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Abstract. In this study the use of heat resistant endosfawmeing aerobic micro-
organisms of the genus Bacillus amyloliquefacienaraactive oxygen scavenger in
multilayer PET bottles was evaluated. Thereforea@isystem was developed in
which Bacillus amyloliquefaciens spores were incogted in a PET copolymer
(PETG) at 220°C. The effectiveness of the OS wadueted directly by measuring
the oxygen absorption rate and indirectly by deteimgy the viability of the
incorporated spores.

I ntroduction

The use of plastic packaging materials, composedfoof example polyethylene
terephthalate (PET), as a container for sensiteel foroducts is often restricted due to the
weaker gas barrier properties of these polymerspeped to glass. In many cases, the
presence of oxygen is unwanted because it is refgenfor oxidative detoriation
reactions, alteration of color and flavor and spgél by aerobic micro-organisms of the
food content [1; 2]. The incorporation of activeygen scavengers (OS) in the polymeric
matrix can improve the gas barrier properties efgackage and remove residual oxygen.
An alternative approach to available chemical O$hésincorporation of aerobic micro-
organisms, capable of consuming oxygen, in the rpefic matrix [3]. A natural and
biological oxygen absorption system based on macganisms could have advantages to
consumer perception, recyclability, safety, matec@mpatibility, production costs, ... A
significant restriction of the use of biologicalssgms is the heat stability of incorporated
micro-organisms during the high temperature pradagbrocess of plastic containers and
in this specific case of PET bottles.

In this work heat resistant endospore-forming aerahicro-organisms (genus
Bacillus amyloliquefaciens) were incorporated at high processing temperatumes
polymeric matrix as an active oxygen scavenger (@3].



Material and methods
1.1 Spore preparation

In this study spores dBacillus amyloliquefaciens LMG 1D9698 were used. Dry spore
powder was produced by inoculating 1 ml of nutrierdth containing a full grown culture
(24h incubated at 30°C) onto petri dishes contgimmutrient rich growth medium (20 g/l
peptone, 20 g/l sucrose, 10 g/l yeast extract ahdy/R agar). Inoculated plates were
incubated for 5 days at 37°C after which sporesewervested by scraping the surface
with sterile spatulas. Scrapings were collected sterile petri dish and dried for 2 weeks
at 37°C after which they were grinded.

1.2 Spore incorporation

Spores were incorporated in Poly(ethylene terepduina 1,4-cyclohexane dimethanol)
(PETG), an amorphous copolymer of terephtalic acitd ethylene glycol and cyclohexane
dimethanol. PETG resins were pressed into roungkesmmsing a mould and table press.
Spores incorporation was done by placing the dgsinreount of spores between two PETG
plates and pressing them at 210°C under a maximasspre of 30 bar for 3 minutes.
Spore concentrations are expressed as log spdP&sI¢g. For example 7 log spores/g
PETG means that 1 g PETG material contairsfores.

1.3 Oxygen permeation measurements

Monolayer plates, produced with a polymer pressevpdaced between the two chambers
of a measurement device (Figure 1). The differend@0O, was maximized by flushing the
upper chamber with 2 bar 100% @nd the lower chamber with 100% N2. Permeatged O
was accumulated and measured in the lower chamitielaw Oxysense 210T. Addition of
water was necessary to promote spore germination.

2 bar 100% O,

0, Transmission

Flushed with N,
0, sensor ——_ Z

N Y

3" Oxydot

Figure 1. Schematic representation of a high pressure per meation measuring device. Moisture was
added on top of the sampleto allow spore ger mination.



1.4 Oxygen absor ption measurements

The oxygen absorption rate (OAR mb/@day) was determined by placing monolayer
PETG plates in a closed recipient. Water was addethe recipient to allow spore
germination. The oxygen concentration in the headspvas measured over time with an
Oxysense 210T.

Results and discussion

Oxygen permeation measurements through sampleaicmg 7.2 log spores/g PETG, 7.9
log spores/g PETG and 9.4 log spores/g PETG amngivFout! Verwijzingsbron niet
gevonden.. A clear dosis response can be noted betweenpthre €oncentration and the
oxygen permeation through the sample plates. Foplkes without spores a linear increase
of oxygen over time was found showing no activerenging. For samples containing 7.2
log spores/g PETG a minimal effect on oxygen petimmeawas found compared to a
samples containing no spores. These samples alseedha linear increase of oxygen, but
at a slightly slower rate. A raise in concentratior?.9 log spores/g caused an increase of
oxygen to 0.36% after three days. Further measurenshowed decrease of the oxygen
concentration in the lower measuring chamber megathiat spores were not only able to
completely scavenge all permeated oxygen, butra@ismve already accumulated oxygen.
The lower scavenging effect measured in the firstd days can be explained by the time
needed for moisture uptake, spore activation amchigation. Before spores can germinate
the minimal conditions needed for growth must bached. In practice this means that
moisture uptake is necessary to reach the minimtmactivity (@) needed.

A further increase of the spore concentration ®18g spores/g PETG showed a
similar trend as samples containing 7.9 log spgre&TG, but with a smaller increase of
oxygen during the first days of measurement, afastaremoval of accumulated oxygen. It
is noted that after 7 days measurement no signifipeessure loss of oxygen was found in
the upper chamber, so that it can be stated thasum&g oxygen accumulation will have
no significant effect on the difference in parpagssure over the sample.
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Figure 2. Oxygen per meation through a monolayer plate with low, medium and high spore
concentration compared with normal PETG. Per meation was measured through plates without spores
(#), with 7.2 log spores/g PETG (m), with 7.9 log cfu/g PETG (A) and with 9.4 log.

Next to oxygen permeation, scavenging activity mforporated spores was tested by
measuring the oxygen absorption rate (OAR) of sarpfdtes by placing them in a closed
recipient. The OAR of samples containing 9.4 logrep/g PETG were compared with
PETG plates containing no spores and with a chénagggen scavenger (Amosorb)
(Fout! Verwijzingsbron niet gevonden.).

In all measurements with samples containing spanesAmosorb a clear reduction
in oxygen could be measured over a period of 7.daysn day 2 to day 7 a linear decrease
with 0.04+0.02 ml @/day and 0.03+0.01 ml fay in oxygen was found for samples

containing spores and Amosorb respectively, pointit that there was no significant
difference in OAR between the two.
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Figure 3. Oxygen absor ption by a monolayer plate containing 9.4 log spores/g PETG (A) compared
with PETG without spores (¢) and a commercial OS (Amosor b)(m).

Conclusions

This study showed thaBacillus amyloliquefaciens spores can act as an active oxygen
scavenger when incorporated in a PETG matrix. Aaldiof minimum 7.9 log spores/g
PETG makes the samples net impermeable to oxygen a@weriod of 7 days with a
difference in oxygen partial pressure over the darop2 bar. When samples were placed
in a closed recipient, an oxygen absorption rateparable to Amosorb was found.
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