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Impact of Permeation of O2 and CO2 on the 
Growth Behaviour of Saccharomyces diastaticus 
in Beer

Different bottle types had been tested on their permeation characteristics (including oxygen ingress and carbonation 
retention) and the microbiological stability of the bottled beer. The microbiological stability was assessed by measuring the 
turbidity and the concentration of colony forming units (CFU). Measurement of the CO2 content and the turbidity was done 
in beer; evaluation of the oxygen ingress had to be done in especially prepared distilled water since beer itself is oxygen-
consuming. In case of microbiological growth the colonies were checked with macroscopic and microscopic methods for 
exclusion of unwanted microorganisms leading to an erroneous positive result.
The results of the study showed the combined infl uence of oxygen uptake and loss of carbon dioxide on the microbiological 
stability of beer. With the help of oxygen consuming and passive barrier materials the turbidity in the test beer with and 
without inoculated microorganisms could be kept at a lower level. Especially the inoculation with Saccharomyces diastaticus 
showed increasing turbidity and concentrations of colony forming units over time. For contamination with Saccharomyces 
diastaticus glass bottles and plastic bottles with combined passive gas and oxygen quenching barrier enhancement showed 
signifi cantly lower turbidity and concentrations of colony forming units than the other tested bottle formulations.
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1 Introduction

The use of plastic packaging is becoming more common in the 
beverage industry. Due to new developments in the packaging 
market, the use of plastic materials can be an option to expand 
the market for even quality sensitive products. At present, there 
are continuing developments to further improve the barrier cha-
racteristics of polymer materials such as PET (multilayer, internal 
coating, external coating and blends).

Monolayer PET bottles show oxygen uptake rates of 0.5 mg/L 
per month and higher. Simultanuous to the oxygen uptake a loss 
of carbon dioxide in a range of approximately 5 % – in regard 
to a starting carbon dioxide concentration of 5 to 6 g/L – can be 
expected. Similar data has been proved and published several 
times in research projects during the last decade [1, 2, 4, 5, 6, 7, 
8]. Due to barrier enhancing developments, as the ones mentioned 
above, the rates for uptake of oxygen could be lowered to a zero-
uptake-level over a period of six months and more. Technologies 
which are able to quench oxygen molecules in the bottle wall 
were used to achieve a steady state for the oxygen content [4, 9]. 
With respect to the CO2 retention an enormous reduction of the 

losses could be achieved as well. Depending on the type of barrier 
enhancement which was used, a level of 1 to 3 % absolute loss 
of carbon dioxide per month is realistic for state of the art barrier 
enhanced PET bottles [1, 2, 4, 5, 6, 7, 8, 9].

The infl uence of the packaging material on the microbiological 
stability of beer came into focus during the unexpected contami-
nation of different PET bottle samples which were tested for their 
gas permeability. After approximately three months samples with 
higher CO2 levels and visible sedimentation occurred. All tests 
with bottles indicating abnormal conditions had positive results 
when tested on microbiological contamination. Additionally, the 
sensorial evaluation of the samples showed off-fl avours. These 
off-fl avours could be directly connected to the microbiological 
contamination.

The following microorganisms were found and in part identifi ed:

Saccharomyces diastaticus

Saccharomyces wild type yeast

Wild type yeast (fi lm-forming)

Micrococcus spec.

The microbiological tests were widened on all types of bottles 
tested within the project. The tests indicated that all types of 
bottles were randomly contaminated but only for bottles with 
low barrier performance an infl uence on the overall product qua-
lity could be observed. The uncontrolled contamination of the 
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bottled beer led to visible losses in terms of product quality, yet 
not all bottles showed a visible infl uence of the contamination. 
Since the contamination was not controlled it was not possible to 
reach a defi nitive conclusion regarding a possible infl uence of the 
barrier quality on the microbial stability but a dependence on the 
permeation of oxygen and carbon dioxide seemed to be a reason. 

To understand the needs of proper barrier characteristics a brief 
look into the infl uences of the most important inorganic gases for 
packaging of beer is necessary. These two important inorganic 
gases are oxygen on the one hand and carbon dioxide on the other. 
Generally the absence of oxygen would be perfect for the aspect 
of beer fl avour stability. Besides temperature, light and agitation, 
oxygen is beer’s “arch-enemy” [10]. With the exception of the 
moment when the yeast is added to the pitching wort (“rousing”), 
any oxygen uptake should be avoided. A concentration of oxygen 
in the pitching wort in a range of 8 to 10 mg/L is considered to be 
ideal for a good fermentation process [3].

Several oxidative and non-oxidative reactions are generally sup-
posed to decrease the beer quality [17, 18]. Research of Kaneda 
et al. [12] indicated that hydroxyl radicals are the reason for the 
oxidation reactions since the oxygen molecule itself is stable and 
not very reactive. Possible pathways for the activation of the oxy-
gen molecules are the Fenton and the Haber-Weiß reactions. The 
activation of oxygen is catalysed by iron or copper ions [13, 14].

In contrast to oxygen the carbon dioxide should be kept in the 
packaged beer. Carbon dioxide has no direct infl uence on taste or 
fl avour of the beer but has a huge impact on the foam quality and 
the mouth-feel. Therefore, it positively contributes to the essential 
quality parameters of the beer.

Concerning microbial stability a carbon dioxide content of ap-
proximately 5 g/L is toxic for many microorganisms. Oxygen on 
the other hand is essential for all strictly aerobic microorganisms. 
Aside from the anaerobic conditions and the content of carbon 
dioxide, beer has further positive characteristics with regard to 
microbial stability. Parameters with positive infl uence on the 
general microbial stability can be:

■ A pH-value of less than 5.0.

■ Beer contains alcohol in concentrations of approx. 5 %, de-
pending on the type of beer.

■ Hop components have anti-microbial properties.

■ The carbon sources in fi nished beer are limited.

Due to the selective properties of beer – mentioned above – Back 
[11] suggested distinguishing microorganisms into 5 categories. 
These categories are:

■ Obligatory spoilage microorganisms (category I)

■ Potentially damaging microorganisms (category II)

■ Indirect beer spoilage microorganisms (category III)

■ Indicator microorganisms (category IV) and

■ Latent microorganisms (category V)

Microorganisms of category I are able to reproduce in beer and 
lead to changes in fl avour, sedimentations or increased turbidity. 
Category I includes hetero- and homo-fermentative Lactobacil-
lus species, Pediococcus damnosus, Pectinatus, Saccharomyces 
diastaticus, Megasphera or Brettanomyces.

Potentially harmful microorganisms are not able to reproduce 
under standard beer conditions. In case the beer contains less 
hop components, lower ethanol content or higher sugar contents 
organisms of category II might be able to reproduce and spoil the 
product. Organisms to mention are Saccharomyces (wild) yeasts 
and species of lactic acid producing bacteria other than the ones 
mentioned in category I.

The microorganisms of the categories III-V can spoil the raw ma-
terials, intermediate products or indicate microbial spoilage (weak 
points) without being generally harmful for the fi nished product.

The categories II-IV include several microorganisms with a 
certain oxygen demand. In case of a beer which has enough 
free oxygen available, spoilage with aerobe organisms could be 
possible. Film-forming yeasts or carbon dioxide tolerant aerobe 
bacteria (e.g. Pichia ssp., Acetobacter ssp.) could be enabled to 
reproduce in beer.

The fact that barrier enhanced PET bottles can preserve the fl a-
vour of beer better than PET monolayer bottles without additional 
barrier has been previously published [6, 8, 9]. The goal of the 
research was to observe the infl uence of carbon dioxide and oxygen 
permeation on the microbiological stability of beer fi lled in PET 
bottles. In the packaging of food the use of oxygen scavengers 
and the packaging under CO2 atmosphere are common practices 
to reduce microbial growth and, therefore, extend the product’s 
shelf life [21, 22, 23, 24]. Beer itself is generally packed under 
CO2 atmosphere and absence of oxygen. The question was, if the 
permeability of PET bottles during a typical shelf life period of 
six months does contribute in a matter that a signifi cant decrease 
of microbiological stability in beer – compared to beer in glass 
bottles – can be detected.

The identifi cation of the parameters infl uencing the permeation 
process and the microbiological stability should be fulfi lled by 
testing four different types of PET bottles with varying barrier 
properties. The tests should be carried out under laboratory con-
ditions and real kinetics. Under controlled conditions (including 
starting oxygen and carbon dioxide content, pH-value and other 
product parameters) single parameters were varied to reach a 
conclusion regarding their infl uence. A controlled contamination 
of beer in different PET bottles was the main focus. To evaluate 
the quality of the different PET bottles their barrier performance 
was checked with the help of methods for the permeation control.

The results of the mentioned test should lead to a conclusion on the 
correlation of barrier performance parameters for PET bottles with 
microbial growth parameters for different types of microorganisms.
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2 Materials and methods

Within the research project four different types of transparent 
PET bottles were tested. All samples were sealed with an alumi-
nium foil using heat induction. As reference brown glass bottles 
closed with crown corks were used. Bottle volume was 0.5 L for 
all tested bottle types.

To evaluate the overall quality of the bottles the permeation rate 
of oxygen and carbon dioxide was checked. The carbonation 
retention was tested in beer and measured with the help of Hach 
Lange’s Orbisphere Micro Logger 3654. The measurements were 
carried out monthly over a period of six months. The number of 
samples per data point was n = 5.

A so called “Glovebox-Method” was used in order to measure the 
oxygen uptake. The empty sample bottles were prepared with a 
special sensor spot (Pst6 sensor). Citric acid (8 g) and bicarbonate 
of sodium (5 g) were added to simulate beer pH (4.3) and carbon 
dioxide content (approx. 5.2 g/L). Distilled water was used instead 
of beer to ensure that the sample liquid cannot consume permeated 
oxygen. 495 g of distilled water were fi lled into every test bottle. 
Inside the Glovebox the empty sample bottles, the closures and 
distilled water were permanently fl ushed with nitrogen (Stickstoff 
5.0 from Air Liquide). With the help of an optical measurement 
method (Fibox 3 trace oxygen meter; PreSens Precisions Sensing 
GmbH) the oxygen content inside the Glovebox could be controlled 
and adjusted. A description of the oxygen measurement method was 
published by Huber et al. [15]. At the desired air-saturation inside 
the Glovebox (approx. 2 %) the nitrogen fl ow was lowered to a 
level of steady-state air-saturation inside the Glovebox. During this 
steady-state-phase the test bottles for were fi lled. Figure 1 shows the 
correlation of oxygen concentration in the Glovebox at the moment 
the bottles were fi lled inside the Glovebox (“steady-state-phase”) and 
the dissolved oxygen concentration measured later in the (water-)
fi lled bottle after closing and shaking into equilibrium. Due to the 
sensor spot on the inner surface of the bottles, the dissolved oxygen 
concentration could be measured with the help of PreSens’s optical 
measurement system which was also used to control the oxygen 
concentration inside the Glovebox. Number of samples was again 
n = 5. Measurement was carried out over a period of six months.

The test to evaluate the microbiological stability of beer in PET 
bottles was carried out in original medium. The beer used within 
these trials was of the same brand. Glass bottles were fi lled directly 
in the brewery and PET bottles were fi lled in the pilot brewery 
of the VLB Berlin using kegged beer. Analysis of the beer para-
meters was done using the Beer alcolyzer (Anton Paar GmbH). 
Furthermore, CO2 content, colour, pH-value and bitter units were 
measured using the respective EBC methods (MEBAK Bd. II, 
Kap. 2.13.2, 2.14 and 2.18.1).

The beer used for the study did not show any difference in beer 
parameters other than the starting carbon dioxide content which 
was 5.2 g/L for the glass bottles and slightly lower with 4.8 g/L 
for PET bottles.

Five different strains of microorganisms were tested for their repro-
duction over a period of six months. All organisms were reference 

organisms of the collection of the Institut für Gärungsgewerbe und 
Biotechnologie e.V. (IfGB). Following microorganisms were used:

 Lactobacillus brevis strain: La-0415 (category I)

 Saccharomyces diastaticus strain: Sa-1108 (category I)

 Micrococcus kristinae strain: Mi-0302 (category II)

 Gluconobacter oxydans strain: Gl-0103 (category IV)

 Pichia membranaefaciens strain: Pi-0518 (category III)

The microorganisms were cultivated in beer to appropriate cell 
counts (titre solution). The concentrations of the titre solutions 
were checked using suitable Thoma chambers for bacteria respec-
tively yeasts. The beer-fi lled bottles were inoculated with suitable 
volumes of the titre solutions for each of the fi ve microorganisms 
inside the Glovebox and than re-closed. The anaerobic atmos-
phere in the glovebox was necessary to keep the oxygen ingress 
during inoculation as low as possible. Air-saturation inside the 
Glovebox was < 0.5 %. Reference bottles without microorganisms 
were opened and re-closed inside the Glovebox without adding 
any solution.

The artifi cially contaminated as well as the reference samples 
were stored over a period of six months at ambient conditions 
(approx. 21 °C) and dark. Weekly measurements of turbidity 
(haze) were carried out as well as monthly determinations of 
the cell count.

The increase in haze respectively turbidity was calculated as 
follows:

 ∆HZ = HZ t = x – HZ t = 0

 HZ: Haze (90°/25°)   (Eq. 1)

The measurement of the turbidity was carried out by using the 
optical method described in MEBAK Bd. II Kap. 2.15.1.2. The 
device used for the turbidity measurement was the LabScat 90°/25° 
from company Sigrist. The evaluation of turbidity is expressed in 
EBC formazine units. For high turbidity levels with sedimentation 
the samples had to be shaken to ensure a homogeneous distribu-
tion of the particles. Thus, all samples were shaken prior to the 
measurement. After shaking the samples rested for exactly 60 
seconds to avoid an increased turbidity level due to CO2 bubbles. 
Turbidity was determined twice until both values were equal. The 
values for 90° and 25° were recorded. To evaluate the microbial 
growth the turbidity 25° has been used since the particle size of the 
microorganisms can be expected to be larger than 0.3 μm. Referring 
to Pöschl [16] the measurement at an angle of 25° should result 
in higher values compared to the 90°-values at a medium particle 
size of more than 0.3 μm. 

For the monthly determinations of the cell count the bottles had 
to be opened and appropriate volumes of beer from the sample 
bottles were cultivated on media suitable for the respective mi-
croorganisms that the beer was inoculated with.
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Media for cultivating the different microorganisms were:

1) Wort-Agar (beer wort; extract 11.5 %, pH: 5.5)

■ Saccharomyces diastaticus

■ Pichia membranaefaciens

2) Standard-I-Agar (Fa. Merck KGaA; pH: 7.5 ± 0.2 at 25 °C)

■ Micrococcus kristinae

3) YED-Agar (Fa. Merck KGaA; indicator: bromkresolgreen 0.28 %)

■ Saccharomyces diastaticus

■ Pichia membranaefaciens

■ Gluconobacter oxydans 

4) MRS-Agar (MRS Bouillon; CARL ROTH GMBH + Co. KG)

■ Lactobacillus brevis

Inoculation of the cultivation media was carried out using either 
membrane fi ltration or by the Drigalski-method on solid media 
(MEBAK Bd. III Kap. 10.11.1.1 and MEBAK Bd. III Kap. 
10.11.1.2). If the appropriate sample volume exceeded 1 mL the 
sample was membrane fi ltrated. If the sample had to be diluted 
to get processable cell concentrations, dilution was done prior to 
the membrane fi ltration in order to receive a suitable volume and 
concentration of the sample.

Cultivation of the microorganisms Saccharomyces diastaticus, 
Gluconobacter oxydans, Micrococcus kristinae and Pichia 
membranaefaciens was carried out under aerobic conditions. The 
samples of Lactobacillus brevis were cultivated under anaerobic 
conditions. The conditions for cultivation were as follows: aerobic 
samples were cultivated for three days and anaerobic samples for 
fi ve to seven days. Temperature was held at 28 °C.

Determination of the cell count and the purity of the culture were 
carried out macroscopic and microscopic. Cell concentration was 
determined by counting the formed colonies (MEBAK Bd. III Kap. 
10.11.4.2 respectively 10.11.4.3). Prior to membrane fi ltration or 
the Drigalski-method the cell concentration was determined with 
the help of a suitable Thoma counting chamber (for bacteria or 
yeast cells; MEBAK Bd. III Kap. 10.11.4.4) using a microscope. 
The determination of total cell concentration was necessary to 
calculate a suitable sample volume or dilution for the following 
inoculation of the media.

3 Results and discussion

Although fi ve different organisms were tested, only the results for 
Saccharomyces diastaticus shall be discussed. The tests with the 
other four microorganisms indicated similar correlations between 
permeability and microbial growth but the most signifi cant results 
could be observed for Saccharomyces diastaticus.

Over a period of six months (26 weeks) the ingress of oxygen 
into the bottle was evaluated. The oxygen ingress was tested for 
all four PET bottle formulations and is shown in fi gure 2. The 
bottles were prepared using the Glovebox method as described in 
the chapter materials and methods. The graphs show the absolute 
oxygen ingress starting from a level of less than 0.1 ppm oxygen 
in the fl uid after fi lling/preparation.

The carbonation retention was tested for all four PET bottle 
formulations and the glass bottles over a period of six months 
(26 weeks). All sample bottles were fi lled with beer. The corre-
sponding graphs of the carbonation retention for the fi ve bottle 
types are shown in fi gure 3. The starting level of carbonation was 
5.2 g/L for the glass bottles closed with crown corks and 4.8 g/L 
for the PET bottles with sealed fi nishes.

The permeation characteristics showed the expected results. The 
highest uptake of oxygen and loss of carbon dioxide could be 
observed for the Monolayer PET bottles without additional bar-
rier (PET 3). When a passive barrier material was added (PET 4) 
the uptake of oxygen could be slightly lowered and the loss of 
carbon dioxide was about 40 % less than without passive barrier 
enhancement. The addition of a selective oxygen barrier (PET 1)
kept the oxygen concentration in the test fl uid at the starting 
level but had no infl uence on the carbon dioxide retention. The 
best results were achieved when a combination of both barrier 
technologies was used. With the help of bottles used as PET 2 
no oxygen uptake and a decrease of the carbon dioxide loss of 
approximately 40 % compared to the Monolayer bottle without 
additional barrier (PET 3) could be achieved.

In fi gure 4 and 5 results of the turbidity measurements are shown. 
The turbidity was measured over a period of 6 months (26 weeks) 
for all fi ve bottle types. The graphs show the increase of haze at 
25° as the mean of two bottles. Generally the graphs for the values 
at an scattering angle of 25° did not show qualitative differences 
to the graphs for angle of 90°.

The turbidity due to the beer itself (Fig. 4) was measured with 
reference bottles which have not been artifi cially contaminated. A 
control of microbiological growth after completion of the study did 
not show any evidence for microbial growth in the reference beer. 

With the help of the given equation it was possible to fi lter out 
the staring haze level of the beer and a possible infl uence of the 
bottle material onto the turbidity measurement. So, the increase 
of turbidity due to reactions of the beer could be observed and 
the infl uence of the bottle material regarding its infl uence on 
non-biological stability of the beer evaluated. Reasons for the 
increased turbidity can be oxidation or polymerisation reactions 
of polyphenols and others [3, 10, 16, 19, 20].

The results show that the Monolayer PET bottles (PET 3) had the 
highest increase of turbidity. After four to fi ve months the turbidity 
reached a level of 2 EBC which is known to be the range where 
turbidity can be detected with the human eye [16]. After fi ve to six 
months the same level was detected for the bottles with an additi-
onal passive barrier (PET 4). In contrast the glass bottles and the 
PET bottles with oxygen consuming barrier material (PET 1 and 
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2) did not show a signifi cant increase of the beer‘s turbidity. The 
increase of the turbidity can be correlated to the increased uptake 
of oxygen which was detected for the PET bottle formulations 3 
and 4. The higher the oxygen uptake the faster was the increase 
in turbidity and, therefore, the loss of colloidal stability. Since the 
occurring oxidation reactions cannot be specifi ed here a correlati-
on of a certain oxygen concentration and a visible haze formation 
(> 2 EBC) is not possible.

Since oxidation reactions are known to produce haze in beer 
[3, 10, 16, 19, 20] a direct correlation of the oxygen uptake and 
the increase of turbidity could be expected. The results of the 
contamination-free beer samples in different packaging materials 
could clearly show the infl uence of the oxygen uptake on the haze 
formation in beer. The bottles with the highest uptake of oxygen 
(PET 3 and 4) showed the highest turbidity levels and the bottles 
with effective oxygen barriers (PET 1 and 2) the opposite.

Figure 5 shows the results for the increase of turbidity when the 
bottled beer was contaminated with Saccharomyces diastaticus. 
The yeast can be categorised as an obligate beer spoilage organism 
and was expected to grow in all samples due to the fact that the 
yeast is a so called super-attenuating organism. Saccharomyces 
diastaticus is able to ferment dextrins and the product beer is 
suitable for the organism to reproduce.

The results show different growth behaviour for Saccharomy-
ces diastaticus depending on the bottle material. The highest 
turbidity increase was measured for the Monolayer PET bottles 
without additional barrier (PET 3). After fi ve weeks these bottles 
showed a visible turbidity (> 2 EBC) and reached a maximum 
value of approximately 150 EBC after ten to twelve weeks. 
After eight weeks the bottles of PET 4 (with additional passive 
barrier material) had a visible haze formation and after 14 weeks 
PET-4-bottles reached their maximum turbidity of about 140 
EBC. The bottles of PET 1 (oxygen selective barrier) showed 
visible haze after seven weeks. The increase of turbidity was 
slower compared to PET 3 and 4 (no selective oxygen barrier) 
and also the maximum turbidity level of 60 EBC, reached after 
15 weeks, was signifi cantly lower than for PET 3 and 4 (without 
selective oxygen barrier). The PET bottles containing oxygen 
consuming components and an additional passive barrier (PET 
2) had visible haze formation after 14 weeks. By the end of the 
study they reached a maximum turbidity level of 10 EBC. The 
lowest turbidity increase was detected for the glass bottles. The 
haze formation was visible after 19 weeks and was at 5 EBC after 
23 weeks of storage.

The starting concentration of cells in the artifi cially contaminated 
bottles was calculated to approx. 6 CFU/mL for Saccharomyces 
diastaticus by adding 0.1 mL of an appropriate dilution of a titre 
solution with known cell count (determined with a Thoma chamber 
for yeasts). The results for the tests on growth of microorganisms 
were positive for all tested bottle types as can be seen in fi gure 6. 
Differences between the different bottle types could be observed for 
the growth rates and the overall cell concentration in the samples.

The fastest growth and highest cell count could be observed for 
PET bottles with high oxygen uptake (PET 3 and 4). The slowest 

growth of Saccharomyces diastaticus was detected in the bottles 
containing oxygen consuming and passive barrier enhancements 
(no measurable oxygen uptake – PET 2). In-between were the 
PET bottles with only oxygen consuming barrier material but 
no passive barrier enhancement (PET 1). During the fi rst two 
months the glass bottles did not show any increase in the colony 
forming units (CFU) but after the test period of fi ve month the 
concentrations were on the same level as the PET-2-bottles with 
very good oxygen barrier and acceptable carbon dioxide retention.

The results show a direct infl uence of especially the oxygen 
barrier on the growth of microorganisms. In the case of PET 
bottles with passive barrier and additionally oxygen consuming 
characteristics (PET 2 – low oxygen uptake and good carbonati-
on retention) the microbiological stability of beer was similar to 
the microbiological stability of beer in glass bottles. Compared 
to the PET bottles without additional barrier the time until the 
microbial contamination could be detected with the human eye 
(turbidity of approximately 2 EBC) was 2.5 to 3 times longer. A 
possible infl uence of the carbon dioxide retention on the growth 
of Saccharomyces diastaticus could not be observed directly. Still 
the early start of haze formation in PET 1 (low oxygen uptake but 
accelerated CO2 losses compared to the bottles with only passive 
barrier – PET 4) and the zero-growth at the beginning for the glass 
bottles are indicators for an inhibition of the microbial growth due 
to higher carbon dioxide concentrations in the beer.

The results of the study show that oxygen and carbon dioxide 
permeation are not only important parameters for the fl avour and 
colloidal stability of beer. For a long term microbial stability the 
use of suffi cient barrier materials is of great importance. Aside 
from the absence of oxygen, good carbonation retention has to be 
present to preserve the natural growth-inhibiting characteristics 
of beer. Regarding the tested barrier PET bottles the best results 
could be achieved for the combination of oxygen consuming 
barrier material with added passive barrier characteristics (PET 
2). The growth rates and the increase of turbidity were similar to 
the reference glass bottles for PET 2.

A good compromise between effective packaging material and 
useful methods for minimising microbiological risks during pro-
duction and fi lling can lead to minimised reclamation of products. 
Of course good packaging cannot replace effi cient cleaning and 
disinfection but the right choice of packaging material can help 
to ensure a longer microbial stability of the product.

4 Conclusions 

Plastic packaging is a growing market in the beverage industry 
and is suitable even for oxygen sensitive products. The goal of 
the research work was to correlate possible infl uencing factors 
for the permeation of inorganic gases with the microbiological 
stability of beer. The need for suffi cient barrier material for the 
packaging of beer can therefore be concluded from the results of 
the microbiological tests.

The different bottle types had been tested on their permeation cha-
racteristics (including oxygen ingress and carbonation retention) 



57      May / June 2011 (Vol. 64) BrewingScience

and the microbiological stability of the bottled beer. The micro-
biological stability was assessed by measuring the turbidity and 
the concentration of colony forming units (CFU). Therefore the 
fi lled beer was artifi cially contaminated with the microorganisms 
Saccharomyces diastaticus, Micrococcus kristinae, Gluconobacter 
oxydans, Pichia membranaefaciens and Lactobacillus brevis. The 
volume of the bottles was the same for plastic and glass (0.5 L). 
Measurements of the CO2 content and the turbidity were done in 
beer; evaluation of the oxygen ingress had to be done in especially 
prepared distilled water since beer itself is oxygen-consuming. 
The glass bottles had been closed with standard crown corks; the 
PET bottles were sealed with aluminium foils to avoid additional 
permeation via the closure. In case of microbiological growth 
the colonies were checked with macroscopic and microscopic 
methods for exclusion of unwanted microorganisms leading to 
an erroneous positive result.

The results of the study showed the combined infl uence of oxygen 
uptake and loss of carbon dioxide on the microbiological stability 
of beer. With the help of oxygen consuming and passive barrier 
materials the loss of carbon dioxide could be reduced by 40 % and 
no oxygen uptake could be measured. Both led to a signifi cantly 
lower turbidity in the test beer with and without inoculated micro-
organisms. Especially the inoculation with Saccharomyces dia-
staticus showed increasing turbidity and concentrations of colony 
forming units over time. For contamination with Saccharomyces 
diastaticus glass bottles and plastic bottles with combined passive 
gas and oxygen quenching barrier enhancement showed signifi -
cantly lower turbidity and concentrations of colony forming units 
than the other tested bottle formulations. Thus, the use of plastic 
bottles with insuffi cient barrier properties leads to a more rapid 
loss of microbiological stability and consequently to a decrease 
of the product’s quality. A high oxygen uptake might also give 
microorganisms which are not considered as typical beer spoiling 
organisms, e.g. aerobic bacteria, the ability to grow. To identify 
the higher risk potentials for beer, packaged in low-barrier bottles, 
further studies will be necessary. It has to be identifi ed in which 
way the microorganisms and the beer ingredients compete for the 
available oxygen molecules. Furthermore, a classifi cation of the 
(potentially) beer spoiling organisms due to their oxygen demand 
could be useful in this case. At present a set up of suggested limits 
for the oxygen uptake cannot be made since the kinetics of the 
oxygen consumption in the (contaminated) beer could not be ob-
served. Therefore, a direct correlation of a certain uptake of oxygen 
with the accelerated growth behaviour can yet not be concluded.
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Appendix

Fig. 1 Correlation of the air satu-
ration in the Glovebox and 
the oxygen concentration 
in the fi lled bottle

Table 1 List of bottles used for the research project

Number Abbreviation Material Barrier type
1 PET 1 PET Monolayer blend Oxygen capturing
2 PET 2 PET Monolayer blend Oxygen capturing and passive barrier
3 PET 3 PET Monolayer No additional barrier
4 PET 4 PET Monolayer blend Passive barrier
5 Glass Glass No additional barrier

Fig. 2 Oxygen uptake for the test-
ed PET bottle formulations 
with standard deviation for 
n = 5

y = 0.0509x + 0.012
R2 = 0.9509

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

0 5 10 15 20 25 30
Air saturation inside Glovebox [%] 

O
xy

ge
n 

co
nc

en
tr

at
io

n 
in

 fi
lle

d 
bo

ttl
e 

[p
pm

]

-0.1
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

0 30 60 90 120 150 180

Time [days]

O
xy

ge
n 

up
ta

ke
 [p

pm
]

PET 1 - with O2 capturing barrier PET 2 - with O2 capturing and passive barrier

PET 3 - without additional barrier PET 4 - with passive barrier



59      May / June 2011 (Vol. 64) BrewingScience

Fig. 3 Loss of carbon dioxide for the 
tested bottles with standard 
deviation for n = 5
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Fig. 4 Increase of turbidity (haze) in 
beer without microorganisms 
for the tested bottles

Fig. 5 Increase of turbidity in beer 
with Saccharomyces diastaticus 
for the tested bottles
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Fig. 6 Concentration of colony 
forming units (CFU) in beer 
with Saccharomyces diastati-
cus for the tested bottles
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