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Abstract

This method was developed using ultrasonic-assisted hydrophobic deep eutectic solvent
based dispersive liquid liquid microextraction (UA HDES DLLME) to determine trace lev-
els of indigo carmine in food samples prior to analysis by UV Vis spectrophotometer at
610 nm. Some important analytical parameters such as pH, and sample volume and influ-
ence of foreign components were considered for optimization studies. A suitable extraction
medium for indigo carmine was obtained at pH 3.0 and the mentioned above optimum
conditions were determined. For instance, 15 mL sample volume, 1 mL final volume and
a short centrifucation and ultrasonication time have been found. The limit of detection and
limit of quantification were determined to be 2.79 ng mL™!, 9.31 ng mL™! respectively.
Moreover, the performed UA HDES DLLME process implemented to beverage, colored
chocolate, chewing gum and nail polish samples. Analyte addition studies were carried out
on an energy drink sample to demonstrate the accuracy of the method.
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1 Introduction

Many food additives are used by food manufacturers to add flavour and appearance to
foods, the most important of which are colours. These are produced naturally or syntheti-
cally and are widely used in almost all food industries (Minioti et al. 2007; Gholami et al.
2021). Synthetic colours are preferred to natural colours because they are more stable,
last longer, produce brighter colours and are relatively cheap for the food industry. Syn-
thetic food colours are synthesized by various chemical processes and are classified into
five main colour groups according to their structure such as the triarylmethane group, azo
compounds, indigo sulfonate, chinophthalon derivative and xanthine (Gholami et al. 2021;
Bogdanova et al. 2022).

As well as being one of the most popular synthetic dyes, indigo carmine is also extracted
naturally from the leaves of Indigofera tinctoria and is widely used in the food and phar-
maceutical industries, textiles, food, leather, plastics, paper and cosmetics (Quintero and
Cardona 2010; Karapanagiotis et al. 2006;Pan et al. 2019; Chowdhury et al. 2020; El-Kam-
mah et al. 2022; Tabti et al. 2022; Tabti et al. 2022; Zhan et al. 2022). It’s also utilized as
a redox indicator and photometric detector in chemical experiments and as a microscopic
stain in biological applications (Lakshmi et al. 2009; Genazio Pereira et al. 2017; Edwin
et al. 2021; Mo et al 1992; Adam et al. 2022; Gokul Eswaran et al. 2022). Indigo carmine
is derived from indigo dye by a chemical reaction with sulphuric acid (H2S04). Its IUPAC
systematic name is disodium (2E)-3-o0xo0-2-(3-0xo0-5-sulphonato-2,3-dihydro-1H-indol-
2-ylidene)-2,3-dihydro-1H-indole-5-sulphonate (C;sHgNa,N,OqS,) and its CAS Registry
Number, EINECS Number and Colour Index Number are 860-22-0, 212-728-8 and 73015
respectively (EFSA 2014).

Researchers have been studying the toxic effects of food colouring since 1975, in par-
ticular indigo carmine due to the fact that it can cause several diseases such as allergic
problems, asthma, reproductive problems, hypersensitivity, migraine, some types of central
tumours, permanent damage to the cornea, eye and skin irritations. Because of its harmful
effects on humans, the accepted daily intake in the light of these studies is 0-5 mg kg™
(Otterstatter 1999; FAO and WHO 2002; Crini 2006; Forgacs et al. 2004; Mittal et al.
2006; Gupta and Suhas 2009; EFSA 2014; Giiray 2019; Altunay 2021).

Therefore, it is important to monitor the additives in foods containing synthetic food
dyes and to determine their concentrations because of their adverse health effects (Otter-
statter 1999; Giiray 2019). Various studies have been carried out for the analysis of indigo
carmine such as chromatography, electrophoresis, electroanalytical methods, thin layer
chromatography (TLC), 3D paper chromatography, high performance liquid chromatog-
raphy photodiode array detection (HPLC-PDA) and spectrophotometry. UV-vis spectro-
photometry is the fastest, cheapest, simplest and easiest of these analytical methods for
the determination of indigo carmine (Giiray 2019; Tsai et al. 2015; lammarino et al. 2019;
Deroco et al. 2018; Gharaghani et al. 2020).

However, in instrumental analytical methods it is generally necessary to use a precon-
centration technique such as solid phase extraction and liquid phase extraction to eliminate
the interfering effect of matrix components and to reach the low concentration range of
the species to be analyzed (Bogdanova et al. 2022). That's why several environmentally
friendly methods have been widely used, such as dispersive liquid liquid microextraction
(DLLME), cloud point extraction (CPE), liquid phase microextraction (LPME), supercriti-
cal fluid extraction (SFE), homogeneous liquid liquid microextraction (HLLME). (Giiray
2019; Gholami et al. 2021). In these techniques, some environmentally friendly liquids
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such as ionic liquids, deep eutectic solvents, natural deep eutectic solvents, supercritical
liquids, supramolecular solvents are used for the extraction process. The selection of a
green solvent in the DLLME method is very important both for the extraction efficiency
and to contribute to the development of analytical methods within the framework of Green
Chemistry (Sajid and Alhooshani 2018; Li and Row 2019). In this context, the Deep Eutec-
tic Solvent (DES) system, which has undergone rapid development in recent years and and
is a DLLME method, is used in this research.

DESs are one of the most important green solvents due to their tunable physical proper-
ties . They are also a eutectic mixture system, formed by combining two or three solvents
in a particular concentration ratio, and are generally linked together by hydrogen bonds
(Omar and Sadeghi 2022; Shishov et al. 2019; Zhang et al. 2012; El Achkar et al. 2021).
DESs can be easily obtained by heating at low temperatures (60-90 °C) for about an hour
or less in the presence of a hydrogen bond acceptor (HBA) and a hydrogen bond donor
(HBD) (Abbott et al. 2004; Rub and Konig 2012; Chen et al. 2019). HBAs such as tetrabu-
tylammonium bromide (TBAB), tetrabutylammonium chloride, betaine, choline chloride,
betaine hydrochloride and HBDs such as ethylene glycol, urea, glycerol, butylene glycol
and propanol are used in the synthesis of DES (Hashemi et al. 2018; Martins et al. 2019;
Rodriguez-Ramos et al. 2021; Santana-Mayor et al. 2021). Designed green solvents, DESs,
have some properties such as low electrical conductivity, low vapour pressure, high viscos-
ity and high thermal stability (Maugeri and Dominguez de Maria 2012; Tang and Row
2013). Moreover, DESs have been motivated as either hydrophilic or hydrophobic deep
eutectic solvents (HDESs). The HDESs are generally utilized to extraction of food dyes
from the aqueous phase. Although photocatalytic degradation studies of indigo carmine
have been widely carried out by the researhers, a HDES system has been employed in this
work because there has been limited research on the preconcentration and extraction of
indigo carmine in food, beverage and cosmetic samples (Nakamura et al. 2003; Yazdi et al.
2018; Chowdhury et al. 2020).

In this study, the ultrasonic assisted dispersive liquid-liquid microextraction (UA HDES
DLLME) method has been improved for determination and preconcentration of indigo car-
mine in real samples as due to above mentioned deficiency. That' s why, DES is a new
environmentally friendly solvent used for indigo carmine analysis due to some advantages
such as having higher efficiency and better specificity, being used as both extraction and
separation agent (Santana-Mayor et al. 2021). The developed method has been used both
extractions, preconcentration and separation. The effects of critical parameters on the
determination of indigo carmine were examined and also optimized. Consequently, the
wavelength of all samples was measured at 610 nm using UV Vis spectrophotometer after
the liquid phase microextraction method.

2 Experimental
2.1 Instrumentation

A vortex mixer (Thermomac, Turkey) was used to get homogeneous solutions for all chem-
icals throughout the study. Indigo carmine absorbance measurements were carried out
using UV Vis spectrometer (Perkin-Elmer Lambada 25; Norwalk, CT, USA). pH adjust-
mnts were carried out with a Hanna HI 2211, USA pH meter. In addition, a J.P. Selectra
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(ade in Spain) brand ultrasonic bath was used to obtain cloudy solutions. The distilled
water, has been utilized in UA HDES DLLME method, was obtained from the Nuve Water
Distiller ND-4.

2.2 Reagents

The UA HDES DLLME method was carried out using analytical grade chemicals. The
analyte, indigo carmine dye stock solution as 1.0x 10™* M was prepared in ethanol. Model
and calibration solutions were obtained by dilution of this solution. Tetrabutylammonium
bromide (TBAB) and choline chloride (ChCl), have been utilized as HBA and also deca-
noic acid (Da) (HBD) were purchased from Sigma-Aldrich (USA). Urea (Isolab Chemi-
cals (Wertheim, Germany), betaine (Sigma-Aldrich, China), sucrose (Karlsruhe- Germany)
were used to investigate the effect of DESs formation on the extraction efficiency of Indigo
carmine. pH adjustment in 2—4 was done via buffer solutions prepared as acetate, ammo-
nium and phosphate formations.

2.3 Synthesis of HDES

Two or more HBAs and HBDs combine to form a new solvent system with different prop-
erties called DES. Hence, a DES formation consisting of TBAB and Da was carried out
for the preconcentration/seperation of indigo carmine. First, the solvents (TBAB:Da) were
mixed at different ratios of 2:1 at the temperature commonly used in the literature for DES
preparation (60-80 °C) until they were completely dissolved (Chen et al. 2019). Once a
fully homogeneous solution was obtained, the HDESs were cooled to room temperature for
use in the optimization of the UA HDES DLLME method.

2.4 UA HDES DLLME procedure

Model solutions including indigo carmine were prepared in 5 mL sample volume. Firstly,
their pH values have been arranged as 3 with buffer solutions. Then, 500 uL of DES was
added to the pH adjusting sample solutions and shortly after they were mixed by means
of vortex procedure. 300 uL of tetrahydrofuran (THF), an aprotic solvent, was utilized in
order to extract the dye from the aqueous phase. The resulting solutions were placed in
an ultrasonic bath for 3 min to cloud. The turbidity of these solutions increased regularly
owing to the dispersion of the TBAB: Da into the aqueous phase. The mixtures were cen-
trifuged at 4000 rpm for 10 min and then the analyte collected at the top of the tube. As
soon as the indigo carmine passed into the DES phase by centrifugation, the aqueous phase
was removed by means of an injector. The extraction phase was analysed by adding 1 mL
of ethanol and finally using a UV Vis spectrophotometer at 610 nm (Fig. 1). Blank solu-
tions were also prepared using the same UA HDES DLLME method.

2.5 Sample preparation
Samples of beverages, colored chocolate, chewing gum and nail polish were prepared

for the analysis of indigo carmine with the help of both addition recovery studies and the
developed method. These samples were purchased from markets in Gaziantep, Turkey.
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Fig. 1 UV Vis spectrum of indigo carmine

Initially, 1.41 g and 1.21 g of draje chocolate, 2.5 g of chewing gum and nail polish
samples were weighed into the tubes prior to the extraction studies. The samples were then
blended with of 5 mL and 10 mL of ethanol by sonication procedure for half an hour.
When the transfer of indigo carmine to the aqueous phase was complete, the tubes were
centrifuged for 10 min. The solid phase settling to the bottom was separated from the etha-
nol phase. After sample preparation, 0.1 mL of the liquid phase containing indigo carmine
was collected in centrifuge tubes for the implementation of the UA HDES DLLME method
described in Sect. 2.3. In addition, beverages were analyzed directly by applying the UA
HDES DLLME method without sample preparation procedure and stored at 4 °C. The
presence of indigo carmine in these samples was then determined using a UV Vis spectro-
photometer at 610 nm.

3 Results and discussion
3.1 Effectof pH

pH is one of the most crucial parameters in order to optimize solution ambient conditions
in enrichment and extraction studies (Soylak and Koksal 2019; Faraj and Fakhre 2023;
Jagirani and Soylak 2022). Therefore, the procedure described in Sect. 2.3 was applied to
the model solutions, which were adjusted between pH 2 and 4. pH regulation was achieved
by use of buffer solutions. The recoveries calculated from the absorbances measured with
the UV Vis spectrophotometer are shown in Fig. 2. It is clear that quantitative recoveries
were obtained when microextraction studies were carried out at pH 3.0. Due to the high
recovery values, pH 3.0 was chosen for subsequent studies.

3.2 Optimization of the type and volume of DES
In this part, the effect of various type of DESs, have been scrutinized on extraction

effiency for indigo carmine. The DESs were prepared from a mixture of 1:1 ratio of
ChCl (HBA): urea (HBD) (DESI1), ChCl (HBA): sucrose (HBD) (DES2), betaine
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Fig.2 Effect of pH on the extraction efficiency of UA HDES DLLME method (n: 3, DES: 0.5 mL,
THF:0.3 mL)

(HBA): sucrose (HBD) (DES3), TBAB (HBA): Da (HBD) (DES4). The UA HDES
DLLME method has been sucritinized by trying the above-mentioned type of DES. Fig-
ure 2 shows that the highest extraction efficiency was obtained by using TBAB/Da DES
solvent mixture, which was choosen as the extraction solvent for this method.

Furthermore, the solvents, TBAB and Da, were carried out in the ratio of (DESS5)
2:1, (DES6) 3:1 in order to obtain the optimum DES ratio. From Fig. 3, it can be seen
that the most successful results in the recovery of indigo carmine correspond to DESS5.
Therefore, ongoing studies have been carried out with the use of DESS.

On the other hand, the volume of quantitative DES5 was investigated in order to
obtain high recovery values. For this, the devised UA HDES DLLME method was
applied to sample solutions containing different volumes of DES5. 100, 200, 300, 400,
500, and 700 pL volumes of DES were used to extract indigo carmine from working and
real samples. The optimal volume of DES was found to be 500 pL (Fig. 4).
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Fig.3 The effect of DES type (pH:3.0, n: 3, DES volume: 0.5 mL, THF volume: 0.3 mL)
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Fig. 4 Effect of DES volume (pH:3.0, n: 3, THF volume: 0.3 mL)

3.3 Effect of THF volume

Generally, various aprotic solvents such as dichloromethane, acetonitrile, dimethyl-
sulfoxide or acetone are utilized in order to ensure phase separation from aqueous to
organic phase in deep eutectic solvent based liquid phase microextraction procedures.
In this study, THF was used as an aprotic solvent for the extraction of indigo carmine
to the DES phase. THF was added to the sample solution in volumes between 100 and
500 pL in the wake of fixed volume of DES as 500 pL. At this stage the DES phase,
including the analyte, was allowed to self-aggregate to the top of the tube. All recovery
results up to % 95 for indigo carmine extraction efficiency were shown in Fig. 5. This
was followed by optimisation studies using 300 pL THF .

100 3
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I T
g 60 [ 3
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& 40
20
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0 100 200 300 400 500 600

Aprotic solvent volume, pL

Fig.5 Effect of aprotic solvent volume (pH:3.0, n: 3, DES volume: 0.5 mL)
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3.4 Optimization of sonication and centrifugation time

In the UA HDES DLLME method, an ultrasonic bath was used to accelerate the extrac-
tion of indigo carmine into the DES phase. For this purpose, model solutions prepared
according to the UA HDES DLLME method were kept in an ultrasonic bath between
3-10 min. at certain intervals. According to the results illustrated in Fig. 5, the best
extraction efficiency was obtained at 3 min.

Furthermore, blurred solution formation was observed after the addition of the
aprotic organic solvent THF to the sample solutions in the UA HDES DLLME method.
Therefore, centrifugation should be performed to separate the DES phase from these
solutions. In order to achieve a good separation of the DES phase, the study of the
centrifugation time is crucial. That’s why, centrifugation process was carried out at
3—10 min. In light of the results shown in Fig. 6 it seems that the centrifugation time of
10 min. was sufficient. As a result of the time experiments, the optimum sonication and
centrifugation times for the preconcentration/ separation of indigo carmine dye were
chosen as 3 and 10 min. respectively.

3.5 Sample and final volume

Before the spectrophotometric measurement of the dye, we enriched according to the
developed UA HDES DLLME method, the final volume was investigated to reduce the
organic solvent volume and achieve a high preconcentration factor (Ghaedi et al. 2016;
Mortada et al. 2023; Hoseinzadeh et al. 2023). In this context, the sample volume on the
extraction efficiency of the dye has been made the most effective use of the process. The
effect of sample volume on the extraction efficiency of the dye was investigated in order
to make the most effective use of the process. Sample volumes in the range of 5-20 mL
were studied to enrich indigo carmine from real products. It could be explicable thanks
to Fig. 7 that the highest recovery value was at 15 mL. Once and for all, the preconcen-
tration factor was obtained as 15 according to the final and sample volumes of 1, 15 mL
respectively.

100
80
60

40

Recovery, %

1 2 3 4 5 6 7 8 9 10 11

—=—Sonication time = —e—Centrifugation time

Fig. 6 Sonication and centrifugation time effect (pH:3.0, n: 3, DES volume: 0.5 mL, THF volume: 0.3 mL)
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Fig. 7 Influences of the sample volume on the recoveries of anlyte (pH:3.0, n: 3, DES volume: 0.5 mL,
THF volume: 0.3 mL)

3.6 Matrix effects

In the presence of foreign ions or food additives, it is very important for separation/
preconcentration methods to investigate this parameter in order to extract the dye to
be analyzed without being affected in the aforementioned matrix environment. Due to
the fact that matrix components determine the selectivity of the devised method, effects
of some dyes (chlorophyll, B-carotene, carmoisine, brillant blue FCF) and some ions
(Mg?*, Ca®*, Li*, Na*, Zn?*) on the method were investigated. The UA HDES DLLME
method was applied by adding different concentrations of organic and inorganic spe-
cies to the samples containing a certain amount of indigo carmine dye. The extraction
phases obtained were measured by UV Vis spectrophotometer and the recovery values
of the analytes were calculated. All quantitative results in tolerance concentration are
presented in Table 1. Thus, the UA HDES DLLME method was performed with high
selectivity for the real samples.

Table 1 The investigation of

matrix effect (pH:3, n: 3, DES Foreign species Concentration, ug L™!  Recovery, %

3031“:;5) 0.5 mL, THE volume: oy o5yl 893.5 90+ 1°
B-carotene 536.0 91+3
Carmoisine 241.0 96 +4
Brillant blue FCF 198.0 100+8
Eosine B 580.0 95+1
Chromotrope FB 502.4 100+3
Mgt 3000 97+5
Ca? 3000 94 +1
Li* 1000 93+4
NaCl 3000 92+1
Zn** 3000 98+6

*Mean =+ standard deviations
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Table 2 Addition/recovery

studies (pH:3, n: 3, DES volume: Samples Added » Found (pg-mL™") Recovery, %
0.5 mL, THF volume: 0.3 mL) (hg-mL )
Energy drink 0.0 0.05+£0.02 -
0.01 0.06+0.00 100
0.02 0.07+0.01 100

IN.D.: Not detected

"Mean + standard deviations

Table 3 The real sample

analyzes (pH:3, n: 3, DES Samples Found (pg-mL™")

80;?;15 0.5 mL, THF volume: g0 0y drink 0.17+0.03
Colorful chocolatel N.D?
Colorful chocolate2 0.02+0.00°
Colorful chocolate3 0.01+0.00
Chewing gum 0.46+0.11
Candy 0.13+0.07
Nail polish 0.02+£0.00
Fruit sodal 0.09+0.01
Fruit soda2 0.04+0.02
fron pill capsule 1.2+0.2

“N.D.: Not detected

"Mean + standard deviations

3.7 Real samples analysis

For the analysis of indigo carmine, the optimized method was studied on real samples such
as energy drink, colour chocolate, chewing gum, candy, nail polish, fruit soda. In addition,
the accuracy of the method was demonstrated by adding the standard solution of indigo
carmine to the energy drink at known concentrations. Increasing concentrations of indigo
carmine were added to model solutions prepared in 3 parallels under optimal conditions.
The fact that the recoveries are over 95% shows both the accuracy and the success of the
method. The results in Tables 2 and 3 show that the method is applicable, accurate and
successful.

3.8 Analytical performance

Some analytical performance criteria such as relative standard deviation (RSD), precon-
centration factor (PF), limit of quantification (LOQ), correlation coefficient (R?), limit of
detection (LOD), and also linear range (LR) have indicated that the method has been suc-
cessfully applied. Limit of detection (LOD formula: 3S,/m), limit of quantification (LOQ
formula: 10S,/m), calculated as 2.79 ng-mL~!, 9.31 ng-mL~! respectively according to the
measurement results of the blank solution. After repeated measurements at the same ana-
lyte concentration, the RSD which is the formula Sb/x was determined to be 0.8—-2.7 (Sb:
standart deviation, x: concentration, m: slope). And also (R?), preconcentration factor (PF)
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were obtained as 0.9975, 15. Finally, linear equation obtaining from calibration curve was
found A=1.6634C+0.0039 (A: absorbance and C: dye concentration).

Furthermore, analytical performance criteria of the UA HDES DLLME method were
compared with other studies in literature which were summarized in the Table 4. When the
values were examined, it was explicitly seen that the method has high PF factor, low LOD
and LOQ values, and a short extraction time.

4 Conclusions

Dark blue indigo carmine, known as E 132, is mainly used in food products such as con-
fectionery, gelatine, ice cream, biscuits and medicines. It is very important to determine the
amount of indigo carmine in these products, as using more than the recommended dose can
have a toxic effect. For this purpose, the liquid phase method was developed in this study.
Optimisation studies such as sample volume, extraction time and pH were carried out. The
method was successfully applied to real samples under optimal conditions such as pH 3.0,
0.5 mL Des, 0.3 mL THF, 3 min extraction time, 15 mL maximum sample volume where
recoveries of more than 95% were obtained (Figs. 2, 4, 5, 6, 7). In addition, the concentra-
tion of indigo carmin was determined in samples such as energy drink, colour chocolate,
chewing gum, candy, nail polish, fruit soda (Table 3). On the other hand, the addition/
recovery studies, one of the most important experiments, were carried out by adding indigo
carmine at a known concentration to the energy drink. According to the results shown in
the Table 2, 100% recovery of indigo carmine proved that the method was quite successful
and accurate. In the light of these recovery values, the devised UA HDES DLLME method
was flawlessly applied to real samples without any interfering effect. The main advantages
of this study are to cut down on the consumption harmful chemicals, to present low LOD,
LOQ values, acquire high preconcentration factor (PF), and ensure brief extraction time.
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