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Abstract
In this study, the analytical and developed method was successfully validated for the simultaneous determination of benzoic 
acid (BA) and Sorbic acid (SA) by natural deep eutectic solvent (DES) composed of thymol/water and dispersive liquid–
liquid microextraction (DLLME) followed by HPLC/UV in orange juice samples. A response surface methodology (RSM) 
based on a central composite design (CCD) was applied for optimization of the main variables. The significant parameters 
including DES volume (600 µL), dispersive solvent volume (THF) (709 µL), sample volume (11.1 mL), salt amount (5% 
w/v), and vortex time (10 min) were optimized. Under the optimal conditions, the limits of detection (LOD) and limits of 
quantifications (LOQ) were obtained 0.468 and 1.419 mg  L−1 for BA and 2.517 and 7.628 mg  L−1 for SA, respectively. The 
recovery values were between 94 and 97%.  R2 of BA and SA were 0.9940 and 0.9921, respectively.
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Introduction

Preservatives are chemical compounds used in foodstuffs 
in order to extend the shelf life based on their antimicrobial 
properties [1, 2]. One of the most commonly food preserva-
tives is benzoic acid (BA), often utilized in combination 
with sorbic acid (SA) [1, 3]. Due to the optimal antibac-
terial activity of aforementioned preservatives at pH lev-
els (pH < 4.5), they are well-suited in order to control the 
microorganisms in acidic foods. Fruit juices are highly sus-
ceptible to microbial growth because of high moisture and 
sugar content [4]. Several toxicological studies have shown 
that excessive levels of the preservatives (like BA and SA) 
may cause adverse health effects for human such as allergic 
responses, metabolic acidosis, asthma, urticaria, seizures, 
and hyperpnea [5]. It was indicated that BA can convert 
into benzene, which is a chemical hazard and has carcino-
genic effects [6]. Furthermore, SA may change to mutagenic 

products through reaction with nitrite at high temperature 
and concentration [7]. As regards, acceptable daily intake 
of 5 and 25 mg  Kg−1 body wight per day has been defined 
for BA and SA [8]. Therefore, it is important to determine 
and monitor the amount of preservatives in food samples, 
especially in drinks to protect consumers’ health. In different 
countries, it has been approved specific laws for food addi-
tives based on the nutritional pattern of society. For example, 
the usage of preservatives including BA and SA is not per-
mitted in some foods in Iran. Nevertheless, the existence of 
the aforementioned preservatives is reported in drink-based 
products in some studies [9–11]. In this regards, simultane-
ous quantification of food preservatives in beverages is in 
high importance.

Due to the complexity of orange juice matrices, the appli-
cation of sample preparation methods before instrumental 
analysis is required. Different preparation procedures such 
as liquid-phase and solid-phase extraction methods have 
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been introduced for the extraction of BA and SA in bev-
erages. These methods are time-consuming, complex, low 
efficiency, and expensive. Furthermore, it is required high 
amounts of sample and organic solvents. So, they cannot 
fulfill the concept of green chemistry, which has recently 
become a rising topic globally, due to eco-environmental 
benefits [12]. Hence, microextraction methods have been 
developed as new sample preparation techniques to increase 
the sensitivity of the analysis method [13–16].

In this context, DLLME is developed by using a mixture 
of extractive and dispersive solvents [4]. On the other hand, 
the discovery of environmentally friendly solvents, DES has 
become a major breakthrough in green chemistry for the 
replacement or reduction of the conventional toxic organic 
solvents [12–15, 17, 18]. Nowadays, various studies inves-
tigated the application of green DES [19–22]. These types 
of solvents have some superior properties compared to ionic 
liquids, including environmentally friendly, easy prepara-
tion, biodegradability, high purity, low cost, non-toxicity, 
excellent solubility, and low volatility [15, 16, 21]. DES 
is generally referred to binary or ternary mixtures of com-
pounds at a certain molar ratio linked to each other mainly 
via hydrogen bonds, which causes a significant decrease 
in the melting point of such a combination. DES is mainly 
comprised of a hydrogen bond donor and a hydrogen bond 
acceptor [12, 22]. Given that hydrophilic DES such as cho-
line chloride or tetrabutylammonium bromide are decom-
posed upon contact with water. Hence, hydrophobic DES 
like natural terpenoids (i.e., thymol and menthol) are better 
choices in the analysis and effective separation of various 
analytes from aqueous samples (i.e., fruit juices) with the 
reason of higher water stability [23, 24]. Therefore, it was 
established that hydrophobic natural DES based on thymol 
and water and DLLME method coupled with HPLC/ UV 
provide effective separation of BA and SA from orange juice 
at current study. To the best of our knowledge, the applica-
tion of DES-based extraction systems for BA and SA micro-
extraction has not been presented in literature.

Materials and methods

Materials and reagents

In this study, all used chemicals were analytical reagent 
grade and purchased from Merck (Darmstadt, Germany). 
BA and SA standards were purchased from Sigma Aldrich 
(Steinheim, Germany). KCl (salt) was obtained from Neu-
tron Chemicals (Tehran, Iran).

Preparation of solutions

The mixed 1000 mg  L−1 standard solution of BA and SA 
were prepared with the suitable dilutions in deionized dis-
tilled water and maintained in the refrigerator at 4°C until 
use. An intermediate standard solution of both standards 
(100 mg  L−1) was also prepared; meanwhile, the working 
solutions was prepared at 10 and 50 mg  L−1 by diluting stock 
solution with the deionized distilled water and were refriger-
ated at 4 °C. Solutions were applied for the preparation of 
calibration curves, and validation standards (Fig. Supp. 1).

Sampling and sample preparation

In this study, a total of 5 bottles of pulp-free and non-car-
bonated orange juice were randomly purchased from a local 
store at Isfahan, Iran. All the samples were stored at cold 
place before analysis.

DES preparation and selection solvent for DLLME

Initially, to synthesis of an appropriate DES, different 
green compounds with the following combinations; combi-
nation 1: thymol + phenylalanine (molar rate 1:1, 1:2, and 
2:1), combination 2: thymol + urea (molar rate 1:1, 1:2, 
3:1), combination 3: thymol + acid citric (molar rate 1:1), 
combination 4: thymol + water (molar rate 10:1 and 5:1), 
combination 5: eugenol + water (molar rate 10:1), combi-
nation 6: acid citric + urea (molar rate 1:1), combination 7: 
acid citric + phenylalanine (molar rate 1:1, 1:2, and 2:1), 
combination 8: phenylalanine + water (molar rate 10:1), 
combination 9: phenylalanine + urea, were selected to be 
examined as an extractive solvent (Table 1). To prepare 
DES, the above-mentioned compounds at the mentioned 
specified molarity ratios were mixed in a screw cap-glass 
test tubes and placed in an oil bath. Then the mixtures 
were stirred until clear, homogenous, and colorless liquids 
formed with magnetic stirrer at a temperature of 80–90 
°C for 1–2 h. The acquired liquid DESs (if acquired) were 
kept at ambient temperature. Afterward, different com-
pounds like acetone, ethyl acetate, acetonitrile, ethanol, 
methanol, propanol, and tetrahydrofuran (THF) were 
selected to be examined as the dispersive solvents. In the 
current research, a univariate approach was used to exam-
ine different combinations of extraction and dispersive sol-
vents to find the best solvent pair for the DLLME of BA 
and SA in water samples under the same conditions (i.e., 
5 mL water sample spiked with 10 mg  L−1 BA and SA 
standards, 200 µL DES or extractive solvent, 800 µL dis-
persive solvent, 10 min vortex, 10 min centrifuge). Finally, 
the best solvent pair was selected according to the analyti-
cal performances. In order to confirm the formation of the 
hydrophobic DES, the fourier transform infrared (FTIR) 
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results were obtained in the 300 to 4000  cm−1 range by 
FTIR spectrophotometer (Jasco, 6300, Tokyo, Japan).

Methods

DES‑based DLLME procedure

To perform the DLLME procedure, an aliquot of 10 mL 
of orange juice sample spiked with 10 ppm of BA and SA 
standards, was inserted into a 15 mL falcon having 200 
μL DES (i.e., thymol + water, 10:1 molarity rate). Then, 
800 μL THF was inserted swiftly into the solution. The 
falcon was lightly agitated and vortexed for 10 min. In 
this step, the targeted analytes were extracted into tiny 
droplets of DES (extractive solvent). After that, each fal-
con was centrifuged at 5000 rpm for 10 min at 25 °C. 
Subsequently, DES in the upper layer and concentrated 
analytes was transferred to a microtube (1.5 mL). Eventu-
ally, 20 μL of solution injected into the HPLC apparatus.

HPLC–UV apparatus

The extracted phase was inserted into the HPLC–UV sys-
tem. A Hitachi (Santa Clara, CA, USA) Elite LaChrom 
system was equipped with a vacuum degasser, an LC-
20AT quaternary solvent delivery system (pump), 

L-2400 UV detector, a L-2200 auto sampler with a 
20 μL loop. HPLC separations were carried out on an 
analytical C18 Nucleosil Macherey Nagel  (Germany) 
column (250 × 4.6 mm id, 5-μm particle size). An opti-
mized mobile phase (HPLC grade water; acetonitrile 
purity HPLC) (60: 40, v/v) was used at a flow rate of 
1 mL  min−1. The separation was performed at room tem-
perature in an isocratic elution mode within 20 min. The 
injection volume was 20 μL and the detection wavelength 
was 270 nm.

Optimization of DLLME method and statistical 
analysis

It the current study, it was used the Design Expert 12 Soft-
ware to minimize the number of testes and investigate the 
impact of the variables on the response, along with optimiz-
ing the DLLME method. In this context, a central compos-
ite design (CCD) was used for regression and mathematical 
modeling of the practical experimental findings. Influential 
factors on the performance of DLLME method such as the 
selection of the extracting and dispersive solvents were per-
formed through univariate approach. Other effective vari-
ables on the sensitivity of DLLME procedure, including 
extractive solvent volume (A), dispersive solvent volume 
(B), sample volume (C), salt amount (D), and vortex time 
(E), were selected according to previous literature review 
and initial experiments, and then optimized by the CCD. 
It provides a response surface modelling (RSM) of the 
data in a rotatable form of a multi-level factorial design to 
evaluate the impacts and the interactions between included 
factors and optimize the proposed DLLME method. The 
optimal conditions were finally determined by performing 
the analyses of variance (ANOVA) and the graphical opti-
mizations together with the desirability function. Accord-
ing to the design, five variables (A, B, C, D, and E) at five 
levels were studied. In order to construct an orthogonal 
design, each of the five factors have comprised of a high 
and low values. The design consisted of six replicates of 
the central point. Therefore, the applied design included 48 
random experiments (Table 2, and Supplementary Table 1). 
Deionized distilled water was used for the optimization 
process. The extraction analytical performance of BA and 

Table 1  The extraction recoveries of the tested combinations for DES 
preparation

Com-
bina-
tions

Solvent pairs Molar ratio Recovery (%)

1 Thymol + phenylalanine 1:1, 1:2, and 2:1 –
2 Thymol + urea 1:1, 1:2, 3:1 48
3 Thymol + acid citric 1:1 61
4 Thymol + water 5:1, 10:1 94
5 Eugenol + water 10:1 81
6 Acid citric + urea 1:1 39
7 Acid citric + phenylalanine 1:1, 1:2, and 2:1 –
8 Phenylalanine + water 10:1 –
9 Phenylalanine + urea 1:1 –

Table 2  Optimized values for determination of benzoic and sorbic acids in orange juice

DES volume (μL) (A) Dispersive volume 
(μL) (B)

Sample volume (mL) 
(C)

Salt amount (%w/v) 
(D)

Vortex time (min) (E) Recovery (%)

Predicted Experimental

600 709 11.1 5 10 96 95 (± 3)
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SA was evaluated. The response surface graphs explaining 
the design and the modelled CCD information were drawn 
by Design Expert 12 Software.

Results and discussion

DES preparation and selection of suitable solvent 
pair for DLLME

The selection of appropriate extractive and dispersive sol-
vents is one of the most relevant factors in order to develop 
an effective and applicable DLLME method. A suitable 
extractive solvent has particular specifications including 
low solvability in water, high water miscibility (to fully 
dissolve in each other at any concentration and forming a 
homogeneous mixture), appropriate density (for simplifying 
the recovery), low boiling point (for speeding up its evapora-
tion), good chromatographic performance, and high extrac-
tion efficiency as well as sensitivity to analyte [4, 14]. Based 
on the aforementioned characteristics, different combina-
tions of green compounds were selected to be examined as 
the extractive solvents at the current study (Table 1). The 
highest extraction recovery was referred to combination 4 
(thymol + water, molar rate 10:1) (Table 1). The presence 
of water in DES can decrease viscosity. Regarding with 
highly efficient extraction, combination 4 was eventually 
nominated as the best green extractive solvent or DES for 

the extraction of BA and SA from orange juice. Those com-
binations containing phenylalanine did not form any DES, 
even at high temperature (100 °C) (combination 1, 7, 8, and 
9). In case of eugenol, DES like liquid was formed but the 
extraction peaks were not stable. Besides, the dispersive 
solvent must have high miscibility with both water and the 
extractive solvent to favor the creation of a stable cloudy 
solution [4]. Therefore, different compounds were selected 
to be examined as the dispersive solvents (Table 1). After-
ward, the mixture of 200 µL of DES with 800 µL of the dis-
persive solvents were examined in order to choose the most 
appropriate dispersive solvent. The best suitable dispersive 
solvent was THF after checking the visual cloudy appear-
ance of the tested tubes. Consequently, THF was nominated 
as the best solvent pair for the DLLME in sample based on 
the acquired recovery data of BA and SA. This may be due 
the fact that both thymol and water (as DES compounds) 
have hydroxyl functional groups in their structure, which 
can form hydrogen bonds with each other. Subsequently, 
this situation can lead to the formation of a stable and effec-
tive DES [20]. Moreover, the formation of the π–π interac-
tion type of Van der Waals forces between aromatic cycle 
of thymol and conjugated bonds of BA and SA is the reason 
of their interaction and subsequently acids separation by 
thymol-based DES [21].

Fig. 1  FT-IR spectra of pure 
thymol (A) and DES (B), 
respectively
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Characterization of DES

The FT-IR spectra of pure thymol and DES were shown in 
Fig. 1. Accordingly, the bands relating to the tension and 
stretching –OH (3397 and 1456  cm−1) in the spectrum of 
pure thymol as well as the absorption relating to the tension 
C–O (1029  cm−1) were recognized. After the incorpora-
tion of water and thymol, some alterations appeared in the 
band position and their intensity. Particularly, the obvious 
reductions was observed in band intensity at 1876  cm−1 in 
spectrum of DES compared to thymol spectrum. This band 
relates to the position of (C–O) bond. This change confirms 
the dipole–dipole interaction between  H2O with OH group 
which result in change of stretching vibrations of C–O bond. 
In addition, the acquired spectra illustrates that the location 
of the absorption band of the phenol group of the thymol 
alters (from 3397  cm−1 to 3456  cm−1), which shows the 
interaction of the water molecules with the OH group of 
thymol. Thus, this shift confirms the existence of hydrogen 
bonding between water and thymol based on the formation 
of DES [25]. The position and shape of the band at 2962 
 cm−1 remained unchanged. The obtained data suggested that 
there was no chemical interaction between aromatic group 
and water molecules [26].

In addition, HPLC was used to compare the retention time 
of thymol with the synthesized DES. Fig. Suppl. 2 shows 
the chromatogram of DES and thymol. It was observed that 
retention time of DES is more than pure thymol. This con-
dition can be explained by this fact that DES is more polar 
than thymol (because of the presence of water in DES mol-
ecules). Furthermore, the interaction between nonpolar sta-
tionary phase (C18) and nonpolar compound is much higher 
than polar compounds Fig. 2.

Optimization of DES‑DLLME method

Regarding to the concept of green chemistry, a multivari-
ate optimization approach that significantly reduced the 
number of experiments and subsequently the consumption 
of samples and reagents was used to optimize the DLLME 
conditions [13]. In the current study, the multivariate opti-
mization design of the DES-DLLME method was performed 
using CCD. By applying this design, the best model of the 
relationship between the influential factors were identified 
to obtain the optimum values [13, 27]. CCD provides RSM 
of the data in a rotatable form of a multi-level factorial 
design. It describes the interaction and quadratic effects of 
the variables along with the linear effects of each factor on 
the response. This modelling design estimates the regression 
coefficients between different factors by specifying equal 
variance to each component [13]. The present study was per-
formed with five factors at five levels, which were displayed 
in Table Supplementary 2. The five factors were comprised 
of extraction solvent volume (DES, µL), dispersive solvent 
volume (THF, µL), sample volume (orange juice, mL), salt 
amount (%W/V), and vortex time (min). Due to the rotatory 
inclination of CCD, five levels were specified to each vari-
able from low to high values comprising a center point. The 
validation of the model was examined using ANOVA. The 
significancy of the model, the variables, and the interaction 
affinity between variables was evaluated by F-value and the 
p-value. Table Supplementary 3 depicts the ANOVA sum-
mary of the included variables and their interaction terms for 
response surface quadratic model of BA and SA. As shown 
in Table Supplementary 3, the model was significant and 
applicable with a p-value less than 0.0001 and F-value of 
158.92. F-values is an indicator of the most contributing 
factor to the CCD model. A higher F-value shows a greater 
contribution of the factor to the CCD model. Accordingly, as 
represents in Table Supplementary 3, the most contributing 

Fig. 2  HPLC partial chromatogram of a juice sample contained benzoic (1) and sorbic (2) acids
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factors to the CCD model are AD (F-value: 554.15), AB 
(F-value: 535.78), and vortex time (F-value: 256.05). A Lack 
of Fit P value is applied to express the repeatability of the 
CCD model. It is preferred to be greater than 0.05 at the 
95% confidence level. As shown in Table Supplementary 3, 
the Lack of Fit P value of 0.3654 shows that the regression 
equation model was not lack of fit and it is not significantly 
attributed to the pure error. The data in Table Supplementary 
3 is an indication of the efficient compatibility of the operat-
ing conditions with the criteria of all the included responses, 
using as an alternative for concurrent optimization of mul-
tiple responses [13].

To predict response at any point, even those not involved 
in the design, a quadratic regression model was fitted on 
acquired findings, which is shown in Eq. 1:

R is the predicted response (average recoveries of BA 
and SA) (Eq. 1). The quality and reliability of model fit-
ting was evaluated by the coefficient of determination (i.e., 
 R2 and adjusted-R2), which represents the potential of the 
quadratic model for predicting the response and demon-
strates if the model can effectively predict the response.  R2 
indicates the credibility of analytical information acquired 
from the CCD model, which is preferred to be close to 
1.0. Moreover, the difference between the adjusted  R2 and 
predicted  R2 values should be less than 0.2. In the present 
study, the  R2 value for tested analytes was 0.9922, which is 
so close to 1.0. Besides, the adjusted  R2 and predicted  R2 
values for tested analytes were 0.9860 and 0.9726 which 
indicated a good agreement between the experimental 
results and the proposed model. The low coefficient of vari-
ation (CV % = 0.0252) illustrates that the precision of the 
acquired findings was very good.

Verification of regression model on diagnostic plots

The verification of regression model was examined on 
diagnostic plots, as shown in Fig. Suppl. 3. It was indi-
cated the plot of the normal probability i.e., residual for 
the recoveries (Fig. Suppl. 3a). The normal probability 
plot of the residuals gives useful information about nor-
mality of distribution of errors and their independence 
from each other. It can be seen that the plotted points are 
distributed around the regression line, which suggests 

(1)

R = + 90.92 − 0.0940A − 0.1808B

+ 0.1694C + 0.2615D + 0.5989E

− 1.03AB − 0.0627AC − 1.04AD

− 0.5325AE − 0.2800BC + 0.3200BD

− 0.6123BE + 0.7252CD − 0.2300CE

− 0.3300DE + 0.4321A
2
− 0.2131B

2

− 0.2485C
2
+ 0.5912D

2
+ 0.3261E

2

that the data set is approximately normally distributed. 
Based on the visual examination of the findings, it could 
be concluded that the residuals have a normal distribution. 
To further investigate the validity of the model, residuals 
versus run plot was given in Fig. Suppl. 3b. The random 
distribution of residuals against run number indicates 
the accuracy of the model and the efficiency of obtained 
model for the observed data.

Three‑dimensional response surface plots

The three-dimensional graphs were actually the graphical 
descriptions of the regression equation (Fig. Suppl. 4). The 
effect of DES and dispersive volume on the recovery of BA 
and SA was shown in Fig. Suppl. 4a. The DES volume was 
changed from 400 to 600 μL and the dispersive volume was 
changed from 600 to 900 μL. As it was displayed the recov-
ery percentage enhanced by the concurrent elevation of the 
DES volume up to 600 µL along with decrease of the disper-
sive solvent volume to 600 µL. It is evident that the extrac-
tion efficiency of acids increased when the DES volume 
increased and the dispersive solvent volume decreased and 
vice versa (Fig. Suppl. 4a). The reason might be for a better 
cloudy state produced in a higher volume of DES and lower 
volume of dispersive solvent leading to higher recovery [14]. 
Moreover, THF (as dispersive solvent) promotes phase sepa-
ration by decreasing the interactive strength between DES 
and the water molecule [19]. Water solubility of BA and SA 
enhanced at higher volume of the dispersive solvent. It can 
lead to lower extraction efficiency [14]. Furthermore, it was 
demonstrated that the low DES volume (50–100 μL) would 
result in difficult withdrawal of the upper extract phase, lead-
ing to decreased extraction recovery [21]. Therefore, disper-
sive and extractive solvents was chosen in the amount of 709 
and 600 μL. It was selected as the best solvent pair volume.

The effect of salt amount and DES volume on the extrac-
tion efficacy of BA and SA was represented in Fig. Suppl. 
4b. In the current study, 5–8%w/v salt was used to estimate 
the extraction efficiency. It was observed that concurrent 
increase of the DES volume to 600 μL along with decreasing 
the salt amount to 5%w/v, enhances the extraction efficiency 
and vice versa. It is obvious that the recovery values increase 
with higher DES volume. The increased efficiency corre-
sponding to the increased volume of the DES to 600 μL, was 
due to a rise in the concentration of the extracted analytes 
[4, 21]. Generally, increasing the DES volume significantly 
affects the DES-DLLME procedure by increasing the enrich-
ment factor of analytes [27]. Moreover, it was examined the 
DES volume in the range of 50 to 500 μL. It was hard in 
volume of 50 μL to repeatedly withdraw the upper layer, 
so the extraction efficacy was low [21]. This situation was 
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comparable with extraction recoveries provided at the DES 
volume between 100 to 500 μL. However, the maximum 
enrichment factor was acquired at the DES volume of 100 
μL. Based on our results, the concurrent increase of the salt 
amount higher than 6.2 w/v% and the DES volume up to 600 
μL, has not a positive effect on the response. Similar to our 
results, it was indicated that the extraction efficiency would 
improve by increasing the salt amount (up to 0.75 g) [14]. It 
seems that higher amounts of salt (more than 0.75 g) would 
decrease the extraction efficiency. The best explanation to 
this phenomenon might be due to the salting out effect. A 
reduction in solubility of analyses in sample solutions can 
assist their movement into the organic phase and increases 
the extraction efficiency since the added salt promotes a rise 
in ionic strength. On the other hand, it was demonstrated 
that solutions with high amounts of salt (more than 0.75 g) 
have low extraction performance. Because they are heavier 
than the water solution, which inhibits the sedimentation 
of the extraction solvent. It is confirmed that the extraction 
efficiency reduced by increasing the amount of salt from 0% 
to 8.0% (w/v). Alshana, Ertaş et al. 2015 illustrated that an 
appropriate cloudy state did not produce, when the amount 
of salt was above 8.0%, which might be as a result of the 
lower miscibility of acetonitrile with water [28]. Therefore, 
a salt amount of 5 W/V% and a DES volume of 600 μL were 
selected as the best solvent pair volume.

The effect of vortex time and DES volume on the recov-
ery of acids was depicts in Fig. Suppl. 4c. The response 
surface acquired by plotting vortex time versus DES volume 
with the volume of aqueous sample fixed at 10 mL. It is 
critical to select the most appropriate DES volume in liquid 
phase microextraction techniques in order to provide high 
enrichment factors, low toxicity, high extraction of target 
analytes, and practical possibility for the injection into an 
analytical instrument [29]. Fig. Suppl. 4c shows that the 
extraction efficiency enhanced with concurrent elevation of 
the vortex time up to 15 min together with decreasing the 
DES volume solvent to 400 μL. The maximum response 
was obtained at 15 min for vortex time and 400 μL for DES 
volume. But the extraction efficiency remained almost con-
stant when DES volume was 600 μL and vortex time was 
increased from 10 to 15 min. It seems that vortex provides 
effective and rapid dispersion of DES molecules into the 
sample solution by producing the microspheres of DES and, 
accordingly, effective phase separation, and consequently 
maximum extraction efficacies were achieved [19].

The effect of salt amount and dispersive volume on the 
recovery of BA and SA was represented in Fig. Suppl. 4d. 
As it is demonstrated, the extraction efficiency enhanced 
with simultaneously elevation of the amount of salt to 
8%w/v and the dispersive volume solvent to 900 μL. As 
previously mentioned, the best explanation to this would be 
the salting out effect.

The effect of vortex time and dispersive volume on the 
recovery of BA and SA was shown in Fig. Suppl. 4e. It is 
obvious that concurrently increasing the vortex time and 
decreasing the dispersive solvent volume improved the per-
formance of the proposed method. The maximum recoveries 
were achieved when the vortex time was 15 min and the THF 
volume was 600 μL. The main reason would be the effect of 
vortex on the solution, which lead to elevate the interaction 
between the DES solvent and the dispersive solvent (THF). 
In this way, both phase separation is accelerated and the 
extraction time is decreased [19]. An adequate vortex time 
is essential to maintain an equilibrium in the extraction sys-
tem [21].

The effect of salt amount and sample volume on the 
recovery of BA and SA was depicted in Fig. Suppl. 4f. As 
it is displayed, it is evident that concurrently increasing of 
the salt amount and the sample volume increased the per-
formance of the proposed method. The maximum response 
was acquired at a salt amount of 8 g and a 15 mL volume of 
sample. It was observed that the extraction efficiencies were 
almost constant when the salt amount was at the minimum 
amount (e.g. 5% w/v) and the sample volume increased from 
10 to 15 mL, which might be due to the dilution effect [21]. 
However, maximum recoveries were obtained by increasing 
the sample volume in the presence of 8% w/v salt, which 
might be due to the increased number of analytes and the 
salting out effect.

Optimum conditions and confirmation test

Briefly, the optimized values by CCD for the five factors 
studied in simultaneous DES-DLLME of BA and SA, with 
a desirability (DF value) of 1, were as followed: DES vol-
ume (600 µL), dispersive solvent volume (709 µL), sample 
volume (11.1 mL), salt amount (5%W/V), and vortex time 
(10 min). The real samples were analyzed under optimized 
conditions in order to verify the efficiency of the developed 
model. The samples were spiked with BA and SA at 20 ppm. 
The predicted recovery values (96%) were close to the 
obtained experimental recovery values (95 ± 3%). The good 
responses (mean recoveries of BA and SA) were obtained 
in real samples which ranged from 94 to 97%. These results 
showed the good reliability, accuracy and repeatability of 
the proposed method, so that matrix constituents of the sam-
ples particularly carbohydrate compounds had no significant 
effects on the identification of BA and SA. This compliance 
between the CCD predicted data and the experimental find-
ings approved that these extraction conditions were optimal. 
Hence, these optimized data can be applied for validation 
studies of the proposed method.
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Evaluation of analytical performance 
of DES‑DLLME‑HPLC–UV method

To examine the analytical performance of DES-DLLME-
HPLC–UV technique, different figures of merits such as 
limit of quantification (LOQ), limit of detection (LOD), 
repeatability, and linearity were verified under optimal con-
ditions. LOD and LOQ were 0.468 and 1.419 mg  L−1 for BA 
and 2.517 and 7.628 mg  L−1 for SA, respectively. The cali-
bration curves of BA and SA were linear over the range of 
10–25 mg  L−1 (4 point) and 1–35 mg  L−1 (8 point), respec-
tively. For SA two calibration curves were used, including 
1, 5, 10, 15 and 20, 25, 60, 35. The square of correlation 
coefficient  (R2) was 0.9940 for BA and 0.9921 for SA. To the 
best of our knowledge, the developed method, in the current 
study, is applied for the first time for quantification of BA 
and SA in food products. So, a comparative table of the ana-
lytical performance of recent literature [1, 13, 30–32] with 
our proposed method is provided in Table Supplementary 4. 
Compared to the data presented in literature, the proposed 
method offers comparable linear range and recoveries in 
recently reported methods in the literature for extraction and 
determination of the BA and SA. The permissible level of 
BA and SA in beverages is 150 mg  L−1 based on FAO/WHO 
expert committee recommendation which is higher than 
LOQ and in the linear range of this method. The proposed 
method has intrinsic advantages for detecting simultaneously 
BA and SA, including rapidity, simplicity and low consump-
tion of solvents and reagents compared to other methods. All 
of these results of present study reveal that the developed, 
optimized, and validated DES-DLLME-HPLC/UV method 
could efficiently and simultaneously assess BA and SA in 
orange juice within the concept of green chemistry.

Conclusions

In the current study, the DES-DLLME procedure was 
applied for preconception of BA and SA from orange juice 
prior to the simultaneous quantification of these preservative 
in HPLC/UV. Since the volume of a toxic extractant solvent 
decreased by substitution of an environmentally-ecofriendly 
solvent (i.e., DES: thymol and water, molarity rate: 10:1), 
the method fulfills the concept of green chemistry. Moreo-
ver, a multivariate optimization approach (i.e., CCD) was 
used in the current study to optimize the influential factors 
on the performance of DES-DLLME method, which also 
meets the green chemistry principals. The optimized condi-
tions for DLLME were obtained at 600 μL DES volume and 
709 μL dispersive solvent. The analytical figures of merits 
showed that the developed method had appropriate LOD, 
high recoveries, good precision linearity, and sensitivity. So, 

it can efficiently use for concurrent determination of BA and 
SA in orange juice.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11694- 024- 02647-y.
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