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Description

[0001] The present invention relates to a package for decayable foodstuffs, which package consists of a package
material and forms a mainly closed package space and a mainly closed indicator space for an oxidation indicator.
[0002] Specification EP 0627363 presents a foodstuff package containing an indicator that changes its colour when
the concentration of gas inside the package reaches a predetermined level. The indicator may consist of a label or
printed material formed on the surface of the package. The indicator may be separated by a gas-permeable foil from
the product contained in the package. The indicator may be a carbon dioxide or oxygen indicator. However, such an
indicator only responds to gas penetrating into the package or gas formed inside the package. The indicator does not
respond to ageing of the package and/or to a rise in the temperature of the package.

[0003] Specification EP 0629497 presents a package material that comprises two foils joined together and forming
between them a space for a colour indicator. When the package material is damaged, the colour indicator reacts with
the gas entering into the package and changes-its colour. However, such a leakage indicator only responds when the
package material is damaged, it does not respond to decay of the foodstuff in itself.

[0004] Specifications US 4772707, JP 55-41875, JP 61-152299, JP 62-259059 and FI 94802 present various ab-
sorbents for absorbing the oxygen remaining in the package, stabilisers, such as reducing agents, for stabilising a
colorant before the foodstuff is packaged, and colorants for indication of gas penetrating into the package e.g. via a
leakage or decay of the foodstuff. The indicators proposed in these specifications are placed in the package in con-
junction with the packaging of the foodstuff; in other words, the indicators are separate from the package and they are
manufactured separately. The manufacture and especially the storage of this kind of separate indicators before they
are placed in a package is difficult as the indicators tend to react with oxygen as soon as they come into contact with
ambient air. Further difficulties arise from the separate manufacture, storage and handling of the indicators.

[0005] Generally, the specifications referred to above relate to various leakage indicators designed for use in foodstuff
packages and indicators that respond to damage of the package and decay in itself. However, the specifications referred
to do not describe an indicator or package that would respond to ageing of the package and/or to an excessive rise in
the temperature of the package and to the volatile compounds produced as a result of decay of the foodstuff.

[0006] The object of the present invention is to eliminate the drawbacks described above.

[0007] A specific object of the invention is to present a new type of active and intelligent package for decayable
foodstuffs, which package contains an indicator, preferably an oxidation indicator, that makes it possible to detect a
leakage in the package, incipient decay of the foodstuff or other chemical change and especially ageing and/or unde-
sirable high temperature or thermal load.

[0008] A further object of the invention is to present a new type of package and indicator that reacts to volatile
compounds produced as a result of decay of the foodstuff.

[0009] Afurther object of the invention is to present a new type of package for decayable foodstuffs that allows easier,
simpler and more rationalised packaging of foodstuffs and especially placement of a freshness indicator in the package.
[0010] A specific object of the present invention is to produce a new type of package for foodstuffs that allows a
separate indicator to be placed on the package before, during or after the packaging of the foodstuff.

[0011] A further object of the invention is to present a new type of package for foodstuffs that allows an indicator to
be placed in the package independently of the time of packaging.

[0012] As for the features characteristic of the present invention, reference is made to the claims.

[0013] The invention is based on research work during which a new type of package was developed so that ageing
and undesirable high temperature or thermal load of the package as well as decay can be recognised from an indicator
comprised in the package.

[0014] In the package of the invention, an indicator space, e.g. an oxidation indicator space, forms an external wall
adjoining the environment, which wall is made of a material controllably permeable to an atmospheric gas, preferably
oxygen, permitting controlled entry of gas through the external wall into the indicator space as the package is ageing.
The indicator indicates that gas has penetrated into the indicator space, thus showing the ageing of the package upon
the lapse of a certain length of time after the package was exposed to the environment and especially to-atmospheric
oxygen.

[0015] Correspondingly, the interior wall between the indicator space and the package space can be made of a
material with a controllable, preferably good gas permeability, so that oxygen or other gases leaking into the package
space and/or generated in it, e.g. compounds produced via decay of the foodstuff, can penetrate from the package
space into the indicator space, with the result that the indicator will indicate the penetration of oxygen or other gases
into the indicator space. The interior wall of the indicator space can also be made of a material having a temperature-
dependent gas permeability.

[0016] The exterior wall of the indicator space may be made of any known material permeable to gas, especially
oxygen, such as polyethylene, polypropylene, other polyolefin, polyamide or in general any other plastic material com-
monly used as package material. The exterior wall may also be made of a cellulose based material, such as surface-
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treated paper, cardboard, dissolving-pulp based foil material or other cellulose or polyacetate based material. Further,
the exterior wall of the indicator space may be made of a laminate of the above-mentioned or other known-package
materials or some other kind of material combination.

[0017] The gas permeability of the exterior wall of the indicator space may be based on the thickness of the wall
material, its general structural permeability or porosity or its artificial micro-perforation. The overall gas permeability is
also based on the area of the exterior wall of the indicator space. Generally, the permeability of the wall material is so
adjusted that it corresponds to the length of time the indicator is intended to indicate. In packages designed for a shorter
indication time, a thinner wall material, a more porous wall material structure, a larger area of micro-perforations and/
or alarger gas permeable external wall area and/or some other means for increasing permeability is used. Correspond-
ingly, in packages designed for a longer ageing time, a thicker wall material, a less porous wall material structure or a
structure with fewer perforations and/or a smaller exterior wall area or some other known means is used to reduce the
permeability of the exterior wall.

[0018] The indicator can be adjusted to indicate the desired ageing of the package by selecting the wall material, or
its permeability, i.e. its thickness, porosity, size of micro-perforation, external wall area and/or a combination of these,
so that it corresponds to the desired package ageing time to be indicated. Further, the indication of ageing of the
package, i.e. the response of the indicator, can be influenced by selecting the indicator according to the desired ageing
time, in other words, it is possible to use an indicator with a faster or a slower response. Further, the indication of ageing
of the package can be influenced by using a combination of an indicator and a gas absorbent and/or other stabiliser
that absorbs a predetermined amount of gas, which consists of the residual gas remaining in the package or gas that
otherwise penetrates into the indicator space.

[0019] In a preferred embodiment of the present invention, the indicator space wall adjoining the environment is
made of a material whose permeability to oxygen depends on temperature, so that the entry of oxygen into the indicator
space is temperature-dependent and the package ageing indication given by the oxidation indicator is dependent on
temperature. Thus, the temperature-dependent wall material may be e.g. one of the above-mentioned wall materials
whose permeability increases as the temperature rises; correspondingly, it is also possible to use a wall material whose
permeability decreases as the temperature rises. Accordingly, when it is to be indicated that the package has been
exposed to a high thermal load, a wall material whose permeability increases with temperature is used, i.e. at a high
temperature more oxygen can penetrate into the package.

[0020] The exterior wall of the indicator space is preferably at least partially made of a substantially transparent
material to allow easy observation of a colour change of the colorant.

[0021] If desired, the exterior indicator space wall adjoining the environment can be provided with a protector sub-
stantially impermeable to gas, which can be removed e.g. during packaging or when the package is moved e.g. from
the cold storage room of a shop to a shop counter. The protector may consist of e.g. a removable plastic foil, sticker
tape, i.e. generally a removable protector that covers at least the exterior indicator space wall adjoining the environment
or, if desirable, a protector covering most of the package. By means of the protector, the beginning of ageing of the
package can be adjusted as desired.

[0022] If desirable, the package material may form a laminate with the indicator space wall material. The indicator
can also be laminated in the package material.

[0023] Except by laminating, the indicator can also be attached to the package material by gluing, by means of a
sticker joint or in general by any fastening method known in packaging technology. Further, the package material may
have only a limited perforated area and the indicator may be attached to the outside of the package over the perforated
area.

[0024] In an embodiment of the invention, the package material of the foodstuff package comprises a penetrable
spot permeable to a factor indicating decay of the foodstuff. Likewise, the indicator comprises a corresponding pene-
trable spot permeable to a factor indicating decay of the foodstuff. The indicator must be attached onto the foodstuff
package so that the penetrable spots lie opposite to each other.

[0025] In an embodiment of the invention, the package material exterior surface surrounding the penetrable spot on
the foodstuff package and/or the exterior indicator surface surrounding the penetrable spot on the indicator are/is
provided with a protector or protectors, which are removed when the indicator is attached to the package.

[0026] In a preferred embodiment, the area permeable to a factor indicating decay of the foodstuff on the foodstuff
package and/or on the indicator has been formed by perforating. Correspondingly, the penetrable spot on the package
and/or indicator may be made of a material controllably permeable to a factor indicating decay of the foodstuff, e.g. to
gas, so that oxygen or other gases, e.g. other compounds formed as a result of decay of the foodstuff, entering into
the package space through a leakage and/or generated in it can penetrate from the package space into the indicator
space, so that the indicator will indicate that oxygen or other gases have penetrated into the indicator space.

[0027] Further, according to the invention, the foodstuff package and/or indicator space may be provided with a
perforating element, e.g. a sharp element so that when the indicator is attached to the package or to the package
material, the perforating element will make a hole, a perforation or an equivalent penetrable spot in the indicator and/
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or package material.

[0028] In an embodiment of the invention, the indicator is preferably fabricated separately and attached onto the
penetrable spot on the exterior surface of the foodstuff package e.g. before, during or after the packaging.

[0029] The foil on the inside of a separately fabricated indicator and/or the penetrable spot in the package material
of the foodstuff package may be provided with a protector impenetrable to gas, the protector being removed when the
indicator is attached to the package. In this case the indicator can be attached to the package at any time.

[0030] The package may preferably comprise one or more freshness indicators responsive to various changes in
conditions, such as gas concentrations, temperature changes and/or temperature-time dependence or to any kind of
change in conditions indicative of decay of the foodstuff. The freshness indicators and/or other indicators used may
be any kind of indicators known in the art, e.g. from the specifications referred to in the preamble to the present de-
scription.

[0031] The indicator may be any type of indicator that changes its colour when exposed to an atmospheric gas, e.
g. oxygen, and/or a volatile compound produced as a result of decay of the foodstuff contained in the package. The
colour change may occur either directly or indirectly, e.g. via a triggering mechanism suitably selected. The indicator
or indicator system may comprise both colour change mechanisms based on direct effect and colour change mecha-
nisms based on indirect effect.

[0032] The indicator used may have several functions, in other words, it may respond to more than one change in
conditions. In a preferred embodiment, the indicator is an oxygen indicator. It responds to oxygen entering from outside
the package, indicating the ageing or thermal load of the package. The oxygen indicator also responds to oxygen
entering the package through a leak. Furthermore, the oxygen indicator can function via an indirect mechanism as a
decay indicator. In this case, the volatile compounds generated as a result of decay penetrate into the indicator space
and, by the agency of a suitably selected catalyst, e.g. an enzyme, or a pH change, can produce a colour change in
the indicator.

[0033] Thus, for example, the indicator used may consist of a colouring agent sensitive to oxygen and/or to a com-
pound generated via decay and/or to a pH change and/or of an enzyme that uses oxygen or a compound produced
through decay as its co-substrate/substrate. Examples of redox colour indicators that can be used are methylene blue,
gallocyanine, methylene red, anthraquinones, safranine, beta carotene, lycopene, resorufin, thionin, cresyl blue, tolu-
idine blue and janus green. Examples of other foodstuff colouring agents capable of reacting to environmental changes
are anthocyanins, precipitated indigo, patent blue V, amaranth, carmosine, paraorange and erythrocine. Examples of
suitable enzymes are alcohol oxidase, aryl-alcohol oxidase, secondary alcohol oxidase, aldehyde oxidase, sulphite
oxidase, thiol oxidase, catechol oxidase, laccase and glucose oxidase. Examples of pH-sensitive colouring agents are
methyl orange, methyl red, lacmus, bromthymol blue and carminic acid.

[0034] If necessary, the indicator may also contain a substrate, a reducing agent and/or an oxygen absorbent. As
for the substrates, primarily when enzymes are used, a substrate typical of each enzyme can be used. Examples of
usable reducing agents are e.g. carbohydrates, such as reductible sugars, e.g. glucose and fructose, and zinc. Exam-
ples of possible oxygen absorbents are those described in Finnish patent FI 94802.

[0035] Moreover, the indicators may contain various extenders, so-called basic components, such as sodium hy-
droxide, sodium carbonate, sodium hydrogen carbonate, sodium silicate. Further, the indicator may comprise liquids,
e.g. water, ethanol. The indicator may further contain extenders such as kaolin, silicon oxide, talcum, etc.

[0036] In the following, the invention will be described in detail by the aid of an embodiment example by referring to
the attached drawings, in which

Fig. 1 presents a diagram representing a package according to the invention,

Fig. 2 presents another package according to the invention,

Fig. 3 presents a section taken along line IV-1V in Fig. 2,

Fig. 4 presents a magnified section of the package material in Fig. 2 and 3,

Fig. 5 presents a section through package material according to another embodiment of the invention.

Fig. 6 presents an indicator according to the invention in lateral sectioned view,

Fig. 7 presents a third foodstuff package according to the invention, with an indicator as presented in Fig. 6 attached
to it,

Fig. 8 presents a perspective view of another indicator according to the invention,

Fig. 9 illustrates the change in the absorption peak in the wavelength range of 409-425 nm for soluble myoglobin
as compared with a blank sample ([H,O] = 0) as a function of hydrogen sulphide concentration (non-nitrified so-
lution),

Fig. 10llustrates the change in absorption (580 nm) of soluble myoglobin as compared with a blank. sample ([H,0]
= 0) as a function of hydrogen sulphide concentration (nitrified solution),

Fig. 11 presents the total index AE of colour change for hydrogen sulphide indicators (decay indicators) produced
by absorbing myoglobin in agarose gel as compared with a blank sample ([H,O] = 0). MetMb = a commercial
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myoglobin mainly consisting of metmyoglobin, and RdMb = myoglobin reduced with sodium dithionite,

Fig. 12 presents the total index AE of colour change for hydrogen sulphide indicators (decay indicators) produced
by absorpbing, as compared with a blank sample ([H,O] = 0),

Fig. 13 represents the absorption of ABTS (420 nm) as a function of time in an oxidation reaction catalysed by
laccase (0.038 nkat),

Fig. 14 represents the absorption of DOPA (473 nm) as a function of time in an oxidation reaction catalysed by
laccase (0.38 nkat),

Fig. 15 illustrates the operation of oxygen indicators based on an ABTS-laccase system and enclosed in an oxygen-
tight bag when used as leakage indicators,

Fig. 16 represents the effect of temperature on the speed of colour change in an oxygen indicator based on laccase,
Fog. 17 represents the effect of an indicator foil on the speed of colour change in an oxygen indicator based on
laccase,

Fig. 18 represents the effect of an indicator foil on the speed of colour change in an oxygen indicator based on a
chemical reagent sensitive to oxygen, and

Fig. 19a-c illustrate the effect of temperature on oxygen permeability of polymeric foils.

[0037] Fig. 1 shows part of a package 1 with a decayable foodstuff 2 packed in it. The package consists of a package
material 3 having a low permeability or no permeability to oxygen and forms a mainly closed package space 4, in which
the foodstuff 2 is placed, and a mainly closed oxidation indicator space 5 with an oxidation indicator 6 placed in it.
According to the invention, the oxidation indicator space 5 forms an external wall 8 adjoining the environment 7, made
of a material 9 with controllable permeability to oxygen. Thus, oxygen can penetrate into the oxidation indicator space
in a controlled manner as the package is ageing, and the oxidation indicator reveals the entry of oxygen into the
oxidation indicator space and therefore the ageing of the package upon the lapse of a certain time after the package
was exposed to the environment.

[0038] Therefore, the consumer can immediately see from the indicator how long the package has been subject to
environmental influence, e.g. on a shelf in a shop, or the exact time of packaging.

[0039] In the embodiment presented in Fig. 1, the exterior wall 8 of the oxidation indicator space 5 is made of a
material 9 having a temperature-dependent permeability to oxygen, so that the entry of oxygen into the oxidation
indicator space is temperature-dependent and the oxidation indicator also gives a temperature-dependent indication
of ageing of the package. In the embodiment presented, the active layer of the indicator 6 contains an oxidative enzyme
E, which has an effect only if oxygen is present, and a substrate Y for the enzyme. The enzyme E and the substrate
Y are so selected that the oxidation product emerging in an enzymatic reaction is a typical volatile compound X produced
in mould-induced decay. Thus, the compound X can be generated inside the package when the foodstuff 2 contracts
mould, in which case the compound X can penetrate into the oxidation indicator space 5 through the indicator space
interior wall 10 adjoining the package space 4. Further, if the package leaks, oxygen will enter into the package and
the oxygen can penetrate into the indicator space 5 through its interior wall 10 adjoining the package space 4; in other
words, the interior wall 10 is made of a material permeable to oxygen and the volatile compound X produced in mould-
induced decay. In this case, the oxidation indicator 6 will reveal oxygen penetrating through the wall 8 from outside the
package, volatile compounds X generated inside the package via moulding of the foodstuff 4 and penetrating through
the interior wall 10, and/or oxygen penetrating from inside the package in consequence of a breakage in the package.
Therefore, the oxidation indicator effectively reveals package ageing, foodstuff decay and/or a damaged package.
[0040] The versatile oxidation indicator described above is expressly based on the structure of the exterior wall 8 of
the oxidation indicator 6 and its interior wall 10 adjoining the package space 4, the latter wall having a good permeability
to oxygen and compounds produced in decay of the foodstuff 2 so that the indicator will quickly respond to said com-
pounds.

[0041] Figures 2 and 3 show another package 1 according to the invention, which in principle corresponds to the
package presented in Fig. 1. The package in Fig. 2 and 3 comprises two freshness indicators 61, 62 containing one or
more colorants 13 responsive to a factor indicating decay of the foodstuff, a stabiliser 14, such as a reducing agent or
other stabilising agent for stabilising the colorant before and during packaging of the foodstuff, and a gas absorbent
15 for binding the gas that penetrates into the package before and during packaging of the foodstuff and reacts with
the colorant. According to the invention, the freshness indicators 61, 62 are permanently incorporated in the package.
Freshness indicator 61 responds to penetration of oxygen into the package and freshness indicator 62 responds when
the temperature exceeds a given temperature limit.

[0042] The freshness indicators 61, 62, their colorant, stabiliser and gas absorbent are known in themselves and will
not be described here in detail.

[0043] Figures 3 and 4 illustrate the permanent placement of the freshness indicators 6 in the package, i.e. in the
package material 3. The freshness indicator 6 together with its component agents 13-15 are laminated between the
package materials forming the outer layer 8 and inner layer 10 of the package so that the package material and the
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freshness indicator form a laminate. The exterior wall 8 has a controllable permeability to oxygen, the interior wall 10
has a good permeability to oxygen and other gases reactive with the colorant 13 and is impermeable to water.
[0044] The package structure developed allows a gas, e.g. oxygen, reactive with the colorant to penetrate through
the interior wall 10 permeable to oxygen into the leakage indicator 6 from inside the package and also from outside
the package through the exterior wall 8 with a controllable permeability to oxygen. The residual oxygen remaining in
the package is absorbed into the gas absorbent 15 contained in the leakage indicator and therefore does not cause a
colour change in the colorant. The stabiliser 14, i.e. reducing agent, keeps the colorant in a reduced state during
packaging. Only a larger amount of oxygen penetrating into the indicator 6 comprised in the package will cause a
colour change in the colorant, which can be seen from outside the package through a transparent spot in the package.
[0045] Inthe embodiment presented in Fig. 5, the package material 3 has been perforated 6, e.g. in conjunction with
the manufacture of the foil or during packaging. Attached with a sticker joint to the perforated area on the outside of
the package is a freshness indicator 6, whose exterior wall 8 is controllably permeable to oxygen, and the interior wall
glued onto the perforated area is permeable to oxygen and a gas reactive with the colorant. The leakage indicator in
Fig. 6 functions in the same way as the leakage indicator in Figures 3-5.

[0046] Figures 6-7 show a leakage indicator 6 for a foodstuff package 1. The indicator 6 is intended to be attached
onto the foodstuff package 1 as shown in Fig. 7.

[0047] The indicator 6 consists of an exterior wall 8 and an interior wall 10 forming between them a closed indicator
space 5, in which the colorant 13 and other chemicals needed, such as a stabiliser and a gas absorbent, are placed.
The components can also be placed in separate compartments that may be provided inside the indicator space.
[0048] The indicator 6 is intended to be attached onto the foodstuff package. The indicator 6, in the present embod-
iment its interior wall 10, is provided with a penetrable spot 17 permeable to a factor indicating decay of the foodstulff.
Correspondingly, the package material of the foodstuff package 1 comprises a penetrable spot 18 permeable to a factor
indicating decay of the foodstuff. The indicator 6 must be attached onto the foodstuff package with the penetrable spots
17, 18 placed opposite to each other.

[0049] In the embodiment presented, both the penetrable spot 17 of the indicator and the penetrable spot 18 of the
foodstuff package are made of gas-permeable material, e.g. thin polyethylene, polypropylene or the like, permeable
to the factor indicating decay of the foodstuff. Alternatively, the penetrable spot may also be a perforated area. Further,
in the embodiment presented, the penetrable spots are covered with a protector 11, 12a impenetrable to gas, e.g. a
plastic foil, removable sticker tape or the like, which is removed from the penetrable spot when the indicator is to be
attached to the foodstuff package, with the penetrable spots facing each other; in Fig. 7 the protector 12b has been
removed. The area surrounding the penetrable spot 17 in the exterior wall 10 of the indicator in the embodiment pre-
sented can be provided with sticker adhesive to allow gas tight attachment of the indicator onto the foodstuff package.
Similarly, the area surrounding the penetrable spot 18 on the foodstuff package 1 can be provided with sticker adhesive
to attach the indicator onto the foodstuff package. Instead of sticker attachment, it is possible to use any known method
of attachment, such as gluing, lamination, etc.

[0050] The exterior wall 8 of the indicator 6 may be made of a material impermeable to gas. However, in the embod-
iment presented, the external wall 8 is made of a material controllably permeable to oxygen and/or carbon dioxide, i.
e. a gas that reacts with the colorant of the indicator, such as e.g. thin polyethylene, polypropylene or the like. The
external wall 8 is also provided with a protector 12a to allow the indicator to be exposed to the environment e.g. when
it is attached onto the foodstuff package.

[0051] Inthe embodiment presented in Fig. 8, the area surrounding the penetrable spot in the interior wall 10 of the
indicator 6, i.e. the part to be placed against the penetrable spot 18 on the foodstuff package 1, is provided with an
adhesive surface 9. The protector 11 of the interior wall 10 is made of plastic material impermeable to oxygen, e.g.
polyethylene; in the figure, the protector has been partially torn off to permit the indicator to be glued onto the foodstuff
package.

Example 1. Reaction between myoglobin and hydrogen sulphide.

[0052] A solution of myoglobin (0.4 mg/ml) prepared in a sodium phosphate buffer (40 mM, pH 6.8) was divided into
2 ml portions and enclosed in 22-ml gas chromatographic bottles. A known amount of gaseous hydrogen sulphide was
injected into the bottles. The myoglobin bottles were incubated at +4°C for 24 hours. Then the bottles were opened
and the absorption spectra for the myoglobin solutions in the visible light wavelength range were measured. The meas-
urement and hydrogen sulphide addition were repeated upon the lapse of 2, 6, 8 and 13 days after the experiment
was started. The experiment was repeated as follows. The myoglobin solution was nitrified before closing the chroma-
tographic bottle, and after the bottle was closed the head space of the bottle was also nitrified before the addition of
hydrogen sulphide and the spectra were recorded after 24 hours from the beginning of the experiment.

[0053] It was noticed that the colour of the myoglobin solution was changed from brownish red to a greenish colour
by the action of hydrogen sulphide. The colour change became more pronounced as the concentration of hydrogen
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sulphide was increased. Several changes took place in the spectrum of myoglobin due to the hydrogen sulphide. Fig.
9 shows the change in the absorption peak in the wavelength range of 409 - 425 nm as a function of hydrogen sulphide
concentration at different times of measurement (non-nitrified solution). It can be seen that the change in the absorption
peak is dependent on both the hydrogen sulphide concentration and the length of time during which the myoglobin
solution is in contact with hydrogen sulphide. In nitrified myoglobin solution, the changes were greater especially in
the wavelength range of 480- 650 nm. Fig. 10 shows the change in the absorption of nitrified myoglobin solution due
to hydrogen sulphide at wavelength 580 nm.

[0054] It can be stated that the optical properties of myoglobin are changed by the action of hydrogen sulphide. This
change is visible and it can be detected instrumentally. This change in the colour of myoglobin can be utilised for the
indication of freshness and storage time of foodstuffs, preferably poultry products. For instance, in packages containing
fresh chicken drumsticks, hydrogen sulphide concentrations as high as 0.6 - 1.1 mg/l were formed in the gas space
during 21-days of storage at +5°C.

Example 2. Indicators prepared from myoglobin and agarose gel.

[0055] Small squares (size 11 mm x 11 mm) cut from a sheet of agarose (2%, thickness 2-3 mm) were soaked with
myoglobin (0.5 - 4.0 mg) dissolved in sodium phosphate buffer (40 mM, pH 6.8). The agarose squares were heat-
sealed in polyethylene foil (thickness 50 um). In some experiments, myoglobin reduced with sodium dithionite was
used. The indicators were enclosed in airtight vessels and a known amount of gaseous hydrogen sulphide was added
into the vessels. After 3-11 days of exposure of the indicators to hydrogen sulphide, the change in their colour was
measured by means of a chromoscope (Minolta Chroma Meter) using L*a*b chromaticity coordinates. An index (AE)
describing the total colour change was calculated from formula (1).

2,172

AE = (AL? + Aa® + Ab?) (1)

[0056] It could be seen that the colour of the indicators had changed from brown to green and the colour change
was the more pronounced the lower concentrations of myoglobin were used. Fig. 11 presents the colour change in
these myoglobin based indicators immobilised in agarose, as a function of hydrogen sulphide concentration. The
change has been calculated by comparing with a blank sample ([H,S] = 0).

Example 3. Indicators prepared from myoglobin and filter paper.

[0057] Filter paper pieces (size 20 mm x 20 mm, Whatman n:o 1) were soaked with myoglobin (0.5 - 2 mg) dissolved
in sodium phosphate buffer (40 mM, pH 6.8). The indicators were prepared and the measurements carried out as in
Example 2. Visual observation showed that the colour of the indicators had changed from brown to green and the
colour change was the more pronounced the lower concentrations of myoglobin were used. Fig. 12 presents the total
index of colour change for these myoglobin based indicators immobilised in filter paper as a function of hydrogen
sulphide concentration. The change has been calculated by comparing with a blank sample ([H,S] = 0).

Example 4. Oxidation reaction catalysed by laccase

[0058] When polyphenoloxidases, preferably laccase, oxidise 2,2'-azino-di-ethylbenzothiazoline-6-sulfonate (ABTS)
and DL-3,4-dihydroxyphenylalanine (DL-DOPA), the colour of the reaction products differs from the substrates. Figures
13 and 14 show the colour change in ABTS and DL-DOPA caused by laccase in the presence of oxygen as a function
of time. The reaction was performed at room temperature and the concentration of ABTS and DOPA was 1.4 mM. In
the oxidation reaction catalysed by laccase, the colour of ABTS changes from green to brown/grey and the colour of
DOPA first changes to orange and subsequently to brown/grey. Thus, from both substrates an oxidation product readily
discernible by visual observation is produced.

Example 5. Laccase based oxygen indicators

[0059] 2,2'-azino-di-ethylbenzthiazoline-6-sulfonate (ABTS) was blended with low-melting agarose (4%) (2.5 mg/mi
agarose). The indicators were prepared from pieces of sheet-like substrate cast from ABTS-agarose (thickness about
4 mm), which were treated with a laccase containing solution as in Example 2. The indicators thus prepared were
stored in bags made from oxygen-tight laminate foil in conditions specified in table 1, which also shows the changes
in the colour of the indicator that occurred during storage. The lower the storage temperature was and the less oxygen
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was present, the better was the colour of the indicators preserved unchanged before use. Thus, by adjusting the storage
conditions it is possible to contribute towards preserving the colour of laccase based indicators unchanged before use.

Table 1.

The effect of storage conditions on colour change in laccase based indicators during storage

Storage conditions for laccase based indicators Total index AE of colour change during storage (7 d)
(temperature, method of oxygen removal)

+5°C, no oxygen removal 21.6

+5°C, oxygen removed by nitrogen flushing 12.5

+5°C, oxygen removed by nitrogen flushing and using an 9.5

iron-acetic acid mixture

-20°C, no oxygen removal 8.3
-20°C, oxygen removed by nitrogen flushing 45
+5°C, indicators prepared in oxygen-free conditions 3.7 (storage time 6 d)

Example 6. Reaction of laccase based indicators with oxygen

[0060] Laccase based indicators were prepared in oxygen-free conditions according to example 5 and immediately
enclosed in oxygen-tight laminate foil bags together with a low-capacity deoxidiser. When a perforation (100 um in
diameter) was mad in the bags, the colour of the indicators was clearly changed from very light green to green. The
colour change was measured by means of a chromoscope and the total index AE of colour change was calculated.
Fig. 15 shows the colour change AE in the laccase based indicators enclosed in oxygen-tight bags as a function of
storage time. It can be stated that the laccase based indicators function as leakage indicators and the colour change
can_be perceived both visually and instrumentally.

Example 7. Effect of temperature on the rate of colour change

[0061] Squares (11 mm x 11 m) of ABTS containing agarose were placed on a polyethylene foil on a Petri dish.
Laccase solution was pipetted onto each square and the indicators were covered with small pieces of polyethylene
foil. The indicators were not enclosed in polyethylene foil by heat-sealing in order to keep them more readily accessible
to oxygen. The indicators were incubated at various temperatures and the colour of the indicators was monitored using
a Minolta Chroma Meter as in example 2. Fig. 16 shows the colour of the indicators as a function of time at different
temperatures. The rate of the colour change is clearly dependent on the storage temperature of the indicators.

Example 8. Effect of indicator foil on the rate of colour change

[0062] Laccase based indicators were prepared in oxygen free conditions as in example 5 using different polymer
laminates or polyethylene as indicator foil. The indicators were exposed to atmospheric oxygen at +8°C. Fig. 17 shows
the colour of enzymatic oxygen indicators made of different laminates as a function of time. The foil used has a great
importance regarding the rate of colour change. The sensitivity of the oxygen indicator can be adjusted by choosing
an appropriate indicator foil.

Example 9. Effect of indicator foil on rate of colour change in oxygen indicator

[0063] Oxygen sensitive chemical indicator mixture in powdery form was enclosed in bags made from different plastic
laminates by heat-sealing. The indicators were exposed to atmospheric oxygen at +5°C and 50% relative humidity.
Fig. 18 shows the colour of the chemical indicators made from different laminates as a function of time. The foil used
has a great importance regarding the rate of colour change. The sensitivity of the oxygen indicator can be adjusted by
choosing an appropriate indicator foil.

Example 10. Effect of temperature on oxygen permeability of polymer foils

[0064] The oxygen permeability of different plastic laminates was measured at different temperatures using the Ox-
Tran 2/20 MH apparatus, which is based on measuring the amount of oxygen that has penetrated the plastic foil. The
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relative humidity of the gases in the measurements was 60%. Figures 19 a-c show the oxygen permeability of the foils
used in the test, as a function of time. Oxygen permeability was exponentially dependent on the temperature, in such
manner that the higher the oxygen permeability of the foil was, the slighter was the effect of temperature on the per-
meability. This phenomenon was apparent especially in the case of foils with a low oxygen permeability, a circumstance
advantageous in respect of the operation of a leakage/time-temperature indicator. The strong temperature dependence
of the permeability of the oxygen-tight foils enables their use as indicator components sensitive to storage temperature.
On the other hand, the foils with a high oxygen permeability are much less dependent on temperature, which enables
leakage detection independently of storage temperature.

[0065] The embodiment examples are intended to illustrate the invention without limiting it in any way.

Claims

1. Package (1) for decayable foodstuffs (2), said package consisting of a package material (3) and forming a mainly
closed package space (4) and a mainly closed indicator space (5) containing an indicator (6), characterized in
that the indicator space (5) forms an exterior wall (8) adjoining the environment (7), said wall being made of a
material (9) having a controllable gas permeability such that gas can penetrate through the exterior wall into the
indicator space in a controlled manner as the package (1) is ageing, so that the indicator (6) will indicate the entry
of gas into the indicator space and therefore the ageing of the package upon the lapse of a certain time after the
package was exposed to the environment; and an interior wall (10) of the indicator space (10), adjoining the pack-
age space (4) and made of a material controllably permeable to gas so that gas entering into and/or generated in
the package space can penetrate from the package space into the indicator space in a controlled manner and the
indicator will indicate that gas has entered into the package space.

2. Package as defined in claim 1, characterized in that the exterior wall (8) of the indicator space (5) adjoining the
environment (7) is made of a material (9) whose permeability to gas depends on temperature, so that the entry of
gas into the indicator space (5) is temperature-dependent and the indicator indicates the temperature-dependency
of the ageing of the package.

3. Package as defined in claims 1 or 2, characterized in that the package material (3) forms a laminate with the wall
material (9) of the indicator space (5).

4. Package as defined in any one of claims 1 - 3, characterized in that the indicator (6) is attached to the package
material (3) by gluing.

5. Package as defined in any one of claims 1 - 4, characterized in that the package material (3) comprises a limited
perforated area and the indicator (6) is placed on the perforated area and attached to the surface of the package.

6. Package as defined in any one of claims 1 - 5, characterized in that the package material (3) of the foodstuff
package (1) comprises a penetrable spot (18) permeable to a factor indicating decay of the foodstuff, that the
indicator (6) comprises a penetrable spot (17) permeable to a factor indicating decay of the foodstuff, and that the
indicator (6) must be attached onto the foodstuff package with the penetrable spots (17, 18) opposite to each other.

7. Package as defined in any one of claims 1 - 6, characterized in that the area surrounding the penetrable spot
(18) on the foodstuff package (1) and/or the area surrounding the penetrable spot (17) on the indicator (6) placed
opposite to it are/is provided with an adhesive surface to allow the indicator to be attached onto the foodstuff
package.

8. Package as defined in claim 6 or 7, characterized in that the penetrable spot (18) of the foodstuff package (1)
and/or the penetrable spot (17) of the indicator have/has been formed by perforating.

9. Package as defined in any one of claims 6 - 8, characterized in that the penetrable spot (18) of the foodstuff
package (1) and/or the penetrable spot (17) of the indicator (6) are/is made of a material permeable to a factor
indicating decay of the foodstuff.

10. Package as defined in any one of claims 6 - 9, characterized in that the penetrable spot (18) of the foodstuff
package (1) and/or the penetrable spot (17) of the indicator (6) are/is provided with a removable protector (11,12b)
substantially impermeable to gas.
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Package as defined in any one of claims 1 - 10, characterized in that the exterior wall (8) of the indicator (6)
adjoining the environment is provided with a removable protector (12a) substantially impermeable to gas.

Package as defined in any one of claims 1 - 11, characterized in that the package (1) comprises at least two
indicators responsive to different changes in conditions.

Package as defined in any one of claims 1 - 12, characterized in that the indicator (6) is an oxidation indicator.

Package as defined in any one of claims 1 - 13, characterized in that the package comprises an indicator that
responds to a compound produced via decay of the foodstuff.

Package as defined in any one of claims 1 - 14, characterized in that the package comprises an indicator working
via an indirect mechanism.

Package as defined in claim 15, characterized in that the indirect mechanism is based on a pH change and/or
on the reaction produced by a catalyst, preferably an enzyme.

Package as defined in claim 15 or 16, characterized in that a single indicator simultaneously indicates package
ageing, temperature dependency of ageing, leakage occurring in the package and decay of the foodstuff in the
package.

Patentanspriiche

1.

Verpackung (1) fur verderbliche Lebensmittel (2), wobei die Verpackung aus einem Verpackungsmaterial (3) be-
steht und einen grof3tenteils geschlossenen Verpackungsraum (4) sowie einen grof3tenteils geschlossenen An-
zeigeraum (5) aufweist, der eine Anzeigeeinrichtung (6) enthélt, dadurch gekennzeichnet, dass der Anzeigeraum
(5) eine AuBenwand (8) aufweist, die an die AuRenumgebung (7) angrenzt, wobei die Wand aus einem Material
(9) besteht, das eine steuerbare Gasdurchlassigkeit aufweist, so dass Gas durch die AuBenwand gesteuert in den
Anzeigeraum eindringen kann, wenn die Verpackung (1) altert, und die Anzeigeeinrichtung (6) den Eintritt von Gas
in den Anzeigeraum und daher das Altem der Verpackung nach Ablauf einer bestimmten Zeit, nachdem die Ver-
packung der AuRenumgebung ausgesetzt wurde, anzeigt, sowie eine Innenwand (10) des Anzeigeraums (10), die
an den Verpackungsraum (4) angrenzt und aus einem Material besteht, das gesteuert fiir Gas durchléssig ist, so
dass Gas, das in den Verpackungsraum eintritt und/oder darin erzeugt wird, aus dem Verpackungsraum gesteuert
in den Anzeigeraum eindringen kann und die Anzeigeeinrichtung anzeigt, dass Gas in den Verpackungsraum
eingetreten ist.

Verpackung nach Anspruch 1, dadurch gekennzeichnet, dass die AuBenwand (8) des Anzeigeraums (5), die an
die AuRenumgebung (7) angrenzt, aus einem Material (9) besteht, dessen Durchlassigkeit fur Gas von der Tem-
peratur abhéngt, so dass das Eintreten von Gas in den Anzeigeraum (5) temperaturabhangig ist und die Anzei-
geeinrichtung die Temperaturabhangigkeit des Alterns der Verpackung anzeigt.

Verpackung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Verpackungsmaterial (3) ein Laminat
mit dem Wandmaterial (9) des Anzeigeraums (5) bildet.

Verpackung nach einem der Anspriiche 1-3, dadurch gekennzeichnet, dass die Anzeigeeinrichtung (6) an dem
Verpackungsmaterial (3) durch Kleben angebracht wird.

Verpackung nach einem der Anspriiche 1-4, dadurch gekennzeichnet, dass das Verpackungsmaterial (3) einen
begrenzten perforierten Bereich umfasst und die Anzeigeeinrichtung (6) auf dem perforierten Bereich angeordnet
und an der Oberflache der Verpackung angebracht wird.

Verpackung nach einem der Anspriiche 1-5, dadurch gekennzeichnet, dass das Verpackungsmaterial (3) der
Lebensmittelverpackung (1) einen durchdringbaren Punkt (18) umfasst, der fur einen Faktor durchlassig ist, der
Verderben des Lebensmittels anzeigt, dass die Anzeigeeinrichtung (6) einen durchdringbaren Punkt (17) umfasst,
der fur einen Faktor durchlassig ist, der Verderben des Lebensmittels anzeigt, und dass die Anzeigeeinrichtung
(6) an der Lebensmittelverpackung so angebracht werden muss, dass die durchdringbaren Punkte (17, 18) ein-
ander gegentberliegen.
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Verpackung nach einem der Anspriiche 1-6, dadurch gekennzeichnet, dass der Bereich, der den durchdringba-
ren Punkt (18) an der Lebensmittelverpackung (1) umgibt, und/oder der Bereich, der den durchdringbaren Punkt
(17) an der Anzeigeeinrichtung (6) umgibt, der diesem gegeniuber angeordnet ist, mit einer Klebeflache versehen
sind/ist, so dass die Anzeigeeinrichtung an der Lebensmittelverpackung angebracht werden kann.

Verpackung nach Anspruch 6 oder 7, dadurch gekennzeichnet, dass  der durchdringbare Punkt (18) der Lebens-
mittelverpackung (1) und/oder der durchdringbare Punkt (17) der Anzeigeeinrichtung durch Perforieren ausgebil-
det worden sind/ist.

Verpackung nach einem der Anspriiche 6-8, dadurch gekennzeichnet, dass der durchdringbare Punkt (18) der
Lebensmittelverpackung (1) und/oder der durchdringbare Punkt (17) der Anzeigeeinrichtung (6) aus einem Mate-
rial bestehen/besteht, das fur einen Faktor durchlassig ist, der Verderben des Lebensmittels anzeigt.

Verpackung nach einem der Anspriiche 6-9, dadurch gekennzeichnet, dass der durchdringbare Punkt (18) der
Lebensmittelverpackung (1) und/oder der durchdringbare Punkt (17) der Anzeigeeinrichtung (6) mit einer entfem-
baren Schutzeinrichtung (11, 12b) versehen sind/ist, die im Wesentlichen undurchlassig fir Gas ist.

Verpackung nach einem der Anspriiche 1-10, dadurch gekennzeichnet, dass die AuRenwand (8) der Anzeige-
einrichtung (6), die an die AuRenumgebung angrenzt, mit einer entfembaren Schutzeinrichtung (12a) versehen
ist, die im Wesentlichen undurchléssig fur Gas ist.

Verpackung nach einem der Anspriiche 1-11, dadurch gekennzeichnet, dass die Verpackung (1) wenigstens
zwei Anzeigeeinrichtung umfasst, die auf unterschiedliche Veranderungen von Bedingungen ansprechen.

Verpackung nach einem der Anspriiche 1-12, dadurch gekennzeichnet, dass die Anzeigeeinrichtung (6) eine
Oxidations-Anzeigeeinrichtung ist.

Verpackung nach einem der Anspriiche 1-13, dadurch gekennzeichnet, dass die Verpackung eine Anzeigeein-
richtung umfasst, die auf eine Verbindung anspricht, die durch Verderben des Lebensmittels erzeugt wird.

Verpackung nach einem der Anspriche 1-14, dadurch gekennzeichnet, dass die Verpackung eine Anzeigeein-
richtung umfasst, die Uber einen indirekten Mechanismus wirkt.

Verpackung nach Anspruch 15, dadurch gekennzeichnet, dass der indirekte Mechanismus auf einer Verande-
rung des pH-Wertes und/oder auf der Reaktion beruht, die durch einen Katalysator, vorzugsweise ein Enzym,
erzeugt wird.

Verpackung nach Anspruch 15 oder 16, dadurch gekennzeichnet, dass eine einzelne Anzeigeeinrichtung gleich-
zeitig Alterung der Verpackung, Temperaturabhéangigkeit der Alterung, Auftreten von Undichtigkeit an der Verpak-
kung und Verderben des Lebensmittels in der Verpackung anzeigt.

Revendications

Emballage (1) pour denrées périssables (2), ledit emballage étant constitué d'un matériau d'emballage (3) et for-
mant un espace d'emballage essentiellement fermé (4) et un espace indicateur essentiellement fermé (5) conte-
nant un indicateur (6), caractérisé en ce que I'espace indicateur (5) forme une paroi extérieure (8) adjacente a
I'environnement (7), ladite paroi étant fabriquée dans un matériau (9) ayant une perméabilité au gaz contrdlable
telle que le gaz puisse pénétrer a travers la paroi extérieure dans I'espace indicateur d'une maniere contrlée a
mesure que I'emballage (1) vieillit, de telle sorte que l'indicateur (6) indique I'entrée de gaz dans I'espace indicateur
et par conséquent le vieillissement de I'emballage au bout d'un certain temps d'exposition de I'emballage a
I'environnement ; et une paroi intérieure (10) de I'espace indicateur (5), adjacente a I'espace d'emballage (4) et
fabriguée dans un matériau ayant une perméabilité au gaz contrélable de telle sorte que le gaz entrant dans
I'espace emballage et/ou généré dans celui-ci puisse pénétrer depuis I'espace emballage dans I'espace indicateur
d'une maniere contr6lée et que l'indicateur indique que le gaz est entré dans I'espace emballage.

Emballage selon la revendication 1, caractérisé en ce que la paroi extérieure (8) de I'espace indicateur (5) ad-
jacente a l'environnement (7) est fabriquée dans un matériau (9) dont la perméabilité au gaz dépend de la tem-
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pérature de telle sorte que I'entrée de gaz dans I'espace indicateur (5) soit liée a la température et que l'indicateur
indique le lien entre vieillissement de I'emballage et température.

Emballage selon les revendications 1 ou 2, caractérisé en ce que le matériau d'emballage (3) forme un laminé
avec le matériau de paroi (9) de I'espace indicateur (5).

Emballage selon l'une quelconque des revendications 1 a 3, caractérisé en ce que l'indicateur (6) est fixé au
matériau d'emballage (3) par collage.

Emballage selon I'une quelconque des revendications 1 a 4, caractérisé en ce que le matériau d'emballage (3)
comprend une zone perforée limitée et que l'indicateur (6) est placé sur la zone perforée et fixé a la surface de
I'emballage.

Emballage selon I'une quelconque des revendications 1 a 5, caractérisé en ce que le matériau d'emballage (3)
de I'emballage pour denrées (1) comprend un point pénétrable (18) perméable a un facteur indiquant la dégradation
des denrées, en ce que l'indicateur (6) comprend un point pénétrable (17) perméable d'un facteur indiquant la
dégradation des denrées, et en ce que l'indicateur (6) doit étre fixé sur I'emballage pour denrées, les points pé-
nétrables (17, 18) étant situés a l'opposé l'un de l'autre.

Emballage selon I'une quelconque des revendications 1 a 6, caractérisé en ce que la zone avoisinant le point
pénétrabte (18) sur I'emballage pour denrées (1) ou/et la zone avoisinant le point pénétrable (17) sur l'indicateur
(6) a l'opposé de celui-ci est/sont équipée/s d'une surface adhésive pour permettre de fixer l'indicateur sur I'em-
ballage pour denrées.

Emballage selon la revendication 6 ou 7, caractérisé en ce que le point pénétrable (18) de I'emballage pour
denrées (1) ou/et le point pénétrable (17) de l'indicateur a/ont été formé(s) par perforation.

Emballage selon l'une quelconque des revendications 6 a 8, caractérisé en ce que le point pénétrable (18) de
I'emballage pour denrées (1) ou/et le point pénétrable (17) de l'indicateur (6) est/sont fabriqué/s dans un matériau
perméable d'un facteur indiquant la dégradation des denrées.

Emballage selon I'une quelconque des revendications 6 a 9, caractérisé en ce que le point pénétrable (18) de
I'emballage pour denrées (1) ou/et le point pénétrable (17) de l'indicateur (6) est/sont équipé/s d'un dispositif de
protection amovible (11, 12b) sensiblement imperméable au gaz.

Emballage selon I'une quelconque des revendications 1 a 10, caractérisé en ce que la paroi extérieure (8) de
l'indicateur (6) adjacente a I'environnement est équipée d'un dispositif de protection amovible (12a) sensiblement
imperméable au gaz.

Emballage selon l'une quelconque des revendications 1 a 11, caractérisé en ce que I'emballage (1) comprend
au moins deux indicateurs sensibles aux différents changements de conditions.

Emballage selon I'une quelconque des revendications 1 & 12, caractérisé en ce que lindicateur (6) est un indi-
cateur d'oxydation.

Emballage selon I'une quelconque des revendications 1 a 13, caractérisé en ce que I'emballage comprend un
indicateur qui réagit & un composé produit par la dégradation des denrées.

Emballage selon I'une quelconque des revendications 1 a 14, caractérisé en ce que I'emballage comprend un
indicateur fonctionnant via un mécanisme indirect

Emballage selon la revendication 15, caractérisé en ce que le mécanisme indirect est basé sur un changement
de pH et/ou sur la réaction produite par un catalyseur, de préférence un enzyme.

Emballage selon les revendications 15 ou 16, caractérisé en ce qu' un seul indicateur indique simultanément le

vieillissement de I'emballage, la lien entre vieillissement et température, les fuites se produisant dans I'emballage
et la dégradation des denrées dans I'emballage.
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