PREFERENTI AL HEATI NG OF MATERI ALE"BY USE OF NON- | ONI SI NG

ELECTROVAGNETI C RADI ATI ON 5 The present invention

rel ates t owpyqgfseégnt i al heating of nmaterials by non-ioni féRdues/oosds

el ectromagnetic 10 radi ati on. The term "non-ioni sing

el ectromagnetic radi ati on” i s understood,to include, by way of exanple,
m cr owave radi ati on and radi o wave radra?ion. 15 One
particul ar, although by no neans excl usive, use of the present
invention is to preferentially heat m cro-organi sns to tenperatures

that destroy the mcro- prRerpREMAYAIBIEAING OF MATERIALENEY USE OF the
present |1 nvention has a~Targe nunper _of__applicatl ons.
&&II O&A

One application is the ned 9§%ﬁ¥¥9ygpﬁqm. MACRETIC, RADIATION may be

used, by way of exanple, to sterilise pharmaceutical s, packages for
pharmaceutigcal s, and surgical and ot her equi pnent and i npl enments.

Anot her apptication, which is of particular 30 interest to the applicant,
is the food processing industry. The term "food processing
i ndustry” is understood to cover industry involved in preparing and
packagi ng food products, including solid and Iiﬂ:id food products. 35
It is a critical requirenERe Bregreti dsyentiqn kekates tadeseferential

heating of materials by non-ionising electromagnetic

10 radiation.

The term “non-ionising electromagnetic radiation”
is understood to include, by way of example, microwave
radiation and radio wave radiation. ’

15
One particular, although by no means exclusive,
use of the present invention is to preferentially heat
micro-organisms to temperatures that destroy the micro-
organisms. '
20

This use of the present invention has a large
nunmber of applicatiomns.

One application is the medical industry in which
25 the invention may be used, by way of example, to sterilise
pharmaceuticals, packages for pharmaceuticals, and surgical
and other equipment and implements.

Another application, which is of particular
30 interest to the applicant, is the food processing industry.

The term “food processing industry” is understood
to cover industry involved in preparing and packaging food
products, including solid and liquid food products.

35

It is a critical requirement of the food

processing industry:



- 2- (i) to sterilize food products after the food

products have been packaged; or 5 (ii) to prepare and
thereafter Radsagssfood products under st gdyLuos/00448
condi ti ons. One exanple of the first category 1s the wdely
used net hod of packagi ng beverages, such as beer, which 10 conprises
pasteurising the beverages. Typically, sai fabl e packagi ng (such as
metal or glass containers) is filled wi th the beverages, the packagi ng
Is sealed, and the packaged beverages are thereafter heated at a

tenperature  of 65 - 7Qler idC SOkrEPsBhN¥LEA. pRodEEY habenhinstsdsa

effective, has a nunber of 'di sadvantages i nc| udi ng substantial capital
and operating costs. productg haver beerprekadgedic 95 rst cat egory
is the known method of sterilising spices. Typically, suitable 20
packaging is filled with spices, the packagi,ng,i s seal ed an
t her eaf t er it hyl ene oxi dd33d pef? r%’é?%%r?h?gﬁgghﬁﬁga%%erp?a?ﬁ%egdﬁﬁo%i gh
pressure and contacts and destprydustsronder stegdlieswondittitnspi ces.
Wil e ethyl ene oxide is an efficient neans of destroying bacteri al
spores and other 25 micro-organisns carried by the spices, it is toxic and
therefore renoval of resichelexannlent cshecfisstorategory is the sridelal .
Inevitably, t hll.x%.éd"\ft@t\ﬂ?:% ¢ %&Qk&&ﬁ&%e@%\ragesﬁh‘iu@i hed pdu£h i dalr n

S

i ncreases operating costs. ] An exanpl e of the second ,
category iX0 pacespriges rathanpiping tbe he¥prpgesondvmically, suitable
Typically, beveadiayitie M £ méealos¥eytdssl contadriddd) Nigs EElled '
under sterile cqnditiong, the filli 35 gguL ment_is i t%%gfq:q?der
sterile condit Mt Yh& Y?Efges’iéggtB?F 28918 &5 r 3R {9 he
filling statiopatkigred bewdrages e dtheveafteamd hieladedeadr &y denpardifuted

into the of 65 - 70°C_for 15 minutes, _This method, WR§id¢ ng and the
packagi ng i s seal ed under “sfterilé condi tions. An

| npor tant ¥act ef fieetdstspt ikapax kanmiper 0pf f ddgadTaptages dnaluding
sterilisation @i HRadiaG®Rdidifital and operating costs.

Another example of the first category is the

known method of sterilising spices. Typically, suitable

20 packaging is filled with spices, the packaging is sealed,
and thereafter ethylene oxide is permeated through the
packaging at high pressure and contacts and destroys micro-
organisms on the spices. While ethylene oxide is an
efficient means of destroying bacte:ial spores and other

25 micro-organisms carried by the spices, it is toxic and
therefore removal of residual ethylene oxide to low levels
is critical. Inevitably, this involves careful control of
the method which in turn increases operating costs.

30 An example of the second category is packaging
beverages under aseptic conditions.

Typically, beverages are prepared and conveyed to
a filling station under sterile conditions, the £illing
35 equipment is maintained under sterile conditiomns, packaging
is sterilised and transported to the filling station under
sterile conditions, and the beverages are filled into the



Known technol ogies for sterilising packaging in t he food processing

I ndustry incl ude: 10 (i) chem cal sterilisation, such as
hydrogen wo 98/57523 per oxi de and chl ori ne; PCT/AU98/0p448 UV
radi ation; 15 (itii) gamm radiation; and (1v)
steam sterilization. Therg gre advantages and di sadvant ages

with each 20 option and the suitability of these (and other)

technol ogies in gn i ven situation_depends, on th ackagi n t he food
product, and tHf€ %%:gnﬂr %Bér &?ﬁeoﬁ’.a"kagp"ng is seafe‘i wBFFcarquqéﬁ ect of
the present | rnweslitvhbons.25 to provide an alternative to known technol ogi es
for sterilising packaging for the food processing industry.

A nore general object of the present invention is to provide an
alternative to known stein| impoirtang0 fiagdion|igyiageptic packadipgoodsfond
ndustry agd Gigiucts LBIUBL! kRSrilisation of thefPhgfdbBaglo the present
I nvention there 1s provided a nethod of preferential heafing of a
material 35 which conprises exposing the material to high intensity,

pul sed, non-i.onising el exhéRABEBRhNG 103 HIeH ifr sterilising packaging in

-4- - Th resent .inventjon i s pased_on experi nental wor k

carried out withf hﬁ‘b‘?\gi TeAEPLy I, CIY ARGEYR®:  radiation. 5

It was found in the experinental work that high i ntensity, pul sed,

m crowave, padi ation is parti r) ffectd means,.of _d LQying

nicro-org%gisns. It is(f) beFﬁ%&gg%muﬁt?é%i¥é%ﬁ#$ate%g??y,spﬁ?é@ Gell

m cr owave radi ati on causepexoxider and ghlexrinecrease in energy in
(ii) UV radiation;

15 (iii) gamma radiation; and

(iv) steam sterilisationm.

There are advantages and disadvantages with each
20 option and the suitability of these (and other)
technologies in any given situation depends on the
packaging, the food product, and the food preparation.

A particular object of the present invention is
25 to provide an alternative to known technologies for
sterilising packaging for the food processing industry.

A more general object of the present invention is
to provide an alternative to known sterilisation
30 technologies in the food processing industry and other
industries.

According to the present invention there is
provided a method of preferential heating of a material
35 which comprises exposing the material to high intensity,
pulsed, non-ionising electromagnetic radiation.



10 the mcro-organisns which resulted in a sudden tenperature I ncrease

in the mcro-organi sms that destroyed the m cro- or gani sns.

It was al sowfc? rgq n the experimental work that 15 high inthﬁwﬁwssed
m crowave radi afl on coul d destroy m cro-organi sns wi t hout heatin
substantially the surroundi ng envi ronmer#o1 that was al so exposed to t he
radi ati on. 20 The pararreters't t“are inportant to this
preferential heating of mcro-organisns include the high intensity,

pul sed energy, the nicrovEhe mbssent | ibventionhds basedr osumpnerimental
envi ronment, Qf&n %f?@fo@é%ggﬁrﬂﬁahs %tensﬁ:’&pomééat i & BSkrabd ON.

Wth regard to act or generally, the rate of heat buil d- up
in a materi al |1@dlatls¢%wer with larger size of an object that conprises
t he material. In general terns, where the S|ze of 2 objects is t he

same, the relative absorptivi f the,obpects wl eter t.he .,
extent of preferential hedt “@g g‘h‘ﬂ“&hé’f‘e{:g eeﬁer& Oeha(bh}:.gh
objects is the isyemsite, rwhlaﬁeaﬁ miccowaveofr:aﬂiamlqmdtss az\mérw.ﬂnwlantlw
the extent of preferential

e Xt of
the food proce tr’na%s’f‘??nﬁﬁ SPg Xf'ngl mﬁ'é’arto-r?rq/\n%‘h&r'\%n |on| 5| ng
el ectromagnet i d:el:.evatlliahabntheuhﬁghslm:enm Mﬂiﬂﬁd aricrerave | t

possible Lot 1 d? CcRREEATH NGuBY ARRLLAY A WrdoReeli A, e £y L0
- 5- packagli ng w t hout causing | cant heating of the packagi ng

t hat woul d1@l té’rhead%"e‘?%%T‘?rQ%J-%ﬂ%nVBthoF d in ;?rc?d"lé?q‘?%st?ﬁp?%t re

packagi ng. Yncrease in ¥¥&iMictH-bhgasiBmeXitiRit (dentefedr€lteInidgo-
i ndustry, preferential heating w th non-ionising el ectromagnetic

radi ati on makePT92 ble to sterilise moi st food prior to or after
t he food has been packaged. In this context, it is within the scope of

the present 10 inventi orr}[%q'{%gé:%]g (Ee Bt ¢Sk e%eig.%é}ﬂﬁbi QRS Nhat

el ectromagnetic radiatio spaces 0 ever age
cont ai ner s1and High jintensity erpulsed: microwave radjatdon cquld deStrOY

The term "noi sty QM ot FadsiRs Si2eHoLE ﬁQ&%&nng%bstaﬂﬁa eyt er

activity (ie. the ratio of vapour pressure wat er in fé)od to the
vapour pressur@qﬁrq,m@q.ggoganggmentt F,Qﬁ.tlv@s also expose

radiation.

20 The parameters that are important to this
preferential heating of micro-organisms include the high
intensity, pulsed energy, the microwave absorptivity of the
surrounding environment, and the size of micro-organisms
exposed to the radiation. With regard to the third factor,

25 generally, the rate of heat build-up in a material is
slower with larger size of an object that comprises the
material. In general terms, where the size of 2 objects is
the same, the relative absorptivity of the objects will
determine the extent of preferential heating, and where the

30 absorptivity of the objects is the same, the relative size
of the objects will determine the extent of preferential

heating.

In the context of the food processing industry
35 preferential heating with non-ionising electromagnetic
radiation, such as microwave radiation, makes it possible

to sterilise packaging by destroying micro-organisms on the



20 Again, in the context of the food processing I ndustry,
the present inventionis not limted to situations in which the food
products bewampspasisaged are "noi st". 25 Therwc¥/2U98/00448
considerable flexibility in the sel ection of the characteristics of
non-i oni si ng el ectromagnetic radi ation Qﬁuch as power, intensity, and
wavel ength) and the paranmeters that define the pulses (such as pul se
duration, pulse frequency,, pulse profile, dut cycl e gnd average power)
to achieve effBﬁﬁhﬁé%&%fViﬁk?%ﬁ 33“36P9nF&9815953HFsP&aﬁﬁ?qrﬂﬁ)ﬁ@ﬁn
consequence of paikaging |txabibdhydi a1tbet adirerselgs thel @Hemisl®Wr other

operating araneters for t.,he hi | ntensity, pul sed, non-ionising
electronagnetlgrqgﬁ ﬁﬁ%ﬁl? thd??ggﬁg 1Pfaracteristics of 35 parti cul ar
food products and packagi ng. The intensity/time pulse train
of the pul ses may any
sui tabl e p%fl | e. p%ejﬁarr ed "E’lh c?ﬁtex Of the Food §’E')':.ocreescsti'lzgj.’%uI ar.

Preferably the lp@lugénmr Rreferential bﬁaﬁim Ui§bcm-1omsmg

More preferabl El%%é@!@tfﬁméélbﬁsﬁakgﬁnit pogsjibipecwssterll se
Mor e preferablﬁp t.he pul se duration is |less than 0.01 second

In general terMeist £09d RElee e ¥ fhteputbe foodjhag: P&‘Frb@%"é#%%d so

that there is Ehsmﬂdllcﬁfﬂtwpsﬂiel&%iﬁhiﬁuﬁﬁesbﬁabbl wu:ﬂéeaiﬁdzgarﬁ{ dry
mat eri al s uch as fe.ra.blglthe

aver age pair OFSERE AL e BLGR' Sntepsttv, pulgpa,gon- todist

Mor e preferablp1em$ngmagqFtp@wnad;ataonlen:b the helhd/ spaces of sealed
More preferabl yotle 36 A5 SNEF s | $ndt §425hr8 to sterilise the head

spaces.

15 The term “moist food” is understood to cover food
having a water activity (ie. the ratio of vapour pressure
of water in food to the vapour pressure of water) of less
than 1.0.

20 Again, in the context of the food processing
industry, the present invention is not limited to
situations in which the food products being packaged are
“moist”.

25 There is considerable flexibility in the
selection of the characteristics of non-ionising
electromagnetic radiation (such as power, intensity, and
wavelength) and the parameters that define the pulses (such
as pulse duration, pulse frequency, pulse profile, duty

30 cycle and average power) to achieve effective destruction
of micro-organisms. An important consequence of the
flexibility is that it is possible to select operating
Parameters for the high intensity, pulsed, non-ionising
electromagnetic radiation that suit the characteristics of

35 particular food products and packaging.

The intensity/time pulse train of the pulses may



25 kW The term "average power" is understood to nean

the product of the peak power and the duty cycle. 30 The term
"peak poweryy @,sggagerstood to nmean the maxi mum power of gy 600448
The ternl"duty cyc i s understood to nmean the time span of a pul se

di vided by the sum of the pulse tine 35 spaQ&and the tine between pul ses.

H: \ Shar on\ Keep\ speci \ CONTAI NERS PO7287 . doc “167 09/ 98

AVENDED SHEET ' - 6a-

Pref erably thehecanypawitatile profilation is at least 1 kW 5
More preferably the peak power of the radiation is at | east 3 kW

More preferably the peak power is at |east_30 kW
Preferably the pul se fred&ﬁf@fﬁ@lf e'aketwa?xBSoéuratlsm d8s1g88 Shamd
Mor e preferabl gddemaul se frequency is less than 15 50 pul ses per second.
It is preferred particularly that the pul se frequency be |l ess than 30
pul ses per second.

More preferably the pulse duration is less than

0.1 seconds.

More preferably the pulse duration is less than
10 0.01 seconds.

In general termg it is preferred that the pulse
duration be selected so that there ig insufficient exposure
to cause significant heating of dry materials, such as

15 packaging materials.

Preferably the average power of the microwaves is
at least 1 kW.

20 More preferably the average power is at least 5
kw.

The term “average power” is understood to mean
the product of the peak power and the duty cycle.
25 '
The term “peak power” is understoocd to mean the
maximum power of a pulse.

The term “duty cycle” is understood to mean the
30 time span of a pulse divided by the sum of the pulse time
span and the time between pulses.

Preferably the peak power of the radiation is 3
kw.
35
More preferably the peak power is at least 30 kW.
-

This Sheet Has Been
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-7- According to the present invention there is provi ded
an appar-at uwofagrs7spseferentially heating a nmateri al whi ch pRaPDIIsDse

means for generating high intensity, pul sed, non-ionising

el ectromagnetic radiation. 5 7Preferab|y t he apparat us

conpri ses a neans for directing the radi‘ati on onto the material .

More preferably the direction npans conprises a 10, neans for focusing the

radi ati on. °9$F4&%%r?%e&E%bBﬁﬁseﬁtpFEV@PFi&n bersudi® by no

means excl usi vproifijddd adn aipparabes pfeseﬁrefarentuamw Heat:.nﬁ degidtdirial
m cr o- organlsns h referentlal heat i ng In_this

appl i cation, hll\émz TR h%tm?%s foraﬁﬁgﬁg?&énpuw@r "&Frﬁﬁ% W a
means f or direpuha}dugppn-:onimzmuleygcpubusdpenncrmadnauigméu|on into a
sterilisatign region. 20 The sterilisation region may be

any region that Is required to be a sterile environnent.
By way of exanple, the stBrafezahlvthe fRPPa¥alussceEDRisREnBemengs for

sterilising emaiyeRdGkapivie fP4a{90flon onto the material.

More preferably the direction means comprises a
10 means for focusing the radiation.

As described above, a preferred, although by no
means exclusive, application of the present invention is to

destroy micro-organisms by preferential heating.

15
In this application, it is preferred that the
apparatus further comprises a means for directing high
intensity, pulsed, microwave radiation into a sterilisation
region. |
20

The sterilisation region may be any region that
is required to be a sterile environment.

By way of example, the sterilisation region may
25 be a chamber for sterilising empty packaging for food
products.

In this example, the apparatus further comprises
a transport means, such as a conveyor belt, for moving the
30 empty packaging into and from the chamber, whereby the
packaging is exposed to high intensity, pulsed, radiation
in the chamber.

The present invention is described further by way

35 of example with reference to the accompanying drawing which
is a schematic diagram of a preferred embodiment of an

apparatus for sterilising packaging for the food processing



products. In this exanple, the apparatus further conprises
a transport neans, such as a conveyor belt, for noving the 30 enpty

packagi ng | wiomssasedf rom t he chamber, whereby the packagi g TYAUSHpeS8ed
to high intensity, pulsed, radiation in the chanber.

The present invention is described furthec gy-way 35 of exanple with
reference to the acconpanyi ng dramﬁng whi ch Is a schematic diagramof a
preferred enbodi nen an [at us, S c f he
f ood processing ng? Bead pHios t° SR?? %§£ $ ﬁéi%hekgg% gg?ﬁ%bb% £§bé
filled with a pbreduct qn&xkﬁaleﬁmlsealed As indi cat ed
above, the present invention is 5 directed particularly, although by no
means exclusively, to the use of high intensity, pulsed, non-ionising

el ectromagnetic radiati oRs dmdicated akavee theliRFesent invention: igy

m cro- Orgaﬁisnﬁxrecﬂgd particulatly) Sal¥K6aghopg hbBahehhs bslleWiRely, to
description |n re atlon to er|I sing upfilled, open gackaglng for the

f ood processi n§Ben E&a pisegy ynon-ioni Wth
reference to tb&e&u@tﬂhgﬁﬁﬁiﬁrx&diqpibmremﬁcﬁSaslnteroanp raddatdlonsd tico
a DC power supBI§ WthhIﬂ%Lo ne de a transfornmer, and then to a
pul si ng circui < Froy RS ﬁQ??ﬁ ute pulses in a reqU|red intensity
duty cycle. The alternatlng current electricity may be supplied

[romany s (able sourcezeug ingiludndGnd0diE #0115 EAoPhEsE-ACe 138

si ngl e phase AC. ses are_supplied to a m.,crowave
active devii@e redadiams &P mifprt}bpinghrefibleducerepupPaskaging qier the

intensity mcr Q%ueﬁx%a@ésﬂ{g aindhﬁ?ciébsﬂ WalrYogyekampd®e only.

Thereafter, the high intensity, pulse m cr owave radiation is
transferred via a wave guide into an applicator to a treatnent chanber
or tunnel. 30 withh refardmds ecd orhne of iguea} nehtechatiiteg current

tunnel 5 4 N0L 1300 es PG PARAN {a £4C0 BE 9858-CRUBP1TE! Fhit Shay
include a transformer, and then to a pulsing circuit or
switch to produce pulses in a required intemnsity duty
cycle. The alternating current electricity may be supplied
from any suitable source, such as 60 Hz AC, 600 Hz AC, 3 |
20 phase AC, and single phase AC.

The pulses are supplied to a microwave active
device, such as a magnetron, which produces pulses of high
intensity microwave radiation at a prescribed duty cycle.

25
Thereafter, the high intensity, pulsed, microwave
radiation is transferred via a wave guide into an
applicator to a treatment chamber or tunnel.
30 In a suitable form of treatment chamber or tunnel

(not shown), the packaging, such as open-ended metal cans,
is arranged on a conveyor belt which transports the
packaging, in upright positions, through the chamber or
tunnel so that the packagipg is exposed to multiple pulses
35 of high intensity, pulsed, microwave radiation which heat
micro-organisms on thé packaging to temperatures that

destroy the micro-organisms.



is arranged on a conveyor belt which transports the packagi ng, in
upright positions, through the chamber or tunnel so that the ackagl ng
i's exposed W99ﬁ4§7~‘tz?pl e pul ses 35 of high intensity, pulsed, &Gdf

radi ati on whi ch heat m cro-organi sns on the packaging to tenperatures
t hat destroy the m cro-organisns. -9 -

-O- In this connection, it is noted that in si tuations

where the packaging is MirAleridnortldWeidR] e is nbEbhCEhall GrOwaves it
Is inportant to ensure that t relatiye positions of the agﬁillcator

and the cans apdtyaddions é*ﬂ‘%’f? tYhe RISKATYRI| ABeRErRy), SARBsed MRS

radiation is direg¢lle’d Tniﬂdl%@ihwié@ Dpeis effiforBhafitt B® ensure ahay tie t he
cans. e referred. enbodi nent. of the r%%ent |nveafr¥|on 10

shown in the fF&&Pé:"Ist ’tﬁ?”ab‘?% R0 aAPRYAEA6TE! ol ogi es
of cheni cals st geileictaid @o that athethbgh jabemsity,r pdilaedon minmdwsiveam

sterilisation for erllls C fs%ﬁ% lfo Wi capital
and operating a.d:%. a :‘lﬁe rezl‘e‘fﬁ"%gl éﬁlgb{\%gco%g\rl\gﬁeﬁo eackrlng'r%th nown 15

t echnol ogi es. :Lmemdd:n iofh theheransd s no risk of |eaving resi dual
chenicals on the packaging - which is an issue wi th chem cal
sterilisation, particularl y when t he chem cal s concerned, such as

hydrogen peroxide, are Thepgmrafirsred I\M%%@'E’Pen‘t:h@fUEBeoPrﬁGﬁnitoﬁF’é’%‘-ﬁF
el ectr Eﬁagmﬁt ' Qvl'\xhbaﬁih&td Fhd BRFurd 19&5StbhﬁlaerabedadvaW£$ve§13ﬁgﬁm

to packaging - iC |s an issu or
exanple, it istEcimajogies of <§é%?+%§%&?6‘3%5&ﬂ%§ﬁs \ﬁ’d ﬁ&i a&é‘t?é?'aﬁaﬁ'a“a
| evel s of heat radiaticmhe qmtlma:rg] sher:.n:daahtl:.aht éort s¢textiddisdixg
roperties 25 f t ck n u S

prop %% enet ?hﬁlg Eﬁﬁ %PWHEQ% gﬁﬁ“ﬂ?eratzng

sterilisation.® g powe
m crowave radi &'DIBM meamucmexmel@wl GOEPHF‘gﬁ to e Io%ﬁ%éiﬂ%Ee

that regi ong Ofte&mcri%ﬁédc PR kA N0ion, ¥hblreNdh R40iLd s3XRAS Wetrvinkhi Ch
is an issue with radi atlon Furthernore, ,the preferred enbodi nent is

adapt ed t o’-'l%sé-ﬁl“s’&e&i‘%%’éﬁ-]r# QR | tRe aRackagdng: 5r whick {8 |an f8sne
to high-throughath heniicHl @’Eeiﬂﬁisﬁtfoﬁf,tﬁari:ﬁ.tt&d.aﬂy whdrnd:uﬂrl es such

oo e 1000 P SReaa d "B n, SPuch ap Peabih, BASSHEH SIATSS O
hi gh i ntensitypoisonuussed Moteswenycthadiuaei ofi nenetieaxisdingiati ons in the
food 20 electromagnetic radiation makes it possible to avoid
chemical changes to packaging - which is an issue with UV
and gamma radiation. For example, it is possible to
destroy micro-organisms without generating levels of heat
in the packaging that could alter the chemical properties
25 of the packaging - which is an issue with steam
gsterilisation. Furthermore, the penetrating power of high
intensity microwave radiation is such that there is a high
level of assurance that regions of non-metallic packaging
will not avoid exposure - which is an issue with OV
30 radiation. Furthermore, the preferred embodiment is adapted
to high speed sterilisation and, therefore, is well-suited
to high-throughput applications that are often found in
industries such as the food processing industry.

35 The above advantages of the preferred embodiment
are also generally applicable to the use of high intensity,
pulsed, microwave radiation in other situations in the food



processi nﬁh‘Fﬁd@tﬁasyeeﬁnq,ucgy ot her applications.

10 -
In a series of experine r was supplied to a pulsing
swi tch whi chwessishszed a I(Hf owave out put of 3 kW atrcr/dups/ocays| e

of 25% with 0.025 seconds | | ses and 0. 075 seconds between pul ses
whi ch Is a pulse rate of 10 pul ses pengsecond. The
pul sed m crowave out put was produced by a S- 10 band magnetron operating at

2.460 GH t t
spor es O%err] 5ogesghiepoﬁnpmsg oCi Z-p ran\é% Eﬁyf ] gnf ?I %ea'sl'he

density of the yeast spores was estl mated to be between 10[err] 15 and

10ert]/cnferr]. The yeas SPRLESeere expRstthailo Wl Bc powek Feol 25

seconds. |tat|ve assessment of the results
concl udes t hatswpRlipgdr &9 ﬂepelltsc}m Byifsch ich Rredured 2 pPHisedyas

m ni mal heati nﬂiei-o%QQeSBﬂEBhE Dbt it &t Eheauty @@ﬂé | GENE 5% SHwiakhi shed
that the invention could sterilise a W ace mat eri al such as a
ernr?g

packagi ng mat ePPgPRAR; 4R Dudsgs and FWReRPBIPSE: 25

Many nodifications may be nmade to the pref erred errbodl ment descri bed

above w thout departing omt he _

i nventi on. H‘eBVuagﬁdofM gnﬁ S %\‘;\,{ﬁ%‘{f%é é) %é%%gﬂ%oa S
enbodi ment desbandeniagneteoat operat inge aft @r-r@q rHzides a pul si ng
switch, itqscan readily be appreciated that the present invention is not
so limted and extends to any ot her suitable pul sing network. 35

Furt hernore, whilst the BhefRifrzgvayBgdvesq focusspd X ctPoRes| P

can readily beaagpragcabadehiak micridavid-Aaispgdveait i19Tasci80fiin.| i Theed
and extends to_an

H: \ Shar on\ Keep@?ﬁé&FYC@(lT KPRENS28Ey SRPTSF o /Ay apted to be between 10°

- 11 - and 10*°/cm®. The yeast spores were exposed for a total
15 time of 2-5 seconds.

A quantitative assessment of the results
concludes that the spores were totally destroyed and that
there was minimal heating of the support substrate. The |

20 experiment established that the invention could sterilise a
surface of a material, such as a packaging material, with
minimal thermal effect on the material.

Many modifications may be made to the preferred
25 embodiment described above without departing from the
spirit and scope of the present invention.

By way of example, whilst the preferred
embodiment described in relation to the figure includes a
30 pulsing switch, it can readily be appreciated that the
present invention is not so limited and extends to any
other suitable pulsing network.

Furthermore, whilst the preferred embodiment
35 includes a magnetron, it can readily be appreciated that
the present invention is not so0 limited and extends to any
other suitable means for generating microwaves. Possible




ot her suitable neans for generating m crowaves. Possible alternatives

I ncl ude solid state devices, klyptrons and gyratrons.
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alternatives include solid state devices, klyptrons and
gyratrons.
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A nmet hod of destroying m cro-organi sns which -conprises—exposi-ng-t he

m cro-organi snms to pulsed mcrowave 5 radipgion that has a pul se duration

of less than 1 second, a pul se frequency of |e a3 Beon Replaseds per
second, an average power of at least 1 kW and at
| east 3 kW whi MToys the mcro-organi sms wtho i al

heating of the surroundlng environnment that is 10 al so expose to the

Garation is 1eds that o, P BRI OF hpfStefieldiChapRipgeR € Rac 4t ¢

claim?2 mherelmhﬂuh[nﬂmnrlseschxnnstmgl%heesétﬁﬁa?10t91h&ghnkﬂﬁen31tyr
The method gef i s 4D PEEERGhAGnet icCaliThesar €1 n (he

aver age povxgr i's at #east \/?Eilo61 on 1 he net hod defined in any
one of the preceding cl ai ms wherein the peak pomer is at | east 30 kW

6. The megthod defi 'lﬁ“ihéﬁhoﬁl)bﬂ'&ﬁréiﬂﬂn@rﬁﬁeﬂbneraﬁrﬁ]ﬂﬂﬁmﬁm ein
t he pul se frequency ,js less than 5

ses er, _second. . WA

The met hod defi nipesq aﬁ’fﬁ%s’vﬁ"%r'gl?'% ‘P’hﬁrﬁm’gggn"smﬁ %&u&f‘&k Rl ok 4
30 pul ses per gﬁﬂmmt 3Hbon-iomising e1§bﬁrunabndtdefraddduianutqndesﬂere
preceding 1o Sl I SIS0 SR U ALKAY patﬁgqama&%t%a% | ¢ hand
thereafter ocu5|nglt e ra I'on on ose
m cro- organ|sm;unrqunﬂxnagﬂnvqunmeme t‘—h~‘=lf=91s also Rﬂmgﬁﬁﬁjﬁﬁ %h%ﬁlllSlng
packagi ng wWhi Ch. AV iaEsS exposi ng the packaging to pul sed m crowave
radi ati on that
H: \ Pri yanka\ Xeep\ speci \ CONTAI NERS P07287 .doc 23/09/99

3. A method of sterilising packaging which comprises’

15 exposing the packaging to high intensity, pulsed, non-

ionising electromagnetic radiation to destroy micro-
organisms without causing heating of the packaging that
alters adversely the chemical or other properties of the

. packaging.

20
4. A method of sterilising moist food prior to or
after the food has been packaged which comprises exposing
the packaging to high intensity, pulsed, non-ionising
electromagnetic radiation to destroy micro-organisms

25 without causing heating of the packaging that alters
adversely the chemical or other properties of the
packaging.

5. The method defined in any one of the preceding
30 claims wherein the duration of each pulse of radiation is

less than 0.1 seconds.

6. The method defined in any one of the preceding
claims wherein the average power of the radiation is at
35 least 1 Xkw.

7. The method defined in any one of the preceding
e e e T
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- 13 - has a pul se duration of less that 1 second, a pul se

frequency of |ess than 100 pul ses per second, an average power of the
| east 1 kWWEM5Z528eak power of at |east 3 kW whi ch dest rR§RAU98/00448

m cro-organi sns wi thout causing heating of 5 the packaging that alters
adversely the chem cal on other properti®s-of the packagi ng. 10.
A nethod of sterilising noist food prior to or after the food has been

packaged whi cho§QqRpd %‘%}?ﬁ? QQaktaswaécksegituﬁa &%d&wﬁ%gu g Est 3

radi ati on that _has a uration of |ess at 1 second, a pul se
frequency of kW.| ess than 100 pul ses per second, an average power of at

| east 1 kW and a peak power of at |east 3 kWwhich destroys

m cro-organi s wi t hout usi ng .heatj ng, of .t he 15 ackagi ng or any f.ood
contained in tHeé packagi ?FS‘% I‘FftqzhmEEI ‘%?’e‘?ﬁdaﬁ’aeﬂgl n?hggcﬁ PHeH Bicher
properties Hf thaims whexein therradbatbod. is micrdvave raddateidiwod of
destroying m cro-organi sns which 20 conprises exposing the m cro-organi sns
to pul sed nm crowave radi ati on that has a pul se duration of less than 1
second, an9aver age pdweRpparatisftor (prekeyenhiadlychleatdwer aof at
least 1 kW whi gl¢@e3bno%hildif dBud #6881 AFEnY EBQUbeneratuhyf diidr

heating of the surrounding environnment that 1s 25 also exposed to the

radi ation. intepsity, pulsed, non-ionising electromagnetic radiation.
H: \ Pri yanka) Keep\ speci \ CONTAI NERS PO7287 .doc 23/09/99
10. The apparatus defined in claim 9 further

comprises a means for directing the radiation into the
material.

15 11. The apparatus defined in claim 10 wherein the
direction means comprises a means for focuéing the
radiation.
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