
Braz. J. Pharm. Sci. 2022;58: e20884 Page 1/11

A
rt

ic
le

INTRODUCTION 

Dyes are widely used as colorant agents in foodstuffs, 
and the pharmaceutical and cosmetics industries (Allam, 
Kumar, 2011; Tikhomirova, Ramazanova, Apyari, 
2018; Vlase et al., 2014). Due to their low price, high 
effectivity and good stability, synthetic dyes are used 
more than natural dyes (He et al., 2013; López-de-
Alba, López-de-Martinez, De-León-Rodríguez, 2002; 
Mathiyalagan, Mandal, Ling, 2019). However, some 
synthetic dyes especially azo-dyes can be metabolized 
to harmful components in the human body. A number 

of studies have reported that many synthetic dyes have 
harmful effects on human health such as DNA damage 
(Amchova, Kotolova, Ruda-Kucerova, 2015; Sayed et 
al., 2012), genotoxic (Ali et al., 2020; Sayed et al., 2012), 
carcinogenic (Amchova, Kotolova, Ruda-Kucerova, 2015), 
hyperactivity (Rovina et al., 2016), allergy ( Amchova, 
Kotolova, Ruda-Kucerova, 2015; EFSA 2010), asthma 
(Yadav et al., 2012) reactions and behavioral hyperactivity 
in children (McCann et al., 2007). In order to ensure 
product safety, it is recommended that synthetic dyes 
in food and cosmetic products are monitored (De 
Andrade et al., 2014; Hu et al., 2017; Iammarino et al., 
2019; Qin et al., 2019). However, it is challenging to 
determine the dyes simultaneously in various samples 
due to the complex matrix and the combination of a large 
number of dyes. Separation and pre-concentration are 
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an essential step before the instrumental analysis for 
accurate measurement of the target analyte in a complex 
matrix. There are many sample preparation methods 
for the extraction and pre-concentration of synthetic 
dyes, such as solid-phase extraction (SPE), liquid-
liquid microextraction (LLME), cloud point extraction 
(CPE), and dispersive liquid-liquid microextraction 
(DLLME) (Ardeshir, Foroogh, 2019; Bazregar et al., 
2018; Heidarizadi, Tabaraki, 2016; Long et al., 2011; 
Özkan et al., 2019; Yoon et al., 2018). SPE is widely 
used in preparation methods because of advantages such 
as simplicity, low cost, good reproducibility and variety 
of available analytes. The choice of sorbent materials is 
one of the important factors in SPE procedures to achieve 
higher enrichment efficiency and effectively separate 
the target analyte from the complex matrix. There are 
many sorbents such as carbon nanotubes, silica gels and 
mesoporous silica graphene (Chen et al., 2013; Liu, Wang, 
Teng, 2005; Praveen et al., 2006; Qin et al., 2019). The 
dispersive solid-phase extraction procedure in which 
these sorbents are used requires a centrifugation step. In 
recent years, the use of magnetic nanoparticles (MNPs) 
as a sorbent has become attractive because of elimination 
of the centrifugation step, shortening of the duration of 
the extraction process, high extraction efficiency and 
simplicity in the application (Hu et al., 2019; Shariati-
Rad, Haghparast, 2020; Shariati et al., 2011). Hence, 
magnetic solid-phase extraction (MSPE) has recently 
become important. However, MNPs also have some 
disadvantages such as agglomeration, poor recyclability 
and low selectivity. To overcome these problems, MNPs 
are coated with various chemical agents and natural 
products. The coating of MNPs provides them with 
important properties such as high adsorption capacity, 
good stability and greater surface area (Giakisikli, 
Anthemidis, 2013; Hidarian, Hashemian, 2014; Maddah, 
Shamsi, 2012; Malik et al., 2019; Qin, Bakheet, Zhu, 2017; 
Wierucka, Biziuk, 2014). Therefore, these articles have 
focussed on the application of coated MNPs.

In the last decade, the synthesis of MNPs with natural 
products has begun to be used more than chemical agents, 
as they are cost-effective, environmentally friendly and 
the resulting products are both stable and controllable 
(Karpagavinayagam, Vedhi, 2019; Saif, Tahir, Chen, 2016). 

Therefore, synthesis of MNPs using various plant extracts 
and discarded plant materials such as the leaves of Camellia 
sinensis, Citrus paradisi, peel of Punica granatum, orange 
peel, Pisum sativum, and flower of Avicennia marina have 
been investigated by many researchers. (Gupta, Nayak, 
2012; Hoag et al., 2009; Karpagavinayagam, Vedhi, 2019; 
Kumar et al., 2020; Prasad, Yuvaraja, Venkateswarlu, 2017; 
Venkateswarlu et al., 2019).

Elaeagnus angustifolia is a species of the 
Elaeagnaceae family, which is widely used in Anatolia. 
The medical use of other species of the Elaeagnaceae 
family has been reported with applications as an analgesic, 
antipyretic and diuretic in traditional medicine. They 
have been shown to contain various compounds such 
as flavonoids, alkaloids, sugars and complex steroids. 
E. angustifolia fruits are not preferred as a nutrient by 
humans as they are physically small and wild, and have 
an unattractive taste. There are studies in the literature 
that have demonstrated that both E. angustifolia fruits 
and stones are effective adsorbent in the extraction of 
dyes and metals from various samples and waste-water 
(Kahraman, Pehlivan, 2017; Kılıç, Poyraz, 2012; Oymak, 
Eruygur, 2019; Tehranizadeh, Baratian, Hosseinzadeh, 
2016; Yalcin, Sogut, 2014).

To date there have been no reports on the synthesis 
of MNPs with E. angustifolia fruits. In this study, for 
the first time, E. angustifolia fruits were used as capping 
for the synthesis of Fe3O4 MNPs. Synthesized Fe3O4- 
Elaeagnus angustifolia (EA) was used in the solid-phase 
extraction method for pre-concentration and separation of 
three synthetic dyes, and these dyes were then analyzed 
with high-performance liquid chromatography (HPLC) 
– UV detection. These synthetic dye compounds which 
are sunset yellow (SY), allura red (AR) and fast green 
(FG) were determined as target analytes to evaluate 
the extraction performance of this method. The 
characterization of the obtained materials was carried 
out with X-ray diffraction (XRD) and scanning electron 
microscopy (SEM). Various factors which affected the 
extraction efficiency of the method were optimized, 
including the influence of adsorption time, elution time, 
elution solvent type and volume. Finally, the suggested 
method was successfully used for extraction and pre-
concentration of synthetic dyes in real samples.
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EXPERIMENTAL

Chemicals and reagents

The analytical standard of SY (E110), AR (E129) 
and FG (E143) (Massachusetts, USA), 26% NH3 solution 
(Steinheim, Germany), FeSO4.7H2O (Steinheim, 
Germany), gradient grade acetonitrile (Missouri, USA) 
and 37% HCl (Austria) were purchased from Sigma-
Aldrich. Ammonium acetate was purchased from Carlo 
Erba (Milano, Italy). FeCl3·6H2O and gradient grade 
methanol were obtained from Merck (Darmstadt, 
Germany). Ultrapure water was obtained from the Elga 
Purelab Water Purification System (Buckinghamshire, 
United Kingdom). 

Instrumentation

Chromatographic analyses were performed 
by employing a Hewlett-Packard Agilent 1100 
series (California, USA) high-performance liquid 
chromatograph (HPLC) coupled with a degasser 
(G1322A, Degasser), a gradient pump (G1311A, 
QuadPump), a column thermostat (G1316A, Colcom), 
a manual injector (Rheodyne 7725i) with a 20 μL 
loop and an ultraviolet detector (G1314A, VWD). 
Analytical separation was accomplished with a Zorbax 
C18 reverse-phase column (250 mm x 4.6 mm i.d., 5 
µm particle size) (Delaware, USA). System control 
and data integration were performed with Chemstation 
A.08.03 software (Palo Alto, USA). pH monitorization 
was applied using a SevenMulti, Mettler Toledo pH-
meter (Ohio, USA) combined with a glass electrode. 
The ultrasonic dissolving was accomplished with a 
Kudos OHP-SK521 model ultrasonic bath (Shanghai, 
China). Centrifugation was carried out with a Hettich 
Universal 320 model (Vestfalya, Germany) centrifuge. 
The characterization of the synthesized nanoadsorbent, 
abbreviated as Fe3O4-EA, was carried out with a 
Scanning Electron Microscope - Energy Dispersive 
Spectroscopy ( TESCAN Mira 3XMU) a Brunauer 
Emmet Teller (BET) surface analyser (Quantachrome 
- Autosorb-1C, Florida, USA), an X-ray Diffraction 
(XRD) analyser (Panalytical-Empyrean, Almelo, 

Holland) and a Vibrating Sample Magnetometer (Lake 
Shore 7407, Ohio, USA). 

Chromatographic conditions

Mobile phase A containing 20 mM (pH 6.7) 
ammonium acetate was filtered through a 0.45 µL 
polytetrafluoroethylene filter and then degassed by 
ultrasonic bath for 30 minutes. Mobile phase B was 
prepared with acetonitrile and methanol (1: 1, v / v). These 
prepared solutions were applied to the HPLC system 
with the gradient program described below, which has 
a 1 mL/min total flow rate. 

In the gradient mobile phase flow program, the 
initial ratio of mobile phase-A and mobile phase-B 
were 97:3 (v/v). Subsequently, the amount of mobile 
phase-B component in the mobile phase was increased 
linearly from 3% to 97% in 16 min. The column was then 
conditioned for 4 min with the initial mobile phase ratios. 
SY and AR were detected at 500 nm and FG was detected 
at 600 nm with the ultraviolet detector. The unknown 
concentrations of SY, AR and FG were quantified using 
linear regression of response (analyte peak area) versus 
their concentrations.

Synthesis of Fe3O4 modified with E. angustifolia fruits

In this study, fruits were collected from the bottom of 
a wild E. angustifolia tree located in the Faculty of Science 
of Sivas Cumhuriyet University and then dried in an oven 
at 50ºC for 24 h. After being separated from the shells 
and stones by hand, they were washed several times with 
deionized water to remove impurities, then dried again in 
an oven and ground in a mortar to obtain a powder. 

The dried and ground fruits of E. angustifolia were 
used in the synthesis of magnetic nanoparticles. Fe3O4 
and Fe3O4-EA were synthesized using the coprecipitation 
method modified from that of Gupta and Nayak (2012). 
Briefly, 6.1 g of FeCl3·6H2O and 4.2 g of FeSO4·7H2O 
were dissolved in 100 mL ultrapure water and heated to 
90°C. 15 mL ammonium hydroxide (26%) solution and 
1.0 g of E. angustifolia dispersed in 100 mL ultrapure 
water were added rapidly and sequentially to this mixture. 
It was stirred at 80 °C for 30 min and then cooled to 
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room temperature. In the final step, the black Fe3O4-
EA precipitate obtained was collected with a powerful 
magnet and washed with ultrapure water several times, 
then dried at 60 °C for 2 h. Finally, it was stored in a 
polypropylene flask for further use. 

MSPE procedure

Initially, 100 mg magnetic nanoadsorbent was added 
to a 50 mL polypropylene test tube containing 1 µg/
mL of dye dissolved in 25 mL of 10 mmol/L HCl, then 
this mixture was stirred with the vertical tube rotator 
at 50 rpm for 5 min. The magnetic nanoadsorbent 
(containing dyes on the surface) was then separated 
from the suspension using a powerful magnet, and the 
liquid phase was removed by decanting. Then, 5 mL of 
methanol:1 mol/L NH3 solution (6:4, v/v) as eluent was 
added to the test tube and it was vortexed at 1000 rpm for 
3 min. The magnetic nanoadsorbent was held to one side 
of the tube by employing the powerful magnet, and the 
eluent solution (5 mL) was transferred to a 15 mL clean 
test tube. Finally, 20 μL of eluent liquid was applied to 
the HPLC. Each analysis was repeated individually three 
times and the average value was calculated.

Sample preparation 

A pediatric cough syrup sample was purchased 
from the local pharmacy (in Sivas-Turkey). Mineral 
water (packaged in bottles) and colored sugar-coated 
chickpeas obtained from retailers were used as real 
samples. The pediatric syrup sample was diluted 20 times 
with ultrapure water. After sonication for 30 min in an 
ultrasonic bath, it was centrifuged at 5000 rpm for 10 min. 
An aliquot of 1 mL of sample was placed in the centrifuge 
tube and the described MSPE method was applied. The 
colored sugar-coated chickpeas were dispersed in 50 
mL ultrapure water. After sonication for 30 min in the 
ultrasonic bath, the sample was centrifuged at 5000 rpm 
for 10 min. An aliquot of 0.5 mL of sample was placed 
in the test tube and the described MSPE method was 
applied. The mineral water sample was heated for 20 min 
to remove HCO3 

- prior to analysis. The described MSPE 
method was applied to 5 mL of the sample. 

RESULTS AND DISCUSSION

Characterization of Fe3O4-EA

The SEM images of the E. angustifolia, Fe3O4 
and Fe3O4-EA are shown in Figure 1. According to the 
EDS analysis, Fe3O4-EA contained 10.9% of C, 2.5% 
of N, 47.3% of O and 39.2% of Fe. Elemental analysis 
demonstrated the presence of C and N in the structure 
of the modified magnetic biosorbent.

The calculated BET surface area of Fe3O4 and 
Fe3O4 EA were  85.3 and 77.5 m2g-1, respectively. The 
results of the BET analysis clearly showed that Fe3O4 was 
successfully modified with E. angustifolia. The surface 
area and pore characteristics of E. angustifolia, Fe3O4 
and Fe3O4-EA are given in Table I. 

In the magnetometry device to measure 
magnetic saturation, the hysteresis curves were 
obtained by applying 20 kOe magnetic field at 288 K.  
The magnetic saturation of Fe3O4 and Fe3O4-EA 
magnetic particles synthesized according to the data 
obtained from the vibrating magnetometry device 
was 53.84 emu/g and 15.61 emu/g respectively. The 
Fe3O4-EA showed that when the magnetic field was 
applied to the magnetic particles, it can be separated 
easily and quickly from the aqueous medium. The 
measurement results for Fe3O4 and Fe3O4-EA are 
shown in Figure 2a. The magnetization curves of 
Fe3O4 –EA and Fe3O4 show that these nanoparticles are  
superparamagnetic. 

The crystal structures of the E. angustifolia, Fe3O4 
and Fe3O4-EA were characterized by XRD. As seen 
in Figure 2b, Fe3O4 exhibited peaks at 18.3 (111), 30.1 
(220), 35.7 (311), 43.3 (400), 54.1 (422), 57.5 (511) and 
62.8 (440) (Acıslı, 2019; Zhao et al., 2020). The absence 
of the Fe2O3 peaks ranging from a 2θ angle of 20° to 
30° was also proof that the black powder was Fe3O4 and 
therefore no impurities of Fe2O3 were observed in Fe3O4-
EA (Figure 2b). The 2θ values for the Fe3O4 peaks of the 
nanocomposites were less than those of the pure Fe3O4, 
which may have been caused by the interaction between 
Fe3O4 and E. angustifolia. 

According to the Debye–Scherrer formula, it 
is possible to calculate the average diameter of the 
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nanoparticles using the XRD peak. Once the most intense 
peak was determined at 311, it was used to calculate the 
average nanoparticle diameter.

 
(01)

Here, DHKL is the mean crystallite size, K is a 
shape function, for which a value of 0.9 is used, λ is 

the wavelength of the radiation (0.154056 nm), β is the 
full-width at half-maximum (FWHM) value of XRD 
diffraction lines, θ is the half diffraction angle of 2θ 
(Peternele et al., 2014). The average nanoparticle diameter 
size was calculated to be 8.8 and 12.1 nm for Fe3O4-EA 
and Fe3O4 respectively. 

FIGURE 1 - Scanning electron microscopy for images a. E. angustifolia, b. Fe3O4, c. Fe3O4-EA.

TABLE I - Surface area and pore characteristics of E. angustifolia, Fe3O4 and Fe3O4-EA

Surface properties

Magnetic biosorbent BET surface area
m2/g

Average pores 
volume cm3/g

Average pore diameter
Å

E. angustifolia 10.1 0.033 65.7

Fe3O4 85.3 0.286 57.8

Fe3O4-EA 77.5 0.230 51.7
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Point of zero charge 

Determination of the point of zero charges (pzc) of 
an adsorbent is very important for adsorption studies. 
When pH values of the solution are lower than pzc, the 
surface of the adsorbent is positively charged. In this 
case, the surface may adsorb anions. On the other hand, 
if the pH of the solution is higher than pzc, the surface is 
negatively charged and the surface may adsorb cations. 

To adjust the pH of 0.1 mol/L NaNO3 solution, either 
0.1 mol/L HNO3 or NaOH solution were employed (Çiftçi, 
2017). To determine the pHpzc of the adsorbents, the 100 
mg adsorbents were added to solutions with pH levels 
from 2 to 11. The mixtures were shaken for 24 h. The 
final pH of mixtures was measured with a pH meter and 
∆pH values were calculated. 

The graph of ∆pH versus the initial pH is given in 
Figure S1. As shown in Figure S1, the zero point charge 
of pH values was determined as 4.0 for Fe3O4-EA. When 
pH <4.0, the surface of Fe3O4-EA becomes positively 
charged and is feasible for adsorption of anionic species 
such as SY, AR and FG.

Optimization of MSPE conditions 

Solution acidity affects the adsorption and desorption 
of the analytes on the sorbent. The effect of pH on the 
MSPE of dyes was investigated using hydrochloric acid. 

The HCl concentrations were studied by varying the 2-50 
mmol/L for the quantitative determination of SY, AR, 
and FG. The 10 mmol/L was selected as the optimum for 
further investigation. Recovery values were found to be 
102%,101%, and 86%, respectively for SY, AR, and FG. 
The results are given in Figure 3a. 

For the quantitative recovery of the adsorbed 
analytes, a suitable eluent must be used. For this purpose, 
100 mg magnetic biosorbent and 1 µg/mL of dyes 
containing 25 mL of 10 mM HCl model solution were 
applied to the procedure using a different desorption 
solution. The results are given in Figure 3b. For the 
quantitative extraction of all the dyes, 5 mL of 40% 1 
M NH3 60% methanol was selected as the eluent. The 
effect of eluent types on recovery SY, AR and FG are 
given in Figure 3b.

The effect of the adsorption time on the adsorption 
of synthetic dyes by Fe3O4-EA was studied (25 mL, 1 
µg/mL dye solution) with 100 mg of the sorbent over a 
series of varying shaking times (0–15 min). The results 
showed that the percentage extraction of synthetic dyes 
at 5 min and higher than 98%. The effect of the elution 
time on the adsorption of synthetic dyes by Fe3O4-EA 
(25 mL, 1 µg/mL) was examined with 100 mg of the 
sorbent and adsorption of 5 min over a series of varying 
shaking times (0–10 min). Accordingly, in all subsequent 
experiments for quantitative sorption and elution of 
synthetic dyes, 3 min and 5 min were used. 

FIGURE 2a - Magnetic field curve against magnetic field strength b. XRD patterns of Fe3O4 and Fe3O4-EA.
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FIGURE 3A - Effect of HCl concentration on extraction of dyes (100 mg Fe3O4-EA, 1 µg/mL of dyes containing 25 mL solution, 
eluent: 25% NH3 75% Methanol) 3B - Effect of eluent types on recovery SY, AR and FG on Fe3O4-EA (100 mg Fe3O4-EA, 1 µg/
mL of dyes containing 25 mL 10 mmol/ L HCl solution).

Adsorption and desorption cycle experiments were 
investigated for the reusability of Fe3O4-EA for MSPE of 
dyes. The results indicated that the recovery of dyes was 
quantitative for 60 cycles. The mean recovery % values 

with standard deviation for 60 runs were found to be 97.6 ± 
4.3, 97.3 ± 4.6, 96.0 ± 4.8 for SY, AR, and FG, respectively. 
These results show that the magnetic nanoadsorbent was 
mechanically stable and has an excellent reusability.
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Adsorption capacity of Fe3O4-EA and comparison 
with Fe3O4

In order to examine the adsorption behaviour of 
the Fe3O4 and Fe3O4-EA, the SY, AR and FG were 
added to the model solution at increasing concentrations 
(100 µg/mL to 600 µg/mL). The adsorption capacity 
study of SY, AR, and FG by the Fe3O4 and -Fe3O4-
EA was determined for each dye individually with 
a batch approach. The aqueous solutions of 25 mL 
dyes were shaken for 12 h in a shaker. The sorbents 
and aqueous solutions were separated by the magnet 
and the supernatant solution was diluted. The dye 
concentration in the solution was determined with a 
UV–Vis spectrophotometer at 480 nm, 510 nm, 624 
nm for SY, AR and FG, respectively.

Figure 4. shows the adsorption isotherm which 
conforms to the Langmuir equation. The adsorption 
capacity (qm) and the binding equilibrium constant 
(K) of sorbents for each dye was calculated from the 
Langmuir equation. This equation 1 can be given in 
the following form:

 
(02)

The Langmuir adsorption parameters are given 
in Table II. Since the Langmuir isotherm assumes that 
adsorption takes place in a single layer, the separation 
factor RL indicates the type of the isotherm. RL is 
calculated as given in the following equation.

 
(03)

It is an indication that if the RL value is greater 
than 1.0, the isotherm is unsuitable. The fact that 
the RL values are in the range of 0-1 indicates that 
adsorption is suitable. (Baytar, Ceyhan 2018; Yagub 
et al., 2014). Both Fe3O4-EA and Fe3O4 are suitable for 
the adsorption of the SY, AR and FG. Table S1 shows 
the effect of initial dye concentration on the RL value. 
The adsorption capacity values of Fe3O4-EA are higher 
compared to Fe3O4 for dyes. The smaller size adsorbents 
have better dispersion and suspension in the  aqueous 
solution. Thus, the interaction between analyte and 
sorbent increases. The average nanoparticle diameter 
of Fe3O4-EA is 8.8 nm and smaller than the average 
nanoparticle diameter of Fe3O4,which is 12.1 nm. The 
average pore size and pore diameter of Fe3O4-EA is 
smaller than that of Fe3O4. The fact that Fe3O4-EA has 
a small nanoparticle diameter and decreased pore size 
and pore diameter caused an increase in the amount 
of adsorbed dyes. The adsorption capacity values are 
given in Table II. 
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METHOD VALIDATION 

This analytical method was validated according to ICH 
Harmonised Tripartite Guideline Q2 (R1), the “Validation 

of Analytical Procedures: Text and Methodology” in terms 
of linearity, accuracy, precision, sensitivity and recovery 
(2005). The mathematical ratio of analyte concentrations 
to peak areas was used in all validation calculations. 

FIGURE 4 - Adsorption capacity of Fe3O4-EA for SY (a), AR (b), FG (c) and Fe3O4 for SY (d), AR (e), FG (f).

TABLE II - Adsorption constants for SY, AR and FG on Fe3O4-EA and Fe3O4

Adsorbent Dyes
Langmuir Parameters

qm
(mg/g)

KL
(L/mg) r2

Fe3O4-EA

SY 45.0 0.13 0.9946

AR 70.4 0.14 0.9953

FG 73.0 0.05 0.9949

Fe3O4

SY 33.7 1.17 0.9978

AR 52.4 0.28 0.9929

FG 52.6 0.06 0.9984
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Accuracy of the method and analysis of real samples

To investigate the reliability and accuracy of the 
described method, the analyses of the real samples 
together with recovery experiments were carried out. 

For this purpose, dyes of known concentrations were 
added to the real samples and analyzed after applying 
the described method. The results are summarized in 
Table IV and chromatograms of dye real samples are 
given in Figure S3. As seen in Table IV, the recovery 

The method was validated using spiked ultrapure water 
samples. Under optimized parameters, good linearity 
was achieved between 1 to 20 µg/mL against three dye 
samples at 5 different concentration levels and coefficients 
of determination (r2) were between 0.9981 and 0.9999 by 
linear regression. Chromatograms of the dye standards are 
given in Figure S2, which shows the high resolution with 
no interference in a relatively short separation time (13 
min) for 3 dyes. System suitability parameters are given in 
Table III. The accuracy, defined as the relative error (RE) 
was calculated as the percentage difference between the 
added and found of analyte/dye quantity by five separate 
replicates both intraday and inter-day.

The limit of detection (LOD) and limit of 
quantification (LOQ) were calculated according to 
the ICH recommendations (2005) based on standard 
deviation of the response and the slope of the calibration 

graph (LOD = 3.3; LOQ = 10 ). In the sensitivity test, 0.2 
µg / mL as the lowest calibration point of the analytes 
was used. LOD and LOQ values of SY, AR and FG 
were calculated as 0.07, 0.05, 0.1 and 0.21, 0.15, 0.31, 
respectively, and the pre-concentration factor value 
was considered as “5” in all analyses. Intraday and 
inter-day repeatability were detected between (-10.9) 
– 7.7 and (-8.8) – 7.1 (RE), respectively (Table S2). The 
precision, defined as relative standard deviation (RSD), 
was calculated from five separate replicates of SY, AR 
and FG both intraday and inter-day. Five replicate spiked 
samples individually prepared were assayed at the three 
different concentrations (0.2, 1.0 and 2.0 µg/mL) for all 
analytes. As shown in Table S2, intraday and inter-day 
repeatability was detected as 6.9 and 8.1 (RSD). The 
chromatographic characteristics and system suitability 
parameters are summarized in Table III.

TABLE III - Chromatographic characteristics and system suitability parameters 

SY AR FG 

Linear range (µg/mL) 1 – 20 1 – 20 1 – 20 

Calibration equation y = 58.579x + 47.894 y = 109.8x + 2.9872 y = 145.04x + 23.464

Coefficient of determination (r2)  0.9981  0.9995 0.9999

Retention time (tR) 9.6 10.5 12.5

Capacity factor (k’) 1.3 1.6 2.0

Theoretical plate number (N) 2256 2756 3086

Resolution (Rs) 6.8 1.3 2.4

Specificity factor (α) 2.3 2.6 3.0

LOD (µg/mL) 0.07 0.05 0.10

LOQ (µg/mL) 0.21 0.15 0.31

Capacity factor (k’) = ; Theoretical plate number (N) = 16 2; Resolution (Rs) = ; Specificity factor (α) = . 
Abbreviations: tR: retention time of the analyte peak; t0: retention time of mobile phase peak; WT: peak width 
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CONCLUSION

In this study, a new magnetic adsorbent Fe3O4-
EA was synthesized and using the Fe3O4-EA, the 
MSPE method was developed and optimized for the 
determination of three anionic dyes with HPLC. Sample 
chromatograms of the dyes before and after the MSPE 
method are given in Figure S4. This method was simple 
and rapid. The MSPE procedure took approximately 10 
minutes. The short extraction procedure, simple operation, 
and good reusability (≤60 times) were advantages of the 
proposed method. The MSPE was successfully employed 
in the analysis of real samples of paediatric syrup, colored 
sugar-coated chickpeas, and mineral water. The magnetic 
nanoadsorbent exhibited promising performance in MSPE 
of anionic dyes, and the strategy of using Fe3O4-EA as a 
sorbent in extraction is ongoing. 
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