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Abstract
In the present study, a new ion-pair solvent including tetra-n-butyl-ammonium iodide and 1-pentanol was prepared for the 
first time and it was used for microextraction and UV–Vis spectrophotometric determination of tartrazine (E102), sunset 
yellow (E110), ponceau 4r (E124), allura red (E129) and brilliant blue (E133). Analytical parameters of the procedure such 
as pH, concentration of ion-pair solvent and its volume, times of vortex and centrifugation were optimized. Interference 
effect of matrix ions and dyes were investigated after optimization of the parameters. Limits of detection between 24 and 
82 μg  L−1 and limits of quantification in the range of 80–275 μg  L−1 were determined for the examined dyes. Preconcentra-
tion factor was obtained as 15 for each of the dyes. Relative standard deviations were found between 3.2 and 6.1%. Linear 
dynamic ranges were obtained between 0.28 and 20 µg  mL−1 for the determined dyes. Procedure was applied to various food 
samples including energy drinks, powdered juice samples, syrups and candies. Analyte addition-recovery studies were also 
performed both for validation of procedure and determination of dye concentrations in the real samples. Food dye contents 
of real samples were determined between 5.9 and 52.4 μg  mL−1 for liquid samples and 6.2 and 135.2 μg  g−1 for solid samples 
with satisfactory recovery results ranging from 93 to 103%. Finally, the greenness of the developed procedure was assessed 
using two tools, the Green Analytical Procedure Index and Analytical Eco-Scale.

Keywords Colouring food additives · Ion-pair solvent · Foodstuffs · Synthetic food dyes · Liquid–liquid microextraction · 
UV–vis spectrophotometry

Introduction

The synthetic colourants, being indispensable additives for 
food products such as confectioneries and energy drinks, 
have posed potential risk factor which may threaten human 
health [1–3]. The most of synthetic food dyes are petroleum 
originated and they are manufactured by distillation of petro-
leum and its derivatives [4, 5]. Amongst the artificial food 
dyes, all food dyes contain aromatic benzene rings and some 
of them contain azo group (–N=N–) [6]. These food dyes 
have been denoted with E code as colouring food additives 
on the foodstuff packs and/or bottles. Tartrazine (TZ), sunset 
yellow (SY), ponceau 4r (P4R), allura red (AR) and brilliant 

blue (BB) are the synthetic food dyes which have known 
as E102, E110, E124, E129 and E131, respectively [7–9]. 
When they are consumed excessive amount by eating and 
drinking through different food products, they can lead to 
undesired human health problems, such as skin irritation, 
redness, eczema, hyperactive behaviour defects, distractibil-
ity, etc. [10, 11]. Therefore, they are potentially hazardous 
chemicals which have limited per day consumable amounts. 
Acceptable daily intake values of E102, E110, E124, E129 
and E131, defined by World Health Organization (WHO), 
are 7.5, 4, 4, 7 and 6 mg  kg−1, respectively [12, 13]. When 
restrictions and harmful effects of the dyes are taken into 
account, it is necessary and important to monitor dye con-
tents of food products by determining dye concentration with 
sensitive, reliable and simple analytical procedures.

Food samples containing synthetic colourants have been 
detected and determined various instrumental techniques 
such as high performance liquid chromatography (HPLC) 
[14], spectrofluorometry [15], liquid chromatography and 
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mass spectrometry (LC–MS) [16], voltammetry [17], cap-
illary electrophoresis [18] and UV–Vis spectrophotometry 
[19]. The used instruments in these techniques are sophis-
ticated, expensive, not available in many laboratories and 
implementation of these techniques have highly time con-
suming and required high operation experience, knowledge 
and highly skilled analyst except UV–Vis spectrophotom-
etry. The usage of UV–Vis spectrophotometer is simple and 
its operation cost is cheap and moreover it is available in 
many laboratories. Spectrophotometer presents fast deter-
mination and easy operation. However, target dye in the 
samples containing interfering species may not be detected 
and determined sensitively and accurately by UV–Vis spec-
trometer. Due to the interference effect of matrix, the device 
loses its advantages, such as selectivity and precision [20]. 
In order to keep advantages of the spectrophotometer, appli-
cations of one or more separation and preconcentration steps 
are necessary prior to spectrophotometric determination.

For the preconcentration and separation processes of the 
hazardous synthetic chemicals and dyes, analytical chem-
ists have attempted to overcome this problem by eliminating 
interference effect of matrix with using conventional sepa-
ration and preconcentration methods such as solid-phase 
extraction (SPE) [21], cloud point extraction (CPE) [22] and 
liquid–liquid extraction (LLE) [23]. On the other hand, the 
large volumes of solvents are used in these traditional meth-
ods. In order to avoid usage of large volumes of toxic organic 
solvents, analytical chemists have tended to green, environ-
mentally friendly and miniaturized extraction methods such 
as dispersive liquid–liquid microextraction (DLLME) [24], 
ionic liquid-based dispersive liquid–liquid microextraction 
(IL-DLLME) [25], supramolecular solvent-based liquid 
phase microextraction (SS-LPME) [26], dispersive solid-
phase microextraction (DSPME) [27], liquid phase micro-
extraction (LPME) [28] and deep eutectic solvent-based 
liquid–liquid microextraction (DES-LLME) [29–31].

Nowadays, DES-LLME method has much attention 
because it offers simplicity, fast analysis, accurate determi-
nation and effective separation [32]. The method has reduced 
usage of toxic organic solvents and hazardous chemicals 
[33]. Moreover, it has minimized analysis time, energy con-
sumption and amount of waste chemical substances. DES 
is new eco-friend extractant which can be prepared eas-
ily at least by two or more chemicals in many laboratories 
which have not equipped highly with instruments and spe-
cific chemicals [34]. The components of DES are H bond 
acceptor and donor [35, 36]. Mixture of two compounds at 
a certain mole ratio is essential to synthesize hydrophobic 
DES and furthermore, formed eutectic solvent gains superior 
extraction capability.

Amongst the different DES types, alkanol-based DES is 
formed by mixing a quaternary ammonium salt (H bond 
acceptor) and an alcohol compound (H bond donor) [37]. 

First one is phase transfer agent which is quaternary ammo-
nium salt that transfers the ionic water soluble analyte from 
aqueous phase to hydrophobic organic liquid phase. Sec-
ond one is straight and long hydrocarbon chain which con-
tains hydrophobic alkyl groups (-CH2-) and water soluble 
hydroxyl (-OH) functional group. The long hydrocarbon 
chain of alcohol forms micelles by self-assembly process 
in water, resulting extraction takes place [38]. Furthermore, 
it was reported that alkanol-based DES exhibited effective 
separation and satisfactory quantitative microextraction for 
the food dyes [39].

In this study, tetra-n-butyl ammonium iodide (TBAI) and 
1-pentanol had been used to create new DES but it was not 
obtained when 1-pentanol and TBAI are mixed at 1:1 mol 
ratio. The mixture was solid and it is therefore, ion-pair sol-
vent (IPS) was created for the first time instead of DES with 
using components of DES having superior extraction capac-
ity mentioned above. The created IPS was used separately to 
extract five synthetic food dyes in developed vortex-assisted 
ion-pair solvent based liquid–liquid microextraction (VA-
IPS-LLME) procedure (see in Fig. 1). Analytical extraction 
parameters, affected extraction yield, were investigated in 
detail and optimized. Finally, UV–Vis spectrophotometric 
determination of E102, E110, E124, E129 and E131 in food-
stuffs was performed. Analytical characteristics and perfor-
mance of the procedure were determined, evaluated and also 
compared with previously reported studies. The envisaged 
possible microextraction mechanisms were explained.

Materials and method

Reagents and solutions

Chemicals mentioned in the experiments were used directly 
and without purification. (TBAI) (Merck, Germany) and 
1-pentanol (Fluka, Germany) were used to prepare IPS. 
Ethanol (Merck, Germany) was used to dilute IPS rich 
phase. Chemicals of buffer solutions (Sigma-Aldrich, Ger-
many)  H3PO4//NaH2PO4 for pH 2, 3, HAc//NaAc for pH 4, 
5 and  NaH2PO4//Na2HPO4 for pH 6–8 were used. Buffer 
solutions used in the experiments have total concentration 
0.01 mol  L−1. Each of the standard stock dye solutions hav-
ing 100 µg  mL−1 concentrations were prepared by dissolv-
ing adequate amount of powder dye (Merck, Germany) in 
distilled water. More diluted solutions were prepared daily 
by using stock dye solutions.

Instruments

A Shimadzu UV160A double beam UV–Vis spectrophotom-
eter (Shimadzu Corporation, Japan) equipped with 1.4 mL 
of quartz cell was used for scanning spectra and photometric 



2091Journal of the Iranian Chemical Society (2023) 20:2089–2100 

1 3

determination of E102, E110, E124, E129 and E131 dyes. 
Hanna HI2211 digital pH-meter (Hanna Instruments, USA) 
was used to fix aqueous media pH and measure buffer solu-
tion pH values. A Velp brand ZX3 model (Velp Scientifica, 
Italy) vortex mixer was used to mix IPS with aqueous model 
solution in centrifuge tube. Centrifuge step was performed 
with using Nuve NF400 (Nuve Laboratory, Turkey) model 
centrifuge. An ultrasonic bath (Alex Machine, Turkey) was 
used throughout the experiments for preparation of IPS and 
in pretreatment steps of real samples.

Software

Adobe Photoshop (CS edition) for designing graphical 
abstract, ChemDraw Ultra (version 8.0) for explaining 
microextraction mechanisms and drawing moleculer struc-
tures of the chemicals and dyes used in the experiments, 
Microsoft Office (Professional Plus 2010) for writing manu-
script and calculating experimental results were used.

Preparation of IPS

Total 25 mL of each IPSs having certain different con-
centrations (mmol   L−1 of TBAI in 1-pentanol) 2.5, 5, 
7.5 and 10 were prepared for  IPS1,  IPS2,  IPS3 and  IPS4, 

respectively. For this, theoretically calculated amounts of 
IPS components, 1-pentanol and TBAI, were added in a 
beaker and then it was subjected ultra-sonication at room 
temperature (25 °C) until formation of clear liquid solvent.

VA‑IPS‑LLME procedure

Each of the model test solutions including 5 mL of pH 5 
acetate buffer solution and adequate amounts of each of 
the dyes for sensitive detection (AR: 2 µg, SY: 2 µg, TZ: 
4 µg, BB: 1 µg and P4R: 4 µg) were prepared. The preci-
sion amounts of each dye were added to test tubes by trans-
ferring dye solutions with aid of automatic micro pipette. 
Solutions were diluted with distilled water up to total 
volume of 10 mL. Each of the model dye solutions were 
vortexed for 30 s after addition of 500 µL  IPS4. Cloudy 
solutions were immediately centrifuged at 4000 rpm for 
2 min to accelerate and complete phase separation. Aque-
ous phase at the bottom of centrifuge tube was simply 
decanted with help of syringe. Remaining  IPS4 phase con-
taining the dyes (AR, SY, TZ, BB and P4R) in the centri-
fuge tube was completed up to 1000 µL of final volume by 
addition of ethanol. Concentrations of diluted  IPS4 phases 
were determined photometrically at 425, 485, 515, 506 
and 630 nm, for TZ, SY, P4R, AR and BB, respectively. 
Experimental analysis steps of VA-IPS LLME/UV–Vis 
procedure are given in Fig. 1.

Fig. 1  The simply schematized presentation of the procedure
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Preparation of real samples to analysis

Commercially available real samples including powdered 
fruit juices, energy drinks, candies, syrups and Turkish 
delight known to be contained E102, E110, E124, E129 
and E131 were purchased in Turkish markets.

The certain amounts of solid powder samples between 
0.15 and 2.48 g were weighed and dissolved in 100 mL 
distilled water. Formed colourful mixtures (solution and/
or suspension) filtered through filter paper. Necessary dilu-
tions were applied to sample solutions obtained, by taking 
account contents of each sample food additives. 250 µL of 
each of the solutions was subjected to the procedure. 

0.148 g of Turkish delight sample was dissolved and/
or dispersed in 100 mL distilled water. Suspension was 
filtered through filter paper. 100 µL of filtrate was analysed 
by the procedure.

The certain volumes (100 µL) of energy drink samples 
were subjected directly to the optimized procedure.

For the analysis of syrup samples, certain amounts 
(0.12 and 0.34 g) of viscous syrups were weighed and 
then necessary dilutions (total volume: 100 mL) were per-
formed by distilled water. The certain volumes (100 µL) of 
syrup solutions were applied to the procedure to determine 
their dye contents.

Candy tablets (blue candy: 0.2348 g and red candy: 
0.2432 g) were weighed directly and dissolved in 10 mL 
distilled water and then necessary dilutions (total volume: 
150 mL) were done. The certain volumes (500 µL) of each 
of the candy solutions were analysed with the procedure.

Results and discussion

As notes for the readers: (1) Results in Fig. 2a–d were 
deliberately given in reverse order to show better the 
recovery values. (2) In this study, it had been aimed firstly 
to synthesize new DES with using TBAI and 1-pentanol 
but it was not obtained when 1-penatnol and TBAI are 
mixed at 1:1 mol ratio. The solid mixture was obtained 
instead of liquid DES and it is therefore, ion-pair solvent 
(IPS) was created for the first time instead of DES with 
using components of DES because the components of 
alkanol-based DES have superior extraction ability and 
they are also environmentally friendly green chemicals.

In order to perform successful microextraction and 
quantitative determination of the target dyes, the param-
eters of VA-IPS-LLME procedure were investigated in 
detail and then optimized by changing one variable at one 
time. All extraction procedures were performed in three 
replicates (N = 3).

Effect of pH

Influence of pH was examined separately at pH range 
between 2 to 8 for each of the dyes. Results are given in 
Fig. 2a with 3D graphic. Recoveries for investigated dyes 
are quantitative at almost studied pH values. These results 
showed that VA-IPS-LLME procedure could be applied 
for microextraction of food dyes used in the experiments 
at investigated wide pH range. Alkanol-based IPS and the 
dyes operated together in superb harmony as independent 
of aqueous media pH. Therefore, pH 5, which is weak 
acidic media, was selected as an optimum for the extrac-
tion procedure and it was applied all further extraction 
studies.

Although, aqueous media pH is very important for 
extraction studies on ionisable dyes [40], pH had not 
played important role for this procedure because the food 
dyes used in the experiments contain also strong sulfonic 
acid (-SO3) groups. Therefore, protonation of sulfo groups 
are not possible at applied pH range. The protonation of 
phenolic rings, carbocyclic acid groups and azo groups of 
the dyes at investigated pHs made the dye molecules more 
hydrophobic in the aqueous solution, resulting contribu-
tion to transfer of ionic dye molecules from aqueous to 
hydrophobic IPS phase [41]. The investigated food addi-
tives were negatively charged forms at applied pH values. 
Therefore, food additive colourants were extracted from 
aqueous phase to liquid immiscible IPS phase by elec-
trostatic attractions between anionic dye molecules and 
cationic quaternary ammonium salt.

Effect of IPS type

In order to obtain quantitative microextraction, IPS type 
used as a microextraction agent is very important criteria. 
For this reason, various IPSs which were prepared by mixing 
TBAI and 1-pentanol having different concentrations 2.5, 
5, 7.5 and 10 mmol  L−1 were used for  IPS1,  IPS2,  IPS3 and 
 IPS4, respectively. When 1-pentanol is used only as extract-
ant, extraction percentages of target dyes were between 1 
and 3%. For this reason phase transfer agent (quaternary 
ammonium salt, TBAI) was used with 1-pentanol. Effect of 
IPS type on the microextraction of five food dyes is showed 
in Fig. 2b. It can be clearly seen that recoveries of examined 
food dyes increased with increasing TBAI amount in the 
IPS. This circumstance can be explained that electrostatic 
interaction between IPS and anionic dyes increased with 
increasing amount of TBAI in IPS. When  IPS3 and  IPS4 are 
used as microextraction solvent, quantitative microextraction 
of the dyes was obtained. As a result of this experiment,  IPS4 
was selected an optimum and it was used further extraction 
studies.
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Effect of IPS amount

It has prime importance to optimize amount of IPS both for 
complete quantitative microextraction of analyte dyes and 
obtaining high preconcentration factor (PF) by minimizing 
final extractant volume containing target dyes. In order to 
obtain quantitative microextraction of the dyes, sufficient 
surface area generated by IPS which is being immiscible 
extractant is necessary [42]. Hence, amount of  IPS4 was 
investigated between 200 and 700 µL. Recovery results are 
given in Fig. 2c. At the lower volumes than 200 µL of IPS, 
separate immiscible layer were not observed. Recoveries 
increased with increasing  IPS4 volume up to 500 µL and 
then reached maximum quantitative value and remained 
constant. This circumstance showed that it was reached to 
enough surface area to extract complete dye molecules in the 

aqueous medium. In order to keep final volume of  IPS4 at 
a low level, obtain high PF and avoid using high volume of 
organic solvent, 500 µL of minimum  IPS4 volume, at which 
was obtained quantitative extraction, was used forthcoming 
extraction studies.

Effect of vortex time

Vortex is necessary and important parameter to shorten 
analysis time and obtain quantitative extraction by increas-
ing and accelerating the interaction between analyte and 
IPS. During the vortex process, entire IPS droplets micro-
nize thus micro-holes occur for the dye molecules to enter 
and number of IPS droplets increase by dividing to micro 
size herewith sufficient surface area is formed to extract 
quantitatively analyte from aqueous phase [29, 43]. For that 
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Fig. 2  Effects of pH a extraction conditions: IPS: 10 mmol  L−1 TBAI 
in 1-pentanol; volume of IPS: 500  µL; vortex: 30  s. at 2000  rpm; 
sample volume: 10  mL; centrifugation: 2  min. at 4000  rpm, IPS 
type b pH: 5; volume of IPS: 500  µL; vortex: 30  s. at 2000  rpm; 
sample volume: 10 mL; centrifugation: 2 min. at 4000 rpm, IPS vol-

ume c pH: 5; IPS: 10  mmol   L−1 TBAI in 1-pentanol; vortex: 30  s. 
at 2000  rpm; sample volume: 10  mL; centrifugation: 2  min. at 
4000  rpm, vortex time d pH: 5; IPS: 10 mmol   L−1 TBAI in 1-pen-
tanol; volume of IPS: 500 µL; sample volume: 10 mL; centrifugation: 
2 min. at 4000 rpm, N = 3
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reasons, vortex time was investigated at 2000 rpm between 5 
and 50 s. Recovery results for the dyes are given in Fig. 2d. 
Recoveries of the dyes increased with increasing vortex time 
up to 30 s and then reached constant value. Therefore, 30 s 
vortex time was selected an optimum and applied all further 
extraction studies.

Effect of centrifugation

In LLME studies, centrifuge is important extraction step 
to supply effective phase separation, obtain quantitative 
recoveries, accelerate and complete phase separation and 
huddle together immiscible hydrophobic IPS droplets con-
taining target analyte [44]. Sticky organic immiscible phase 
tend to adhere centrifuge tube wall because the interactions 
between liquid organic phase and polyethylene centrifuge 
tube are higher than interactions between liquid organic 
phase and water. In order to examine effect of centrifuge on 
the LLME of each of the dyes, time and rate of centrifuga-
tion were applied simultaneously between 1 and 5 min and 
1000–4000 rpm. Optimum centrifugation time and rate were 
found that 2 min at 4000 rpm was enough to collect together 
alkanol based IPS droplets containing the target dyes.

Sample volume

Obtaining quantitative data at higher sample volumes is of 
great necessary to reach high PF and low limit of detec-
tion (LOD) in quantitative analysis [45]. Sample volume 
was examined between 5 and 30 mL (5, 10, 15, 20, 25 and 
30 mL) by using model test solutions. Significant changes 
were not observed in terms of recovery values until 15 mL 
of sample volume. The microextraction of the examined 
dyes was not quantitative above 15 mL of sample volumes. 
Decreased on the recoveries by increasing sample volume 
can be explained that turbidity of IPS in the aqueous solu-
tion decreased. It was observed that droplets of IPS did not 
aggregate after vortex and centrifuge processes and IPS dis-
solved slightly in higher sample volume than 15 mL. The 
experimental results showed that proposed procedure can be 
applied up to 15 mL of maximum sample solution. There-
fore, PF of the procedure was obtained to be 15 for the target 
dyes, according to 15 mL maximum sample volume and 
1 mL final volume.

Possible microextraction mechanisms

It could be thought that there are three possible extrac-
tion mechanisms belong to proposed procedure. The first 
is hydrogen bond between azo groups (–N=N–) of the dye 
molecules and (–H) hydrogen atom of hydroxyl functional 
group of 1-pentanol. The second one is n–π interaction 
between oxygen atom (–O–) of hydroxyl functional group of 

1-pentanol and delocalize π-electrons of hydrophobic ben-
zene rings of the dye molecules [46]. The third mechanism 
that is prime driving force is strong electrostatic attractions 
between negatively charged sulfo groups  (SO3

−) of the dyes 
and positively charged nitrogen atom  (N+) of TBAI being a 
quaternary ammonium salt [47, 48]. The first and the second 
mechanisms are weak interactions. When 1-pentanol is used 
only as extractant, extraction percentages of target dyes were 
between 1 and 3%. The schematized possible microextrac-
tion mechanisms are given in Fig. 3 with using molecule 
structures of the colour additives and extractant droplet of 
IPS.

Influence of matrix

In dye extraction studies, to investigate interfering effects of 
matrix dyes are more important than examination of inter-
ferences of ions because foreign dyes can intervene extrac-
tion more than ions. Adaptation of the procedure to real 
matrix for microextraction of real samples and selectivity 
of the procedure against matrix components are defined and 
performed at this stage [49]. Therefore, possible available 
anions and cations which could be found in food products 
and the most used food dyes in foodstuffs were preferred as 
model matrix components. The developed VA-IPS-LLME 
procedure showed effective selectivity against matrix ions at 
applied concentrations. On the other hand, moderate selec-
tivity was observed against matrix dyes. Recovery results of 
each of the target dyes in presence of matrix ions and foreign 
dyes are given in Table 1.

Analytical characteristics

At the optimum conditions analytical features of the proce-
dure were examined. LOD and LOQ values of the procedure 
were determined between 24 and 82 and 80–275 µg  L−1, 
respectively. Linear dynamic ranges of the microextraction 
procedure for investigated dyes were obtained between 0.08 
and 20 µg  mL−1. 15 PF was obtained from the sample vol-
ume experiments, according to 15 mL maximum sample 
volume at which obtained quantitative extraction and 1 mL 
final volume. PF is defined as ratio between maximum sam-
ple volume and final volume. Analytical characteristics of 
the proposed VA-IPS-LLME procedure for each of the dyes 
are given comparatively in Table 2.

LOD and LOQ values were determined following equa-
tions 3 SD/m and 10 SD/m, respectively. In the equations, 
SD and m were used to symbolize standard deviation of 13 
blank solutions and slope of calibration curve, respectively.

Linear dynamic ranges, which could be plotted as lin-
ear after applied proposed procedure, of the procedure 
were obtained by using final concentration of the dyes in 
diluted ion-pair solvent rich phase. LDRs were determined 
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separately for each of the target dyes. Analytical character-
istics of the proposed VA-IPS-LLME procedure are also 
compared with previously reported methods in Table 3. 
Calculated analytical features make the procedure that it 
is comparable with other previously reported studies in 
Table 3.

Analysis of confectioneries and beverages

Validation of the developed VA-IPS-LLME procedure was 
performed by analyte addition-recovery studies. Multiple 
certain amounts of each of the analyte dyes were added 
to real samples including energy drinks, candies, juice 

Fig. 3  The envisaged and visu-
alized possible microextraction 
mechanisms

Table 1  Effect of interfering 
species, N = 3

a Mean ± standard deviation
b can not be determined accurately

Ion and dye Added species Concentration, µg  mL−1 % Recovery

E129 E131 E110 E124 E102

Na+ NaNO3 100 a97 ± 2 96 ± 2 96 ± 2 99 ± 2 96 ± 3
K+ KNO3 100 98 ± 4 97 ± 2 98 ± 3 95 ± 2 99 ± 1
Mg2+ Mg(NO3)2.6H2O 100 95 ± 3 95 ± 3 99 ± 1 98 ± 3 97 ± 3
Ca2+ CaCl2 100 100 ± 3 97 ± 3 97 ± 2 97 ± 2 96 ± 5
Cu2+ Cu(NO3)2 10 96 ± 4 99 ± 2 95 ± 4 94 ± 3 100 ± 1
Ni2+ Ni(NO3)2 10 98 ± 3 97 ± 2 97 ± 2 96 ± 3 95 ± 2
Cl− NaCl 100 99 ± 4 98 ± 3 98 ± 2 100 ± 1 97 ± 3
NO3

− NaNO3 100 96 ± 2 97 ± 1 97 ± 1 97 ± 3 99 ± 2
SO4

2− Na2SO4 50 97 ± 3 99 ± 2 96 ± 2 99 ± 3 100 ± 2
E129 Allura red -/2/0.1/-/0.5 * 101 ± 3 99 ± 4 bN.D 98 ± 6
E131 Brilliant blue 2/-/4/2/6 101 ± 2 * 103 ± 2 101 ± 3 98 ± 3
E124 Ponceau 4R -/2/0.3/-/0.5 N.D 99 ± 3 101 ± 3 * 99 ± 5
E110 Sunset yellow 0.2/3/-/0.3/- 100 ± 3 98 ± 2 * 98 ± 4 N.D
E102 Tartrazine 0.4/4/-/0.2/- 96 ± 5 99 ± 2 N.D 100 ± 3 *
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powders, syrups and Turkish delight. Satisfactory recovery 
results ranging between 93 and 103% were obtained. These 
quantitative results showed that proposed microextraction 
procedure can be applied reliably to determine dye contents 
of various foodstuffs containing E129, E133, E110, E124 
and E102. Recovery results for the analysed real samples 
are given in Table 4.

The proposed VA-IPS-LLME procedure was also applied 
to determine E102, E110, E124, E129 and E131 contents 
of real samples after validation and analyte addition-recov-
ery tests. Food dye contents of analysed foodstuffs were 
determined between 6.2 and 135.2 µg   g−1 for solid and 
5.9–52.4 µg  mL−1 for liquid samples. Results are given in 
Table 5.

Table 2  Analytical characteristics of the procedure for target dyes

Dye λmax, nm LOD, µg  L−1 LOQ, µg  L−1 LDR, µg  mL−1 Equation of linear 
dynamic range

R2 EF PF RSD, %

E102 425 67 223 0.23–15 y = 0.0415x−0.0112 0.9968 30 15 6.1
E110 485 46 156 0.16–20 y = 0.0595x + 0.0040 0.9998 30 15 4.2
E124 515 82 275 0.28–20 y = 0.0337x−0.0024 0.9999 30 15 5.1
E129 506 54 182 0.19–12 y = 0.0510x + 0.0004 0.9998 30 15 4.7
E131 630 24 80 0.08–7.0 y = 0.1155x + 0.0070 0.9977 30 15 3.2

Table 3  Comparison of analytical characteristics of the procedure with previously reported studies

Procedure Dye LOD, µg  L−1 LOQ, µg  L−1 LDR, µg  mL−1 RSD, % PF References

DES-ME-UV–Vis E102 84 253 0.25–2.60 5 12.5 [50]
DSPME- UV–Vis E102 11.6 – 0.5–50 4.1 22.5 [51]
VA-LPME-UV–Vis E102 1.96 6.53 0–0.6 2.62 24 [52]
VA-IPS-LLME-UV–Vis E102 67 223 0.23–15 6.1 15 This work
UA-DES-LLME-UV–Vis E110 320 1070 0.2–100 2.68 20 [53]
SPE-HPLC E110 10 – 0.02–20 5 11 [54]
UA-DES-DLLME-UV–Vis E110 0.05 0.17 – 4.1 40 [55]
VA-IPS-LLME-UV–Vis E110 46 156 0.16–20 4.2 15 This work
FIT-SPME-HPLC E124 7.6 25 0.025–0.75 7.3 – [56]
UA-CPME-UV–Vis E124 6.5 20 0.02–0.75 2.3 126 [57]
DES-VA-DLLME E124 0.04 0.15 0.005–1 7 18.6 [43]
VA-IPS-LLME-UV–Vis E124 82 275 0.28–20 5.1 15 This work
DES-LPME-UV–Vis E129 3.92 12.9 0.5–2.0 5 13 [58]
ABS-UV–Vis E129 20 50 0.05–7.5 3 5 [59]
MSPE-HPLC E129 9.0 20 0.02–5.0 3.8 – [60]
VA-IPS-LLME-UV–Vis E129 54 182 0.19–12 4.7 15 This work
IL-DLLME-UV–Vis E131 0.34 – 0–0.15 0.8 38 [61]
SPE-UV–Vis E131 1.5 4.3 0–3.5 6 20 [62]
CPE-UV–Vis E131 16 50 0.05–3.5 3.30 10 [63]
VA-IPS-LLME-UV–Vis E131 24 80 0.08–7 3.2 15 This work
DES: Deep eutectic solvent SPE: Solid-phase extraction
ME: Microextraction HPLC: High performance liquid chromatography
UV–Vis: Ultra violet visible spectrometry DLLME: Dispersive liquid–liquid microextraction
DSPME: Dispersive solid phase microextraction CPME: Cloud point microextraction
VA: Vortex assisted ABS: Aqueous biphasic system
LPME: Liquid phase microextraction MSPE:Magnetic solid-phase extraction
LLME: Liquid–liquid microextraction IL: Ionic liquid
UA: Ultrasound assisted CPE: Cloud point extraction
FIT-SPME: filled in-tube solid phase microextraction IPS: Ion-pair solvent
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Greenness of the developed method

In order to assess greenness of the developed method, the 
parameters of Green Analytical Procedure Index (GAPI) 
and Analytical Eco-Scale (AES) were performed. GAPI was 
evaluated with green, yellow and red labels and based on 15 
parameters of three categories which are instrumentation, 

sample preparation, reagents and solvents [64]. Greenness 
evaluation is presented in Table 6. Developed procedure was 
exhibited 1 red, 4 yellow and 10 green boxes. According to 
GAPI parameters defined in Table 6, developed procedure 
can be evaluated as green analytical procedure.

AES score was evaluated based on total 100 points and 
penalty points (PPs) [65]. AES assessment is presented in 

Table 4  Determination of E129, 
E133, E110, E124 and E102 in 
foodstuffs by analyte addition-
recovery test, N = 3

a Mean ± standard deviation

Added, µg Found, µg Recovery, % Found, µg Recovery, %

Real samples containing E129
Sample Energy drink (red) Candy (red)
– a1.35 ± 0.08 – 2.10 ± 0.05 –
1.00 2.29 ± 0.18 94 ± 3 3.08 ± 0.10 98 ± 2
1.50 2.78 ± 0.26 95 ± 3 3.54 ± 0.16 96 ± 4
Real samples containing E133
Sample Energy drink (blue) Candy (blue)
– 0.96 ± 0.06 – 1.12 ± 0.08 –
0.50 1.43 ± 0.10 94 ± 2 1.61 ± 0.12 98 ± 3
1.00 1.89 ± 0.12 93 ± 5 2.08 ± 0.14 96 ± 1
Real samples containing E110
Sample Syrup Portugal juice powder
– 2.54 ± 0.05 – 3.05 ± 0.05 –
1.00 3.48 ± 0.10 94 ± 4 4.06 ± 0.12 101 ± 3
1.50 3.99 ± 0.17 96 ± 2 4.59 ± 0.22 103 ± 3
Real samples containing E124
Sample Energy drink (red 2) Wick Turkish delight
– 4.20 ± 0.08 – 3.85 ± 0.10 –
2.00 6.11 ± 0.12 96 ± 3 5.74 ± 0.21 95 ± 1
4.00 8.21 ± 0.22 100 ± 2 7.77 ± 0.27 98 ± 2
Real samples containing E102
Sample Cocktail syrup Lemon juice powder
– 5.05 ± 0.05 – 5.48 ± 0.09 –
2.00 6.98 ± 0.12 97 ± 2 7.35 ± 0.13 94 ± 4
4.00 8.85 ± 0.29 95 ± 3 9.28 ± 0.32 95 ± 1

Table 5  E129, E133, E110, 
E124 and E102 contents of 
determined foodstuffs, N = 3

Foodstuff Concentration

E102 E110 E124 E129 E131

Red energy drink aND ND ND b52.4 ± 1.4 ND
Blue energy drink ND ND ND ND b5.9 ± 0.1
Red candy ND ND ND c9.4 ± 0.6 ND
Blue candy ND ND ND ND c8.6 ± 0.3
Syrup ND c125 ± 4.8 ND ND ND
Portugal juice powder ND c29.6 ± 1.2 ND ND ND
Red energy drink 2 ND ND b12.8 ± 1.2 ND ND
Wick Turkish delight ND ND c25.5 ± 2.3 ND ND
Cocktail syrup c6.2 ± 0.5 ND ND ND ND
Lemon juice powder c135.2 ± 4.5 ND ND ND ND
aND: Not detected bµg  mL−1 cµg  g−1
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Table 7. AES score was found as 80. According to score 
calculated in Table 7, developed procedure can be evaluated 
as green and eco-scale analytical procedure.

Conclusions

It was proved that the developed VA-IPS-LLME procedure 
presented a facile, inexpensive, efficient and environment-
friendly pre-treatment and it can be used for quantitative 
analysis of E129, E133, E110, E124 and E102 in confec-
tioneries and drinks. The chemicals used in the study are 
known chemicals and they are also available in the most 
of laboratories and it is therefore, the developed procedure 
could be applied in many laboratories.

Simultaneous microextraction of the dyes is possible as 
an alternative. Simultaneous spectrophotometric determi-
nation of binary dyes including AR-BB, BB-SY, BB-P4R 
and BB-TZ are possible because any spectral interference 

Table 6  Green Analytical Procedure Index parameters of the developed procedure

Category Green Yellow Red
Sample 
preparation
Collection In-line On-line or at-line Off-line
Preservation None Chemical or physical Physico-chemical
Transport None Required –
Storage None Under normal conditions Under special conditions
Method: direct or 
indirect 

No sample preparation Simple procedures, eg. filtration, 
decantation

Extraction required

Scale of extraction Nano-extraction Micro-extraction Macro-extraction
Solvents/reagents 
used 

Solvent-free methods Green solvents/reagents used Non-green 
solvents/reagents used

Additional 
treatments 

None Simple treatments (clean up, 
solvent removal,
etc.)

Advanced treatments 
(derivatization,
mineralization, etc.)

Reagent and 
solvents
Amount <10 mL (< 10 g) 10–100 mL (10–100 g) >100 mL (> 100 g)
Health hazard Slightly toxic, slight irritant;

NFPA health hazard score = 
0 or 1.

Moderately toxic; could cause 
temporary incapacitation; NFPA 
= 2 or 3.

Serious injury on short-
term exposure; known or
suspected small animal 
carcinogen; NFPA = 4.

Safety hazard Highest NFPA flammability 
or instability score of 0 or 1. 
No special hazards

Highest NFPA flammability or 
instability score of 2 or 3, or a 
special hazard is used.

Highest NFPA
flammability or instability 
score of 4.

Instrumentation
Energy ≤0.1 kWh per sample ≤1.5 kWh per sample >1.5 kWh per sample
Occupational 
hazard 

Hermetic sealing of 
analytical process

– Emission of vapours to 
the atmosphere

Waste <1 mL (< 1 g) 1–10 mL (1–10 g) >10 mL (< 10 g)
Waste treatment Recycling Degradation, passivation No treatment

Green: Environmentally and economically friendly, Yellow: Non-hazardous, Red: Hazardous

Table 7  The PPs of VA-IPS-LLME procedure to calculate AES score

Reagents PPs

Acetic acid 4
Sodium hydroxide 2
1-pentanol 4
Ethanol 3
TBAI 2
Σ 15

Instruments PPs

UV–Vis spectrophotometer 0
Vortex 1
Centrifuge 1
Occupational hazard 0
Waste 3
Σ 5
Total penalty points: 20
AES total score: 80
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were observed at the maximum absorbance wavelengths of 
the dyes. Nevertheless, simultaneous determinations of the 
mentioned binary dyes above are possible with proposed 
procedure, food samples containing two food additives 
having E code were not found in the investigated samples 
and Turkish markets.

Although, the procedure has presented low PF, it is suf-
ficient for determination of dye contents of foodstuffs and 
it is therefore, obtained low PF value is not a disadvantage 
of the procedure.

If it is necessary and preferred to work at low limits 
of detection and obtain higher PFs than that of proposed 
VA-IPS-LLME procedure, an alkanol compounds hav-
ing lower water solubility than that of 1-pentanol can be 
used without changing type of quaternary ammonium salt 
(TBAI) and optimized parameters of the microextraction 
procedure.

In liquid–liquid mixroextraction studies a trigger such as 
tetra hydro furan (THF) is used usually both for dispersion of 
extraction liquid and formation of micelles. In the proposed 
procedure any triggers as aprotic solvents were not used. 
The prime advantage of the procedure is that microextrac-
tion of the target dyes could be performed without using any 
dispersive solvents such as THF and acetone.

The developed ion pair solvent (IPS)-based microextrac-
tion method is green, useful and simple for the determined 
food dyes. The method does not require sophisticated instru-
ments and expert analyst. Therefore, it can be used in many 
laboratories.

Furthermore, developed procedure can be evaluated as 
green and eco-scale analytical procedure according to GAPI 
parameters (1 red, 4 yellow and 10 green boxes) and 80 of 
AES score.
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