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ABSTRACT

In this study, four different solid phase extraction (SPE) methods were compared for the determination of
bisphenol A (BPA) in cheese samples using HPLC-FD. All methods were validated according to the
parameters; linearity, recovery, precision, detection and quantification limits (LOD-LOQ). Subsequently,
BPA levels were determined in twenty cheese samples commercially available in Elazig province. All the
extraction methods showed good petformances for quantitative analysis of PBA, achieving very low LOD
(0.16-0.39 pg/kg) and LOQ (0.53-1.30 pg/ kg) values. The average fortification recoveties for spiked BPA
(3-30 pg/kg) ranged between 93.1 and 100.8%. 55% of cheese samples had BPA concentration ranging
from 0.75 pg/kg to 8.46 ng/kg and estimated daily intake (EDI) was measured as 0,001 ng/kg BW per day.
On the basis of EDI, the consumption of cheese itself cannot be considered as significant health problem,
but results impose a systematic monitoring of dairy products.
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PEYNIR NUMUNELERINDE BISFENOL A ICIN KATI FAZ EKSTRAKSIYON
METOTLARININ KARSILASTIRILMASI
0z
Bu calismada, dort farkl kati-faz ekstraksiyon metotunun peynir numunelerinden bisfenol A (BPA)

ekstraksiyon performanst HPLC-FD kullanilarak kiyaslanmistir. Metot validasyonlart dogrusallik,
geri kazanim, kesinlik, metodun belitrlenme ve tayin alt sinirlart (LOD/LOQ), bagil standart belirsizlik
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Bisphenol A extraction from cheese samples

parametreleri ile yapilmistir. Buna ilaveten Elazig ilinde satisa sunulan yirmi adet peynir numunesinde
BPA miktart belirlenmistir. Blitin metotlar BPA’nin kantitatif analizi icin disik LOD (0.16-0.39
ug/kg) ve LOQ (0.53-1.30 ng/ kg) seviyelerinde iyi petformans gostermislerdir. Geri kazanim
seviyeleri iki farkli ekleme miktar1 (3-30 pg/kg) icin ortalama %93.1 ve %100.8 araliginda
hesaplanmigtir. Peynir numunelerinin %55’inde 0.75 ng/kg ve 8.46 pg/kg miktarlari arasinda BPA
vatligt bulunmustur ve gunlik alim tahmini (EDI) 0,001 pg/kg vicut agirhgi/gin olarak
hesaplanmistir. EDI sonuglarina gére, peynir tiiketimi tek basina BPA icin 6nemli halk sagligi riski
ortaya ctkartmadigl, fakat sonuclar siit ve sit Uriinlerinde BPA’nin diizenli takibinin yapilmasi

gerektigini gostermistir.

Anahtar kelimeler: Kati-faz ekstraksiyonu, Bisfenol A, peynir, HPLC

INTRODUCTION

Bisphenol A (BPA), 2,2-Bis (4-hydroxyphenyl)
propane, is a phenolic compound which is
composed of two phenol molecules attached to
an acetone molecule (Staples vd., 1998). BPA has
been widely utilized in the synthesis of industrial
chemical compounds including polycarbonates
and epoxy resins to produce a variety of products
such as water-pipes, toys, food packages, dental
filler and etc. (Welshons vd., 2006). Hence, the
requirement of BPA has recently exceeded seven
million tons per year, and it is expected that the

consumption rate will increase year by year (Jiang
vd., 2018).

Once the BPA molecules are polymerized,
hydrolysis of ester bonds takes place. In the
presence of high temperature, the hydrolysis
accelerates either in acidic or basic medium. In
other words, when polycarbonate materials or
metal cans are heated, BPA occurs owing to
hydrolysis of the ester bonds (Welshons vd.,
2006). Therefore, numerous studies reported the
occurrence of BPA in many products of food
contact materials including infant feeding bottles
by migrating from polycarbonate (Geens vd.,
2012). Inner parts of thin cans are generally
covered by epoxy resins to protect the food from
any possible corrosion. However, during the
synthesis of these epoxy resins, BPA is intensified
with epichlorohydrin to form BPA diglycidyl, and
at the end of the polymerization, a trace amount
of BPA migrates from the resin to the food matrix
(Vandenberg vd., 2009). The fact that many
factors such as type of foods and its lipid
ingredients, pH, temperature and contact time
have been shown to affect the release of BPA into
the food matrices. Also, ethanol concentration
increases the BPA migration into the food media

because  of  the  easy  polycarbonate
depolymerization (Mercogliano and Santonicola,
2018).

Based on the mounting evidence obtained from
the recent studies, BPA is reported as endocrine-
disrupting chemical (EDC) and such chemicals
affect the performance or role of the endocrine
system by imitating or obstructing endogenous
hormones even at very low doses and this causes
excess of low production of hormones (Giulivo
vd., 2010). Additionally, it has been proven that
BPA could be the cause of many health defects
including cancers (especially breast, testicular and
ovary), fecundity problems, obesity, and diabetes
(Seachrist vd., 2016). For exposure dose of BPA,
the safety standard regulated in 1988 for the first
time by US Environment Protection Agency
established the safety exposure level as 50 pg of
BPA per kg body weight (BW) per day (USEPA,
1993). In 1996, European Commission classified
BPA as an exterior by-product owing to their
adverse effects on human health (European
Commission, 1996). Later on, the tolerable daily
intake (TDI) of BPA was reduced to 4 ng/g
BW/day by the European Food Safety Authority
in 2015 (EFSA, 2015).

The serious health effects necessitated the rapid,
simple and reliable detection of BPA in various
food stuffs, which has been carried out by using
instruments  like  high-performance  liquid
chromatography (HPLC), gas chromatography-
mass spectrometry (GC-MS), liquid
chromatography-mass spectrometry (LC-MS) and
capillary electrophoresis (Ballesteros-Goémez vd.,
2009). Before the instrumental analysis, the
common sample preparation procedures for
extracting BPA out of biological samples consist
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of many steps including but not limited to solvent
extraction, purification, intensification and/or
separation. The efficiency of extraction is highly
variable depending on type of solvents, reagents
used, extraction time, and size of samples. For
these purposes, there are many extraction
procedures described in the literature such as
solid-phase  extraction (SPE), liquid-liquid
extraction (LLE), microwave-assisted extraction
(MAE), stir-bar sorptive extraction (SBSE),
surfactant-based  extraction and ultrasonic-
assisted extraction (Ballesteros-Gémez vd., 2009).
Among these, SPE, based on an analyte
separation system subjecting the sample through
a solid trap with mobile phase, has been the most
widely applied method owing to its high
sensitivity, a wide range of applicability, and less
solvent consumption (Andrade-Eiroa vd., 2016).
It is crucial to select an appropriate absorbent
phase for SPE cartridges, which are comprised of
different bonding materials. The most known
SPE absorbent phases are octadecylsilane (C-18),
silica gel, florisil and aminopropyl for the effective
extraction (Turner vd., 2009). Although there are
several different types of SPE cartridges, C-18
cartridges are principally used for BPA analysis
(Grumetto vd., 2008; Kang and Kondo, 2003;
Sadeghi vd., 2016).

Recently, there have been numerous SPE studies
established and wvalidated for assessing BPA
presence and levels in various food matrices
(Azzouz vd., 2018). Prior to the SPE device
application, sample pretreatment steps such as
pre-extraction into solvents,
precipitations/filtration of impurities and the pH
adjustments, however, vary widely based on the
physicochemical characteristic matrices (Rezaee
vd., 2009). Even though there are few reports
clearly documenting the presence of BPA in raw
milk and dairy products (Grumetto vd., 2013;
Mercogliano vd., 2021; Sadeghi vd., 2016;
Santonicola vd., 2019), there has been no study
attempting to evaluate the effect of different
sample pretreatment steps, solvents used in SPE,
SPE phase types and as well as different SPE
schemes on the extraction efficacy of BPA from
cheese products. Hence, this study aimed to
compare the extraction efficiency of four

different methods (Grumetto vd., 2008; Kang and
Kondo, 2003; Sadeghi vd., 2016) on the recovery
ratios of BPA in cheese samples by means of
validation criteria and practicability (solvent and
its quantity, sample volume, total extraction time
and SPE cartridge cost). These extraction
methods were selected based on different work-
up procedures, extraction solvents and SPE
cartridges [silica-based; Sep-pak (SPK) (Waters,
Milford, MA USA), Strata (STR) (Phenomenex,
California, USA), Finisterre (FIN) (Spain),
Affinimip® Spe BPA Affinisep/Polyintell (AFF)
(Paris, France)]. Afterward, twenty cheese
samples including Tulum (TC) and white brined
pickled (WPC) were analyzed for determination
of BPA occurrence.

MATERIALS AND METHODS

Material

In order to obtain BPA free cheese for validation,
the curd prepared with cow’s milk was obtained
from a local dairy plant. Physico-chemical
characteristics of the curd (pH, dry matter,
titratable acidity, fat, and protein) were
determined by using methods recommended by
AOAC (1995). All measurements and analysis
wete cartied out three times and the mean data
was calculated from these replicates. The pH,
titratable acidity (%), dry matter (%), fat (%) and
protein (%) of the curd were found to be 5.05,
0.64, 45, 28.5 and 37, respectively.

Chemicals and reagents

BPA standard was purchased from Sigma-Aldrich
(St. Louis, MO, USA) and methanol, ethanol,
acetonitrile, acetone, chloroform, n-hexane were
obtained from Merck (Darmstadt, Germany). The
chemicals used for the mobile phase were liquid
chromatography grade, and others were analytical
grade. Additionally, ultra-pure water (UP-H:O)
was obtained from ELGA HPLC ultrapure water
system (Ubstadt-Weiher, Germany).

HPLC instrumentation

Shimadzu-LC-20AD (Shimadzu, Kyoto, Japan)
model HPLC system equipped with a multi-
wavelength fluorescence detector (RF-20AXL,
Shimadzu, Kyoto, Japan) was used for BPA
analysis.


https://www.sciencedirect.com/science/article/pii/S0963996906001797#bib1

Bisphenol A extraction from cheese samples

GL Sciences Inertsil ODS-3 column (150 mm X
4.6 mm, 5 um particle size) (Tokyo, Japan) was
used for the separation of BPA and 20 uL. sample
loop was equipped on the manual injection part.
A mixture of UP-H,O: acetonitrile (55:45, v/v)
was utilized as mobile phase with a flow rate of
1.0 mL min-!. Moreover, the RF detector was set
with excitation: 224 nm, emission: 308 nm and the
column temperature was 40 °C. Prior to the
analysis, the HPLC column was conditioned with
the mobile phase for at least 30 min to reach
stable baseline, and after each analysis, the column
was washed from all contaminants with UP-H,O:
acetonitrile (30:70) for 20 min. Quantification was
based on peak area measurement.

Extraction procedures

Method I using Affinisep SPE cartridge

Extraction procedure wusing Affinisep SPE
cartridges was followed as outlined in the
supplier’s application guidelines. Cheese sample
(3.0 g was mixed with 30 mL water (~50°C).
Then, 20 mL of this mixture was combined with
20 ml acetonitrile and centrifuged at 4000 rpm for
10 min. The supernatant was collected and
filtered through filter paper (No.4 Whatman).
This extract was diluted 1:1 (v:v) with UP-H2O to
form the adding solution. The cartridge was
conditioned with 3 ml. methanol: acetic acid
(98:2, v:v), 3 ml acetonitrile and 3 mL. UP-H;O,
respectively. Then, 40 mL of extract (pH adjusted
to 5-6) was added into the column that was
washed with 9 mL. UP-H,O and 6 ml UP-H,O:
acetonitrile (6:4, viv). After drying the column
about 30 s, elution was done with 3 mL methanol.
The elution fraction was then evaporated with gas
nitrogen and then dissolved in the 2 mL. mobile
phase [UP-H:O: acetonitrile (55:45, v:v)] for
HPLC analysis.

Method 11 using C18 Strata E SPE cartridge

The extraction procedure was carried out
according to Grumetto vd. (2008) 150 mL
acetonitrile and 20.0 g of cheese sample were
mixed and homogenized in Waring blender
(New Hartford, CT, USA) for 30 s at high speed.
Then, the mixture was filtered through a filter
paper (Whatman size 4). For separation of fat in
the matrix, the acetonitrile layer was mixed with

n-hexane and shaken strongly for 1 min. After
separation, the acetonitrile layer was taken into a
rounded-bottom flask and evaporated by a rotary
evaporator (IKA, Brandenburg, Germany). The
residue remaining in the flask was solved in 6 ml
of UP-H2O: acetonitrile (9:1, viv).

For cleanup of the extract, the cartridge was
conditioned with 5 ml acetonitrile, followed by 5
mL UP-HyO: acetonitrile (9:1, v:v). Then, 6 mL
of the extract was passed through the cartridge
which was subsequently cleaned with 20 mL
mixture of UP-HO: acetonitrile (16:4, wviv).
Finally, the cartridges were eluted with 5 mL
acetonitrile two times. After the acetonitrile
phases evaporation, the extract was dissolved with
10 mL UP-H>O: acetonitrile (9:1, v:v) to inject to
HPLC.

Method 111 using Finisterre cartridge

This extraction method was carried out according
to Sadeghi vd. (2016) with minor modifications
(Rezaee vd., 2009). 5 mL of ethanol:UP-H,O (1:1,
v:v) was added to 1.0 g cheese sample and the
solution was mixed for 2 min in the ultrasonic
chamber. Then, the mixture was centrifuged at
5000 rpm for 40 min and filtered through the
filter paper (No.4 Whatman). Then, the final
volume was completed to 100 mL with UP-H,O
and pH of the mixture was adjusted to 6-7 by
NaOH (10%). The final mixture was applied to
the SPE cartridge which was previously
conditioned with 4 mL acetone and 4 ml UP-
H>O. For the elution step, 2 mL acetone including
chloroform (142 ul) as a dispersive solvent was
passed slowly and collected in a clean tube. Then,
the cloudy mixture was centrifuged at 6000 rpm
for 5 min. After centrifugation, the sedimented
phase was transferred into another tube and
evaporated in a watet bath at 50°C. The residue
was dissolved in 1 mlL mobile phase, and
subsequently analyzed with HPLC.

Method IV using Sep-Pak cartridge

The procedure described by Kang and Kondo
(2003) was applied with Sep-Pak cartridge
extraction. Homogenized cheese sample (5.0 g)

was mixed with 30 mL acetonitrile and 30 mL
hexane in a blender (New Hartford, CT, USA).
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The mixture was taken into the separatory funnel
for about 10 min. The acetonitrile layer was
filtered (No.4 Whatman) and evaporated with the
rotary evaporator (IKA, Brandenburg, Germany).
Then, the residue was dissolved with 6.0 mI, UP-
H>O and passed through the cartridges, which
were conditioned before with 10 ml. methanol
and 10 mL. UP-H»O, respectively. The cartridges
were cleaned with 20 ml UP-HO: methanol
(19:1, v:v) and the analyte was eluted with 5 mL
methanol into the vials. Finally, the methanol was
blown dry using a stream of nitrogen gas and the
residue was reconstituted with 5 ml mobile phase,
then analyzed by HPLC.

Method validation

Validation of the HPLC method included
linearity, sensitivity and precision. BPA stock
standard solution was prepared in methanol at a
concentration of 100 ng/g. Then, the working
solutions were diluted freshly from the stock
solution with ultra-pure water. The calibration
curve was generated by using 0.5, 1.0, 2.5, 5.0 and
10.0 pg/kg. Each concentration was injected to
HPLC three times and the obtained peak areas
were used for the calibration curve.

While limit of detection (LOD) was determined
by the concentration of standard
equivalent to signal-to-noise ratio of three, the
limit of quantitation (LOQ) was calculated from
the lowest concentration of the standard that

lowest

provided signals equal to 10 times the noise signal
of analysis.

The precision was the scaling of results to
compare the results with each other. In order to
calculate precision, repeatability and within-lab
reproducibility was carried out. Repeatability was
determined by analyzing the six replicates of
spiked blank samples with selected low (3 pg/kg)
and high (30 pg/kg) levels in the same day.
Within-lab reproducibility was done by two
different analysts in three different days with low
and high-level spikes. Recovery was calculated
according to repeatability results.

Analysis of market cheese samples

Twenty cheese samples (TC; n=10; and WPC;
n=10) were randomly purchased from local
markets in Elazig province, Turkey. The samples
were taken into the glass jars and stored at — 20°C
until the extraction process. Samples were treated
using Method IV with Sep-Pak cartridge. The
experiments were performed in triplicate and data
processing was performed using SPSS software

(SPSS, Chicago, USA).

Exposure and hazard assessment

In order to determine the consumer’s BPA
exposure, the estimated daily intake (EDI) value
was calculated using the following formula
adapted from Bemrah vd., (2014):

the mean concentration of BPA (ug/kg)xthe daily mean consumption of cheese per person (23,3 g)

EDI (ng/kg BW) =

BPA levels lower than LOQ (0.75 pg/kg) were
censored and the mean concentration of BPA was
calculated on the basis of values over the LOQ
level, which was obtained in 55% of cheese
analyzed. The estimated annual consumption of
cheese is 8.5 kg per person (Hayaloglu and Ozer,
2011), from which the daily cheese consumption
per person was calculated.

RESULTS AND DISCUSSION

In the present experiment, we compared the
performance of four different methods to obtain
BPA from cheese samples. The validation criteria,
which have to be met before applying any
procedure to quantify a compound from food

body weight (65 kg)

matrices, were first examined and the validation
results of the extraction methods are provided in
Table 1. As can be seen, the average recoveries
ranged from 97.6% to 102.3% and from 88.7% to
99.7% at 3 pg/kg and 30 pg/kg, respectively. The
highest rate was obtained in method 1 using
affinisep cartridge and the lowest rate was
obtained in method IV using sep pak cartridge.
These results are much higher than the
requirements established by the European
Commission (EC, 2002), indicating the high
extraction capacity of all methods with high
sensitivity. Other studies also noted high recovery
rates for skimmed milk (97.6%) using the method
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IV with Sep-Pak cartridge (Kang and Kondo,
2003) and for canned peeled tomatoes at the

recovery rate of 94.55% using method 11+Strata
cartridge (Grumetto vd., 2008).

Table 1. Validation results of different SPE methods

Precision
Measurement
LOD- . . o uncertainty , .
Recovery © RSD%?2 y .
Metods  LOQ Calibration ccovery % Shv (expanded hjxtmcn.on Coste
(ng/kg) curve Intra- Inter- measurement ¢ (min)
8 3 30 Mean Low  High X
day day ug/kg  ug/kg  recovery level level uncertainty)®
RSD%  RSD% ’
Metod 0.39 - Linearity range
I 1.30 (ng/ke) = 0.5 - 8.8 4.2 102 99.7 100.8 7.8 10.7 0.70 30 21
. g/kg .
) 10
?IICtOd 833 T OR2=10.998 4.7 71 102.3 92.7 97.5 4.5 5.9 0.55 60 10
Metod 0‘16 BPA retention
etoc .. tme= 62min  10.6 7.2 9.6 887 93.1 69 117 1.24 60 4
I 0.53
Metod 023 - -
7.6 7.1 100.2 94.2 94.2 6.5 73 1.01 40 7

v 0.75

a RSD = standard deviation / mean *100%

b Expanded Measurement Uncertainty= Combined Standard Uncertainty x 2

¢ Cost per unite cartridge ($USA) in 2018.

The precision of the methods, expressed by
relative standard deviation as a percentage
(RSD%), was estimated by results of spiked
samples in intra and inter days. The precision
responses were calculated between 4.7-10.6% and
4.2-7.2% for the inter-day and intra-day precision
tests, respectively. The linear response of BPA in
the concentration range of 0.5 to 10.0 pg/kg
without matrix was obtained and the correlation
coefficient was found to be 0.998. Figure 1 shows
the typical HPLC chromatograms of the BPA
from cheese samples before and after being

spiked (3 and 30 pg/kg).

LOD:s in the range of 0.16-0.39 ng/kgand LOQs
between 0.53 and 1.30 pg/kgwere obtained in this
study (Table 1). The lowest LOD and LOQ were
recorded for the method III (0.16 ng/kgand 0.53
ug/kg, respectively), and the trend was as follows:
method III<method IV<method II<method I
The values were found to be comparable to those
reported by Alnaimat vd., (2019) for 0,72 and 0,24
pg/L, LOD and LOQ, respectively, using LC-
ESI-MS method. Yang vd., (2014) also noted 0,12
ng/g LOQ for canned fish using Affinisep
cartridge. Yet, the limits of quantification and
detection are slightly lower than the values
reported by Sun vd., (2006) and much better than
those obtained by Li vd., (2014) (LOD; 3 pg/L)
for BPA determination in drinks using DSMIP.
Sadeghi vd., (2016) combined SPE with
dispersive liquid-liquid microextraction (SPE-

DLLME-SFO) sample preparation techniques
and applied it to the determination of BPA in
different food matrices followed by subsequent
analysis by HPLC. Authors achieved very low
LOD value (0,002 ng/g) with satisfactory
recoveries. Loh wvd., (2017) also wused this
technique with slight modification to extract BPA
from water and beverage samples and obtained
LOD value of 0.02-0.03 pg/L, which is even 10
times lower than that obtained in our experiment.
However, SPE-DLLME-SFO method reported
by Sadeghi vd., (2016) requires the use of 1-
undecanol as extractor solvent, which was found
to be making assignment of BPA harder because
of the interfering peak on the blank sample
chromatogram in preliminary experiment (data
not given). A similar observation has also been
noted by Nascimento and Rocha (2018), who
reported 1-undecanol as unsuitable extractor
solvent which presented blank values as high as
the analytical response of BPA (100 pg/L) when
ethanol was used as eluent solvent on the
extraction and analysis of PBA using LLME-
HPLC with fluorimetric detection. The other
disadvantage of using 1-undecanol is its relatively
expensive cost, which also limits its use as
extraction solvent. So that, some modifications
described by Rezaee vd., (2009) were introduced
into the method described by Sadeghi vd., (2016)
in order to adapt it to the determination of BPA
in HPLC system.
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Figure 1. The chromatograms of cheese samples spiked with (a) 30 pg/kg and (b) 3 png/kg of BPA per
kg and (c) non-spiked. Peak identification: (1) PBA.

Table 2. BPA occurrence in cheeses

Residue content n (%)
LOD -LOQ LOQ — 4 (ug/kg)
4 (20%) 8 (40%)

Contaminant
<LOD

5 (25%)

4 (ug/kg) <
3 (15%)

BPA

As previously indicated, effective extraction of
BPA from food matrices varies depending on a
variety of factors including the right
concentration of the disperser solvent (Rezaee
vd., 2000). As the sample size increases, the
amount of solvent required for extraction can be
enormous and this can increase the treatment

costs, occupational risks as  well as
environmentally dangerous waste. To overcome
these drawbacks, various microextraction

modified techniques such as SPME (solventless
format) and DLLME (dispersive concept) are

developed. However, these techniques have some
disadvantages such as expensive SPME fibers,
fragile adsorbent layers, low enrichment factor,
etc. (Cunha vd., 2012; Vera-Avila vd., 2013). In
the current experiment, the methods used three
different disperser solvents; namely, acetonitrile,
ethanol, and acetonitrile+hexane, all of which
resulted in efficient recovery from cheese, fatty
food matrice. Method III required a small sample
size (as little as one gr) with minimal use of
organic solvent (5 mL ethanol). However, method
II involved adding a large amount of solvent (150
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mL of acetonitrile) to a considerably higher
amount of sample (20 gr), which can bring
environmental burden.

SPE-based pretreatment methods, as being
multistep process, require long treatment time
and some sophisticated equipment including
cartridges, which has been shown to increase
process cost as well as impacting the extraction
efficiency (Azzouz vd., 2018). Regarding the
extraction time, method I is the fastest of the four
methods, requiring about 30 min (Table 1).
However, its cartridge is the most expensive in
cost, even though this method can be efficient
and practical one for larger number of laboratory
analyses. In fact, method III was found to require
the cheapest cartridge. However, the disadvantage
of using method II and III is the significant
working up time requirement (almost one h). On
the other hand, method IV was found to be rapid
enough to be used for the large-scale monitoring
with considerably less equipment cost. In view of
the satisfactory results, this method appeared to
be practical for the analysis of BPA in real cheese
samples sold in the market.

BPA was detected in 55% of the analyzed cheese
samples using the selected extraction method
(method IV), the levels ranging from LOQ (0.75
ug/kg) to 846 pug/kg, with the mean
concentration of 3.01 ug/kg. The result of this
study is comparable to the levels reported
previously in other countries. For example, Cao
vd., (2011) reported BPA concentration of 0.68-
2.24 pg/kg in cheese samples. In addition, a
French study by Bemrah vd., (2014) reported
similar BPA concentration in the range of 0.105-
6.103 ng/kg (mean value of 1.017 pg/kg) in
cheese. The presence of BPA in dairy products is
not surprising since previous studies indicated the
presence of BPA in raw milk samples at 1.3— 2.4
ng/gin Iran (Sadeghi vd., 2016) and 0.035—2.776
ug/Lin Italy (Santonicola vd., 2019) and even at
levels up to 521.0 pg/L in commercial milk
samples (Grumetto vd., 2013). For comparison
purposes, higher concentration of BPA has been
found in other foods of animal origin including in
egg (133 ng/g) (Liao and Kannan, 2013) and not
canned meat (13 pg/kg) (Bemrah vd., 2014), yet

somewhat lower in quantified in meat (0.48
ug/kg), poultry liver pate (0.48 pug/kg) and butter
(0.56 pg/ke) (Wlodatrczyk, 2015). Noticeable
differences in the concentration of BPA were
observed among cheese types and samples in the
current study. It is a well-known fact that the
presence and level of BPA in food matrices are
influenced by a variety of factors such as heat
treatment and pH levels, and are also highly
associated with the migration from their packing
during the ripening process or/and storage
period.

Dairy products, especially cheese, take an
important place in the human diet due to the
precious nutrient contents. However, the
presence of BPA in these products may lead to
significant negative impact on human health. In
order to estimate risks from the dietary intake of
BPA through cheese consumption, Santonicola
vd,, (2019) determined BPA level in raw milk
samples and subsequently estimated likely
quantitative occurrence in cheese. These authors
have shown high dietary intake of BPA (the range
of 0.0025-0.2235 ug/kg of BW per day) for all age
groups in Italian population. According to
Santanicola vd., (2019), BPA in raw milk with
daily intakes of 0.001-0.022 ug/kg of BW per day
poses risk to humans. In contrast to this study,
much lower daily exposure (0.001 pg/kg of BW
per day) is predicted for adult population in
Turkey. Based on the average daily intake, which
is much lower than the maximum allowed
guideline value of 4 ng/g BW/day established by
EFSA (2015), cheese consumption itself is of
much lesser significance for the general
population in Turkey. This discrepancy could be
partially explained by the cheese consumption
habits between Tutkey (23.3 g/day per person)
and Italy (61,8 g/day for adult population)
(Santanicola vd., 2019). It is still worth
highlighting that dairy commodities, especially
cheese preserved in plastic containers, could be an
important contributor to the total dietary intake
of BPA. For example, a risk estimation by Bemrah
vd., (2014), based on their BPA contamination
levels in a variety of foods in France, reported the
mean daily intake of 0.038-0.040 pg/kg of BW for
adults (>18 years old). EFSA (2015) has estimated
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higher amount of BPA exposure through
contaminated food consumption for different age
groups of the human population ranging from

0.388 to 0.857 pg/kg of BW per day.

CONCLUSION

Based on the results, all methods used in this work
were found to be reliable from the viewpoint of
validation  performance (good  recoveries,
precision and etc.) for the extraction of BPA from
cheese samples. Therefore, these four methods
tested can be recommended for the routine
analysis of BPA in dairy products, even though
they suffer from some limitations. These methods
are limited to specific cartridge, which basically
increases the cost. To sum up, method IV was
preferable, because it not only provided cost-
effective and convenient procedure, but also
comparably short processing time. Using the
selected method, eleven cheese samples (55%)
had BPA, but the resultant daily exposure level
through cheese consumption was found to be
much less than the maximum permissible intake.
Overall, the current study documented the
presence of PBA in cheese samples and
consequently emphasized the need for further
health implications with different exposure
scenarios in Turkey.
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