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Abstract

We developed a potentiometric ion-selective electrode (ISE) for detecting the food dye sunset
yellow (SY). Sunset yellow-Methyltrioctylammonium chloride ion pairs were synthesized.
The ion pair that was synthesized was employed as ionophorein the configuration of the
electrode membrane. PVC membrane ion-selective electrodes in various compositions were
produced using the ion pairs that were synthesized and then, potentiometric performance
characteristics of these electrodes were investigated. It was determined that the electrode with
the composition of 3.0 % sunset yellow-Methyltrioctylammonium (Sunset-MTOA) ion pair,
64.8 % nitrophenyloctyl ether (NPOE), 32.0 % polyvinylchloride (PVC) and 0.2 % potassium
tetrakis (4-chlorophenylborate) (KTpCIPB) demonstrated the best potentiometric performance
properties. The linear range, slope, limit of quantification, pH range, and the response time of
the electrode were determined as 1.0 x 10°-5.0 x 102 M, 23.6 mV,1.0 x 10° M,6.4-9.1, and
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= 5 sec, respectively. The electrode exhibited a highly repeatable potentiometric response.

1. Introduction

Food dyes are added into foods to provide them with
their natural colors that are lost during processing and
storing, enhance their pale natural colors, color the
originally colorless foods, and obtain appealing and
acceptable products provided that they do not hide their
low quality [1-3]. Food dyes form an important group
in food additives and play a significant role in
increasing the appeal of foods[4]. Coloring agents are
also used in some foods to remove the color disorders
that emerge due to employed food processing
techniques. Besides, coloring agents are also used to
ensure homogeneous color distribution, make the
appearance attractive, and give foods color in novel
formulations [5]. Sunset yellow FCF (E110), an azo
dye, has long been used as a colorant in many
processed foods and food additives. It is used in the
production of bakery products, pastry, desserts, snacks,
icecreams, beverages and canned fish, instant soups
and some drugs in syrup and tablet form. The
acceptable daily intake is 2.5 mg/kg over body weight

[6].

However, it is worth noting that sun set yellow (SY) is
a synthetic dye that exists in widespread food products
which may cause allergies, diarrhea, anxiety, and

migraine and also it could damage kidneys and livers
if it is overconsumed[7-9]. Therefore, it is very
important to adjust the daily intake dosage of sunset
yellow and control it. There are advanced techniques
that necessitate sophisticated equipment and expensive
consumables such as the extraction methods [10-12],
spectrophotometry [13-15], thin layer chromatography
[16] high-performance liquid chromatography [17-19],
capillary electrophoresis[20-22] and electrochemical
voltammetric methods[23-33] for the quantification of
sunset in the literature. The above-mentioned analysis
techniques are time-consuming and require
sophisticated apparatus, expensive consumables,
mostly pretreatment processes and experienced users.
However, the potentiometric techniques provide
benefits such as short analysis time, low cost, wide
concentration range, low limit of quantification, high
accuracy, appropriate selectivity, not requiring
pretreatment process mostly, sophisticated devices,
and experienced users. In this manner, the fabrication
of a sunset yellow-selective potentiometric electrode
for the quantification of sunset yellow food additive
will provide facilities for analytical purposes.

Almost no studies on direct potentiometric
determination of sunset yellow by using a selective
electrode are available in the literature. We came
across only one study [34] that aimed to develop a
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sunset yellow selective electrode. Therefore, the
development of new sunset yellow selective electrodes
with better performance characteristics is an important
requirement. In this context, in the current study, we
attempted to fabricate a potentiometric all-solid-state
PVC membrane ion-selective electrode with improved
characteristics. For that purpose, initially, sunset
yellow-methyltrioctylammonium ion pair type was
synthesized. It was employed as the active component
in the structure of the PVC membrane ion-selective
electrode. All-solid-state PVC membrane sunset
yellow selective electrodes were produced using the
ion pair that was synthesized. Also, membrane
compositions (PVC: plasticizer, ionic component: ion
pair) were arranged to obtain the best potentiometric
performance  properties.  The  potentiometric
performance properties (The limit of quantification,
linear range, response time, selectivity, pH range,
lifetime, repeatability, sensitivity) were determined for
the electrode with excellent characteristics. Finally, an
application was performed for quantification of sunset
yellow using the produced electrode, the obtained
result was compared with the result that was obtained
using another method.
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Figure 1. Molecular structure of Sunset Yellow FCF (E110)
2. Materials and Methods

2.1. Chemicals used in the study

Tetrahydrofuran (THF), high molecular weight poly
(vinyl chloride) (PVC), o-nitrophenyl octyl ether
(NPOE), dibutyl phthalate (DBP), dioctyl phthalate
(DOP), potassium tetrakis (4- chlorophenyl) borate
(KTpCIPB), and graphite powder were procured from
Fluka (Bucks, Switzerland). Sunset yellow (SY),
Methyl trioctyl ammonium chloride (MTOA), dioctyl
sebacate (DOS), Tris, Tris hydrochloride, HCI, H3POs,
and NaOH and candies were procured from Sigma-
Aldrich  (Germany) and markets in Turkey,
respectively.

The epoxy (TP3100), used in the preparation of solid-
contacts and hardener (Desmodur RFE) were obtained
from the Denlaks (Turkey) company and the Bayer
(Germany) company, respectively. All salts that were
used when preparing the solutions in the study were
procured from the Sigma-Aldrich (Germany)

Company. All solutions were prepared by 18.3 M Q
deionized pure water.

2.2. Equipment

A computer-controlled potentiometric measurement
system was used in performing the potentiometric
measurements. In all potential measurements, the
Ag/AgCI electrode (Gamry, USA) was employed as
reference electrode. A desktop OHAUS measurement
device was used for the pH measurements.

2.3. Standard solutions

The standard solutions used in the measurements were
prepared using analytical grade substances. Firstly,
5.0x10-2 M standard solution of Isopreterenol was
prepared in deionized water. Its solutions at the other
concentrations were prepared by diluting its standard
solution at the concentration of 5.0x10-2 M with
deionized water. After the pH range study was
conducted, standard solutions of each type at the
concentration of 5.0x10-2 M were prepared at pH = 7.4
Tris buffer. Then, the standard solutions of these
solutions at required concentrations in the study were
prepared by diluting the initially prepared standard
solutions with 5.0x10-2 M concentration using pH =
7.4 Tris buffer.

2.4. Preparation of the buffer solution

The buffer solution was prepared as follows: 1.21 g
Tris was dissolved in deionized water, 7.9 g Tris HCI
was added, stirred and dissolved in this way, and after
the pH was adjusted to 7.4, it was made up to 1 It with
deionized water.

2.5. Synthesis of ion pair that was employed as
ionophore in electrodes

Chemical structures of the ion pair forming agents used
in the synthesis of ion pairs were shown in Figure 2.

cr

Figure 2. Chemical structures of (a) sunset yellow and (b)
methyltrioctylammonium chloride.

To synthesize the Sunset
Methyltrioctylammonium (SY-MTOA)

yellow-
ion pair,
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employed as ionophore in the structure of electrodes,
10 mL of the 102 M sunset yellow solution was slowly
added into the 10 mL of the solution that contained 10-
2 M Methyltrioctylammonium chloride and was stirred
continuously. The formed precipitate was washed with
deionized water 5 times, centrifuged at 4000 rpm for 5
minutes each time and left to dry in dark under room
conditions. After it was dried, it was used directly as
ionophore.

2.6. Preparation of the electrodes

In the study, the SY-MTOA ion pair was used as
ionophore at various rates and SY-selective electrode
was formed. Electrode production takes place in two
stages in general. The first stage consists of the
preparation of the solid contacts that form the surface
on which the membrane will be coated, and the second
stage consists of the preparation of the membrane
cocktails that contained SY-MTOA ion pairs and
coating the solid contact surfaces with it. The solid
contacts were prepared by submerging of one of the
open ends of a copper wire into a mixture that
contained 50% (a/a) graphite, 35% epoxy (a/a), and
15% (a/a) hardener and was homogenized, and then its
drying under room conditions for a period of 24 hours.
All the PVC membranes constantly contain 32% PVC.
The other components of the PVC membranes
comprised of plasticizers at different types, ion pairs,
and sometimes ionizer component. The membranes
were prepared by solving of total membrane mass of
100 mg in 2 mL THF. The solid contact surfaces were
coated by being submerged into the prepared PVC

membrane cocktails for a few times and were left to
dry under room conditions for at least 24 hours. After
the electrode membranes were dried, the electrodes
were submerged into the 20 mL 102 M sunset yellow
solution in the measurements taken in the aqueous
solution and 102 M sunset yellow containing 20 mL
standard solution, which was prepared in pH=7.4 Tris
buffer, in the measurements to be taken in buffer, for
12 hours and they were conditioned and made ready
for measurement. The electrodes were kept in dark
under laboratory conditions when not in use. Before
starting each measurement, the electrodes were kept in
the conditioning solution for half an hour.

3. Results and Discussion

3.1. Investigation of the optimum membrane
composition

To detect the electrode that displayed the best
potentiometric performance characteristics, different
membrane compositions were prepared by changing
the rates of SY-MTOA ion pair and the other
parameters.  The  potentiometric  performance
characteristics (slope, the limit of quantification, linear
range, and R? value for the calibration curve) of the
electrodes that were prepared using these membranes
were investigated. The compositions of 27 electrode
membranes prepared using the SY-MTOA ion-pair
were given in Table-1.

Table 1. The compositions of the electrode membranes that were prepared using Rac-TPB ion pair as ionophore

Composition (mg %)
Electro
g{?&hﬁg’p\)'% PVC% | NPOE% |DBP% |DOS% |KTPCIPB

Al 1 32 ; ; 66 1
A2 1 32 : - 67 -
A3 1 32 : 66 :

Ad 1 32 : 67 : ;
A5 1 32 67 : : ;
A6 1 32 66 : : 1
A7 3 32 65 - - -
A8 3 32 64 3 ] 1
A9 3 32 - 65 - -
A10 3 32 ; 64 - 1
All 3 32 ; ; 65 ;
AL2 3 32 ; ; 64 1
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Al3 5 32 62 - - 1
Al4 5 32 63 - - -
Al5 5 32 - - 63 -
Al6 5 32 - - 62 1
Al7 5 32 - 63 - -
Al8 5 32 - 62 - 1
Al9 3 32 64.9 - - 0.1
A20 3 32 64.8 - - 0.2
A21 3 32 64.7 - - 0.3
A22 3 32 64.6 - - 0.4
A23 3 32 64.5 - - 0.5
A24 3 32 64.4 - - 0.6
A25 3 32 64.3 - - 0.7
A26 3 32 64.2 - - 0.8
A27 3 32 64.1 - - 0.9

3.2. Potentiometric performance properties of the
sy-selective electrode

3.2.1. Determination of the slope, limit of
quantification and linear range of the sunset-
yellow-selective electrode

For detecting the potentiometric performance
characteristics of the developed electrodes, 5.0x102 M
— 1.0x10® M sunset yellow solutions were prepared in
deionized water. Slope, linear range, and R? values of
each electrode from the calibration graphs obtained
from the series of the Sunset yellow solution were
calculated. The results were given in Table 2.

Table 2. Potentiometric performance characteristics of the electrodes prepared using SY-MTOA ion pair as ionophore in

the sunset yellow solutions prepared in deionized water

Electrod Slope, Linear range, M R? Limit of quantification, M
mV/decade
concentration
change
Al 13.5 5.0x102-1.0x10* 0.8998 1.0x10*
A2 22.9 5.0x102-1.0x10% 0.9840 1.0x10%
A3 10.8 5.0x102-1.0x10° 0.9623 1.0x10°
A4 18.2 5.0x102-1.0x10* 0.9880 1.0x10*
A5 29.6 5.0x102-1.0x10* 0.9725 1.0x10*
Ab 29.1 1.0x102-1.0x10* 0.9639 1.0x10*
A7 26.9 1.0x102-1.0x10° 0.9465 1.0x10°
A8 30.8 5.0x102-1.0x10* 0.9912 1.0x10*
A9 25.1 1.0x102-1.0x10* 0.9766 1.0x10*
Al10 21.2 1.0x102-1.0x10°® 0.9401 1.0x10°
All 27.7 1.0x102-1.0x10™ 0.9696 1.0x10*
Al2 21.2 1.0x102-1.0x10™ 0.9274 5.0x10°
Al3 23.4 5.0x102-1.0x10* 0.9522 5.0x10°
Al4 22.9 5.0x102-1.0x10% 0.9903 5.0x10%
Al5 31.6 1.0x102-1.0x10* 0.9756 1.0x10*
Al6 30.3 1.0x102-1.0x10* 0.9831 1.0x10*
Al7 31.9 1.0x102-1.0x10° 0.9832 1.0x10°
Al8 33.3 1.0x102-1.0x10* 0.9707 1.0x10*
Al9 27.4 1.0x102-1.0x10° 0.9870 1.0x10°
A20 28.5 5.0x102-1.0x10° 0.9945 1.0x10°
A21 31.6 5.0x102-1.0x10% 0.9862 1.0x10°
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A22 29.0 5.0x10%-1.0x10° 0.9632 1.0x10°
A23 47.7 5.0x10%-1.0x10° 0.9974 1.0x10°
A24 26.6 1.0x10-1.0x10° 0.9819 1.0x10°
A25 325 1.0x10-1.0x10° 0.9624 1.0x10°
A26 22.5 5.0x10%-1.0x10° 0.9882 1.0x10°
A27 28.0 1.0x10%1.0x10® 0.9919 1.0x10°

As can be seen from the Table 2, the electrodes A20,
A21, and A22 displayed the best potentiometric
performance characteristics regarding slope, linear
range, limit of quantification and R? values.

3.2.2. Potentiometric performance of the sunset
yellow selective electrode in tris buffer

Using the sunset yellow selective electrodes A20, A21,
and A22, performing better analytical characteristics,
the potentiometric performance characteristics were
reevaluated in the 5.0x102-1.0x10° M Sunset yellow
solutions, which were prepared in pH = 7.4 Tris / Tris
HCI buffer. The obtained potentiometric performance
characteristics were given in Table 3 in follow.

Table 3. Potentiometric performance characteristics of the sunset yellow selective electrodes A20, A21, and A22.

Limit of
Electrode no. Slope, mV Linear Range, M R? quantification,
M
A20 23.6 5.0x102-1.0x10° | 0.9938 1.0x10°
A21 22.1 5.0x102-1.0x10° | 0.9864 1.0x10°
A2?2 22.3 5.0x102-1.0x10° | 0.9886 1.0x10°
When the obtained data given in Table 3 are evaluated i
it is seen that A20 electrode has the best potentiometric - .
performances characteristics in the sunset yellow i f o]
solutions, which  were prepared in  Tris 2rea I—-J
buffer.However, in the buffered sun set yellow = . =
solutions,it was seen that the slope of the electrode W 27e0 E'_J

response became narrover compared to the that of the
prepared aqueous solutions.

The potential values obtained for the 5.0x102 M,
1.0x102 M, 5.0x10° M, 1.0x10° M, 5.0x10* M,
1.0x10* M, 5.0x10° M, 1.0x10° M sunset yellow
solutions in the pH = 7.4 Tris / Tris HCI buffer using
the sunset yellow selective electrode formed with the
A20 membrane composition and the relevant
calibration graph were presented in Figure 3 and Figure
4, respectively.

240 =0 260 xm 280 0

Time, s

Figure 3. Potentiometric behavior of the sunset yellow
selective electrode in (a) 5.0x102 M, (b)1.0x102 M,
(€)5.0x103 M, (d) 1.0x10° M, (e) 5.0x10* M, (f) 1.0x10*
M, (g) 5.0x10° M, (h) 1.0x10° M sunset yellow solutions in
pH 7.4 Tris buffer.
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Figure 4. Calibration curve of the sunset yellow selective
electrode in 5.0x102 M, 1.0x102 M, 1.0x10° M, 1.0x10*
M and 1.0x10"5 M sunset yellow solutions in pH 7.4 Tris
buffer.

3.2.3. Detecting the response time of the sunset
yellow selective electrode

For determining the response time of the electrode, the
sunset yellow electrode A20 was used in the sunset
yellow solutions, which were prepared in 10° M and
10“ M pH 7.4 Tris buffer, and while the solution was
being mixed at a fixed speed, the times needed for the
potential to become stable were written down (tgs). The
mean time during which the potentials became stable
was decided as the response time of the electrode. The
equilibration time of the electrode in the 10* M and 10
¥ M sunset yellow solutions is seen in Figure 5. The
mean response time of the electrode was found to be
about 5 sec.

E, mV

=0

Time, s

Figure 5. Response time graph of the A-20 sunset
yellow-selective electrode for (a)10* M and (b) 10° M
sunset yellow solutions.

3.2.4. Detecting the response time of the sunset
yellow selective electrode

Measurements of A-20 electrode were taken
consecutively in 10* M, 10° M, and 102 M sunset
yellow solutions, which were prepared in pH 7.4 Tris
buffer, to calculate the repeatability of sunset yellow-
selective electrode. Potential measurements and
repeatability graph for the electrode A-20 were
presented in Figure 6 and Table 4, respectively.

2770

(WY

2700

E, mV

-]

-3

Time, s

Figure 6. Repeatability of the A-20 SY-selective electrode
in (a) 10 M, (b) 10 M and(c) 102 M SYsolutions.

Table 4. Repeatability results of the A-20 electrode inA-20 electrode in 102 M, 103 M and 10 M sunset yellow solutions

Sunset yellow

Concentration Potential, mV X2+ SP
(M)

1072 2732 2732 2733 2733 2733 | 2732+ 0.5
103 2752 2752 2752 2752 2752 | 2752+0
104 2773 2773 2773 2773 2773 | 2773 +0

@ Mean potential values for 5 measurements.
bStandard deviations

3.2.5. Detecting the selectivity of the sy-selective
electrode

To find out the effects of ions that can interfere on the
response of the sunset yellow-selective electrode, the
separate solution method was employed to calculate

the selectivity coefficients for these types(Ea=Eg). The
genaral potantiometric responses of the electrode to
sunset yellow and the studied foreign ions were given
in Figure 7. In calculating selectivity coefficients,

sunset yellow concentrations corresponding to the
potential values measured in 1.0x1072 M solutions of
interfering ions were detected by using calibration
curve. Concentration value, which corresponded to the
potential value of the interfering ion for 1.0x102 M
concentration in the calibration curve that was obtained
for sunset yellow, was placed in the selectivity
coefficient equation and the selectivity coefficients of
the electrode were determined for each interfering
anion. When the selectivity coefficients were
evaluated, it was seen that the electrode was very
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selective for the measured types. The result was given
in Table 5.

Table 5. Selectivity coefficients of the sunset yellow-
selective electrode for some anions

lon -log Ksv s
ClOs 2.95
I 3.47
COs* 1.91
SCN- 5.22
PO* 0.81

2861 =
2840 =
2820 -
2800 -
2780 -
2760 -
2740 -

E, mV

2720+
2700
2680 -

2660 -

2640 -4

2620

-5,5 'Sl,ﬂ -lli —4‘,0 —3‘,5 —JI‘O —2'.5 '2..0 —II.S - ll.ﬂ ﬂ."-

Log [SY]
Figure 7. Potentiometric behavior of the sunset yellow-
selective electrode for sunset yellow and some interfering

types.

3.2.6. Detecting the ph range of the sunset yellow-
selective electrode

To determine the pH range of the Sunset yellow-
selective electrode, 10° M sunset yellow solution,
which was prepared in 50 mL deionized water, was
stirred at a fixed speed. The reference electrode, A-20
sunset yellow-selective electrode, and pH electrode
were simultaneously submerged into the solution. 102
M HCI and 102 M NaOH were slowly added into the
sunset yellow solution and each time acid and base
were added into the solution, the pH value of the
solution and its potential values that were measured
were plotted on the graph and the obtained graph was
given in Figure 8. As one can see in the graph, the
potential values that were taken from the ion-selective
electrode system did not vary significantly in the range
of pH=6.4-9.1. This indicates that the hydronium ion
did not impact the potentiometric response of the
electrode in the range of pH=6.4-9.1, but the electrode
potentials start to decline rapidly in the increasing pH
values.

2840
>
c 2820
ui' 2800
2780 - T T "
0 5 10 15

pH
Figure 8. pH range of the SY -selective electrode.

3.2.7. Detecting the lifetime of the sunset yellow
selective electrode

To calculate the lifetime of the SY-selective electrode,
measurements were performed with the sunset yellow-
selective electrode every day in the concentration
range of 1.0x107%-5.0x102 M, which is the linear range
of the electrode. The electrode was conditioned in the
sunset yellow solution, which was prepared in1.0x102
M pH 7.4 Tris buffer, before the measurements for half
an hour each time. It was stored under room conditions
and in a dark and closed medium when not in use. The
slope values obtained from the calibration plots and the
correspondence values were plotted against week of
the measurements (Figure 9). The slope values of the
electrode depending on weeks remained nearly
unchanged until the ninth week. After this time the
slope values started to decrease. Therefore the lifetime
of the electrode can be accepted as the period of nine

N
ul
]

weeks.

[N N
n O
1 1

o un

0 5 10 15
Time, week

Slope (mV/decade)
o

Figure 9. The graph depicting the lifetime of the
sunset yellow-selective electrode

3.3. Electroanalytical application of the sunset
yellow selective electrode

5 candies, purchased from a market, were weighed and
crushed. Then, 2.348 g, which is the mean weight, were
taken, stirred and solved in 10 mL pH 7.4 Tris buffer,
and its sample analysis was carried out by UV
spectroscopic method at 482 nm and Potentiometric
method. The result was given in Table 6.
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Table 6. Sample analysis result of the sunset yellow-
selective electrode by UV and Potentiometric method (n=5)

Potentiometry
(mg/mL)

Sample UV (mg/mL) P

Candy  0.01312+0.00008 0.01316+0.00010 0.545

The results were given in mean+tstandard deviation.
The difference between the mean values of the
methods was found to be statistically insignificant as
the obtained 0.545 value, the two-sided t statistical
value with a degree of freedom of 8, is greater than
0.05, the P-value accepted to be within 95% confidence
limits (P>0.05).

4. Conclusions

The developed HPLC method is simple, fast, reliable
and validated for simultaneous determination of SCP
and TMP at first time. This method has a well
resolution between SCP and TMP moreover the
analysis time is very short. The proposed
chromatographic methods accuracy, precision and the
kimit of detection values are particularly satisfactory
and comparable with more other analytic protocols.
Thus developed method could be suggested for quality
control analysis of and determination of veterinary
formulation which are containing SCP and TMP.

Acknowledgment

This work was supported by grants from Van Yuzuncu
Yil University Research Foundation: (grants FYL-
2018-7572), Van, Turkey.

Conflicts of interest

The authors state that did not have conflict of
interests.

References

[1] Karaali A. and Ozgelik B. Gida katkis1 olarak
dogal ve sentetik boyalar. Gida, 18(6) (1993)
389-396.

[2] Yaman M. Bazi gida maddelerine katilan
sentetik boyalarm miktarlarinin arastirilmasi,
Gazi Universitesi. Saglik Bilimleri Enstitiisii,
Ankara, Tirkiye, (1996).

[3] Yentiir G. Bazi gida boyalarmin toksisite
yoniinden  degerlendirilmesi.  Farmasdtik
Bilimler Dergisi, 13 (1988) 332-338.

[4] Brownsell V.L., Griffith CJ. and Jones E.,
Applied Science For Studies. Longman
Scientific & Technical, United Kingdom. 1992

[5] Saldamli I. and Uygun U. Gida Katki Maddeleri
ve Kanser. Auvailable at:

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

267

http://www.saglikvakfi.org/html/gkmyasp?id=5
9. Retrieved March 2, 2008.

JECFA (Joint FAO/WHO Expert Committee on
Food Additives), Seventy-forth report of the
Joint FAO/WHO Expert Committee on food
Additives. Toxicological evaluation of certain
food additives. WHO techical reports series, 966
(2011).

Miao X., Wang W., Xiong B., Zhou X. and Hu
J. A separation-free method for simultaneous
determination of sucrose and sunset yellow in
different abundance by integrating RBI and TL
detectors. Analytical Methods, 3(3) (2011) 514-
518.

Minioti K.S., Sakellariou C.F. and Thomaidis
N.S. Determination of 13 synthetic food
colorants in water-soluble foods by reversed-
phase high-performance liquid chromatography
coupled with diode-array detector. Analytica
Chimica Acta, 583(1) (2007) 103-110.

Yadav A., Kumar A., Dwivedi P.D., Tripathi A.
and Das M. In vitro studies on immunotoxic
potential of orange Il in splenocytes. Toxicology
Letters, 208(3) (2008) 239-245.

Biggin A.T., Narin I[. and Ucan M.
Determination of sunset yellow (E110) in food
stuffs and pharmaceutical s after separation and
preconcentration via solid-phase extraction
method. International Journal of Food Science
andTechnology, 50-4 (2015) 919-925.

Li J., Wang X., Duan H. And Wang, Y. Based
on magnetic graphene oxide highly sensitive and
selective imprinted sensor for determination of
sunset yellow. Talanta, 147 (2016) 169-176.

Qi P, LinZ.H., ChenG.Y., Xiao J., Liang Z. A.,
Luo L.N. and Zhou J. Fast and simultaneous
determination of eleven synthetic color
additives in flour and meat products by liquid
chromatography coupled with diode-array
detector and tandem masss pectrometry. Food
Chemistry,181(2015) 101-110.

Giuray T. Spectrophotometric determination of
sunset yellow (E-110) in powdered beverages
and pharmaceutical preparations after cloud
point extraction method. Journal of the Turkish
Chemical Society Section A: Chemistry, 5(2)
(2018) 479-492.

Wang Y., Zhang Z.,, Xiao Y. and Li N.
Spectrophotometric determination of sunset yellow
in beverage after preconcentration by the cloud
point extraction method. Analytical Methods, 6(22)
(2014) 8901-8905.

Nevado JJ B., Flores J.R. and Llerena M.J.V.
Simultaneous determination of tartrazine and
sunset yellow by derivative spectrophotometry


http://www.sağlıkvakfi.org/html/gkmyasp?id=59
http://www.sağlıkvakfi.org/html/gkmyasp?id=59
https://pubs.rsc.org/en/results?searchtext=Author%3AYing%20Wang
https://pubs.rsc.org/en/results?searchtext=Author%3AZhuang%20Zhang
https://pubs.rsc.org/en/results?searchtext=Author%3AYumei%20Xiao
https://pubs.rsc.org/en/results?searchtext=Author%3ANan%20Li
https://www.sciencedirect.com/science/article/pii/003991409380216E
https://www.sciencedirect.com/science/article/pii/003991409380216E

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Saydan Kanberoglu, Aydin. | Cumhuriyet Sci. J., 41(1) (2020) 260-268

and ratio spectra derivative. Talanta, 40(9)
(1993) 1391-1396.

Soponar F., Mot A.C. and Sarbu C. Quantitative
determination of some food dyes using digital
processing of images obtained by thin-layer
chromatography. Journal of Chromatography A.
1188-2 (2008) 295-300.

Sha O., Zhu X., Feng Y. and Ma W. Ageous
two-phase based on ionic liquid liquid-liquid
microextraction for simultaneous determination
of five synthetic food colorants in different food
samples by high performance liquid
chromatography. Food Chemistry, 174 (2015)
380-386.

Islam A., Sarker M., Khan S.H., Hossain M.1.,
Abedin M.Z., Zubair M.A. and Bar1 L.
Determination of sunset yellow in different
brands of orange jellies of Bangladesh by
HPLC. Italian Journal of Food Science, 31(1)
(2018) 184-194.

Alp H., Baskan D., Yasar A., Yayli N., Ocak U.
and Ocak M. Simultaneous determination of
sunset yellow FCF, Allura Red AC, Quinoline
Yellow WS, and tartrazine in food samples by
RP-HPLC. Journal of Chemistry, (2018) 1-6.
Liu FJ., Liu CT., Li W. and Tang A.N.
Dispersive solid-phase microextraction and
capillary electrophoresis separation of food
colorants in beverage susing diamino moiety
functionalized silicana noparticles as both
extractant and pseudostationary phase. Talanta,
132 (2015) 366-372.

Prado M.A., Boas L.F.V., Bronze M.R. and
Godoy, H.T. Validation of methodology for
simultaneous determination of synthetic dyes in
alcoholic beverages eby capillary
electrophoresis. Journal of Chromatography A,
1136(2) (2006) 231-236.

Del Giovine L. and Bocca A.P. Determination
of synthetic dyes in ice-cream by capillary
electrophoresis. Food Control, 14(3) (2003)
131-135.

Nevado J.J., Flores J., Vilasenon M.J. and
Lerena, L. Square wave adsorptive
voltammetric determination of sunset yellow.
Talanta, 44(3) (1997) 467-474.

Ni Y. and Bai J. Simultaneous determination of
amaranth and sunset yellow by ratio derivative
voltammetry. Talanta, 44-1 (1997) 105-109.
Dominguez F., Diego F. and Mendez J.
Determination of sunset yellow and tartrazine by
differential pulse polarography. Talanta, 37(6)
(1990) 655-658.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

268

Dorraji P.S. and Jalali F. Electrochemical
fabrication of a novel ZNO/cysteic acid
nanocomposite modified electrode and its
application to simultaneous determination of
sunset yellow and tartrazine. Food Chemistry,
227 (2017) 73-77.

Wang J., Yang B., Zang K., Bin D., Shiraishi Y.,
Yang P. and Du Y. Highly sensitive
electrochemical determination of sunset yellow
based on the ultrafineAu-Pd and reduced
graphene oxide nanocomposites. Journal of
Colloid and Interface Science, 481 (2016) 229-
235.

Wang J., Yang B., Wang H., Yang P.and Du Y.
Highly sensitive electrochemical determination
of sunset vyellow based on gold
nanoparticles/graphene electrode. Analytica
Chimica Acta, 893 (2015) 41-48.

Ye X., Du Y., Lu D. and Wang, C. Fabrication

of B-cyclodextrin-coated poly
(diallyldimethylammonium chloride)-
functionalized graphene composite  film

modified glassy carbon-rotating disk electrode
and its application for  simultaneous
electrochemical determination colorants of
sunset yellow and tartrazine. Analytica Chimica
Acta, 779 (2013) 22-34.

Ghoreishi S.M., Behpour M. and Golestaneh M.
Simultaneous determination of sunset yellow
and tartrazine in soft drinks using gold
nanoparticles carbon paste electrode, Food
Chemistry, 132(1) (2012) 637-641.

Baytak A.K, Akbas E. and Aslanoglu M., A
novel voltammetric platform based on
dysprosium  oxide for the  sensitive
determination of sunsetyellow in the presence of
tartrazine. Analytica Chimica Acta, 1087 (2019)
93-103.

Algarni S.A., Hussein M.A. and Ganash, A.A.
Highly sensitive and selective electrochemical
determination of sunset yellow in food products
based on AuNPs/PANI-co-PoAN-co-
PoT/GO/Au electrode. Chemistry Select, 3(46)
(2018) 13167-13177.

Vladislavic N., Buzuk M., Roncevic I.S. and
Brinic, S. Electroanalytical methods for
determination of sunset vyellow-a review.
International Journal of Electrochemical.
Science, 13 (2018) 7008-70109.

Rouhani S. Novel electrochemical sensor for
sunset yellow based on a platinum wire—coated
electrode. Analytical Letters, 42(1) (2009) 141-
15


https://www.sciencedirect.com/science/article/pii/003991409380216E
https://www.sciencedirect.com/science/journal/00399140
https://www.researchgate.net/journal/1120-1770_Italian_Journal_of_Food_Science
https://www.hindawi.com/14625296/
https://www.hindawi.com/26407042/
https://www.hindawi.com/24565801/
https://www.hindawi.com/18120932/
https://www.hindawi.com/70928146/
https://www.hindawi.com/68351572/
https://www.sciencedirect.com/science/article/pii/S0003267013004546
https://www.sciencedirect.com/science/article/pii/S0003267013004546
https://www.sciencedirect.com/science/article/pii/S0003267013004546
https://www.sciencedirect.com/science/article/pii/S0003267013004546
https://www.sciencedirect.com/science/article/pii/S0003267013004546
https://www.sciencedirect.com/science/article/pii/S0003267013004546
https://www.sciencedirect.com/science/article/pii/S0003267013004546
https://www.sciencedirect.com/science/article/pii/S0003267013004546

