-up and precon-

centration of colorants in different foodstuffs. The tartrazine, ama-

ranth, carmine, sunset yellow, allura red and brilliant blue (chemi-

cal structures see Fig. S1 in Supporting information) were selected

as target analytes to evaluate the performance of the nano-g-

C3N4/UiO-66-NH2 (CN/UiO-66-NH2). The as-prepared CN/UiO-66-

NH2 composite showed the best extraction performance compared

with that of other composites, such as bulk-g-C3N4/UiO-66, nano-

g-C3N4/UiO-66 (CN/UiO-66), and nano-g-C3N4/UiO-66 (CN/UiO-66-

COOH).

First, the nano-g-C3N4 was prepared by thermal polymeriza-

tion and calcination of melamine at high temperature according

our previous work [28]. Then, the composites including bulk-g-

C3N4/UiO-66, CN/UiO-66-NH2, CN/UiO-66, and CN/ UiO-66-COOH

were synthesized by similar solvothermal method with a modifica-

tion. The detailed preparation information and protocol were pro-

vided in the experiments section of SM.

The morphology of pure UiO-66 and CN/UiO-66-NH2 composite

was characterized by SEM. It can be seen from Fig. 1a that pure

UiO-66 showed with large particle size and uniform octahedron.

However, the CN/UiO-66-NH2 composite had a similar crystalline

but with smaller particle size (Fig. 1b). What is more, the Brunner-

Emmet-Teller (BET) measurement was performed to evaluate the

difference of specific surface area and pore structure. The spe-

cific surface area of pure UiO-66 was determined as 752.12 m2/g

(Fig. 1c). As presented in Fig. 1d, the CN/UiO-66-NH2 provided

larger specific surface area (835.06 m2/g) than that of pure UiO-

66. The total pore volumes of CN/UiO-66-NH2 were determined

as 0.69 m3/g with average pore size of 3.41 nm, which revealed

that the CN/UiO-66-NH2 composite was the mesoporous material.

In additional, the energy dispersive spectrometer analysis was car-

ried out to confirm elements type and their corresponding content

(Fig. S2 in Supporting information).

The crystallographic structure and phase purity of the as-

prepared materials was investigated by X-ray diffraction (XRD). It

can be seen from the Fig. 2a that the characteristic peaks of UiO-66

were consistent with that reported in the literature [23] and simu-

Fig. 1. SEM images of UiO-66 (a) and CN/UiO-66-NH2 (b). The BET of UiO-66 (c)

and CN/UiO-66-NH2 (d).

Fig. 2. (a) Typical XRD patterns of UiO-66, CN/UiO-66, CN/UiO-66-NH2 and CN/UiO-

66-COOH. (b) Zeta charge of CN/UiO-66-NH2 at different pH value. (c) FT-IR spectra

of UiO-66 and CN/UiO-66 powders. (d) FT-IR spectra of CN/UiO-66, CN/UiO-66-NH2

and CN/UiO-66-COOH powders.

lated standard of UiO-66. The main characteristic peaks of CN/UiO-

66, CN/UiO-66-NH2 and CN/UiO-66-COOH demonstrated that their

crystal structures had not been destroyed during the preparation

process (Fig. 2a). The characteristic peak of nano-g-C3N4 was not

clearly demonstrated may be associated with low content of nano-

g-C3N4 in composites.

The zeta potential of CN/UiO-66-NH2 composite under different

pH conditions was studied. The results were shown in the Fig. 2b.

The charges of the material surface changed from positive to neg-

ative with increasing pH value from 2 to 10, and the isoelectric

point is 9.

To verify the chemical functional groups in the CN/UiO-66,

CN/UiO-66-NH2 and CN/UiO-66-COOH composites, the Fourier

transform infrared (FT-IR) spectra was employed and results are

shown in Figs. 2c and d. As for UiO-66, the low wavelength bands

mainly including 487, 551, 668, 747, 817 and 882 cm−1 may be

associated with stretching vibration of O–H, C–H, and Zr–O [24].

The wavelength of the aromatic compound of C–O organic linker

is 1450–1580 cm−1. The 1509 cm−1 is assigned as the vibration

of aromatic ring of organic ligand. The wavelength at 3200–3700

cm−1 is attributed to the characteristic peak of O–H stretching vi-

bration, because of the absorption of water. The characteristic peak

in the spectrum of CN/UiO-66 at 837 cm−1 which associates to the

ring plane bending vibration of triazine unit. The new absorption
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Table 1

The linear equation, linear range, correlation coefficients (R2), LOQs, LODs and precision of the developed dSPE-HPLC method for the analysis of food

colorants.

Analyte Linear equation Linear range R2 LOQs LODs RSDs (%, n = 5)

(ng/mL) (ng/mL) (ng/mL) Intraday Interday

Lemon yellow y = 2.23x + 16.69 0.8–500 0.9977 0.8 0.4 2.12 4.22

Amaranth y = 1.10x - 0.73 2.0–500 0.9967 2.0 0.8 1.76 2.67

Carmine y = 1.82x + 1.73 0.8–500 0.9973 0.8 0.4 1.48 4.23

Sunset yellow y = 0.98x + 2.42 1.0–500 0.9992 1.0 0.5 0.98 3.58

Alluring red y = 2.17x + 3.63 0.5–500 0.9977 0.5 0.2 1.56 4.38

Brilliant blue y = 5.28x + 1.54 0.2–500 0.9965 0.2 0.08 0.86 3.61

Fig. 3. Comparison of the performance of bulk-g-C3N4/UiO-66, CN/UiO-66, CN/UiO-

66-COOH, and CN/UiO-66-NH2 as sorbents of dSPE for extraction of food colorants.

peaks of CN/UiO-66-NH2 at 1432 cm−1 and 1261 cm−1 can be ex-

plained as following. The characteristic peak of C–O stretching vi-

bration appears at 1432 cm−1 [31], indicating the existence of C–O

bond in 2-aminoterephthalic acid (abbreviated to NH2-TPA) [32].

The characteristic peak of C–N stretching vibration is considered

as 1261 cm−1, belonging to CN/UiO-66-NH2 [33]. In additional, the

characteristic peaks of 1400 cm−1 and 1600 cm−1 are the stretch-

ing vibration peaks of carboxylate (COO−) (Fig. 2d). Compared with

CN/UiO-66, the new absorption peak of CN/UiO-66-COOH is ap-

peared at 1653 cm−1 [23].

To evaluate the adsorption ability of as-prepared composites

including bulk-g-C3N4/UiO-66, CN/UiO-66, CN/UiO-66-COOH and

CN/UiO-66-NH2, six food colorants were selected as target ana-

lytes. Among all prepared materials, the CN/UiO-66-NH2 provided

highest adsorption capacity (Fig. 3). This can be attributed to

that compared with bulk-g-C3N4, the nano-g-C3N4 possessed large

specific area. In additional, the amino group (cationic group) of

CN/UiO-66-NH2 can form strong electrostatic interaction with an-

ionic food colorants.

To achieve the best performance of CN/UiO-66-NH2 as dSPE sor-

bent for extraction and preconcentration of food colorants prior

to HPLC-DAD analysis, the main experiment parameters including

the amount of sorbent, adsorption time, pH of adsorption solu-

tion, desorption time, desorption solvents, pH of desorption solu-

tion as well as the proportion between desorption solvents and

buffer solution were investigated and subsequently optimized by

using 10 mL of standard solution containing the six food colorants

at concentration of 100 ng/mL. The experimental procedures and

explanations were provided in Supporting information. In conclu-

sion, 12 mg as the amount of sorbent, 10 min as adsorption time,

4 as the pH value of adsorption solution, 6 min as desorption time,

acetone as desorption solvent, 11 as the pH of desorption solu-

Fig. 4. The chromatograms for the analysis of blueberry juice by HPLC-DAD, (a) di-

rect injection of 1 μL blueberry juice, (b) pretreated by dSPE with CN/UiO-66-NH2

as sorbent, (c) standard solution with a concentration of 10 μg/mL. Peaks identifi-

cation: (1) lemon yellow, (2) amaranth, (3) carmine, (4) sunset yellow, (5) alluring

red, (6) brilliant blue.

tion, 60:40 (v/v) as the proportion of acetone and Britton-Robinson

buffer.

Under the optimized conditions, a dSPE method using CN/UiO-

66-NH2 as sorbent was developed to clean-up and preconcentra-

tion of food colorants prior to HPLC-DAD analysis. The limit of de-

tection (LOD) was determined as 3:1 of signal-to-noise ratio and

limit of quantitation (LOQ) was determined as 10:1 of signal-to-

noise ratio. As shown in the Table 1, LODs and LOQs were calcu-

lated in the range of 0.08–0.8 and 0.2–2.0 ng/mL. The precision

of the method was investigated with relative standard deviations

(n = 5) of intraday and interday in the range of 0%–2.12% and

2.67%–4.38%, respectively.

Three foodstuffs (yellow croaker, orange fruit sugar and blue-

berry fruit juice) were selected as real samples to study the re-

liability of the method. No target analyte was detected in yellow

croaker and fruit sugar. The carmine and brilliant blue were de-

tected in blueberry juice (Fig. 4). The concentrations of carmine

and brilliant blue were calculated as 1.53 μg/mL and 0.17 μg/mL,

respectively.

To evaluate the reliability of the method, three different con-

centration (5, 50, 200 ng/mL) of standard solution were added to

blueberry juice. The samples were extracted and analyzed with

the developed method. Each concentration was determined three

times in parallel. The results were listed in the Table 2. It can be

seen from Table 2 that the recoveries were achieved in the range

of 82.6%–105.8%. The reusability of sorbent was investigated with a

series of adsorption and desorption. Experimental results demon-

strated that the adsorption capacity can maintain more than 90%

with 10 times continuous analysis.

The CN/UiO-66-NH2 as sorbent of dSPE for extraction and pre-

concentration of food colorants was compared with other re-

ported methods for the analysis of food colorants. As illus-

trated in Table S1 (Supporting information), the sorbent including

PEI@PDA@Fe3O4 [34], GO@Fe3O4 [35], Forisil [36], rGO/Fe3O4 [37],

and MSN-NH2 [38] were used to enrichment of colorants.
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Table 2

The recoveries of method for the analysis of food colorants.

Analytes 5 ng/mL 50 ng/mL 200 ng/mL

Recovery (%) RSDs (n = 3, %) Recovery (%) RSDs (n = 3, %) Recovery (%) RSDs (n = 3, %)

Lemon yellow 86.2 4.3 86.6 7.2 84.1 7.3

Amaranth 84.0 1.5 83.1 3.9 90.3 8.9

Carmine 87.6 2.8 104.9 4.3 96.6 5.7

Sunset yellow 82.6 5.2 93.4 5.4 88.5 3.7

Alluring red 84.7 6.6 82.8 3.2 86.9 5.2

Brilliant blue 92.8 2.5 105.8 4.4 90.4 6.3

In conclusion, the nano-g-C3N4/UiO-66-NH2 composites were

prepared by one step solvothermal method. The nano-g-C3N4/UiO-

66-NH2 was demonstrated as a useful sorbent of dSPE for clean-

up and preconcentration of colorants in different foodstuffs. Com-

paring with bulk-g-C3N4/UiO-66, the nano-g-C3N4/UiO-66 pos-

sessed higher adsorption capacity because of large specific area.

Among the composites from nano-g-C3N4, the amino-group mod-

ified UiO-66 can provide the highest performance in the extrac-

tion of food colorants. The possible reason can be attributed the

amino group can form strong electrostatic interaction with an-

ionic food colorants. By using nano-g-C3N4/UiO-66-NH2 as sorbent,

a dSPE method was developed for clean-up and preconcentration

of colorants from different foodstuffs prior to HPLC-DAD analysis.

The method showed a simple, reliable, low-cost, and environment-

friendly properties for the analysis of ultra-trace food colorants in

complex samples.
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