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A novel, simple, andmore sensitive spectrophotometric procedure has been developed for the determination of brilliant blue FCF in
water and food samples by an aqueous two-phase system (ATPS). In this method, adequate amount of polyethylene glycol/ sodium
carbonate (PEG-4000/Na2CO3) was added to aqueous solution for formation of a homogeneous solution. To the mixture solution,
suitable amount of Na2CO3 was added, the mixture solution was shaken until the salt was dissolved, and then it was separated into
two clear phases easily and rapidly. e target analyte in the water sample was extracted into the polyethylene glycol phase. Aer
extraction, measuring the absorbance at 634 nmwas done.e effects of different parameters such as polyethylene glycol (type and
concentration), pH, salt (type and amount), centrifuge time, and temperature on the ATPS of dye was investigated and optimum
conditions were established. Linear calibration curves were obtained in the range of 0.25–750 ng/mL for brilliant blue FCF under
optimum conditions. Detection limit based on three times the standard deviation of the blank (3Sb) was 0.12 ng/mL. e relative
standard deviation (RSD) for 400 ng/mL was 3.14%. e method was successfully applied to the determination of brilliant blue
FCF in spiked samples with satisfactory results. e relative recovery was between 96.0 and 102.2%.

1. Introduction

egoal of this workwas to determine the optimal conditions
for separating brilliant blue FCF by liquid-liquid extraction
with PEG/salt aqueous tow-phases system.

Food dyes including Tartrazine, Quinoline Yellow, Sunset
Yellow, Carmoisine, and Brilliant Blue FCF have been widely
used to optimize food color, appearance, �avor, taste, and
texture of many industrial food products [1, 2]. Food dyes
classi�ed into natural and synthetic [3]. ese additives
attribute a wide range of colors such as yellow, orange,
red, green, blue, purple, and brown [4]. Many of them are
having enormous application in the food, pharmaceutical,
tanning, paper, rubber, plastics, cosmetics, cosmetic, textile
and leather industries [5–7]. However, the excess use of
these substances may cause signi�cant problems for human
healthy such as cancer and others diseases [8, 9]. erefore,
it is necessary to have efficient methodologies to control the
amount of colorants in foods.

ere are a lot of analytical procedures to carry out the
determination of dyes in foods, such as chromatographic
methods [10], high-performance liquid chromatography
[11], differential pulse polarography [12], photoacoustic
spectroscopy [13], and voltametric [14]. However, most of
these methods are time consuming, needing a great deal of
hazardous organic solvents and high cost instrumentation.

e procedures described here provide a more sensitive,
fast, and simple spectrophotometry method for determina-
tion of Brilliant Blue in different food samples using an aque-
ous two-phase system (ATPs). Aqueous two-phase extraction
has been widely used for recovery and puri�cation of many
compounds such as protein, DNA, and some cations from
different matrices [15–17]. ATPS is usually composed of two
or more polymer-polymer ATPS or a polymer-salt system.
is selection is oen ruled by economic considerations
[18]. Polyethylene glycol (PEG)-potassium phosphate, and
PEG and magnesium sulfate are among the most frequently
used polymer-salt systems [19]. ATPSs have advantages over
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the conventional extraction systems using organic solvents
(e.g., short processing time, low energy consumption, rela-
tive reliability in scaleup, and a biocompatible environment
[20].

2. Experimental

2.1. Reagents and Instruments. PEG with molecular weight
of 4000, sodium sulfate, sodium carbonate, potassium phos-
phate and ammonium sulfate were obtained from Merck
(Darmstadt, Germany). Other reagents were of analytical
grade and were purchased from Merck (Darmstadt, Ger-
many). A stock standard solution of brilliant blue FCF(For
Coloring Food) purchased from Merck (Germany) at a
concentration of 0.04mg/L was prepared. e working solu-
tions of brilliant blue FCF were prepared by appropriate
dilutions of the stock solution immediately prior to their use.
All aqueous solutions were prepared with double-distilled
water.

e spectrophotometer UV-Vis (model 6705, Jenway,
England) was used for all the absorbance measurements with
a 10mm quartz cell. pH measurements were made with a
827 pH meter (Metrohm, Switzerland) and equipped with a
combined glass electrode. e centurion scienti�c centrifuge
(K280R, UK) was used for centrifuging.

2.2. Experimental Method. At the beginning of the experi-
ments, a 2mL portion of the standard solution containing
the brilliant blue FCF at concentration level of 40 ng/mL
was placed into a 20mL glass tube and adjusted pH to 5.5
with 9mL of acetic acid/acetate buffer solution with the
concentration of 0.05mol/L. en, 4 g (20% w/w) of PEG
4000 and 2.5 g (12.5% w/w) of sodium carbonate were added
to it and diluted to the mark with doubled-distilled water.
e mixture was shaken for 3min at 35∘C in bath water
for formation of a homogeneous solution. Aer the mixture
was centrifuged at 3500 rpm for 10min. e upper phase
was completely transferred to a quartz cell using a syringe.
Finally, the absorbance of brilliant blue FCF extracted into
the upper PEG-rich phase was measured at 634 nm versus
reagent blank.

2.3. Sample Pretreatment Procedure. Appropriate amounts
of strawberry jelly (Tehran, Iran), fruity candy (ben ben,
Iran), smarties (morvarid, Iran), and smarties (mino Co,
Iran) samples were dissolved in water, �ltered if necessary,
and diluted to 25mL in a volumetric �ask. An aliquot of the
above solutions was treated under the general procedure for
ATPS and subsequent determination of brilliant blue FCF.

3. Results and Discussion

In order to obtain high extraction efficiency, the effect of
different parameters on extraction conditions such as salt
(type and amount), polyethylene glycol (type and concentra-
tion), temperature, and pH of sample solution were evaluated
and optimized. e optimization process was carried out

0.35

0.45

0.55

0.65

0 2 4 6 8 10 12

pH

A
b
so
rb
an
ce

F 1: Effect of pH on the extraction efficiency. Experimental
conditions: volume of buffer; 9mL, amount of PEG 4000; 4 gm,
amount of sodium carbonate; 2.5 gm, temperature; 35∘C, Centrifug-
ing time; 10min, 4 ng/mL of brilliant blue.
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F 2: Effect of volume of buffer on the extraction efficiency.
Experimental conditions: pH of sample; 5.5, amount of PEG 4000;
4 gm, amount of sodium carbonate; 2.5 gm, temperature; 35∘C,
Centrifuging time; 10min, 4 ng/mL of brilliant blue.

using one variable at a time method for simplifying the
optimization procedure.

3.1. Effect of pH and Volume of Buffer. e pH is evaluated
as a critical parameter for regulating the partitioning of the
analyte in the PEG-rich phase which seems to control the
extraction efficiency. erefore, the effect of pH on ATPA of
brilliant blue FCF from water samples was investigated. e
absorbance of brilliant blue FCF was measured at 634 nm,
respectively, aer performing ATPS in the pH range of
2.4–11.3. e pH of the solution was adjusted to the desired
value by the addition of hydrochloric acid and sodium
hydroxide and using a pH meter. As the results shown in
Figure 1, the signal increasedwith the increase in pH from2.4
to 5.5, and then declined with pH higher than 5.5. erefore,
pH 5.5 was selected for further study. e effect of volume
of the buffer on the extraction process was examined in the
range of 1–12mL. e result of Figure 2 veri�ed that an
optimum volume of buffer with pH 5.5 has been obtained
9mL.

3.2. Effect of Type and Amount of PEG. We concluded the
brilliant blue FCF partitioning behavior was very sensitive to
changes in the PEG molecular mass. We had observed that
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F 3: Effect of type of PEG on the extraction efficiency. Exper-
imental conditions: volume of buffer; 9mL, pH of sample; 5.5,
amount of PEG; 4 gr, amount of sodium carbonate; 2.5 gr, tempera-
ture; 35∘C, centrifuging time; 10min, 4 ng/mL of brilliant blue.
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F 4: Effect of amount of PEG 4000 on the extraction efficiency.
Experimental conditions: volume of buffer; 9mL, pH of sample; 5.5,
amount of sodium carbonate; 2.5 gr, temperature; 35∘C, centrifuging
time; 10min, 4 ng/mL of brilliant blue.

brilliant blue FCF showed a decrease in their partition coeffi-
cient value as the PEG molecular weight increased due to an
increase in the polymer hydrophobic character which agrees
with a general rule observed for most ATPSs [21]. Figure 3
has shown the effect of PEG with different molecular weight
of 4000, 6000, 8000, and 10000. e result demonstrated that
PEG-4000 higher absorption signal obtained.

e effect of the amount of PEG-4000 on the absorption
was studied using various amount of the reagent ranging from
3 g to 6 g, and the results were shown in Figure 4. It was found
that by increasing the amount of PEG-4000, the analytical
signal increased, reaching a maximum value at 4 g, and then
decreased. According to this result, all further experiments
were carried out at the amount of 4 g of PEG 4000 (20%w/w).

3.3. Effect of Type of Salt and Amount of Salt. e in�uence
of the ionic strengthwas also investigated inmany techniques
of liquid-liquid extraction.e electrolytes play an important
role on the ATPS of nonionic surfactant systems.When small
amounts of inorganic salts are added to the system, a decrease
in theATPS of PEGphase is noted.is fact indicates that it is
necessary to consider the secondary effect of the electrolytes,
that is, salting-out. For investigating the in�uence of ionic
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F 5: Effect of type of salt on the extraction efficiency. Exper-
imental conditions: volume of buffer; 9mL, pH of sample; 5.5,
amount of PEG 4000; 4 gr, amount of salt; 2.5 gr, temperature; 35∘C,
centrifuging time; 10min, 4 ng/mL of brilliant blue.
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F 6: Effect of amount of salt on the extraction efficiency.
Experimental conditions: volume of buffer; 9mL, pH of sample; 5.5,
amount of PEG 4000; 4 gr, temperature; 35∘C, centrifuging time;
10min, 4 ng/mL of brilliant blue.

strength on performance of ATPS, various experiments were
performed by adding different salt such as sodium sulfate,
sodium carbonate, potassium phosphate, and ammonium
sulfate. e results demonstrated that sodium carbonate
provided the higher signal absorption than other salts. Hence,
sodium carbonate was chosen as themost appropriate salt for
subsequent experiments (see Figure 5). Effect of amount of
sodium carbonate on the extraction of brilliant blue FCF was
investigated in the range of 1–3 g.e differences observed in
the signals at various amount of sodium carbonate are shown
in Figure 6. According to this result, all further experiments
were carried out at the optimum amount of 2.5 g (12.5%w/w)
of sodium carbonate.

3.4. Effect of Temperature. Temperature affects the mass
transfer process and the extraction efficiency. To determine
the in�uence of the extraction temperature, 20mL aque-
ous solution containing 4 ng/mL of brilliant blue FCF was
extracted at different temperatures ranging from 30∘C to
50∘C. e absorption scales are almost decreased Figure 7
shows the absorbance of brilliant blue FCF as a function of
temperature. Accordingly with these results, the temperature
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F 7: Effect of temperature on the extraction efficiency. Exper-
imental conditions: volume of buffer; 9mL, pH of sample; 5.5
amount of PEG 4000; 4 gr, amount of sodium carbonate; 2.5 gr,
Centrifuging time; 10min, 4 ng/mL of brilliant blue.
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F 8: Effect of centrifuging time at 3500 rpm on the extraction
efficiency. Experimental conditions: volume of buffer; 9mL, pH of
sample; 5.5, amount of PEG 4000; 4 gr, amount of sodium carbonate;
2.5 gr, temperature; 35∘C, 4 ng/mL of brilliant blue.

that gave the best results for the majority of the target analyte
was 35∘C.

3.5. Centrifuging Time. Centrifugation controls the phase
separation and is a crucial step in aqueous two phase system
method, and the �nal performance would bene�t from a full
phase separation. Aer centrifugation, the volume of PEG-
4000 was very small when the centrifuging time was too
short, and longer centrifuging time resulted in heat genera-
tion, leading to the dissolving of parts of the PEG-4000 phase
and to the loss of sensitivity. As can be seen from Figure 8,
10min was the optimal centrifuging time. the centrifuging
time was increase partition coefficient, puri�cation factor,
efficiency and signal.

3.6. Effect of Coexisting Ions. Interferences were studied in
the presence of a constant concentration of brilliant blue
FCF (4 ng/mL) and different amounts of foreign cations and
anions under the recommended conditions. e tolerance
limits of a foreign species are shown in Table 1.e tolerance
level was de�ned as the maximum concentration of the
foreign ion causing a change in the analytical signal no higher

T 1: Effect of interference on extraction and determination of
brilliant blue FCF.

Foreign species Tolerance limit
(ng/mL)

Glucose, lactose, Cl− 1000

Folic vitamin C, vitamin A, NO3− 700

Zn2+, citrate 600

Oxalate, tartarate, vitamin D 500

NH4+, Mg2+, F−,K+, Cu2+, Fe2+, Ca2+ 300

Vitamin B1, PO4
2−,Fe3+, Cd2+, SO4

2− 60

Vitamin B12, vitamin B6 10

I−, Ascorbic acid 3

than 5%, when compared with the signal of 4 ng/mL brilliant
blue FCF alone. As it is observed most of the ions tested do
not have signi�cant effect on the determination of brilliant
blue FCF.

3.7. Analytical Figures of Merit. Important parameters such
as the linear range, calibration graph, precision, detection
limit, and recoveries were determined to evaluate themethod
performance. Under the above-optimized conditions, the
calibration graph was linear in the range of 0.25–750 ng/mL
with a correlation coefficient (𝑅𝑅2) of 0.9995 (𝑛𝑛 𝑛 𝑛) of brilliant
blue FCF. e relative standard deviation (RSD) for eight
replicates of 400 ng/mL brilliant blue FCF was 3.14%.

e lower limit of detection for brilliant blue FCF is
de�ned as the concentration of analyte which gives a signal
3𝜎𝜎 above the mean blank signal (where 𝜎𝜎 is the standard
deviation of the blank signal). e LLOD for brilliant blue
FCF was found to be 0.12 ng/mL.

3.8. Application of Real Samples. To validate the proposed
method, brilliant blue FCF contents in water and food sam-
ples were analyzed. Table 2 summarizes the average recovery
of brilliant blue FCF in the forti�ed samples. �ater and
food samples were spiked with 10 and 40 ng/mL of standard
solution of brilliant blue FCF. As can be seen in Table
2, recoveries were more than 96.0%. e result indicated
that the proposed method was applicable for quantitative
determination of brilliant blue FCF in real samples.

Characteristics of the proposed method have been also
compared with other methods which were used for the
determination of brilliant blue FCF. Table 3 compares the
lower limit of detection (LLOD), relative standard deviation
(RSD), linear range (LR), recovery and correlation coef-
�cient (𝑅𝑅2) of this work with cloud point extraction [3],
microemulsion-modi�ed-zeolit [8], �ow injection method
[8], light-emitting diode [12], and reversed-phase high-
performance liquid chromatography (RP-HPLC) [16]. As can
be seen, the proposedmethod provides similar quanti�cation
extraction efficiency, with advantages such as good linearity
and correlation coefficient than many of the mentioned
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T 2: Determination of brilliant blue FCF in water and food samples by the proposed aqueous two-phase system (𝑛𝑛 𝑛 𝑛).

Sample Added (ng/mL) Found ± SD𝑎𝑎 (ng/mL) RSD % Recovery %

Smarties morvarid (mino CO)
0 25.1 ± 1.2 4.3 —
10 𝑛4.8 ± 1.7 4.8 97.0
40 64.𝑛 ± 𝑛.8 5.9 98.0

Fruity candy (ben ben)
0 𝑛2.1 ± 1.4 4.3 —
10 42.2 ± 1.8 4.2 101.0
40 7𝑛.0 ± 2.1 2.8 102.2

Strawberry jelly
0 2𝑛.8 ± 0.7 2.9 —
10 𝑛𝑛.7 ± 1.4 4.1 99.0
40 62.𝑛 ± 2.𝑛 3.7 96.3

Water
0 0.0 3.6 —
10 9.6 ± 0.2 2.1 96.0
40 40 ± 1.8 4.5 100.0

𝑎𝑎
Standard deviation.

T 3: Comparison of different methods for the determination of brilliant blue FCF by aqueous two phase system.

Method LOD LR RSD % Recovery % 𝑅𝑅2 Reference
Cloud point extraction 0.016 𝜇𝜇g/L 0.05–3.50 𝜇𝜇g/mL 3.3 >96 0.9996 [3]
Microemulsion 0.35mg/mL 1–3mg/mL <10 >95.4 0.9993 [6]
Light emitting diode — 1–25 𝜇𝜇g/mL 2.8 >97.0 0.9954 [4]
HPLC 2.72 𝜇𝜇g/L 0.008–19mg/mL — — 0.9999 [1]
ATPS 0.12 ng/mL 0.25–750 ng/mL <5.9 >96.0 0.9995 is work

techniques. Detection limit of ATPS is lower than other
mentioned method.

4. Conclusion

e development of techniques and methods for the sep-
aration and puri�cation of brilliant blue FCF has been an
important prerequisite for many of the advancements made
in the industrial food products. In our work, liquid-liquid
partitioning with PEG/Na2CO𝑛 aqueous tow-phase system
was used to selectively extract brilliant blue FCF.

In this study, a fast, simple, sensitive, and selective
method named aqueous two-phase system was proposed for
determination of brilliant blue FCF inwater and food samples
in the range of 0.25–750 ng/mL. e developed ATPS was
successfully applied to real system such as water and food
samples analysis, indicating that the proposed method was
suitable for the extraction and determination of effective
component in water and food samples.
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