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Solubility determination as an alternative to migration measurements
Zsolt Bodaia, Péter Pál Jakaba, Márton Nováka, Zoltán Nyiria, Bálint Sámuel Szabóa, Tamás Rikkerb

and Zsuzsanna Ekea,b

aJoint Research and Training Laboratory on Separation Techniques (EKOL), Eötvös Loránd University, Budapest, Hungary; bWessling
International Research and Educational Center, Budapest, Hungary

ABSTRACT
Solubility values for six UV stabilisers (Cyasorb UV-1164, Tinuvin P, Tinuvin 234, Tinuvin 326,
Tinuvin 327 and Tinuvin 1577) and five antioxidants (Irgafos 168, Irganox 1010, Irganox 3114,
Irganox 3790 and Irganox 565) were determined in all the liquid food simulants (3% (m/V) acetic
acid–water mixture, 10% (V/V), 20% (V/V), 50% (V/V) ethanol–water mixture and vegetable oil)
proposed in European Union Regulation No. 10/2011/EC, as well as in fruit juice and cola drink.
The applied method was obtained by modification of the method for the determination of water
solubility as described in OECD guideline Test No. 105. By using ultrasonication and shorter
equilibration time, the time demand of the solubility determinations were decreased notably.
Solubility values proved to be lower than the specific migration limits (as specified in 10/2011/EC)
at 25°C for almost all target compounds in food simulants A, B, C and D1 as well as in fruit juice
and cola drink. The exceptions were Tinuvin P and Irganox 3790 in simulant D1. The solubility in
food simulant D2 was higher than 1000 µg ml–1 for all target compounds. These results show that
the solubility of some additives in food simulants can be so low that it makes migration studies
for certain additive–food simulant pairs dispensable.
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Introduction

Many food products are packaged in plastic con-
tainers to protect the quality of the food and to
prevent spoilage, but monomers or additives may
migrate into the food from these packaging materi-
als. In 2011 the European Commission issued a
regulation (European Commission 2011) concerning
plastic materials and articles intended to come into
contact with food. According to this regulation,
migration studies have to be performed on food-
contact materials.

There are six liquid and one solid food simulants
to substitute for food samples during migration stu-
dies: a 10% (v/v) ethanol–water mixture (A), a 3% (m/
v) acetic acid–water mixture (B), a 20% (v/v) ethanol–
water mixture (C), a 50% (v/v) ethanol–water mixture
(D1), a vegetable oil with specified fatty acid compo-
sition (D2), and poly(2,6-diphenyl-p-phenylene oxide)
(E). The regulation also defines migration limits as
overall and specific migration limits (SMLs). SML
means the maximum permitted amount of a given
substance released from a material or article into
food or food simulants. Such a value is assigned for

almost 300 substances. For the other approximately
600 compounds listed in the regulation, a migration
limit 60 mg kg–1 applies.

Antioxidants and UV stabilisers are frequently used
to protect polymers during their formation and after
usage. In this study, six arbitrarily chosen UV stabili-
sers (Cyasorb UV-1164, Tinuvin P, Tinuvin 234,
Tinuvin 326, Tinuvin 327 and Tinuvin 1577) and also
five arbitrarily chosen antioxidants (Irgafos 168,
Irganox 1010, Irganox 3114, Irganox 3790 and
Irganox 565) were examined. SMLs and log P-values
of these compounds are listed in Table 1.

In previous studies, migration of these compounds
at a higher concentration than the LOD occurred
mostly into non-polar food simulants (Garde et al.
2001; Dopico-Garcı́a et al. 2007; Li et al. 2014; Zsolt
Bodai et al. 2015) or at high temperature (Bertoldo &
Ciardelli 2004). On the other hand, migration into
polar food simulants could not be detected (Garde
et al. 1998; Dopico-Garcı́a et al. 2003, 2007; Li et al.
2014). In the course of the determination of these
compounds in polar food simulants liquid–liquid
extraction with organic solvents (e.g., hexane) was
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often used, although separations were performed on a
reversed-phase column with HPLC (Dopico-Garcı́a
et al. 2003; Bertoldo & Ciardelli 2004; Li et al. 2014).
These facts along with the high log P-value of certain
additives indicate low solubility of the above-men-
tioned target compounds in polar food simulants.

The determination of water solubility of organic
compounds can be performed according to OECD
guideline No. 105 (1995). The guideline requires a
specific method (e.g., chromatography) for the mea-
surements. HPLC (Dopico-Garcı́a et al. 2003, 2007;
Marcato et al. 2003; Nerín et al. 2003; Bertoldo &
Ciardelli 2004; Farajzadeh et al. 2007, 2008;
Duderstadt & Fischer 2008; Reingruber et al. 2010;
Gao et al. 2011; Li et al. 2014) and GC (Garde et al.
1998, 2001; Camacho & Karlsson 2001; Nakata et al.
2009; Carpinteiro et al. 2010, 2012; Kameda et al. 2011)
as well as SFC (Ashraf-Khorassani & Levy 1990;
Daimon & Hirata 1991; Zhou et al. 1999; Hilder et al.
2001) methods are available for the determination of
these compounds, but none measures all these com-
pounds together. Our research group developed and
validated a method for the simultaneous determination
of these compounds in milk using LC-MS/MS (Bodai
et al. 2014).

The aim of this study was to examine if the solu-
bility of the above-mentioned compounds can exceed
their SMLs in liquid food simulants. Additionally, two
beverages (a fruit juice and a cola drink) were also
tested for solubility and compared with the corre-
sponding food simulant. Even though an LC-MS/MS
method was already available for the determination of
these compounds in milk (Bodai et al. 2014), perfor-
mance characteristics (e.g., selectivity, recoveries,
matrix effects etc.) of the applied analytical method
had to be tested because of the differences in the

sample matrices. Since the process described in
OECD guideline No. 105 (1995) was time-consuming
and thus unsuited to high-throughput sample pre-
paration, we also aimed at building a streamlined
preparation method that offered comparable solubility
results.

Materials and methods

Chemicals and materials

Irgafos 168 (98%), Irganox 1010 (98%), Irganox 3790
(97%) and Tinuvin 327 (98%) were bought from Sigma
Aldrich Co. (Budapest, Hungary); Cyasorb UV-1164
(97%), Irganox 3114 (97%) and Tinuvin 1577 (99%)
were from Toronto Research Chemicals Inc. (RK Tech,
Budapest, Hungary); Tinuvin P (99.3%), Tinuvin 326
(98%) and Tinuvin 324 (98%) were from Tokyo
Chemical Industry Co. (RK Tech, Budapest,
Hungary); and Irganox 565 (99%) was purchased
from Chemos GmbH (RK Tech, Budapest, Hungary).

Formic acid (Suprapur) was purchased from Merck
Ltd (Budapest, Hungary). Ammonium formate (HPLC-
MS grade) was from Fluka (Sigma Aldrich Co.,
Hungary). Methanol (HPLC grade) and acetone (GC
grade) were purchased from LGC Promochem Ltd
(Szentendre, Hungary). PVDF syringe filters (0.22 µm)
were bought from Membrane Solutions (Chemium Ltd,
Budapest, Hungary). Ethanol was bought from
Thomasker Ltd (Budapest, Hungary). Acetic acid was
from Merck Millipore Ltd (Budapest, Hungary). For
the preparation of HPLC eluents, HPLC-grade water
was prepared with a Direct-Q 5 (Millipore) system.

A 10% (V/V) ethanol–water mixture, 3% (m/V)
acetic acid–water mixture, 20% (V/V) ethanol–water
mixture, 50% (V/V) ethanol–water mixture, i.e. A,
B, C and D1 food simulants respectively, were pre-
pared in doubly distilled water. Sunflower oil, cola
drink and fruit juice (containing 8% apple and 4%
pear fruit concentrate) were purchased in a local
store. Beverages and oil were stored at RT until
the experiments. The compliance of the fatty acid
composition of the sunflower oil with Regulation
No. 10/2011/EC was verified with GC-FID measure-
ments (data not shown). Cola drink was sonicated
in a glass beaker before the experiments to remove
dissolved gases and facilitate its volume
measurement.

Instrumentation

An Agilent 1100 HPLC equipped with a degasser
(G1322A), binary pump (G1312A), autosampler

Table 1. Target compounds.

Number Analyte
CAS

number Usage
SML

(mg kg−1)a log Pb

1 Cyasorb
UV-1164

2725-22-6 Light stabiliser 5 11.43

2 Irgafos 168 31570-04-4 Antioxidant 60 15.71
3 Irganox 1010 6683-19-8 Antioxidant 60 19.29
4 Irganox 3114 27676-62-6 Antioxidant 5 13.17
5 Irganox 3790 40601-76-1 Antioxidant 6 12.75
6 Irganox 565 991-84-4 Antioxidant 30 13.37
7 Tinuvin 1577 14731

5-50-2
Light stabiliser 0.05 8.59

8 Tinuvin 234 70321-86-7 Light stabiliser 2 8.41
9 Tinuvin 326 3896-11-5 Light stabiliser 30c 5.33
10 Tinuvin 327 3864-99-1 Light stabiliser 6.49
11 Tinuvin P 2440-22-4 Light stabiliser 3.19

Notes: aSpecific migration limit of a target compound according to
Regulation No. 10/2011/EC.

bValues predicted by MarvinSketch.
cThe SML given for the sum of these substances.
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(G1313A), column thermostat (G1316A) and variable
wavelength detector (G1314A) was used. Mass spectro-
metric detection was carried out with an Applied
Biosytems API 2000 triple quadrupole. Data acquisi-
tion and evaluation was performed using Analyst soft-
ware (version 1.6.1.).

Vials were thermostated in a water bath using a
Heidolph MR Hei-Standard stirrer with Heidolph
EKT Hei-Con temperature sensor. In addition, Z206A
Hermle centrifuges and a Realsoncin RS-120 S ultra-
sonic bath were used.

Chromatography and mass spectrometry

The chromatographic and mass spectrometric para-
meters used in this study were transferred from our
previous analytical method, which has been success-
fully validated for the determination of all target com-
pounds of this study in milk (Bodai et al. 2014). The
separation was performed on a Kinetex pentafluoro-
phenyl column (100 mm × 2.1 mm × 2.6 µm) with
0.25 ml min–1 flow rate. A total of 1 mmol/ammonium
formate (pH adjusted to 2.8 with formic acid) in water
as eluent A and 0.1% (v/v) formic acid in methanol as
eluent B were used. The elution started with 90% A,
then by a linear gradient the composition of the eluent
was changed to 95% B within 3 min. The 95% B was
held for 13 min, then 10% B was set immediately.
Injection volumes were 1 µl, except for matrix-matched
calibrations where an injector programme was used.

An electrospray ion source was used in positive
mode with 4500 V. Nitrogen was used as the curtain,
nebuliser (GS1) and auxiliary (GS2) gas as well as for
the collision-activated dissociation (CAD) gas. Curtain
gas was set to 10, GS1 to 40 and GS2 to 60. The
temperature of GS2 was set to 550°C. Positive ions
were acquired using multiple reaction monitoring
mode (MRM) with two transitions for each compound.
The compounds were monitored in the form of
[M + H]+, except for Irganox 1010, Irganox 3114 and
Irganox 3790 which were acquired as NH4

+ adduct
([M + NH4]

+) form. For details of the MRM para-
meters, see Bodai et al. (2014).

Statistical analysis

Distributions of the data were examined with the
Shapiro–Wilk method. F-tests were performed to test
the variance of the data. Depending on the results of
the F-tests, two-sample t-tests were used with either
equal or unequal variance to reveal significant
differences.

Sample preparation

Most of the food simulants are simple solutions: dilute
acetic acid and ethanol–water mixtures. In these cases
the demand on the sample preparation to reduce the
matrix effect occurring in the ion source is minimal.
Consequently, the applied sample preparation for these
samples was limited to filtration with PVDF syringe
filters to prevent clogging the HPLC system.

The accurate quantitative determination of the com-
pounds in beverages and in D2 simulant (oils) required
more complex sample preparation. Beverages were fil-
tered on PVDF syringe filters, then at least 500 µl
aliquots were sealed in HPLC vials from which injec-
tions took place. These beverages mainly contain polar
compounds that elute early from a reversed-phase col-
umn. These polar compounds were removed to avoid
the contamination of the ion source using a valve after
the column. The effluent during the first 5 min of the
chromatogram was transferred into the waste, then the
valve was switched and the effluent was directed
towards the ion source.

Based on the literature data and the log P-values, the
target compounds were supposed to dissolve well in D2
simulant, therefore samples were diluted in acetone by
100-, 1000- and 10 000-fold to decrease the matrix
effect. Dilution was also necessary to fit into the mea-
suring range.

Characterisation of the analytical method

Selectivity was tested on every food simulant and bev-
erage by comparing the chromatograms of blank sam-
ples and that of a standard solution containing all
target compounds. For D2 simulant selectivity was
tested with 10-, 100-, 1000- and also 10 000-fold
dilution.

LODs, LOQs and measuring ranges were deter-
mined and the calibration was set up using 0.5, 1, 2.5,
5, 10, 25, 50, 100, 250, 500 and 1000 ng ml–1 solutions
of the target compounds. Every calibration level was
injected three times and quadratic regression was
applied. The concentration where the signal-to-noise
ratio was greater than 3 was assigned as LOD. LOQ
was the lowest level on the calibration curve. The
accuracies at this calibration level were required to be
between 80% and 120%, with an RSD of less than 20%.

The determination of the accuracy of the method
when measuring from beverages could not be per-
formed with the addition of known amounts of the
target compounds into the beverages because of the
poor solubility of the compounds. The pitfalls of the
sample preparation were evaluated as recoveries from
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the PVDF syringe filter and separately as the matrix
effect in the ion source. Recoveries from the syringe
filters were tested with a standard solution diluted with
acetone to 500 ng ml–1. This solution was injected three
times without filtration and three times after filtration
of 1 ml aliquots, then the resulting peaks were
compared.

The matrix effect was determined by comparing the
slopes of the external standard and the matrix-matched
calibration curves (Sulyok et al. 2006) according to:

Matrix effect %ð Þ
¼ Slope of the matrix matched calibration

Slope of the external calibration
100

(1)

The slopes of the calibration curves were determined
using 100, 300, 600 and 1000 ng ml–1 solutions due to
the small linear range. For external calibration, 1 µl
aliquots of these solutions were injected. Matrix-
matched calibration was performed with the help of
an injector programme: after drawing 1 µl aliquots of
the above-mentioned solutions, the needle also drew
1 µl additive-free beverage or diluted D2 simulant and
injected along with the standard. Before immersing the
needle into the beverage or the diluted D2 simulant, it
was washed. For all calibration levels three parallels
were measured for both calibration types. Matrix-
matched calibration was tested with beverages without
dilution, but for D2 simulant high solubility was
expected so 100-, 1000- and 10 000-fold dilutions
were prepared.

Solubility measurements

OECD guideline No. 105 (1995), which describes the
determination of water solubility of chemical com-
pounds, was applied as follows: three times 10 mg
neat standard were weighted into three 40-ml vials
and 10 ml solvent (D1 simulant) were added to each.
Magnetic stirring rods were placed into the vials.
These vials were placed into a water bath and kept
at 30°C. Magnetic stirring was applied continuously.
After 1 day one of the vials was removed and equili-
brated for 24 h at 25°C with occasional shaking. After
this equilibration the sample was centrifuged at
410 rfc for 10 min. The supernatant was filtered
into HPLC vials with a PVDF syringe filter to remove
any remaining solid material. The other two 40-ml
vials were treated the same way on the second and
the third days. If increasing concentrations were
detected or the RSD% was higher than 15%, then

the experiment was repeated keeping the vials at 30°
C for a longer time.

However, 3 days of magnetic stirring is a long
time and numerous stirring rods are needed, there-
fore a modified method using an ultrasonic bath was
tested as an alternative. This method used 3 × 25-
min ultrasonication instead of 3 days of stirring and
2 h of equilibration were applied at 25°C instead of
for 1 day. These changes resulted in the following
procedure: 10 mg additive were measured into a
glass vial and 10 ml of solvent (food simulant or
beverage) were poured on it. The vials were placed
in an ultrasonicated water bath. Every additive and
simulant pairs were prepared three times for their
removal every 25 min. After removing the vials, they
were stored at 25°C in a water bath for 2 h. This
equilibration step was followed by centrifugation at
410 rfc for 10 min. The supernatant was filtered
through a PVDF syringe filter and in the case of
D2 simulant diluted to fit into the calibration
range. We set up the same requirements for this
method as for the standardised one (no increasing
tendency and lower than an RSD of 15%). When
increasing concentrations or higher % RSD values
were detected, the ultrasonication time was increased
by a further 25 min.

The two methods were compared with each other by
testing the solubility of Tinuvin 327 in food simulant
D1. To enable statistical analysis, nine samples were
prepared with both methods. Three samples were
removed every day for 3 days or every 25 min for
75 min. Samples were centrifuged, then filtered, as
described previously. A t-test was applied to investigate
any significant difference between the two methods.

The further solubility experiments were performed
with the modified method with both food simulants
and beverages. T-tests were applied to reveal any sig-
nificant difference in the solubility in beverages and
that in the related food simulants.

Results and discussion

Characteristics of the analytical method

The analytical method proved to be selective for the
determination of all target additives from liquid food
simulants as well as from the two beverages (cola drink
and fruit juice), since no interference was observed at
the retention time of target compounds.

LOD and LOQ values are summarised in Table 2.
Measuring ranges went up to 1000 ng ml–1. The R2-
values of the calibration curves were higher than 0.99
in this measuring range for all target compounds.

FOOD ADDITIVES & CONTAMINANTS: PART A 577



Because of the low solubility, the accuracy of the
analytical method could not be determined by the
evaluation of samples containing known amounts of
the target compounds. Instead, recoveries from the
PVDF syringe filter and matrix effects were determined
separately. Recoveries were higher than 95% for all the
compounds after filtration, meaning that samples can
be filtered with no or minimal loss.

The results of matrix-effect experiments are sum-
marised in Table 3. For the two beverages the matrix
effect proved to be acceptable; the calculated values
ranged between 86% and 120%. A 100-fold dilution
of D2 simulant was not enough to eliminate the matrix
effect; calculated values were between 56% and 258%.
Further dilution helped decrease the matrix effect. At
10 000-fold dilution the slopes of the two calibration
curves were similar; matrix effect values were between
91% and 116%. This dilution was also adequate to
dilute the samples into the measuring range.

Comparison of the two methods for solubility
determination

The method of solubility determination complying
with the OECD standard was compared with a

modified method by determining the solubility of
Tinuvin 327 in food simulant D1 with both meth-
ods. The average solubility with the standardised
method was 1.72 µg ml–1 with 6 RSD%, whereas
that with the modified method was 1.73 µg ml–1

with 4 RSD%. The Shapiro–Wilk test proved that
the data have a normal distribution. According to
the F-test, variances of the data were not signifi-
cantly different at a 95% probability level, so an
equal-variance two-sample t-test was performed.
Solubility values proved to be not significantly dif-
ferent at the 95% probability level. Based on the
similarity of the results, further experiments were
performed using the faster and thus more conveni-
ent modified method.

Solubility in liquid food simulant and beverages

Solubility values of the target compounds in food simu-
lants and the two beverages as measured with the
modified method are listed in Table 4. None of the
compounds was soluble at a detectable concentration
in food simulants A–C and the beverages, except
Tinuvin P. In the case of food simulant D1, the con-
centration of the saturated solution was still below the

Table 2. Limits of detection (LODs) and limits of quantification (LOQs).
Cyasorb-UV

1164
Irgafos
168

Irganox
1010

Irganox
3114

Irganox
3790

Irganox
565

Tinuvin
1577

Tinuvin
326

Tinuvin
327

Tinuvin
P

Tinuvin
234

LOD (ng ml−1) 0.5 2.5 1 0.5 0.5 0.5 1 5 2.5 5 0.5
LOQ (ng ml−1) 1 5 2.5 2.5 2.5 2.5 2.5 10 5 10 2.5

Table 3. Matrix effects occurring in the ion source with diluted oils (food simulant D2), fruit juice and coke.

Dilution
Cyasorb-UV

1164
Irgafos
168

Irganox
1010

Irganox
3114

Irganox
3790

Irganox
565

Tinuvin
1577

Tinuvin
326

Tinuvin
327

Tinuvin
P

Tinuvin
234

Food simulant D2 100 64 252 117 161 258 150 51 166 215 153 183
1000 76 115 117 162 224 116 69 133 159 149 98
10 000 91 108 113 107 97 97 92 112 110 116 100

Fruit juice – 103 114 109 100 120 108 104 86 93 87 105
Coke – 94 99 98 107 109 94 100 90 99 111 104

Table 4. Solubility of the target compounds in food simulants and beverages.

Compound

Solubility (µg ml–1) (RSD%)

In food simulants In beverages

A B C D1 D2 Coke Fruit juice

Tinuvin 1577 < LOD < LOD < LOD < LOD > 1000 < LOD < LOD
Cyasorb UV-1164 < LOD < LOD < LOD < LOD > 1000 < LOD < LOD
Irgafos 168 < LOD < LOD < LOD < LOD > 1000 < LOD < LOD
Irganox 1010 < LOD < LOD < LOD < LOD > 1000 < LOD < LOD
Irganox 3790 < LOD < LOD < LOD 8.8 (11) > 1000 < LOD < LOD
Irganox 565 < LOD < LOD < LOD 0.09 (13) > 1000 < LOD < LOD
Irganox 3114 < LOD < LOD < LOD 0.23 (7) > 1000 < LOD < LOD
Tinuvin 326 < LOD < LOD < LOD 2.21 (6) > 1000 < LOD < LOD
Tinuvin 327 < LOD < LOD < LOD 1.73 (4) > 1000 < LOD < LOD
Tinuvin 234 < LOD < LOD < LOD 1.09 (2) > 1000 < LOD < LOD
Tinuvin P 0.15 (16) 0.18 (14) 1.96 (4) 104.06 (11) > 1000 0.34 (10) 0.14 (14)
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LOD for Tinuvin 1577, Cyasorb UV-1164, Irganox
1010 and Irgafos 168.

The solubility in food simulant D2 was higher than
1000 µg ml–1 for all target compounds. The whole
amount of Tinuvin P, Tinuvin 326, Tinuvin 327 and
Tinuvin 234 could be solved with 25 min of sonication,
as described in the modified method. For the other
target compounds, increased sonication time had to
be applied due to the increasing concentrations
observed during the first measurements. At least
50 min were required to reach complete dissolution
in the cases of Cyasorb UV 1164, Irganox 3790,
Irganox 565 and Tinuvin 1577, whereas 75 min were
necessary for Irganox 1010 and Irganox 3114, and
125 min for Irgafos 168. The complete dissolution
was checked first by visualisation, then with LC-MS
measurements.

Many of these results are reassuring regarding food
packaging. Solubility values are lower than the SML
values for almost all target compounds in food simu-
lants A, B, C, D1, fruit juice and cola drink. The
exceptions are Tinuvin P and Irganox 3790 in D1
simulant. However, due to their non-polar character,
all target compounds proved to be much more soluble
in simulant D2. This simulant could solve all the tar-
geted additives at more than one order of magnitude
higher concentration than the SML values.

These results indicate that migration studies for these
compounds in A–C food simulants at a maximum 25°C
are dispensable for these compounds. For Tinuvin 326,
Tinuvin 327, Tinuvin 234, Cyasorb UV 1164, Irganox
565, Tinuvin 1577, Irganox 1010, Irganox 3114 and
Irgafos 168 it is also true for food simulant D1.

Comparison of food simulants and beverages

In both beverages and in the corresponding food simu-
lants (B and C), only Tinuvin P was soluble enough to
provide measurable solubility thus comparison can be
made only for this compound. Its solubility in food
simulant B and the two beverages is in the same order
of magnitude, whereas in food simulant C it is an order
of magnitude higher. Statistical analysis showed that
the data had a normal distribution. The results of the
F- and t-tests are shown in Table 5. Based on the t-test
solubility, values were significantly different at the 95%
probability level.

The above results suggest (though not prove) that
using food simulant C for migration studies may cause
an overestimation. Considering that Regulation No. 10/
2011/EC allows the use of both foods and simulants in
migration studies, and that the industry, as well as the
control laboratories, tend to use the simulants, this

overestimation provides safety for customers.
However, it is important to note that migration studies
are not equal to solubility measurements.

Conclusions

Solubility values of six UV stabilisers (Cyasorb UV-
1164, Tinuvin P, Tinuvin 234, Tinuvin 326, Tinuvin
327 and Tinuvin 1577) and five antioxidants (Irgafos
168, Irganox 1010, Irganox 3114, Irganox 3790 and
Irganox 565) were determined in every liquid food
simulant (3% (m/v) acetic acid–water mixture, 10%
(v/v), 20% (v/v), 50% (v/v) ethanol–water mixture
and vegetable oil) proposed in Regulation No. 10/
2011/EC, as well as in fruit juice and cola drink. The
applied method was obtained by modification of the
method for the determination of water solubility as
described in OECD guideline Test No. 105.

This modified method uses ultrasonication and
shorter equilibration time, thus its time demand is
notably lower than that of the original. The two meth-
ods were compared by determining the solubility of
Tinuvin 327 in 50% (v/v) ethanol–water mixture
(food simulant D1) with both methods. Since there is
no significant difference between the obtained solubi-
lity values, further determinations were performed with
the new method.

Only one target compound, Tinuvin P, was soluble
enough to be detectable in polar media. Still, its con-
centration in the saturated solutions prepared with
food simulants B and C and the beverages was far
lower than the SML. Solubility values were significantly
different in the food simulants and the beverages. Food
simulant C dissolved Tinuvin P about 10 times more
than the beverages, which can mean that the migrated
concentrations can be higher as well. The other com-
pounds proved to have such a low solubility in the
polar food simulants and the beverages at 25°C that
they could not be detected, even though their LOD
values are one to three orders of magnitude lower
than their SMLs. However, their solubility in non-
polar media – e.g., food simulant D2 – can exceed

Table 5. Statistical results of the comparison of solubility values
in beverages and the corresponding food simulants.

B food simulant C food simulant

Fruit juice Coke Fruit juice Coke

F-test p-value 2.1 · 10–1 2.0 · 10–1 2.4 · 10–4 1.5 · 10–2

t-test type Equal
variance

Equal
variance

Unequal
variance

Unequal
variance

t-test p-value 1.5 · 10–3 8.5 · 10–9 5.7 · 10–8 1.1 · 10–8

Significant difference
at a 95%
probability level

Yes Yes Yes Yes
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the SML. Since the solubility of the different additives
in different food simulants vary extensively, it calls
attention to the importance of knowing these solubility
values exactly. If the solubility of a compound in any
food simulant at a temperature equal to or above the
temperature of the migration study specified in 10/
2011 EC is significantly lower than its SML, then
obviously its concentration in that food simulant will
not exceed the SML, even at the end of the migration
study. With regard to food control, this means that it is
absolutely superfluous to conduct migration studies for
such migrant and food simulant pairs at certain tem-
peratures. In certain cases migration studies have to be
several days long compared with the few hours’ time
demand of the proposed method for solubility deter-
mination. Hence, obtaining solubility information –
and omitting unnecessary migration experiments
based on this information – can notably speed up the
testing of food-contact materials as well as decrease its
cost.
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