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ABSTRACT 
 
Barrier additives contribute to protect and extend the life of packaged products. Analyzing PET, 
phenomenas as O2 Ingress, CO2 loss and light ingress in the container, could be reduced with the use of 
these additives through monolayer or multilayer systems. 
 
Products like carbonated drinks, juices (ambient distribution), wine, beer or UHT milk are analyzed to 
evaluate their requirements and determine the type of barrier solutions that could be applied. 
 
 

 
1. Introduction 
 
Plastic packaging is finding new challenges 
in its progressive introduction to traditional 
glass markets. A great amount of packed 
food requires special protection in order to 
preserve its organoleptic and nutritional 
characteristics for as long as possible.  
 
Through packaging modification, including 
new additives in the container formulation 
and through multilayer technology, it is 
possible to extend the shelf life of the 
products. 
 
In the polymers family used for packaging, 
it is worth pointing out the polyethylene 
terephthalate (PET), semi crystalline 
polymer, perfectly clear and with high 
barrier properties to CO2. Its low 
permeability to this gas turns it into a 
suitable material for carbonated soft drinks 
(CSD). 
 
In many occasions, PET containers should 
include an additional barrier that stops 
other phenomena which affects different 

packed products which could be subjected to: 
 

 O2 Ingress: juice, beer, wine, tea, 
tomato sauce. 

 
 CO2 loss: beer, CSD, sparkling wine, 

carbonated water. 
 

 Light ingress (UV y vis.): beer, energy 
drinks, milk. 

 

 
 

Figure 1. Bottle exchange 
phenomena with the environment 
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Barrier systems could be as follows: 
 

 Passive barrier system: barrier 
properties depend on gas 
permeation for each polymer. 

 
 Active barrier system: a scavenger 

is added to the container’s 
formulation, achieving that the 
particle to avoid (O2 for instance) is 
not in contact with the food or 
beverage. 

 
According to the number of layers, 
preforms should be classified as follows: 
 

a. Monolayer: the only layer is simple 
PET material. Barrier is achieved by 
diffusing mixed additives with virgin 
PET resin. 

 
b. Multilayer: the protection with this 

kind of containers consists in adding 
an extra material layer in the preform 
with high barrier properties. In this 
case, the barrier material is 
concentrated, thus increasing its 
effectiveness. This technology is 
more expensive and more complex 
than injecting a monolayer solution 
but, when it comes to blowing and 
filling, an additional investment is not 
necessary (Figure 2). 

 
APPE’s barrier solutions provide a wide 
protection against the compounds and 
phenomena that contribute to decrease the 
quality of the products. These barrier 
solutions greatly cover all the current 
market needs. 
 
1.1 Monolayer Solutions 
 

 MonoBLOx®+: oxygen scavenger. 
ACTIVE barrier to O2. 

 
 MonoBLOx®: oxygen scavenger. 

ACTIVE barrier to O2 and limited 
PASSIVE barrier to CO2.  

 
 LactoEclipse® M (Matt) or G 

(Glossy): high opacity against UV-
vis radiation. Compatible with O2 
scavengers. 

 LactoEclipse® X: Larger protection 
against UV-vis radiation for the most 
sensitive products.  

 
ActivSeal®: solution against oxidation 
consisting in the combination of the PET bottle 
(contains the catalyst) and the closure 
(releases hydrogen inside the bottle). When 
O2 permeates through the bottle walls, a 
water catalytic reaction occurs (innocuous for 
the product):  
 

   [1] 
 
1.2 Multilayer Solutions 
 

 AmGuard® and AmGuard® OA 
(Optimal Adhesion): CO2 PASSIVE 
barrier and O2 PASSIVE barrier. 

 
 AmGuard® with MultiBLOx®: O2 

ACTIVE barrier. 
 

 AmGuard® with Bind-Ox®: O2 ACTIVE 
barrier and CO2 PASSIVE barrier. 

 
 WHITE/BLACK/WHITE: full light 

protection. It does not allow UV-vis 
radiation to enter inside the container 
up to 800 nm wavelength. 

 
 
2. Experimental 
 
The different nature of the products that could 
be packed in PET makes it necessary to adopt 
an individual barrier solution for each of them. 
 
For this case study, five kinds of characteristic 
products have been selected in order to 
establish their barrier requirements: 
 

 Carbonated soft drinks (CSD). 
 Juice (ambient distribution). 
 Wine. 
 Beer. 
 UHT milk 

 
Through permeability measurements and 
product analysis, the most suitable barrier for 
each of them is going to be determined in this 
study. 
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Figure 2. Barrier additive distribution in monolayer and multilayer containers. 

 
Obtained results are an approximation of 
the needs that the beverage or food to be 
packed could have. At any time, barrier 
requirements could be different depending 
on the nature of the product to be packed 
which should be studied separately. 
 
The methods used to test have been as 
follows: 
 

 Orbisphere (CO2 shelf life) 
 Oxysense (O2 Shelf life) 
 Potentiometric titration (Vitamin C 

determination) 
 Spectrometer UV-vis (UV-vis light 

transmission) 
 
 
3. Results and discussion 
 
After the analysis of the proposed products, 
the best option for each case has been 
determined: 
 
3.1 CSD 
 
CO2 loss is an essential parameter in this 
kind of products and it determines the shelf 
life of the beverage.  

 
As mentioned before, PET is an excellent 
CO2 barrier material. Nevertheless, if CO2 
loss requirements are stricter, it will be 
necessary to use the multilayer technology 
in order to retain this gas longer inside the 
container. 
 

 Monolayer solution: PET virgin. 

 Multilayer solution: AmGuard® or 
AmGuard® OA. 

 
3.2 Juice (ambient distribution) 
 
Fruit juice is a very sensitive product that 
requires special filling conditions (aseptic or 
hot filling) in order to avoid the presence of 
molds and yeast. Vitamin C is sensitive to 
oxidation in presence of O2. Avoiding the 
entrance of this gas is mandatory to assure 
the properties of this product. 
 
Because of that, the use of oxygen scavengers 
is going to be necessary. These compounds 
act catching the permeated oxygen through 
the container wall to avoid contact with the 
beverage. 

 
According to the different sensibilities of the 
fruit juice, the barrier solutions that could be 
used are: 
 

 Monolayer solution: Monoblox®+ , 
ActivSeal® 

 Multilayer solution: AmGuard® with 
Multiblox® 

 
Barrier achieved with Monoblox®+ additive 
has 5-6 months of shelf life, on the other hand 
with multilayer solution (more effective) the 
barrier achieved has 9-18 months of extra 
durability (depending on the product to be 
packed). 
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Figure 3. O2 Ingress vs time. Measured by Oxysense in 

330 mL bottle (21 g) with aluminium seal. 
 
Although it is not an oxygen scavenger, 
with the ActiSeal® system, an active and 
effective protection against O2 could be 
achieved. 
 
The main advantages of ActivSeal® system 
are to achieve similar results in the clarity 
of the container and Vitamin C loss by 
oxidation in regards to a multilayer system, 
but with the production capabilities of 
monolayer preforms (Figure 4). 
 
Another advantage is that there is no need 
to increase the amount of additive when 
the bottle formats are smaller. Ratio 
catalyst/volume is the same for all the 
container sizes, opposite to conventional 
monolayer solution which requires more 
amount of additive in small formats.  
 
 

3.3 Wine 
 
Very sensitive product to O2, due to the fact 
that it reacts with sulphites (antioxidant 
artificially added), polyphenols (confers 
astringency and color to wine) and terphenols 
(aroma). The wine is sensitive to light and its 
presence, just like the oxygen presence, 
decreases the healthy and organoleptic 
properties of this product. 
 
This kind of products requires oxygen 
scavengers to avoid the oxidation of the 
compounds previously described. Apart from 
that, it’s necessary to protect the wine against 
light to avoid the degradation. 
 
In relation to oxygen barrier, their solution 
could change depending on the requirements 
(Figure 5): 
 

 Monolayer solution: Monoblox ®+ or 
Monoblox ® 

 Multilayer solution: AmGuard® with 
Bind-Ox® 

 
In the practice, the most used barrier solution 
for wine is the multilayer, because of that it 
could achieve a shelf life of up to three years. 
 
Regarding light, the usage of colorants is able 
to block a wide UV-vis radiation spectrum, 
depending on the color. If it is not enough, an 
UV blocker additive could be added  
 

 
Figure 4. Vitamin C loss vs. time. Measured by potentiometric titration. 



 
Barrier Packaging and Packaging Systems 

 

  

 
© ainia centro tecnológico | guiaenvase.com. All rights reserved 5 
 

 
Figure 5. O2 Ingress vs time. Measured by Oxysense in 750 mL bottle (50g) with aluminum seal. 

 
 

 
Figure 6. CO2 loss (Orbisphere) and O2 ingress (Oxysense) vs time. Measured in 500 mL bottle (28g) 

at 22 ºC with aluminum seal. 

 
3.4 Beer 
 
Sensible to light and oxygen, this product 
has carbonated distribution. Due to that, it 
is going to need an additional CO2 barrier. 
 
To provide gas barrier, it could be 
necessary (Figure 6): 
 

 Monolayer Solution: Monoblox ® 
 Multilayer Solution:  AmGuard® with 

Bind-Ox® 
Containers with monolayer solution have 3-
4 months shelf life while, with multilayer 
solution, it could be up to 6 months without 
losing the properties of the product. 

 
3.5 UHT Milk 
 
High sensitive product to photo-oxidation. This 
reaction takes place with the interaction of 
three factors: UV-vis radiation, oxygen and 
milk’s nutrients begin with the interaction of 
these factors. Avoiding light and O2 ingress is 
essential to maintain the integrity of the 
product. 
 
To assure the product properties, it is 
necessary to protect dairy products against 
light to a greater extent, not to trigger the 
photo-oxidation which leads to nutrients’ 
degradation. 
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Required barrier for that could be achieved 
with the following solutions (Figure 7): 
 

 Monolayer Solution: LactoEclipse® M 
or G and LactoEclipse® X (O2 
scavenger could be added). 

 Multilayer Solution: White / Black / 
White. 

 
Higher light barrier assures shelf life of up to 
six months without producing changes in the 
nutritional properties of the product. 
 

 
Figure 7: Transmission spectrogram through different materials. 

 
 

4. Conclusions 
 

 Within PET packaging, APPE has 
developed a high diversity of 
additives and technologies, which 
increases the shelf life of the 
products avoiding their degradation 
(due to O2 ingress, CO2 loss and 
light ingress) and preserving their 
organoleptic characteristics. 

 
 

 Multilayer technologies allow 
concentrating barrier additives, thus 

improving their efficiency to a greater 
extent than monolayer solutions, with 
the exception of ActivSeal® for O2 
barrier. 

 
 Apart of the monolayer effectiveness of 

ActivSeal® in monolayer preforms, this 
additive doesn’t affect to clarity and 
recyclability. 
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