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Food contact materials

Equipment during food :
farming and processing Storage/Packaging
(temperature/time)

=y

»Employement of Additives in polymers: antioxidants, UV absorbers,
processing stabilizer (0.1-1%)

» Possible degradation at light/high temperature
» Non-intentionally added substances (NIAS)

»Possible migration of substances (known/unknown)



Re-usable plas.utic containers: |
AGEING and Mechanical Damage

Temperature Ultraviolet and visible light

\ Chemical ageing /

Physical ageing
/ \

Atmospheric components

Humidity
Contact with liquids (MeOH, amine groups)

Mechanical damage

! POLYCARBONATE

» Formation of tiny scratches or small cracks

» Surface becomes opaque and foggy - Release of polymer components?
» Formation of microcavities




Most important regulations governing the plastic
materials intented for contact with food

European Union

1935/2004/CE
2023/2006/CE

10/2011/UE PIM

(Plastic Implementation Measure)

Exclusive use of the substances
listed:

»Polymerisation production aids
»Monomers

»Additives (no colorants) COLORANTS
Decree 1973

NO MIGRATION

Overall Migration Limit (OML)

Specific Migration Limit (SML) ' Declaration of compliance



Bisphenol A-polycarbonate

Bisphenol A (BPA) is used
as monomer in the CH

3
fabrication of HOOH

polycarbonate

CHj

The European Commission
(EC) published a new
Directive 2011/8/EU to

Specific Migration Limit

restrict Bisphenol A in
» feeding bottles that are
intended for use by infants
under the age of 12
months.

Oca M.L. et al., Talanta, 2013, 106, 266-280.

BPA: well-known endocrine disrupter interfering
with hormone signalling

Recently, the French
parliament has banned
the use of polycarbonate
in any food containers
starting from January 2014



EVALUATE POSSIBLE RELEASE FROM
POLYCARBONATE:

» BISPHENOL A
» ADDITIVES

» Non Intentionally Added Substances (NIAS)

» INFLUENCE OF AGEING/DAMAGE ON
MIGRATION??




Migration of substances to food products

The development of suitable analytical methods to determine low
concentrations of substances in foodstuffs and simulants appears essential

Literature overview

Matemathical New strategies
models

Regulation

Water

Chocolate GC-FID
Honey

Milk GC-MS
Simulants LC-UV-DAD

LC-MS
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Samples:polycarbonate

Information on product and
repeated use:

 Temperature (cycles)

e Time of contact

e Eventual mechanical stress
e Washing steps/temperature
e Detergents

Year of
production

Search for: additives (and dyes)
Monomers eventually released
Other unknown substances (NIAS)




Benchtop Orbitrap mass spectrometer:. Q-Exactive

The quadrupole-orbitrap (Thermo Scientific™ Q Exactive™ MS) hybrid instrument was first
introduced in 2011 and only few works have been reported in the field of proteomics and
drug testing.

Presence of a mass selective quadrupole analyzer between the ion source and the C-trap

CaTrap Exil Luars CaTiap Enliance Lang
HED Colligien Cel CaTeag Epilerﬁ:_ '::ﬂﬂ Exil Lers Quadrugole

Intar-Flatapela Leas
Irjnction Flatapale

5-Lans Exil Lens

NanoSpray Saurce

Oriilrap Mags Aralyzer

Construction details of the Q-Exactive

Combination of a quadrupole mass filter with an Orbitrap analyzer: fast switching times of
quadrupole and high-resolving m/z analysis at ppm-accuracy

-Michalsky A. et al., Molecular and Cellular Proteomics 2011, 50, 1-10.
-Kumar P. et al., Analytica Chimica Acta, 2013, 65-73.



MATERIALS AND METHODS-Analytical conditions

UHPLC analytical conditions

C18 capillary column (0.3 mm ID, 2.0 um, 150 mm)
Flow rate: 10 pLmin-?

Injection volume: 1 L

Temperature: 35°C

Mobile phase

A) 1mM ammonium formate in 10 : 90 (v/v) methanol : water
B) ImM ammonium formate in methanol

Optimization of ESI source parameters and
MS/MS conditions by direct infusion of a
standard mix solution

Sheat gas: 6

Auxiliary gas: 6

Sweep gas: 0
Capillary Temp: 320°C
Spray Voltage: +3.00, -2.70 kV craed
S-lens RF level: 50 V "

Q-Exactive: acquisition mode



MATERIAL AND METHODS-Q-Exactive parameters

Data-Dependent Experiment
Positive and negative mode

| |

Targeted approach Untargeted approach
Full-MS/dd-MS? with the inclusion list Full-MS/dd-MS? without the
including the masses of each precurson inclusion list
ion and their specifical collisional energy

Full MS: 90-1200 m/z

Res: 70000

l AGC target:1e® 1
dd-MS/MS
Res: 35000

. . AGCt t: 2e° o :
Identification by: TopN: grge © Identification by:

Full MS: possibility of retrospective analysis



MATERIAL AND METHODS-Sample preparation

G Sample pieces of
polycarbonate (1,5 Q)

Dissolution with

chloroform e : :
Resuspension of the final
extract

Determination of recovery by adding standards not present in the samples
before sample treatment



FIRST METHOD

Dissolution with CHCI; (12 mL)
(Approx. 40 min)

} with MeOH (18 + 10mL)
(Immediate)

Resuspended with MeOH (2 mL)



FINAL METHOD

Dissolution with CHCI; (12 mL)

disruption of the precipitate

| with MeOH
(18 + 10 mL)

15t MeOH wash on (2 x 10 mL)

Recovery

Recovery

2"d Acetone wash on (2 x 10 mL)

BPA D,,=98+6

BPA D, = 958

TINUVIN 326=42+3% 39 Acetone wash on (2 x 10 mL) TINUVIN 326=102+

UVITEX OB=51+4%

Resuspended with MeOH

UVITEX OB=84+3%

Resuspended with Acetone
(2 mL)

(2 mL)



RESULTS-TARGETED ANALYSIS
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List of additives selected with molecular formula, detected ion and the two
fragments selected for the identification with the collision induced
dissociation energy.

Compounds Maolecular formula  Malecular ion Froducts ions
BPA, C15H102 227 1078 [M - H]™
BHT

bt — H]™1

bl + H]*1

581 [M + H]*
M + HJ*"

W+ H]

314 [M + H]*!
5[+ H]”

Iryanox 1076 C 5486048 [M + NH4]*

Irganox 1010 CrzH1oe042 119 [M + MNHa]*!
X s r'|.|'1 + ["-] H.-;].]+.1

Bignardi et al. J. Chromatogr. A, 1372(2014)133



C-ESI-HRMS chromatograms of the seven plastic additives found in

polycarbonate extracts. From above Cyasorb UV5411, Tinuvin 234, Uvitex OB,
Tinuvin 327, Advastab 800, Irganox 1076 and Irgafos 168.
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Panel A: representation of the isotopic pattern simulated by the software by
setting the molecular formula of Tinuvin 234 (above) and that one found in the PC
extract (below).

Panel B: comparison between fragmentation spectrum obtained by injecting a
standard solution of Tinuvin 234 (above) and that found in the real sample
(below). Insert: molecular structure of Tinuvin 234.
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Panel A: colorant Solvent Yellow 184 identified in the PC orange sample. Panel
B: colorant Solvent Yellow 232 identified in the PC yellow sample. Panel C:
colorant Solvent Red 179 identified in the PC red sample. Panel D: colorant
Solvent Red 135 found in the PC pink and orange sample.




Panel A: colorant Solvent Yellow 184 identified in the PC orange sample. Panel
B: colorant Solvent Yellow 232 identified in the PC yellow sample. Panel C:
colorant Solvent Red 179 identified in the PC red sample. Panel D: colorant
Solvent Red 135 found in the PC pink and orange sample.




LC-ESI-HRMS chromatograms of the four organic colorants identified in the
orange, yellow, pink and red PC samples, respectively. From above: Solvent
Yellow 232, Solvent Yellow 184, Solvent Red 179, Solvent Red 135.
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fragmentation spectrum of molecular ion at m/z 481.2022 detected in negative
mode that provides as product ions bisphenol A (m/z 227.1078) and its
fragments (m/z 211.0763, m/z 133.0651 and m/z 93.0335).
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Fragmentation pathway of molecular ion at m/z 486.1913 detected in positive
mode.
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LC-ESI-HRMS chromatograms of the most representative potential BPA-
polycarbonate degradation products found in all the samples analyzed.
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List of potential BPA-polycarbonate degradation products detected in PC samples.

Chemical Structure Formula lon detected

CqgHq02 247 1073
bisphenol & [M = H]™?
CirHisOs  304.1543
(M + MHa]*!
CoqHogOs 344 2221
[P + MHq[*
CosMogOs  366.1700
[+ NH,

CigHenOs  362.1601
(M + NH

ConMogls  486.1911
(M + NHa]*

CogHosDp  424.1755
[l + TIHg]*T

CagOgHs,  542.2537
[ + MH4*

CasO7Hze  B20.2642
[M + NHa]*




lon detected

Chemical Structure

f:‘;r O3 . (ag e

B73.2698
[M + NHJ*
740 2854
[m+mmw

[M+mmw
451.2020
[M - H]!
4952177
(M= HI™!

£39.2075

(M = H]"
735. 2063

M = H



Migration experiments: procedure

Carried out in a climatic chamber at 40 °C for 1 h.

Tests were repeated three times according to the procedure described in legislation*.
Solvent was evaporated and resuspended in 1 mL of ethanol for LC and GC analysis.
Migration values were expressed in ug Kg-1 and ng Kg-1 on the basis of a
surface/volume ratio of 6 dm2 per Kg of food simulant*

BEA
[miz= 227, 1078)

{237 1078 = 211,0763)
[227,1078 = 133.0651)

CYASORS LVS411
[miz= 324,2070)
(3242070 = 212,0620)
[324,2070 = 92,0501}

TINUWIN 234
[miz= 443,23E3)
[445,2383 = 370,1917)

[£45,2363 = 119,0838)

LWITEX OB

[Mi2= 445 2363)

[445,2383 = 370,1917)

[448,2363 = 119,0856) . .

*Commission Regulation (EU) No 10/2011
E— Hoextra E.J and Simoneau C. Release of BPA
e o is vammn from PC — a review. Crit Rev Food Sci and

(431,178 = 401,1316) Nutr., 53 (2013) 386-402

20
Time (frim)




Bisphenol A
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Additives: progressive decrease in 3 migrations
Cyasorb UV5411 Tinuvin 234
Orange - ethangl 95% L
20000
15000
10000

5000

Uvitex OB Songnox 4425

Tinuvin 327

3

sample P1




o 203 R =

0.74+0.06 0.2440.05 < LOD
0.81+0.07 < L0Q < LOD

1.20+0.08 0.58+0.01 0.12+0.02

0.97+0.01 0.49+0.02 0.82+0.04

1.08+0.08 0.12+0.001 0.52+0.03

v s i
T T T
T T
S s aen usaw s

Correlations

BPA-Age = 0.862 Damage-BPA = 0.786 Damage-Age = 0.863

BPA release seems to be more connected to age than to surface damage
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Effect of solvent: ethanol vs. iIsoctane

Red R1 Red R1
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MIGRATION: EFFECT OF AGE

Yellow Y3, 2013 ~ Yellow Y2, 2007
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Products of degradation of PC

[M-H]- 989.3906
CoH.,O

B3 BT 11
[M=NH,]* 486.1911

2 Q 2
e e e e e W W e e e
Ce0.H, N

[M-H]- 735.2963 296" 127

CoH, O
47 34y Q

OHo-g-oo—g—OOH O_E_OO_E—O@

Sample: yellow Y2, vear 2007

m/z = 486.1911 m/z = 486.1911

[MzH]™ 153.0546 C;HO; [M-H]- 347.1289 95% ethanol isooctane

CoH O

22104

o
n o as
®0~0—0—0H3 QD—E—OOH

[M=NH,]"366.1700 C,,0,H ;N [M-H]-227.1078 € H,. 0,

[M-H]- 481.2020

Compounds identified in experiments of untargeted analysis




PC degradation products

[M H] 735.2963 C,H,,0,

[M-H] 481.2020 C,,H,,0,

@—G-E-ODH @—o—g-oo—g

[M+NH,]* 366.1700 C,,0,H,.N [M+NH,]* 486.1911 C,,O.H,,N

Correlations

AREA 481

|:> -0,312 -0,044 -0,347
[ (0.001) 0,323 0,449 (0,776 |

AREA 735




CONCLUSIONS

» Set up of an innovative analytical method suitable for the identification
of additives, colorants and BPA-polycarbonate degradation products

» All additives found in the samples are approved for food-contact
materials

»BPA Higher correlation with age of samples than with damage level
»ADDITIVES no correlation with age
» COLORANTS New samples release higher amount than old samples

»PRODUCTS OF DEGRADATION Different pattern of compounds






Film “modello”

Ipotesi costituzione Gruppo Operativo - Misura

Realizzazione di film
edibili utiilizzabili nel
packaging alimentare
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[potesi costituzione Gruppo Operativo - Misura
16.1 PSR

Olio essenziale di rosmarino
Olio essenziale di origano

Olio essenziale di timo

Carvacrolo Timolo 1,8 cineolo

Packagi
ng Attivo



Carvacrolo rilasciato da un film edibile a contatto con un alimento (pasta

sfoglia all’'uovo)
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Neme: Phenol, 24methyi-5-{1-methylethyll
Fomula: C1pH140
MW: 150 Exact Mass: 1501044655 CAS#: 499-75-2 NISTA: 229581
Other DBs: Fine. TSCA, RTECS, EPA, HODOC, NIH, EINECS
Contrbutor: Japan AIST/NIMC Database- Spectrum MS-NW- 815
10 lorgest peaks
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5 Karvakrol
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7.2-Methyl-5-isopropylphenal
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Hor 5.2 Methyl 5{1-methylethylphenol
10.0-Cresol, Bisopropyl-
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14.Phenol, Sisopropyl- 2 methyl-
15.1-Hydraxy-2methyl-isopropylbenzene
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18.3-Isopropyl-6methyiphenol
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Ipotesi costituzione Gruppo Operativo - Misura

16.1 PSR

Film edibile ottimizzato:
differente ossidazione della
carne ed effetto swelling
del film

Cellophan

Film edibile
ottimizzato

dopo 78 ore di

conservazione in un

frigorifero domestico
Porzione di carne
sottostante il film
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Packaging Attivo
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