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ABSTRACT 
 
Vacuum Skin Packaging (VSP) has emerged as a very promising alternative for packaging fresh protein 
foods (Ej. meat and fish). Here, an in-depth review of the most important developments for VSP are 
described, with special focus on the advantages that the use of PET and rPET trays has for this novel 
packaging system.  
 

 

 
 
1. Introduction  
 
Fresh protein packaging sector is one of 
the most demanding areas of food 
packaging. The challenges of extending 
shelf life whilst maintaining food quality 
and appearance at the same time as 
achieving the high line speeds and levels 
of productivity demanded by the industry 
are all critical within this market. In 
addition, delivering optimised sustainability 
is equally important to the supply chain. 
 
Packaging and supply chain technology 
have evolved from a ‘packed in store’ 
model with relatively short shelf life to a 
‘centrally packed model’ with improved 
efficiency and extended shelf life. 
 
EPS (foamed polystyrene) trays with 
PVC stretch film were typically used for 
in-store butchery but are not suitable for 
high barrier MAP (Modified Atmosphere 
Packaging). 
 
The LINfresh EPS (foamed polystyrene) 
barrier solution for modified 
atmosphere packaging (MAP) 

applications was very successful during the 
1990s, providing high performance sealing in 
challenging conditions with the sealing areas 
often contaminated with meat juice or fat. 
MAP technology replaces the atmospheric gas 
within the tray with an optimized gas mixture 
in order to prevent microorganism growth and 
deterioration of the meat.  Different 
proportions of oxygen (O2), carbon dioxide 
(CO2) and nitrogen (N2) were commonly used 
(depending on the product being packed) in 
order to extend shelf life and offer improved 
quality and freshness. 
 
In the early 2000s EPS trays were becoming 
replaced by rigid containers made from HIPS 
(high impact polystyrene) and more latterly PP 
(polypropylene) and PET (polyethylene 
terephthalate). In combination with Rfresh 
PET trays for MAP, LINPAC has also 
developed an extended range of top lidding 
films with gas barrier, anti-fog properties and 
excellent sealing performance on high speed 
packing machines.1. The trend towards PET 
varies by European region but it is mainly 
driven by clarity and customer visibility of 
the product freshness. 
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One of the latest developments in protein 
packaging, VSP (vacuum skin packaging) 
delivers improvements in both of these key 
attributes. Vacuum skin packs exclude the 
gas inside the packaging to avoid 
microbiological spoilage of the foodstuff. 
This is achieved by packing the meat tightly 
inside a flexible film or a combination of 
rigid tray and top film. VSP can deliver an 
increased shelf life of up to 21 days from 
the 10 days typically achieved for the 
specific case of fresh red meat packed in 
MAP. Fresh fish is also frequently packed 
using the VSP format and is often seen in 
markets such as United Kingdom and 
Scandinavia. 
 
Whilst once viewed as an expensive 
option, VSP solutions have now been 
proven to deliver benefits in terms of 
reducing food waste, extending shelf life, 
improving presentation and increasing sales 
through improved product availability 
(shallower packs and extended shelf life 
combining to allow increased stocking 
levels).  VSP has typically been the 
preserve of high value products such as red 
meat steaks or fish but other species such 
as chicken, convenience or even minced 
meat are starting to make the transition 
into VSP. 
 
Discolouration concerns claimed by 
customers and packers have been 
overcome by consumer education since it is 
both widely known and technically proven 
that such discolouration is caused by the 
absence of oxygen. The absence of oxygen 
also results in some other proven 
organoleptic improvements occurring in 
the meat: taste, tenderness and 
appearance improve due to slower 
deterioration. 
 
Material selection is an important stage in 
developing packaging for vacuum skin 
applications as materials used must have 
sufficient gas barrier to preserve the 
vacuum within the pack. VSP trays are 

typically manufactured from the following 
materials: 
 
• PP / EVOH  - PP tray with EVOH barrier 

• APET - mono APET tray 

• RPET - mono rPET tray 

• APET/PE - APET tray with PE sealing layer 
(usually Peelable) 

• rPET PE - rPET tray with PE sealing layer 
(usually Peelable) 

 
The VSP process is quite demanding and 
usually requires heavier (thicker) trays than 
would be used for MAP applications. rPET and 
rPET/PE trays allow very high levels of PCR 
(post-consumer recyclate) to be included 
within the trays. Super cleaning technology 
employed by LINPAC permits up to 100% PCR 
content. This high recycled content, when 
combined with the extended shelf life typically 
observed with the VSP format, results in a 
lower overall carbon footprint. 
 
Tray design can be a significant factor and can 
be developed for applications where product is 
packed below the flange, protruding above 
the flange or super protruding 
(significantly above the flange). LINPAC 
design expertise provides solutions to 
address and fulfil every single requirement of 
packing and sealing lines, label application, 
distribution, shelf utilisation at the retailer and 
end-consumer use. 
 
 
2. A review on VSP on pre-formed trays 
developments 
 
The development of vacuum skin packaging 
has focussed on the following five key 
attributes: shelf life, eating experience, ease 
of pack opening, food wastage and 
recyclability; when combined, these attributes 
have the ability to drive increased sales. The 
focus on these areas is backed up by the 
Mintel report on consumer attitudes to 
packaging attributes. This report confirms the 
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importance of these attributes, identifying 
easy open features, minimization of storage 
space, prevention of food going off and 
logistics/stacking advantages as the 
features most important to consumers.2 
 
a) The absence of oxygen within 
vacuum skin packs prevents oxidation of 
the foodstuff, thus reducing degradation, 
this account for shelf life of up to 21 days 
being reported in the scientific literature.3-4 
It is important that suitable materials are 
considered for the manufacture of vacuum 
skin trays. PET has many advantages but 
most importantly exhibits a natural low 
permeability to oxygen allowing trays to be 
manufactured from PET without requiring a 
supplementary EVOH barrier layer (unlike 
PP). Experimental test report shows 
negligible oxygen barrier of PP in Table 1. 
This can be overcome to some degree by 
multilayer structures (where a layer of 
EVOH is added to a PP structure to improve 
the gas barrier) as shown in Table 2. This 
type of structure allows significant 
improvement of the gas barrier of PP trays 
but, PET trays still show 16% less oxygen 
transmission per pack per day than 
multilayer PP trays. 

 
Table 1. 
 Sample 1 Sample 2 
 PP PET 
OTR/(ml/tray·day) 1.304 0.086 

 
Table 2. 
OTR (cc/tray·day) 100% oxygen test 
 Sample 3 Sample 4 
 PP/EVOH PET 
Replicate 1 0.315 0.260 
Replicate 2 0.278 0.257 
Replicate 3 0.304 0.224 
Replicate 4 0.263 0.228 
Smithers PIRA test report for LINPAC. November 2014. 

 
b) In describing improvements in 
eating quality, the existing literature 
focused on organoleptic analysis and has 
clearly determined that ageing in absence 
of oxygen results in a higher tenderness of 

the red meat. This is reported by technical 
experiments conducted within a controlled 
environment.3, 4 Improvements in tenderness 
were also observed by mechanical testing of 
beef sirloin samples and resulted in lower 
shear strength of those packed in VSP when 
compared with those packed in modified 
atmosphere (using typical gas mixture of 80% 
oxygen, 20% carbon dioxide). Increased levels 
of oxygen inside the packaging resulted in 
higher shear strength (or reduced tenderness) 
of the meat as it can be seen in Figure 1. From 
this work, it is clear that red meat packed in 
vacuum skin packs demonstrate the highest 
eating quality. Despite this sensorial 
assessment, it is acknowledged that European 
consumers, especially outside of the UK, do 
not currently readily accept the colour of VSP 
meat. However, these studies do highlight a 
noticeable, albeit small, colour difference 
between red meat packed in modified 
atmosphere and vacuum skin pack that has, in 
the past, caused concern amongst consumers, 
but has now largely been overcome.  
 

 

 
Figure 1. Exemple of sensorial analysis (left) and 
mechanical results as tenderness indicator (right) 
for three packaging formats: MAP low or null 
oxygen content, MAP high oxygen content and VSP.  
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Whilst VSP has the potential to significantly 
extend the shelf life of certain products, 
compared with other packaging formats 
such as MAP, there is a risk of growth of 
Clostridium Botulinum in the absence of 
oxygen if temperature controls are not 
maintained or the cold chain becomes 
disrupted. This risk is addressed in the UK 
by the FSA publication (Food Standards 
Agency) ‘Guidance on safety and shelf-life 
of vacuum and modified atmosphere 
packed chilled foods with respect to 
proteolytic Clostridium Botulinum’ placing 
the onus on the packer/producer to ensure 
that this risk is negated (and that they have 
supporting evidence to demonstrate it). 
 
c) LINPAC preformed trays developed 
for VSP are aimed at offering a range of 
designs and features for a plethora of 
applications. Key to this has been the 
ability to maximise flexibility and 
compatibility across a range of materials 
and skin top films. The trays can be rPET 
mono-material, rPET/PE with lock or 
peelable seal for ease of opening 
experience and even PS foam has been 
developed for skinning applications. A 
peelable seal is typically most desirable and 
is highly rated by consumers and retailers 
since it allows easy opening of the packs 

and also provides tamper evident whitening 
after opening. The use of peelable seals is 
particularly relevant due to the increasingly 
aging population in Europe. LINPAC has 
developed the smoothest and most consistent 
peel experience on the market. As it can be 
seen in Figure 2, LINPAC Peelable trays have a 
50% lower initial peak peel force when 
opening This is characterised as a ‘progressive 
peel and secure pack’ compared to ‘too tight 
and difficult to open’ when a higher peel force 
is tested on competitor trays. 
 
One of the key advantages of pre-formed VSP 
trays is the flexibility; however there are some 
technical aspects that require careful 
consideration:  
 
• Tray and product depth. 
• Filling and placement process. 
• Product and environment temperatures.  

 
LINPAC has an experienced technical team 
available to support packers and work with the 
machinery suppliers to achieve the highest 
performance. Machine configuration is of 
extreme importance to maximise the benefits 
of VSP, these include: 
 
• Dome design 
• Temperature  
• Vacuum  

 
Figure 2. Benchmarking summary of peel force test for different VSP solutions available in the market.
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d) Food waste is a significant and 
growing problem. According to WRAP (the 
Waste and Resource Action Programme), 
7.2 million tonnes of food and drink are 
disposed off by UK households each year. 
Perhaps even more significant is the fact 
that less than 25% of this waste is deemed 
to be ‘unavoidable’. The report claims that 
60% of household food waste stems from 
food not being used in time, this waste has 
a value of £6.7 billion per year equivalent 
to £270 per household on average. 

 
A recent report (Hungry planet published by 
Mintel) discusses the increasing importance 
of the issue of food waste and the pressure 
mounting on retailers and brand owners to 
be viewed by consumers as part of the 
solution rather than contributing to the 
problem. The use of vacuum skin packaging 
is well place to make a significant 
contribution to reducing food waste 
throughout the entire supply chain.  
 
e) There are many ways to measure 
sustainability, recycled content and 
recyclability at end of life are both 
important measures of sustainability. 
LINPAC trays can be made from >95% 
post-consumer rPET and be 100% 
recyclable. This can result in a saving of up 
to 300 tonnes of virgin material per year 
(based on an annual volume of 10M trays). 
Another key benefit is the lower sealing 
temperature required to skin PET VSP trays, 
typically about 10-15ºC lower than those 
for PP solutions. Other benefits of VSP 
include: 

 
• Improved logistics of empty trays 

compared with deeper MAP trays.  

• Improved product visibility due to 
vertical display on the shelf  

• Improved shelf utilisation. 

 
Examples of VSP pack formats: 
 

1.  Conventional VSP (product below the tray 
flange) 

 
 

2. Protruding VSP (product up to 30mm above 
the tray flange) 

 

 
 
3. Super-protruding VSP (product up to 

100mm above the tray flange) 
 

 
 
 
4. CONCLUSIONS 
 
Vacuum skin packaging represents the latest 
state-of-the-art in packaging for shelf life 
extension of fresh protein, whilst also 
providing high barrier and high clarity. VSP 
also fulfils the requirements of all sizes of 
retail stores, including the smaller convenience 
stores, where the ability to hang or vertically 
merchandise products is important. 
 
The key benefits obtained from the use of 
rPET VSP trays are: 
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• Elimination of oxygen inside the 

packaging reduces degradation of meat 
products and has potential to improve 
the organoleptic characteristics. 

• Barrier performance of PET does not 
require supplementary barrier layers that 
can disrupt recycling processes 

• rPET/PEP trays provide a progressive 
peel whilst maintaining a secure seal, 
resulting in fewer leakers and returns.  

• rPET/PEP trays provide whiten on 
opening to provide tamper evidence. 

• Food waste is reduced through extended 
shelf life 

• Enhanced sustainability through reduced 
food waste, high recycled content and 
recyclability at end of life 

• VSP allows excellent product visibility 
and product presentation resulting in 
increased sales. 
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