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Abstract

Polylactic acid (PLA) is a biopolymer commonly used in food packaging due to its good
characteristics, similar to PET. To evaluate the safety of this material, the analysis of the non-
intentionally added substances (NIAS) is required. Oligomers are NIAS and their behavior needs a
deep study, especially if they migrate to the food. In this work, the analysis of the polymer and the
migration to food simulants were carried out. A total dissolution/precipitation procedure was applied
to PLA pellets and films, using dichloromethane and ethanol as solvent and antisolvent system
respectively. The migration tests were carried out in three liquid simulants to mimic any kind of
food. Since oligomers are not present in the positive list of the Directive 10/2011/EC, their
concentration must be below the 0.01 mg/kg of food. UPLC-QTOF-MS, with and without ion
mobility (IM) was used for the analysis. 39 different PLA oligomers made of repeated monomer
units of [LA] (C3H40,) and with different structures were identified. They corresponded to cyclic
oligomers with [LA], structure and two groups of linear oligomers, one with an hydroxyl group,
OH-[LA]:-H, and the other one with an ethoxy group, CH3-CH,-O-[LA]:-H. . Cyclic oligomers only
appeared in the material and were not present in migration solutions. Linear oligomers HO-[LA],-H

were already present in the pellets/film and they migrated in a higher extension to aqueous food
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simulants (EtOH 10% and AcH 3%). However, linear oligomers CH3-CH,-O-[LA].-H were not
present initially in the pellets/film, but were detected in migration to simulants with ethanol content,
EtOH 95% and EtOH 10%. Furthermore, 5 cyclic polyester oligomers were identified in migration.
Ethanol 95% and ethanol 10 % migration solutions were also analyzed by scanning electron
microscopy (SEM) and the presence of microstructures that could be attributed to the oligomers

migration was found. They could be seen as microplastics.

Keywords: non-intentionally added substances (NIAS), biopolymer, polylactic acid (PLA),

oligomers, biopolymer, UPLC-IMS-QTOF-MS, microplastics

1. Introduction

Biopolymers have been regarded as alternative materials to conventional plastics made from
petroleum because they are biodegradable, renewable and abundant and its use would significantly
decrease our dependence on fossil resources.

Biopolymers encompass two kinds of polymers: biobased polymers and biodegradable and/or
compostable polymers. A polymer is considered biobased when it comes from renewable sources
(biomass) [1,2]. A polymer is considered biodegradable when is broken down by the action of
microorganisms in their natural environment since is considered compostable when at least 90% of
the polymer is degraded within 6 months in an industrial composting plant [3]. They can thus be
divided into three main categories depending on its origin and degradability: biobased and
biodegradable; biobased and non-biodegradable; and fossil-based and biodegradable. Polylactic
acid (PLA) is considered a biopolymer because it derives from biomass sources and, in addition, it
is compostable at industrial composting plants.

PLA is aliphatic polyester whose monomer, lactic acid, derives from carbohydrates from
agricultural crops such as corn, potato, and cassava [5] by bacterial fermentation and it is one of the

most commonly used biopolymer produced nowadays at industrial scale.



The most frequent route used for PLA manufacturing is the ring-opening polymerization of lactide.
Another route is the direct condensation of lactic acid monomers. In 1992, PLA was approved by
FDA as food contact material and in 2010, PLA reached the second highest consumption volume of
any bioplastic in the world [6,7]. PLA is a thermoplastic biopolymer and easy to process with
standard equipment. This fact, together with its good mechanical and barrier properties, similar to
PET [8,9], makes it suitable and more attractive for the manufacturing of food packaging, such as
bottles, food containers and wrappers [10,11]. Usually, PLA is blended to a polyester to improve its
mechanical properties (flexibility, viscosity, etc.) and therefore to increase its applications. It has
been also found blended to starch-based biopolymers [12]. Biodegradable aliphatic polyesters have
been used in many areas during the last years due to the environmental contamination issues.

As in all polymers, biopolymers can contain oligomers [13-18], defined as molecules consisting of a
few monomer units. They are often included under the group of non-intentionally added substances
(NIAS) [19-22]. When PLA is used as food contact material, the oligomers can be transferred into
food and consequently pose a risk to the consumer, thus, migration processes of these compounds
must be evaluated [23]. Migration of these oligomers could be seen as microplastics coming from
plastic food contact materials [24-26]. For this reason is very important to identify the kind of
oligomers and to quantify them.

Thermal processing as well as moisture or other external phenomena can affect PLA stability and
can lead to the formation of PLA oligomers during their manufacturing or storage. In addition, the
contact with aqueous food can affect its composition, since water can hydrolytically degrade PLA
leading to the formation of new oligomers [10,27-29] as well as other NIAS. It is important to study
these oligomers in detail and develop new methodologies for PLA analysis that allow its detection
[30]. Several works related to the degradation processes of PLA by hydrolysis and how this process
affects its physico-chemical properties as well as the formation of new oligomers have been
described in the literature [6,7,27,29,31-32]. For the determination of the oligomers content,
different strategies have been followed. One of the most common strategies has been to transform
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all the oligomers in lactic acid through an alkaline hydrolysis reaction and measure the differences
in the lactic content before and after the PLA hydrolysis process [6,27,29]. The lactic acid was
quantified by LC-UV as well as by LC-MS. Other works have directly analysed PLA extracts by
ESI-MS with no chromatographic separation, and masses related to sodiated cyclic oligomers [23 +
72n] [6] as well as linear, in the case of aqueous solutions, [23 + 18+ 72n] [32] were observed. In
the study performed by Dopico et al. [27], the surface of a PLA polymer was directly analysed by
MALDI-TOF, detecting cyclic and linear oligomers in a mass range from m/z 700 to 5000 (n =15 -
35). The linear oligomers increased when PLA was submitted to an ageing process. The study of
PLA migration by LC-MS has been performed by some authors, such as Mutsuga et al., where
oligomers were measured by ESI in negative mode [29] but as far as the authors know, only in the
work carried out by Martinez Bueno et al [33], migration extracts were analyzed by LC coupled to
high resolution mass spectrometry but oligomers were not detected.

The European Regulation 10/2011 on plastic materials intended to come into contact with food
established specific rules for plastic materials but oligomers are not specifically regulated. Lactic
acid is included in the list of authorized monomer without restrictions. However, cyclic lactide and
linear or cyclic oligomers are not included in this list. For this reason, their migration should not
exceed a level of 0.01 mg/kg food [34]. The lack of analytical standards and spectral database of
these substances and the low migration values are an important issue that requires a great effort to
assure food safety and quality. Thus, the analysis of this type of compounds needs high resolution
mass spectrometry in order to perform its structural elucidation.

In this work, a dissolution/precipitation procedure with dichloromethane/ethanol was used for the
analysis of the oligomer profile in PLA pellets and film samples. Migration tests were also carried
out to determine the interactions of PLA oligomers when the biopolymer is in contact with different

food simulants. The analyses were performed by UPLC-QTOF-MS-.

2. Material and methods



2.1 Reagents

A cyclic ester oligomer AA-DEG-IPA-DEG (95% w) formed by diethylene glycol (DEG), adipic
acid (AA) and isophtalic acid (IPA), was used as standard for oligomers determination. It was
provided by an adhesive producer. Its structure and purity were confirmed by NMR at the
University of Zaragoza. Methanol (MeOH), ethanol (EtOH) and dichloromethane (DCM) were
purchased from Panreac (Barcelona, Spain). Ultrapure water was obtained from a Milli-Q
Ultramatric Wasserlab GR 216071 (Madrid, Spain). Acetic acid (CAS 64-19-7) was from Sigma-
Aldrich Quimica S.A. (Madrid, Spain). Methanol and water for UPLC analysis (ultra LC-MS

quality) were supplied by Baker (Deventer, The Netherlands).

2.2 Samples

Two different biopolymer samples based on PLA were supplied by 2 different packaging
companies, PLA 1 and PLA 2. PLA 1 was blended to a biodegradable polyester. They were
delivered in pellets as well as in films. For confidential reasons, additional information about the

samples is not provided.

2.3. Total dissolution

Total dissolution was performed following the optimized protocol of PLA [30]. In this protocol,an
amount of 0.25 g of PLA pellets or films was weighed in a 20 mL glass vial and 3 mL of DCM
were added as solvent. The vial was closed with a screw cap and introduced in ultrasonic bath for 1
hour in order to guarantee a deep contact between solvent and polymer. After this time, PLA
solution was taken and 6 mL of ethanol were added as antisolvent. The mixture was centrifuged at
500 rpm for 15 minutes and the supernatant was extracted. Subsequently, the residual precipitated
polymer was washed with 3 mL of ethanol and the liquid phases were combined. Thus, the extract
was kept at 4°C for 1 hour to facilitate the polymer precipitation. Finally, the solution was filtered,
evaporated under a nitrogen current and the residue was redissolved with methanol/water (1:1).
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Three replicates were prepared from each sample and several procedural blanks were also analyzed.

They were injected into a UPLC-QTOF-MS system.

2.4. Migration tests

For the migration experiments, PLA films were introduced in three food simulants according to the
rate of 6 dm? of packaging material per 1 kg of simulant, in accordance with European Regulation
10/2011 [34].

The materials were tested in ethanol 10% (simulant A) and acetic acid 3% (simulant B) as aqueous
simulants and in ethanol 95% as fat simulant. The vials with films were maintained in an oven at 60
°C for 10 days. Simulants and test conditions used for the migration assays were chosen according
to the European Regulation 10/2011 [34]. The samples were analyzed by UPLC-QTOF-MS and

also by UPLC-IMS- QTOF-MS. Three replicates of every test were analyzed.

2.5. Instrumental analysis

2.5.1 Ultra-performance liquid chromatography-mass spectrometry quadrupole time-of-flight
(UPLC-QTOF-MS)

Chromatography was carried out in an Acquity™ system using an Acquity UPLC BEH C18 column
(2.1 mmx 100 mm x 1.7 um particle size), both from Waters (Milford, MA, USA). The solvents
used as mobile phases for positive mode were water and methanol both with 0.1 % formic acid
(solvents A; and B; respectively). For negative mode, water and methanol (solvents A, and B>
respectively) were used. The column flow was 0.3 mL/min and the column temperature was 40 °C.
The gradient elution (12 min) was performed with mobile phase A/B variating from 98/2 % to
0/100 % over 8 min and maintained for two minutes. After that, mobile phase A/B changes to 98/2

% again to condition the column. The volume of sample injected was 10 pL.



The detector was an API source (atmospheric pressure ionization) with ESI (electrospray
ionization) coupled to a mass spectrometer (Xevo G2) consisting of a quadrupole, a collision cell
and a time-of-flight (QTOF) detectors all supplied by Waters (Milford, MA, USA).

The electrospray probe was used in positive (ESI+) and negative (ESI-) modes as well as
sensitivity analyzer mode. The mass range was from 50 to 1200 Da. The capillar voltage was 2.5
kV. The sampling cone voltage was 30 V and 70 V for positive mode and 30 V for negative mode.
Source temperature was 120°C. Nitrogen was used as the desolvation gas: the flow rate was
450 L/h at 400 °C. The cone gas flow rate was 20 L/h.

Acquisition was performed in MSE mode to allow using low and high collision energy (CE) in the
collision cell during the same run. The mass spectrum at low energy (CE 4 V) provided
information about the precursor ion (function 1) and the mass spectrum at high energy (CE ramp:
from 15 to 30 V) information about fragment ions (function 2). The accuracy and reproducibility
were guaranteed by the infusion of a LockSpray solution of leucine-enkephalin (2 ng/mL in
water/acetonitrile with 0.1 % formic acid) at a flow rate of 5 pL/min. MassLynx version 4.1

(Waters, Milford, MA, USA) was used to analyze the samples.

2.5.2 Identification of oligomers of PLA detected by UPLC-QTOF-MS

High-resolution mass spectrometry with a tandem quadrupole-time of flight mass spectrometer
was used for the identification of non-volatile compounds. This technique provides molecular
fragmentation combined with mass accuracy in order to elucidate the molecular structure that
could lead to the identification of the compounds. Conditions used for the acquisition were
explained in section 2.5.1.

Function 1 corresponds to the acquisition without collision energy, where the molecular formula of
the oligomers based on the molecular ion can be obtained through the measurement of its accurate

mass and the isotopic ratios.



Finally, with the use of function 2, the fragmentation spectra of the oligomers were obtained and the
proposed candidates were checked through MassFragment® software from Waters. This software
enabled us to evaluate and confirm whether the product ions detected in the high collision energy
spectrum could be linked to the fragments generated from the chemical structures of the candidates
proposed. Since oligomers are not included in any chemical databases and there are not standards
available, it was necessary to draw the molecules in ChemDraw Ultra 12.0 to obtain a .mol

document for further confirmation of unknown oligomers.

2.5.3 Semi-quantification of oligomers of PLA detected by UPLC-QTOF-MS

PLA oligomers were semi-quantified by calibration curve of oligomer AA-DEG-IPA-DEG as
standard. The working range in the instrument was 0.03-1.30 pg/g and the coefficient of
determination (R?) obtained in the calibration curve was 0.9999. The limit of detection (LOD) and
quantification (LOQ) were 0.01 and 0.03 pg/g respectively. The LOD and LOQ were calculated as
the minimum concentration whose signal was equal to 3 times and 9 times the baseline noise. Five
independent replicates of solutions containing 0.01 and 0.03 pg/g of the standard were injected for

their calculation.

2.5.4 Ultra-performance liquid chromatography-ion mobility mass spectrometry quadrupole
time-of-flight (UPLC-IMS-QTOF-MS)

UPLC-IMS-QTOF-MS analysis was performed in a Vion IMS QTOF supplied by Waters (Milford,
MA, USA). Chromatography was carried out following the same conditions described in 2.5.1. MS
data were acquired in (HD)MSF mode, in the range 50-1000 m/z. Low collision energy was set at 4
V and high collision energy at a ramp from 20 to 40 V. Source and desolvation conditions were the
same as described in 2.5.1. IMS was used to measure the ions drift-time, that after a calibration
process was transformed to collision cross-section values (CCS). Nitrogen was used as drift gas.
Trap conditions were as follows: IMS wave velocity of 250 m/s, IMS pulse height 45 V, trap bias

8



40V, trap wave velocity 100 m/s, trap pulse height A 10V, trap pulse height B 5V and gate release 2

ms. Data were processed using UNIFI v1.8 software.

2.6. Analysis by scanning electron microscopy (SEM)

Analyses were performed with a JEOL JSM 6400 microscope, using a voltage of 15kV. In order to
analyse the morphology of the samples a detector of secondary electrons was used. Some drops of
the migration samples were placed on the wafer and left dry. Blanks of migration were also

analysed.

3. Results and discussion

3.1 PLA oligomers identified in PLLA-based biopolymer

Table 1 summarizes the oligomers identified in total dissolution extracts of PLA1 pellets and films
and in migration simulants after the exposure. A total of 39 different oligomers, cyclic and linear,
were identified. Among them, 24 were identified in total dissolution of pellets and film samples,
50% of them were cyclic and 50% linear. Ten out of 24 oligomers were also detected in migration
together with 15 new oligomers formed in the reaction between PLA components and food
simulants. All the oligomers detected in migration were linear oligomers. Most of them had been
detected in previous studies, their exact mass was provided but no candidates were proposed [35].
These oligomers are also displayed in table 1 according to their retention time. In all cases, the ion
detected was the sodium adduct [MNa*]. All the oligomers detected contained the monomer unit
[LA], that corresponded to the molecular formula CsH4O, They were classified in 2 groups based on
their chemical structure: group 1 formed by cyclic oligomers, [LA]s; and group 2 formed by linear
oligomers, OH-[LA],-H and CH3-CH»-O-[LA],-H. The exact mass for n values ranging from n =1 to
n =20 was calculated in all oligomer structures and extracted in the chromatograms, in order to
check their presence in the samples. All these chemical structures or similar were previously

described by Badia et al. [36]. Other similar structures described by Badia were searched in the
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samples, such as CH3-O-[LA],-H and CH3-CO-O-[LA].-H but none of them was found in pellets or
films.

The value of n ranged from n=5 to n=16 in [LA],, from n=3 to n=15 in OH-[LA],-H and from n=2
to n=15 in CH3-CH,-O-[LA]s:-H.

The order in the chromatogram for oligomers with the same number of monomers but different
structures was as follows: firstly OH-[LA]s-H, then [LA], and finally, CH3-CH»-O-[LA].-H.

All PLA oligomers had common fragmentation spectra, which confirmed the similarity of their
structures (Figure 1). Their common masses were 89.0600, 145.0503 and 217.0709 m/z,
corresponding to the formula C3HsO3;, CcHoO4 and CoH 30, respectively. Figure 1 shows the high
collision energy spectra of the 3 different kinds of PLA oligomers for n=6: [LA]s (a), OH-[LA]s-H
(b) and CH3-CH,-O-[LA]s-H (c). Fragments observed successfully matched with the proposed
structures. These three masses were more intense in the cyclic oligomers than in the linear ones. In
the cyclic oligomers, 217.0709 was the most intense while in the linear oligomers its intensity was
similar to 145.0491.

Lactide (C¢HsOs4), the monomer of PLA, was not detected in the analysis. This was due to its
difficult ionization in the mass spectrometer. As the purpose of this paper was the determination of

oligomers, the initial monomer was not finally included in the study.

3.2 Comparison of PLA oligomers content in pellets and films

The next aim was to compare the PLA oligomers profile in pellets and film in order to determine if
the extrusion process had induced any change in PLA’s composition. The results showed that the
areas of the oligomers identified in the total dissolution analysis of pellets and films were very
similar. Figure 2a shows the areas of cyclic and linear oligomers in pellets vs films, and a good
correlation can be observed (Pearson correlation value of 0.998). Therefore, no changes in the
oligomer profile due to the manufacturing process are expected .These results are interesting as they
demonstrate that applying high temperatures as those used in the film manufacturing from the

10



pellets does not affect the composition of the material. Thus both pellets or films can be used for
determining the oligomers profile of a PLA sample.

Figure 2b shows the distribution (ng/g) of the oligomers in the film. Only the cyclic oligomers from
n=5 to 11 and the linear oligomers with HO-[LA]s-H structure from n=5 to 8 were detected in the
raw material, while CH3;-CH,-O-[LA],-H were not present.. The results show that the concentration
values were much higher (5 to 20 times) for the cyclic oligomers than for the linear ones. This
means that the cyclation of the oligomeric molecules is easier than the linear reaction between
different oligomers, what results in a higher concentration of the cyclic ones. The cyclic structure of
the oligomers will probably affect also their migration. The oligomer with the highest values was

[LA]; followed by n= 6 and 8.

3.3 Migration of PLA oligomers

Figure 3 shows the distribution (ng/g) of the two kinds of PLA oligomers, HO-[LA].-H (a) and CH3-
CH,-O-[LA]:x-H (b), detected in migration from films to three different food simulants (EtOH 10%,
AcH 3% and EtOH 95%). The values of n ranged from 3 to 16. Cyclic oligomers, which have been
previously detected in total dissolution of films, were not present in any migration test.

Oligomers with HO-[LA],-H structure were already present in the film. They migrated in a higher
extension to aqueous food simulants (AcH 3% and Et10%) than to fatty simulants (ethanol 95%).
Chromatogram of these linear oligomers from n=3 to n=10 in 3% acetic acid follow a Gaussian
profile and the distribution was very similar in the three simulants, where n=6-7 showed the highest
values (Supplementary Material 1).

CH;-CH,-O-[LA],-H was not initially present in the film but it was detected in migration to
simulants with ethanol content, EtOH 95% and EtOH 10%. This chemical structure was selected
based on the previous studies performed by Badia et al [36], where CH3-O-[LA],-CH3 oligomer was
formed when PLA was in contact with methanol. In this case, the use of ethanol as simulant in
migration test suggests that a structure CH3;-CH»-O-[LA].-H would be more feasible. Both of them

11



matched with the fragments found in the high collision energy mass spectra.

As it has been described, cyclic oligomers were not present in food simulants. This fact could be
attributed either because they did not migrate or because they reacted with the simulants and thus the
cycle was opened, forming new linear compounds. To elucidate this question, a new assay was
performed. A solution of cyclic oligomers was exposed to different food simulants and stored in an
oven at 60°C for 10 days. Since there were not standards for these oligomers, an aliquot of a total
PLA dissolution in MeOH/H,0 was taken and diluted five times with MeOH/H,0, EtOH 95%, EtOH
10% or AcH 3%. Figure 4 shows the areas of [LA],, OH-[LA].-H and CH3-CH»-O-[LA].-H at the
initial time and after the storage time in the three food simulants. Oligomers with n values from 4 to
9 were selected for this study since they showed the highest areas. Similar profiles were observed for
oligomers with different n value. The results are showed in figure 4. Figure 4a shows that the cyclic
oligomers, [LA],, barely decreased when it was in contact with ethanol 95%, (Figure 4a),
demostrating that they were quite stable in this simulant. In contrast, they clearly decreased in
those simulants with a high water content such as EtOH 10% and AcH 3%, observing in parallel an
increase of the linear oligomers in these simulants. The oligomers with OH-[LA],-H structure
increased in contact with aqueous simulants (Figure 4b) while the oligomers with CH;3-CH,-O-
[LA]s-H structure increased with ethanolic simulants, reaching the highest values for the simulant
with the highest ethanol content, EtOH 95% (Figure 4c).

Thus, since migration of cyclic oligomers should mainly take place in ethanol 95%, and the results
showed its stability in this simulant, the absence of cyclic oligomers in migration was not because
they disappeared due to reaction processes between them and food simulants, but because they did
not migrate. The presence of linear oligomers in migration was probably due to the interaction
between the simulants and PLA, that provided with preference these oligomers due hydrolysis
processes.

Migration tests were also performed from film PLA 2. But in this case, the material was clearly
damaged after the study. According to EU/10/2011 [34], if the material presents physical changes
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after the migration test, this material cannot be used under the tested conditions. For this reason, the
concentration of oligomers is not shown in this manuscript. It is important to highlight that the
concentration of oligomers was much higher than expected, although similar oligomer profiles were

observed.

3.4 Collision cross section values of PLA oligomers
A good correlation was observed between the CCS values of the 3 kinds of oligomers versus their
molecular weight (Supplementary Material 2). The correlation equations for each type of oligomers
were:

e [LAl. y=0.1763x +107.69 (R*= 0.9910)

e OH-[LA],-H: y =0.1817x + 105.90 (R*= 0.9976)

e CH3-CH»-O-[LA]y-H: y = 0.1841x + 108.62 (R*= 0.9983)
According to the theory of ion mobility, the CCS values of cyclic and linear oligomers should be
very different. As it can be observed, the three kinds of oligomers showed similar correlation
equations, having the one corresponding to the cyclic oligomers a slope slightly lower. Bigger
differences in CCS values were expected between linear and cyclic oligomers with a similar
molecular weight, as CCS depends on the tridimensional molecule structure and linear molecules are
expected to have higher CCS values. Probably, the linear molecules stayed folded in the original
position, maintaining their CCS similar to those of the cyclic ones and this could be the explanation

of the similar behavior between the cyclic and linear oligomers.

3.5 Other oligomers identified in migration

In PLA 1 migration, 5 cyclic polyesters oligomers were also identified. They were composed by
adipic acid (AA), phthalic acid (PA) and butanediol (BD). The structures were [AA]-[BD].
(7.21_401.2183), PA-AA-[BD], (7.71_443.1676), [AA]s-[BD]; (7.84_601.3229), PA-[AA]>-[BD];
(8.20 643.2741) and PA-[AA]3-[BD]4 (8.45 843.3785). All masses had been detected in a previous
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work performed in our laboratory [30] and their structure elucidated (supplementary material 3),
except for 8.45 843.3785, which has been elucidated in this work by the first time. Figure 5 shows
the concentration of these oligomers in three different simulants. Unlike PLA oligomers, cyclic
oligomers from polyester migrated to food simulants and no hydrolysis to linear oligomers was
observed. Migration values were especially high in the fatty food simulant rather than in aqueous

simulants.

3.6 Analysis of oligomers migration by SEM

Figure 6 shows the images at 2 different gains, x1500 and x8000 for a migration solution of ethanol
95% and ethanol 10%. Images show structures bigger that 1 pm, which could imply the presence of
microplastics in the migration solutions [25]. No structures were observed in blanks of migration
(data not showed). The observed structures were different in ethanol 95% and ethanol 10%, what
makes sense, since the oligomers that migrated to these two simulants were different. While cyclic
oligomers from polyester migrated in a major extension to ethanol 95%, linear PLA oligomers were
the main migrants to ethanol 10%.

The wafer with the samples of ethanol 95 % was afterwards placed in the oven at 260°C for 1 hour
in order to see the effect of heat on these structures. Images after this period showed that they
seemed to have melted, which could be attributed to a plastic nature of the structures. In any case,

future studies in this research line should be done in order to confirm this hypothesis.

4. Conclusions

Identification and quantification of oligomers in food contact materials is an important and difficult
task due to the little knowledge about them. Oligomers are neither included in libraries nor in
chemical databases. There are not commercial standards and none knowledge of the toxicological
properties of oligomers. However, oligomers migrate from the polymers in a quite wide extension
and dissolve in the food or beverages, where they could be seen as microplastics.
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Total dissolution/precipitation of PLA pellets and film has resulted to be a good sample treatment to
determine the oligomers composition of PLA-base materials, mainly composed by cyclic oligomers,
[LA]s, and linear ones such as HO-[LA],-H. Migration tests confirmed the presence of some of
these oligomers in food simulants as well as new neo-formed oligomers such as, due to the reaction
processes between PLA components and food simulants.. What this work shows is the importance of
the evaluation of migration, since the compounds present in food will depend on a great extent on
the chemical reactions between packaging and food or food simulants and these neo-formed
compounds could have toxic effects on consumers health. Production processes should be optimized
in order to reduce and minimize as much as possible the presence of these oligomers in PLA-based
materials since its possible transference to food has been demonstrated. It should be also considered
that migration test were performed at temperatures close to the PLA glass transition temperature (50-
60°C) and this fact could affect to its stability. New experiments at lower migration temperatures
could demonstrate a better applicability of these materials to food packaging under refrigerated

storage conditions.
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Table 1. Oligomers identified in total dissolution of PLA materials (pellets and film) and in migration to 3 food simulants: ethanol 95%, ethanol 10% and acetic
acid 3%. Retention time (rt), measured mass (mass), molecular formula (MF) and number of times that monomer of PLA is repeated (n).

M Oligomers PLA samples

ass

rt MNa* MF Pellets/films Migration Migration Migration
[MNa™] Type n ° ° °

EtOH 95% EtOH 10% AcH 3%

450  257.0631 CoH1407 Linear HO-[LA].-H 3 X X

5.09 213.0733 CsH 1405 Linear CH3-CH,-O-[LA]s-H 2 X X

5.31 329.0842 CioHisOo  Linear HO-[LA],-H 4 X X X X

5.77 285.0944 Ci11Hi1307 Linear CH3-CH,-O-[LA]s-H 3 X X

5.87 401.1053 CisH2011  {ipear HO-[LA],-H 5 X X X X

6.26  357.1155  CiHxO9  Linear CHs-CH,-O-[LA]-H 4 X X

627  473.1264  CiHaO13  Linear HO-[LA],-H 6 X X X X

6.41 383.0948 C15H2001:1 Cyclic [LA]a 5 X

6.58 545.1475 CaiH30015  {ipear HO-[LA],-H 7 X X X X

6.61 429.1366 Ci7H26011 Linear CH3-CH,-O-[LA],-H 5 X X

6.80 4551159  CisHaO12  Cyclic [LA]L 6 X

6.82  617.1686  CuM4O17  [inear HO-[LA],-H 8 X X X X

6.94  501.1577  CH30013  Linear CHs-CH»-O-[LA],-H 6 X X

7.02 689.1897 C7H3s019  {ipear HO-[LA],-H 9 X X X X

7.07 5271370  CaHasOwu  Cyclic [LA]L 7 X

7.18  761.2108 C30He2021 Linear HO-[LAJ,-H 10 X X X X

730 599.1581  CaHxnOws  Cyclic [LA] 8 X

731  573.1788  CxHsO1s  Linear CHy-CH-O-[LA],-H 7 X X

732 8332319 CsHuOxn  Linear HO-[LA]-H 11 « X < X

7.32 645.1999 C26H33017  Linear CH3-CH,-O-[LA],-H 8 X X

744 6711792 CyHsOis  Cyclic [LAla 9 X




7.44 905.2530 C36HasO25  Linear HO-[LA].-H 12
7.45  717.2210 CH4019  Linear CH3;-CH,-O-[LA],-H 9

7.53  977.2741 CH52027  Linear HO-[LAJ,-H 13
7.56  789.2421 C2Hs021  Linear CH3-CH»-O-[LA],-H 10
7.58  743.2003 C30H40020  Cyclic [LA]n 10
7.60 1049.2952 CaHs6029  Linear HO-[LA].-H 14
7.64 8612632  C3sHusO»  Linear CHs-CH,-O-[LA],-H 11
772 11213163 CasHeoOs1  Linear HO-[LA],-H 15
7.73  933.2843 C3sHs2025  Linear CH3-CH»-O-[LA],-H 12
775 8152214  CuHauOn  Cyclic [LAla 11
7.80 10053054  CaiHseO2  Linear CH-CH,-O-[LA]-H 13
7.84  887.2425  CsHuOx  Cyclic [LA] 12
7.88  1077.3265  CauHgO2  Linear CHs-CH>-O-[LAL,-H 14
7.93 1149.3476 C47He4O31 Linear CH3-CH,-O-[LA],-H 15
798 9592635 CsoHs202:  Cyclic [LA] 13
8.05 10312846  CyHseOx  Cyclic [LAla 14
8.12 11033057  CasHeOz0  Cyclic [LA]a 15
8.16 11753268  CasHesOz2  Cyclic [LA]n 16
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