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1 Introduction  

The “Safe Food Packages of the Future” project was introduced in a previous manuscript [1]. In the 
project packaging safety was approached from different angles. Project partners Lappeenranta 

University of Technology (LUT Mechanical Engineering, Packaging Technology), VTT Research Center 
of Finland and Åbo Akademi University (ÅAU) had a joint object of improving package safety using 

polymer coated paperboard trays as a case product. The trays were manufactured by the press 

forming process and the MAP-tightness of manufactured trays and heat sealed polymer-based lidding 
films was studied. LUT’s main focus was in MAP-tightness, quality control and new bio-based coatings 

for paperboard trays. ÅAU’s part concentrated on spoilage indicators and sensors while VTT also 
researched oxygen indicators and bio-coatings. These themes were selected to get a thorough 

overview when fibre-based materials are used in rigid, tray-shaped packages. Fresh chicken was used 
as a case product but the studied materials and processes are applicable to several other possible 

applications. This article describes the main objectives and results of all project partners.  

Abstract: There are several ways for improving product safety for fibre-based food packages. In this 
paper the project “Safe food packages of the future” is discussed. The focus in this project was both 

in package functionality and food safety. The main objective of the project was to improve package 
and food safety by the means of functionality of paperboard-based trays in modified atmosphere 

packaging (MAP), development of biomaterials and barriers, development of oxygen and spoilage 

indicators and sensors and safety communication of packaging. During the project it was 
demonstrated that polymer coated paperboard trays can be used with MAP when the whole process 

chain from material converting to heat sealing of the lid is done correctly. All the important 
information about the raw-materials and chemicals used in this project were collected and studied 

against the relevant legislation in EU and US. Adding a small amount of synthetic polymer was found 
to not only improve the convertibility of bio-coated paperboard, but also resulted in better oil and 

grease resistance. Two types of printable indicators were proved to be functional – the leakage 

indicator reacted with oxygen and the spoilage indicator reacted to H2S, indicating spoilage of fresh, 
unseasoned chicken which was used as a case product. In addition in the project new ways to 

communicate safety and sustainability by package design were demonstrated. The common objective 
of each sub-project was to enhance product safety for the case product. The utilization of the findings 

enables improved product safety for packages with high share of sustainable raw materials. 
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2 Scientific work 

2.1 Development of a lidding solution and a quality control system 

There were two main objectives regarding press-forming of paperboard trays. First objective was to 

research the sealing of lidding films to the paperboard tray while targeting modified atmosphere 
packaging (MAP) tightness for food packaging. The second objective was to develop a quality control 

system which can detect defects in the trays and hence improve the safety of manufactured 
packages. 

 

2.1.1 The press forming and heat sealing of trays 
 
Press-forming is a process which is used to create three-dimensional shapes such as plates or trays. 
The tray forming process is presented in Figure 1.  

 
Figure 1. Tray-forming process 

 
Phase 1:  The paperboard blank is positioned between the moulding tools. 

Phase 2:  The blank holding force tightens the blank between the rim tool and the female tool. 

Phase 3:  The male tool presses the blank into the mould cavity in the female tool. Folding of 
the tray corners is controlled with blank holding force. 

Phase 4: The male tool is held at the bottom end of the stroke for a set time (0.5 to 1.0 s). 
With coated materials the plastic coating softens, and creases in the corners of the 

tray are sealed together. 
Phase 5: The flange of the tray is flattened by the rim tool. 

Phase 6: The formed tray is removed, and a new blank can be fed into the tray press. The tray 

achieves its final rigidity when it cools down. 
 

As stated elsewhere [2] sealing is a critical step in food packaging. The seal must prevent the package 
from leaking and also prohibit air from coming in contact with the food. A poor sealing result can be a 

critical factor affecting shelf life of food. When press-formed paperboard trays are sealed, a major 

factor regarding gas tightness are the creases in the corners of the trays. These creases are required 
to the manufacturing process of the tray but at the same time they can act as a discontinuity tunnel 

and cause the gas to leak easier when using MAP. [3, 4] Leakage of MAP can cause reduction in 
sensory shelf life and microbiological quality of packed foods. [5] Figure 2 shows two tray corners with 

a different quality. 
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Figure 2. Tray corners with different quality tested with a penetrant solution a) a tight seal b) a 

leaking seal 
 

The MAP-tightness of press-formed paperboard trays was researched during several test runs. A 

commercial material Stora Enso Trayforma Performance 350+40 WPET was selected for the tightness 
test runs. The material is a polyethylene terephthalate (PET) extrusion-coated paperboard with a base 

material grammage of 350 g/m2 and a coat weight of 40 g/m2. The base board consists of three solid 
bleached sulphate (SBS) layers. [6] 

Tray manufacturing process and heat sealing process of the lidding film was researched by varying 

parameters in both processes. The effect of forming force, blank holding force and forming 
temperature in the press forming process was researched. It was found that especially blank holding 

force has a significant effect on the MAP-tightness of rectangular paperboard trays. In the heat 
sealing process the sealing temperature, sealing dwell time and sealing pressure were varied with 

several lidding films to find out the optimal combination of a tray and lidding film and manufacturing 
parameters for a gas-tight tray-lid combination. Several optimal combinations for MAP were found. 

Figure 3 shows the results for a headspace analysis of 14 days for one combination. The trays were 

flushed with a protective gas which consisted of 70 % N2 and 30 % CO2. The measurements were 
done using a Mocon Optech O2 platinum analyzer Optical Fluorescence O2 Analyzer which utilizes 

standard ASTM F-2714-08 [7] and the trays were stored in a refrigerator in a temperature of 6 ºC.  
The results show that an oxygen content of less than 1 % after 14 days is achievable (Figure 3). 

 

 
 

Figure 3. Oxygen content in heat sealed trays with a sealing time of 2.5s, sealing temperature of 190 
ºC and  sealing pressure of 6 bar (2.7 N / mm2). 
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2.1.2 The quality control system 
 

The quality control system was be used to examine the functionality of machine vision in quality 

control of press-formed trays. The system consisted of an industrial camera combined with a 
transparent table with the option to use flash light from under the tray. The system works by 

recognizing light difference and compares these differences to a known good sample. An example of 
an image taken with the system is in Figure 4. 

Three different test series were conducted rectangular tray with white paperboard and white coating, 
oval tray with white paperboard and white coating and oval tray with white paperboard and black 

coating. The system searched the trays for most common faults which are: positioning error, ruptures, 

cracks, deformations and faults in sealing surface. Also the dimensions of the trays were measured. 
After configurations and preliminary tests the system recognized cracks and ruptures with an accuracy 

of 100 % and faults in the sealing surface with an accuracy of 98.2 % on a series of 110 trays. This 
kind of quality control system improves packaging safety by enabling the quick adjustment of the 

manufacturing process and rejecting faulty trays before they are filled and sealed.  

 

 
Figure 4. An oval tray image taken by the quality control system 

 
 

2.2. Dispersion-barrier-coatings  
 
In the subproject of LUT, a prototype of a dispersion-barrier-coated material was developed and its oil 

and grease resistance (OGR), repulpability and convertability were determined. Continuously growing 
packaging market, changed consumer habits worldwide and demands towards more sustainable 

packaging require new barrier coating solutions. Fiber-based packaging materials coated with such 

plastics as PET by extrusion have shown their functionality in food packaging. The plastic coating 
provides a physical barrier against water, grease, oxygen etc. Contrary to extrusion coated packaging 

materials, dispersion coatings can be repulped or composted, suggesting that dispersion coating has 
certain sustainable benefits compared with conventional coating methods. [8] 

Converting barrier-coated paperboards may cause cracking of the coating layer and thus losing of 

barrier properties, which may compromise the safety of packed food. Creasing process involves 
complex compression, shear, and tensile forces, and thereby elasticity from the coating is required. 

Extrusion coated paperboard is typically relatively easy to convert, but bio-based dispersion coatings 
are often more challenging. For instance, the brittleness of starch coating limits its usage in 

commercial barrier applications. In the work of LUT Chemtech, the main component of studied 
coatings was hydroxypropylated cellulose (HPC), which was blended with platy talc pigment, styrene-
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butadiene latex and additives such as gelatin. The results showed that such coatings provide 
moderate OGR and are easy to convert into trays but the sensitiveness to water may limit their usage 

in food packaging applications. It was also found that the repulpability of HPC-based composite 

coatings is greatly dependent on pigment share in terms of the amount of reject although HPC is not 
detrimental component from the standpoint of paper chemistry. 

 
2.2.1 Bio-based barrier material 
 

The barrier material development process consisted of three phases (see Figure 5). The purpose of 
the first phase was to recognize the most promising chemicals among several food packaging-

approved commercial products based on their performance in coating process and oil and grease 
resistance (OGR) tests. The chemicals were sorted in three groups: biopolymers, inorganic fillers and 

synthetic polymers. Biopolymers group comprised cellulose derivatives, such as carboxymethyl 
celluloses (CMC), hydroxypropylated celluloses and ethylhydroxy-ethyl celluloses (EHEC), 

microfibrillated cellulose (MFC) and gelatin. Microfibrillated cellulose and gelatin were chosen in the 

tests because of their capabilities to increase strength, convertability and barrier properties [9-11]. 
The second chemical group contained inorganic pigments that were either known to enhance the 

barrier properties [12, 13] or form a film on a substrate [14]. In addition, the purpose of the pigments 
was to reduce the raw material costs. Third group comprised synthetic polymer dispersions such as 

latices and polyolefin dispersions. The selection of an oil-based additive in the coating recipe was 

based on an earlier publication, which showed that a small amount of synthetic polymer improves the 
convertability of dispersion coated paperboard with a bio-based main coating component [15]. 

 

 
Figure 5. The phases of the barrier material development work. 

 
The tests made in the first phase revealed only a little difference in oil resistance between the tested 

cellulose derivatives. HPC was chosen as the main component of barrier layers because of its film-
forming, thermoplastic and biodegradable nature [16]. For compensating the hydrophilicity of HPC 

and improving the barrier properties by increased tortuosity, barrier-grade platy talc pigment was 
decided to be used in further tests. In addition, styrene-butadiene (SB) latex was selected as an 

additive to increase convertability and hydrophobicity of the coatings. The selection of SB-latex among 

the other tested synthetic polymers resulted from its better mixing with the other components in the 
dispersion. The selection process and the functions of chosen chemicals are shown in Figure 6. 
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Figure 6. The selection process of commercial chemicals in barrier material development process. 

 

In the second phase, the shares of the most promising chemicals in the dispersion were optimized 
together with the blade coating process. The combinations of HPC and talc were tested for their 

barrier properties with and without latex addition in order to find the optimal composition for the 

coating dispersion. It was found that high talc share shortened the drying time considerably albeit the 
dry solids content of all tested compositions was kept constant. Besides, high talc share provided the 

longest oil penetration times up to a certain dosage. Based on the results, optimal talc dosage was at 
the range of 25–35 pph. Contrary to pigment, the share of synthetic polymer was minimized in order 

to maximize the proportion of bio-based component in the dispersion. The optimal range for SB-latex 
was 10–15 pph. 

During the pilot coating trials with DT Laboratory Coater (DT Paper Sciences, Finland), it was found 

that the type of blade substantially affects the obtained coat weight when bio-based dispersions with 
low dry solids content are used. Adequate coat weight in terms of OGR was >10 g/m2, which was 

obtainable with 3–4 coating layers at the minimum with a typical bend blade. By selecting a hard-
tipped carbide blade, more dispersion remained on the paperboard in the coating process and the 

targeted coat weight was achieved with 2–3 coating layers, obviously simplifying the process. 

On the other hand, regardless of the blade type, the surface of the base paperboard (Trayforma 
Natura 350, Stora Enso) was rough and obtaining a uniform coating layer was thus challenging. By 

adding a thin pre-coating, the uniformity of the applied barrier layers was improved. The pre-coating 
consisted of a blend of CMC, MFC and gelatin. Gelatin has been reported to improve convertability and 

barrier properties of bio-based coatings [10, 11]. The purpose of MFC was to decrease oxygen 
permeability and improve convertability. In the first phase, it was observed that MFC cannot be coated 

successfully without a low-viscous polymer dispersion, so it was mixed with CMC prior to the pre-

coating step. 
In the third phase, the pilot-coated paperboard samples were converted into trays with “Flexible 

Packaging Line of the Future” (see Figure 7).The addition of the pre-coat layer enabled increasing the 
rim tool pressure in the tray pressing process up to 30% compared to the commercial reference 

sample. Increased rim tool pressure caused ruptures and opened creases for the commercial 

reference material (PET-coated paperboard) but did not compromise the quality of trays made with 
experimental dispersion coating. However, the barrier properties of the converted materials were only 
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moderate: the OGR measured from the tray bottom was four hours and from the creased corner areas 
only 17 minutes in the best cases (see. Fig 3). In addition to only moderate grease resistance, the 

OTR values were out of the measurement range. These results indicate that convertibility is not 

necessarily a major problem in the case of paperboard coated with bio-based dispersions but more 
attention should be paid on the barrier properties. 

 

  
Figure 7. Flexible Packaging Line of the Future (left) and pressed trays in OGR test (right). 

  
The repulpability of HPC-based coatings were evaluated by using the testing protocol “Voluntary 

Standard for Repulping and Recycling Corrugated Fiberboard Treated to Improve Its Performance in 

the Presence of Water and Water Vapor” by Fiber Box Association (FBA). The share of reject was up 
to 50% if the coating of the paperboard contained HPC. Thus, the developed material did not pass the 

FBA test in which the limit for the reject is 15%. However, it was observed that the amount of reject 
decreased up to 15 percentage units when the talc share of the coating was increased. Moreover, it is 

noteworthy that even the used uncoated paperboard failed the test its reject percentage was 17%, so 

poor repulpability of the developed coated packaging material is not unambiguously a consequence of 
chemical selections. 

The overall migrations of the coatings comprising individual chemicals and chemical blends were 
determined in order to evaluate the product safety. The measurements were conducted by following 

standard HS 1001 “Overall Migration Test by Total Immersion Method” at 5, 25, and 60°C. The 
chosen temperatures simulated a) cold storage, b) storing in room temperature, and c) a situation 

when the packaging material is used for serving warm food. As shown in Figure 8, the migration of 

single components, HPC and talc, increased with temperature. However, the results suggest that 
using composite-type coatings results in smaller overall migration. The tendency of coating chemicals 

to migrate into food is undesirable but on the other hand also understandable in case of water-soluble 
bio-based polymers. Thus, the solubility of barrier chemicals should be taken into account when 

engineering the composition of new-generation coating dispersion and select such chemicals which 

are ideally edible or which are not at least considered harmful. 
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Figure 8. The overall migration of coatings into water at different temperatures. 

 

Based on the results, convertability of paperboard with HPC-based barrier coatings was generally 
good. HPC has also other benefits, such as edibility and film-forming capability. HPC-based coatings 

with talc filler provided moderate grease barrier even on converted areas of pressed tray but their 
sensitiveness to water should be reduced in order that wet food could be packed in the trays. 

However, it was found that the sensitiveness to water can be reduced to a certain point by adding 
hydrophobic materials, such as talc or latex, in the coating dispersion. In addition to low water 

repellence, oxygen transmission rate was very high in case of all studied coatings, suggesting that 

more development work should be done in the future in order to obtain an airtight packaging 
material. The developed material, however, could already have potential in many packaging 

applications due to its moderate grease resistance and excellent convertability. Possible applications 
may include e.g. fast food packages and trays for bakery goods. 

 

2.3 Leakage indicator and sensor development 
 
Two types of indicators were developed in the project; an oxygen indicator and a spoilage indicator. 
The oxygen indicator was developed by VTT and the leakage indicator by ÅAU.  

 

2.3.1 Oxygen indicator 
 
In order to evaluate the performance of the final food package, an oxygen indicator was developed. 
The indicator shows if the package is leaking as a result of improper sealing, malfunctioning barrier 

layers and/or defects caused by handling steps or transportation. The oxygen indicator for indicating 

leakage of vacuum and MAP developed at VTT is based on a certain formulation with a reduced redox 
dye. The indicator is attached inside the package and a visual colour change can be detected from 

outside the package. The reactivity of the indicator has been tailored for a specific product packaging, 
in this case a poultry package. An inkjet printable indicator ink has been developed to meet the 

requirements of the indication process, food compatibility, the adhesion on plastic substrates and 

printability properties. The developed oxygen indicator concept can be used in poultry packages for 
detecting potential leakage and it increases package communication with the consumer. As an inkjet 

printable solution the indicator can be added to the package and activated at the correct time during 
packing and sealing for improved product safety. 
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2.3.2 Performance of the oxygen indicator in chicken packages 
 

The indicator showed a clear colour change from yellow to blue for every leaking package. To validate 

the indicator device's performance, we demonstrated the detection of oxygen in chicken packages. 
Validation of the detection process for the leakage indicator consisted of the following steps: Chicken 

packages were manufactured and packed in paperboard trays in LUT and in polypropylene trays in 
VTT (Figure 9). 42 samples and five blanks meaning packages without food product were prepared in 

LUT. For comparison 19 packages were produced in VTT laboratory using plastic trays. The lid film in 
the PP-trays was a high barrier film Opalen HB65 and in the paperboard trays Westpak WestTop 405B 

PET. Oxygen scavengers were included in the packages. The packed products were stored in chilled 

conditions at 4-6⁰C. The activation was carried out the next day by touching the indicator from 

outside with a heated metal tool. The packages were checked and documented by taking 
photographs. The performance of the indicators is illustrated in Figure 10. 

 

       
Figure 9. Paperboard trays and polypropylene trays with oxygen indicator.  In intact packages the 

indicators are yellow in pierced packages blue. 
 

 
Figure 10. Examples of indicator colour changes in the chicken storage trials. 

 
The results of altogether 61 experiments were analysed. In the series of LUT board trays 13 out of 42 
packages were classified as blue at various points of storage. In the series of LUT board trays 23 

packages showed an indicator of greenish colour after 14 days of packing, but were still not classified 
as fully blue corresponding to leaking packages. These packages were measured for oxygen and CO2 

before opening. The O2 content was zero in all, while the CO2 content varied between 25.6-29.5% 

(mean value 27.4%).  
As a conclusion, the indicator for oxygen detection presented reasonable good repeatability and 

stability. Moreover, the leakage indicator is disposable, low-cost, reliable and easy to process. The 
indicator provides potential for rapid and cost-effective detection of oxygen in MA food packages. The 

next steps in the indicator development will be further optimisation of the inkjet ink, speeding up the 
activation step, and increasing the residual oxygen content tolerance of the indicator. 

27th IAPRI Symposium on Packaging 2015

257



2.3.3 Spoilage indicator and sensor development 
 

There are several market segments in food safety which could have need and would benefit the low-

cost, robust, rapid and easily integrable sensor solutions target for detecting volatiles from biogenic 
sources including consumers of food, health and safety authorities, food producers and food packing 

companies. The aim of ÅA subproject was to create new low-cost, robust and easily integrable sensor 
and indicator solutions for food safety. The specific emphasis was to detect volatile hydrogen sulfide 

(H2S) gas, which is one of the volatile compounds associated with the spoilage of poultry meat stored 
in anaerobic conditions.  

 

2.3.4 H2S sensor and indicator 
 
The gas-sensing setup has been described in detail elsewhere. [17] Briefly, a gas cylinder with 200 

ppm H2S gas mixture in nitrogen was used as a H2S source. A resistance measurement chamber 
consisted of an aluminum box (aluNORM) with the dimensions 20 cm × 20 cm × 12 cm, resistance 

measuring probes that are connected (two points) with a digital multimeter (Keithley 2100), a H2S 
sensor (AlphaSense, with operation range of 0-200 ppm and response time < 35 s), a humidity and a 

temperature sensor (Sensirion SHT75, with a response time of 8 s) and four wolfram probes. The 
resistance of the sensor was measured by a two-point method using a digital multimeter (Keithley 

2100). 

The hydrogen sulfide (H2S) sensors were built on polyethylene terephthalate (PET) plastic films. The 
electrical contacts (i.e. interdigitated electrodes) were fabricated on PET using a flexible circuit roll-to-

roll manufacturing process available at Elcoflex Ltd, Finland. In the manufacturing process, 
interdigitated electrode structures were etched on a copper-coated PET film. The thickness of the PET 

film and the copper layer were 50 μm and 18 μm, respectively. The interdigitated copper electrodes at 

the active area of the sensors and contacting pads were protected against oxidation by electroplating 
them with gold. Consecutive layers of nickel and gold were applied on the copper surface by 

electroplating. The purpose of the nickel layer was to provide a better adhesion for gold. To minimize 
the amount of gold as protecting material, other parts of the copper electrodes were protected by a 

screen-printed polymer insulator layer (thickness 15 µm). An additional insulator layer with a thickness 

of 10 µm was applied in the places where the two conducting layers overlapped in the structure in 
order to avoid formation of pinholes.  

The deposition of the H2S active copper acetate (CuAc) nanoparticle material was conducted by inkjet-
printing of three layers of CuAc ink (0.1M CuAc in water, ethylene glycol, iso-propanol with volume 

ratio being 8:1:1) on the interdigitated electrodes by a Dimatix Materials Printer (DMP-2831) with a 
cartridge that consisted of 16 nozzles with a nominal droplet size of 10 pL. Colorimetric indicator 

patches were also produced by inkjet printing using the Dimatix Materials Printer. Three layers of 

CuAc nanoparticle ink was printed as a square pattern on a proprietary multi-layer coated paper 
substrate specially designed for printed functionality. [18] 

An NTEGRA Prima (NT-MDT, RU) atomic force microscope (AFM) was used to analyze the printed 
layers. The microscope was placed on a dynamic anti-vibration instrument (TS-150 by Table Stable, 

Ltd., CH), which was further placed on a stone table to eliminate external vibrational noise. 

Topographical imaging was carried out in intermittent contact mode (semi-contact) using gold-coated 
silicon probes (modelsNSG03/NSG10 NT-MDT, RU). All the images (1024 × 1024 pixels) were 

captured at ambient conditions (T = 26 ± 2C and RH = 30 ± 5%) without filtering. A damping ratio 

of 0.7 was used for imaging. The Scanning Probe Image Processor (SPIP, Image Metrology, DK) 
software was used for image analysis. 

The x-ray photoelectron spectroscopy (XPS) spectra were obtained with a PHI Quantum 2000 

scanning spectrometer, using monochromatic Al Kα (1486.6 eV) excitation and charge neutralisation 
by using an electron filament and an electron gun. The photoelectrons were collected at an angle of 

45° in relation to the sample surface with a hemispherical analyser. The analysis depth was 
approximately 5–10 nm. The pass energy was 117.4 eV and the acquisition time was 10 min.  

Figure 11 shows the sensing response of the CuAc-based sensor towards H2S exposure. The inset 
shows a digital photograph of the interdigitated electrode structure fabricated on PET with an inkjet-

printed CuAc film. The onset of the response occurred within the first few minutes after the exposure 

to 10 ppm H2S gas. The kinetics of response has been shown to be dependent on the concentration of 
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the gas. [19] A more than seven orders of magnitude change in resistance of the sensor upon 
exposure to H2S gas is attributed to the conversion of insulating CuAc particles to semi-conducting 

copper sulfide particles. [20] The result shows that the sensor can be successfully fabricated using a 

combination of a flexible circuit roll-to-roll manufacturing process and inkjet-printing. 

 
Figure 11. A change in resistance as a function of time for the CuAc-based sensor exposed to 10 

ppm H2S at a relative humidity of 40%. 
 

The performance of the electrical sensors and colorimetric indicators in the meat packaging conditions 
were studied by placing them in the modified atmosphere package (MAP) containing broiler fillets. The 

packages were stored either at room temperature (RT) or in refrigerator at +6 C. Both the electrical 

and optical response of the sensor and indicator were monitored.  

Figure 12 shows an inkjet-printed indicator patch (A) before and (B) after placing the indicator in the 
MAP package with broiler fillets and storing the package at RT for one day.  A clear change from light 

blue to brownish color can be observed, resulting from the transformation of CuAc nanoparticles to 
CuS particles. This indicates a successful performance of the color indicator to detect the volatile H2S 

gas produced in the MAP package. H2S gas is one of the volatile compounds associated with the 

spoilage of poultry meat stored in anaerobic conditions. [21] 
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Figure 12. Photographs of an inkjet-printed indicator patch on a paper substrate (A) before and (B) 

after placing the indicator in a MAP package with broiler fillet and storing the package at RT for one 
day. 

 
In addition to a color change, AFM topographical analysis revealed that biogenic H2S gas induced a 

transformation of CuAc nanoparticles to CuS particles under MAP conditions, resulting in a significant 

increase of the particle size (Figure 13). The surface of the paper substrate with inkjet-printed CuAc 
nanoparticle film shows mainly the platy kaolin particles and identification of the CuAc nanoparticles 

with particle size of only 1-2 nm is difficult. After exposure to volatile H2S gas released by spoiled 
poultry meat in MAP package the topography clearly changed. The surface had become fully covered 

with larger particles with a height of 20-30 nm. In addition, the grain boundaries of the underlying 
platy kaolin particles are still visible. 

Figure 13. (A) An AFM topographical image of the paper substrate with an inkjet-printed CuAc 

nanoparticle film and (B) a line profile over the image. (C) An AFM topographical image of the paper 

substrate with an inkjet-printed CuAc nanoparticle film after the exposure to volatile H2S gas released 
by spoiled poultry meat in a MAP package and (D) a line profile over the image. 
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The results obtained for the electrical sensors placed in the MAP package with broiler fillets are 

compiled in Table 1. The MAP packages were stored either at RT or in a refrigerator at +6 C. The 

resistance of each sensor was checked before placing them in the MAP package. Due to the insulating 

nature of CuAc, all the sensors showed higher than 100 M resistance (i.e. the upper limit of the 

multimeter). After a certain time (i.e. relative to the expiration date of the fillets), the sensors were 
removed from the package and the resistance was recorded again. Two sensor units were placed in 

each MAP package.  
The resistance of the sensors did not change within the first two hours when the poultry package was 

stored at RT (Table 1). This indicates that negligible amount of volatile H2S gas was generated during 

the initial stage of the storage at RT and suggests that growth of bacteria releasing H2S during the 
food spoilage metabolism had not yet been initiated. However, after one day of storage, the 

resistance of the sensors had decreased already to 6 - 7 . This indicates an extensive release of H2S 

in the package and a possible rapid spoilage of the poultry meat after one day of storage at RT.  

When the tests were carried out in a refrigerator (+6 C), a considerable decrease in resistance was 

observed already one day before the expiration date of the broiler fillets (Table 1). However, 
compared to RT storage, it took approximately four times longer (1 day vs 4 days) to achieve the 

similar resistance level. This qualitatively indicates slower metabolism kinetics for bacteria releasing 
volatile H2S during the spoilage of the poultry meat. A total storage time of 7 days (2 days after 

expiration date) resulted in further decrease of resistance and the sensor reached the saturation level 

of about 2 . Thus, the release kinetics of the volatile H2S gas during spoilage could not be followed 

after 7 days of storage. The results obtained for the electrical sensor demonstrated that the sensor 
can operate in the MAP package conditions and detect the presence of H2S gas release during the 

spoilage of bacteria. However, the sensor configuration must be optimized to adjust the rate for 
reaching the saturation level. 

 

Table 1. The resistance values obtained for the electrical sensors placed in the MAP package 
containing broiler fillets. 

Storage 

Temperature 

Number of days before (-) or after (+) 

the expiration date of the fillets 

 

Total storage time 

 

Resistance [] 

RT - 2 hours ≥100M 

RT - 1 days 6,7 ± 0.6 

+6 -1 4 days 9,0 ± 1.9 

+6 +2 7 days 2,1 ± 0.4 

+6 +6 12 days 1,7 ± 0.4 

+6 +8 14 days 1,9 ± 0.1 

 

It is believed that the biogenic H2S gas produced during the spoilage of meat in anaerobic conditions 
has reacted with the active material (CuAc) and converted the insulating CuAc into conducting CuS. 

The formation of CuS was further confirmed by x-ray photoelectron spectroscopy (XPS) 
measurements. Table 2 shows the atomic percentage of different elements at the surface of the 

sensor placed in the MAP package and exposed to volatiles during the spoilage of poultry meat. The 
XPS results show that the sensor surface contained an abundant amount of sulfur due to the 

formation of CuS particles. In addition, sulfur was not detected in the reference sample which had not 

been exposed to spoilage volatiles.  
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Table 2. Atomic percentages of the detected elements for an unexposed and exposed sensor. 

 

Element 

 

Reference (unexposed) sensor 

Sensor placed in the MAP package with 

broiler fillets for 12 days at +6C 

Carbon 64,2 % 47,3 % 

Oxygen 27,2 % 31,4 % 

Copper 8,6 % 6,3 % 

Sulfur - 13,6 % 

Zinc - 1,5 % 

 

2.4 Product safety and package communication 
 
Today most of the food products in retail trades are packed. Consumers should have the right to trust 

that the packed foodstuffs are safe and fresh. Current consumers increasingly value packages made 

from renewable materials. Several safety aspects, as well as numerous technical properties of the 
material, have to be taken into account when new packaging solutions are developed and selected for 

a certain food contact purpose. Besides functionality and protection properties, the package should 
give all the necessary information about the product and, at the same time, endorse the product and 

the brand. All these requirements represent challenges for the food production chain. 

When the safety of Food Contact Materials (FCMs) or articles is assessed all materials should be 
considered including trays, lids, labels, adhesives, and printing inks/printing processes freshness 

indicators, etc. The one who combines food and packaging has the responsibly to ensure that the 
package is suitable for the food to be packed, stored before consuming. 

In this project all the important information about the raw materials and chemicals used in 

manufacturing the FCM and articles were collected and studied against the relevant legislation in EU 
and U.S. by VTT. The regulation applied depends on the intended use of the substance, e.g. it is 

intended for a passive part of FCM, or it actively effects on the food, detects its surrounding or food 
itself, or contains nanocomponents. The materials and articles studied were 

1. Tray material and substances applied to improve the processability 
2. Bio-barrier 

3. Leakage indicator 

4. Freshness indicator 
Material and article development for MAP intended for fresh chicken slices is done applying a “safe-by-

design” thinking (Figure 14). 
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Figure 14. Food contact compliance assessment scheme to select raw materials and chemicals for 

new food contact materials and articles, e.g. indicators and sensing equipment, and for testing their 
suitability for food contact. 

 
The suitability of the raw materials and chemicals were assessed and substances that require further 

studies, e.g. migration tests, chemical testing of the material, etc., were identified. A summary of the 

findings is presented in Table 3. 
Based on the results of the assessment, it was observed that all the substances were not suitable for 

FCMs. Therefore alternatives were actively searched to replace the raw materials and chemicals not 
suitable for food contact or being somehow dubious, e.g. suspected to be CRM substances. 

Restrictions e.g. SLM, QM, were also mapped out, and the preliminary tests needed to evaluate their 

suitability during material/product development were identified. In addition, worst case calculations 
were done in order to evaluate the maximum amount of the restricted substances that could migrate 

to food. If the maximum amount, calculated based on the amount added to the product or process 
and assuming the migration of 100%, is lower than the restriction limit of the substance, migration 

testing with food simulants is not needed. 
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Table 3. Food contact compliance status of the raw materials and the chemicals used in development 
of new FCMs and indicators. 

Development phase Tray 
processability 

Leakage 
indicator 

Dispersion 
coating 

Freshness 
indicator 

Additional information 

Approved for food 
contact. Restrictions if 

any identified 

2 2 5 1  

Food substance - 1   Dual use should be informed in the 
value chain. 

Identified non-
authorized substance 

- 1 3 1, active 
substance 

Replace or migration below 0.01 
mg/kg food, or authorization. Active 
substance: authorization is needed 

before marketing. 

Identified nanomaterial 1 (possibly)   1 Nano-form: authorization is needed 
before marketing. Possible 
nanomaterial: particle size 

distribution is needed to judge nano 
or not. 

Paper making chemical 
not approved for food 

contact 

1    Replace or insist on the food 
contact compliance statement 

or migration to food below 0.01 
mg/kg food. 

Food additive 2 1   Dual use restrictions exist. 

Suspected CRM 
substance 

  1  Replace or clarify the CRM status. 

New commercial 
product, authorization 

not yet available 

2    Replace or insist on the food 
contact compliance statement from 

manufacturer. 

 
To conclude, “Safe and Compliance for Food Contact-by-design” thinking and applying food contact 

compliance assessment during product development helps to obtain safe and compliant food contact 

articles and FCMs. By fulfilling the safety and sustainability requirements for packaging and taking 
package design in the forefront of product development, packages offer significant sources of 

competitive advantage, resulting in both added value and a minimized ecological impact. 
Packaging provides a versatile means to communicate. The principal goal of a package as a 

messenger is to support the product: draw attention to the product, make the product desirable, 
inform about the product and build a brand relationship. Today a growing number of consumers value 

packages that are ecological, yet prestigious in design. In the project new ways to communicate 

safety and sustainability by package design were demonstrated (Figures 15 and 16).  
 

 
Figure 15. Demo packages communicating safety and sustainability were designed in the project.  

Package design in the example by Saara Majanne. 
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Figure 16. An indicator needs to communicate clearly. Package design in the example by Iina Havo. 

 
 

3 Conclusions 

The package and food stuff safety was approached from several viewpoints. It was found that MAP 
can be used with press formed polymer-coated paperboard trays and the overall oxygen content was 

under 1 % 14 d after heat sealing of trays. Also, the machine vision quality control of trays was 
proven to be a functioning solution in locating of positioning error, ruptures, cracks, deformations and 

faults in sealing surface. 

The convertability of bio-dispersion coated paperboard was excellent but there are still some 

challenges in barrier properties, water sensitivity and stickiness to converting tools. The developed 

indicators and sensors were also proven to be a functioning way to indicate possible leaks or food 
spoilage in the packages. Additionally, new ways to communicate safety and sustainability by package 

design were demonstrated. “Safe and Compliance for Food Contact-by-design” thinking and applying 
food contact compliance assessment during product development helps to obtain safe and compliant 

food contact articles and FCMs. By fulfilling the safety and sustainability requirements for packaging 

and taking package design in the forefront of product development, packages offer significant sources 
of competitive advantage, resulting in both added value and a minimized ecological impact. 
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