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Abstract

In this paper dispersive liquid–liquid microextraction using deep eutectic solvent

(DES), as an extraction solvent, was applied for the pre-concentration and determina-

tion of parabens in liquid pharmaceutical samples. A DES composed of a hydrogen

bond acceptor [choline chloride (ChCl)] and a hydrogen bond donor (glucose)

achieved the highest extraction efficiency. Therefore, this solvent was selected as

the extraction solvent. After the synthesis of this solvent, its various properties were

investigated. Thermogravimetric analysis, X-ray diffraction, and Fourier transform

infrared spectroscopy were used for this purpose and the successful synthesis of the

solvent was confirmed. HPLC with photodiode array detection was used for the anal-

ysis of paraben species. Parameters affecting the extraction efficiency were moni-

tored and optimized through univariate analysis and experimental design. Under the

optimal conditions (pH of aqueous solution 4.5, ethanol as the disperser solvent, and

glucose DES as the extraction solvent), the linearity range of 0.1–5000 ng mL�1 was

obtained with the coefficient of determination (R2) between 0.993 and 0.9962. Limits

of detections ranged from 0.04 to 0.15 ng mL�1, with relative standard deviations

from 1.8% to 6.8%. The developed method was applied to the determination of para-

bens in liquid pharmaceuticals such as ampule, syrups, and nose drop samples. A cer-

tain amount of paraben was added to the tested real samples to increase their shelf

life. The relative recoveries in these real samples ranged between 80.9% and 103.1%.
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1 | INTRODUCTION

As is the case with products such as food, detergents, cosmetics, and

sanitary products, pharmaceuticals, especially those water based ones,

also need preservatives to prevent them from microbial contamination

(Kashid et al., 2011). Parabens are one of the most commonly used

preservatives in these compounds (Dodge et al., 2015). Parabens are

esters of p-hydroxybenzoic acid. The most common parabens are

methylparaben (MP), ethylparaben (EP), propylparaben (PP), and butyl-

paraben (BP). Adding parabens will help extend product's shelf life

and improve germ protection (Croitoru et al., 2016). Parabens are pre-

servative compounds with low toxicity, good stability, non-volatility,

and non-irritability properties and as such are efficient for preserving

various products (Castelain & Castelain, 2012). However, we cannot

ignore the destructive effects of these materials. Parabens could

change endogenous hormone action or synthesis; besides, they may
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affect the reproductive system or nervous system (Błędzka, Gromad-

zi�nska, & Wąsowicz, 2014). Parabens have high octanol water coeffi-

cients, which allows them to dissolve in fatty tissues (bioaccumulate;

Darbre et al., 2004). Importantly, they have been proven to be one of

the causes of breast cancer. As a result, the use of certain types of

parabens has been prohibited (Qian, 2019).

To understand the amount of parabens in different samples, pre-

concentration and extraction of analytes are usually performed before

instrumental analysis.

Liquid-phase extraction and solid-phase extraction are two main

categories of extraction methods that are performed in a variety of

ways. For example, liquid-phase microextraction (Ali Sarafraz-Yazdi &

Amiri, 2010), single-drop microextraction (Gioti et al., 2005), hollow-

fiber liquid-phase microextraction (Sarafraz-Yazdi & Es’ Haghi, 2006),

and dispersive liquid–liquid microextraction (DLLME) are modified

forms of liquid-phase extraction. They offer a higher enrichment fac-

tor and/or extraction efficiency and lower organic solvent consump-

tion rather than the classic techniques (Pengionan, 2017; Yazdi

et al., 2008). Among the aforesaid techniques, DLLME has received

significant attention, as it provides a high enrichment factor, that is,

dispersion of extraction solvent throughout the sample solution

(C.-W. Chen et al., 2018; Grecco et al., 2019).

Most solvents used in liquid-phase extraction are toxic organic

solvents. Therefore, it is worth searching for an eco-friendly solvent

that is effective in extraction.

Deep eutectic solvents (DESs) are recently identified green sol-

vents that are a mixture of Lewis or Brønsted acids and bases. In these

solvents two or more compounds are mixed to produce an eutectic

solvent with a melting point significantly lower than either of the indi-

vidual components. They are mostly liquid at room temperature. The

components should combine, in particular, molar ratio to achieve this

state (Aroso et al., 2016; Zhang et al., 2019).

DESs are a new type of ionic liquids, with the advantages of low

vapor pressure, high thermal and chemical stability, low melting tem-

perature, wide liquid range, and non-flammable properties; DES is an

improved form of ionic liquids. They are also biodegradable (environ-

mentally friendly) and safe, so their use is expanding (Dil et al., 2020;

Faraji, 2019; Lan et al., 2017). However, only a few studies have

focused on predicting the properties of DES and investigating their

toxicity (Hansen et al., 2020; Lomba et al., 2021).

Many review articles have comprehensively investigated the

properties of these solvents (El Achkar et al., 2021; Fuad et al., 2021).

These articles have considered the necessary conditions for the pro-

duction of these solvents, the required molar percentage of each com-

ponent, their physicochemical properties (density, viscosity, ionic

conductivity, surface tension and polarity), how to change these prop-

erties according to the intended application, the effect of these fac-

tors on the structure of these solvents, and the possibility of creating

new compounds. Sometimes these articles have been paid attention

in a specialized and special or partial way. For example, investigating

the use of DES in the food industry (J. Chen et al., 2019) or pharma-

ceutical industry (Mbous et al., 2017). In addition to the outstanding

advantages of DESs, natural-type DESs are even more eco-friendly

due to their natural origin (Liu et al., 2018). The use of these solvents

in analytical chemistry has been investigated in different areas, such

as in the microextraction of target before analytical studies, modifica-

tion of particles, application in solid samples, and using DES as an elu-

ent in dispersive extraction or chromatography (Shishov et al., 2017).

In DLLME for the extraction of analytes, the extracting solvent,

which is usually a water-immiscible high-density organic solvent (vol-

ume in microliters) in the form of a cloudy solution (fine droplets), is

dispersed throughout the aqueous phase using a dispersive solvent

(miscible in both extracting and aqueous phases; Cunha &

Fernandes, 2018; S. Ma et al., 2019). As the extraction solvent dis-

perses to all parts of the sample solution, this technique presents sig-

nificant extraction efficiency. Using DESs as an extraction solvent in

DLLME will also help improve the enrichment factor. Choosing the

DES in this technique will depend on some physical features such as

viscosity, density, solubility, freezing point, and polarity (El-Deen &

Shimizu, 2020; W. Ma et al., 2017). Usually, a DES with higher density

than water will be used. These solvents are also extensively used as

an extraction solvent in DLLME for the extraction of various analytes.

This study considered the DLLME of parabens from liquid phar-

maceutical samples. The innovation of this work was the preparation

and synthesis of the DES and the use of this solvent in dispersive

extraction instead of common extraction solvents. Few studies have

used DESs for extraction. These solvents are eco-friendly and the

extraction efficiency was acceptable. Characterization tests were per-

formed on the solvent and the correct synthesis of the solvent was

proved.

To the best of our knowledge, this is the first time that the

DLLME with DES was applied for the determination of MP, EP, PP,

and BP in liquid pharmaceutical samples with acceptable relative

recoveries. This paper once again demonstrated the great potential of

DLLME in the pre-concentration and analysis of analytes in a short

period.

2 | EXPERIMENTAL

2.1 | Materials

Analytical purity–grade MP (logP 1.91, pKa 8.87), EP (logP 2.34, pKa

8.90), PP (logP 2.94, pKa 8.87), BP (logP 3.50, pKa 8.79), and choline

chloride (ChCl) were obtained from Sigma-Aldrich (St. Louis, MO,

USA).

HPLC-grade methanol and acetonitrile, ethanol, acetone, phenol,

menthol, hydrochloric acid (37%), dichloromethane, and ethylene gly-

col were obtained from Merck (Darmstadt, Germany).

Glucose, glycerol and sodium hydroxide, were from Merck with

analytical grade. Double-distilled water was used for the preparation

of aqueous solution in the laboratory using a Water Purification Sys-

tem (HUMAN POWER 1, Korea). Sodium chloride was supplied by

reidel-deHaen.

Pharmaceutical samples such as nasal drop, syrup, and ampoule

were purchased from neighborhood pharmacies.
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2.2 | Preparation of standard solutions

The mixed stock solution of MP, EP, PP, and BP was prepared in meth-

anol at a concentration of 1000 μg mL�1 and stored at 4�C. The stan-

dard working solutions were daily prepared by diluting a stock

standard solution with distilled water to the required concentrations.

The pH of aqueous solutions was adjusted by adding hydrochloric acid

or sodium hydroxide, as required. After finding optimized conditions,

different samples were prepared in acetic acid–sodium acetate buffer.

2.3 | Instrumentation

Parabens were separated and determined by HPLC–DAD (diode array

detection). The HPLC system comprised the following systems: Agi-

lent 1260 (Santa Clara, CA, USA), Agilent 1260 Infinity Bio-inert Qua-

ternary Pump, Agilent 1260 Infinity Bio-inert Manual Injector valve

equipped with a 20-μL sample loop, a vacuum degasser, and a column

compartment, coupled to a DAD, a ZORBAX Eclipse XDB C18 column,

150 mm � 4.6 mm, 5 μm, with an oven temperature of 25�C used for

separation, Agilent 1260 Infinity Diode Array Detectors, and Agilent

ChemStation software. The degassed mobile phase was a mixture of

methanol–pure HPLC-grade water (60:40%, v/v) and the flow rate

was 1 mL min�1. The analytes were detected by DAD at 254 nm

(wavelength). Solutions were centrifuged on an Iranian Behdad digital

centrifuge. Fourier transform infrared (FT-IR) spectroscopy analysis

(Thermo-Nicolet AVATAR 370 FT-IR/SMART Endurance ATR,

Canada) was performed in the range of 400–4000 cm�1 using

spectral-grade KBr pellets to identify molecular interactions between

ChCl and glucose. Aliquots of 1.0 mL liquid sample (DES) was scanned

in the wavelength range of 4000–400 cm�1. To investigate the ther-

mal stability of DES, glucose, and ChCl, a thermogravimetric analyzer

(TGA-50; Shimadzu) was used from room temperature up to 823 K at

a heating rate of 10 K min�1.

2.4 | Preparation of real samples before extraction

As all samples (drugs) were water based, removing only their interface

materials before the pre-concentration step was sufficient. Then,

0.5 mL of each liquid pharmaceutical sample was diluted to 10.0 mL

by adding distilled water and then the mixture centrifuged; 1.0 mL of

diluted sample was taken to perform extraction.

2.5 | Dispersive liquid–liquid microextraction
procedure

A 5 mL aqueous buffering solution of parabens was placed in a 10-mL

screw cap glass test tube with conic bottom. About 798 μL ethanol

(disperser solvent) and 136 μL glucose DES (extraction solvent) were

mixed and injected rapidly into the aqueous sample. The mixture was

shaken until a cloudy solution (water/disperser solvent/extraction sol-

vents) was formed in the test tube. In this step, the parabens in the

water sample were extracted into the fine droplets of the extraction

solvent. The mixture was then centrifuged for 5 min at 6000 rpm

(RFC 1900 g) to accelerate phase separation. Finally, after decanting

the upper phase, 10 μL of the sedimented phase was directly injected

into the HPLC system for further analysis.

The DES peak should have no interferences with analyte peaks in

the HPLC chromatogram (during separation).

3 | RESULTS AND DISCUSSION

3.1 | Optimization of extraction conditions

Different solvents were considered and optimized in a univariant way.

Then, the other factors influencing the DLLME were simultaneously

optimized by applying the experimental design.

3.1.1 | Selection of the appropriate DES

The extraction solvents used in liquid extraction must have high affin-

ity toward analytes in the sample, appropriate chromatographic

behavior, easy dispersion in the aqueous phase, so it can be separated

from the mixture easily prior to the analysis (Ge et al., 2018; Saraji &

Boroujeni, 2014). Thus, choosing the most suitable extraction solvent

is of primary importance for achieving good selectivity of the target

compounds.

First, several kinds of DESs were synthesized and extraction was

performed using each. The composition and preparation procedure of

different kinds of DES are described in Table 1.

The method for the preparation of all these DESs is almost the

same and easy. They were usually synthesized by heating different

hydrogen bond donors and ammonium salt (e.g. ChCl) to 80–85�C

along with constant stirring until a clear liquid emerges. To keep the

temperature constant, the process was performed in an oil bath.

To consider the impact of each DES on extraction efficiency, a

5 mL aqueous sample of parabens (1 ppm) was selected; then, 1 mL

methanol as the dispersing solvent and 200 μL of each type of DES as

the extraction solvents were injected into the aqueous solution after

shaking the sample of parabens. The sample solution mixture was cen-

trifuged for 5 min at 6000 rpm (RFC 1900 g), and 10 μL of the sedi-

mented phase was used for quantification analysis by HPLC.

Extraction efficiency (peak area) was evaluated based on the type

of DES (Figure 1).

Magnetic DES also can be seen in this consideration, by entering

FeCl4 in DES constitute, the FeCl�4 anion formed and the solvent gets

magnetic, however, extraction with this solvent was not very efficient

rather than others.

Based on Figure 1, the highest extraction efficiency (peak area)

was obtained using DES of glucose (glucose choline chloride and

water [GCW]) as an extraction solvent. In general, density values of

DESs are higher than that of water, which is in favor of the DLLME

technique, as it reduces the requirement time for separation of the

phases (Cunha & Fernandes, 2018).
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By contrast, according to previous studies, glucose can partici-

pate in the transesterification reaction with parabens and absorb

parabens. In this reaction, the hydroxyl group of sugar reacts with

the ester group of paraben and produces a new ester (M. Ma

et al., 2002).

Carbon tetrachloride (usual dispersive extraction solvent) was

used without DES to extract paraben species; however, this did not

present a satisfactory result.

3.1.2 | Characterization of glucose DES

The FT-IR spectra of pure compounds and DES of glucose were

obtained and analyzed.

Figure 2 depicts the FT-IR spectrum of ChCl. A strong and almost

broad peak at 3235 cm�1 related to stretching vibration of the

hydroxyl group (OH) can be noted. This OH group can form inter- and

intramolecular hydrogen bond. The bands at 1085 and 1012 cm�1 are

related to the C–N stretching vibration, and the band at 1482 cm�1

refers to the presence of an alkyl group. Bands at 3200–3400 cm�1

are assigned to OH groups (vibrational stretching) in glucose,

1026 cm�1 to the C–O stretching vibration, 1376 cm�1 to the C–OH

vibration, and 772 cm�1 to the C–H out-of-plane bending.

When glucose and ChCl are hydrogen bonded together to form a

liquid deep eutectic (DES), the FT-IR spectral pattern changed. The

most important changes in the hydroxyl band that participated in the

formation of the hydrogen bond are shown in Figure 3.

The vibration band of the C–H group shifts to 1479 cm�1 with a

change in intensity. Meanwhile, the C–O stretching vibrations also

appear at 1080 cm�1 (Ibrahim et al., 2006; Kędzierska-Matysek

et al., 2018; Mulia et al., 2015; Troter et al., 2016).

The electron pair of the glucose hydroxyl participates in the

nucleophilic reaction and enters the nitrogen vacancy of the amine

group.

TABLE 1 Different DES composition (molar ratio and syntheses procedure)

DES name DES composition Salt/hydrogen bond donor (mol/mol) DES syntheses

MC Menthol:ChCl 2:1 Heating the mixture at 85�C with constant stirring until

a homogeneous liquid is formed

PC Phenol:ChCl 2:1 Heating the mixture at 85�C with constant stirring until

a homogeneous liquid is formed

GCW Glucose:ChCl:water 1:2:2 Heating the mixture at 85�C with constant stirring until

a homogeneous liquid is formed

GLYC Glycerol:ChCl 2:1 Heating the mixture at 85�C with constant stirring until

a homogeneous liquid is formed

EGC Ethylene glycol:ChCl 4:1 Heating the mixture at 85�C with constant stirring until

a homogeneous liquid is formed

MEGCFe Ethylene glycol:ChCl:FeCl3 4:1:1 Heating the mixture at 80�C until a clear and

homogeneous liquid is formed

MD DL-Menthol:dodecanoic acid 2:1 Heating the mixture at 85�C with constant stirring until

a homogeneous liquid is formed

MA DL-Menthol:acetic acid 1:1 Heating the mixture at 85�C with constant stirring until

a homogeneous liquid is formed

Abbreviations: ChCl, choline chloride; EGC, ethylene, glycol, choline chloride; GCW, glucose, choline chloride, water; GLYC, glycerol, choline chloride; MA,

menthol, acetic acid; MC, menthol, choline chloride; MD, menthol, dodecanoic acid; MEGCFe, magnetic ethylene glycol, FeCl3; PC, phenol, choline

chloride.

F IGURE 1 Deep eutectic solvent (DES)
selection. Other conditions: 5.0 mL aqueous
sample, 1 mL methanol (dispersing solvent), and
200 μL of each kind of DES as the extraction
solvents. BP, butylparaben; EP, ethylparaben; MP,

methylparaben; PP, propylparaben.

4 of 13 RAZAVI ET AL.

 10990801, 2023, 2, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/bm

c.5547 by U
niversity O

f L
atvia, W

iley O
nline L

ibrary on [12/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Figure 4 presents the variation of weight percentage and

derivative of the weight percentage (thermogravimetric analysis–

derivative thermogravimetry) curves of glucose, ChCl, and

DES samples in the temperature range from room temperature to

823 K. According to Figure 4a,b, the thermal degradation of ChCl

consists of two distinct stages: the first step is related to

water loss, which was confirmed by the OH band of the FT-IR

spectral pattern. The main thermal degradation step occurs in

temperature range of 562–618.8 K, leaving only 4.6%wt solid

residue.

F IGURE 2 Fourier transform infrared spectra
of deep eutectic solvent (DES), glucose, and choline
chloride (ChCl).

F IGURE 3 Hydrogen bond between choline chloride and glucose.

RAZAVI ET AL. 5 of 13
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As seen Figure 4, a rapid weight loss (5.79%wt) occurs in the tem-

perature range of 337–357.5 K, which is mainly due to the loss of

moisture content of glucose. Glucose begins to decompose at around

456 K and with mass loss of 99.8%wt at 803 K. Besides, Figure 4 indi-

cates that the thermal degradation onset of DES is lower than that of

glucose and ChCl. Based on the FT-IR spectral pattern of DES, there is

more mass loss in the temperature range from 303 to 433 K (13.6%wt),

due to the loss of moisture content, compared with the mass loss of

glucose and ChCl (Figure 4). The DES begins to decompose at around

448 K. Besides, there is a 22.5%wt residue mass at 803 K.

Figure 5 shows the X-ray diffraction pattern of the DES (GCW)

(Glucose Choline chloride, Water) and mixture of glucose and ChCl.

As can be seen, the peaks are related to the crystal phases of glucose

(JCPDS no. 00–001-0374) and ChCl (JDPDS no. 00–033-1581).

Besides, the synthesized DES has an amorphous structure, as there is

no significant sharp peak and peaks of both glucose and ChCl disap-

pear completely.

3.1.3 | Selection of the disperser solvent

A disperser solvent is applied in DLLME to enhance the dispersion of

extraction solvent throughout the aqueous phase by decreasing the

interfacial tension. Therefore, this solvent must be able miscible in

both the aqueous phase and the organic phase (Berijani, et al. 2006;

Tabrizi & Rezazadeh, 2012). By using the disperser solvent, the extrac-

tion efficiency will be improved. For this purpose, four usual disperser

solvents, namely, methanol, ethanol, acetonitrile, and acetone, were

examined. Extractions were performed using 5 mL aqueous solution,

200 μL DES (glucose) as the extraction solvent, and 1 mL of each dis-

perser solvent.

Most peak areas were obtained when ethanol was the disperser

solvent (Figure 6). Thus, ethanol was chosen the disperser solvent in

F IGURE 4 The variation of (a) weight percentage and (b) the rate
of material weight changes upon heating is plotted against
temperature

F IGURE 5 X-ray diffraction graphs of the DES and mixture of
glucose and choline chloride.

F IGURE 6 Disperser solvent selection. Reaction conditions: 5 mL
aqueous solution, 200 μL deep eutectic solvent (DES; glucose) as the
extraction solvent, and 1 mL of each disperser solvent. BP,
butylparaben; EP, ethylparaben; MP, methylparaben; PP,
propylparaben
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subsequent experiments. Using ethanol as a disperser, acceptable

repeatability was achieved while the peak areas were higher than

those of other solvents. Ethanol is the main parabens solvent that can

dissolve them. Besides, it is completely miscible with water, thus also

improving the extraction efficiency (Yang & Rasmuson, 2010).

As can be seen in this figure, peak areas of analytes with the use

of acetonitrile as a disperser solvent were much higher than those of

ethanol, although the cloudy mode was sometimes not formed with

this solvent, which explains the reduced repeatability.

3.1.4 | Optimization of dispersive liquid–liquid
microextraction conditions using a central composite
design

After selecting the extraction and disperser solvents individually, the

other four important factors affecting the dispersive liquid–liquid

extraction (i.e. pH of the aqueous sample, salt addition, and volume of

DES and ethanol) were simultaneously investigated and optimized in

one step.

An optimization procedure was carried out by employing the

response surface method with a central composite design technique.

This design includes four main parameters. By applying the central

composite design method, including 31 experiments (runs) with 7 cen-

ter points, the relation between various parameters and their

response were obtained.

The low and high levels of these factors in the two-level factorial

(full fraction) design were as follows: pH of sample solution, 3–9; salt

%, 0–10%; volume of DES, 50–150 μL, and volume of dispersion sol-

vent, 300–1000 μL. By establishing one block (1 day), 31 experiments

were performed. The peak area of each paraben species was consid-

ered as the response of each experiment.

To minimize the effect of uncontrolled factors on the response,

all tests were randomly performed. Table S1 summarizes the design of

experiments as uncoded and real values and shows the response value

for the extraction of each analyte. Practical response obtained in each

experiment (Table S1) was used to calculate the response descriptor

model for each factor and the equation was obtained and applied

(Table S2).

3.1.5 | Analysis of variance

The result and equations of the model were statistically analyzed by

analysis of variance (ANOVA; Table S3). The ANOVA method predicts

one-way effects, interactions, and the second-order factors on the

response.

The probability value is defined as the P value. Parameters with

P values lower than 0.05 in the ANOVA were indicated to have a sig-

nificant effect on the response at a confidence level of 95%.

The F-value is the ratio of mean square for the individual term to

the mean square for the residual.

To test the null hypothesis, both F-value and P-value are com-

pared. In this way, the statistical significance of effects can be

estimated. The ANOVA results for MP are considered as an example

in Table S3. According to Table S3, all the variables had a significant

effect on the response and had a P ≤0.05. In this model, the F-value is

high enough, which implies the model is significant (Fratoddi

et al., 2018; Sadhukhan et al., 2016).

The significance of the model was evaluated by the lack-of-fit

(LOF) test. LOF is a symbol of the variation of data around the

obtained model used for criterion judging the suitability of a model for

fitting experimental data. If the LOF of the model is significant, the

model would be inappropriate for embedding empirical data. The P-

value for the LOF in this study was 0.915 (Table S3), which indicates

the ability of the model to describe the experimental data and the

obtained optimum points. The R2 coefficient consideration will also

help to confirm the result, as R2 coefficients compare experimental

data and predict values by the model. For PP, the R2 value was

94.77%, indicating that the data fitted well and only 5.23% of the total

variance was not explained by the model. Furthermore, the adjusted

R2 is a modified version of R2 for the number of predictors in a model,

with an R2 value between 0 and 100 indicating the linear relationship

in the sample of data even when there is no basic relationship. The

adjusted R2 value gives the best estimate of the degree of relationship

in the basic population. The adjusted R2 value for MP is 90.19%,

which reveals the satisfactory correlation between the experimental

data and the obtained model.

Finally, the experimental data were analyzed by constructing a

polynomial equation, which is a mathematical equation between the

detector response for each analyte and each factor. The desirability

function (DF) condition also was applied to get the optimal conditions,

in which the maximal peak area was identified for each factor. The DF

values are between 0 and 1, indicating a minimum and maximum value

of optimal conditions, respectively (Azharul Islam et al., 2010; Trinh &

Kang, 2010).

In this work, Minitab 17 was applied for the prediction of optimal

values for each studied parameter, obtaining the DF value, and finding

the desirable conditions profile.

The optimal conditions where the peak areas (responses) of each

analyte meet its maximum value should be identified. Peak areas are

the symbol of the efficiency of the method. The graphs of maximizing

the desirable conditions to attain optimal conditions are presented in

Figure S1.

The best efficiency was obtained by setting the pH of aqueous

solution to 4.4, the amount of salt to 5.0%, and the volumes of glu-

cose and ethanol to 127.0 and 774.0 μL, respectively (Figure S1).

Parabens are para-hydroxybenzoic acid which are hydrolyzed in

the acidic environment. When in an ionized form, they disperse better

in ethanol and can better absorb extraction solvents. This trend is sim-

ilar to previous studies (Çabuk et al., 2012; Razavi & Es’ haghi, 2019).
The glucose DES has hydroxyl groups (from glucose and ChCl)

that can participate in the formation of a hydrogen bond, whereas the

carboxy groups of parabens and the hydroxyl groups of DES form a

hydrogen bond. Therefore, medium acidic pH would favor this phe-

nomenon (Dai et al., 2014).

As the pH increased further, the peak areas decreased dramati-

cally. Parabens are in ionic forms at pH higher than the pKa values of
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the analytes. It is difficult to absorb ionic form of analyte into

the hydrophobe organic solvents. Therefore, pH adjustments were

performed using an acetate buffer at 4.5.

The influence of ionic strength of aqueous solution on the perfor-

mance of extraction was investigated. It was performed by adding dif-

ferent amounts of NaCl (0–10%). Increasing the salt up to 5% causes

a significant increase in the extraction efficiency; however, further

addition of NaCl because of the high viscosity of the solution and dif-

ficulties in the diffusion of analyte toward the extraction solvent leads

to a decrease in yield.

As the amount of glucose was increased to 150 μL, the

responses also rose at the same time for all analytes. Ethanol

(774 μL) as the disperser solvent would be sufficient for dispersing

throughout the solution and help in the extraction and pre-

concentration of analytes.

3.2 | Analytical performance

The proposed method was evaluated under optimal conditions, and

the linear range, limit of detections, limit of quantifications, repeatabil-

ity, enrichment factor, and extraction recovery were obtained for this

purpose. At first, several paraben solutions with known concentration

in buffer solution were prepared, which were subjected to DLLME,

and then the analytical figures were calculated through these

solutions.

Detection limit is defined as three times the signal-to-noise ratio.

In other words, this corresponds to the minimum concentration of the

analyte that produces the chromatogram peak area equal to three

times the peak area of the noise (Prichodko et al., 2009). Limit of

quantification is also calculated in same way, but the signal-to-noise

ratio will be 10 (Table 1; Prichodko et al., 2009; Shrivastava &

Gupta, 2011).

The reproducibility of the extraction procedure over 1 day and

the repeatability of the method between 3 days at three levels of

concentration (low, medium, and high) were considered. Details on

the standard solutions of parabens prepared after performing the

extraction procedure on them, the relative standard deviation

between responses calculated, and the precision of the method

(Prichodko, Mockunaite, et al., 2011) are presented in Table 2.

A comparison between the results of parabens extraction from

the standard samples with the known concentration and the real sam-

ple under optimal conditions lead to find the recovery of the method

and also the matrix effect. The relative standard deviation was calcu-

lated to check the accuracy of the method (Table 3).

The calibration curves were constructed using 10 concentration

levels by linear regression of the peak area versus standard concentra-

tions of parabens.

The standard mixtures of four parabens in a concentration range

of 0.01–5000 ng mL�1 were prepared for calibration curves, and the

linear regression of peak area against standard concentrations was

plotted individually for each analyte. The extraction procedure was

repeated three times for each concentration level.

The pre-concentration factor expressed the ratio of the paraben

concentration after extraction in the sedimented phase to its initial

concentration (Lin et al., 2015; Xu et al., 2014).

Equations (1) and (2) were used for the calculation of enrichment

factor and recovery, respectively.

EF¼Csed=Ca ð1Þ

ER%¼Csed �Vsed

Ca:Va
�100¼ Vsed

Va

� �
�EF�100 ð2Þ

where Csed is the concentration of the analyte in the sedimented

phase; Caq is the concentration of the analyte in the aqueous phase;

Vsed is the volume of the sedimented phase and Va is the volume of

the aqueous phase.

The final volume of the sedimented phase was 50 μL and the ini-

tial aqueous volume was 5 mL.

TABLE 2 The characteristics of the method (obtained analytical figures in optimal condition)

Analyte Linear range, ng mL�1 LOD, ng mL�1 LOQ, ng mL�1 R2 EF (Csed/Caq) ER% (Vsed/Vaq) � EF � 100

MP 0.1–5000 0.03 0.1 0.9962 48 47.7

EP 0.5–5000 0.15 0.5 0.9955 55 55.4

PP 0.1–5000 0.04 0.1 0.9959 68 67.6

BP 0.1–5000 0.04 0.1 0.9934 75 75.1

Abbreviations: BP, butylparaben; Caq, concentration of the analyte in the aqueous phase; Csed, concentration of the analyte in the sedimented phase; EF,

enrichment factor; EP, ethylparaben; ER, extraction recovery; LOD, limit of detection; LOQ, limit of quantification; MP, methylparaben; PP, propylparaben.

TABLE 3 The method precision parameters (inter- and intra-days precisions)

Parameter Concentration, μg mL�1 Methylparaben Ethylparaben Propylparaben Butylparaben

Precision (n = 5) 0.001 4.4 3.7 6.8 5.9

0.1 2.1 3.2 5.1 4.8

1 1.8 2.2 4.9 3.5

Reproducibility (3 days) Concentration: 0.5 μg mL�1 4.6 4.3 7.1 8.2

8 of 13 RAZAVI ET AL.

 10990801, 2023, 2, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/bm

c.5547 by U
niversity O

f L
atvia, W

iley O
nline L

ibrary on [12/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3.3 | Real sample analysis

The results of this study were evaluated by analyzing the parabens in

real samples. Liquid pharmaceutical samples were chosen for investi-

gating the capability of the method for the extraction of parabens in

real samples. Samples were prepared initially according to the “2.4.
Preparation of real samples before extraction” section.

As the complete compositions (matrix) of these pharmaceuticals

were unknown, the standard addition method was used to find the

amount of parabens added to these samples.

The prepared pharmaceutical samples (2 mL) and different

amounts of paraben standard solution at a concentration of

0.3 μg mL�1 and 0.5 g NaCl were added to 10-mL volumetric flasks,

and the solutions diluted by buffer solution to the mark.

Each sample (5 mL) was taken to perform DLLME under optimal

conditions.

After extraction of the analytes by DLLME, the extracts were

injected into an HPLC system for separation and determination of

analytes. Amounts of parabens were determined in different samples

using the standard addition curves. The results are presented in

Table 4.

According to Table 4, paraben has been found in in different kinds

of pharmaceutical samples. Therefore, it can be deduced that para-

bens as preservatives are usually added to these pharmaceuticals.

TABLE 4 Amounts of parabens in liquid pharmaceutical samples (dispersive extraction on real samples under optimal conditions)

Sample
MP (μg mL�1)
(n = 3) RR%

EP (μg mL�1)
(n = 3) RR%

PP (μg mL�1)
(n = 3) RR%

BP (μg mL�1)
(n = 3) RR%

Nasal drop ND — ND — 340 ± 2.3 90.2 179 ± 3.2 103.1

Syrup number 1 830 ± 5.1 80.9 ND — 158 ± 4.2 82.3 148 ± 3.2 93.9

Syrup number 2 ND 240 ± 2.4 95.4 ND — 209 ± 2.8 99.4

Syrup number 3 ND — ND — 322 ± 4.7 101.2 ND —

Ampoule number 1 ND — ND — 713 ± 3.1 99.7 232.31 ± 3.1 98.2

Ampoule number 2 ND — ND — 243 ± 4.3 83.2 ND —

Abbreviations: BP, butylparaben; EP, ethylparaben; MP, methylparaben; ND, not defined; PP, propylparaben; RR, relative recovery.

F IGURE 7 A sample chromatogram of the
extraction of real sample (a) before and (b) after
the addition of a standard solution. Extraction
conditions: pH of aqueous solution, 4.4; amount
of salt, 5%; and volumes of glucose and ethanol,
127 and 774 μL, respectively. BP, butylparaben;
EP, ethylparaben; MP, methylparaben; PP,

propylparaben.
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Among the different parabens detected, PP and BP were the more

commonly used species.

The accuracy of the method was evaluated by performing a com-

parison between the extraction of analytes in distilled water and the

extraction of parabens in the real sample matrix. The accuracy of the

method was confirmed by calculating the relative recovery. Relative

recoveries were determined as the percent ratio of the concentrations

found in real sample minus the concentration of analyte in the real

sample without adding the standard to the spiked distilled water sam-

ples. This research was performed at different concentration levels in

the pharmaceutical samples and the results are presented in Table 4.

The sample chromatogram (syrup sample) shown in Figure 7a is

related to DLLME of pharmaceutical sample without adding a

standard solution, whereas that in Figure 7b relates to the extraction

after the addition of a standard solution.

The response of parabens significantly increased after DLLME,

which indicated that the extraction using DES successfully pre-

concentrated the parabens.

3.4 | Comparison of the results of this study with
similar previous studies

Table 5 provides a comparison of the results of this study with other

extraction methods by emphasizing dispersive liquid–liquid extraction

of parabens in different samples. Parabens can be found in almost all

TABLE 5 Comparison table (results of similar studies were compared)

Analyte
Analytical
instrument

Extraction
method Real sample

Detection
limit
(μg mL�1)

Linearity range
(μg mL�1)

Relative

standard
deviation
(%) Reference

MP

EP

PP

BP

GC

Flame ionization

detector

DLLME Lake water 0.003 for MP

and EP;

0.002 for

PP and BP

0.05–1 2.0–10.0% Levchyk

and Zui

(2015)

MP

EP

PP

BP

HPLC-UV DLLME low-

density organic

solvent

Tap water and

fruit juice

samples

2.1 � 10�5–
4.6 � 10�5

0.001–0.5 4.1–9.3% Çabuk

et al.

(2012)

MP

EP

PP

BP

Isopropyl

paraben

Isobutyl paraben

Heptyl paraben

Octyl paraben

HPLC-UV DLLME

solidification of

floating organic

drops

Plasma samples

and urine

samples

Plasma,

0.0002–
0.0004;

urine,

0.0001–
0.0004

0.001–1.0 Less than

5.4%

Shen et al.

(2017)

MP

EP

PP

BP

Isobutyl paraben

isoamylparaben

GC–flame

ionization

detector

DLLME Aqueous cosmetic

products

0.0048–
0.025

MP, 0.05–10
and 0.025–5.0
for the other

five parabens

Lower

than

8.2%

Wei et al.

(2014)

MP

EP

PP

BP

HPLC-DAD In situ DES-LLME Environmental

water samples

0.0006–
0.0008

0.003–1.0 Less than

7.2%

Ge et al.

(2019)

MP

EP

PP

BP

Capillary

electrophoresis

DLLME with

back-

extraction

Human milk and

other food

samples (tomato

paste, pickle,

mixed fruit juice,

and ice cream)

0.1–0.2 4.3–10.7 Lower

than

3.5%

Alshana

et al.

(2015)

MP

EP

PP

BP

HPLC-DAD DLLME with DES Liquid

pharmaceutical

samples

0.00003–
0.00015

EP, 0.0005–5;
and MP, PP,

BP, 0.0001–
5.0

1.8–6.8 This study

Abbreviations: BP, butylparaben; DAD, diode array detector; DES, deep eutectic solvent; DLLME, dispersive liquid–liquid microextraction; EP,

ethylparaben; MP, methylparaben; PP, propylparaben.
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cosmetic and food samples and in all publications, four common para-

bens (BP, MP, EP, and PP) have been investigated. The optimized

method exhibited comparable or lower limit of detection than previ-

ous methods. The same trend was seen for the linear range. It is thus

quite clear that when there is a change in the conditions of the usual

DLLME method, such as using a low-density organic solvent, solidifi-

cation of floating organic drops, or using a DES, more satisfactory

results are obtained. The lower limit of detections in our results can

be attributed to the use of DES in the extraction procedure, which

created better sensitivity. Extraction of parabens from pharmaceutical

samples by DLLME was not considered in the past.

4 | CONCLUSION

In this study, we investigated DLLME of parabens from liquid pharma-

ceutical samples. Using DES and dispersing solvents, we extracted the

spiked samples of paraben with a known concentration and the best

extraction conditions (optimal) were obtained. Under the optimal con-

ditions, analytical figures with a suitable linear range (0.1–5000) was

obtained. The detection limit of the method was 0.04–0.15, indicating

an acceptable level. The pre-concentration factor was in the average

range for the dispersive method, although in some other studies, a

much higher enrichment factor was obtained by using this extraction

technique. The extraction and pre-concentration steps on pharmaceu-

tical samples showed that one or more species of parabens are pre-

sent in each medicinal sample tested. Parabens are widely used to

increase the shelf life of drugs. Upon application in the extraction pro-

cedure, the DES enters into the reaction pathway, which helps to bet-

ter extract the analytes. The thermogravimetric analysis, X-ray

diffraction, and FT-IR results indicate that the synthesis of DES from

glucose and ChCl was successful. The proposed method provides sat-

isfactory analytical merits, is compatible with HPLC, reduces the dan-

ger of exposure to toxic solvents used for extraction in conventional

extraction procedures, and requires a short extraction time and a low

volume of the solvent. The method also showed low detection limits

and a relatively broad linear concentration range.
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