
Introduction 
Biodegradable polymers are 
increasingly being used as an 
alternative to conventional 

commercial polymers since, unlike synthetic polymers, they do not persist as long in 
the environment thus making them an ecofriendly alternative. Biodegradable polymers 
can be made from renewable resources such as starch, chitin and cellulose or non-
renewable resources like poly(butylene adipate-co-terephthalate). Additives are added 
to biodegradable polymers to manipulate selected physical properties, such as 
toughness, flexibility, or barrier properties, thereby improving their functional capability. 
These additives can leach into their surroundings, potentially affecting products in 
contact with them, such as foodstuffs. Characterization of these additives in food 
packaging is important so as to support good manufacturing practices and address 
safety concerns. Methods to characterize additives involve exhaustive extractions and 
often involve separating the additives from the polymer matrix.1 We present a study 
identifying additives in bioplastics using ambient ionization mass spectrometry. The 
analysis of each sample was completed in a few seconds and a wide range of additives 
in different types of biodegradable polymers were identified.
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Experimental

A PerkinElmer AxION® Direct Sample Analysis™ ( DSA™) source was 
used as the ambient source for this study. The DSA was mounted 
on a PerkinElmer AxION 2 Time-of-Flight (TOF) mass spectrometer. 
Mass spectra were acquired using the DSA controller software. 

Sample Analysis
Pieces of polymers (1 cm X 1 cm) were placed in the DSA source 
directly in front of the entrance to the mass spectrometer and 
analyzed for five seconds. Bioplastic samples analyzed included 
commercial poly(L-lactic acid) (PLLA) used as salad containers,  
PLLA containing 2 wt.% butylated hydroxytoluene (BHT), PLLA 
containing 0.95 wt.% alpha-tocopherol and poly(butylene  
adipate-co-terephthalate) with 0.5 wt.% BHT.

The samples were analyzed in positive ion polarity over the mass 
range m/z 60-560. A calibration solution was analyzed prior to 
each sample and was used to internally calibrate each data file. 

Measured ions with unknown composition were analyzed using 
AxION EC ID™ software. 

The AxION EC ID software searches against selected databases for 
potential elemental composition matches and provides a ranked 
summary of these matches based on mass accuracy and isotope 
ratio information of the analyte. The software also provides 
suggestions for possible compound structures. In this study, the 
web-available Pubchem database was used.2

Results

Commercially available PLLA-based salad containers were analyzed 
using the DSA. The spectrum (Fig. 1) shows the presence of lactic 
acid polymer fragment ions. The spectrum also showed other ions 
which were identified using accurate mass information and AxION 
EC ID software. One such ion observed at m/z 338.3424 (Fig. 1) 
was identified as likely to be the protonated molecule of erucylamide, 
which has the elemental composition C22H43NO (Fig. 2). Erucylamide 
is often added as a slip agent, antifogging or lubricant in plastic films. 

PLLA plastic containing BHT as an additive at 2 % by weight 
showed the predominant M.+ ion of BHT along with its fragments 
in the spectrum (Fig. 3). In addition to BHT, a major ion 
corresponding to the accurate mass of erucylamide was also 
observed in the spectrum. 

PLLA biopolymer with α-tocopherol as additive showed a 
predominant peak of the [M+H]+ ion of the antioxidant along with 
a fragment ion corresponding to α-tocopherol (Fig. 4). Once again, 
erucylamide was also observed in the spectra suggesting it is an 
additive in the biopolymer. 

A petroleum-based biodegradable polymer called Ecoflex®, 
containing carbon black and the additive BHT, was also analyzed by 
the DSA source. Ecoflex® is a poly(butylene adipate-co-terephthalate) 
polymer. The spectrum (Fig. 5) showed the presence of BHT and 
also adipic acid, a degradant of the polymer. AxION EC ID software 
was used to identify the elemental composition and possible 
structure of the unknown compound m/z 201.1126. The software 
predicted the elemental composition to be C10H16O4 with the 
highest score. Exact identification of this structure is beyond the 
scope of this study.

Figure 1. Spectra of commercially available PLLA polymer using the DSA/TOF.  
The fragments of the polymer (monomer, dimers) were identified using accurate 
mass. An ion at m/z 338.3424 was also observed.

Figure 3. Spectra for PLLA containing 2 wt.% BHT. BHT along with its fragments 
was identified (mass accuracy < 5 ppm). A dominant ion corresponding to the 
accurate mass of erucylamide was observed at m/z 338.3410. 

Figure 2. AxION EC ID software: The elemental composition of m/z 338.3425 was 
identified as C22H43NO. The software also provides a list of possible structures for 
the given elemental composition and one of the listed structures was erucylamide, 
an additive often used in bioplastics.
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Conclusions

Known additives in biodegradable polymers were rapidly identified 
by exposing a small piece of the material for a few seconds to the 
ambient ionization DSA source, thereby eliminating the need for 
complex and time consuming extraction procedures. Unknown 
analytes detected in the biodegradable polymers were identified 
using accurate mass and isotope profile information along with 
AxION EC ID software, a powerful database search tool.
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Figure 4. Spectra for PLLA biopolymer containing 0.95% α-tocopherol and its 
fragment ion at m/z 165.0911 were observed. A contaminant peak for erucylamide 
was also observed at m/z 338.3429. 

Figure 5. Spectra of Ecoflex biopolymer containing carbon black and BHT. The 
spectra shows presence of BHT, adipic acid, along with an unidentified peak at m/z 
201.1126 and its dimer at 401.2185. 


