TIME INDICATOR DEVICE The present invention relates to a time
indicator device, particularly but not exclusively, a time indicator device
suitable for use on food and other perishable products, such as

WA & dticals and cosmetics, The present invention will Beldelripatp2
with reference to its use on food products, however it is recognised and

- will be readily apparent that the invention could also find application in
other fields such as pharmmeeiningiATORDEYICBsmetics and any other
products which have a limited open life. There are currently a number of
different target dates provided to the consumer as indicators of the likely
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intended to address.



3 A few attempts have been made to address the aforementioned
shortcomings of the above products. For example, a reservoir may be
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moving parts designed to puncture a reservoir containing a reactive
compound. These devices borrow heavily from known art in the field of
tamper evidence and suffer from the same main drawback, which is that a
multi-component lid/closure is difficult to manufacture and assemble and
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In an alternative embodiment the second liquid is clear but is supported
within the second reservoir on a green-coloured backing layer so as to
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fluids (i.e. liquids or gases) within the device, fluid dynamic and fluid
displacement issues associated with some earlier devices are avoided. It
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In the first and second aspects of the present invention it is preferred that
a second barrier is provided between the third reservoir and the conduit.
WE% §%§8£}9 barrier is preferably adapted such that, upon rgg][%%i h%%gyzs,g

preé)eterr‘nlned time period is initiated by permitting the passage ozfO e
third liquid along the conduit. The seccnd barrier may be adapted to be
removable as a result of opening a product to which 9 the deviceis
catinchedinrdiimiemosaisietadhe fest licoihaaehiigttie calrde 86 RS HoHCt.

AR b BesfrIreck R pesimeahaidbe ditst aspnny aftoeipreporitc
invention the first barrier compris chemi e [

Rl GHABATIE SBIRRENb, T QRN i S P g L gt
medsent iBvendioreit thRicRORS fiRREPERYidP iRERBERtdS h &R aftflor
R t@ll%ﬁmmmnﬁ%wemmmmpmwmmg myr‘ggr
used provided jt.can satis y m K San
R B A £ b el P S S e o
eRplnysie thindignist Aty WheP Bers RIARGelP TGRSR LT re(ﬁlé?gh‘%“ 'S St
Sormewdies, polyseesndhiomenayehieaithas pertsinat] tsysiblgo @XeTMiAEAl)
9 rds‘émcie'c?%%t'%‘?\%%r QRABILCIYLY SULRRIR SHRSIARGS EHArBInEBY Swo-step
pre?erred substances are lipophi c§ ecies,. In luding fats ?%W%tg .g. E%r&
SRIONT KPRV IRAIRELS AR oIEEHEEY (MEIRBA- & %ﬁ??—g\?,ycer[(?es).
Brefesabiyithieljegradabls subaviscsolayainsidndiorlingh YREEG some
peaferablveaiahes thapothe diistrsasang asdiordbirebloigraids. iMe preferred

embodiment the viscosity of the degrad S ] I
EPRAATRG] Ao R SO L o e e YRP IS Mo
avoneed 000 P seRoPd EYeaN FrisHsraferasRipYetis: %‘Urﬁbﬁbd&%‘ﬁ
(3L2R Q- proliather peferacsanthedinwents thengscioity gréthetalegreefatsie
substance.is around 5000, to.. 0 idh SRMved by a
gﬁ%%é%%%%saﬁ %?Wbé" %%s%é% g@#ﬂ%&ﬁ?ﬁiﬁﬁ%ﬁnﬂe Ro§sessy S
fImerRICEbATERSR e AR BJE ,tWB?éC%?emta%ﬁ/'%o??éogpou% qeyce
asgtistill more preferably above around 80 C. In other application it will be
desirable that the degradable substance has a lower melting point, such
as around 5 to 10 C or lower, for example when it is desirable to have the

%eé“eﬂ%dn%bal% substancs. malt ARd-he Basissdhanatoreikailataslied @hidaved
emperaturgs. xemplary applications requiring a lo /er me UQ&}] r?c!nlEquids
9 GFBUABR AR L ARG &SGR HE2ER ST Chflletg60ds where 1t is

desitabie fontheadexite teeinglivatdtshbehiegdcais HasfeantosBeH s do
ot hwasme Aeyangite meling peininhdhesiaprssakecasistalyceralis
Se%giggggaqudIéegfrréodza%?e OSYUE%%FH(I:IGe gsihich is adapted to be sufficiently degra'dable
after a first predetermined time period to permit the first and second liquids to mix
and generate a liquid mixture within the second reservoir of different colour to the
second liquid prior to mixing and thereby provide an indication of when said first

predetermined time period has elapsed.

The second aspect of the present invention relates to a time indicator device in
which at least two liquids are prevented from mixing by a particular type of barrier
until a predetermined time period has elapsed. This aspect of the invention provides
a chemically and/or enzymatically degradable barrier between the at least two

liquids, thereby enabling timing to be controlied by the rate at which a suitable



The degradable substance may be at least partially foamed, i.e. at least
partly in the form of a foam, so as to increase its surface area compared
to the substance when unfoamed. In this way, the surface area of th
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such that the third liquid can, over a predetermined time period, pass
along the conduit from the third reservoir to the barrier and then effect
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gooc?so Vert for many other components that one may wish to provide in
the third liquid. It is particularly preferred that the third liquid comprises
saline solution. One reason for favouring saline is that it provides a stable
environment for many chemical species and enzymes which may be
contained within the third liquid. Any appropriate enzyme may be used
and a preferred enzyme is a lipase. With regard to the first and second
aspects of the present invention the viscosity of



at least one of the first and second liquids is preferably greater than
around 1 cP (at 20 00), more preferably greater than around 3 cP (at 20
C) and most preferably greater than around 8 cP (at 20 C). At least one of
tﬂé(\‘i'%? HNd second liquids may have a viscosity of around GH 988G %84*
20 C), more preferably around 1 to 50 cP (at 20 C) and most preferably
around 10 cP (at 20 C). The first and second liquids may contain any
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of examp f nd liquids may comprise
l\;‘z'vsa esi 35?8 eragew%g %8?&%}% %%%éﬁ(ﬁﬁgﬁ comprise water. The
second liquid preferably comprises a pH indicator species (e.g. a
Universal pH indicator). Moreover, it is preferred that the first liquid
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the resu uid mixture has a pH of less than 7. By way of example,
A8 ‘T%ft%dr{g gvre may be moderately acidic, e.g. a pH less than around
pH 7 but higher than around pH 2; or a pH in the range of around 3 to
around 6. By way of a further example, the liquid mixture may be more
Stnertgty dcithorant Zrossedsharpi if irissderhtoareiantb2amyrseratmisie W
Qs d o ltatdh bshapriesiateddhatibLe mippdimealsifidie presephsses
invention where onI a single colour change is being used to signify that a
OAH SR ADRIERE Y 0 longer suitable for use, a colour change to red may
be the most appropriate option. Thus, in this embodiment, it may be
desirable to use a sufficient quantity of an acid to effect a pH change from
ditwurednm stisraksphi’ Rggresth heceitriaigly Wit SpPHtBBIENISH)is| fagable of
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0 use a sufficient quantity of acid initially to cause a
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ﬁf@*@?r&batﬁ%h’%{ﬁ fé’élﬂ RafieYBr GYR°IA"ESnsumer products, such as
foodstuffs is used, e.g. a food acid, such as acetic acid or citric acid. With
regard to the first and second aspects of the present invention the first
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may be open or closed along at least a part of their fength and which are of

appropriate dimension and construction to permit fiquid flow.



At least one of the first, second and third liquids may comprise any
additional or alternative components such as fluorescent species to afford
- _the desired indicator that a predetermined time period has elapsed and/or
VY&t E reagents which, when reacted, generate heat Wi oRr4(8/003279
accelerate mixing of the various liquids and so, in turn, accelerate the rate
of colour change. Concerning the first aspect of the present invention, as
discussed above, it is preferred that said conduit connecting the third
reservoir and the first barrier possesses a predetermined length which
Teirees diglistaareseddeveltidh nhevalirdnlggienm (esifrios fronrpuie ligig and
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condult length to ensure that th |nal evice informs the user
%%ﬁﬁlmﬂﬁqﬁ%aﬁiﬁmméd'?% %rﬁﬁ’&&%sfot%lfffHBtWﬁéﬁMeme of a
apglication of the device. This flexibility in selection of timing periods may
be advantageous in allowing the conduit length to be adjusted during
assembly of the device to take account of variations in the properties of
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ast e viscosity e various liquids and substances which will reside in
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hrou & Substante resident in the condut as normal and so
Hﬁs@afijéfbﬁ?ﬁé‘{‘ﬁlrd liquid along the conduit mlght be slower than
expected, again manufacturing parameters could be adjusted so as to
select a final conduit length that is shorter than normal to ensure the final

dﬁyi@%mb@a&mﬂ@s@@aﬁmyprbmpm@wed embesprentafithedirsiant a
seepnd, 3590 oS ohlAg e sw%%] ion %@% %HP%&?%QWHCB‘?E%{BH

~ is coloured, for example en, and the colour of said surface is visible
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optionally further, colour(s) resulting from mixing of liquids within the
Qéﬁbﬁﬂ‘-i}d"?eservow after one or more predetermined time periods. It is
preferred in the first and second aspects of the present invention that a
viewing window is associated with said second reservoir such that said
indieafienofithecate astieetfirst fhreptetermimentiimé parictiestethpsedaan
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the present invention which relates to at e |n |cator devic incorpora |ng
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camarises adlddbieaserueiravasetad foréReisecenairgsepotiugatdwhich
fourth reservoir containing a fourth liquid, a third barrier being provided
between said fourth liquid and the second liquid within the second
reservoir to prevent said liquids mixing, said third barrier being connected
via a further conduit to a fifth reservoir containing a fifth liquid which is
adapted to pass along said further conduit over a second longer
predetermined time period and to effect removal of said third barrier upon
contact to facilitate mixing of said fourth liquid with said first liquid mixture
within the second reservoir and generation of a second liquid mixture

within the second reservoir of different colour to the first liquid mixture and
tharehyv nrovvide an indicationn of when eaid ececrond nredetermined time



The third barrier may take any convenient form but preferably comprises a
chemically and/or enzymaticay degradable substance, which may be the
same or similar to the substance comprised in the first barrier described in

WEALIPAHEIE. In a preferred embodipent the viscosity of the dEGr&dae**"
substance comprised in the third barrler is similar to or the same as that of
the degradable substance utilised in the first barrier, thus, by way of
1RXBRIE AhkdbrvissREdY eiih\aie sadakisusuidansen the dviceharder
may be at least around 2000 cP (at 20 C). 16 nature of the dehydrated
R e in the third barrier may be the same, similar of different to that
employed in the first barrier. The further conduit may contain a second
substance that is the same or similar to the first substance provided within
ithe moticluérfinkirferthe ehingdemmhalithe fitse Fhradbafies PTasqst veHigthEe
fensiiidinidng ibs fifthsaseavpintodihentyitd ianieprejepatlyimentedns a
‘second substance that is a liquid or gel. Preferably said second substance
in the further conduit exhibits a higher viscosity than the second and/or
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feurdhdrirggeésigetapted such that, upon removal, the second
predetermined time period is initiated by permitting the passage of the fifth
liquid along the further conduit. In this way, once the fourth barrier is
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con ac he arrler This contact initiates degradation, of t ethlr
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adapted to be remova of qp
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figgt liquid initially resident in the first reservoir. By way of example, the
viscosity of the fourth liquid is preferably in the range of around 1 to
around 100 cP (at 20 C), 17 As with the first liquid, the fourth liquid
preferably comprises ef red that
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ouration presented to a user of the device. In ¢ fio |th thi
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of acid such that, after mixing with the first liquid mixture within the second
reservoir, the resulting second liquid mixture within the second reservoir
possesses a pH of less than or equal to around 2. As will be appreciated
by the skilled person, a pH this low will cause a solution containing a
Universal pH indicator solution to present a red colouration, which a user
of the device can easily identify. In most, but not necessarily all,
circumstances a user presented with a red colouration will understand this

as an indication that the product to which the device is attached in no
lonnaar criitahle for rice Thice will be nartictilarivy 1icefiil when 1icina a



18 Any desirable alternative or additional species may be provided in the
first or fourth liquids to bestow the appropriate colourafion to the resulting
liquid mixture incorporating the first or fourth liquids. By way of example,
WREMBUPHTGUId may comprise a fluprescent species and/oPEXeRapR{e03279
reagents. Just as with the conduit connecting the third reservoir to the first
barrier, it is preferred that said further conduit connecting the fifth reservoir
tedherhivebharrieeossd ssgsal sSeeoneltipe dete whine ddgragiéblgrsigbstance
?gﬁiQ%Sgﬁgﬁw%ﬁi@@r}gq&ﬁ%which the fifth liquid must pass from the
Ifth reservoir to contact the third barrier, said second distance at least
partly determining said second predetermined time period. Moreover,
while the further conduit may be defined by a single conduit, the device
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prévented from mixing by a barrier which comprises a chemically an
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detsirabifirstopredetstranteeniiiRa peniel roipefinitehe Frsvahdsdedrdng the
el detRaixanst generate a colour change which can be identified by a
user as an indication of when said first predetermined time period has
elapsed. The degradable barrier comprised in the second aspect of the
present invention may take any of the features of the degradable barrier
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The viscosity of the degradable supst 4 i e
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sebutaplee LI Bratedsh the 19 device (e.g. the viscosity of the first
and second liquids). For example, the viscosity of the substance
comprised in the first barrier may be at least around 2000 cP (at 20 C),
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egradable substance which possesses a melting point above around 60
@aFFhAORY ofife PRABIICARSAREIRAI 9o LRESTABRStRG 418! RIGARHRIBIGSe time
sidhstancedasralliwesyneititegnpeint, dertabls audstd® tin10rQ0 anplowets
Fardhe reasons slaipdabRs RisrNsCHR Wit thefrssamed thisk Rasriers
employed in the device ac o,rdln'g to the first awect of thﬁdpi%%eearg ontains
iRV eh iR ST Rl e FIRAY TR NRGP DI WAl BS H88 flItR TR AT orne
lelivigic ior the! whcemprempes itheoptdxsntaraatialindsratdaced phniiglythe
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present invention comprises a dehydrated enzyme capable, upon
hydration, of degrading the degradable substance comprised in the first
barrier. As stated above in respect of the first aspect of the present.
BB AR e b e AR By FRE B P e ol e
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barrier being provided between said fourth liquid and the second liquid
within the second reservoir to prevent said liquids mixing, said third barrier
comprising a chemically and/or enzymatically degradable substance
which is adapted to be sufficiently degradable after a second longer
predetermined time period to permit mixing of said fourth liquid with said
first liquid mixture within the second reservoir and generation of a second
liquid mixture within the second reservoir of different colour to the first

liquid mixture and thereby provide an indication of when said second
nradetearmined time nearind hac alancad



20 same or similar to those of the fourth liquid and/or third barrier
employed in the device according to the first aspect of the present
invention. This embodiment enables a second colour change to be
WSEHIAE By the device of the secqnd aspect of the presertGveRiH (7
this way, the device can be used to prowde a "traffic-light" type warning
system, whereby a green colouration is first presented to a user from the
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the second liquid mixture after the second predetermined time period has
elapsed. The device according to the first and second aspects of the
frestist aupetation sarefenatite eha shiltbjectenisalittidastPethe desired
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component matérials so as 1o define the various conduits connecting the
r*@ssé‘r‘\/oF%%%‘Hé%ﬁb@&%%ﬂ%”]@Ph%ﬁ’lﬁeﬁ%%fﬁﬂinlél“;fx’e?%ﬁ%ﬂh@i?oﬁesc”bed
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RateakighiCh Das PLit4R-RLeas RISt pdetidec(i.e. the side facing the

intermediate layer, which. when laminated to the intermediate layer, serve
to compress and block selected areas of the conduits defined by the
second layer to prevent or delay the movement of liquids within the device

(eferBuing fBiddisiWEds acaRiantlly SR POl Ysthiebrgnfe apd/or the
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Lim;a%am& WR 'ﬂmm 9(9%.4@@&5@@@&% RIQERSRESH Whish eneh%ﬁ%mym

inline processes. As escrlbﬁd above, t econ uit |1 tercon Ctmfﬂ hlrd
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basevpisiatechafianing thefirritedyememrhditmaierinsta plurality of

incomplete or partial conduits of varying length defined

Preferably the third liquid comprises a chemical species or enzyme capable of
degrading the degradable substance comprised in the first barrier. In this way, once
the third fiquid has passed along the conduit and contacts the first barrier,
degradation of the barrier is initiated. The third liquid may include any desirable
component, but it is preferred that it comprises water since water is safe, cheap and
acts as a good solvent for many other components that one may wish tc provide in
the third liquid. It is particularly preferred that the third liquid comprises saline
solution. One reason for favouring saline is that it provides a stable environment for
many chemical species and enzymes which may be contained within the third liquid.

Any appropriate enzyme may be used and a preferred enzyme is a lipase.

With regard to the first and second aspects of the present invention the viscosity of
at least one of the first and second liquids is preferably greater than around 1 cP (at
20 °C), more preferably greater than around 3 cP (at 20 °C) and most preferably



21 by the intermediate layer of the device. Connection of said partial
conduits to form the complete conduit connecting a reservoir to its

res ective barrier may be achieved using any appropriate technique and
Prefdtinty achieved selective lasgr ablation of a "via" in RT3
Iayer of the device. The built-up area(s) within the upper layer of the
device is/are preferably printed onto the underside of the upper layer
sreing sbighaiseasty akoa Trpoessastiob i prefiestdiy secvietiquidinting.
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particularap ion and combination of materials, said volume is
{aerabRe crrstRRBIGY SAREPIHE P ThE\VBuGk of the conduits
interconnecting the third and optional fifth reservoirs and their respective
barriers. Preferably each reservoir possesses a volume that is at least 10
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evice according to the first and/or second as ects o jhe presen
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comprising a first reservoir containing a first liquid comprising a colourant
and a second reservoir containing a second liquid comprising a dispersant

forpaid colaurantidiyiswiRaswindourrsas sRERig N s8idlsuch that, after

mixing with the second liquid, the resulting liquid mixture within the second reservoir

2

is more acidic than the second liquid before mixing. In a preferred embodiment, the
second liquid is initially at approximately neutral pH, i.e. around pH 7, but, after
mixing the first and second liquids, the resulting liquid mixture has a pH of less than
7. By way of example, the liquid mixture may be moderately acidic, e.g. a pH less
than around pH 7 but higher than around pH 2; or a pH in the range of around 3 to
around 6. By way of a further example, the liquid mixture may be more strongly
acidic and possess a pH of less than around 2, for example a pH of aro(md 1.1t will
be appreciated that in embodiments of the present invention where only a single
colour change is being used to signify that a particular product is no fonger suitabfe
for use, a colour change to red may be the most appropriate option. Thus, in this
embodiment, it may be desirable to use a sufficient quantity of an acid to effect a pH
change from around neutral, pH 7 (green) to strongly acidic, pH 1 or 2 (red). In an
alternative embodiment where a double colour change is being used to provide an
initial warning followed by a final signal to stop using a product, it may be desirable
to use a sufficient quantity of acid initially to cause a reduction in pH from neutral,
pH 7 (green) to moderately acidic, around pH 3 to 6 (amber), followed by a sufficient



22 second reservoir, said first and second reservoirs being interconnected
by a conduit, and a barrier being provided between at least one of said
first and second liquids and said conduit. Importantly, the conduit contains
WE aPdtatibdtance that is a liquid or gel, and removal of the BarFGBpURe 7
dispersion of said colourant from the first reservoir to the second reservoir
over a predetermined time period thereby providing an indication via said
viewingohactiow ciusheriushit magdterinipiddramenpdeietihasidia@eleinca
prefeiedier Resiment quma(pgyp aspect of the present invention said first
substance in the conduit exhibits a higher viscosity than the first and/or
second liquids, and removal of the barrier permits said at least one of said
first and second liquids to disperse through the first higher viscosit¥ )
Yberane SERRRRRISMA PSS TidfuRIS BORMI 78 ARBHRRTF ARG YHitxto
forsuandir statlixdtisr e wh esciopdsiuffreic okedrang. dispedseidtwobgrottesaideid
firstyixtyge thereby providing said indication via said viewing window of
when said first predetermined time period has elapsed. The manner in
which the above preferred embodiment of the indicator device according
to the third aspect of the present invention functions may be summarised
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sedenadijiquidisriseg)imsdounreakd@mivman dalsper e dwooghntthieahigteeds any
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admrgugsehihe liquids/substances, and therefore ultimately the rate of
colourant diffusion, is controlled so as to act as the primary timing
mechanism. After a first predetermined period of time the first and second

liguids contact, mix and disperse throughout one and allow the cqglourant
B R B Em oGRS RO AEHT IR COmAUTEAY A e o
ltjeitaivix e honpetsisticreae RusticseeiiRRCISGIe thiEorbibeda e dofiraser
vistolepriadhenviexdngnwinsioy Reseripted whididhe efeantt IesRMY which,

roviding,a visual indicati en the fi termi time. peri
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foatlEBf IRe|Sraleheifte Afiep 9 i ¥acking of the colourant along the
or each conduit can be accurately controlled by appropriate selection of
the physical and chemical nature of the various liquids and gels contained
indhr resenreirsrandseaduit(skanddhe physital ferndiseussbapspoidhe is
ﬁé%rr}"’dr%h%?da%}%”‘é%ﬁ&- %&%%8%(% - fhe {?ﬁ?asﬁ‘é%%%% RRavigles EQﬁLer

e colourant diffuses rapi roughout the liquid mixture as soon as the
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lengtmottipaesitflvas takerrdhestrsbiatdcosto thidusd Daoidispairsigtarmegh
bR QRRIMIRRAS L @i bisdXelRired thal said deNics-rommiasRAs,
third reservoir containing a third liquid comprising a further colqurant, said
i RSB bER Bt o ABLECFROH SocBRAPFERRRIBIFRS SGither S &
ceriguizcentidiiena bawered sobyhancentbedineatigtiiel deded, advrdeipe o
Brrday Reipsiovisrdibaivesnihedigl iguid ardihe ftrtfoah candyinduit
%ﬁﬂ%‘é; orf 38{-{9 fulghée[ Ratlgier permitting dispersion of said further
COIOGTANT rom the third réservoir to the second reservoir over a second
predetermined time period thereby providing an indication via said viewing
window of when said second predetermined time period has elapsed. In a
fliritee dpréske e gesmibbigimisem ofameanerdsa vty gethe présentithémiial
seidsecendmabhsiassgrindée wenskiiRdpbitsaalnigheevisgasity thagrébe
third liquid, and removal of said further barrier permits said third liquid to
disperse through the second higher viscosity substance until the second
and third liquids contact one another and mix to form a second mixture
whereupon the further colourant disperses throughout said second
mixture thereby providing said indication via said viewing window of when
said second predetermined time period has elapsed. An important feature
- of the present invention is that a consumer may be presented with a

simple to understand "Traffic Light" system of product suitability. When
nreen ic viewed throiinh the vviewina window thice iec an indication that the



WO 2009/040547PCT/GB2008/003279 24 present invention is arranged
to be able to provide the conventional green to amber to red colour
change and the more simplified green to red change, as well as any other
W&e%qu/ﬂf‘g%elour change(s). It will be appreciated that the ratel6FBYle 0327
change is important in that the product may be perfectly good for an
extended period of time, say 28 days, over which period a green indication
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sHbstagtialmatches the rate at which the decay of the perishable item
varies with temperature, With regard to the time indicator device forming
the present invention it is preferred that the viscosity of the first higher
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In a preterred em ment present iInvention the viscosity of at
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1ange or around 4.1 aroynd.2900.eR {al2Q fsks More preferably the
viscosity of at least one of the first and second liquids is in the range of
around 50 to around 1500 cP (at 20 C), yet more preferably in the range
of around 500 to around 1500. Most preferably the viscosity of the first
liyigiarrfered nd bt @ drerpsacLasrret ehtvdeseahiGntie (et 431V ie
theERconchdisidietisi aviuredid GG dodaresamdbt 406hcRslat 20 Bjcation of the

when the first predetermined time period has elapsed can be observed via said

viewing window.



A ratio of the viscosity of at least one of the first and second liquids
compared to the first higher viscosity substance (1st/2nd lig. : 1st high. vis.
SUbStZQ I|e in the range 1: 16000 to 1: 2 (at 20C), more preferably in
WREHNGEY: 20 to 1: 5 (at 20 C). It | s most preferred that thEGHE W82
viscosity of at least one of the first and second liquids compared to the
first higher viscosity substance is around 1: 10 CI ts/2nd 1st high. via.
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water, more preferably around 30 to 60 Wt%wa r. Most preferab%the
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iigicetioh @‘tWI@n@agW@QPrﬁh@meéﬁ@@%BFﬁmﬁf*ﬁf?(ﬁﬂ‘e%‘%ﬁﬁéof In a
preferred embodiment of the present invention the first higher viscosity
substance comprises a mixture of glycerol and carboxymethyl cellulose
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around 30 to 40 wt% water. It is preferred that the colourant is a dye. The
dye may take any appropriate colour and should be non-toxic and suitable
for use in the desired application. Thus where the indicator device is to be
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& intended applrcatron at is, It the device is to be used on a food

product it is preferred that the pigment is food safe and will not harm a

consumer if accidentally ingested.

The third barrier may comprise a dehydrated enzyme capable, upon hydration, of

degrading the degradabie substance comprised in the third barrier. Once again, the



27 Itis particularly preferred that barriers are provided between the first
liquid and the conduit, and the second liquid and the conduit, and removal
of the barriers permits the first and second liquids to disperse through the
WRAOMGHEF Viscosity substance over the predetermined tim&PEFHBEO0HN327
the first and second liquids contact %ne another. The barrler(s) may be
removed in any convenient way. One preferred way is as a result of a user

e dgt%e%%ﬂy@a@a'@‘z‘{}ﬁb%dem&re gdfAsheyAvestidaesnef sheiar of
second reservalr Is referabl}/ coloured in such a way that the, colour of
dierast it e URMRVLRARL SIRRHY window associated with the second
reservoir prior to the colourant dispersing throughout the first mixture. In
this way, while the colouration provided on the coloured surface is visible
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the second reservoir over a second time period and thereby provide a
visual indication of when the second predetermined time period has
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lagRnoateenevb400 ePrédt @0 C). A ratio of the viscosity of the third liquid
compared to the second higher viscosity substance (3rdlig.: 2n high. vis.
subst) may lie in the range 1: 16000 to 1: 2 (at 20 C), more preferably in

%n&%ﬁ% ciq%%t%gg R4Q #2 Gmdt IS MRShPHRIpErassthaihersatiquad thz&aliy
VISCOSI of the third liquid compare to theesehcond hi her %gg%gx liquid is
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higbferatiycosity tingiel ehaipenchibse ar %&@o&%ﬁﬁ\éﬁt |%0n|§her lower or
substantially the same as the viscosity of the first higher viscosity liquid.
When it is desired to provide a second predetermined time period that is
longer than the first predetermined time period, one way in which this can
be achieved is by formulating the second substance so as to exhibit a
higher viscosity than the first substance. It wili be appreciated that a
further way in which this can be achieved, either independently of the
relative viscosities of the first and second substances or in combination
with the second substance exhibiting a higher viscosity than the first

substance, is to increase the volume of the second substance relative to
tha firet ciithetanre Thic mav bhe achievved for evamnle by infcreacina the



29 conduit connecting the second and third conduits relative to the depth
and/or width of the conduit connecting the first and second conduits. In

one preferred embodiment where it is desired that the second
YWWedeteatiited time period is longer than the first predeternitG@d:#a0e8/003279
period, the volumes of the first and Yecond. higher viscosity substances is
substantlally the same, and the viscosity of the second substance is
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The further colourant may be a pigment, which for the reasons outlined
above, should be safe to use in the intended application, e.g. with food
“products It should be appreciated that the third aspect of the present
iBVEHEESE not limited to the use 0{ ust a single colourant ﬁﬁﬁg}??&{sﬂaﬁr’r@
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By way of example, it is preferred that the degradable substance within the
degradable barrier comprises 2 lipid, such as a hard paim kerne oil. The viscosity of
the degradable substance may take any appropriate value depending upon the
intended application and the properties of other substances incorporated in the



dissolve, disperse and flow through the substances (e.g. the liquid or gel)
contained in the interconnecting conduit(s) and the rate at which the
colourant or acid diffuses throughout the eventual liquid mixture resulting

Wit ta atiterent liquids contactin gne another and. The fBGQffp&g008/003279
include, but are not necessarily limited to: the viscosity of the liquids and
gels; the dimensions of the or each conduit (depth; width, length); the
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and/or the third barrier employed in the above preferred embodiment may be the



Figure 5 is a schematic representation in cross section of a second part of
the device shown in Figure 1 which remains connected to a body of the
container after the container is opened; Figure 6 is a schematic
W Bre¥eiiion of a time indicator device according to a prel€m&d2008/003279
- embodiment of the first and secondz%lspects of the present invention in the
form of a label which can be applied to a container; and 34 Figure 7 is a
sehematisapresaptationtin ¢sss sqatiaralidhenite vaeishawldyeFigutes6.
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dewce according to a preferred embodiment of the present invention is
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the lid 2 of the container 1, the lower section 6 of the label 4 remains
adhered to the body 3 of the container 1 and the label 4 is activated. The
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ethyddine. glycol, glycerol and carboxymethyl cellulose with a relatively high
water content and further comprising a 35 red dye (105112 Duasyn
Saurerhodamin B-SF) and minor amounts of other additives (co-solvent,
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.glycerol, carboxymethyl cellulose and minor amounts of other additives
(co-solvent, thickener, deformer and biocide) but with no colourant added
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as a dispersant for the dye colourants contained in the first and second
low viscosity liquid mixtures 14, 15 since as soon as the third low viscosity
liquid mixture 16 contacts and mixes with the first and second low
viscosity liquid mixtures 14, 15 to form a further liquid mixture (not shown)
the dyes previously contained in the first and second liquid mixtures 14,
15 disperse throughout the further liquid mixture. The lowermost surface

of the target reservoir 11 is provided with a green colouration, which is
nitiallvy vieihle via the viewina window Q (ceae Eictire 1) becarice the



A first barrier region 19 is provided in conduits 10a, 10b near to the first
dye source reservoir 9 and a second barrier region 20 is provided in
conduits 10a, 10b near to the target reservoir 11. A third barrier region 21
wie f)‘??i’(ﬂﬂé‘ﬁ"in conduits 13a, 13b negr to the second dye sobrd&Tdeiosir ™
12, and a fourth barrier region 22 is 36 provided in conduits 13a, 13b near
to the target reservoir 11. The function of the barrier regions 19, 20, 21, 22
pyihd e iplRiarRd iemor thd ataidselountsittiore i it @agiFiganeyits, 14 1 5.
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substrate layer 23 of, for example, polypropylene. The substrate layer 23
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eservpirs 9, 12 the target r VQl [ RRgstingre Hnid?,
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i R AR ORI SR SSA Y Ml GPhent of ihe abel
Rty cantadnet hifde adhesive layer 24 is provided with a glassine
protective layer 25 to protect the adhesive layer 24 prior to application to
the container 1 but which can be peeled away immediately prior to
dliachment ofhe dabsldfo hesoglainant-Adarries layes dis lnminied
ovérf e substrate layer 83 and an outermost clear peegablg la ri%Zré%l
senlioRitsU BGePame BRI PR JEHTB STIRE MDY of ISRiRation %@&e oY
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VodmEBatds Rh 4R 28 WERS T TAE Lhderying barrier ‘ayer 26 downwardly
thim the JolumieotegroefsEOCBIUS. 22 and thereby prevent the first, second
and third low viscosity liquid mixtures 14, 15, 16 in the two source
reservoirs 9, 12 and the target reservoir 11 from contacting the high
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activated. Activation of the time indicator |abel 4 is.inifi .tk
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se grately in Figures 4 and 5 respectively. Separation of the two sections
§°E 8¥the label 4 is controlled by the provision of a back cut 29 through
the adhesive, substrate and barrier layers 25, 24, 26 above the de-bosses
37 28 and a partial cut through the outermost layer 27 below the
debosdeseorinaie P et SONRSTESHILREPRATRPLNS RIFSE ‘AW HTRY
thedeweasestiondiiby thecsostetenbinserevaygwide idrapefatdodbntaifier
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rrier layer 26 thereby freeing the barrier layer 26 t
i GRS RGBT B0 oL o8 racre &
RBREMtiBg divend gued mixtiies g, cbSgdicfeomitthRaRERRBESMIX with the higher
viscosity gels 17, 18 contained in the conduits 10a, 10b, 139, 13b. As the
low viscosity liquid mixtures 14, 15, 16 mix with the high viscosity gels 17,
18 new lower viscos) ' f i gl SolQatddi
1%%??1%# K%?P][(ea &%@%%%%ﬁ%@e&é %!gfg ltﬁg}ﬁoto dif{use thro Qt%ﬁ
rRéwtiBEF Y RatsiBP Wikt FUBRIRIRI nd The Bhdlits 104, 10b g:ﬁ 13a,
13hriawatds theitarget resenmirsedonAftessaripist prRatEiAe8EANE PEiEY
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to form a single essentially homogeneous liquid mixture throughout the
first dye source reservoir 9, conduits 10a, 10b and the target reservoir 11
and the orange dye diffuses rapidly throughout the homogeneous liquid
mixture to provide an orange colouration in the target reservoir 11 which is
visible via the viewing window 8. After a second predetermined time a
similar process occurs in the second set of conduits 13a, 13b such that
the red dye diffuses throughout a further essentially homogeneous liquid

mixture which has been formed throughout the second dye source
racarvonir 12 condiiite 129 12h and the taraet reacarvinir 11 <[|ince the red



38 Referring now to Figures 6 and 7, there is shown a time indicator
device according to a preferred embodiment of the first and second
ects of the present invention in the form of a label 30 which is suitable
%89@3%50ted to both a lid and bgdy of a container (not oW 48t it
can be activated in an analogous fashion to the laber 4 described above
with reference to Figures 1 to 5. The label 30 in Figures 6 and 7
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the container is unscrewed the upper and lower sections 3
8P tREITAHRN ¥ S89arEHng IHARE YadhRmaSaB R BIRERIBAT dHRepsEar hes
stepied. 31 of the indicator label 30 remains adhered to the lid of the
container, the lower section 32 of the label 30 remains adhered to the
body of the container and the label 30 is activated. Activation of the label
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connected to the target reservoir 37 via a separate second relatively short
conduit 39. Each short, wide conduit 36 39 is initially blocked by an
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be used'to define a plurality of conduits of differing length to suit the
|ﬁ?éﬁ(‘fé’(§%pplrcatlon of the label 30. An important factor in determining the
predetermined time periods indicated by the label 30 is the length of each
conduit 44, .45 linking the source reservoirs 42, 43 to their respective
barriers 40, 41. Clearly, all other factors being equal, it will take a Ramer
period of time for the enzyme-containing solution to travel along a longer
conduit 44, 45 connecting the source reservoir 42, 43 to the barrier 40, 41.
Two pairs of barriers 46, 47 are provided across the conduits 44, 45
respectively to prevent enzyme-containing liquid flowing out of the source
reservoirs 42, 43 until such time as the label 30 is activated. Upon
opening of the container to which the label 30 is attached, as mentioned
above, the upper portion 31 of the label 30 tears away from the lower
portion 32 along the seam 33. The pairs of barriers 46, 47 blocking the

crondiite A4 AR are connectead to the 1innear nortion 21 of the Iaheal 20 and



solution (assuming all other factors relating to the two solutions and the
contents of the conduits are equal). As can be seen in Figure 6, the label
0 |s also rovided with a gutter 48 extending around the Rerip of the
2BEr 30 his is to catch any excess fluids forced out of the?aéG?EXBS/O(mW
durlng its assembly which might otherwise hamper the correct functioning
of the label 30. This also ensures that each region of the label 30 can be
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information. This may be achieved by appropriate selection of the first and, where
applicable, the second higher viscosity substances such that the rate at which their
viscosity varies with temperature is related to, or more preferably substantially
matches the rate at which the decay of the perishable item varies with temperature,

With regard to the time indicator device forming the present invention it is preferred
that the viscosity of the first higher viscosity substance provided in the conduit is in
the range of around 4000 to around 16000 cP (at 20 °C). More preferably the

viscosity of the first higher viscosity substance is in the range of around 8000 to



EXAMPLES Examples of three time indicator devices according to the
third aspect of the present invention have been fabricated and tested as
described below. The physical structure of each device was as described

WRFVE A reference to figures 1 t9_5 and so will not be fulth&CFeLE &L

in detail oelow. The discussion which follows is therefore focused on the
chemical and physical properties of the liquids and gels employed in the
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devices were fabricated so as to have the same basic structure as follows:
Area / mm2 Volume / mm3 [ Red Source Reservoir 23.497 1.175 ! Orange
I8 ecUpeefdResesudivditn®argetRaseseoirinvention the viscosity of at least one of

the first and second liquids is greater than around 1 cP (at 20 °C). The viscosity of at
least one of the first and second liquids is in the range or around 1 to around 2000
cP (at 20 °C). More preferably the viscosity of at least one of the first and second
liquids is-in the range of around 50 to around 1500 cP (at 20 °C), yet more
~ preferably in the range of around 500 to around 1500. Most preferably the viscosity
of the first liquid is around 1000 to around 1400 cP (at 20 °C) and/or the viscosity of
the second liquid is around 1000 to around 1400 cP (at 20 °C). -

A ratio of the viscosity of at least one of the first and second liquids compared to the
first higher viscosity substance (1%/2™ liq. : 1 high. vis. subst.) may lie in the range
1: 16000 to 1 : 2 (at 20 °C), more preferably in the range 1: 20to 1 : 5 (at 20 °C). It
is most preferred that the ratio of the viscosity of at least-one of the first and second
liquids compared to the first higher viscosity substance is around 1: 10 (142" lig.
1* high. vis. subst.}.

Preferably the first higher viscosity substance is substantially miscible with at least
one of said first and éecond liquids. More preferably the first higher viscosity
substance is substantially miscible with both of said first and second liquids. In this
way, when the first liquid contacts and mixes with the second liquid the first mixture
thus formed is an essentially homogeneous mixture of the first and second liquids
and the first higher viscosity substance throughout the first and second reservoirs

and the interconnecting conduit.

At least one of the first and second liquids may comprise water. Preferably both the
first and second liquids comprise water. The first and/or second liquid may comprise
around 20 to 70 wt% water, more preferably around 30 to 80 wt% water. Most
preferably the first liquid comprises around 50 wt% water and/or the second liquid

comprises around 50 wt% water.
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At least one of the first liquid, second liquid and the first higher viscosity substance
provided in the conduit may comprise a substance selected from the group
consisting of carboxymethy! cellulose (or a salt thereof), hydroxyethyl cellulose,

glycerol, ethylene glycol, diethylene giycol and mixtures thereof.

in a preferred embodiment of the present invention the first higher viscosity
substance comprises a mixture of glycerol and carboxymethyl cellulose and/or
hydroxyethy! cellulose. The first substance preferably further comprises water, and
may include still further species, such as a biocide. The first higher viscosity
substance preferably comprises around 1 to 5 wt% carboxymethyt celiulose, more
preferably around 2 to 4 wt% carboxymethyl cellulose, and most preferably around 3
to 4 wt% carboxymethy! cellulose. The first higher viscosity substance preferably
comprises around 40 to 90 wt% glycerol, more preferably around 50 to 80 wt%
glycerol, and mest preferably around 60 to 70 wt% glycerol. The first higher viscosity
substance preferably comprises around 10 to 50 wt% water, more preferably around
20 to 40 wt% water, and most preferably around 30 to 40 wt% water.

It is preferred that the colourant is a dye. The dye may take any appropriate colour
and should be non-toxic and suitable for use in the desired application. Thus where‘
the indicator device is to be employed on foodstuffs it is desired that the dye is safe
for use with edible products. It is particularly preferred that the dye is orange or red
since these colours are eminently suitable for application into the device of the
present invention to provide a “Traffic Light” colour change pattern, which as
mentioned above, is easily and widely understood by consumers. An example of a
preferred orange dye is 105101 Duasyn Sauregelb xxSF and an example of a
preferred red dye is 105112 Duasyn Saurerhodamin B-SF.

The colourant may be a pigment, which should again be safe to use in the intended
application. That is, if the device is to be used on a food product, it is preferred that

the pigment is food safe and will not harm a consumer if accidentally ingested.
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It is particularly preferred that barriers are provided between the first liquid and the
conduit, and the second liquid and the conduit, and removal of the barriers permits
the first and second liquids to disperse through the first higher viscosity substance
over the predetermined time period until the first and second liquids contact one
another. The barrier(s) may be removed in any convenient way. One preferred way

is as a result of a user opening a product to which the device is attached.

A_surface_of the second reservoir is preferably coloured in such a way that the
colour of that surface is visible via the viewing window associated with the second
reservoir prior to the colourant dispersing throughout the first mixture. In this way,
while the colouration provided on the coloured surface is visible the device provides
a visual indication to a user that the device has not yet been activated. For exampie,
the coloured surface may be coloured white or green to indicate that a product to
which the device has been applied has not yet been opened. Once the device is
activated, after the first predetermined time period has elapsed fhe colourant from
the first reservoir would provide colouration (e.g. ambér) which masks the white or
green background colouration of the coloured surface of the second reservoir. If a
third reservoir is provided, after a second predetermined time period the further
colourant from the third reservoir would provide colouration (e.g. red) which masks

both the white or green background colouration and the previous amber colouration.

in the preferred embodiment of the present invention where the device comprises a
third reservoir a further colourant can be dispersed from the third reservoir to the
second reservoir over a second time period and thereby provide a visual indication

of when the second predetermined time period has elapsed.

The second predetermined time period may be shorter, substantially the same, or
longer than the first predetermined time period. If the first and second colourants
impart different colouration to the liquid viewable via the viewing window then a user
can be presented with a first colour (e.g. orange or amber) after the first time period

and a second, different colour (e.g. red) after the second time period.



WO 2009/040547PCT/GB2008/003279 44 Raw Material Preparations A
red dye source solution (red ADS), orange dye source solution (orange

ADS), and target solution (target ADS) were prepared along with two
WY &Vels of the High Viscosity Media (HVM), with the fdifGRiAg/ 003279

compositions: Source 1 (Red ADS) Substance Description Mass / g vvt%
Distilled Water Base

The viscosity of the second higher viscosity substance provided in the further
conduit is in the range of around 4000 to around 16000 cP (at 20 °C). More
preferably the viscosity of the second higher viscosity substance is in the range of
around 6000 to around 14000 cP (at 20 °C), still more preferably in the range of
around 10000 to around 14000 cP (at 20 °C), and most preferably around 12000 cP
(at 20 °C).

Preferably the viscosity of the third liquid is greater than around 1 cP (at 20 °C). The
viscosity of the third liquid is preferably in the range of around 1 to around 2000 cP
(at 20 °C). More preferably the viscosity of the third liquid is in the range of around
50 to around 1500 cP (at 20 °C), yet more preferably in the range of around 500 to
around 1500. Most preferably the viscosity of the third liquid is around 1000 to
around 1400 cP (at 20 °C).

A ratio of the viscosity of the third liquid compared to the second higher viscosity
substance (3% liq. : 2™ high. vis. subst.) may lie in the range 1 : 16000 to 1 : 2 (at 20
°C), more preferably in the range 1: 20 to 1 : 5 (at 20 °C). It is most preferred that
the ratio of the viscosity of the third liquid compared to the second higher viscosity

substance is around 1 : 10 (3“ lig. : 2™ high. vis. subst.).

The second higher viscosity liquid may exhibit a viscosity that is higher, lower or
substantially the same as the viscosity of the first higher viscosity liquid. When it is
desired to provide a second predetermined time period that is longer than the first
predetermined time period, one way in which this can be achieved is by formulating
the second substance so as to exhibit a higher viscosity than the first substance. It
will be appreciated that a further way in which this can be achieved, either
independently of the relative viscosities of the first and second substances or in
combination with the second substance exhibiting a higher viscosity than the first
substance, is to increase the volume of the second substance relative to the first
substance. This may be achieved, for example, by increasing the length of the
further conduit connecting the third reservoir to the second reservoir compared to
the length of the conduit connecting the first reservoir to the second reservoir,

optionally in combination with increasing the depth and/or width of the further
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conduit connecting the second and third conduits relative to the depth and/or width
of the conduit connecting the first and second conduits.

In cne preferred embodiment where it is desired that the second predetermined time
period is longer than the first predetermined time period, the volumes of the first and
second higher viscosity substances is substantially the same, and the viscosity of
the second substance is greater than the viscosity of the first substance. In order to
provide a “Traffic Light” indicator effect, in this particular embodiment, the second
reservoir possesses a surface that is coloured green so as to present a green
colouration via the viewing window prior to activation of the device. The first
colourant, which initially resides in the first reservoir is an orange dye, such as
105101 Duasyn Sauregelb xxSF, and the second colourant, which initially resides in
the third reservoir is a red dye, such as 105112 Duasyn Saurerhodamin B-SF,
although it will be appreciated that any suitable orange and red dyes or pigments
may be used. When the device is activated, by virtue of the first higher viscosity
substance, through which the orange dye must diffuse, being of lower viscosity than
the second higher viscosity substance, the orange dye diffuses more quickiy to the
second reservoir than the red dye. in this way, the user is first presented with a
green colouration, followed by an orange colouration after the first predetermined
time period has elapsed and finally a red colouration after the expiry of the second

predetermined time period.

Preferably the second higher viscosity substance is substantially miscible with at
least one of said second and third liquids. Said second higher viscosity substance is
preferably substantially miscible with both of said second and third liquids.

It is preferred that the third liguid comprises water. The third liquid may comprise
around 20 to 70 wt% water, more preferably around 30 io 80 wiS% water. Most
preferably the third liquid comprises around 50 wt% water.

The third liquid and/or the second higher viscosity substance provided in the further

conduit preferably comprises a substance selected from the group consisting of
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carboxymethyl cellulose (or a salt thereof), hydroxyethyl cellulose, glycerol, ethylene
glycol, diethylene glycol and mixtures thereof.

In a preferred embodiment, the second higher viscosity substance comprises a
mixture of glycerol and carboxymethyl cellulose and/or hydroxyethyl cellulose. The
second substance preferably further comprises water, and may include still further
species, such as a biocide. The second higher viscosity substance preferably
. comprises around 1 to 5 wt% carboxymethyl cellulose, more preferably around 2 to
4 wit% carboxymethyl celiuiose, and most preferably around 3 to 4 wi%
carboxymethy! cellulose. The second higher viscosity substance preferably
comprises around 40 to 90 wi% glycerol, more preferably around 50 to 80 wt%
glycerol, and most preferabiy around 80 to 70 wi% glycerol. The second higher
viscosity substance preferably comprises around 10 to 50 wt% water, more
preferably around 20 to 40 wi% water, and most preferably around 30 to 40 wit%

water.

It is preferred that the further colourant is a dye. The dye may take any appropriate
colour and should be non-toxic and suitable for use in the desired application. It is
preferred that the dye is orange or red since these colours are eminently suitable to
provide a “Traffic Light” colour change pattern, as described above. An example of a
preferred orange dye is 105101 Duasyn Sauregelb xxSF and an example of a
preferred red dye is 105112 Duasyn Saurerhodamin B-SF.

The further colourant may be a pigment, which for the reasons outlined above,

should be safe to use in the intended application, e.g. with food products.

It should be appreciated that the third aspect of the present invention is not limited to
the use of just a single colourant in the first liquid and, where applicable, the third
liquid. The first, second and third liquids may each comprise one or more colourants
to provide the desired overall colouration properties. In a preferred embodiment,
prior -to activation of the device, the first and third liquids contain a single dye
colourant and the second liquid contains no colourant. In an alternative embodiment,
the first, second and third liquids all contain a dye colourant prior to activation of the
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device. For example, the first liquid may contain an orange dye, the second liquid a
green dye and the third liquid a red dye. If the device is arranged such that the first
fiquid mixes with the second liquid more quickly than the third liguid then the
consumer will be presented with a colour sequence in accordance with the well-

known “Traffic Light” principle, i.e. first green, then orange, then finally red.

Preferably the further barrier is adapted to be removable as a result of opening a

product to which the device is attached.

With regard to the first, second and third aspects of the present invention, the or
each barrier is preferably defined by a depression formed in a cover layer provided
over at least a portion of said device. A surface of the device according to the first,
second or third aspects may be provided with adhesive to facilitate attachment of
the device to a product. Where the device is incorporated into product packaging, it
will be appreciated that the adhesive may be applied to any suitable regibn of the
packaging so afford attachment of the packaging, incorporating the indicator device,
to the product. At least one of the reservoirs and the conduit(s) may be formed ina
supporting layer by a technique selected from the group consisting of hot forming,
embossing, welding, laser ablation, cutting and famination, printing and etching. At
least one of the first and second liquids may be provided in its respective reservoir
by a printing process. Where a third, fourth or fifth liquid is employed, it may further
be provided in its respective reservoir using a printing process.

The quality and presentation of a clear strong “Traffic Light” colour which changes in
iine with a time/temperature life profile of a product can only be achieved effectively
by means of pH change or dye / pigment diffusion. Other colour change reactions
(such as oxidisation), are always two colour changes, and from unsatisfactory parts
of the colour spectrum for a “Traffic Light” indication. Furthermore, the rate of colour
change provided by these existing two colour systems is inconsistent and gradual in

nature forcing the consumer to make a subjective assessment of fitness for use.

As mentioned above, various features of the devices of the various aspects of the

present invention can be manipulated to control the rate at which the various liquids
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dissolve, disperse and flow through the substances (e.g. the liquid or gel) contained

in the interconnecting conduit(s) and the rate at which the colourant or acid diffuses

throughout‘ the eventual liquid mixture resulting from the different liquids contacting

one another and. The features include, but are not necessarily limited to: the

viscosity of the liquids and gels; the dimensions of the or each conduit (depth, width,

length); the shape of the or each conduit; and the solubility of the or each colourant.
As described more fully above, the devices according to the first, second and third

aspects of the present invention can incorporate a plurality of partial conduits which

can be selectively combined as necessary to define the conduit required to provide

the device with the desired timing capability.

By way of example only, the manner in which a device according to the present
. invention functions, when applied to a jar of mayonnaise will now be described.
Upon opening the jar, the device is activated and a green underprint is visible
through a clear liquid retained in a target reservoir, informing a consumer that the
mayonnaise is good to use. After a first predetermined time period, a mildly acidic
solution and/or an amber dye, previously retained in a first source reservoir prior to
opening of the jar, discolours the previously clear liquid to an amber colour (covering
or masking the green underprint) informing the consumer that the mayonnaise is
nearing the end of its usable life, and that caution should be exercised and
consideration given to purchasing a replacement jar. After a second longer
predetermined time period, @ more strongly acidic solution and/or red dye,
previously retained in a second source reservoir prior to opening of the jar,
overpowers the orange dye and discolours the liquid in the target reservoir to a
strong red colour, thereby informing the consumer that the mayonnaise is no longer
safe to use and should be discarded. The amber warning period gives the
consumer notice that the product is approaching the end of its useful life, thereby

allowing the consumer to avoid running out of an important product without notice.

The presentation of the freshness or fitness for use indication to a consumer uses
the “Traffic Light” convention, in that a green observable target on a product is seen
as good, fit, or fresh, and a red target is seen as bad, unfit, or due for disposal.
Embodiments of the invention allow for a simple two colour green to red colour

change, or alternatively a more complex three colour green to amber to red colour
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change. The benefits of the triple colour system are that the consumer is presented
with an ‘early warning’ which acts as a stimulus to re-purchase the product before

the current product becomes unsuitable for use.

The invention will now be further described, by way of example only, with referénce

to the following specific embodiment and Examples, in which:

Figure 1 is a schematic representation of a time indicator device according to a
preferred embodiment of the third aspect of the present invention in the form of a

label applied to a container;

Figure 2 is a schematic representation of a lower section of the device shown in

Figure 1;

Figure 3 is a schematic representation in cross section of the device shown in

Figure 1;

Figure 4 is a schematic representation in cross section of a first part of the device
shown in Figure 1 which remains connected to a lid of the container after the

container is opened,;

Figure 5 is a schematic representation in cross section of a second part of the
device shown in Figure 1 which remains connected to a body of the container after

the container is opened;

Figure 6 is a schematic representation of a time indicator device according to a
preferred embodiment of the first and second aspects of the present invention in the

form of a label which can be applied to a container; and
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Figure 7 is a schematic representation in cross section of the device shown in

Figure 6.

Referring to Figure 1, there is shown a container 1 suitable to retain a food item,
which comprises a twist-off lid 2 and a body 3. A time indicator device according 1o &
preferred embodiment of the present invention is shown in the form of a label 4
connected to both the lid 2 and body 3 of the container 1. The label 4 comprises an
upper section 5 in the form of a peelable tab which is connected using an adhesive
(not shown) to the lid 2 of the container 1 and a lower section 6 in the form of a
permanent patch which is connected using an adhesive (not shown) to the body 3 of
the container 1. The upper and lower sections 5, 6 of the label 4 are joined together
along a frangible seam 7, such that when the lid 2 of the container 1 is unscrewed
from the body 3 of the container 1 the upper and lower sections 5, 6 of the label 4
separate along the seam 7. Once opened, the upper section 5 of the indicator label
4 remains adhered to the lid 2 of the container 1, the lower section & of the label 4
remains adhered to the body 3 of the container 1 and the label 4 is activated. The
manner in which activation of the label 4 is achieved is explained in more detail
below with reference to Figures 3, 4 and 5. The lower section 6 of the label 4
incorporates a viewing window 8 through which different colouration can be
observed to provide a user of the container 1 with a visible indication of the

freshness of the contents of the container 1.

Referring now to Figure 2, the key components of the label 4 of Figure 1 which
provide the visible indication of the freshness of the contents of the container 1 are
shown in greater detail. The components comprise a first dye source reservoir 9
which is connected via a first set of conduits 10a, 10b to a target reservoir 11, A
second dye source reservoir 12 is also connected to the target reservoir 11 via a
separate second set of, longer, conduits 13a, 13b. A first low viscosity liquid mixture
14 including water, ethylene glycol, glycerol and carboxymethyl celluiose with a
relatively high water content and further comprising an orange dye (105101 Duasyn
Sauregelb xxSF) and minor amounts of other additives {co-solvent, thickener,
deformer and biocide) is retained in the first dye source reservoir 9 and a second
low viscosity liquid mixture 15 including water, ethylene glycol, glycerol and

carboxymethyl cellulose with a relatively high water content and further comprising a



63.1 6.31 Iso-Propanol Co-Solvent 36.0 3.60 SER-AD FX 11370
Thickener 54.1 5.41 Surfynol 2502

WO 2009/040547 PCT/GB2008/003279

red dye (105112 Duasyn Saurerhodamin B-SF) and minor amounts of other
additives (co-solvent, thickener, deformer and biocide) is retained in the second dye
source reservoir 12 prior to activation of the label 4. A third low viscosity liquid
mixture 16 is provided in the target reservoir 11. The third low viscosity liquid
mixture is a relatively dilute aqueous solution of ethylene giycol, glycerol,
carboxymethyl cellulose and minor amounts of other additives (co-solvent,
thickener, deformer and biocide) but with no colourant added such that the third low
viscosity liquid mixture 16 is clear. The first and/or second and/or third low viscosity
mixtures 14,' 15, 16 optionally include hydroxyethyl cellulose in addition to
carboxymethyl cellulose or instead of carboxymethyl cellulose. The third low
viscosity liquid mixture liquid acts as a dispersant for the dye colourants confained in
the first and second low viscosity liquid mixtures 14, 15 since as soon as the third
low viscosity liquid mixture 16 contacts and mixes with the first and second low
viscosity liguid mixtures 14, 15 to form a further liquid mixture (not shown) the dyes
previously contained in the first and second liquid mixtures 14, 15 disperse
throughout the further liquid mixture. The lowermost surface of the target reservoir
11 is provided with a green colouration, which is initially visible via the viewing
window 8 (see Figure 1) because the viewing window 8 overlies the target reservoir

11 and the third low viscosity liquid mixture 16 is clear.

The conduits 10a, 10b connecting the first dye source reservoir 9 to the target
reservoir ‘11 are filled with a first high viscosity gel 17 comprising a relatively
concentrated aqueous mixture of glycerol and carboxymethyl cellulose (in
alternative embodiments the carboxymethyl cellulose may be replaced or
supplemented with hydroxyethy! cellulose), and the conduits 13a, 13b connecting
the second dye source reservoir 12 to the target reservoir 11 are filled with a second
high viscosity gel 18 comprising a relatively concentrated aqueous mixture of
glycerol and carboxymethyi celiulose (in alternative embodiments the carboxymethy!

celiulose may be replaced or supplemented with hydroxyethyl cellulose).

A first barrier region 19 is provided in conduits 10a, 10b near to the first dye source
reservoir 9 and a second barrier region 20 is provided in conduits 10a, 10b near to
the target reservoir 11. A third barrier region 21 is provided in conduits 13a, 13b

near to the second dye source reservoir 12, and a fourth barrier region 22 is
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provided in conduits 13a, 13b near to the target reservoir 11. The function of the
barrier regions 19, 20, 21, 22 will be explained in more detail below with reference to

Figures 3, 4 and 5.

-Now with reference to Figure 3, there is shown a schematic cross sectional view of
the label 4 prior to activation (as shown in Figure 1). The upper and lower sections
5, 6 of the label 4 are indicated to aid comparison of Figure 3 to Figures 1 and 2.

_ The label 4 comprises a substrate layer 23 of, for example, polypropylene. The
substrate layer 23 has been embossed so as to define the first and second dye
store reservoirs 9, 12, the target reservoir 11, the interconnecting conduits 10a, 10b,
13a, 13b, and the barrier regions 19, 20, 21, 22. The substrate layer 23 is provided
with a layer of adhesive 24 to permit attachment of the label 4 to the container 1.
The adhesive layer 24 is provided with a glassine protective layer 25 to protect the
adhesive layer 24 prior to application to the container 1 but which can be peeled
away immediately prior to attachment of the label 4 to the container 1. A barrier
layer 26 is laminated over the substrate layer 23 and an outermost clear peelable

layer 27 is laminated over the barrier layer 26.

The method of lamination of the outermost layer 27 is such that a series of de-
bosses 28 are formed in the outermost layer 27 which overlie the barrier regions 19,
20, 21, 22 formed in the substrate layer (only barrier region 22 is visible in Figure 3).
In this way, the de-bosses 28 deform the underlying barrier layer 26 downwardly into
the barrier regions 19, 20, 21, 22 and thereby prevent the first, second and third low
viscosity liquid mixtures 14, 15, 16 in the two source reservoirs 9, 12 and the target
reservoir 11 from contacting the high viscosity gels 17, 18 in the conduits 10a, 10b,
13a, 13b until the label 4 is activated.

Activation of the time indicator label 4 is initiated by the consumer unscrewing the lid
2 of the container 1. This results in the label 4 fracturing along the seam 7 and
thereby separating the upper and lower sections 5, 6 of the label 4 to provide the
two sections 5, 6 as shown separately in Figures 4 and 5 respectively. Separation of
the two sections 5, 6 of the label 4 is controlled by the provision of a back cut 29
through the adhesive, substrate and barrier layers 25, 24, 26 above the de-bosses
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28 and a partial cut throUgh the outermost layer 27 below the de-bosses 28. As the
upper section 5 of the label 4 is twisted away from the lower section 6 (by the
consumer unscrewing the iid 2 of the container 1) the de-bosses 28 formed in the
outermost layer 27 are urged away from the underlying barrier layer 26 thereby
freeing the barrier layer 26 to deform upwardly away from the barrier regions 18, 20,
21, 22 and permitting the liquid mixtures 14, 15, 16 to contact and mix with the
higher viscosity gels 17, 18 contained in the conduits 10a, 10b, 13a, 13b.

As the low viscosity liquid mixtures 14, 15, 16 mix with the high viscosity gels 17, 18
new lower viscosity mixtures are formed in the conduits 10a, 10b and 13a, 13b. At
the same time the dyes 14, 15 begin to diffuse through the new lower visooéity
mixtures and along the conduits 10a, 10b and 13a, 13b towards the target reservoir
11. After a first predetermined time period the first low viscosity mixture 14 contacts
the third low viscosity mixture 16 to form a single essentially homogeneous liquid
mixture throughout the first dye source reservoir 9, conduits 10a, 10b and the target
reservoir 11 and the orange dye diffuses rapidly throughout the homogeneous liquid
mixture to provide an orange colouration in the target reservoir 11 which is visible
via the viewing window 8. After a second predetermined time a similar process
occurs in the second set of conduits 13a, 13b such that the red dye diffuses
throughout a further essentially homogeneous liquid mixture which has been formed
throughout the second dye source reservoir 12, conduits 13a, 13b and the target
reservoir 11. Since the red dye is a stronger colour than the orange dye, and the
orange dye is a stronger colour than the initial colouration provided on the
lowermost surface of the target reservoir 11 then a “Traffic Light” effect can be
observed via the viewing window 8. In summary, initially, the green colouration is
visible through the viewing window 8 denoting that the contents of the container 1
are safe fo cohsume. After the first predetermined time period, the orange dye
discolours the target reservoir 11, presenting a visible amber colouration denoting
that the contents of the container may soon not be safe to consume, and after the
second predetermined time period, the red dye discolours the (already discoloured)
target reservoir 11, presenting a vivid red colouration indicating that the contents of

the container 1 are no tonger safe to consume.
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Referring now to Figures 6 and 7, there is shown a time indicator device according
to a preferred embodiment of the first and second aspects of the present invention in
the form of a label 30 which is suitable to be connected to both a lid and body of a
container (not shown) so that it can be activated in an analogous fashion to the laber

4 described above with reference to Figures 110 5.

The label 30 in Figures 6 and 7 comprises an upper section 31 in the form of a
peelable tab which is to be connected using an adhesive (not shown) to the lid of the
container and a lower section 32 in the form of a permanent patch which is to be
connected using an adhesive (not shown) to the body of the container. The upper
and lower sections 31, 32 of the labe! 30 are joined together along a frangible seam
33, such that when attached to the container and the lid of the container is
unscrewed the upper and lower sections 31, 32 of the label 30 separate along the
seam 33. Once opened, the upper section 31 of the indicator label 30 remains
adhered to the lid of the container, the lower section 32 of the label 30 remains
adhered to the body of the container and the label 30 is activated. Activation of the
label 30 described in more detail below. The lower section 32 of the label 30
incorporates a viewing window 34 through which different colouration can be
observed to provide a user with a visible indication of the freshness of the contents

of the container.

As shown in Figure 8, the label 30 incorporates a first acid-containing reservoir 35
which is connected via a first short relatively wide conduit 36 to a target reservoir 37
which lies immediately beneath the viewing window 34, In this way, the viewing
window 34 enables a user to determine the colour of liquid present within the target
reservoir 37. A second acid-containing reservoir 38 is also connected to the target
reservoir 37 via a separate second relatively short conduit 38. Each short, wide
conduit 38, 39 is initially blocked by an enzymatically degradable barrier 40, 41 to
prevent the acidic solutions (not shown) escaping from their respective reservoirs
35, 38 into the target reservoir 37, Connecting the two acid-containing reservoirs 35,
38 to the target reservoir 37 via short relatively wide conduits 36, 39 ensures that
passage of the acidic solutions from their respective reservoirs 35, 38 to the target

reservoir 37 is rapid once the barriers 40, 41 within each conduit 36, 39 have been
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provided in the red dye source reservoir prior to activation of the device
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1400 cp (at 20 C)). The target solution provided in the target reservoir
prior to activation of the device consisted of a mixture of 24wt% Clear
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a respective enzyme-containing source reservoir 42, 43 via a dedicated set of
relatively long, narrow conduits 44, 45 respectively. As is clearly visible in Figure 6,
each conduit 44, 45 is comprised of a series of shorter partial conduits 44A, 44B and
. 45A, 45B respectively which are selectively connected together during assembly of
the various component parts of the label 30 to define single conduits 44 45 of the
desired length extending from the enzyme-containing source reservoirs 42, 43 to the
enzymatically degradable barriers 40, 41. In this way, a single set of partial conduits
can be used to define a plurality of conduits of differing length to suit the intended
application of the label 30. An important factor in determining the predetermined
time periods indicated by the label 30 is the length of each conduit 44, 45 linking the
source reservoirs 42, 43 to their respective barriers 40, 41. Clearly, all other factors
being equal, it will take a longer period of time for the enzyme-containing solution to
travel along a longer conduit 44, 45 connecting the source reservoir 42, 43 to the

barrier 40, 41.

Two pairs of barriers 46, 47 are provided across the conduits 44, 45 respectiveiy to
prevent enzyme-containing liquid flowing out of the source reservoirs 42, 43 until
such time as the label 30 is activated. Upon opening of the container to which the
label 30 is attached, as mentioned above, the upper portion 31 of the label 30 tears
away from the lower portion 32 along the seam 33. The pairs of barriers 46, 47
blocking the conduits 44, 45 are connected to the upper portion 31 of the label 30
and so, as the upper portion 31 of the label 30 is removed, so too are the pairs of
barriers 46, 47. The enzyme-containing liquids initially resident in each source
reservoir 42, 43 are then free to flow out of their respective reservoir 42, 43 along
their respective conduit 44, 45 to their designated enzymatically degradable barrier
40, 41. One way in which two different time periods can be indicated by the label 30
is by assembling the label 30 so that one of the conduits 44, 45 is shorter than the
other. In this way, it will take less time for one of the acid-containing solutions to

trave! from its reservoir 42, 43 to its barrier 40, 41 than the other acid-containing



The device exhibited the following dye diffusion times (DDTs) along
conduits 1 and 2 connecting the red dye source reservoir to the target
reservoir and along conduits 3 and 4 connecting the orange dye source

WR2AR/BHPIY the target reservoir: DDT/ daysi Conduit | Red ot y/003279
Target 52.841 1 Conduit 2 Red Source to Target 48.40l Conduit 3 Orange
Source to Target 39.25 ‘

solution (assuming all other factors relating to the two solutions and the contents of

the conduits are equal).

As can be seen in Figure 8, the label 30 is also provided with a gutter 48 extending
around the periphery of the label 30. This is to catch any excess fiuids forced out of
the label 30 during its assembly which might otherwise hamper the correct
functioning of the label 30. This also ensures that each region of the label 30 can be
completely filled with the appropriate liquid or substance to ensure that no potentially

problematic air pockets remain within the structure of the label 30 after assembly.

The first acid-containing reservoir 35 contains a first low viscosity fiquid mixture
including water, acid to pH 3, an orange dye (e.g. 105101 Duasyn Sauregelb xxSF),
and optionally a fluorescent species, exothermic reagents and/or minor amounts of
other additives (co-solvent, thickener, deformer and biocide). This liquid mixture
possesses a pH of 3 and a viscosity of 10 ¢P (at 20 °C). The second acid-containing
reservoir 38 contains a second low viscosfty liquid mixture including water, acid to
pH 1.5, a red dye (e.g. 105112 Duasyn Saurerhodamin B-SF), and optionally a
fluorescent species, exothermic reagents and/or minor amounts of other additives
(co-solvent, thickener, deformer and biocide). This liquid mixture pessesses a pH of
1.5 and a viscosity of 10 cP (at 20 °C).

The target reservoir 37 contains a third low viscosity liquid mixture including water,
Universal pH indicator solution, no dye or pigment, and optionally a fluorescent
species, exothermic reagents and/or minor amounts of other additives (co-solvent,
thickener, deformer and biocide). This liquid mixture possesses a pH of 7 (and is

therefore green due to the pH indicator) and a viscosity of 10 cP (at 20 °C).

The third low viscosity liguid mixture liquid acts as a dispersant for the dye
colourants contained in the first and second low viscosity liquid mixtures since as
soon as the third low viscosity liguid mixture contacts and mixes with the first and
second low viscosity liquid mixtures to form first and then second liguid mixtures the
dyes previously contained in-the first and second liquid mixtures disperse throughout

the liguid mixiures.
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W%g ‘){639’6? 12000 op (at 20C) (HMY 12000). The red dye ESEF‘&E%?&%P&””
provided in the red dye source reservoir prior to activation of the device
consisted of a mixture of 24wt% Red ADS and 76 wt% HMV 12000
(viscosity = 1400 cp (at 20 C)). The orange dye source liquid provided in
the orange dye source reservoir prior to activation of the device consisted
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cf"?'ég(\;/vt’?J osity = 1400 op (at 20 C)). The device
exhibited the following dye diffusion times (DDTs) along conduits 1 and 2

connecting the red dye source reservoir to the target reservoir and alon
Tona@nitgnatically degradable barriers 40, 41 which initially separate the acng

containing reservoirs 35, 38 from the target reservoir 37 are each comprised of a
lipid, hard palm kernel oil, and a dehydrated lipase enzyme. The barrier material is

at pH 7 and possesses a viscosity of over 16000 cP (at 20 °C).

The conduits 44, 45 connecting the enzyme-containing source reservoirs 42, 43 to
the degradable barriers 40, 41 are filed with a high viscosity gel comprising a
relatively concentrated aqueous mixture of glycerol and carboxymethyl cellulose (in
alternative embodiments the carboxymethy! cellulose may be replaced or
" supplemented with hydroxyethyl celiulose). The substance contained in the conduits

44, 45 is at pH 7 and possesses a viscosity of 1400 cP (at 20 °C).

As depicted in Figure 7, the label 30 is 2 multi-layer construction, comprising a base
layer 49 formed of an impermeable material, and constructed from a lamination of
two component materials 49A, 49B. The base layer 49 defines the reservoirs 35, 37,
38, 42, 43 within which the various liquids are initially retained before activation of
the label 30. The base layer 49 also defines the relatively short and wide conduits
35, 39 linking the acid-containing reservoirs 35, 38 to the target reservoir 37 and

which contain the lipid barriers 40, 41.

An intermediate layer 50, again formed from an impermeable material, and
constructed from a lamination of two component materials 50A, 50B defines the
conduits 44, 45 which link the reservoirs 35, 38, 42, 43.

An upper layer 51, again formed from an impermeable material, has built up areas
52 on its underside facing the intermediate layer 50, which, when laminated to the

intermediate layer 50, serve to compress and block selected areas of the conduits



3 and 4 connecting the orange dye source reservoir to the target reservoir:
i DDT/days Conduit 1 Red Source to Target 66.05 Conduit 2 Red Source

to Target 60.51 Conduit 3 Orange Source to Target 49.07 Conduit 4
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44, 45 defined by the intermediate layer 50 to prevent or delay the movement of

liquids within the iabel 30 until the desired moment of activation.

In operation the label 30 works as follows, when a product upon which the label 30
is being used is opened a portion of said upper layer 51 is removed from the
remainder of the label 30, said portion containing the built up areas 52
_corresponding to the barriers 46, 47 which had previously blocked the conduits 44,
.45 leading from the saline enzyme solution-containing_reservoirs 42, 43. Upon.
removal of the barriers 46, 47, the saline enzyme solution begins to mix with the

high viscosity substance within the conduits 44, 45,

g

As the high viscosity substance becomes more hydrated, its viscosity is reduced,
thereby easing passage of the salfine solution and the enzymes along the conduits
44 45, After a first predetermined period of time (said time being determined by a
combination of the initial viscosity of the high viscosity substance, the concentration
of salt in the saline solution, the relative volumes of saline solution and constituents
of the high viscosity substance and the size, cross-section and length of the
conduits 44, 45) the saline solution containing the enzyme from one of the reservoirs
42 reaches the conduit 38 containing the hard palm kernel oil barriers 40, at which
point the enzyme digests the oil, thereby removing the barriers 40 and allowing the
acidic dye solution to pass quickly (since conduit 36 is short and wide) from the acid-
containing reservoir 35 into the target reserveir 37. When this occurs two effects are
observed by a user via the viewing window 34, firstly, a colour change is effected by
the presence of the amber dye, and secondly, the increased acidity causes the pH
indicator solution within the target reservoir 37 to change from a neutral, green
colour to an amber colour indicating a weakly acidic solution. After a second
predetermined period of time, the enzyme solution from the other reservoir 43
reaches the other conduit 39 containing a hard palm kernei oil barrier 41 at which
point the process described above is repeated, this time admitting a red dye into the
target reservoir 37, overpowering the amber colouration, and the further increase in
acidity causing the pH indicator to display a red colouration, indicative of a stronger

acid.



EXAMPLE 3 To establish and assess further speed control, the viscosity
of the source, liquids was lowered whilst using the high viscosity media
Végel exhibiting a viscosity of 12000 cp (at 20C) (HMV 12000) in the
dOHYESt the third test device. The red dye source liquid BFVAHEATHHE™
red dye source reservoir prior to activation of the device consisted of a
mixture of 24wt% Red ADS and 76 wt% HMV 6000 (viscosity = 701 cp (at
20 C)). The orange dye source ggawimregided in the orange dye source
reservoir prior to activation of the device consisted of a mixture of 24wt%
Orange ADS and 76 wt% HMV 6000 (viscosity = 701 cp (at 20 C)). The
target solution provided in the target reservoir prior to activation of the
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theory it is belieyed that this effect w ue to the larger viscosity, .
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containing first and secc Iquids respectively, a first barrier being 5
ﬁﬁ?\%@d’%@ﬁﬁé@ﬂ“@dﬂ‘fﬁ%ﬁﬁ%&%@&%’%ids to prevent said liquids
mixing, wherein said first barrier is connected via a conduit to a third
reservoir containing a third liquid which is adapted to pass along said
qeschblieve varirsbpratetesainethiaehpedntd anddterebrct ermoivalsof
said first barrier upon contact to facilitate mixing of said first and second
liquids and generation of a

Area/mm* | Volume /mm®
Red Source Reservoir 23.497 1.175
Orange Source Reservoir 51.825 - 2.581
Target Reservoir 84.477 4,224

Length/mm | Volume /mm®

Conduit 1 Red Source to Target 105.68 2.241
Conduit 2 Red Source to Target 96.81 2.064
Conduit 3 Orange Source to Target 78.51 1.980

Conduit 4 Orange Source to Target 74.09 1.874




10 first liquid mixture within the second reservoir of different colour to the
second liquid prior to mixing and thereby provide an indication of when
said first predetermined time period has elapsed. 2. A time indicator

VR o0 %eebrding to claim 1, wherein a second barrier is 15BfgVieRa§08/003279
between the third reservoir and the*®onduit. 3. A time indicator device
according to claim 2, wherein the second barrier is adapted such that,
URan Maiaasictrépeardtishgpredetermined time period is initiated by permitting
the passage of the third liquid along the conduit. 20 4. A time indicator
device according to claim 2 or 3, wherein said second barrier is adapted to
be removable as a result of ning a product to which the device is
SN SoLES S Bp S o e G 5 A28 B anc
ifRIRGAtOP T déaEet BRIy we AR greredditene  with, wheredadite ifrstsbef s
ceigvisess iy hedii callyiarelie e Ryt alnsegrasiable substance. 6.A
time indicator device according to claim 5, wherein the viscosity of the
degradable substance comprised in the first barrier is at least 2000 cP (at
20 30 C) and/or the degradable substance possesses a melting point
above around 60 C.

Source 1 (Red ADS)

Substance Description Mass/g | wit%
Distilled Water Base 743.0 74.30
105112 Duasyn Saurerhodamin B-SF | Red Dye 99.1 8.91
Ethylene Giycol Humectant 63.1 6.31
iso-Propanol Co-Solvent 36.0 3.60
SER-AD FX 1070 Thickener 54.1 5.41
Surfynol 2502 Deformer | 4.5 0.45
Proxel GXL Biocide 0.2 0.02
Source 2 (Orange ADS)
Substance Description Mass/g | wit%
Distilied Water Base 743.0 74.30
105101 Duasyn Sauregelb xxSF Orange Dye 99.1 9.91
Ethyiene Glycol Humectant 63.1 6.31
iIso-Propanol Co-Solvent 36.0 3.60
SER-AD FX 1070 Thickener 54.1 5.41
Surfynol 2502 Deformer 4.5 0.45
Proxel GXL Biocide 0.2 0.02




11,1CSLLT 50 7.A time indicator device according to claim 5 or 6, wherein
the first barrier comprises a dehydrated enzyme capable, upon hydration,
of degrading the degradable substance comprised in the first barrier. 58.A
Wi &Y E4tor device according to 0y preceding claim, whEfeiF /003272
conduit contains a first substance t?fat is a liquid or gel. 9. A time indicator
device according to claim 8, wherein said first substance in the conduit
fgglag{iiglgggigﬁgg viscosity than the first and/or second liquids. 1() 10. A
time indicator device according to claim 8 or 9, wherein the first substance

@upaERes carboxymethyl cellulose starwunhejrm hydroXy&thyl
1

aally

Gt iga‘v‘vé{g‘,\;CIUI, ethytene gtycot gigtpyfeneg MigEGe thereof.
15‘{ A time indicator device according.-to-anyv-one-of claims-8-te-10
Vteine (Relird liquid is substantixaw?ﬂﬁgta%ﬁe with ﬁ11e finst fg‘t]%’star’lce.
iso-Propanol : Co-Solvent 36.0 3.60
SER-AD FX 1070 Thickener 54.1 5.41
Surfynol 2502 Deformer 4.5 0.45

Proxel GXL Biocide 0.2 0.02

HVM 6000

Substance Mass /g | wth

Distilled Water 397.5 19.87

Gilycerol (G6278, Sigma Aldrich) 1558.0 77.90

Blanose CMC* (Type 7L Aqualon) 44.2 2.21

Proxel GXL biocide 0.4 0.02

*carboxymethyl celluiose

HVM 12000
Substance Mass/g | wth
Distilled Water 874.5 43.72
Glycerol (G6278, Sigma Aldrich) 1028.0 51.40
Blanose CMC* (Type 7L Aqualon) 97.2 4.86
Proxel GXL biocide 0.4 0.02 -

*carboxymethyi cellulose



12.A time indicator device according to any one of claims 8 to 11, wherein
the third liquid comprises a solvent or dispersant for the first substance. 20
13. A time indicator device according to any preceding claim when
Ve At on claim 5, wherein the third liquid comprises a BREMmiR4s/003279
species or enzyme capable of degrading the degradable substance
comprised in the first barrier. 25 14. A time indicator device accordingto -
gxmpegeeding claim, wherein the first liquid comprises a sufficient quantity
of an acid such that, after mixing with the second liquid, the resulting liquid
mixture within the second reservoir has a different pH than the second
gqqgrid prior to mixing, or such that, after mixing with 30the second liquid,

FedamRToeRRIRY Feh AR EUR IS I B IR PARARIYIMRiR 885 88 PR G}
lessdinacs sooong fat MASLHRMEE000).

" The red dye source liquid provided in the red dye source reservoir prior to activation
of the device consisted of a mixture of 24wt% Red ADS and 76 wt% HMV 12000
(viscosity = 1400 cp (at 20 °C)).'The orange dye source liquid provided in the
orange dye source reservoir prior to activation of the device consisted of a mixture
of 24wt% Orange ADS and 76 wt% HMV 12000 (viscosity = 1400 cp (at 20 °C)).
The target solution provided in the target reservoir prior to activation of the device
consisted of a mixture of 24wt% Clear ADS and 76 wt% HMV 12000 (viscosity =
1400 cp (at 20 °C)).

The device exhibited the following dye diffusion times (DDTs) along conduits 1 and
2 connecting the red dye source reservoir to the target reservoir and along conduits

3 and 4 connecting the orange dye source reservoir to the target reservoir:

DDT / days
Conduit 1 Red Source to Target 52.84
Conduit 2 Red Source to Target 48.40
Conduit 3 Orange Source to Target 39.25
Conduit 4 Orange Source to Target 37.05




15.A time indicator device according to any preceding claim, wherein the
first liquid comprises a colourant and/or the second liquid comprises a pH
indicator species. 516.A time indicator device according to any preceding
WA/ WhErein said conduit possesses a predetermined leR§gtH wHRd§/003279
defines a distance over which the third liquid must pass from the third
reservoir to contact the first barrier, said distance at least partly
eeiqipiging said first predetermined time period. 1017.A time indicator
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provi etween the fifth reservoir and the further conduit.
1400 cp (at 20 °C)). v

The device exhibited the following dye diffusion times (DDTs) along conduits 1 and
2 connecting the red dye source reservoir to the target reservoir and along conduits

3 and 4 connecting the orange dye source reservoir to the target reservoir:

DDT / days
Conduit 1 Red Source to Target 66.05
Conduit 2 Red Source to Target 60.51
Conduit 3 Orange Source to Target 49.07
Conduit 4 Orange Source to Target 46.31




3020.A time indicator device according to claim 19, wherein the fourth
barrier is adapted such that, upon removal, the second predetermined
time period is initiated by permitting the passage of the fifth liquid along
WHeRH MM conduit. 52 21A time indicator device accordingPor&rB2HREELE 70
claims 18 to 20, wherein said furthéf conduit possesses a second
predetermined length which defines a second distance over which the fifth
|[EYARUESE pass from the fifth reservoir to 5contact the third barrier, said
second distance at least partly determining said second predetermined
time period. 22. A time indicator device according to any one of claims

to 21, wherein the device defines a plyrality of partial further conduits
pek TR S e e A ek ST
AEEJRYHPE NevSTHRYRG thentjan. viEgosiiaeite s ot 9c g5 ceidiRBC0
Jaien 20imreimihecoo@ashhbaiieiis defieenbyatdrprassion formed in a
cover layer provided over at least a portion of said device.

The red dye source liquid provided in the red dye source reservoir prior to activation
of the device consisted of a mixture of 24wt% Red ADS and 76 wt% HMV 6000
(viscosity = 701 cp (at 20 °C)). The orange dye source liquid provided in the orange
dye source reservoir prior to activation of the device consisted of a mixture of 24wt%
Orange ADS and 76 wt% HMV 6000 (viscosity = 701 c¢p (at 20 °C)). The target
solution provided in the target reservoir prior to activation of the device consisted of
& mixture of 24wt% Clear ADS and 76 wt% HMV 6000 (viscosity = 701 ¢cp (at 20
°C)).

The above construction provided reduced DDTs. While the applicant does not wish
to be bound by any particular theory it is believed that this effect was due to the
larger viscosity differential between the HVM filling the conduits, and the source and
farget liquids, thereby increasing the dissolution action (osmotic pressure) and
speeding up the reaction and DDTs.



10

15

20

25

30

15 24. A device according to any preceding claim, wherein a surface of
the device is provided with adhesive to facilitate attachment of the device
to a product. 20 25.A device according to any preceding claim, wherein at MCSL|p
least one of said reservoirs and the con%it is formed in a supporting

layer.

CLAIMS

1. A time indicator device comprised of first and second interconnected
reservoirs containing first and second liquids respectively, a first barrier being
provided between said first and second liquids to prevent said liquids mixing,
wherein said first barrier is connected via a conduit to a third reservoir
containing a third liquid which is adapted to pass along said conduit over a first
predetermined time period and to effect removal of said first barrier upon
contact to facilitate mixing of said first and second liquids and generation of a
first liquid mixture within the second reservoir of different colour to the second
liquid prior to mixing and thereby provide an indication of when said first

predetermined time period has elapsed.

2. A time indicator device according to claim 1, wherein a second barrier is

provided between the third reservoir and the conduit.

3. A time indicator device according to claim 2, wherein the second barrier
is adapted such that, upon removal, the first predetermined time period is

initiated by permitting the passage of the third liquid along the conduit.

4. A time indicator device according to claim 2 or 3, wherein said second
barrier is adapted to be removable as a result of opening a product to which the

device is attached or as a result of attaching the device to a product.

5. A time indicator device according to any preceding claim, wherein the

first barrier comprises a chemically and/or enzymatically degradable substance.

6. A time indicator device according to claim 5, wherein the viscosity of the
degradable substance comprised in the first barrier is at least 2000 cP (at 20

°C) and/or the degradable substance possesses a melting point above around
60 °C.
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7. A time indicator device according to claim 5 or 6, wherein the first barrier
comprises a dehydrated enzyme capable, upon hydration, of degrading the

degradable substance comprised in the first barrier.

8. A time indicator device according to any preceding claim, wherein the

conduit contains a first substance that is a liquid or gel.

9. A time indicator device according to claim 8, wherein said first substance

in the conduit exhibits a higher viscosity than the first and/or second liquids.

10. A time indicator device according to claim 8 or 9, wherein the first
substance comprises carboxymethyl cellulose (or a salt thereof), hydroxyethyl

cellulose, glycerol, ethylene glycol, diethylene glycol or a mixture thereof.

11. A time indicator device according to any one of claims 8 to 10, wherein

the third liquid is substantially miscible with the first substance.

12. A time indicator device according to any one of claims 8 to 11, wherein

the third liquid comprises a solvent or dispersant for the first substance.

13. A time indicator device according to any preceding claim when
dependent on claim 5, wherein the third liquid comprises a chemical species or
enzyme capable of degrading the degradable substance comprised in the first

barrier.

14. A time indicator device according to any preceding claim, wherein the
first liguid comprises a sufficient quantity of an acid such that, after mixing with
the second liquid, the resulting liquid mixture within the second reservoir has a
different pH than the second liquid prior to mixing, or such that, after mixing with
the second liquid, the resulting liquid mixture within the second reservoir

possesses a pH of less than around 7.
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15. A time indicator device according to any preceding claim, wherein the
first liquid comprises a colourant and/or the second liquid comprises a pH

indicator species.

16. A time indicator device according to any preceding claim, wherein said
conduit possesses a predetermined length which defines a distance over which
the third liquid must pass from the third reservoir to contact the first barrier, said

distance at least partly determining said first predetermined time period.

17. A time indicator device according to any preceding claim, wherein the
device defines a plurality of partial conduits which are selectively connectable to

form said conduit with said predetermined length.

18. A time indicator device according to any preceding claim, wherein the
device comprises a fourth reservoir connected to the second reservoir, said
fourth reservoir containing a fourth liquid, a third barrier being provided between
said fourth liquid and the second liquid within the second reservoir to prevent
said liquids mixing, said third barrier being connected via a further conduit to a
fifth reservoir containing a fifth liquid which is adapted to pass along said further
conduit over a second longer predetermined time period and to effect removal
of said third barrier upon contact to facilitate mixing of said fourth liquid with said
first liquid mixture within the second reservoir and generation of a second liquid
mixture within the second reservoir of different colour to the first liquid mixture
and thereby provide an indication of when said second predetermined time

period has elapsed.

19.  Atime indicator device according to claim 18, wherein a fourth barrier is

provided between the fifth reservoir and the further conduit.

20. A time indicator device according to claim 19, wherein the fourth barrier
is adapted such that, upon removal, the second predetermined time period is

initiated by permitting the passage of the fifth liquid along the further conduit.
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21. A time indicator device according to any one of claims 18 to 20, wherein
said further conduit possesses a second predetermined length which defines a
second distance over which the fifth liquid must pass from the fifth reservoir to
contact the third barrier, said second distance at least partly determining said

second predetermined time period.

22. A time indicator device according to any one of claims 18 to 21, wherein
the device defines a plurality of partial further conduits which are selectively

connectable to form said further conduit with said second predetermined length.

23. A device according to any preceding claim, wherein the or each barrier is
defined by a depression formed in a cover layer provided over at least a portion

of said device.

24. A device according to any preceding claim, wherein a surface of the
device is provided with adhesive to facilitate attachment of the device to a

product.

25. A device according to any preceding claim, wherein at least one of said

reservoirs and the conduit is formed in a supporting layer.



