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Abstract: Poly (glycolic acid) (PGA) is an environmentally friendly, biodegradable polymer
commonly utilized in biomedical applications. Due to its high thermal deformation temperature,

favorable mechanical properties, and effective gas barrier capabilities, PGA has potential application
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as food contact materials. However, current regulations do not explicitly involve the use of PGA in
food contact applications, particularly the migration of oligomers. The potential migration of
oligomers from PGA into food must be carefully considered. In this study, a method of ultra-high-
performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry
(UHPLC-QTOF MS) was developed for the determination of PGA oligomers. The migration of
oligomers in three distinct scenarios were investigated, i.e. packaging for frozen food, disposable
containers with heat packaging for short-term storage, and containers for hot food and beverages.
These scenarios were assessed in various food simulants, including acidic foods, non-acidic foods,
and alcoholic beverages. The results showed that a total of 21 oligomers in PGA samples are
identified, including 12 linear oligomers and 9 cyclic oligomers. Notably, the retention time of these
oligomers increases with the increase of number of polymerization units. When PGA was employed
as packaging for frozen foods, no oligomers are detected in food simulants containing 4% acetic acid,
10% ethanol, or 50% ethanol. In contrast, a variety of linear and cyclic PGA oligomers are identified
in the three food simulants when PGA was used for disposable containers with heat packaging and for
hot food and beverages. This is particularly evident for linear oligomers GAS to GAS8 and cyclic
oligomers GA6 to GAS8. The potential mechanisms underlying the migration and formation of these
oligomers can be explained that the non-crystalline regions of PGA are an amorphous state, where
ester bonds are prone to gradual hydrolysis, facilitated by the diffusion of water molecules. This
hydrolysis leads to the cleavage of chain segments, resulting in the generation of long-chain
oligomers. Short-chain oligomers, characterized by lower molecular weights, exhibit a higher
tendency to migrate into surrounding solutions, particularly within the non-crystalline regions formed
by the degradation of long-chain oligomers. Furthermore, short-chain oligomers can undergo self-
reorganization from a disordered to an ordered state, facilitating the formation of both linear and
cyclic oligomers. Temperature also significantly influences the formation of PGA oligomers, and
elevated temperatures lead to a greater variety of oligomers and increased migration concentrations.
Therefore, the migration of PGA oligomers into food should be carefully considered in scenarios
involving the storage of acidic foods, non-acidic foods, and alcoholic beverages at high temperature.

Key words: ultra-high performance liquid chromatography coupled with quadrupole time-of-flight
mass spectrometry (UHPLC-QTOF MS); polyglycolic acid; oligomers; migrants; food contact
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Table 1 Migrants of oligomers in PGA samples under different conditions
i & Migrant/(mg/kg)
P 20 °C, 10d 70 °C,2h 100 °C, 1h
Name 4% 10%BE50%LBE 4% 10%Z B 50%.F 4% R 10%Z B 50% .1
4% Acetic  10%  50% 4% Acetic 10% 50% 4% Acetic 10% 50%
acid Ethanol Ethanol acid Ethanol Ethanol acid Ethanol Ethanol
GA2 — — —0.265+0.014™ 0.305+0.026™" 0.233£0.011** 0.362+0.013" 0.2960.011"" 0.249+0.010™
GA3 — — — — 0.014+0.003"* — 0.070:£0.003"° 0.049:£0.002% 0.016=0.001**
GA4 — — —0.048+0.004™ 0.067+0.004*° — 0.377+0.025% 0.273+0.011%* 0.289+0.022**
GAS — — —  0.176+0.008™" 0.145+0.011** 0.143£0.016™ 1.075+0.035" 0.835+0.016 1.101+0.027>
GA6 — — —0.192+0.009* 0.173+0.007*" 0.125+0.008"" 1.330+0.028" 1.040+0.042™ 0.846+0.085"
GA7 — — —0.13240.011*"0.1090.026*™ 0.084=0.008"" 1.162+0.021% 0.93420.034™ 0.718+0.084"
GAS — — —0.074£0.001"" 0.060£0.005** 0.0510.005"* 0.893+0.013" 0.736=0.037%" 0.622+0.059™
GA9 — — —0.056+0.002*" 0.039+£0.014** 0.042+0.006™* 0.595+0.006 0.533+0.029 0.517+0.077"
GA10 — — —0.030+0.002*" 0.020+0.004"" 0.025+0.004"" 0.360+0.008" 0.344+0.017" 0.352+0.012"
GAIll — — —0.016£0.001* 0.01120.003** 0.014+0.002** 0.193+0.001%* 0.187+0.013% 0.219+0.021*
GAI12 — — — — — — 0.088+0.004"* 0.076+0.007"* 0.093+0.017**
GA13 — — — — — — 0.057+0.001*" 0.055+0.004"" 0.072+0.012"*
GALl4 — — — — — — 0.028+0.002** 0.023+0.003** 0.035+0.011**
GAlS — — — — — — 0.014+0.002"* 0.0120.004* 0.020+0.006™*
GA16 — — — — — — — - 0.011+0.002**
cyclicGA3  — — — — — — 0.05120.002"" 0.032+0.002"* 0.057:0.023*"
cyclic GA4 — — — — — — 0.0830.004"° 0.058£0.001** 0.109+0.028"
cyclic GAS  — — — — — — 0.097+0.002"" 0.0660.005** 0.0560.018™
cyclicGA6  — — — 0.142+0.004* 0.173+0.014*" 0.223+0.014* 0.711£0.011% 0.8670.001"" 1.135£0.076>
cyclic GA7  — — — 0.076£0.002*" 0.093%0.004*" 0.145+0.017* 0.290+0.008"* 0.375+0.005>" 0.617+0.049™
cyclic GAS ~ — — — 0.048+0.003*" 0.062+0.006™" 0.087+0.013" 0.181+0.002" 0.251+0.002% 0.412:0.80"
cyclicGA9  — — — — — 0.059+0.008"* 0.064+0.001*" 0.103+0.003"" 0.246+0.059"
cyclic GA1I0O  — — — — — — 0.043+0.004"" 0.0760.004" 0.177£0.031*
cyclic GAIl ~ — — — — — — 0.028+0.001** 0.048+0.003"" 0.111+0.023"¢
cyclic GA12 — — — — — — — 0.039+0.010**
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Fig. 3 Migrants of PGA linear and cyclic oligomers in food simulants (50% ethanol)
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