
SPE-UHPLC-DAD Method for the Simultaneous Determination
of Three Flavonoids in Grape Juice by Using Bis(tetraoxacalix[2]
arene[2]triazine)-Modified Silica as Sorbent

Kai Hu1
& Zhifen Deng2 & Sui Li1 & Mingxia Wu1

& Wei Liu1
& Shusheng Zhang2

Received: 25 December 2016 /Accepted: 12 April 2017 /Published online: 27 April 2017
# Springer Science+Business Media New York 2017

Abstract In this study, bis(tetraoxacalix[2]arene[2]triazine)
modified silica gel was successfully prepared and used as an
efficient sorbent for solid-phase extraction. Coupled with
ultra-high pressure liquid chromatography (UHPLC), the ex-
traction performance of the sorbent was evaluated by using
three flavonoids as model analytes. Main parameters, which
affecting extraction efficiency were carefully optimized. The
results showed that multiple intermolecular interactions were
involved in the sample pretreatment procedure, including
π–π, hydrophobic and hydrogen bonding interactions.
Under the optimal conditions, the proposed method was ap-
plied for the analysis of three flavonoids in grape juice.
Satisfactory linear ranges for flavonoids were obtained in the
range of 5–200 ng mL−1 for quercetin, 1–200 ng mL−1 for
luteolin, and 2–200 ng mL−1 for kaempferol, with good cor-
relation coefficients (>0.9996). Limits of detection (LODs)
were in the range of 0.5–2 ng mL−1, and the LOQs were
between 1 and 5 ng mL−1. The recovery values of spiked
grape juice ranged from 97 to 106% with relative standard
deviations (RSDs) less than 4.7% (n = 3). This method

exhibited the advantages of simplicity, rapidity, and low sol-
vent consumption, and was promising for the separation and
determination of flavonoids in grape juice and other matrixes.
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Introduction

Flavonoids are a large class of polyphenolic compounds with
diphenylpropane skeletons, of which can be divided into four
major classes, including 4-oxoflavonoids (flavones, flavonols,
etc.), anthocyanins, isoflavones, and the flavan-3-ol deriva-
tives (catechin andtannins) (Miean and Mohamed 2001).
Flavonols such as quercetin, myricetin, and the corresponding
favones are found to have the activity of anti-aging, antican-
cer, antioxidant, anti-inflammatory, antibacterial, and antiviral
effects (Alvarez-Suarez et al. 2012; M Alvarez-Suarez et al.
2013). These compounds are distributed in medicinal plants,
veggies, fruit juices, and honey (Liu et al. 2016; Wang et al.
2015). As the particular importance of their biological activity,
the development of analytical methods with simplicity, rapid-
ity, and sensitivity for flavonoids is necessary.

Various analytical methods have been adopted for flavo-
noid determination, such as spectrophotometer (Falkova et al.
2014), capillary electrophoresis (Memon et al. 2017; Xu et al.
2016), electrochemical (Liao et al. 2015), high-performance
liquid chromatography (HPLC) (Liu et al. 2016; Yang et al.
2017), and LC-MS (Li et al. 2016). The spectrophotometry
and electrochemical method is simple and low cost, but it has
difficulty in the analysis of trace level flavonoids with com-
plex sample matrices. Capillary electrophoresis has the advan-
tages of speed, high separation efficiency, and low cost, but

Electronic supplementary material The online version of this article
(doi:10.1007/s12161-017-0904-4) contains supplementary material,
which is available to authorized users.

* Kai Hu
hk5268@126.com

* Shusheng Zhang
zsszz@126.com

1 Analytical and Testing Centre, Henan University of Chinese
Medicine, Zhengzhou 450008, People’s Republic of China

2 College of Chemistry and Molecular Engineering, Zhengzhou
University, Zhengzhou 450052, People’s Republic of China

Food Anal. Methods (2017) 10:3434–3442
DOI 10.1007/s12161-017-0904-4

http://dx.doi.org/10.1007/s12161-017-0904-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s12161-017-0904-4&domain=pdf


the stability and repeatability are not so good. The LC-MS is
high cost and cannot be easily adopted by nonspecialized
laboratories. On the contrary, HPLC has good precision, high
resolution, and a simple analysis procedure. Meanwhile, the
flavonoids in real samples are usually of trace level with com-
plex sample matrices. Thus, it is desired to select a sample
pretreatment method before chromatographic analysis.

Until now, many extraction methods have been conducted
for the extraction and enrichment of trace-level flavonoids
from the complex samples, including decocting extraction
(Tan et al. 2012), refluxing extraction (Xu et al. 2016), super-
critical fluid extraction (Pereira et al. 2016), microwave-
assisted extraction (Hussein et al. 2015), ultrasonic extraction
(Lu et al. 2011), and field-assisted extraction methods (He
et al. 2016). Though, these methods were common and easy
to operate, they are usually time consuming and labor inten-
sive. Solid-phase extraction (SPE) (Aresta et al. 2016; Arvand
et al. 2015; Liu et al. 2016; Mnayer et al. 2015; Zhou et al.
2014) has emerged as an attractive alternative for sample prep-
aration owing to its simplicity, high enrichment factor, rapid
separation, and low solvent consumption. Therefore, SPE has
been developed rapidly for the trace analysis of complex sam-
ple matrices (Andrade-Eiroa et al. 2016; Płotka-Wasylka et al.
2016; Wasik et al. 2016). The type of sorbent material is the
main factor affected the selectivity, sensitivity, and recovery of
the SPE determining method (Płotka-Wasylka et al. 2016). So
far, various SPE sorbents have been successfully developed
and applied in many analytical fields. Silica C18 is the most
widely used sorbent in conventional SPE methods due to its
excellent performance in the extraction of hydrophobic com-
pounds. However, the main interaction of silica C18 is hydro-
phobicity, which may demonstrate indiscriminate adsorption
effects, so that a large amount of matrix interferences are ex-
tracted simultaneously with the analytes, which may lead to
the inaccuracy of the determination. So it is desired to develop
an efficient sample pretreatment method for the determination
of the flavonoids in complex sample matrices.

Calixarenes, as cavity-shaped cyclic molecules, are a typical
representative of the third-generation host molecules.
Nowadays, by modifying calixarenes onto silica gel,
calixarenes stationary phases with variety of separation mech-
anisms have been widely studied (Chelvi et al. 2014; Deng
et al. 2014, 2016; Ding et al. 2007; Hu et al. 2012, 2013,
2015, 2016; Śliwka-Kaszyńska and Ślebioda 2014; Sokoließ
et al. 2000). Nowadays, a novel kind of heterocyclic calixarene,
which made up of benzene and triazine rings linked by an
oxygen or nitrogen atom, was emerged with excellent recog-
nizing efficiency and selectivity (Wang 2012). Recently, by
bonding bis(tetraoxacalix[2]arene[2]triazine) onto silica gel, a
new separation material with multiple-function and mixed-
mode separation mechanisms has been synthesized in our lab
(Hu et al. 2014). Separation mechanism investigation shows
that hydrophobic, π-π, hydrogen bonding and anion exchange

interactions, were demonstrated to be involved in the elution
process. In this case, a bis(tetraoxacalix[2]arene[2]triazine)-
modified SPE sorbent (BTO-SPE) was prepared using similar
preparation procedures as its stationary phase, utilized as new
SPEmaterial for the enrichment of flavonoids in complex sam-
ple matrices.

In the present work, considering the polyphenolic
structure of flavonoids, a novel silica-based sorbent func-
tionalized by bis(tetraoxacalix[2]arene[2]triazine) was de-
signed and synthesized. Unlike the main interaction of
silica C18 is hydrophobicity, the benzene rings and tri-
azine rings, the rigid cavity may serve to improve the
selectivity of SPE with multi-interaction, including π-π,
hydrophobic, and hydrogen-bond interactions. Moreover,
the presence of oxygen bridges on oxa-calixarene not only
provides dipole-dipole interaction but also enhances the
conjugation effect with adjacent aromatic rings; therefore,
the increased polarity effect and π-π interactions toward
flavonoids could be expected. Three flavonoids were se-
lected as model analytes to evaluate the extraction perfor-
mances of the sorbents by using UHPLC analysis. All the
main factors in the SPE process were optimized. Under
the optimal conditions, the proposed method was effec-
tively applied for the analysis of flavonoids in fruit juice.
The results obtained by using the developed UHPLC-
DAD method based on BTO-SPE indicated that it was
suitable for the determination of flavonoids in complex
sample matrices.

Materials and Methods

Standard, Reagents, and Chemicals

The reference standards of quercetin, luteolin, and
kaempferol were purchased from the Aladdin Chemical
Reagent Co. Ltd. (Shanghai, China) (Fig. 1S). All other
chemicals and solvents used in this study were of analyt-
ical grade unless specially mentioned. Deionized water
was purified by a Milli-Q system from Millipore
(Bedford, MA, USA). Polypropylene SPE tube (6 mL)
and PE Frit (20 μm) that was used for SPE were bought
from the ANPEL Laboratory Technologies (Shanghai,
China). The SPE procedure was performed on an auto
SPE instrument that was purchased from the Hanon
Instrument Corporation (Jinan, China).

Instruments and Measurement

UHPLC was performed by using an Agilent 1290 series sys-
tem equipped with a G4220B model binary pump, a DAD
detector, a G1316C model thermostatic column compartment,
and a G4226A sampler. Elemental analysis and IR spectra
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analysis of the new prepared BTO-SPE material were per-
formed on a Flash EA 1112 elemental analyzer (Thermo
Electron Corporation) and a Bruker Vector 22 instrument. A
centrifuge (refrigerated centrifuge 3–18 k, Sigma, German)
was employed for the centrifugal separation. A vortex mixer
(Shanghai Jingke Industrial Ltd., Shanghai, China) was used
for thorough mixing of solutions.

The UHPLC separations were performed on an Agilent
Eclipse plus C18 (4.6 × 100 mm, 1.8 μm) with 60% (0.1%
phosphoric acid water, v/v) and 40%methanol at a flow rate of
0.3 mL min−1. The analysis was performed at 30 °C with an
injection volume of 3 μL. DAD detection was performed at a
wavelength of 360 nm.

Synthesis of Bis(Tetraoxacalix[2]Arene[2]Triazine) SPE
Sorbent (BTO-SPE)

As illustrated in Fig. 2S, BTO-SPE sorbent was prepared by a
two-step modification process as previously described (Hu
et al. 2014). Firstly, 3-aminopropyl-bonded silica gel (APS)
was synthesized and used as a precursor in the following re-
action. Then, BTO-SPE was obtained by the reaction of APS
and bis(tetraoxacalix[2]arene[2]triazine) in anhydrous tetra-
hydrofuran under nitrogen atmosphere. Being different from
previous work, the silica gel used in the preparation of BTO-
SPE was with the particle size of 40–60 μm and specific

surface area of 500 m2 g−1. The BTO-SPE was characterized
by FT-IR analysis and elemental analysis.

Preparation of Standard Solutions and Sample Collection

Stock solutions of quercetin, luteolin, and kaempferol were
prepared by dissolving the accurately weighed reference sub-
stance in methanol at concentrations of 0.2 mg mL−1 and
stored at 4 °C, respectively. Afterwards, in the optimization
of extraction parameters section, working solutions at differ-
ent concentrations were all obtained by diluting the stock so-
lutions with ultrapure water. The pH of working solution is
adjusted by H3PO4 or NaOH.

The grape juice drink was purchased from the local super-
market (Zhengzhou, China), degassed by ultrasound, filtered
through a 0.22 μm filter, and then stored at 4 °C before use.

SPE Procedures

Before the SPE procedures, 500 mg of BTO-SPE sorbent was
packed into a 6-mL SPE cartridge equipped with two PE Frits
(20 μm). As shown in Fig. 1, after the cartridge was
preconditioned with 3 mL methanol and 3 mL water, working
solution (20 mL, 100 ngmL−1, pH 4) was loaded at a flow rate
of 1.5 mL min−1. The cartridge was then washed with 3 mL
5%methanol-water (v/v) and eluted with 6 mL 1% acetic acid-
methanol (v/v) at a flow rate of 0.5 mL min−1. The eluent was

Fig. 1 Schematic representation
of the sample preparation
procedure
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evaporated at 40 °C under a gentle stream of nitrogen until
dryness and redissolved by 1 ml mobile phase. Each sample
was filtered through a 0.22-μm Nylon filter (Agilent, USA)
prior to UHPLC–DAD analysis.

Results and Discussion

Characterization of BTO-SPE Sorbents

Infrared spectrum analysis was conducted for both APS and
BTO-SPE by using a Bruker Vector 22 instrument. A compar-
ison of the IR spectra (Fig. 3S) of APS and BTO-SPE showed
that new absorptions appeared at 1597, 1502, and 1453 cm−1,
which correspond to the stretch vibration adsorption of benzene
rings (C-C). These differences confirmed the successful immo-
bilization of bis(tetraoxacalix[2]arene[2]triazine) onto silica gel.

Quantitative determination of the sorbent material was car-
ried out by means of elemental analysis. Elemental analysis
results showed that the contents of C, H, and N in APS were
4.72, 1.15, and 1.29%, respectively; the C, H, and N in
BTOSP were 12.87, 1.38, and 5.35%, respectively. The bond-
ing amount of bis(tetraoxacalix[2]arene[2]triazine) was about
323 μmol g−1 based on the change of carbon content.

SPE Optimization

In this section, the influence of different factors (sample pH,
flow rate of the sample, composition and volume of washing
solution, and eluent volume) on the SPE recoveries (n = 3) of
flavonoids were investigated with the aim of obtaining the
maximum enrichment efficiency.

Extraction Materials

It is important to select a SPE sorbent that can adsorb with the
target analytes. Firstly, a preliminary test was carried out to
evaluate the adsorption efficiency of materials. The results
showed that the recoveries of the three selected flavonoids
on BTO-SPE sorbents were ranged 50–60%, while the value
were 15–25% when proceeded on APS. Considering the dif-
ference in the main structure of BTO-SPE and APS, it can be
concluded the higher recovery of BTO-SPE sorbents may be
attributed to the multiple interactions with the solutes, includ-
ing hydrophobic, π-π, and hydrogen bonding interaction.
Therefore, further optimization experiments were carried out
by using BTO-SPE sorbent.

The Influence of pH

Flavonoids were acidic analytes containing phenolic hydroxyl
groups, of which the acidities were positively correlated to the
number and position of the hydroxyl groups. Thus, the sample

solution pH will not only affect the different states of analytes
but also influence the charges on the surface of the sorbent.
So, the extraction of them may strongly depend on the pH
value of the sample solution. In addition, the adjustment of
the pH in the extraction process can also affected the solubility
of the acidic/basic target analytes. Therefore, the effect of
sample pH on the recoveries was investigated in the range of
3 to 8 in the study. As shown in Fig. 2, the recoveries of the
flavonoids were greatly influenced by the sample pH within
the range of pH examined.

The best result was observed at pH 4, with recoveries of 82.5,
80.8, and 78.0% for quercetin, luteolin and kaempferol, respec-
tively. Therefore, pH 4 medium was selected for the entire ex-
traction process in this work. The obtained results can be ex-
plained as this: on the one hand, the flavonoids were in proton-
ated format low pH medium while they were in deprotonated
format in high pH medium, the hydrophilic guest (protonated or
deprotonated) would not be able to strongly absorbed on the
reversed-phase material. Moreover, the hydrogen bonding inter-
action between bis(tetraoxacalix[2]arene[2]triazine) and the pro-
tonated or deprotonated flavonoids will become weaker in lower
or higher pH solution. In addition to that, with the increase of the
pH value, the surface of the BTO-SPE sorbent may be covered
with negative charges, the charge repulsive interaction between
the sorbent and the analytes may weaken the adsorption capabil-
ity. Therefore, pH 4 was the best condition for this extraction
process.

Optimization of the Sample Loading Rate

The flow rate of the sample may be another critical factor that
affects the purification effect of analytes and the sample pre-
treatment time. In this section, flow rates ranged from 0.5 to

Fig. 2 Effect of sample solution pH on the recovery of three flavonoids
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2 mL min−1 were investigated under controlled negative pres-
sure. As shown in Fig. 3, for the three flavonoids, the extrac-
tion recoveries increased with the sample loading rate increas-
ing from 0.5 to 1.5 mLmin−1 and then decreased with the flow
rate increased up to 2.0 mL min−1. In order to achieve the
maximum adsorption, 1.5 mL min−1 was selected as the load-
ing rate of sample passed through the SPE cartridge in the
following experiments.

The Washing Step

A proper washing solvent is of great importance to re-
duce interfering substances and to improve the recovery.
Thus, the effect of the composition and volume of the
washing solution on the extraction of flavonoids was
studied. As the interfering substances in the juice sample
were mainly water soluble substances, we selected water
and different concentrations of methanol solution (meth-
anol/water, v/v) at the same volume (3 mL) to investigate
the influence toward recoveries. The results showed that
the recoveries decreased with the concentration of meth-
anol increasing from 5 to 20%, and there was no signif-
icant difference observed in the range of 2–5%.
Generally, high concentration of methanol in the washing
solution would be more effective to reduce interfering
substances in the real samples; meanwhile, which may
also result in the loss of the target compounds.
Therefore, 5% methanol solution was chosen as the opti-
mal washing solution composition.

The volume of 5% methanol solution was optimized from
0.5 to 5 mL, and the result showed that washing with 3 mL of
5% methanol solution yielded higher percentage of recovery.
As a result, 3 mL 5% methanol solution was chosen as the
washing solution in this study.

Optimization of Eluent Type and Volume

In SPE, the eluting step is very important in order to desorb the
retained analytes on sorbents with a suitable solvent. In this
study, five eluting types, including 1% acetic acid/methanol
(v/v), 1% acetic acid/acetonitrile (v/v), 1% acetic acid/acetone
(v/v), ethyl acetate, methylene dichloride, were investigated to
obtain the most suitable elution solvent. The eluent solvents
containing these analytes were evaporated until dryness and
redissolved by 1 ml mobile phase, then loaded on UHPLC–
DAD for analysis. As can be seen from Fig. 4, highest extrac-
tion recoveries for all the studied flavonoids were obtained
with 1% acetic acid–methanol as the elution solvent compared
to other solvents. Therefore, 1% acetic acid–methanol was
selected as the most effective elution solvent in the following
extraction experiments.

The eluent volume was optimized from 0.5 to 9 mL. The
recoveries of flavonoids increased as the eluent volume in-
creases from 0.5 to 6 mL and slightly decreased as the eluent
volume changed from 6 to 9 mL due to the dilution of sample
and the loss in the process of nitrogen-blowing process. Thus,
6 mL 1% acetic acid–methanol was used as eluent solvent for
the elution of the flavonoids.

As high elution rate would result in incomplete desorption,
the elution rate is another important factor which should be
evaluated. The recovery of the tested flavonoids decreased
with the elution rate increased from 0.5 to 2 mL min−1. As a
result, 0.5 mL min−1 was chosen as the optimal elution rate.

Optimization of the Volume of Sample Loading

The volume of sample loading may be another essential factor
for the sample pretreatment step. Finding the maximum value

Fig. 3 Effect of the sample loading rate on the recovery of flavonoids Fig. 4 Effect of eluting solvent on recovery of flavonoids
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of sample loading is especially necessary for the improvement
of limit of quantification. During the optimizing experimental
process, the recoveries of the three selected flavonoids de-
creased greatly when the sample loading rate was larger than
20 mL. Therefore, 20 mL sample was loaded onto the
cartridge.

Analytical Performance of the Proposed Method

As a result of the above experiments, the optimized pa-
rameters for the extraction of flavonoids using BTO-SPE
were as follows: 20 mL sample (pH 4) was loaded onto
BTO-SPE sorbent with a flow rate of 1.5 mL min−1, the
cartridge was then washed with 3 mL 5% methanol solu-
tion and finally eluted with 6 mL 1% acetic acid-methanol
at a flow rate of 0.5 mL min−1, and the eluate was evap-
orated until dryness and redissolved in 1 mL mobile phase
prior to the UHPLC-DAD analysis.

To ensure analytical results with the appropriate qual-
ity, the developed SPE-UHPLC-DAD method was eval-
uated by investigating the analytical parameters of fla-
vonoids in water samples under the optimal conditions.
The analytical characteristics of the proposed methodol-
ogy are summarized in Table 1.

The calibration step affects both the final result of a de-
termination and the value of the combined measurement

uncertainty; the major aim of which is to minimize analyti-
cal measurement uncertainty and the conformance to quality
assurance and quality control systems (QA/QC)(Konieczka
and Namieśnik 2010). Calibration curves are determined
using linear regression and are obtained using standard so-
lutions (quercetin, luteolin, kaempferol) that were tested in
triplicate according to the whole SPE procedure and the
UHPLC-DAD analysis method described above. As shown
in Table 1, all analytes exhibited good linearity with corre-
lation coefficients (r2) ranging from 0.9996 to 0.9999. The
limits of detection (LODs, S/N = 3) were in the range of
0.5–2 ng mL−1, investigated under the optimal chromato-
graphic conditions. The limits of quantification (LOQs,
S/N = 3) were found to be 1–5 ng mL−1.

The method detection limits (MDLs) were calculated using
the following equation (Xu et al. 2015):

MDL ¼ 3:3Sb
a

In this equation, Sb is the standard deviation of the calibration
curve intercept and a represents the slope of the calibration
curve. The method quantitation limits (MQLs) were obtained
by multiplying the MDL by 3. The MQL values for the analytes
were in the ranges of 0.024–0.046 ngmL−1, as shown in Table 1.

The intra-day, inter-day precision, and recoveries of this
method were evaluated by determining the different concen-
trations of flavonoids (10, 50, and 100 ng mL−1) in water
samples according to the whole SPE procedure. The intra-
day precision of the method was evaluated using three repli-
cates of standard solutions measured in 1 day on the UHPLC-
DAD, in terms of relative standard deviation (RSD%) varied
between 1.7% and 3.2%. The inter-day precision was ana-
lyzed on three consecutive days, and the RSD% was found
to be in the ranges of 3.2–4.7%. Good recoveries were obtain-
ed by BTO-SPE, ranging from 97.2 to 106.0% (Table 2).
These excellent results indicated that the developed method
was simple yet provided good qualitative results for the deter-
mination of flavonoids at trace levels.

Comparisons Between C18 Material and Methods

To investigate the extraction performance of BTO-SPE, the
comparison with commercial available Welchrom C18
Cartridges (Liu et al. 2016) was conducted. Three spiked

Table 1 Linear regression, LOD, and LOQ of the proposed method (mean ± SD)

Analytes Linear equation Linear range
(ng ml−1)

R2 LOD (ng ml−1) LOQ (ng ml−1) MQL (ng ml−1)

Quercetin y = (0.2580 ± 0.0014)x − (0.4961 ± 0.0012) 5–200 0.9996 2.0 5.0 0.046
Luteolin y = (0.2837 ± 0.0008)x − (0.1281 ± 0.0007) 1–200 0.9999 0.5 1.0 0.024
Kaempferol y = (0.2538 ± 0.0012)x − (0.1757 ± 0.0009) 2–200 0.9996 0.7 2.0 0.035

Table 2 The inter-day, intra-day precision, and recoveries of the
method

Analyte Spiked
amount
(ng mL−1)

Intra-day (n = 3) Inter-day (n = 3)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Quercetin 10 97.2 2.3 97.0 3.6

50 98.6 1.8 98.3 3.2

100 101.5 2.8 103.5 3.8

Luteolin 10 98.2 2.1 97.8 3.9

50 97.6 3.2 97.8 4.5

100 99.3 2.2 101.5 3.7

Kaempferol 10 100.6 2.5 98.5 4.5

50 97.8 3.2 106.0 4.7

100 98.5 1.7 98.2 3.2
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concentrations (25, 50, and 100 ng mL−1) of flavonoids in
water samples were tested. As can be seen from the mean
recoveries (n = 3) values shown in Table 1S, the extraction
performance of commercial C18 SPE material is apparently
inferior to that of BTO-SPE, especially for the analytes in the
spiked concentrations of 100 ng mL−1. The high extraction
capacity of BTO-SPE is mainly attributed to its multiple-
function interactions, including hydrophobic, π-π, hydrogen
bonding, and anion-exchange interactions (Hu et al. 2014).

So far, there are many other methods that have been report-
ed for the extraction of flavonoids. A comparative study of our
developed method with other reported sample preparation
procedures was performed. Both the methods developed by
Liu et al. andWang et al. used smaller amount of sorbents, but
high enrichment efficiency was obtained (Liu et al. 2016;
Wang et al. 2015). As it can be seen from Table 3, although
some shortcomings may exist, the developed method is ad-
vantageous in significantly higher recoveries compared with
the reportedmethods. In addition, the time and organic solvent
assumption were also lower or at least comparable with the
conventional method. In summary, our developed method can
be considered as a promising alternative for the determination
of flavonoid compounds.

Real Grape Juice Sample Analysis

To demonstrate the applicability of the proposed method for
quantitative analysis of flavonoids in real samples, the devel-
oped analysis method was applied for the grape juice drink
samples. Under the optimal SPE conditions described above,
the sample was analyzed by UHPLC-DAD. The optimized
chromatogram of grape juice drink sample 1# was shown in
Fig. 5, from which we can see that flavonoids were obtained
better separation from the matrix. Each component uncertain-
ty was calculated according the method reported and shown in
the Table 2S. When the confidence level is 95% and the ex-
pansion factor k = 2, the expanded uncertainty was calculated.
Concentrations of flavonoids in 12 grape juice samples were
determined and listed in Table 3S; the concentrations of quer-
cetin, luteolin, and kaempferol vary greatly with the difference
of origin place and brand. As listed in Table 4, in grape juice
sample 1#, the analytes of quercetin and luteolin in the grape
juice sample were detected; quercetin was quantified to be
11.63 ± 0.81 ngmL−1. The recoveries of the spiked flavonoids
in the grape juice drink sample 1# were studied with an addi-
tion level at 10, 50, and 100 ng mL−1, which were in the range
of 97.5–104.5%; the relative standard deviations (RSDs,
n = 5) were in the range of 2.2–4.3%, and the results are

Table 3 Comparison of BTO-SPE method with other reported method for the determination of flavonoids

Sample preparation Determination
technique

Solvent
consumptions

Time
consumptions

LODs Recovery
(%)

RSD
(%)

References

ILCMP-SPE HPLC-UV ~20 mL >1 h 0.75–1.02 μg g−1 87.8–101.8% <7.2 (Tian et al. 2013)

Sil-CBM-C30 SPE HPLC-DAD ~15 mL ~1 h 0.5–2.0 ng mL−1 97.6–103.5 <2.8 (Liu et al. 2016)

Nbim-modified silica SPE HPLC-DAD ~15 mL 35 min 0.5–5.0 ng mL−1 91.5–120 <7.1 (Wang et al. 2015)

BTO-SPE UHPLC-DAD ~11 mL ~1 h 0.5–2.0 ng mL−1 97.2–106 <4.7 This method

Fig. 5 Chromatograms of quercetin (1), luteolin (2), and kaempferol (3)
in grape juice drinks. (a) concentration of 100 ng mL−1 of standard
solution.(b) Spiked with 50 ng mL−1 of grape juice sample by proposed
SPE method. (c) Grape juice sample by proposed SPE method

Table 4 Determination results and recovery of flavonoids

Analyte Flavonoids in the
grape juice
(ng mL−1)

Spiked amount
(ng mL−1)

Recovery a

(n = 5, %)
RSDa

(%)

sample 1#

Quercetin 11.63 ± 0.81b 10 97.5 2.2

50 98.2 3.7

100 104.5 3.5

Luteolin Detected not
quantified

10 98.6 2.9

50 103.5 3.3

100 97.8 3.2

Kaempferol Not detected 10 98.0 2.5

50 104.0 4.3

100 101.5 4.5

a Vaule obtained by spiked flavonoids in sample 1#
b Expanded uncertainty
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shown in Tables 4. Therefore, the results of our study demon-
strate the suitability of the proposed method for practical
applications.

Conclusion

In this work, the bis(tetraoxacalix[2]arene[2]triazine)-modi-
fied silica was successfully synthesized and applied as an ad-
sorbent for SPE. To evaluate the extraction performance of the
resultant sorbents, three flavonoids were selected as the model
analytes. From the results of comparative experiments, the
extraction efficiency of BTO-SPE apparently surpassed that
of commercial C18 sorbents. The excellent capability for the
extraction of flavonoids was mainly attributed to hydrophobic
hydrogen bonding and dipole–dipole and π-π interactions be-
tween them. After a series of optimization studies, a method
was set up coupled with UHPLC-DAD and successfully ap-
plied to the preconcentration and determination of trace-level
flavonoids in grape juice sample. The proposed SPE-UHPLC-
DAD method offered an interesting and effective option for
the analysis of flavonoids in biological samples. Higher recov-
eries and low detection limits were achieved with BTO-SPE
sorbent compared with other cartridges due to its unique char-
acteristics of mixed-mode and multiple interactions. This
method is promising to be used in the cleanup and determina-
tion of flavonoids in juice samples.
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