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this work, a range of different starch-based biopolymer samples, in the shape of pellets and retail sam-
ples (cups and dishes) were studied. The optimized extraction process was performed on three different
pellet shapes: pellets with no modification (spherical), pellets shattered under high pressure (lentils),
and pellets cryogenically ground (powder). The analysis of unknown volatile and semi-volatile com-

ls(g'rvggfgjse d biopolymers pounds was carried out by gas chromatography-mass spectrometry, using both electron ionization with
APGC-Q/ToF a single quadrupole mass analyzer (GC-EI-MS), and atmospheric pressure gas chromatography with a
Migration quadrupole/time of flight mass analyzer (APGC-Q/ToF). The identification process was implemented
NIAS using the latest advances in the understanding of APGC ionization pathways. Chemical migration was also
Food contact material assessed on prototype samples using the food simulants: ethanol 10% v/v, acetic acid 3% w/V, ethanol

95% v|v, isooctane, and vegetable oil. Each migration test was performed three consecutive times, as
recommended for materials intended for repeated use.
© 2019 Published by Elsevier B.V.

1. Introduction [5]. Environmental pollution and disposal problems of traditional
packaging materials, can be overcome by TPS films, which are made
A number of surveys concerning starch as a principal raw mate- mainly from starch finished with different thermoplastic polyesters
rial for the production of biodegradable plastics are in progress. Due [6].
to its renewability, cheapness, and physical properties, starch has Nevertheless, the components in polymer packaging materials
been embraced by the food industry to be employed as a food con- are not completely inert. Several studies have warned about poten-
tact material [1-3]. Today, thermoplastic-like starch (TPS), together tial toxic effects of some packaging components such as bisphenol A
with polylactic acid (PLA), are the main research routes for the or phthalates (endocrine-disrupting chemicals) in plastic toys and
manufacturing of biodegradable materials [4]. Starch itself is not in cosmetics in contact with plastic packaging [7,8]. A correlation
thermoplastic, but in the presence of plasticizers and reagents with between the use of some multilayer plastic bags for artificial insem-
hydrophilic character, high temperatures (90-180°C) and shear- ination has also been correlated to reproductive failures [9]. In the

ing, it melts and fluidizes, enabling its use in injection, extrusion case of packaging intended for food contact, plasticcomponents can
and blowing equipment, such as those used for synthetic plastics migrate into the food. This mass transfer is considered as a potential
source of pollution because the migrants could alter the food com-
position, deteriorate the organoleptic properties, and even incur a
human health risk [10-17].

The rapid growth of polymer technology in the field of food
contact materials (FCMs) needs to be sustained by continuous

Abbreviations: TPS, thermoplastic-like starch; PLA, polylactic acid; LDPE, low
density polyethylene; FCMs, food contact materials; NIAS, non-intentionally added
substances; GC, gas chromatography; EI, electron ionization; MS, mass spectrome-

try; APGC, atmospheric pressure gas chromatography; HRMS, high resolution mass improvement in material testing, in order to ensure the safety
spectrometry; APCI, atmospheric pressure chemical ionization; Q, quadrupole; ToF, of foodstuff [18]. High resolution mass spectrometry is one of
time of flight. the most powerful tools when dealing with the analysis of Non-
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European Union (EU) Regulation No 10/2011 [19] as “impurities
in the substances used, or reaction intermediates formed during
the production process or decomposition or reaction products”. It
is not surprising that these substances have been recognised as
a major challenge in material suitability testing, since the main
concern about NIAS is the lack of toxicological data to be used
for determining a specific migration limit [18,20]. The main rea-
sons that make the identification process remarkably complex and
time-consuming are the increasing complexity of materials and the
absence of commercial standards for structure confirmation. Fur-
thermore, there is a consistent lack of information about the real
composition of the different ingredients and materials employed
for polymer manufacturing, as the material composition is usually
strictly confidential.

Before performing a migration study, a screening analysis of
the packaging material is often required to identify the chemicals
that are more likely to migrate into the food. Particular emphasis
should be given to NIAS having a molecular weight below 1000 Da,
since it is generally recognized [21] that heavier compounds have
lower diffusion coefficients. Migration tests are run under specific
conditions of time and temperature, selecting the food simulants
according to the intended use of the material [22-24].

With respect to semi-volatile and volatiles analyses, a GC cou-
pled to a quadrupole mass spectrometer equipped with electron
ionization (EI) using 70eV is typically employed (GC-EI-MS), since
this ion source is fairly capable of ionizing virtually any organic
compound in a robust and reproducible way, and it allows the
analyst to make use of scientific libraries for comparing acquired
spectra with references [25]. However, the identification process
becomes almost impossible when the compound of interest is not
listed in the library, or when the sensitivity of the single quadrupole
MS is not sufficient for reliable mass confirmation. At this stage,
atmospheric pressure gas chromatography (APGC) coupled to high
resolution mass spectrometry (HRMS) can become an interesting
alternative to traditional GC-EI-MS [25-29]. APGC is a “soft” ioniza-
tion technique, similar in nature to atmospheric pressure chemical
ionization (APCI). With respect to Chemical Ionisation (CI), APGC
offers the advantage of simplicity and flexibility, as the ionisation
would take place even in the absence of a chemical modifier, such
as methane and ammonia, commonly employed in CI. Furthermore,
APGC is compatible with higher carrier gas flow rates, and there
is no need of breaking the vacuum when general maintenance of
the ion source is required. In literature, two main ionization pro-
cesses have been described for APGC in some detail [30-34]. In
brief, ionization is affected by the source environmental condi-
tions. When operating under “dry” conditions, the high make-up
and auxiliary gas flow rates provide substantial amounts of nitro-
gen, which determines the formation of a nitrogen plasma. Radical
cation species react with the analytes via charge transfer, and give
rise to the M** molecular ion. Alternatively, ionization can take
place indirectly through proton transfer reactions, forming [M+H]*
ions. Protonation is enhanced when an excess of water or other
modifiers are present in the system. In essence, the analyte proton
affinity, or gas phase basicity, determines if the modifier will facil-
itate or suppress the protonation reactions. By opportunely setting
the gases flow in the source, it is also possible to run the instru-
ment in a mixed mode configuration, where both charge transfer
and protonation are observed. However, this will result in a com-
promise in sensitivity for both forms of ionization. The chemical
structure of the target molecules can provide useful insight on the
most suitable configuration for the analysis.

The work herein aims to determine the main volatile NIAS com-
ing from a novel starch-based biopolymer and to explore new
applications of APGC in support of GC-EI-MS, by means of using the
latest discoveries in the APGC ionization. The potential new ioniza-
tion processes, such as the multi-adduct formation, will be used in

order to increase the confidence in the structure elucidation of the
unknown compounds. In addition, specific migration assays were
carried out, in order to check the compliance of some prototype
samples to European legislation.

2. Materials and methods
2.1. Chemicals and reagents

Ethylhexyl adipate 99% (CAS: 103-23-1), diethyl phthalate >99%
(CAS: 84-66-2), bis (2ethylhexyl) sebacate 97% (CAS: 122-62-
3), 1,4-trioxa- cyclotridecane-8,13-dione (CAS: 1675-54-3) 98%,
11-eicosenamide 98% (CAS: 10586-57-9), isopropyl palmitate
90% (CAS: 142-91-6), palmitamide 99% (CAS: 629-54-9), octade-
canamide 85% (CAS: 124-26-5), hexachlorobenzene 99% (CAS:
118-74-1), adiponitrile 99% (CAS: 111-69-3), furfural 99% (CAS:
98-01-1), methyl palmitate >99% (CAS: 112-39-0), dipropyl phtha-
late 98% (CAS: 131-16-8), and furaneol >99% (CAS: 3658-77-3)
were purchased from Sigma-Aldrich (Madrid, Spain). Docosanoic
acid ethyl ester 99% (CAS: 5908-87-2) was supplied by LGC Stan-
dards (Barcelona, Spain). Ethanol absolute (HPLC grade), methanol
(LC-MS grade), acetic acid, dichloromethane, toluene, dimethyl
sulfoxide, and isooctane (HPLC grade) were supplied by Scharlau
(Setmenat, Spain). Hexane was from Fischer Chemicals (UK). Ultra-
pure water was generated by a Millipore Milli-Q system (Billerica,
MA, USA). Commercial sunflower oil was used for the migration
assays. The nitrogen evaporator was a TECHNE sample concentra-
tor (Cole-Parmer Ltd., UK). The ultrasonic generator was a Branson
3510 (frequency applied 40 Hz).

2.2. Sample characteristics

Biopolymers based on starch and polylactic acid (PLA) were sup-
plied by a polymer manufacturing company for this study. The
company is protected by a non-disclosure agreement and addi-
tional information about the sample can not be provided. The
samples were provided in three different forms: raw starch (pow-
der), pellets of two different compositions, and prototypes of retail
samples (cups and dishes).

2.3. Analysis by GC-EI-MS

Analyses were carried out on a GC system (Agilent 7890 N, Santa
Clara, CA, USA) equipped with an electron ionization (EI) ion source
operating at 70 eV, and coupled with a quadrupole mass spectrom-
etry detector (5977D, Agilent) operating in SCAN mode (scan range
50-450 m/z). The autosampler was a Combi PAL (CTC Analytics,
Zwingen, Switzerland). The chromatographic separation was per-
formed on a HP-5MS column of 30 mx 0.25 mm i.d. x 0.25 pm film
thickness, injecting 1 L at 250 °C in splitless mode. The oven tem-
perature program was: 50°C held for 5min, ramp 10°C/min to
300°C and held for 5min, with 4 min solvent delay. Helium was
used as carrier gas at a constant flow of 1 mL min~!. The transfer
line heater was set at 280°C.

2.4. Analysis by APGC-Q/ToF

In parallel, analyses were performed using a 7890 A GC system
(Agilent, Santa Clara, CA, USA) equipped with an Agilent 7683B
autosampler, and coupled to a hybrid quadrupole/time-of-flight
mass spectrometer (Xevo G2-XS QToF, Waters Corporation, Manch-
ester, UK), operating in sensitivity mode in order to enhance ion
signal, thus sensitivity of the system. The chromatographic separa-
tion was performed on a DB-5MS capillary column, 30 m x 0.25 mm
i.d. x 0.25 pm film thickness. The oven temperature program was:
50°C for 2 min, 10°C/min ramp to 300 °C and held for 10 min. 1 pL
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was injected in pulsed splitless mode at 250 °C (pulse time 1.2 min,
pulsed pressure 32 psi). Helium was used as carrier gas at a constant
flow of 1 mL min—1.

The ion source was operating in APCI + mode, with a Corona cur-
rent of 2.2 wA. The sampling and extraction cone voltages were 30
and 3V, respectively. The cone and auxiliary gas flows were 140 and
225 L/h, respectively. The make-up gas was N, at 300 mL min~! and
300°C, while the source temperature was 150 °C. When operating
under “wet” conditions, 50:50 v/v H,0:MeOH was introduced in the
ion source as chemical modifier and the cone gas flow decreased
to 50L/h. 100 pg/L solution of hexachlorobenzene (HCB) in hex-
ane was used for installation checks, and for monitoring the source
environmental conditions. The acquisition was performed in MSE
mode, maintaining 6 eV collision energy in function 1, while a col-
lision energy ramp 20-30 eV was used in function 2. The scan time
was 0.5s, and the acquisition range was 50-650 m/z. Sodium for-
mate was used for routine mass calibration, whilst real-time mass
correction was performed using a persistent column bleed peak
(lock-mass 207.0324 m/z, CsH1503Si3).

2.5. Data processing

Data generated by GC-EI-MS were acquired and processed with
MSD ChemStation software (v. F.01.03, Agilent). Library search was
performed on NIST Standard Reference Database (2018), where
only Match Values greater than 700 were considered. APGC-Q/ToF
data were acquired and processed using UNIFI Scientific Informa-
tion System (Waters Corporation). The general screening approach
for the analysis of NIAS is described elsewhere [20], and was oppor-
tunely implemented here. Where possible, unidentified peaks in EI
were submitted for an accurate mass analysis of the related molec-
ular ions and their adducts on APGC, keeping the maximum mass
error threshold at 2 mDa. Binary Compare feature of UNIFI was
used to locate the components coming from the actual sample, by
a direct comparison to the extracted blank sample data. In this way
it was possible to trace also the compounds not visible in the total
ion chromatogram (TIC). The Elucidation toolset of UNIFI was used
to obtain in silico fragmentation of the most significant candidates
after a screening check of the ChemSpider database. When feasi-
ble, the candidates where confirmed by standard injection under
the same analytical conditions.

A confidence level was attributed to each candidate. Compounds
presenting a NIST Match Value above 700, and supported by the
accurate mass of the molecular ion and it’s adducts (when possible)
were labelled as Tentative. In addition to the previous conditions,
compounds showing fragmentation pathways described by in-silico
fragmentation, or by the analyst’s expertise, were labelled as Con-
fident. Compounds whose retention time and mass spectra match
those of an authentic standard, were labelled as Confirmed. Finally,
compounds that did not fulfil any of the previous conditions were
labelled as Unknown.

2.6. Sample extraction protocol

First, pellet samples were crushed to obtain flat lentils, 0.5 g of
lentils were extracted three times with 2.5 mL of methanol in an
ultrasonic bath at40 °Cfor 1 h. The total extraction solution (7.5 mL)
was concentrated to 1 mLunder a gentle nitrogen flow at room tem-
perature before injection. For consistency, each sample and solvent
blank were extracted and analysed in triplicate.

2.7. Migration assays
The migration assays were carried out on prototype samples

(cups) in accordance with the European legislation on food con-
tact materials (Regulation No 10/2011/EU) [19]. Two migration

30 min extraction time

o 60000 - M 60 min extraction time
=]
=]
1]
S
= 50000 -
x
40000
© I I
5 I
= 30000
I
°
20000
10000 -
0
Lentil Powder Spherical

Fig. 1. Total peaks area of the compounds detected by GC-EI-MS of the extracted
samples obtained from three forms of pellet (spherical, lentils and powder) at two
extraction times, 30 and 60 min. Error bars representing standard deviation.

assays were performed: overall migration and specific migration.
In overall migration the objective is to ensure that food contact
materials will not bring about an unacceptable change in the com-
position of the food. For this purpose, overall migration values must
be, according to EU legislation, below 60 mgkg~!. Overall migra-
tion is the measurement of the total mass transferred from the
FCM during the exposure to a food simulant. It was assessed with
ethanol 10% (v/v), acetic acid 3% (w/V), ethanol 95% (v/v), isooc-
tane, and sunflower oil, at 70°C for 2 h. In specific migration, the
amount of every single component that migrates from the food
contact material is evaluated, and these values should be below
the specific migration values (SMLs) established in the EU legisla-
tion. Specific migration was assessed with ethanol 10% (v/v), acetic
acid 3% (w/V) and ethanol 95% (v/v). Contact time and tempera-
ture were 6 h and 70 °C, respectively. In both cases migration test
wereperformed by single-side contact, filling the cups with the cor-
responding simulants. Since the FCMs under study are intended for
repeated use, the migration tests were performed three consecu-
tive times [19]. The experiments were carried out in a thermostatic
oven. The tests were performed in triplicate for each sample and
blank. After migration, the detected analytes were semi-quantified
against an external calibration, by using a range of standard com-
pounds diluted in methanol. GC-EI-MS was used for quantitation
purposes.

An experimental diagram of the analytical protocol has been
designed (Supplementary 1).

3. Results and discussion
3.1. Optimization of solvent extraction

Different solvents were tested, but some of them such as
dichloromethane, hexane, toluene or dimethyl sulfoxide seemed
to dissolve the polymer. For this reason, methanol was selected
as the final extraction solvent. The extraction was tested on the
original pellet samples (spherical) and after submitting them to a
mechanical transformation such as crushing (lentils) or grinding
(powder). The aim was to check if an increase of the contact area
improved the extraction efficiency. According to the results, a more
efficient extraction of the compounds was achieved with lentils as
well as with powder (Fig. 1). Since extraction efficiency was similar
in both cases, lentils were selected since the extraction process was
easier to handle. Two extraction times were evaluated: 30 min and
60 min. The maximum total area of the peaks was obtained with
60 min of extraction (Fig. 1).
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3.2. Advances in APGC ionization pathways

Even though charge transfer and protonation are considered
the prevalent ionization pathways in APGC, in this work potential
new ionization processes that appeared to be dependent on the
source environment were investigated. Generally, GC-APCI is well
known to generate molecular weight diagnostic M** and [M+H]*
ions [35,36]. However, a few studies demonstrated that in ambi-
ent corona discharge, the addition of N and O to hydrocarbons
via ion/molecule reactions is possible [37]. In this work, we car-
ried out an ionization experiment by injecting individual 100 pg/.L
methanolic solutions of adiponitrile, furfural, methyl palmitate,
and dipropyl phthalate into the APGC-Q/ToF system, under the
instrumental conditions detailed in chapter 2.4. In addition to M*",
[M+H]* and [M-H]*, it appeared that adiponitrile, furfural and
methyl palmitate present the common adduct [M+CHs3]|*, whilst
the dipropyl phthalate spectrum showed the ions [M+N]*, [M+0]*,
[M+NO]* and [M+H+NO]* (Supplementary 2). Nitrogen atom inser-
tion into a C—C molecule backbone was reported by Li et al. [38] as
taking place in field-assisted ionization. Somewhat related plasma-
induced ambient reactions can occur in the APGC source, where the
voltage applied to the corona pin can give rise to N3*, N,*; and
N4*; which might then react with the analyte molecules, form-
ing the kinetically favored nitrenium ions [M+N]* and iminium
cations [M+N—H]* (thermodynamic product) by neutral hydride
loss. As a matter of fact, a certain level of moisture is always
present in the ambient ionization chamber. When ionization takes
place in a nitrogen atmosphere with traces of oxygen at low
corona current, nitrogen addition is strongly favored over oxygen
addition. At higher currents, the opposite is true [37]. Oxygen is
known to produce ozone in corona discharges [39] and is likely
responsible for the oxidation processes, including dipolar inser-
tion and protonation to [M+30+H]*, and sequential loss of one
or two molecules of water, obtaining [M+20—H]|* and [M+0-3H]".
The [M—H+O]* species can be associated with O—0 bond cleavage
and rearrangement to generate ketones or C—C bond heteroly-
sis resulting in smaller chain aldehydes [37]. In the proximity
of the corona discharge needle, the NO* species can form [40]
and react with the analyte molecules to give [M+NO]* ions. As
well as water and dioxygen, the ambient ionization chamber can
also contain hydrocarbons in a lesser extent, which might lead
to the formation of [M+CH3]* ions. These processes are deter-
mined by the atmospheric composition of the ion source, gases
flow rate, corona pin position with respect to the sampling cone
orifice, and by the chemical structure and reactivity of the target
molecule.

3.3. Identification of NIAS present in a starch-based biopolymer

The recent advances in the understanding of APGC ionization
were used for identification purposes. After the optimized extrac-
tion of the polymer, a total of 21 compounds were detected.
Glycerol, tetradecanoic acid, ethyl ester, 2-palmitoglycerol, and
9,12-octadecadienoic acid, methyl ester were only detected with
EI; whilst tris(2,4-ditert-butylphenyl)phosphite and the unknown
peaks at 26.2, and 28.8 min where detected by APGC exclu-
sively. This occurrence is further evidence that the two ionization
techniques are complementary for non-targeted analysis [32,41].
Table 1 shows the accurate mass of the most abundant adducts in
APGC, retention times, and molecular formulae.

Some of the identified compounds might come from the degra-
dation of the material, which is caused by oxidation reactions taking
place at the surface of the polymer in contact with air and mois-
ture. These radical reactions involve the formation of hydroporoxyl
species, which will then undergo (3-cleavage and fragmentation,
rearrangement, and cyclization, leading to secondary products,

Table 1

List of compounds identified by APGC-Q/ToF and GC-EI-MS in the raw starch and pellet samples.

Pellet

Raw starch

Label

APGC major adducts

Candidate Name (#CAS)

Glycerol (56-81-5)
AA-BD (777-95-7)

Molecular Formula

C3HgOs3

m/zM**

RT

Confident

15.5

Confident

[M+H]* [M+N]* [M=H+0]* [M+NOJ*

[M+N]* [M+O]* [M+H+20]*

[M+H]*

Confident

1,2,3,4-Tetrahydro-1-methoxy- 1,6-dimethyl-4-(1-methylethyl) naphthalene (60698-94-4)

2, 3-bis- (2-hydroxyethyl)glucitol (114413-68-2)

Tetradecanoic acid, ethyl ester (124-06-1)2

Isopropyl palmitate (142-91-6)
Stearonitrile (638-65-3)

Tentative

X
X

Tentative

Confirmed

[M+H]*

Confident

[M+H]* [M—H+O0]* [M+NOJ*

[M+H]*

201.1120¢ (=0.1)

16.4

232.1817 (-0.5)

7.2
20.4

1

272.1385 (-0.2)

20.8

299.2955% (0.5)

21.2

265.2760 (—0.4)

22.1

Confirmed

11-Eicosenamide (10586-57-9)

Palmitamide (629-54-9)

CaoH39NO

C

310.3106¢ (~0.4)

22.4
228

229

X
X

Confirmed

[M—H]* [M#H]* [M+CHs]* [M—3H+0]*

6H33NO

Tentative

9,12-Octadecadienoic acid, methyl ester (2462-85-3)?

mono-2-ethyloxoexyl adipate (134998-72-4)

Octadecanamide (124-26-5)

Confident

[M+H]* [M+H,0]* [M+H+H,0]*

Confirmed

[M+H]* [M—=3H+0]* [M—H+NOJ*

Tentative

2-Palmitoylglycerol (23470-00-0)?

UnknownP®

255.2548 (—0.9)

273.1696¢ (~0.1)

24.0

284.2947% (-0.1)

24.6

25.5

>

Confident

M—H+O]* [M—2H+NJ* [M+NOJ*

M-—H+0]* [M+NO]*
M-H+0]* [M+NO]*

Confident

Confident

Confident

M+NOJ* [M+NO+O[* [M—H+0]*
M-2H+O[* [M+H+NOJ*

Unknown

Confident

UnknownP®

(

AA),-(BD), (141850-18-2)

Co0H320s

Myristyl myristate (3234-85-3)
Cetyl myristate (2599-01-1)

TPA-AA-(BD),

CagHs602

Palmitoil ester related

C32Hp402

312.3252 (-0.9

26.2

412.3689 (~1.1
400.2085 (—

28.8

29.1

424.4268 (0.7

29.2

Tris(2,4-ditert-butylphenyl)phosphite (31570-04-4)P

C42Hg303P

646.4510 (0.1)
RT, APGC retention time (EI when the compound is not detected by APGC).

6.0
mjzM*,

3

radical cation molecular ion accurate mass-to-charge (mDa error).

(%), accurate mass of the protonated molecular ion; (?) detected only by GC-EI-MS; (®) detected only by APGC-Q/ToF AA, adipic acid; BD butane-1,4-diol; TPA, terephthalic acid.

https://doi.org/10.1016/j.chroma.2019.04.007

Please cite this article in press as: J. Osorio, et al., Determination of volatile non intentionally added substances coming from a starch-
based biopolymer intended for food contact by different gas chromatography-mass spectrometry approaches, ]. Chromatogr. A (2019),



https://doi.org/10.1016/j.chroma.2019.04.007

G Model
CHROMA-360153; No.of Pages8

J. Osorio et al. /J. Chromatogr. A xxx (2019) XXx-xxx 5

Table 2

Results of specific migration from the prototype samples to ethanol 95% (V/V), expressed as mg of analyte per kg of food simulant (+ standard deviation).

Specific migration (mg kg1) Quantitation

RT Candidate # CAS Cramer Class Standard
First Second Third
114 2-Acetyl-2,3,5,6-tetrahydro-1,4-thiazine (M1) 958999-62-7 111 31.08 £0.97 16.51+1.50 10.20+0.80 e
15.3 AA-BD 777-95-7 I 2.774+0.15 1.30+0.07 1.00+0.1 e
19.1 Docosanoic acid, ethyl ester 5908-87-2 I 1.554+0.05 1.17+0.13 <0.60 d
19.5 1,4-Benzenedicarboxylic acid, diethyl ester 636-09-9 I <1.63 <0.53 <0.53 b
20.8 4-hydroxy-3,5-dimethyl-2-Furanone (M2) 22621-29-0 il 2731+1.63 18.294+2.20 16.03+2.56 f
24.5 Hexadecanoic acid, dodecyl ester 42232-29-1 I <0.57 <0.57 <0.19 a
24.8 Hexadecanoic acid, octadecyl ester 2598-99-4 I 1.934+0.30 <0.57 <0.57 a
25.2 Hexadecanoic acid, hexadecyl ester 540-10-3 I 0.68+0.12 <0.57 <0.19 a
26.9 Tetradecanoic acid, dodecyl ester 2040-64-4 I <2.58 <2.58 <2.58 C
27.6 (AA)2-(BD), 141850-18-2 I <0.81 <0.27 <0.81 e
28.2 Myristyl myristate 3234-85-3 I 8.28+0.29 2.82+0.14 <2.58 C
29.5 Tetradecanoic acid, hexadecyl ester (M3) 2599-01-1 I 18.76 £0.95 7.17+£0.42 6.34+1.36 C
29.9 TPA-AA-(BD); - 11 0.77 +0.02 0.36+0.02 <0.27 e
30.7 Hexadecanoic acid, hexadecyl ester (M4) 540-10-3 I 14.92 +0.61 4.53+0.31 3.33+0.40 a

RT, retention time.
M 1-4: Compounds with the highest migration values.

a: ethylhexyl adipate; b: diethyl phthalate; c: bis(2-ethylhexyl) sebacate; d: docosanoic acid ethyl ester; e: 1,4-trioxa- cyclotridecane-8,13-dione; f: furaneol.

AA: adipic acid; BD: butane-1,4-diol; TPA: terephthalic acid.

such as alcohols and carbonyl compounds with lower molecu-
lar weight (MW) [42]. These compounds further promoted the
formation of lactones and furanones [43,44], such as 4-hydroxy-
3,5-dimethyl-2-furanone, detected after migration to ethanol 95%
(Table 2). Polymer manufacturers are very conscious of the issues
that oxidation generates. Therefore, the intentional addition of
authorised antioxidants to the polymer is a common procedure.
Indeed, in the pellet samples tested, the antioxidant tris(2,4-ditert-
butylphenyl)phosphite, also called Irgafos 168 [38], was detected
at the very end of the chromatogram via APGC.

The addition of lubricants in starch-based biopolymers is a
common practice. A typical lubricant is soybean oil, which is
mainly composed of fatty acids, such as myristic and palmitic acids
[1,20,45,46]. In Table 1, it can be observed that nine of the identi-
fied compounds are myristic and palmitic acid derivatives. Esters
could be formed by the reaction between fatty acids and alcohols
coming from material degradation. Eicosenamide, palmitamide,
and octadecanamide were also detected in the methanol extract,
which might be intentionally added as slip agents [47,48] for reduc-
ing the friction coefficient of the material. In the first half of the
chromatogram, clusters of small and broad peaks were detected.
By the analysis of the EI spectra, the most abundant fragment
ions were indicative of polyalcohols. However, the low response
in both EI and APGC did not allow us to reliably identify such
components. At 15.5min, a high fronting-peak was identified as
glycerol in EIL The high concentration of glycerol can be explained
by its function as the principal plasticizer. Other potential plasti-
cizers detected were 2,3-bis-(2-hydroxyethyl)glucitol and MEOHA
(mono-2-ethyloxoexyl adipate). It is worth noting that MEOHA can
be considered a proper NIAS, as it was found to be an oxidative
metabolite of DEHA (2-ethylexyl adipate), which is widely used as
a plasticizer for food contact plastics [49].

Three oligomers were also identified: [AA-BD], [(AA),-(BD);],
and [TPA-AA-(BD),] (where AA: adipic acid; BD: butane-1,4-diol;
and TPA: terephthalic acid). These compounds were found to
be degradation products of polymeric resins [45]. According to
Canellas et al. [50], [AA-BD] and [(AA),-(BD),] can also lead to
the formation of high MW cyclic oligomers and lactones. [TPA-
AA-(BD);] could come from the degradation of the copolymer
polybutylene adipate terephthalate (PBAT), which is commonly
used in the manufacture of starch-based materials in order to
increase its mechanical and barrier properties [51,52]. In Fig. 2,
the APGC mass spectrum of [TPA-AA-(BD), ] is shown, highlighting
principal fragments and adducts under “dry conditions”.

3.4. Migration study

Overall migration from the cup samples was 5.9+ 2.6 mgkg~1in
ethanol 10%; 23.5+ 2.6 mg kg1 in acetic acid 3%; and 26.5 + 3.1 mg
kg=! in sunflower oil. At the end of the overall migration experi-
ment, physical changes were not observed in any of the samples.
The results showed that overall migration was below the Overall
Migration Limit (OML) of 60 mg kg1, established by Regulation EU
No 10/2011 [19] for the simulants tested and therefore the material
fulfilled the requirements. Overall migration was also performed
in vegetal oil substitutes, ethanol 95%, and isooctane. However,
they seemed to overestimate the overall migration with migration
values above 60mgkg~' (100.0+5.1 mg kg~! and 143.4+ 15.6 mg
kg1 respectively). The main reason is that probably isoctane and
ethanol 95% interact with the biopolymer and partially dissolve it,
providing a higher mass transferred during the test.

With regards to specific migration tests, no compounds were
detected in ethanol 10% and acetic acid 3%. By contrast, 14 dif-
ferent compounds were found in ethanol 95%. Among them, four
were previously detected in the pellet samples. Table 2 shows the
concentrations of the detected analytes in ethanol 95% after each
migration test. They were quantified by external calibration using
the indicated standard compounds. All the standards showed good
linearity with R? greater than 0.987 and limits of detection (LODs)
between 0.19 and 5.55 mg kg~! (Supplementary 3).

The legislation states that compounds migrating from the
material to the food should not pose a risk to human health
[53]. After cross-checking the EU positive list of Regulation No
10/2011/EU [19], the identified compounds appeared not to be
listed molecules. Therefore, the Cramer rules were applied to
each compound for a theoretical evaluation of toxicity [54]. The
toxicity level is established according to the molecular structure
of the compound evaluated. The compounds can be classified
within one of three different categories: class I (low toxicity),
class II (medium toxicity), class Il (high toxicity). Three com-
pounds, 2-Acetyl-2,3,5,6-tetrahydro-1,4-thiazine, TPA-AA-(BD),
and 4-hydroxy-3,5-dimethyl-2-furanone, were found to be Class
[lI-substances. The maximum concentration was found for 2-
Acetyl-2,3,5,6-tetrahydro-1,4-thiazine (31.08 +0.97 mg kg~1). All
other identified compounds were found to be Class I, obtaining
tetradecanoic acid, hexadecyl ester the maximum concentration
value (18.76 +£0.95mg kg~1). According to the Threshold of Tox-
icological Concern (TTC) concept, depending on the Cramer class
group of a compound, a maximum daily intake (TTC value) can be

https://doi.org/10.1016/j.chroma.2019.04.007

Please cite this article in press as: J. Osorio, et al., Determination of volatile non intentionally added substances coming from a starch-
based biopolymer intended for food contact by different gas chromatography-mass spectrometry approaches, ]. Chromatogr. A (2019),



https://doi.org/10.1016/j.chroma.2019.04.007

G Model
CHROMA-360153; No.of Pages8

6 J. Osorio et al. / J. Chromatogr. A xxx (2019) XXx-xxx

Fig.2. (a) APGC-Q/ToF mass spectrum of the oligomer TPA-AA-(BD),, showing molecular ion and principal fragments’ structures; (b) detailed mass spectrum of TPA-AA-(BD),,

highlighting adduct ions.

established in order to assure that there is no health risk for the con-
sumer. TTC values for Class I, I and III are 30, 9.0 and 1.5 mgkg~!
bwy/day [55]. Assuming an average bodyweight of 60 kg and a daily
consumption of 1kg food that has been in contact with the pack-
aging, the maximum migration values to assure consumers health
would be 1.8, 0.54 and 0.09 mg kg~ (for Class I, Il and III, respec-
tively). The results showed migration values above these limits for
many volatiles after the first use of this material.

The four compounds presenting the highest concentration after
migration were 2-acetyl-2,3,5,6-tetrahydro-1,4-thiazine (M1),
4-hydroxy-3,5-dimethyl-2-furanone (M2), tetradecanoic acid, hex-
adecyl ester (M3) and hexadecanoic acid, hexadecyl ester (M4).
The concentration of these compounds was plotted for three con-
secutive experiments simulating repeated use (Fig. 3). The results

showed that the migration of volatile NIAS decreased with the
repeated use of this material, being 31.08 £+0.97, 27.31+1.63,
18.76 +0.95 and 14.92+0.61 mg kg~!. the maximum concentra-
tion found in migration respectively.

4. Conclusions

After a strong solvent extraction of the starch-based material, 21
compounds were detected, 14 of which were identified with a cer-
tain level of confidence, and four confirmed by standard injection.
GC-EI-MS and APGC-Q/ToF systems were demonstrated to be com-
plementary for identifying extractables and leachables. Notably,
APGC coupled to high resolution mass spectrometer provides the
accurate mass of the molecular ion, not always visible in the El spec-
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Fig. 3. Repeated migration values for the four compounds presenting the highest
concentration in ethanol 95%: M1 (2-acetyl-2,3,5,6-tetrahydro-1,4-thiazine), M2 (4-
hydroxy-3,5-dimethyl-2-furanone), M3 (tetradecanoic acid hexadecyl ester), and
M4 (hexadecanoic acid, hexadecyl ester).

trum, as well as its fragments and adducts formed at the GC-MS
interface. APGC-Q/ToF has shown to be an extremely useful tool
in the process of NIAS identification and therefore and its use will
help to determine potential migrants from food contact materials
and improve its risk assessment. In this work, for the first time
the recent advances in APGC ionization pathways were applied to
the structure elucidation of unknown compounds coming from a
novel biopolymer. The results showed that a range of compounds
were intentionally added to the polymer as lubricants, plasticiz-
ers, slip agents, and antioxidants. Among NIAS, three oligomers
were identified. Specific migration in ethanol 95% (v/v) showed
migration values above those recommended according to the TTC
approach, suggesting a re-formulation of the material to be needed
if being employed to contain foods with a lipophilic character. Fur-
ther investigations on the non-volatile leachable fraction and a
toxicological study on the major migrant components should also
be addressed to ensure the safety of consumers.
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