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Abstract
A buoyant solid-phase extraction adsorbent was prepared by sodium alginate-coated hollow glass microspheres (HGMs) modified with 3-aminopropyltrimethoxysilane (3-APTS) for the separation and enrichment of anionic dye amaranth. After adsorbing amaranth, these low-density adsorbents can float on the surface of the solution, so the separation between adsorbents and substrates can be carried out by flotation. Quantitative determination of amaranth after separation and enrichment can be achieved by combining spectrophotometry. Under the optimum conditions, the linear range and detection limit for amaranth detection were 0.02 mg L−1–2.0 mg L−1 and 0.0021 mg L−1, respectively. The proposed method was applied to the determination of amaranth in different beverages, and the results were in good agreement with those by high-performance liquid chromatography (HPLC). The recoveries of amaranth in different beverages were between 97.93 and 105.91%. The floating adsorbent can be used as a conventional sample preparation method for the detection of low concentration analytes in complex samples.
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Introduction
Sample pretreatment is the main source of error in the analysis process. As the time-determining step in the entire sample analysis, it accounts for about two-thirds of the analysis time (Hyotylainen 2009). Traditional sample preparation methods mainly depend on solvent extraction, including liquid–liquid extraction (LLE) and Soxhlet extraction (Hyotylainen and Riekkola 2008). However, the extensive use of organic solvents would pollute the environment, and the complex process is time-consuming, resulting in low accuracy and low efficiency (Hyotylainen 2009; Boyaci et al. 2015). Furthermore, the trend of modern sample preparation technology is environmental friendliness, less sample volume, suitable for more complex sample matrices, and faster analysis. Novel sample preparation methods include dispersive solid phase extraction (d-SPE) (Cui et al. 2015), solid-phase micro-extraction (SPME) (Erica A. et al. 2015), micro-solid phase extraction (μ-SPE) (Basheer et al. 2006), magnetic solid-phase extraction (MSPE) (Cai et al. 2016), and so on. Among them, d-SPE has received wide attention due to its many advantages, such as uncomplicated operation, high efficiency, and low dosage of organic solvents. In d-SPE, the adsorbent is dispersed in the sample solution, which can accelerate adsorption equilibrium and avoid blockage of the adsorption channel (Islas et al. 2017). In addition, d-SPE can be combined with a variety of analytical instruments, just like absorption spectra detection (Hu et al. 2012), mass spectrometry (MS) (Surma et al. 2014), high-performance liquid chromatography (HPLC) (Lankova et al. 2016), fluorescence (FL) (Hu et al. 2011), and so on. At present, dispersive solid-phase extraction technology has been widely applied in food analysis (Yavuz et al. 2018; Bigdelifam et al. 2017).
As the key step in d-SPE, the choice of adsorbents must take into account their physical and chemical properties to maximize the interaction between the adsorbent and the analyte, and eliminate matrix interferences (Fagerquist et al. 2005). Secondly, the separation process also affects the accuracy of the analysis results. The current mechanical separation methods mainly include centrifugation and magnetic separation. These two methods are complicated and susceptible to solid impurities. There are many nanomaterials might be used as adsorbent carrier such as hollow Cu2O spheres (Luo et al. 2018), graphene “nets” (Liu et al. 2018), ceramic matrix composites (Tong et al. 2018), HGMs were selected due to its low-density, good liquidity, and readily available. Adsorbent and the matrix can be separated by flotation which is beneficial to analyze the trace substance in a real sample. Specific groups can be modified on the surface of HGMs according to the structure of the target analyte. In this way, not only the specificity of the substance can be recognized, but also the separation process can be simplified, and the sample loss can be reduced, then the accuracy of analysis can be improved.
Amaranth (M = 604.47 g mol−1) is a common azo dye that has been widely used in textiles, pharmaceuticals, and food industries. Due to the structure containing a conjugated benzene ring structure and an azo structure, long-term intake can cause many problems which include tumor, allergy, and respiratory (Severo et al. 2016; Chandran et al. 2014). At present, there are a variety of methods for determining the content of amaranth in food and beverage products, for instance, spectrophotometry (Sha and Zhu 2015), liquid chromatography (Shen et al. 2014), thin layer chromatography (De Andrade et al. 2014), and electrochemical methods (Huang et al. 2017). However, it is still important to establish simple, highly selective, and environmentally friendly pretreatment methods for the analysis of amaranth in complex practical samples.
In this work, a buoyant solid-phase extraction adsorbent was prepared for the separation and enrichment detection of anionic dye amaranth. The adsorbent was fabricated by modification of 3-aminopropyltrimethoxysilane (3-APTS) on the surface of hollow glass microspheres (HGMs) by a dehydration reaction between hydroxyl groups, and coated with sodium alginate to prevent aggregation. Compared with other biomass templates for the synthesis of composite material, just like cellulose (Zhang et al. 2019a) and yeast (Zhao et al. 2018), sodium alginate contained a large number of carboxyl groups and had biocompatibility, biodegradability, and non-toxicity (Ma et al. 2019). The solid-phase extraction adsorbent ALG/3-APTS/HGMs (sodium alginate-coated HGMs modified with 3-APTS) can be used to enrich and separate anionic dye. In the acidic condition, the separation and enrichment of amaranth were realized by the electrostatic interaction between the anionic dye and the amino cation on the surface of the adsorbent. Combined with ultraviolet-visible (UV-vis) spectrophotometer, a method for determination of amaranth in beverages was established. The principle of synthesis and application is shown in Fig. 1.
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Fig. 1Schematic illustration of ALG/3-APTS/HGMs preparation and amaranth detection





Experimental
Materials and instrument
All chemicals were of analytical reagent grade. Hollow glass microspheres S38HS were purchased from 3 M Company (USA). 3-aminopropyltrimethoxysilane was obtained from Shanghai Saen Chemical Technology Co., Ltd. (Shanghai, China). Sodium hydroxide (NaOH), ammonia, ethanol, calcium chloride (CaCl2), sulfuric acid (H2SO4, 98%), hydrochloric acid (HCl), amaranth, and sodium alginate were purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Deionized water was used throughout.
Fourier transform infrared (FTIR) spectra were obtained by an infrared spectrometer (EQUINOX 55, BRUKER), and the test range of 400 cm−1 to 4000 cm−1. UV-vis absorption spectra were measured with the wavelength range of 300–700 nm on an UV2600 spectrophotometer (Shimadzu). The morphology of the composite materials was investigated by field emission scanning electron microscope (FESEM) (Hitachi-SU8010, Japan). Precision booster electric stir bar (JJ-1, Jintan Youlian Instrument Research Institute), collector type constant temperature heating magnetic stirrer (DF-101S, Zhengzhou Brocade Instrument Co., Ltd.) and digital water bath thermostatic reciprocating shaker (Jintan Kexing Instrument Factory) were used for separation of amaranth. Vacuum drying oven (DZF-6030A, Shanghai Heng Technology Co., Ltd.) and electronic balance (BS124S, BSISL) were used for the preparation of the adsorbent. Acidity was detected by pHS-3C Thunder Magnetic Acidity Meter (Shanghai Precision Scientific Instrument Co., Ltd.).

Preparation of ALG/3-APTS/HGMs
HGMs and NaOH (1 mol L−1) solution were mixed and slowly mechanically stirred for 6 h. After deposition of 24 h, the mixture was filtered under reduced pressure and rinsed with distilled water until the pH of the filtrate was around 7, and then dried under vacuum for 24 h. The dry powder products were dispersed in the mixture of absolute ethanol and double distilled water (v/v = 9:1) and ammonia in a three-necked round bottom flask and sonicated for 5 min. After that, the silane coupling agent 3-APTS was dispersed into the mixture and sonicated for 30 min, followed by mechanically stirred for 6 h at 60 °C and stand overnight. After separated by flotation, the supernatant was collected and vacuum filtered under reduced pressure. The products were vacuum dried for 48 h to prepare 3-APTS/HGMs.
Three grams of 3-APTS/HGMs was dissolved in 1.0 g of sodium alginate solution (2%) with mechanically stirred for 3 h, and sonicated for 5 min to form a homogeneous slurry mixture. Then the mixture was carefully dropped into a CaCl2 solution (0.1 mol L−1) by syringe to obtain ALG/3-APTS/HGMs. Finally, the products were transferred to CaCl2 solution and magnetically stirred for 12 h, then washed with distilled water and dried at 60 °C for 12 h.

Adsorption experiment
The investigation of amaranth adsorption was conducted in a batch experiment, and the influences of different parameters, such as adsorbent dosage, time, pH, temperature, and solution volume were studied. Typically, 0.24 g of ALG/3-APTS/HGMs was dispersed in a certain concentration of amaranth solution and was shaken for 7 h at 30 °C on a digital water bath thermostatic reciprocating shaker at 200 rpm until equilibrium was reached. After standing, the adsorbents collected by flotation were desorbed and filtered. The concentration of amaranth was analyzed by absorption at 522 nm. The enrichment factor (EF) of ALG/3-APTS/HGMs was calculated on the basis of the following equations (Tang et al. 2014).
[image: $$ \mathrm{EF}=\frac{Ca}{C0} $$]

 (1)


Where C0 (mg L−1) is the initial concentration of amaranth and Ca (mg L−1) is the enriched concentration of amaranth.

Desorption experiment
Under the optimal adsorption conditions, the desorbent dosage, concentration, temperature, and time were optimized. After adsorption, saturated load adsorbents and 5 mL of sodium sulfate (Na2SO4, 6 mol L−1) were vortex mixed for 8 h at 20 °C, and then filtered through a 0.45 μm filter. The other procedures were consistent with the adsorption experiments.

Pretreatment of real sample
Beverages were purchased from a supermarket. Ten milliliters of the soda beverage was sonicated for 40 min to remove CO2. Then, it was filtered using a 0.22 μm filter and added with distilled water to 100 mL.
One hundred milliliters of a brand premixed beverage was heated in 80 °C water for 30 min to remove the ethanol from the sample and filtered through a 0.22 μm filter. Both of them were stored in a refrigerator.


Results and discussion
Characterization of ALG/3-APTS/HGMs
Figure 2 shows the scanning electron microscope (SEM) images of HGMs and ALG/3-APTS/HGMs and photographs of before and after the adsorption. As shown in Fig. 2a, untreated HGMs were spherical particles with good dispersion and smooth surface, and their diameters were in the range of 10–20 μm. It could be observed from Fig. 2b and Fig. 2c that the surface of ALG/3-APTS/HGMs was coarser and had more small bulges than that of untreated HGMs, indicating that the organic film was coated on the surface of the HGMs. The FT-IR spectra also indicated that the HGMs had been successfully modified by silane coupling agent 3-APTS, which was consistent with the results of the SEM images (Additional file 1: Figure S1).
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Fig. 2SEM images of untreated HGMs (A), ALG/3-APTS/HGMs (B, C). D Comparative photos of ALG/3-APTS/HGMs before (a) and after (b) amaranth adsorption




The results of anionic dye adsorption using the ALG/3-APTS/HGMs indicated that the adsorbent had a strong adsorption capacity for amaranth. Figure 2d is a photograph of before and after the adsorption of amaranth in aqueous solution. The pink solution became transparent after the adsorption. It proved that there was an interaction between amaranth and ALG/3-APTS/HGMs that could use for separation and enrichment of amaranth. The negatively charged amaranth could be captured by electrostatic attraction with the positively charged amino group on the adsorbent.

Effect of pH
The pH value plays a vital role in adsorption as the surface charge of the adsorbents is dependent on pH. The relationship between adsorption capacity and pH adjusted with HCl or NaOH in the range of 1–10 is presented in Fig. 3a. The maximum adsorption capacity of amaranth on the ALG/3-APTS/HGMs occurred at pH 1.0. The adsorption efficiency decreased rapidly with increasing pH. Under the strongly acidic conditions, the protonation of the amino group on the adsorbent was the largest, which could efficiently capture the negatively charged amaranth by electrostatic attraction. With the increase of pH, the protonation of the amino group decreased, which would in turn inhibit the amaranth adsorption. Thus, the optimum extraction pH was 1.0.
[image: A40543_2020_204_Fig3_HTML.png]
Fig. 3Effect of pH (a), adsorbent dosage (b), time (c), and temperature (d) on the amaranth adsorption. (amaranth 2 mg L−1, oscillation speed 200 rpm)





Effect of adsorbent dosage
The effect of adsorbent dosage on the adsorption rate was investigated, and the results of the experiment are presented in Fig. 3b. The adsorption percentage of 2 mg L−1 amaranth increased as the adsorbent dosage (0.01 g–0.24 g) increased and reached equilibrium while the amount of ALG/3-APTS/HGMs was 0.24 g. Therefore, 0.24 g of ALG-APTS/HGMs was selected as the optimum amount.

Effect of time
Figure 3c shows the effect of adsorption time on enrichment efficiency. It could be seen that the adsorption rate reached a maximum value at 3 h and kept almost constant after 3 h as the adsorption was saturated. To gain the most satisfactory result, the optimum adsorption time was 3 h.

Effect of temperature
The adsorption efficiency carried out at different temperatures was studied. As shown in Fig. 3d, no significant differences were observed in the range of 20–70 °C, which indicated that the adsorption process was less affected by temperature. In order to simplify the operation process and save energy, 20 °C (around room temperature) was chosen as the best temperature for the following study.

Effect of solution volume
The effect of the solution volume on adsorption efficiency was also investigated (Additional file 1: Table S1). The volume of amaranth solution had no obvious influence on results within 10–50 mL, and the experimental value of EF was almost consistent with the theoretical value. However, the recovery rate reduced because of insufficient adsorption while volume was more than 50 mL. Since the enrichment factor depends on the solution volume, a high solution volume provides a high enrichment factor. Too large a sample volume, however, could affect the adsorption of the amaranth onto the adsorbent, which would affect adsorption efficiency (Klongklaew et al. 2020). Therefore, in order to facilitate the operation, the volume of the amaranth solution was selected to be 10 mL.

Desorption experiment optimization
Selection of desorbent
To improve the desorption efficiency, desorption experiments were performed using different desorbents. The amaranth could be separated from ALG/3-APTS/HGMs by the stronger electrostatic attraction with desorbents. As shown in Fig. 4a, amaranth could be desorbed via HCl, H2SO4, Na2SO4, and NaOH. The desorption rate (expressed by absorbance) of H2O was almost 0, and NaOH was the best one. However, the physical form of ALG/3-APTS/HGMs damaged in high alkalinity conditions. Taking into account economic and environmental factors, Na2SO4 was chosen for desorption experiments.
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Fig. 4Effect of desorbent (a), desorbent concentration (b), time (c), and temperature (d) on the amaranth desorption. (pH 1, adsorbent dosage 0.24 g, adsorbent time 3 h, adsorbent temperature 20 °C, amaranth 2 mg L−1, adsorption volume 10 mL, oscillation speed 200 rpm, desorption volume 5 mL)





Effect of desorbent concentration
Desorbent concentration was an important parameter in desorption. Figure 4b shows the dependence against the concentration of Na2SO4 for 0.24 g saturated adsorbent. As can be seen in Fig. 4b, the absorbance of amaranth separated from adsorbent became higher when increasing desorbent concentration up to 6 mol L−1 and then kept stable. Therefore, the best desorption rate was obtained under the standard conditions using a concentration of 6 mol L−1.

Effect of time
The effect of desorption time on desorption efficiency was studied. As presented in Fig. 4c, there was a clear dependence of desorption time and the elected amaranth absorbance, and it could be obviously observed that the absorbance reached a maximum value for 8 h of desorption.

Effect of temperature
The effect of temperature on desorption was investigated. The results (Fig. 4d) show that the desorption efficiency was higher in the range of 20–30 °C than in the range of 30–60 °C. As a conclusion, the greater desorption rate was obtained at 20 °C.


Method establishment and evaluation
To verify the feasibility, the linearity and detection limit of this measurement were evaluated by varying the concentration of amaranth (10 mL) under optimum conditions discussed above. The absorbance of elected amaranth increased proportionately with amaranth added. The UV-vis absorption spectra are shown in Fig. 5. The inset is a standard curve. It can be seen that a good linear relationship between absorbance and the concentration of amaranth was obtained in the range of 0.02 mg L−1 to 2 mg L−1. The equation was A = 0.07094 c + 0.00277 (c: ppm, R2 = 0.9998). The detection limit was calculated to be 0.0021 mg L−1, and the relative standard deviation (R.S.D.) was 2.2% for the determination of 2 mg L−1 amaranth. Compared with other conventional methods for detecting anionic dyes (Table 1), this method has a lower detection limit (S/N = 3), simpler operation, and lower cost. The detection limit was better than (Sha and Zhu 2015; De Andrade et al. 2014) or comparable with detection limit from some other works.
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Fig. 5UV-vis absorption spectra of the desorption solution of different concentrations of amaranth solution (inset: standard curve of concentration and absorbance)



Table 1Comparison of detection methods of amaranth


	Methods
	Pretreatment
	Sample
	LOD (μg/L)
	ref

	UV-vis
	LLE
	Beverage, candy
	10
	Sha and Zhu 2015

	TLC-HPLC-PDA
	SPE
	Soft drink
	40
	De Andrade et al. 2014

	HPLC
	MSPE
	Drinks, cocktails, candy, etc.
	6.4
	Wu et al. 2016

	LC-ESI-MS/MS
	SPE, LLE
	Ice cream, chocolate candy
	5.0
	Martin et al. 2016

	icELISA
	–
	Beverage
	3.35
	Zhang et al. 2014

	MIP-electrochemical sensor
	–
	Soft drink
	1.21
	Li et al. 2019

	UV-vis
	UA-D-μ-SPE
	Food and water samples
	3.83
	Noormohamadi et al. 2019

	Voltammetry
	–
	Jelly, water, fruit cakes, etc.
	1.27
	Tvorynska et al. 2019

	UV-vis
	DSPE
	Beverage
	2.1
	This work





Amaranth determination for real sample
To investigate the validity of the proposed method, treated soda and premixed beverage were diluted to 100 and 10 times respectively with distilled water. The adsorption properties of ALG/3-APTS/HGMs were examined by absorption at 522 nm (n = 5). Simultaneously, the Chinese standard detection method of amaranth in 2016 (HPLC) was also used to determine the content of amaranth in beverages (GB 5009.35–2016), and the two methods were compared in Table 2. It can be seen that the amount of amaranth measured by this method was in good agreement with the standard method (HPLC) and lower than the allowable limit of the national standard for amaranth in beverages (≦ 0.05 g kg−1) (GB2760–2014). The RSD was smaller than 3% (n = 5). Therefore, the proposed method with great accuracy is feasible for amaranth detection in beverages.
Table 2Results of amaranth detection by proposed method and HPLC


	Sample
	This work
	HPLC

	Amaranth (mg/L)
	RSD (%, n = 5)
	Amaranth (mg/L)
	RSD (%, n = 3)

	Soda beverage
	4.274
	2.238
	4.458
	0.4133

	Premixed beverage
	0.348
	1.410
	0.325
	1.441




To evaluate the matrix effect, a series of spiked recovery experiments were performed. The detail data are listed in Table 3. As can be seen clearly, the recoveries for detection were between 90 and 110%, and the relative standard deviations were below 3% (n = 6).
Table 3Results of the spiked recovery experiment


	Sample
	Amaranth Labeled (mg/L)
	Amaranth added (mg/L)
	Amaranth detected (mg/L)
	Recovery (%)

	Soda beverage
	0.0427
	0.5
	0.572
	105.91

	1.0
	1.031
	98.85

	Premixed beverage
	0.174
	0.5
	0.664
	97.93

	1.0
	1.165
	99.07






Conclusions
A buoyant solid-phase extraction adsorbent was prepared by sodium alginate coated hollow glass microspheres (HGMs) modified with 3-aminopropyltrimethoxysilane (3-APTS). The adsorbent can adsorb amaranth and be separated by flotation because of low-density HGMs. This method could be used as a sample pretreatment method for the detection of amaranth in beverages and the results were in good agreement with those by HPLC. As a very promising material, HGMs can be modified with different silane coupling agents to adsorb and enrich corresponding pollutants. It is of great significance for the detection of contaminants whose concentration is below the detection limits of common analytical instruments. Furthermore, this kind of composite may realize the negative permittivity behavior by doping (Sun et al. 2019), and be functionalized for other applications, including metal-free energy storage systems (Zhang et al. 2019b) and photodegradation (Song et al. 2020).
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