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Abstract

A sensitive, rapid, and efficient analytical method based on vortex-assisted liquid-liquid extraction combined with air-assisted
liquid—liquid microextraction using high performance liquid chromatography-variable wavelength detection has been developed
for the extraction and determination of bisphenol A and bisphenol B in canned doogh samples. In this method, the analytes are
partitioned into n-hexane during liquid—liquid extraction and then they are enriched using the following air-assisted liquid—liquid
microextraction procedure in a few microliters of an ammonia solution used as an extraction solvent. Under the optimum
conditions, limits of detection and quantification were 0.82 and 0.54 and 2.7 and 1.5 ng mL ", for bisphenol A and bisphenol
B, respectively. The extraction recoveries and enrichment factors of the selected analytes were 86 and 81% and 4300 and 4050,
respectively. The relative standard deviations were lower than 9% for intra- (n = 6) and inter-day (n = 4) precisions at a concen-
tration of 5 ng mL™" of each analyte. Finally, some canned doogh samples were effectively analyzed by the proposed method.
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Introduction

Bisphenol A (BPA) is an important chemical compound
which is extensively used in production of polycarbonates,
phenol and epoxy resins, polyesters, lacquer coatings on food
cans, flame retardants, and adhesives and as a component of
electronic circuits (Erler and Novak 2010; Golub et al. 2010).
Consequently, BPA has been detected in various matrices,
such as packed foods (Fasano et al. 2015), beverages
(Sungur et al. 2014), personal care products (Cacho et al.
2013), paper (Gao et al. 2013), dust (Loganathan and
Kannan 2011), and biological samples (Sosvorova et al.
2017). Many studies have demonstrated that BPA is associat-
ed with increased incidence of cardiovascular disease, diabe-
tes, reproductive cancers, fertility problems, liver enzyme ab-
normalities, and other endocrine-related end points
(Vandenberg et al. 2009; Meeker et al. 2010; Ehrlich et al.
2011). Bisphenol B (BPB) is a congener used in polymer
industry namely in the manufacture of phenolic resins.
Similarly to BPA, it presents endocrine-disrupting activities
specifically high estrogenic and anti-androgenic activities.
Canned beverages are one of the most important foods which
are widely used in human’s food chains. Among these
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beverages, canned milk-based products like canned doogh
attracted many attentions. Doogh is prepared from yoghurt,
water, and salt and sometimes it is mixed with additives to
improve its taste. In some literature, it is considered as the
diluted yoghourt. It is a popular drink in Middle East which
is packed in glass bottles or in cylindrical metal containers
(can). Due to high consumption of the canned doogh, its safe-
ty is the main concern. Therefore, the development of a sen-
sitive, accurate, and reliable determination method was a sub-
ject for some researches concerning dairy product quality.
Determination of bisphenols is frequently performed by
means of chromatographic techniques, either gas chromatog-
raphy coupled with flame ionization detector (Farajzadeh et al.
2015), mass spectrometry (MS) (Fernandez, et al. 2017) or
high performance liquid chromatography (LC) coupled to
MS (Lee et al. 2017), tandem spectrometry (MS/MS)
(Cheng et al. 2017), or fluorescence detectors (Yoon et al.
2003). Due to low levels of BPA and BPB found in canned
beverages and the matrix complexity, application of a sample
preparation method is required. Liquid—liquid extraction
(LLE) (Gonzélez-Casado et al. 1998) and solid-phase extrac-
tion (SPE) (Maragou et al. 2006) are the main techniques used
in the treatment of different samples. Some disadvantages
associated with LLE such as emulsion formation, use of large
volume of samples, and toxic organic solvents make it labor
intensive, expensive, time-consuming, and environmentally
unfriendly. Although SPE uses much less solvent than LLE,
it normally needed an extra step to preconcentrate the analytes
into small volumes. On the other hand, SPE is
time-consuming and relatively expensive. The drive for
“green” methods to overcome these inherent problems of con-
ventional LLE and SPE methods has led to the development
of solvent-less (Li et al. 2015) and solvent-minimized
microextraction techniques such as solid-phase
microextraction (Martins et al. 2011) and liquid-phase
microextraction (LPME) (An et al. 2017; Lu et al. 2017). In
LPME method, extraction generally occurs from an aqueous
solution containing analytes (donor phase) into a small
amount of a water-immiscible solvent (acceptor phase). One
of the LPME methods is air-assisted liquid-liquid
microextraction (AALLME) which was introduced in 2012
(Farajzadeh and Afshar Mogaddam, 2012). In this method,
fine organic solvent drops are formed using a syringe to pull
in and push out a mixture of an aqueous sample solution and
an extraction solvent several times into a test tube in the ab-
sence of dispersive solvent.

In this study, for the first time, vortex-assisted liquid—liquid
extraction (VALLE) is combined with AALLME method for
the extraction and preconcentration of BPA and BPB. The
main goal of this combination was to develop a simple and
rapid method for isolation, enrichment, and determination of
BPA and BPB from canned doogh samples. This method con-
sists of two steps: (i) extraction of the analytes from the
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samples by VALLE and (ii) enrichment of the analytes with
AALLME procedure. The factors which affect both VALLE
and AALLME procedures were investigated and the optimal
conditions were selected.

Experimental
Regents and Materials

BPA and BPB with purities higher than 99% were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). The
used extraction solvents in VALLE step including »n-
-hexane, n-heptane, chloroform, and carbon tetrachloride
were obtained from Merck (Darmstadt, Germany).
Sodium chloride, sodium borate, ammonia, hydrochloric
acid (37%), and sodium hydroxide were also provided
from Merck. Deionized water was prepared with a
Milli-Q water system (Millipore, Billerica, MA, USA). A
stock solution of the analytes was prepared in acetonitrile
at a concentration of 50 mg L™ (each analyte). Working
standard solutions were daily prepared by dilution of the
stock solution with deionized water.

Instrumentation

An Agilent 1100 series liquid chromatograph (Agilent
Technologies, USA) equipped with a quaternary pump, a
degasser, an injection valve (Rheodyne, Kinesis, USA), and
a variable wavelength detector (VWD) was used. Separation
was carried out on a Zorbax SB-Aq, analytical column (150 x
4.6 mm i.d., 5 um particle size) (Agilent, Santa Clara, CA,
USA). The analytes were eluted with a mixture of acetonitrile/
water (55:45, v/v) at a flow rate of 1.0 mL min ' using an
isocratic elution. The analytes were monitored at 220 nm.
All injections were performed manually using a 10-pL sample
loop. ChemStation software was used for data acquisition and
processing. A Metrohm 654 pH meter (Metrohm, Herisau,
Switzerland) equipped with a glass electrode was used for
pH adjustments. A Hettich centrifuge, model D-7200
(Germany), was used for accelerating phase separation.

Real Samples

Four canned doogh samples produced by different companies
were prepared from local supermarkets (Tabriz, Iran). Another
doogh sample packed in glass bottle was obtained from local
vendors (Tabriz, Iran). It is plausible to assume that the doogh
in a glass bottle is free of the analytes. So it was used as an
analyte-free doogh sample (blank doogh) in optimization of
the proposed method.
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Extraction/Preconcentration Procedure
VALLE Procedure

Initially, 50-mL analyte-free doogh sample spiked with
20 ng mL™" of each analyte or doogh sample solution was
transferred into a 70-mL test tube. Then, 5 mL n-hexane was
added to the solution and the mixture was vortexed for 4 min.
The mixture was centrifuged at 5000 rpm for 5 min. Then,
4 mL of the upper phase was removed and used in the follow-
ing AALLME procedure.

AALLME Procedure

First, 4-mL organic phase obtained from the previous extrac-
tion step was transferred into a 10-mL glass test tube with a
conical bottom. Then, 14-puL. ammoniacal buffer solution (C =
0.5M, pH = 10) was placed at the bottom of the tube. Then, the
mixture was rapidly pulled into a 10-mL glass syringe from the
tube and pushed back out into it using a syringe needle. By
repeating this action, the solution became increasingly turbid,
and ammonia solution was dispersed into the organic phase as
fine droplets. During this step (n = 6), the analytes were rapidly
extracted into the ammonia solution droplets. Then, the test
tube was centrifuged at 5000 rpm for 5 min, and the dispersed
fine droplets were settled down in the conical bottom of the
tube. Finally, whole of the sedimented phase (10 +1 pL) was
removed and injected into the separation system.

Calculation of Enrichment Factor and Extraction
Recovery

Enrichment factor (EF) is defined as the ratio of the analyte
concentration in the sedimented phase (Ciq) to its initial con-
centration of the analyte (Cy) in the sample:

Csed

EF = o (1)

Cseq 18 obtained by comparison of the obtained peak
areas in two cases: direct injection of the analytes standard
solution prepared in mobile phase and injection of the
sedimented phase into the high performance liquid chro-
matography (HPLC). Extraction recovery (ER) is defined
as the percentage of the total analyte amount (ny) that is
extracted into the sedimented phase (714q):

ER =" 5 100 = Sxd X Vaed 09
no C() X Vaq
14
= EF x —% % 100 (2)

aq

where V.4 and V,q are volumes of the sedimented phase
and sample solution, respectively.

Results and Discussion

In this study, a VALLE-AALLME method combined with
HPLC-VWD was used for the preconcentration and determi-
nation of BPA and BPB in canned doogh samples. The ex-
traction efficiency of the developed method is affected by
various parameters including (i) type and volume of extraction
solvent in two steps, (ii) ionic strength, (iii) extraction num-
bers, and (iv) centrifuging rate and time. These parameters
were carefully investigated using the “one-variable-at-a-time”
approach and the optimum conditions were selected.

Optimization of Parameters in VALLE Procedure
Selection of Extraction Solvent

In the present work, the target analytes are extracted from the
samples using VALLE method and the extracted analytes are
preconcentrated in the following AALLME method. In this
step, selection of a suitable extraction solvent is the main pa-
rameter. The extraction solvent should have extraction capabil-
ity of the target analytes from doogh sample and low solubility
in the extraction solvent used in AALLME method. According
to these requirements, four extraction solvents with different
polarities including chloroform, n-hexane, n-heptane, and car-
bon tetrachloride were tested. For this purpose, 50 mL of the
doogh sample spiked with the target analytes at a concentration
of 25 ng mL ™" (each analyte) was transferred into a 70-mL test
tube and 5 mL of each solvent was added to the solution,
separately. After vortexing for 6 min, the mixture was centri-
fuged at 5000 rpm for 5 min. Then, 4.0 mL of the organic
phase was transferred into a 10-mL conical bottom glass test
tube and 14 pL of the ammoniacal buffer (C = 0.5 M, pH = 10)
was placed at the bottom of the tube. After performing
aspiration/dispersion cycles for five times, the cloudy solution
was centrifuged at 5000 rpm for 5 min. The sedimented phase
(10£1 pL) was collected and injected to the separation sys-
tem. Comparison of the peak areas obtained with the different
extraction solvents (Fig. 1) shows that n-hexane is the most
effective extraction solvent and gives the highest extraction
efficiencies for the target analytes among the four solvents
investigated. Therefore, n-hexane was selected as the extrac-
tion solvent for the following experiments.

Optimization of Extraction Solvent Volume

The volume of the extraction solvent is another important
parameter which can affect the extraction efficiency of the
method. Generally, the extraction solvent volume is taken as
small as it can be in order to reduce toxicity hazards for the
environment. On the other hand, it should be taken as much as
possible to extract the maximum possible amounts of the
analytes. To study the effect of the extraction solvent volume,
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Fig. 1 Selection of the extraction solvent in VALLE step. Extraction
condition: sample, 50 mL blank dough sample spiked with the analytes
(each analyte, 25 ng mLﬁl); extraction solvent volume, 5 mL; vortex time,
6 min; centrifugation rate, 5000 rpm; and centrifugation time, 5 min. Air-
assisted liquid-liquid extraction: the extract volume obtained from the

the volume of n-hexane was changed over the range of 4—
8 mL (at 1-mL intervals). In the cases of 4, 5, 6, 7, and
8 mL n-hexane, the volume of the collected phase was 3.3,
4.2,5.2, 6.1, and 7.4 mL, respectively. In all cases, except
4 mL of the extraction solvent in which 3.3 mL collected
phase was obtained, 4 mL of the collected phase was used in
the next AALLME method. In the case of 4 mL, all collected
phase (3.3 mL) was removed and diluted to 4 mL with pure
n-hexane and then it was used. Thus, in the following studies,
5 mL was used as an optimal volume of extraction solvent.

Optimization of Vortexing Time
A vortex agitator is used to swirl the fluids and create vortex

emulsification between the two immiscible liquid phases. This
action usually converts one of the two liquid phases as fine

= BPA
BPB

I
| l
Carbontetrachlonde Chloroform

previous step, 4 mL; extraction numbers, five times, extraction solvent,
ammoniacal buffer solution (C=0.5 M, pH = 10); extraction solvent
volume, 14 pL; centrifugation rate, 5000 rpm; and centrifugation time,
5 min. The error bars indicate standard deviation of three repeated
determinations

droplets. In this study, vortex agitation was used to accelerate
extraction of the analytes into n-hexane. To investigate, the
vortexing duration, different times including 1.0, 2.0, 4.0, 6.0,
and 8.0 min were subjected for extraction of the analytes into
the extraction solvent. The obtained results in Fig. 2 show that,
when the vortexing time increases from 1.0 to 4.0 min, the
analytical signals of all analytes increase. However, the extrac-
tion efficiency had no noticeable enhancement when the
vortexing time increases from 4.0 to 8.0 min. Thus, 4.0 min
was selected as the optimum vortexing time.

Salt Addition

In most extraction methods, a salt is usually added to an aque-
ous solution for enhancing the extraction efficiency. The salt
addition can decrease the solubility of the analytes in the

Fig. 2 Optimization of vortexing 250
time. Extraction conditions are
the same as used in Fig. 1, except
5 mL n-hexane was selected as 200
the suitable extraction solvent in
VALLE step. The error bars
indicate standard deviation of
three repeated determinations.
VALLE step. The error bars
indicate standard deviation of
three repeated determinations
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aqueous phase and at the same time can reinforce partitioning
of the analytes into the organic phase (Kojima and Davis,
1984; Korenman et al. 2010). To evaluate the effect of salt
addition, sodium chloride (0—10%, w/v, at 2.5% intervals) was
added to increase the ionic strength sample solution, whereas
the other experimental conditions were kept constant.
According to the obtained results, the analytical signals de-
crease gradually in the presence of NaCl. It could be because
of an increase in the viscosity of the aqueous phase due to
addition of NaCl, which leads to a decrease in the diffusion
coefficients of the analytes. Therefore, all experiments were
performed without salt addition.

Optimization of AALLME Procedure
Selection of the Extraction Solvent

In this method, the extraction solvent should have the follow-
ing requirements: (i) immiscible with n-hexane, (ii) ability to
form a cloudy solution during suction and aspiration process,
(iii) good chromatographic behavior, and (iv) extraction capa-
bility for the analytes. On the other hand, considering this fact
that the target analytes have acidic nature, three alkaline solu-
tions including ammoniacal, borate, and phosphate buffers at
a constant concentration (0.5 M) and a constant pH of 10 were
selected to investigate as the extraction solvent type. All ex-
periments were carried out with 14 uL of the buffers. From the
obtained results in Fig. 3, it was found that ammoniacal buffer
gives the relatively high analytical signals among the tested
solvents. Therefore, it was selected for the further
experiments.

Optimization of Ammoniacal Buffer Concentration
and Volume

Concentration of the buffer is another important factor that
could affect the extraction efficiency. For this purpose, the
concentration of ammoniacal buffer varied from 0.10 to

Fig. 3 Selection of extraction 250 -
solvent in AALLME procedure.

Extraction conditions are the

same as in Fig. 3, except 4.0 min 200 -
was used as the vortexing time.

The error bars indicate standard

deviation of three repeated 150
determinations

Peak area

100 4

50 4

Borate buffer

1.50 M. The obtained data (Fig. 4) show that when ammoni-
acal buffer concentration increases from 0.10 to 0.50 M, ex-
traction efficiencies also increase and then remain nearly con-
stant at higher concentrations. Thus, 0.50 M was chosen as the
optimum concentration of ammoniacal buffer.

The volume of the extractant used can affect different pa-
rameters including volume of the sedimented phase, the re-
peatability of results, and extraction efficiencies. By changing
the volume of the extraction phase (with keeping the sample
size constant), the volume ratio of sample to extractant phase
varies, and hence, ERs and EFs of the analytes may also
change. To study the effect of the extraction solvent volume,
some experiments involving different volumes of the ammo-
niacal buffer (14, 20, 25, 35, and 40 uL) were performed using
the same extraction procedure. The results showed that ana-
lytical signals are decreased rapidly owing to the decreased
EFs due to dilution effect at high volumes. It is noted that by
increasing the volume of ammoniacal buffer from 14 to
40 uL, the volume of the sedimented phase increased from
10 to 36 uL. As a result, at low volumes of the extractive
phase, high analytical signals could be obtained. Therefore,
14 pL was selected as the optimum volume for the extraction
solvent.

Optimization of Extraction Numbers

In an AALLME method, the repeatedly aspiration/dispersion
cycles of the aqueous solution and extraction solvent mixture
are defined as the extraction numbers. It is predicted that by
increasing extraction numbers, similar to batch extraction, the
ER and EF could be increased. Therefore, to reach the equi-
librium status, the extraction numbers should be optimized. In
the present work, evolution of the extraction numbers was
studied by aspirating/dispersion of the mixture of the extrac-
tion solvent (ammoniacal buffer) and n-hexane extract obtain-
ed from the previous VALLE step in the range of one to eight
times. The results in Fig. 5 indicate that by increasing the
extraction numbers, the analytical signals increase till sixth

uBPA
BPB

Phosphate buffer Ammoniacal buffer
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Fig. 4 Optimization of

. . 2500
ammoniacal buffer concentration
in AALLME procedure.
Extraction conditions are the 200.0

same as used in Fig. 3, except the
ammoniacal buffer was used at
the extraction solvent. The error
bars indicate standard deviation of
three repeated determinations

1500

100.0

50.0

00 ¢
0.10

cycles, and then remain constant. Hence, extraction number of
six was selected for the following studies. It should be noted
that this step is very brief and takes less than 1 min.

Optimization of Centrifugation Rate and Time in Both
Steps

Centrifugation is an essential parameter in the present proce-
dure, and hence, its optimization from the views of rate and
time is necessary. The effect of time and speed of centrifuging
were examined at the ranges of 3—10 min and 2000-5000 rpm,
respectively. The results showed that these parameters had no
obvious effect on the extraction efficiency in high centrifuging
time and speed. However, 5 min and 4000 rpm were selected
as centrifuging time and rate, respectively, in this study.

Quantitative Analysis

Some quantitative characteristics of the proposed VALLE—
AALLME-HPLC-VWD method were obtained under the

Peak area
\4

——BPA
BPB
T T T T
1 1 i i
P L i T
I b4 B 4
030 0.50 0.70 0.90 1.10 130 1.50

Ammoniacal buffer concentration (M)

optimized conditions according to “FAO food and nutrition”
guideline (Fao 1998). To validate performance of the method,
calibration curves were obtained by spiking the target analytes
directly into the analyte-free doogh sample and performing the
proposed method on them. Quantitative parameters including
linear range (LR), coefficients of determination, limit of de-
tection (LOD), limit of quantification (LOQ), relative standard
deviation (RSD), EF, and ER were investigated and the results
are summarized in Table 1. The LOD is defined as the lowest
concentration level of a substance that can be detected by an
analytical procedure. It is typically determined to be in a range
in which the signal measured (as peak height) to noise ratio is
equal to 3 (S/N=3). The LOQ is calculated experimentally,
being concentration of the analyte which shows a
signal-to-noise ratio of 10 (S/N=10). The LODs were 0.82
and 0.54 ng mL™" and the LOQs were 2.7 and 1.5 ng mL ",
for BPA and BPB, respectively, which are satisfactorily low
for an HPLC-DAD method. The good linearities were obtain-
ed for the calibration graphs with coefficients of determination
higher than 0.9988. Precision of the method was determined

Fig. 5 Optimization of extraction 300
numbers. Extraction conditions
are the same as used in Fig. 4,
except the concentration of
ammoniacal buffer which was
0.50 M. The error bars indicate 200
standard deviation of three
repeated determinations

@ Springer

Peak area
= vy
o o
\
2
JN

—e—BPA
BPB

H

4 5 6 7 8

w ok

Extractionnumbers




Food Anal. Methods (2018) 11:3267-3275 3273

Table 1 Quantitative features of

the developed method for the Analytes LOD LOQ LR 7 RSD % EF +SD* ER+SD"
selected analytes ‘
Intra-day  Inter-day  (RSD%)° (RSD%)d
BPA 082 27  27-100 09988 5 7 4300£200 (4.6) 86+4 (4.6)
BPB 054 15 1.5-100 09996 6 9 4050+150 3.7)  81+3 (3.7)

LOD limit of detection (S/N=3) (ng mL™"), LOQ limit of quantification (S/N=10) (ng mL™"), LR linear range
(ng mL ™) (n=7), ¥ coeflicient of determination

# Enrichment factor + standard deviation (n =3)
® Extraction recovery =+ standard deviation (n = 3)
“Relative standard deviation (n=3)

94 Relative standard deviation (n = 3)

by analyzing the blank doogh spiked with 5 ng mL™" (each
analyte) at a same day and at four different days. The RSDs
were in the range of 5-9 for intra- (n = 6) and inter-day preci-
sions (n=4), which indicate that the method is satisfactorily
repeatable. The mean experimental results obtained from the
specified concentration express the accuracy of an analytical
method. The excellent way to investigate the accuracy of an
analytical method is its application to Certified Reference
Materials (CRMs). Unfortunately, there is no CRM for the
studied analytes. Thus, the accuracy of the method was eval-
uated by standard addition method using six replicate deter-
minations at a concentration of 3 ng mL™" for each analyte.
The obtained deviations from mean values were less than 10%
for the target analytes which is acceptable for the developed
method. The EFs and ERs for the selected analytes were 4300
and 4050 and 86 and 81% for BPA and BPB, respectively.
Generally, the proposed method can be considered as a

mv
55 12
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g ] -
g 50 | 1
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[ ]
§ ~<-7l__ \ ‘."* U \- 7 »
o
L 45 \
VU
) 1 |
‘I" !l
{1 (D L AN
40— -—-————~.' f e —— — - —
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0 2 4 g g

Retention time (min)

Fig. 6 Typical HPLC-VWD chromatograms of (I) standard solution of
the target analytes at concentration of 100 mg L' (direct injection) and
(II) un-spiked doogh sample. Peak identification: (1) BPA and (2) BPB

sensitive and repeatable method with high EFs and ERs and
low LODs and LOQs.

Real Sample Analysis

To evaluate the applicability of the proposed method, deter-
mination of the selected analytes in different commercial
canned doogh samples produced by different companies was
performed using the proposed method. Figure 6 shows the
typical HPLC chromatograms of the selected samples after
performing the presented method. The results show that
BPA was found (17+2 ng mLfl, n=23) in one sample.
Other samples were free of the studied analytes. The influence
of matrix effect on the detection response of the analytes is a
well-known subject in analysis. This can result in an enhanced
or decreased analyte signal in the extract obtained in the pres-
ence of matrix compared to the signal obtained in the absence
of the matrix. In order to evaluate the matrix effect, the

Table 2 Results of assays to check the sample matrix effect for the
selected analytes

Analyte Mean relative recovery =+ standard deviation (n = 3) (RSD%)

Sample 1 Sample 2 Sample 3 Sample 4

All samples were spiked with each analyte at a concentration of
5ngmL™’
BPA 92+4(43) 90+444) 98+£3(3) 95+5(5.2)
BPB 92+3(3.2) 94+£6(63) 97+5(5.1) 95+4(4.2)
All samples were spiked with each analyte at a concentration of
10 ng mL™!
BPA 86+5(5.8) 90+£2(22) 89+£2(22) 99+5(5)
BPB 93+6(64) 95+£5(52) 95£3(3.1) 99+2(2)
All samples were spiked with each analyte at a concentration of
25ngmL!
BPA 95+6(6.3)
BPB 94+4(4.2)

97+7 (7.2)
92+5 (5.4)

9245 (5.4)
99+3 (3)

101+3 (2.9)
93+3 (3.2)

The analytes’ contents were subtracted
RSD relative standard deviation
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