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A simple and effective analytical method to determine six contaminants, including five benzophenones
(BP, BP-1, BP-3, BP-8, and BP-12) and bisphenol A (BPA) in infant formulas was developed in this study.
For this, a sequential experimental design was used to optimize the extraction and cleanup method using
low temperature partition (LTP) combined with dispersive solid phase extraction (dSPE). The effect of
primary secondary amine (PSA), sodium chloride (NaCl), graphitized carbon black (GCB), octadecyl (C18),
strong anion exchanger (SAX), water, acetonitrile (ACN) and, ultrasound (US) time were evaluated using a
sequential design of experiments including a Plackett-Burman, a central composite rotatable design, and
the Derringer and Suich’s tool. The method was validated, and it showed a limit of quantification varying
from 0.06 to 2 mg.kg~!, good precision (< 20% RSD), and recovery (52-106%). The method proposed was
applied to twenty-five samples of commercial infant formulas.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Bisphenol A (2,2-bis (4-hydroxyphenyl) propane, BPA) is a
monomer used in the production of polycarbonate, epoxy resins,
and other polymeric materials. The BPA is widely used in can lin-
ings and in metal lids for food and beverage containers [1,2].

Benzophenone (BP) and its derivatives are aromatic ketones
used as photo initiators for printing inks and varnishes cured with
ultraviolet light (UV). BPs are also widely used as UV absorbers
in personal care products, such as lotions and sunscreens [3]. Cur-
rently, BP-3 was prohibited in sunscreens, due to its relation with
degradation of corals and part of marine vegetation, described as a
major emerging contaminant [4].

BPA and BP are endocrine disruptors and are arising also as
emerging contaminants gaining notoriety among researchers and
regulatory agencies around the world. They can also migrate from
food contact materials exposing the population to their toxic ef-
fects [5]. The limit of these substances in foodstuffs is regulated by
many agencies such as the European Food Safety Authority (EFSA)
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and the Brazilian Health Regulatory Agency (ANVISA) [6]. In Brazil,
ANVISA established a specific migration limit of 0.6 mg.kg~! for
BPA and 0.6 mg.kg~! for BP used in food contact material [7].

Traditionally, the instrumentation and detection systems used
for analysis of bisphenol A and BPs are based on liquid chromatog-
raphy (LC) coupled to a fluorescence detector (FLD) or diode ar-
ray (DAD) [8-10]. Gas chromatography (GC) coupled to mass spec-
trometry can also be used, resulting in greater sensitivity; however
for using GC, a derivatization step of these compounds is required,
making the analysis with GC more time-consuming and expensive
than the one with LC [11]. Furthermore, the different polarities of
BP compounds make their simultaneous determination more suit-
able by reversed phase liquid chromatography [12].

Researchers have been working to develop faster and more effi-
cient analytical methods and to reduce the use of toxic solvents.
Among these techniques, low temperature partition (LTP), com-
bined with dispersive solid phase extraction (dSPE) has been ef-
ficiently used for the extraction of contaminants in fatty matri-
ces prior to instrumental analysis. LTP reduces the concentration
of fatty interferent, improving the cleanup made with dSPE [13,14].
dSPE can be used for the extraction of target compounds or sample
cleanup. Both commercial or synthesized adsorbents from different
materials and properties can be used for this purpose [15-18].
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The use of multivariate optimization methods, such as Plackett-
Burman (PB) and central composite rotatable design (CCRD), to de-
velop analytical methods, has increased in the past years. The main
advantages of these techniques are the simultaneous optimization
of many responses with a reduced number of experiments [19,20].
In view of this, the use of multivariate optimization and adequate
sample preparation methods can reduce the required time, de-
crease the use of toxic reagents and decrease the costs during the
method development step [19,21,22].

Infant formula is a breast-milk substitute used when human
milk is not available or breastfeeding is not appropriate, such as
for the HIV positive individuals [23]. Infant formula may contain
BPA and BP derived from food packaging or from raw materials
used in food production. This contamination should be monitored
to ensure no health concerns for infants.

According to the consulted literature, to date, no studies focus-
ing on the development of analytical methods for the simultane-
ous determination of BPA, BP, and BP derivatives by LTP-dSPE have
been reported. Therefore, the objective of this study was to develop
a method using liquid chromatography for the simultaneous deter-
mination of BPA, BP, and BP derivatives in infant formulas using
LTP-dSPE followed by HPLC-FLD-DAD. For this purpose, multivari-
ate techniques were used to optimize the extraction method. The
method was validated and used to evaluate the incidence of BPA
and BPs in 25 samples of infant formula commercialized in Camp-
inas, Sdo Paulo, Brazil.

2. Material and methods
2.1. Samples

Twenty-five samples of infant formulas (IF) in metal packaging
were evaluated. The samples were randomly collected from dif-
ferent markets in Campinas, S3o Paulo, Brazil. The samples were
stored at room temperature in their original packaging until the
analysis.

2.2. Chemicals

Standards of BP (99% CAS 119-61-9, Log P = 3.18),
benzophenone-1 (BP-1, 99%, CAS 131-56-6, Log P = 2.96),
benzophenone-3 (BP-3, 98%, CAS 131-57-7, Log P = 3.79),
benzophenone-8, (BP-8, 98%, CAS 131-53-3, Log P = 3.82),
benzophenone-12 (BP-12, 98%, CAS 1843-05-6, Log P = 6.96),
1-hydroxycyclohexyl phenyl ketone (1-HPK, 99%, CAS 947-19-3,
Log P = 2.17) and BPA (99%, CAS 80-05-7, Log P = 3.32) were
purchased from Sigma-Aldrich (St. Louis, USA). Primary secondary
amine (PSA; particle size 50 pum), strong anion exchanger (SAX,
particle size 50um), C18-bonded silica (particle size 50pm) and
GCB (particle size 120-400 mesh) were purchased from Supelco
Inc (Bellefonte, PA, USA). Acetonitrile (HPLC grade) was purchased
from Merck (Darmstadt, Germany), NaCl from Synth (Sdo Paulo,
Brazil), trichloroacetic acid (TCA) from Exodo cientifica (S3o Paulo,
Brazil). Syringe filters (0.22 pm) were purchased from GVS (San-
ford, USA). Ultrapure water was obtained from Milli-Q system
(Bangalore, India).

The compounds were quantified using 1-HPK as internal stan-
dard (IS) previously prepared in acetonitrile (MeCN). For this, a
stock solution containing 1000 pg.mL~! of each standard prepared
in MeCN was used. Subsequently, a working solution was prepared
in MeCN containing all analytes at 25 mg.kg~! and stored at 6°C.
The calibration curve was constructed spiking an IF with the high-
est content of lipids due to its high interference in the chromato-
graphic step. The sample was spiked in the limit of quantification
(LOQ), 2, 4, 6, 8, 10, and 12 mg.kg~1.
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2.3. Sample preparation

2.3.1. Multivariate optimization

Sequential experimental designs were used to optimize the ex-
traction of the compounds from infant formulas by LTP-dSPE. For
this purpose, it was evaluated the effect of primary secondary
amine (PSA), NaCl, graphitized carbon black (GCB), C18, water, ace-
tonitrile (MeCN) and SAX, as well as the ultrasound (US) time
(min) using a Plackett-Burman design. The variables were evalu-
ated using 10% of significance, to avoid the exclusion of any impor-
tant variables in the next step.

Subsequently, variables that showed a significant effect were
optimized through a central composite rotatable design (p<0.05).
The area of each compound was used as an answer for the opti-
mization. Finally, the tool proposed by [Derringer and Suich [24]],
was used in obtaining the best response to extract all compounds
evaluated.

This tool is based on the desirability function for each response
evaluated in the interval O to 1, in which 0 and 1 means a less
and a more desirable value, respectively. It is worth mentioning
that the Derringer and Suich’s tool supplies the multi-response of
the general desirability, formed by the individual response through
the maximization of each compound extraction. The individual de-
sirability was set to reduce the amount of organic solvent, salt, or
adsorbent during the extraction process. The condition provided by
the algorithm was validated through the extraction of the analytes
from the infant formula spiked in triplicate. Next, the extraction
process optimized was applied to detect BPA, BP, and BP deriva-
tives in infant formula samples.

Plackett-Burman and central composition designs were evalu-
ated by Statistica 6.0 (Statsoft Inc., 2001). The best condition pro-
posed by the Derringer and Suich’s tool was determined using the
Design Expert 6.0 software (Stat-Ease, Minneapolis, USA).

2.3.2. Sample Extraction

The samples (2g) were weighted into vials of 40 mL and spiked
with internal standard (IS) (5 mg.kg=1). Next, 7.1 mL of water was
added, followed by vortexing for 30 seconds. Then, 6 mL of ACN
was added, followed by vortexing (30s). For salting out effect, 2.1
g of NaCl was added with subsequent stirring (30s). Finally, the ef-
fect of TCA on the precipitation of soluble proteins were evaluated
using the method proposed by Koontz with minor modifications
[25]. For this, 120 pL of saturated TCA was added and the sample
was kept at rest for 5 min, followed by stirring for 5 min. After be-
ing centrifuged for 5 min, 3000 rpm at 7°C, the extract was frozen
for approximately 12 h at -22°C. This procedure was used to re-
duce the concentration of fat in the extract and, the amounts co-
extractives. After, the upper phase was recovered for dSPE cleanup
step. For this, 2 mL of the supernatant was collected in a Falcon
tube, 90 mg of PSA were added, followed by stirring (30s) and cen-
trifugation (3500 rpm/5 min). The supernatant was transferred to
glass tubes, dried in a stream of nitrogen at room temperature and
resuspended with 500 pL of acetonitrile: isopropanol (1:1). The ex-
tract was sonicated for 5 min, filtered, and injected into an HPLC-
DAD-FL system (Fig. 1).

2.4. Instrumental analysis and method validation

The incidence of BPA, BP, and BP derivatives were evaluated in
an HPLC Agilent (1100) equipped with an automatic injector and
fluorescence and diode array detectors (HPLC-FLD-DAD).

The separation was performed using an ACE 3 C18 column (4.6
mm x 15 cm x 3 pm) with a flow rate of 1 mL.min~!. The sys-
tem was operated at 40°C using water (A) and acetonitrile (B) as
the mobile phase. The initial composition was 40% solvent A and
60% solvent B for 5 min, followed by a linear increase of solvent
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Fig. 1. Sample preparation for determination of BPs and BPA in infant formula.

B to 100% until 17 min. Subsequently, at 17.1 min, the system re-
turned to the initial condition, and it remained there until reach
20 min. The injection volume was 10 pL. The fluorescence detec-
tion system was used to monitor BPA at an excitation wavelength
of 270 nm and ate an emission of 305 nm. BPs were monitored
using diode array detector with wavelengths of 250 nm for BP and
internal standard, and 290 nm for BP-1, BP-3, BP-8, and BP-12.

The method was validated in terms of limit of detection (LOD),
limit of quantification (LOQ), linearity, precision, and recovery. The
LOD was determined by successive dilution of the work solution
in the matrix until obtaining a three-fold signal-to-noise ratio. The
LOQ was calculated as three times the LOD value.

The linearity of the method was evaluated using a seven-points
calibration curve (LOQ, 2, 4, 6, 8, 10, and 12 mg.kg~!) injected in
triplicate. The lack of fit and linearity were evaluated through anal-
ysis of variance (ANOVA).

Recovery, intra and inter-day precision were determined at
three points of the calibration curves (LOQ, middle, and upper
point of the curve). Intra-day precision was determined by suc-
cessive measurements using 10 replicates evaluated on the same
day, while for inter-day precision, three replicates were evaluated
in three different days. Precision was expressed as relative stan-
dard deviation (RSD). For recovery, the matrix was spiked with the
work solution and subjected to the extraction procedure. The an-
alyte loss was determined by injecting an aliquot of blank extract
spiked with the same concentration as was used before the HPLC-
DAD-FLD analysis [26]. The method validation was performed in
the matrix.

3. Results and discussion
3.1. Multivariate optimization

The conditions of sample preparation for BPA and BPs extrac-
tion, from infant formula or baby food, have been established by
univariate optimization [12,27-31]. However, the univariate opti-
mization of analytical methods requires a long time, large num-
ber of experiments, high costs with solvents and do not allow ad-
equate statistical treatment, such as the evaluation of interaction

effect of the factors involved in the process, compromising the re-
liability of the results. Multivariate statistic tools can be used to
overcome these problems [19].

In view of this situation, a method for the simultaneous detec-
tion of BPA and BPs was optimized by multivariate statistic tools
using LTP-dSPE prior to HPLC-DAD-FL analysis. For this, preliminary
analyzes were performed to find the best solvent and adsorbent
salt for the extraction of the analytes in infant formulas samples.
Then, a Plackett-Burman and a CCRD design, followed by the op-
timization proposed by the Derringer and Suich were used to im-
prove the extraction of the analytes by LTP-dSPE.

Acetonitrile presented best performance in the preliminary tests
with LTP (Table S1). Dichloromethane has low polarity and higher
toxicity than acetonitrile which increases the extraction of fatty
acids from infant formula. On the other hand, hexane formed a
single-phase with the fat from the sample, resulting in low recov-
ery of the solvent and co-extractives than acetonitrile, making the
d-SPE step unfeasible. This is a drawback of the use of a highly
compatible solvent with a fatty matrix for the extraction of non-
polar analytes in low concentrations. Choosing the best extraction
solvent becomes a crucial step in the development of multi-residue
methods, in which some aspects must be noticed, such as polar-
ity, safety, selectivity in the extraction stage, compatibility with the
technique used, among others. The contaminants evaluated in this
study, have Log P ranging from 2.17 to 6.96, which is similar to
hexane (Log P = 3.90). However, acetonitrile (Log P = -0.34) proved
to be the best solvent, even compared with dichloromethane (Log
P = 1.25) due to low extraction of co-extractives and high recovery
of the solvent, which allowed the cleanup step. Furthermore, ace-
tonitrile has been reported as a good extractor for a wide range of
contaminants in food [32].

Infant formulas have different chemical compounds in their
formulation, being designated as a complex matrix. With
this, the cleanup step is necessary to reduce interferences
in the analyte detection, which are found in very low con-
centrations. Losses of analyte may occur during the cleanup
step, compromising the result of the chromatographic analysis,
thus, this step becomes crucial during the development of a
method.
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Fig. 2. Comparison of samples submitted to extraction (A) after solvents, NaCl and
TCA addition and (B) without TCA addition.

For this, a previous step was carried out to analyze the effect
of PSA, GCB, and C18 content in the recovery of the analytes. Each
adsorbent was evaluated in triplicate using an amount of 100 mg.
The test was performed in a solvent and the results (Table S2)
were used to determine the experimental domain applied to the
PB design. PSA and C18 showed better performance compared to
GCB adsorbent salt. This fact can be explained by the ability of the
GCB to retain planar compounds, such as BP-12. C18 was used to
clean samples with high fat content. PSA can also retain lipid com-
pounds, in particular, free fatty acids in addition to several polar
compounds [17,33]. Given the composition of infant formulas, PSA
became the best adsorbent salt to be used in the d-SPE cleaning
step. To confirm these results, adsorbent salts were added to the
PB design.

Finally, the effect of TCA in the cleanup of a sample not sub-
mitted to LTP was evaluated (Fig. 2). The addition of TCA forms a
protein aggregate, compact, flexible, and in a partially folded state,
named molten globule. This effect, mainly on whey proteins, in-
creases the cleanup and selectivity of the method reducing the
content of interferents [34-36]. Hence, this step was included in
the extraction process before freezing.

3.1.1. Plackett-Burman design

PB design is a saturated statistical design that does not evaluate
the interaction between variables studied. The PB was performed
with fifteen experiments, including a triplicate of the central point
(Table S3). The impact of each variable on the extraction by LTP-
dSPE was tested at two experimental levels: a low level (—) and a
high level (+). All the factors showed a significant effect (p <0.1)
on the extraction process, except for US time and SAX (Fig. 3).
For this design, the increase of ACN concentration had a nega-
tive impact (p <0.1) on the extraction of all compounds, except
for BP-1. The content of ACN showed relatively high percentages in
the recovery of residues, contaminants, and low concentrations of
lipophilic co-extractives; it also acted on protein denaturation [33].
On the other hand, the amount of water positively affected the ex-
traction of the same compounds. This result can be attributed to
the increase of the extraction of analytes with high contents of wa-
ter and the dilution effect when the compounds are transferred to
ACN in the salting out step. Therefore, these factors were included
in the second stage of the optimization process.
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Among the adsorbent salts analyzed, PSA showed a significant
effect (p <0.1) on extraction of BPA, BP, BP-3, and BP-8. PSA is
the most widely used anion exchanger for retention of free fatty
acids, which are widely found in infant formulas. Commercial PSA
is a silica compound functionalized with ethylenediamine-N-propyl
groups which results in a bidentate chemical structure with a high
chelation effect [37]. The primary and secondary amines form in-
termolecular hydrogen bonds because they can act as both hydro-
gen bond donors and acceptors [38]. Hence, PSA shows a strong
retention level towards free fatty acids and other polar compounds
from the matrix, such as organic acids, sugars, and co-extractives
which can form hydrogen bonds. In this work, PSA did not affect
the recovery of most analytes; and this result is due to the nonpo-
lar characteristics of the evaluated compounds (Log P varying from
2.17 to 6.96) [21,39,40]. PSA was also included in the subsequent
optimization step.

GCB had a negative impact (p <0.1) for all compounds, except
for BP-1. Even at the low level (-1) (10mg), the complete adsorp-
tion of some analytes was observed. GCB can completely remove
planar compounds such as BP-12, resulting in low recoveries. For
this reason, the GCB was excluded from the optimization stage.

C18 had a significant effect (p <0.1) for BP-8 and BP-12. C18 has
been used to cleanup fatty samples [41,42]. However, in view of
the kind of lipid material in the sample (fatty acids) and the best
effect of PSA, C18 was not considered for the optimization step.

Regarding NaCl, a positive effect was observed on the extrac-
tion of BP-3 and BP-12. The presence of salt in the MeCN:H,0
mixture promotes immiscibility through thermodynamic changes.
Consequently, the compounds with low polarity are directed to the
organic phase (MeCN). In addition, NaCl improve the salting out
effect decreasing the solubility of proteins that may interfere with
the analysis [32,43,44]. However, considering the low coefficients
obtained for NaCl in PB design and, the requirement for salt in the
extraction process, we opted to use the central point concentration
(2.1g) and to not include it in the optimization step.

The US time evaluated in the PB design ranged from 2 to 20
min. This procedure is a simple and rapid pretreatment used to ex-
tract the analytes from the sample. However, the US time was not
significant (p <0.1) for the extraction of any compound. In view of
this, the US time was not evaluated in the CCRD.

Finally, the curvature was evaluated using the central points.
The evaluation was performed to check if the significance of any
factor was masked by the p-value increasing in view of the stan-
dard error increasing. This procedure is recommended in the eval-
uation of all factors when using a saturated design, such as PB.
The curvature had a negative effect (p<0.1) for BPA, BP, and BP-
8. However, the factors that had an impact on the extraction pro-
cess of these compounds were in consonance with the other an-
alytes, such as water, MeCN, and PSA. Moreover, R higher than
0.88 showed a low error associated with a screening experiment.
For this reason, only water, MeCN, and PSA were evaluated in the
next step.

3.1.2. Central composite rotatable design (CCRD) and Derringer and
Suich’s tool

After selecting the factors that interfered with the extraction by
LTP-dSPE, a CCRD (p <0.05) was carried out (Table 1) to evalu-
ate the volume of acetonitrile (mL) and water (mL), as well as the
amount of PSA (mg) necessary for the method.

A prediction model without lack of fit was obtained for all
evaluated compounds, with the exception of BP-8 (Table S4). Due
to the different extraction conditions obtained, with linear and
quadratic models, the Derringer and Suich’s tool was used to find
the best extraction condition for all the compounds evaluated, us-
ing smaller amounts of acetonitrile and PSA.
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Fig. 3. Pareto diagram corresponding to the selected responses in Plackett-Burman design.

Table 1
Variables evaluated by the Central Composite Rotatable De-
sign.
Variables -1.68 -1 0 1 +1.68
Xq PSA (mg) 49.1 90 150 210 250.9
X, ACN (mL) 4.6 6 8 10 11.4
X3 H,0 (mL) 4.6 6 8 10 114

The significance of the factors was evaluated by ANOVA
(p<0.05).

The condition found, showed desirability of 0.789. For that
point, the extraction required 7.1 mL of water, 90 mg of PSA, and
6 mL of ACN. Many studies have been using higher adsorbents in
dSPE step than this work [41,42,45,46|. Conversely, the Derringer

and Suich’s tool showed an optimized condition for the simulta-
neous extraction of the compounds using less solvents and adsor-
bents.

The condition proposed by the algorithm was validated and the
data obtained is shown in Table 2. Three confirmatory tests were
performed to evaluate the best condition. The predicted values

based on the peak area confirmed all compounds that were ob-
tained experimentally, except for BP-1 which showed a peak area
above the predicted value. This situation is common in the devel-
opment of multi-residue extraction methods for analytes with a
wide polarity range. In view of this, the overall quality of the data
should be considered to reach satisfactory sensitivity for all com-
pounds evaluated.

The improvement of the recoveries obtained after LTP-dSPE op-
timization can be observed in Fig. 4. In this method, BPA and BPs
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Fig. 4. Chromatogram of a representative sample of infant formula spiked at 5 mg.kg~"! level.
Chromatograms obtained from the critical point of the CCRD; and the desirability point, with A = 290 for BP-1, BP -3, BP -8 and BP-12, A = 250 for BP and Aex = 270 and

Aem = 305 for BPA.

Table 2
Values predicted by the Derringer and Suich tool and obtained experimentally.
Predict Values SE Pred  Observed values

Variable Lower limits Upper limits
PSA -1 1 - -
Water -1 1 - -
Acetonitrile -1 1 - -
BPA 451.84 852.00 91.83 890.17+27.62
BP 90.17 338.19 58.18 322.57+12.92
BP-1 88.74 194.89 23.46 512.47+81.26
BP-3 71.07 235.88 37.72 232.88+7.61
BP-8 52.04 175.43 27.27 163.60+10.15
BP-12 41.10 102.63 14.44 71.95+3.99

*SE Pred: Standard error predicted

showed good separation between the peaks, without visual coelu-
tion with the interfering peaks. The desirability function assists in
the responses, showing the best methodology for extraction of sev-
eral compounds and consequently, reducing the number of experi-
ments to be carried out.

Retention times (Rt) of 6.1 for BP at 250 nm, 4.4, 5.4, 6.4, and
9.1min for BP-1, BP-8, BP-3, and BP-12, respectively, presented at
290 nm wavelength; and 3.6 min for BPA at 270 nm of excita-
tion and 305 nm of emission, showed the low peak signal (Figure),
due to a greater concentration of water and acetonitrile solvents;
about 10 mL of acetonitrile as used in the original technique of
QuECheRS. However, this amount of solvent caused a dilution of
the compounds, and because of it, was appointed the amount of
solvents as a critical point in the CCRD. Comparatively, in Fig. 4,

the peak signals of the compounds spiked in the sample at a 5
mg.kg~! level, are clearly higher due to the application of the Der-
ringer and Suich’s tool. Thus, the result showing the combination
of sequential experimental designs and the maximization proposed
by the Derringer and Suich’s tool is an important approach for fast
optimization of analytical methods.

Many researchers used different methods for the detection and
confirmation of these compounds in the matrix, such as the mass
spectrometer [47-50]. However, liquid chromatographic coupled
with a diode array and fluorescence detectors are routinely used
to analyze the same compounds due to the simplicity and easiness
of the technique [8,51].

3.2. Method validation

The method was successfully validated, and the data is de-
scribed in Table 3. LTP-dSPE is a simple, easy, selective, and ef-
fective technique for the simultaneous determination of endocrine
disruptors, as of this writing, not evaluated in Brazil. For opti-
mization of the LTP-dSPE technique, a blank infant formula sam-
ple was spiked with a working solution and an internal stan-
dard. The method showed good limits of detection and quantifi-
cation as other studies have shown [12,52] in addition of being
easy to perform, showing low operating costs compared with other
solid-phase extraction processes. Some improvements still might
be reached for non-fatty matrices, such as the reduction of LTP
time, but, for IF, the time established (12 h) was necessary when
taking into consideration the high content of fatty acids.
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Table 3
Method validation parameters in infant formulas.
Intra-day Inter-day
LOD LOQ REC (%) precision precision
Rt (min) Compound RE (mg.kg1) (mgkg1) Concentration(mg.kg~')  (n=3) (n=10) (n=9)
3.6 BPA y = 1.5948x + 0.049 0.02 0.06 0.06 99.57 17.68 16.96
6 100.74 6.81 8.02
12 106.45 9.66 7.59
4.4 BP-1 y = 0.4796x - 0.0444 0.5 2 2 96.01 9.68 10.03
6 84.5 8.71 3.63
12 99.67 7.91 6.57
6.1 BP y = 1.5948x + 0.049 0.1 0.3 0.3 94.25 16.99 8.43
6 95.76 5.53 8.27
12 97.93 10.72 8.91
5.4 BP-8 y = 0.2639x + 0.0111 0.1 0.3 0.3 96.12 14.45 15.22
6 101.58 6.82 7.52
12 100.88 8.54 7.35
6.4 BP-3 y = 0.3237x - 0.015 0.1 0.3 0.3 101.13 9.44 14.27
6 98.07 6.12 9.16
12 104.08 9.54 7.75
9.1 BP-12 y = 0.1476x + 0.0054 0.1 0.3 0.3 58.9 9.88 12.46
6 54.59 6.96 13.26
12 52.38 10.26 9.22

RE: regression equation; LOD: limit of detection; LOQ: limit of quantification; REC: recovery; Rt: retention time

Linearity was evaluated using analytical curves obtained for
each compound. The curves were evaluated using ANOVA (p
<0.05) through observing R2, lack of fit, and residual graph, for
each compound. The obtained data showed regression coefficients
(R?) greater than 0.990, homoscedastic behavior, and no lack of fit.

The LOQs were 0.06 mg.kg ~1 for BPA, 0.3 mg.kg'for BP, BP-
3, BP-8, BP-12, and 2 mgkg~! for BP-1. The limits for BP-1 were
higher than for other compounds, probably because the factors
evaluated did not impact on the recovery of this compound, as em-
phasized in the PB design.

According to ANVISA, the specific migration values from food
contact materials for bisphenol A and benzophenone must be less
than 0.6 mg.kg~!. However, for some derivatives from BP contained
in this research, such as 2,2-Dihydroxy-4-methoxybenzophenone,
2-Hydroxy-4-methoxybenzophenone, 2,4-Dihydroxybenzophenone
(BP-1), 2-Hydroxy-4-n-octyloxybenzophenone, and specially 2-
Hydroxy-4-n-octyloxybenzophenone (BP-12), the specific migration
total limit are 6 mg.kg=! [7,53], which makes the method suitable
for the evaluation of these compounds.

The precision of the method was evaluated through intra and
inter-day measurements in three levels of the curves (LOQ, mid-
dle, and upper point). Experimental results showed intra-day rang-
ing from 5.53 t017.68%, while the inter-day values were between
3.63 and 16.96%. Hence, the good reproducibility of the method
was as recommended for contaminants analysis below 20%.

For recovery, the method showed values varying from 52.38 to
106.45%. The lower percentage of recovery was observed for BP-12.
Probably, this result is due to the strong interaction of the octyl
chain of the BP-12 with the fatty acids presented in the infant
formula, reducing the compounds extraction. Moreover, BP-12 has
lower polarity (Log P = 6.96) than MeCN (Log P = -0.34) which
results in a low recovery. This is common in extraction methods
for compounds with different polarities. A change in the solvent
polarity could improve the BP-12 recovery and it could impact the
extraction of fatty matter. For this reason, the changes were not
performed considering the overall quality and the method sensitiv-
ity. Furthermore, since the method was developed using a spiked
matrix, the losses of analytes were taken into consideration in the
calibration curve, making it possible to use the method for the BP-
12 quantification.

Methods for the simultaneous determination of bisphenol A
and benzophenones in fatty foodstuffs such as infant formula are
scarce. Reports conducted on both compounds were carried out

as migration studies using food simulants or non-fatty matrices
[41,42,54,55]. Hence, this method represents an advance in mon-
itoring these groups of substances and in the mitigation of any
early exposure of infants.

3.3. Occurrence

The validated method was applied to the evaluation of BPA, BP,
and BP derivatives in twenty-five samples of infant formulas com-
mercialized in the city of Campinas, Sdo Paulo, Brazil. However,
there was no occurrence of BPA or BPs in any of the studied sam-
ples. A similar fact was already described in infant formulas eval-
uated by salting out assisted liquid-liquid extraction followed by
SPE for BPA extraction [29]. Other study analyzed seventeen com-
pounds, including BP and its derivatives, in baby food. The authors
did not identify BP, BP-1, or BP-12 compounds in food samples us-
ing dSPE before the UHPLC-MS/MS method [12].

These data are important because they ratify the quality of in-
fant formulas sold in the Brazilian market regarding the incidence
of BPA and benzophenones. In addition, the developed method will
serve as a support for regulatory agencies.

4. Conclusion

For the first time, a method to simultaneously quantify BPA
and BP by LTP-dSPE was optimized using a sequential experimen-
tal design. Suitable performance characteristics were reached us-
ing less solvent and adsorbent. Moreover, co-extractive removal
was achieved using only low temperature and one adsorbent (PSA),
reducing the method cost. After validation in HPLC-FLD-DAD, 25
samples of infant formulas were evaluated. The incidence of BPA
and BP were not detected in the analyzed samples. However, the
procedure has shown potential for use as a monitoring method
taking into account its easy application, low cost, and low waste
generation. This is the first report on these contaminants in Brazil-
ian infant formula.
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