PROCESS FOR 1 MPROVI NG SHELF LI FE OF REFRI GERATED FOODS Technical Field The
present invention relates to food processing resulting in extended shelf
life of refrigerated processed food products. 5 Background Art The health
ri sks associated with under-processing spoilage of shelf-stabl-e |ow acid
canned foods nmost frequently relate to the survival of proteolytic

G ostridium botulinumspores. In contrast, with refrigerator stable

m nimal |y processed | owacid 10 foods, {he focus of attentiorofrequently
(but not exclusively) becomes survi vaI and growth of the nore heat
sensitive non-proteolytic C botulinumspores and al so Bacillus cereus
spores. Wth shRROCESSIROR INMFROVINGSHELF LIRE OF REFRIGERATED FOUDPr ocess s
to reduce_the probabl lity of survival of a single C. botulinumspore by a
factor of ZeshnicalBald ni||ion (Hersom A. C. and Huiland, E. D. (1980).

Canned Foods. 7." Edition. Church 15 Livingstone, London pp. 118-181).
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Wi ||, sur vi refrigerated poxcessed focaiqesductss one In 1012 . This approach has given
rise to the so-called 12D concept (Stunbo, C. R (1973). Thernobacteri ol ogy
in Food® Processing. 2"'' Edition. Acadenic Press: New York) which,

conservati yely, ssunes an initial contam nation |evel of one spore/g of
pr oduct Ioé%?%&’-"-'&aﬁﬂﬁe sl owest - 20 heating point (SHP) of. the container. -
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has given rise o the so-ulled 12D concept (Stumbo, C.R. (1973). Thermobacterio!ogy
in Food Processing. 2™ Edition. Academic Press: New York) which, conservatively,
_ assumes an Initial contamination level of one spore/g of product located at the slowest
20  heating point (SHP) of the container. Strictly speaking, the probability of C. botulinum
spore survival in the container at points other than the SHP will be less than one in 10'2,
However, irrespective of whether consideration is for the entire container or a single
gram of product at the SHP, there is little practical distinction between the two

viewpaints In terms of risks to consumer health,

25 The prevention of under—processmg spoilage by pathogens other than mesophilic
C. botulinum has not been considered an issue when designing thermal processes for
low-acid shelf-stable foods. The reason for this Is that the minimum process must
achieve, at least, a 12-logarithmic reduction in survivors specifically for mesophilic C.
botulinum, which has a Disq 4 value of 0.23 min (Hazzard, A.W. and Murrell, W.G.

30  (1989). Clostridium botufinum, In Buckle, K.A. ef al. (eds). Foodborne microorgénisms of
public health significance. 4" Edition. AIFST, Sydney, Ahstralia, pp.179-208) and which
is considered the most heat resistant pathogen likely to be found in foods. AThis means

'~ that a so-calied 120 process also will be sufficient to bring about satisfactory reduction
in the probability of survival of other less heat resista'nt pathogens. Therefore, the only



that a so-called 12D process also will be sufficient to bring about

sati sfactory reduction in the probability of survival of other |ess heat
resi stant pathogens. Therefore, the only 2 circunmstances in which other
pat hogeni ¢ m croorgani sns nmay | ead to under-processing spoilage in

| ow-acid canned foods woul d be when there had been gross under- processing,
such as m ght occur had the product not been retorted. Wth
refrigerator-stable | ow acid foods, als® known as refrigerated pasteurised
5 foods of extended durability or REPFEDs, current thermal progesses are
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various negitte AtvidonglCopmitteieainghe Mineetiiological SafetpoiFaod (AGMISF! 18920 Gazeed
m ks Eﬂo' SQ\%Q Bi8wn Msaﬁ found that the Dy value for non-proteolytic Clostridium botulinum was
~ 1.1 min, so that a 6D process would be equivalent to 7 (6.6) min at 90 °C. However, in
order to incorporate a safety margin ACMSF 7(1 992) recommended that the 6D process
for psychrotrophic Clostridium botulinum should be.equivalent to 10 min at 90 °C. The
inclusion of the "safety margin” thereforg implied the possibility of an-actual Dy, value for
25 non-proteolytic Clostridium botulinum of 1.7 min at 90°C.

A thermai process equivalenf to 10 min at 90°C will be more than sufficient to
bring about the reqﬁired degree of destruction for L. monocytogenes which does not
form spores and which has a relatively low Dy value of less than 0.3 min in various
media inciuding chicken, beef, carrot and reconstituted dried milks EI-Shenawy, M. A.,
30  Yousef, A. E. and Marth, E. H. (1989). Thermal inactivation and injury of Listeria
monocytogenes in reconstituted non fat dry milk. Milchwissen 44(12): 741-5.; Mackey,
B. M., Pritchet, C., Norris, A. -and Mead, G. C. (1990): Heat resistance of Listeria: strain
differences and effects of meat 'type and curing salts. Letters in Applied Microbiology
109: 251-5. ; Gaze, J. E., Brown, G. D., Gaskell, D. E. and Banks, J. G. (1989). Heat
35 resistance of Listeria monocylogenes in homogenates of chicken; beef steak and carrot.




30 Yousef, A E. and Marth, E. H (1989). Thermal Inactivation and injury
of LlIsteria nonocytogenes In reconstituted non fat dry mlk. M| chw ssen
44(12): 741-5.; Mackey, B. M, Pritchet, C, Norris, A and Mead, G C
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precise. 2 “instance, although ACMSF (1992) and ECFF (1996)
each- di fferentlate between shelf-lives of less than 10.days and nore than
10 day® nei t helPeapiedhe fioed safatyuiskedescribed above, prbesisted ¢duivaletiosl Oguindz t o
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upper | i m While the severity of the heat treatment in these processes is quantified (e.g. 10 min at
90°C, or ifs equivalent), the meaning of the phrase “extended durability" is less precise.
20 For instance; although ACMSF (1992) and ECFF (1996) each differentiate between
shelf-lives of less than 10 days and more than 10 days, neither specifies an upper limit
to shelf life. As a guide fo commercial practice in Australla, use-by daies of sixto 10
weeks from the date of production are likely to be the maximum recommended for
refrigerated storage at < 4°C. Some manufacturers ef REPFEDs find that an uppef limit
25 of 10 weeks refrigerated shelf life is insufficient for distribution and storage'o'f their value-
added perishable products, particularly when these are desfined for export markets.
Examples of products falling into this category include whole abaione who!e-shell
mussels, whale salmon and salmon portions, infant foods, soups, sauces ready meals,
pet foods and'selected cheeses.

30 The-present inventor has now dev'eloped a process for heat treating and cooling
packaged foods to significantly prolong their refrigerated shelf fife and to improve their
quahty during extended storage. In addltlon the technology involves the use of
microbiological and thermal process modelling procedures for quantifying the food
safety risks arising from survival, eutgth and muitiplication of target spore-forming




25 of 10 weeks refrigerated shelf life is insufficient for distribution and
storage of their Val ue- added perishable products, particularly when these
are destined for export markets. Exanples of products falling into this
category include whol e abal one, whol e-shell nussels, whole sal non and

sal non portions, Infant foods, soups,-sauces, ready neals, pet foods
and' sel ected cheeses. 30 The present inventor has now devel oped a process
for heat treating and cooling packagedt foods to significantly prolong
their refrigerated shelf life and to inprove their quality during extended
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ri sks ari stepkprcpptaminaion.val | outgrowth and nmultiplication of target
spore-formng 4 bacteria at refrigeration tenperatures and at "abuse"
tenperatures, and post-process |eaker contam nation, D sclosure of
Invention 5 In a first aspect, the present |Invention provides a process for

pr oduci ng Histlosute opinwention havi ng an extended refrigerated shelf life ,
conprising: sealing the food in a container; heating the food in the seal ed

contai rer at a 'Bédistagredd e present dnveptionpravides @ Brocess foviredusingafopd v at e

undesi r abl grodiict hevn@am bReRdedirkFibdrated éh&lf%%gmpﬁsihg! the food; and 10
rapi dly cooling the heated food to substantially prevent germ nation of

undesi r abl e m csealingthe fudriea conthieby t o be present in the food; wherein

undesirabl e mcroogrgani sns present In the food are substantially ‘
i nacti vat ed andegtirgiheioqdip legipentainer pradesired termpasaiuredocodesigt nat i ng

the food miroato PaGRARINASsIEBIE HREockdMRishRIRep &&Qélgi‘es&%&‘m 18 1504 angled

refrigerated shelf life. 15 In the second aspect the present. invention
provi ds a pr ocepidlyfcoolinglihehesitedicad tpsubstzaialiy prefent gamiiatioh 6ood pr oduct
conpri si ng; Aack Ng. o | Lner, hernmetically sealing the
cont ai ner%ngf@%ﬁ%@%ﬁ%@&%@&y&? E%S%Sﬁé%iegtgf’%d container at a desired
tenperature fonwtigreid Undtakhbie thidSsrigaslsthe {Jife@@ﬁtm 'ﬁ\%tfgbd%}@%%b&ﬁmagy .
m cr oor gani sqr{s | i kelg to pbe present in the food material; and rapidly
" cool i ng t HRAGXaied and giher SRR 378 Preyepled fem regrepiamingting thedpod

after processing so that the food product has an extended refrigerated sheff life.

15 In the second aspect; the present invention provides.a_ process for obtaining a
processed refrigerated food product comprising: ' '

placing food material in a container;
hermetically sealing the container;

heating the food material in the sealed container at a desired temperature for a
. 20 desired pericd to inactivate undesirable microorganisms likely to be present in the food
material; and '

' rapidly cooling the heated food to substantially prevent germination of
undesirable microbial spores likely to be present in the food material to obtain a
processed food product having a refrigerated shelf lifs of at least three months.

25 * Preferably, the food material is selected from most foods types that require
heating and/or cooking prior to their consumption. Examples include, but are not limited
to, ready meals, wet dishes, infant foods, fruit and vegetables, salads, sauces, soups,

- value added seafood including tuna, salmon or sardines, mblluscs. crustacea, rice,
wheat, beans, pasta, noodles, and companion animal (pet) foods.

30 In one preferred form, the food material is dry @nd requires cooking, éuch as
such as rice, pasta, noodles and beans; or it may include fresh perishabie materials
which, also require cooking prior to consumption such as meats, fish, molluscs,




undesi rabl e m crobial spores likely to be present in the food material to
obtain a processed food product having a refrigerated shelf |life of at

| east three nonths. 25 ' Preferably, the food material is selected from
nost foods types that require heating and/ar cooking prior to their
consunption. Exanples Include, .but are not limted to, ready neals, wet
di shes, Infant foods, fruit and vegetabl es, sal ads, sauces, soups, value
added seafood | ncluding tuna, salnon orssardines, nolluscs, crustacea,
rice, wheat, beans, pasta, noodles, and conpani on animal (pet) foods. 30
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o predicted to be present in the starting raw food ingredients but the heating does not '
. need to be sufficient to kill all microbial spores that may be presént in the starting raw
20 food ingredients. -

.Preferably, the rapid cooling is at least about 2°C per minute. More preferably,
the rapid cooling is between about 3°C to 5°C per minute. I will be appreciated,
however, that the cooling rate will vary depending on the nature and mass of the food.

- 'produc?, the presence or absence of particulates and the dimensions and combosition of
25  the packaging material in which the product is contained.

Preferably, the rapid cooling will reduce the product temperature to about 10°C
or less. More preferably, the fapid ccooling will reduce the product témpe"rature to about
-5°C or less. It will be appreciated, however, that the cooling rate will vary depending on
the nature and mass of the food product, the presence or absence of particulates and
30 the dimensions and composition of the packaging material in which the product is
contained. After rapid cooling, the product is typically stored, held or refrigerated at
about 4°C. - S
Preferably the cooling is carried out using a combination of coéling water at
ambient temperéturés, chilled water and/or liquid nitrogen or carbon-dioxide which are




the rapid cooling is between about 3C to 5C per mnute. It wll be

appreci ated, however, that the cooling rate will vary depending on the
nature and mass of the food. product, the presence or absence of

particul ates and the di mensi ons and conposition of 25 the packagi ng
material in which the product is contained. Preferably, the rapid cooling
w Il reduce the product tenperature to about 10C or |less. Mre preferably,
the rapid cooling will reduce the produgt tenperature to about 5C or |ess.
It will be appreciated, however, that the cooling rate will vary dependi ng
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‘as manufacturers of heat processed package foods supplying retail markets, institutions,

the food service sector and caterers. o i

The type and characteristics of the potential microbial load of the starting
20 material is preférably determined by the quality and type of the raw food material. It
should be noted, however, that this is not likely to impose restrictions on the use of the
technology provided that the un-processed product can be considered typical 'of
commercial quality and fit for the purpose intended. g

The food is filled or placed into containers prior to heét treatmént. After filling,
25 - the contalners are typically hermetically sealed fo prevent entry of microbial
contaminants during and after processing.

~ The starting food may be filled and sealed at chilled, ambient or slevated

temperatures after which it is placed in the processing vessél (e.g. arstort or
pasteurising system) for heat treating at between about 80°C and 110°C for betweeri

30 " about 1 and 90 minutes, preferably between about 5 and 80 minutes mare preferabiy
between about 15-and 40 minutes. For example, the food can be heated to about 95°C
to 105°C for up to 30 o 40 minutes in an over-pressure retort. it will be appreciated,
‘however, that the heating terriperature and duraﬁon of heating will vary depending on
the nature of the heating medium, the amangement of the packaged food In the




The type and characteristics of the potential mcrobial |oad of the
starting 20 material is preferably determ ned by the quality and type of
the raw food material. It should be noted, however, that this is not
likely to inpose restrictions on the use of the technology provided that
t he un-processed product can be considered typical'of comrercial quality
and fit for the purpose intended. The food is filled or placed into

containers prior to heat treatnent. Aft%er filling, 25 the containers are .
typically hernetically sealed to prevent ent ry of m crobi al cont arri nant s
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about 10 4C of foods such as treat eg rice and beans;

fresh peri"BREH! dhat fsselacied, @W%@BWW%&%’C’W 1@Pr°ﬁt'ﬁtlpﬁ§'@§ed #irltgst acean

poul trys drinfigtidampskatddscontamar i mickodtiiicalpstable whistGRd avebfigérales (1 -
r eady nealtgg,lp%cgﬁn%%am on ani mal (pet) :-foods and selected fruit and -

veget abl es t one year or nore dependi ng.on the packaging mnateri al
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15 hernetically se contalner 1s mecr st held at
refriger at12dfg. or more, reductions (dependmg on their heat resnstance) m the microbial load of

the various farget microorganisms that may contaminate the food ingredients used in a
20 food product. '

_ “Ina third aspect, the present invention provides a food product having an
extended refrigerated shelf life produced by the process according to the first or second
aspects of the present invention. ‘

" Inafourth aspect, the present invention provides a method for detretoping a food
25  processing regime for a food product having an extended refrigerated shelf life
comprising:

(a) detennining the type and heat resistance of potential microbiat load in a food
- ingredient for a food product; '

(b) devising a heating and cooling process for the food product based on the

30 rr\icrobial informatfon abtained on the food ingredient in step (a) to inactivate undesirable
microorganisms Ilkely to be present in the food ingredient and to reduce the probabrlrties
of survival of the mrcroorgan:sms ina prooessed food product.

Npt only c!oes the pres_ent invention provide extended sheff life, it also allows the
production of food products having desired organoleptic characteristics and quaiities of -




tenperatures. Preferably, the processes according to the present invention
can deliver up to 12-log, or nore, reductions (depending on their heat
resistance) in the mcrobial |load of the various target m croorgani snms
that may contamnate the food ingredients used in a 20 food product. Ina
third aspect, the present Invention provides a food product. having an
extended refrigerated shelf |ife produced by the process according to the
first or second aspects of the presenf invention. In a fourth aspect, the
present invention provides a nethod for developing a food 25 processing
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these matters form part of the prior art base or were common general knowledge in the

field relevant-to the present invention ag it existed in Australia prior to development of

the present invention.

In order fhat the -presént invention may be more clearly undersiood, preferred
20 embodiments will be described with reference to the following examples. -

Mode(s) for Carrying Out the invention .

It ha's. now been found by the present inventor that through use of controlled

heating and cooling profiles, processes sufficient fo deliver up to, and more than, 12-log |

25  reductions (rather than the recommended 6-log reductions) in the probability of survival
of‘non-proteolytic C. botulinum can be adopted and, so-called, “as fresh” quality can be
maintained. The benefit of using a 12D cycle with respect to non-proteolytic
C.botulinum, rather than the conventional 6D cycile. is that the thermal process is
-analogous to that for its shelf-stable t:ounterparf (i.e.. proteolytic C. bolulinum). At

30 probabilities of survival of non-proteolytic and proteolytic C. botulinum of <1 in 10%,
refrigerator stable and shelf-stable of prbducts, respectively, can be regarded as being
“commercially sterile”, provided the storage temperature of the former Is at less than
10°C and the latter is less than approximately 45°C (to preclude germination and growth
of thermophilic spore-fonner_s that may have survived the themmal process). Under

]




Any di scussi on of docunents, acts, materials, devices, articles or the |like
whi ch has been included in the present specification is solely for the

pur pose of providing a 15 context for the present invention. It is not to
be taken as an adnmi ssion that any or all of these matters formpart of the
prior art base or were common general know edge in the field relevant to
the present invention as it existed in Australia prior to devel opnent of
the present invention. In order that th® present invention nmay be nore
clearly understood, preferred 20 enbodinents will be described with
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20 90°C which approximately corresponds foa 095 value of 0 54 min for this

microorganism, This means that B. cereus spores with a Dgg value of 2.39 min may
have, of the order of, four or more (i.e. 2.39/0.54 or 4.4) times the heat resistanée of
hon—protedlytic C. botulinum spores. Therefore, it follows that a thermal process
designed to target spores of B. cereus will need to be significanily more sevére than one
25_ designed to bring about a comparable reduction in the population of non—pfot_eolytlc C.
- botufinumn spores. For instance with respect to non-proteolytic C. botufinum, thesé data
show that a 12D process (i.e. equivalent to 20 min at 90°C) will bring about only 2t0 3
log reductions in the survivors of B. cersus spores; whereas the 6D process (i.e.
equivalent to 10 min at 90°C) for REPFEDSs which {s recommended by ACMSF, (1992),
30 AQIS (1992), Betis (1996), ECFF (1996) and FAIR Concerted Action (1999) will achieve
litthe more than a single log reduction in the spore counts of B. cereus:

In relation to the safety of REPFEDs, véﬁous authors (Carlin ef al., 2000; ICMSF,
1986, and Tatini 2000 IFT Annual Meeting, Dallas, TX.) have noted that heat resistance,
spore germination and the ability to produce toxin are all decreased at refrigeration
._ 35 temperatures. Carlin ef al (2000) quote a range of Dg values for B, cereus spores




formul ations Include mlk, rice, cereal products, vegetables, herbs, spices
and other dried products. However, "its presence and incidence in/on fish
is not well established" (1CWVBF, 1996). This nmeans that the thernal
processes given refrigerator-stable foods also may need to cope with the
destruction of spores of psychrotrophic B. cereus that 15 are nore heat

resi stant than those of non-proteolytic C. botull num For instance, it has
been shown that at a pH of 6.5 and an &N, of 1.00, In a citrate/phosphate
buffer B. cereus spores exhibited D values of 0.15, 2.39 and 63.39 mn at
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_ The rationale behind the development of processing technology according.to the
present invention was to deliver a product in which the refrigerated shelif life exceeded
the six to 10 weeks that is frequently quoted for REPFED products. The reason for
seeking a shelf life extension (for up to one year in some cases) was to enable

25  manufacturers to supply their value-added products to local and export markets that
would otherwise be unavallable because of expiry of the shelf life while the product
moved through the distribution and storage chaits.

The REPFEDs that are produced using the processing technology according to
thé present invention have an extended shelf life at between 3°C and less than 10°C
30 (elthough the labels recommend storage at < 4°C). This means that some products are
likely to be stored at above the minimum growth temperature for non-proteolytic C.
botulinum (i.e. 3 °C) and below the minimum growth temperature for proteolytic C.
botulinum (i.e. 10 °C). However, as the thermal processes that are described in this
invention have F; values = 20 min non-proteolytic C. botulinum spores would have




19.2 (6 x.3.2) mn at 90C. However, if it were possible to maintain
‘tenperatures at less than 5C, a process equivalent to 9 (6.x 1.5 mn at
90C woul d suffice. This nmeans that a 6D process that targets
non-proteolytic C. botulinum (for which the target Fp = 10 min) may also
be appropriate for one targeting B. cereus (target Fp = 9 min). It is for
this 10 reason that, when review ng thermal processes for refrigerator
stable foods in which B. cereus sporesimay be present, Carlin et al (2000)
carried out a microbial risk assessnent which included hazard
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non-proteol ytic C. botul i num spores woul aveé% ceived at _least a 12 D
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products } |
20 Il accelerated cooling using liquid nitrogen or carbon-dioxide as the cooling
" medium

Ii. microbiological challenge studies in finished products to demonstrate
freedom from, or absence of growth of, psychrotrophic pathogens

, V. Biotests in which the hermetically sealed processed containers are immersed
25 in high concentrations of bacterial cultures that induce post-process leaker
' contamination

V. temperature abuse studies

‘VI. through application of 'an appropriate food safety plan, implementation of
* monitoring and control procedures at all critical control points thrbughout the
30 . process




Therefore delivery of 12D cycles, or F,, values of20 mn, for REPFED5 (as
described in this invention), in preference to application of the generally
reconmended 5 6D cycles, is equivalent in sterilising effect (for
non-proteolytic C. botullnum to the F, values z 2.8 min that are used

t hroughout the food industry to elimnated proteolytic C. botulinumlin
shel f-stable | owacid canned foods. Therefore the two processes have

parity with respect to elimnation of f®od safety hazards arising from
survival of C.  botulinum 10 As a guide as to what |Is achievable, the
present ingghdidn has been trialled with a variety of food products
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buse st es VI.
Ito ﬁ?ougLogeéﬁ tbgr?fﬁgn hcen(‘b (Pan a D%B?f%gtpro%s%%@ﬁ%%%ﬁgﬁeéh ﬁBI éﬁ%rﬂ? ation of
noni t or i ngtagRs te seHntgRctihioshvrtgeningain refrigetated shelilifec mabufatturees wills t hr guggggg
e
the 30 pr@ﬁ@%to%oeﬁ@@é ﬂfa?&e-l:rp?dyuﬁ:{s??%gllléff-é? @ﬁﬁﬁ?ﬁqﬂ théflﬂaiﬂgﬁh&q

are unsui t bl e r ol onged tora ext en or a nunber
of r easonsihropgh I'te,{:@ Iﬁgphqm%a'[h@ﬁpgnsaﬁhgir products are presented as though they are

16 chilled or perishable or "as fresh” even though they are she!f—stable and lack the sensory
quality which is typically associated with “as fresh” items.

Faliure to provide and monitor hermetic seals heightens the risks of post-

processing leaker contamination (PPLC) and this is unacceptable for low-acid products
with extended shelf lives. In this regard the chilled food sector fails to match the .

20  attention given by low-acid canned food manufacturers 1o the formation and protection
of hermetic seals. Consequently, many commercially manufactured REPFEDs are at
_risk of post-processing leaker contamination by psychrotrophic microorganisms (some of
which are pathogenic). This is one, but not the only, reason why' the shelf life of these
products has been restricted. The rationale adopted by these manufacturers has beeh

25  resirict the time allowed for those contaminants entering the pack through PPLC to grow
and therefore risk public health. As has been noted, another reason why the shelf life of
traditionally prepared refrigerated foods is limited is that the thermal processes for these
products are insuffi c:snt to eliminate all pofential sponers

30 Approach

Because of iInadequate knowledge of the nature, numbers and heaf resistance
(D values) of target microorganisms the present invention enumerates and determinos 7
the heat resistant of those mioroorgénisms that are known (and are likely) to be present
' in raw-materials. Once the D values of the contaminants are determined, it is possible




insufficient to elimnate, or reduce to acceptable levels, the probability
of survival of .5 target m croorganisns. In these cases, because the
filling and processing tenperatures are |low (typically 590C), the thernal
processes are insufficient to enable shelf-lives beyond six to seven
weeks, and often the shelf-lives are less. In order to attenpt to extend
shelf lives of their chilled products sone manufacturers choose to
over-process (i.e. the processes are tdd long and/or at too high 10
tenperatures). Over processing increases the |likelihood of degrading
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t hese manuf acturers- -has been 2 estrjct he tinme all owe or t ose
cont am nant s erFF%PTOHEGtFWS"ﬂﬁ@R'Pf%Pﬁ?&h PPLC to grow and therefore risk
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spoi l ers. 30 Apprioach Because I nadequat e knowl edge of the nature,

nunber & and hedfherwesent invartion @lhs/blreghd ¢ all thfegeiptiohssypor gani sms t he
present invention enunerates and determines the heat resistant of those

mi croor gank s delivaring sefekriyachiexing quartifieble &opd Safetb@bjpeibves tiat raiate taw
materials. Oncepl Eﬁar{a%té!ﬁét: &tﬂ% tatr@sg uﬁ&%@&}n&ﬂ@%ﬁd gip;determned, it is

possi ble 13" to develop t cesse or a partlcular f ood type mhlch
reduce thejr nuwenairhglad extended refrigerated shelf life; and
' _ 1L deilver:ng products in which sensory quality is comparable with that achieved
20 - ~ with fresh or “as fresh® produce.

These outcomes would not be possible without obtaining knowledge of the
microbiological status of the raw materials, and the heat resistance and growth
- characteristics of the contaminants fpllowihg thermal processing while held under
nbrma! and abuse conditions during distribution and storage.

25 In order fo ensure product safety throughout an extended refrigerated shelf life,
the present invention incdrporates rapid cooling, preferably using chilied water and/or
liquid nifrogen or carbon-dioxide. The transit fime (when the product cools from its

-maximum temperature to iis final core tem'perature) is product énd pack specific and is
monitored and specified after heat penetration trials. Typ:cally, the transut time is chosen

30 ensure there is insufficient time fo aliow germination and outgrowth of the mesophilic
and thermophilic spore formers which must be assumed to be present in the raw
materials and which will survive the minimal .therma_l processes that are delivered. A




- relate-to the

acceptabl e | evels so that the products are safe and mcroblologically
stable at refrigeration tenperatures. ,Traditional heat treatments for
refrigerated foods lack this specificity i.e. they are too short, or too
severe. Hence many products are either under 5 processed and not safe

t hroughout the proposed shelf |ife, or they are over-processed and of poor
quality. Therefore, one of the preferred conponents providing inpetus for
the devel opnent of the present inventithn has been to seek to address the °
shortcom ngs of a |ack of product safety, |ack of shelf life, and poor

product quaid dbolify deRiiehd® é:éaﬁmﬁmgmveﬂ&okinqsm %ﬁ%claf@?i{&ﬂaﬁg‘idé%é‘é gndrave been
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Compared with their shelf-stable coUnterparts, items manufaciured using the
current invention typi'calty have superior of colour, flavour and textural after thermal’
20 pr(_ﬁcessing. Prddupts demonstrating these superior quality attribuies i_nblude selected
dairy items, mussels, sauces, soups, ready meals and pet foods. .

Because of the shelf life that is achievable with the present invention, _
manufacturers would be able to target export markets from which they would otherwise
" be precluded. ' '

25 As part of the process, challenge tests can be incorporated on finished products
and is supported by predictive modelling in which the effect on shelf life of simulated
abuse conditions can be established.

MATERIALS AND METHODS
30 Apparafus

~ Trials have been completed 'successﬂ.llly in Lagarde, Steﬁﬂow,'KM and FMC
over-pressure retorts operating‘un,der full load conditions. The heating and codling




rapi d cool i ng sequence al so m ni m ses overcooki ng and associated quality

| osses and vyield |osses (cook out). The adequacy of hernetic seals can be
denonstrated by conducting challenge tests (Biotests) on containers

foll owi ng sealing and thermal processing and the rapid 5 cooling regines
that shall be established under comercial operating conditions.

Manuf acturers typically do not mcrobiologically challenge the heat seals
on their refrigerated products. Becaus® of this |ack of control of
hernmetic seals, many nanufacturers are not willing to provi de extended

hel f - |
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put the pr QUEGRIFEYIS Wt%sabethasemﬁﬁapewtyﬁerrmeﬂmwm of heat seal ers enabl e
the provision of substantially unrestricted shelf-lives at z 4C. The
present invention delivers higher yields than with shel f-stable processes
currently ipackadingFor instance, shelf-stable abalone In -cans suffers 18 to
25% wei ght™ | oss during retorting, which at a selling prices of
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products IL.n which

shel f ||fea'§% 'g?al’ﬁﬁjéttq@%%he%%é’é%%ﬁfb %FJQWE%W‘*B@"%%Q'%PT SHR) of IATERI ALS AND
METHODS 30indjvjsiaaldtast packs.i al s have been conpleted successfully In Lagarde,
Steriflow, KM and FMC over-pressure retorts operating under full | oad
condi t #ns. The heati ng and cooling schedul es that are devel oped in the

| nventi on ‘?ll-esé?mgr?ly be delivered in other types of

The method that is descn’bed below was developed fora 'range of products that '
, were heat treated using a ramped temperature and ramped over-pressure cycle at
between 90°C and 105°C and between zero and 140 kPa, respectively,

20 - The techniques that were used for these processes and products were similar
but varied according to the followmg

. Nature of the heating and cooling media
il The arrangement of the packaged food in the processing vessel
. The food type and its mass and thermai diffusivity

25 . V..  The nature and geometry of the,packaging material that was used

Because of the diﬁerences that have been identified (in | to IV above), the
temperatures, the pressures and the processing times that were used In the-various

heat processing cycles were different. Typical cycles that were developed a variety of
“wet” products are shown in Tables 1 to 20.

30 For instance in the precess trials with mussels, replxcate evaluations were
eonducted each consisting of six pouches that had been packed with 500 g mussels in a
single layer and with individual mussel welghts rangmg from 32 {o 39 g (i.e. representing




over-pressure retorts that have the capacity for rapid cooling. .Packaging
5 Replicate process evaluation trials were conducted using a variety of
high barrier-plastic | am nated pouches and pol ypropyl ene plastic tubs,
bow s and trays that had been packed with the raw material under

eval uation e.g. abal one, nussels, soups, sauces, pet .foods, infant foods

and ready neals) each wth individual Qgck wei ghts and fill tenperatures
representing "worst-case" conditions (i.e. the heaviest net weights 10
and/or the lowest fill tenperatures of product that would be used in

comrer ci al “wopstaaseé”oe the femviesistet whightsrob nelvkiuaheiplé raksels)h Themerupiles wer e

nount ed t i : L0, C ,ners) Lpto the thickest |
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cent r es. (i ORened mussel sadhat theirdios wgredocatedatdhe tiarpyl cehtrédibe. thadiowestual "t est”

packs. 15 ARk pBRts or ShPsIBIHORohitb derfasgy | Ded bel ow was devel oped for a

range of products that were heat treated using a ranped tenperature and
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was used UBelsblioagicopgitions withethe feeelbaskeig belng\packeskwith phuebes thalalga hadl to |V

above)g t %entﬁﬂéﬂf’@?'tﬂvlicﬂé-%heﬂ MasdRisS 9% H&cﬁﬁorﬁéweﬂahmeﬁﬁ&%gg@be gbgsfgl?é'isa ghhat were

used in the- various eat processing cycles were dif ypi cal .cycl es
t hat were %Eﬁ?eh%@d?cé“@é}diaé‘??”%heﬁ" POUGHBSduct s are shown in Tables 1 to
20. 30 For instance In the process trials with nussels, .replicate _
eval uati ons were conducted ‘each consisting of six pouches that had been
packed W tle§@0rg nussels in a single layer and with individual nussel

wei ghts ranging from32 to 39 g (i.e. representing 16 "worst-case" or the
heavi est rdblerti Thiestemberaisle whdlprebsurd frbdtmatisRepoLessHyarHoReshanl es

15 mussels in pouches in an over-pressure retort at 90°C

Phase ~  Duration Temperature Pressure
{min) (°C}) (kPa)
1 70 - 80 70
-2 4.5 92 - 90
3 3.0 90 - 90
4 50.0 90 80
5 /30 70 60
6 3.0 40 . 0
7 15.0 - -
8 - . - -




were nmounted through the sides of the pouches into the thickest portion of
the raw un- opened nussel so that their tips were |ocated at the thermal
centres (i.e. the slowest heating points or SHPs) of the individual "test"
packs. 5 The test pouches in which the thernocoupl es had been nounted were
| ocated on the second |layer of trays while the basket was in the front
position of the retort, as this had been found in the tenperature
distribution trials to be the preferred?l ocation of test packs for process
eval uation studies. During all process evaluation trials the retort was

operating émdﬁrg.tul -l oa congi tions with the two baskets being packed
wi th pouchB@? fn (NIG-EHAGLHILre GNE AEFTSYTE lieanap for PlasessingsMegle-shels sel s. | n

addi ti on smusseld inpoacsdoambes-preletiegoitiedoste " Free”) were | ocated
over-pressure retort a 0C Phasg WPat ur &8 E8sur e (mn) (O
treatnment for -processismg whol e-shel | mJSSéb‘ﬁ in pouchegsi n an

1

~adj acent to the f+Hedpoveches—RESHLIFS—Fable—l—THne-tenperature and
(kPa) 1 7.0 80 78 ¥ 450088 an 5 3.0 70 60
over-pressure retort 95C PhasgoDurati on %grrperat ure essure (mn) (C)
g5 '

pressure treatnent f ocessi . ol e-shel | 15 nussel s in. pouches in an
Phpdl o0 s R = EfFblmsts. T HiSks
4 oTa 50.-08C
63040 . 0 7 15.0 -1- 8 - - ¥i ne-t empe@t ure and pressure
(kPa) 1 7.0 80 90 2 4.5_ 97 1101603 3.0 95 T10 4 16.0 110 -

110
5 3.0 70 60
6 3.0 0 . 0
7 15.0 H
8 - - i}

) §
Table 3. Time-temperature and pressure freatment for whole-shell mussels in

5 pouches in an over-pressure retort at 101°C

Phase Duration Temperature Pressure

(min) (°C) (kPa)
1 7.0 T80 . 90
2 45 102 120
3 3.0 - 101 120
4 50 101 120
5 3.0 70 - 70
6 3.0 .40 ' 0
7 150 - -
8 - . - -




53.07060 63.0400 7 15.0- 8 - - Table 3. Tine-tenperature and
pressure treatnent for whol e-shell nussels in 5 pouches in an
over-pressure retort at 101C Phase Duration Tenperature Pressure (mn) (O
(kPa) 1 7.0 80 90 2 4.5 102 120 3 3.0 101 120 .4 5.0 101 120 5 3.0 70
70 6 3.0400 7 15.0- - 8 - - 16 Table 4. Tinme-tenperature and pressure
treatment for whol e-shell nussels in pouches in an over-pressure retort at
105C Phase Duration Tenperature Pressur d® (mn) (© (kPa) 1 7.0 80 90 2
4.5. 107 140, 3 3.0 105 140 4 2.5 105 140 5 3.0 70 70 6 . 3.040 0 7

incshell oV 8 THRApERRGL Bhibfsid "‘%ﬁﬁiei*‘feﬁy%'?abgﬁ'?ﬂhs%e feff’{ "t s0C

Phase Ti me PRM§PeY in@nQyorpresse aetort at 105°C

Phase DPuration Temperature Pressure
' (min) (°C) {kPa)
1 7.0 80 90
2 45, 107 140
3 3.0 . 105 140
4 2.5 ‘ 105 140
5 3.0 70 . 70
6 3.0 40 0
7 15.0 - -
8 } ) _ N

_Table 5. Time-temperature and pressure treatment for processing in-shel]
5  80-90 g abalone in pouches in an over-pressure retort at 90°C

Phase Time Temperature Pressire

{min) (°C) (kPa)
1 15 90 80
2 40 "~ g0 90
3 5 80 50
4 5. 0 . 20
5 15 , 20 0
6 20 - .

Tab!e 6. Time-temperature and pressure treatment for processing ln—shell
80-90 g abalone in pouches | inan over-pressure retort at 95°C

Phase  Time Temperature Pressure

(min) (°C) .~ (kPa)
1 15 85 a5
2 25 "85 100
3. 5 80 50
4 5 40 - 20
5 15 20 0
6

20 - . - -




(mn) (© (kPa) 1 15 90 80 2 40 90 90 358050 4540- 20515200

6 20 - - Table 6. Tinme-tenperature and pressure treatnent for processing
in-shell 80-90 g abal one in pouches in an over-pressure retort at 95C
Phase Time Tenperature Pressure (mn)- (C (kPa) 1 15 95 95 2 25 95 .100
3.580504540- 20. 5 152006 20 - 19 Table 7. Tine-tenperature
and pressure treatnent for processing in-shell 80-90 g abal one in pouches
in an over-pressure retort at 100C Phad® Tinme Tenperature Pressure (mn)
(© (kPa) 1 15 100 100 2 17 100 105 3 58050 454020 5 15200 6

20 Tabl e Babld 7MFiniccRReAitie And PebsBIS $@HIRNt fof BiddBEYing iRlshB OCessi ng
I n-shel | E gaﬁ%%@ abal one i.n _pouches in a OVenady essure retort at 105C
Phase Ti me°% 307 I RRUEREA R 8N oY RIpSSUES Feporsh 100 |

Phase  Time Temperature Pressure
{min) {°C) (kPa)
1 15 100 100
2 17 _ 100 : 1067
3 5 30 50
4 40 20
5. 15 20 , 0
6

20 - -

Table 8. Time—temperature and pressure treatment for processing in-shell
5  80-90 g abalone in pouches in an over-pressure retort at 105°C

Phase Time Temperature Pressure

_(min) ey . (kPa)
T 15 : 105 105
2 13 . 105 120 .
3 5 80 50
4 5 40 20
5 15 20 \ -0
6 ‘20 S -

Table 9. Time-temperature and pressure treatment for in-shell 95-1 00 g
abalone in pouches inan over-pressuré retort at 90°C

Phase Time Temperature Presstre

: (min) (°c) (kPa)

1 15 ' 90 7 80

2 38 g0 90

3 5 80 60

4 5 40 ‘20

) 4] 15 : 20 0
6

20 - ' -




115 .105 105 2 13. 105 120. 3 580 50 454020 515200 6 20 -
Table 9. Tine-tenperature and pressure treatnent for.in-shell 95-100 g

abal one in pouches in an over-pressure retort at 90C Phase Tinme Tenperature
Pressure (mn) (C) (kPa) 1 15 90 80 2 38 90 90 358050 45140 '20 5
15 2000 -6 20 - 20 Table 10. Tine-tenperature and pressure treatnment for
I n-shell 95-100 g abalone in pouches in an over-pressure retort at 95C
Phase Time Tenperature Pressure (min)®C (kPa) 1 15 95 95 2 22 95 100
358050 454020 515200 6 20 - Table 11. Tine-tenperature and

pressure tTzbRt 70 Timd-RmpefatsB ehl pRisd@Greatmént AP #l-6ef 95l 0p@uches in an

- pre tort, at, 100C Phase Tine Te rature Pressure mn C
Oy or S Press ra%@éieriwches in an over-pressure retort at 9%98 ( ) (9

(kPa) 1 T
Phase ~ Time Temperature Pressure

(min) (°C) (kPa)

1 ECEEE 95 95

2 22 95 100 .

3 5 80 50

4 5 - 40 20

5 15 20 0

6

20 - -

Table 11. Time-temperature and pressure {reatment for in-shell 95-1 Od o
6  abalone in pouches in an over-pressure retort at 100°C '

Phase - Time Témperaturé Pressure

(min) . {°C) (kPa)
1 15 | 100 100
2 15 100 105
3. 5 80 50
4 5 40 20
5 15 20 0
6 20 - ' -

Table 12. Time-temperature and pressure treatment for in-sheil 95-100 g
abalone In pouches in an over-pressure retort at 105°C

Phase Time = Temperature Pressure
. {min) (°C) {kPa)
1 15 105 105
2 11 105 | 120
3 5 . 80 . 50 -
4 5 . 40 20
5 15 20 4}
6 20 - -




2 15 100 105 3 . 58050 4540 20 5 15 20 0 6 20 Table 12.

Ti me-tenperature and pressure treatnent for in-shell 95-100 g abalone in
pouches in an over-pressure retort at 105C Phase Tine Tenperature Pressure
(mn) (© (kPa) 1 15 105 105 -2 11 105. 120 3 580 50 4 5 40 20 5 15 20
"0 620 - 21. Table 13. Tine-tenperature and pressure treatnent for
various "wet" products in plastic cups and pouches in-an over-pressure
retort .at 95C Phase Tine Tenperature Prssure (min) (C (kPa) 1 12 95.0
100 2 Note 1, 2, 3,4, 595.0 110 3 3 70.0 60 4 5 40:0. 30 520 25.00 6

15 - 1. Poapiéi, 'ﬁmé-témpaaﬁwgnd eaaﬂe&eﬁuﬁnﬁewhrfoumetﬂ 50 mn 2. Custard
in 200 g cup%’go | rga @r\}én -Chi cken and corn soup in 400 g cup
Hol d ti e BraguoisimPiasiccaes e beH ??lnaﬂﬁ'd)\'ﬁh?@a%t&wpta@et%‘i Bouch Hold time =
46 min 5. R ce In 100 g pouch Hold tirme = 37 mn Table 14.

Ti me-tenper at ure andPigasessur e Timeat ment Témperaturé ous Prasstre

{min) °C)___- __ (kPa)
1 12 95.0 - 100
) Note 1,2,3,4,5 95.0 110
3 3 70.0 60
4 5 . 40.0 - 30
5 20 25.0 0
6 15 - -

Pumpkin and cous-cous in 200 g cup Hold time = 50 min
Custard in 200 g cup Hold time = 50 min

Chicken and corn soup in 400_'9 cup Hold time = 60 min
Cashew chilli and marsala in 100 g pouch Hold time = 46 min
Rice in 100 g pouch Hold time = 37 min

)
ok oon s

Table 14._'ﬁme—temperature and pressure freaiment for various "wet”
10  products in plastic cups and pouches in an over-pressure retort at 101.5°C

Phase Time Temperature - Pressure

{min) °Cy (kPa)
1 12 101.5 100
2 Note1,2,3.45 ' 1015 120
3 3 700 . 80
4 5 40.0 - 30
5. 20 . 25.0 0
6 15 - -

. Pumpkin and cous-cous In 200 g cup Hold time = 32 niin
Custard in 200 g cup Hold time = 32 min '

Chicken and corn soup in 400 g cup Hold time = 43 min
Cashew chilli and marsala in 100 g pouch Hold time = 29 min
Rice in 100 g pouch Hold time = 24 min

@odow N

15




10 products in plastic cups and pouches in an over-pressure retort at
101.5C Phase Tinme Tenperature Pressure (mn) (C (kPa) 1 12 101.5 100 2
Note 1, 2,3,4, 5 101.5 120 .3 3 70.0 . 60 4 5 40.0 30 520 . 25.00 6
15 - 1. Punpkin and cous-sous In 200 g cup Hold time = 32 min 2. Custard
in 200 g cup Hold tinme = 32 mn 3. Chicken and corn soup in 400 g cup Hold
time = 43 mn 4. Cashew chilli and marszgla in 100 g pouch Hold tine = 29
mn 15 5. Rice in 100 g pouch Hold tine = 24 mn 22 Table 15.
Time-tenperature and pressure treatnment for various "wet" products in

pl asti c cuffablend. Pimestbmperatura and pressipe estment foevarious &et105C Phase Ti ne

Tenper at ur g il te 1, 2, 3, 4, 5
105.0 125 _%f@%@é&éﬁggﬂuﬁégﬁ%g@ﬁgg?n @%@ég@fgr&@%ﬁqﬁl_ Punpki n and
cous-cous in 200 g cup Hold time = 27 min 2. Custard in 200 g cup Hold
time = 27 min 5 3. CAhaseéen andTim® n soufemperabuey clyeseurg tinme = 37 nin 4.
Cashew. chilli and marsala in 10nk pouch HOCH tine = @Pakin 5 Rice in 100
g pouch Hold time = 20! nin Tabl® 16. Ti me-0&8fper ature ®8d pressure

treatment for various gwet" nd@1,Rrmesct s | Roploasti ¢ cup@sand pouches in an
over-pressure retort a§ 110. 0C 3 .

_ 70.0 65
4 5 40.0 30
5 20 25.0 .0

6 18 - -

Pumpkin and cous-cous in 200 g cup Hold time = 27 min
Custard in 200 g cup Hold {ime = 27 min

Chicken and corn soup in 400 g cup Hold time = 37 min
Cashew chilli and marsala in 100 g pouch Hold fime =24 min
Rice in 100 g pouch Hold time = 20 min

2
ooh W

Table 16. Time-temperature and pressure treatment for various “wet”
10 products in plastic cups and pouches In an over-pressure retort at 110.0°C

Phase Time Temperature - Pressure
] (min) (°C) . (kPa)
1 12 110.0 100
2 Note 1,2,3,4,5 1100 120
3 3 , 70.0 70
4 5 40.0 35
5 20 25.0 0
6 15 - .

Pumpkin',an.d cous-cous in 200 g cup Hold time = 22 tnin
Custard in 200 g cup Hold time = 22 min

Chicken and corn socup In 400 g cup Hold time = 31 min
Cashew chilli and marsala in 100 g pouch Hoid time = 20 min
Rice in 100 g pouch Hold time = 16 min

IS

16




Phase Time Tenperature Pressure (mn) (C (kPa) 1 12 110.0 100 2 Note 1,
2, 3, 4, 5110.0 120 3 3 70.0 70 4 5 40.0 35 520 25.00 6 15 - 1.
Punpki n: and cous-cous in 200 g cup Hold tinme = 22 mn 2. Custard in 200 g
cup Hold tinme = 22 min 3. Chicken and corn soup in 400 g cup Hold tinme = 31
mn 4. Cashew chilli and marsala in 100 g pouch Hold tine = 20 mn 15 5.
Rice in 100 g pouch Hold tine =16 mn 23 Table 17. Tinme-tenperature and
pressure treatnent for conpani on ani mal? (pet food) products in 80-90 g
plastic cups in an over-pressure retort at 950 Step Tenmperature Tine .
5.0 30 "2 96,0 10.0 100 3 96.0 to 100 4

Pressure ( K
95.0. 1.0 %‘(S’fe??éﬁjfﬂ%’e@ feé‘" grageurg rsatmagpior sorgpamiopaimely 8 45.0 5.0 20
9 40.0 6. 0 (fit fodd) prodBstsin 80-00 § pestit cupbdn arl bver-presFNRY @idi 987 pressure

treatnment for conp 0 g plastic
cups in an over - pressudtepr et orfemprerat&®0C stEmeTenper Rtessareli ne . Pressure
(°C} (min) (kPa) ~
1 70.0 50 30
2 86.0 100 < 100
3 86.0 1.0 - - 160
4 95.0. 1.0 100
5 95.0 48.0 100
6 90.0 2.0 60
7 60.0 2.0 30
8 45.0 5.0 - .20
g 40.0 ’ 6.0 10
138.0 5.0 . 1

-
1o

Table 18. Time-temperature and pressure freatment for companion animal
5 (petfood) products in 80—90 g plastlc cups inan over-pressure retort at

100°C
Step Temperature Time . Pressure .
(°C) (min) . (kPa)
1 70.0 . 50 30
2 101.0 10.0 105
'3 101.0 1.0 105
4 100.0 1.0 . 105
5 100.0 25.0 105
6 0.0 2.0 70
7 60.0 - 2.0 40
8 45.0 5.0 - 20
9 40.0 - 6.0 10
10 38.0 50 1




(© (mn) . (kPa) 1 70.0. 5.0 30 2 101.0 10.0 105 3 .101.0 1.0 105 4-
100.0 1.0 105 5 100.0 25.0 105 6 90.0 2.0 70 7 60.0 2.0 40 8 45.0 5.0
20 9 40.0 6.0 10 10 38.0 5.0 1 24 Table 19. Tinme-tenperature and pressure
treatment for companion animal (pet food) products in 80-90 g plastic cups
In an over-pressure retort at 105C Step Tenperature. Tinme Pressure (O
(mn) (kPa) 1 70.0 5.0 30 2 106.0 10.0 110 3 106.0 1.0 110 4 105.0 1.0
110 5 105.0 16.0 110 6 90.0 2.0 70 7460.0 2.0 40 8 45.0 5.0 20 9:40.0
6.0 10 10 38.0 5.0 - 1 5 Table 20. Tine-tenperature and pressure treatnent
for conpan roducts in 80-90 g plastic cups in an

-ani nal t food
over - pr essuf e?@‘lt ﬁq&@%@ﬁq&% BisSSER Featment or gempanisneadimdle (O (nin)

- (kPa) (pet food) products in 80-80 g plastic cups in an over-pressure refort at
' 105°C

Step Temperature Time Pressure
(°C) (min) (kPa)

1 700 - 5,0 30

2 106.0 16.0 110

3 106.0 1.0 110

4 105.0 _ 1.0 110

5 1050  16.0 " 110

6 90.0 2.0 ' 70

7 600 20 40

8 45,0 5.0 20

9 "~ 40.0 . 8.0 10

10 38.0 5.0 - 1

- & Table 20. Time-temperature and pressure treatment for companion animal
(pet food) products in 80-90 g plastic cups in an over-pressure retort at '

110°C
Step Temperature Time Pressure
c) (min)  (kPa)
1 70.0 ' 5.0 30
2 111.0 - 10.0. 120
3 111.0 1.0 - 120
4 110.0 1.0 120
5 110.0 . 11.0 120
6 90.0 2.0 80
7 60.0 2.0 50
] 45.0 5.0 20
9 40.0 6.0 10
10 38.0 5.0 o1

in summary; the data from the trials using the process schedules shown in
10  Tables 1 to 20, confirm that the ramped time-temperature combinations selected were
all sufficient to deliver minimum F, values of greater than 20 min for mussels and
between 30 and 100 min for the other products that have been produced using the
technology. These data indicate that in all cases the processes were equal to or greater




170:05.030 2 111.0 10.0 120 3 111.0 . 1.0- 120 4 110.0 1.0 120 5
110.0 11.0 120 6 90.0 2.0 80 7 60.0 2.0 50 8 45.0 5:0 20 9 40.0 6.0 10
10 38.0 5.0 1 "In sunmary, the data fromthe trials using the process
schedul es shown in 10 Tables 1 to 20, confirmthat the ranped
time-tenperature conbinations selected were all sufficient to deliver

m ni mnum Fp val ues of greater than 20 nmin for nussels and between 30 and
100 min for the other products that ha%e been produced using the

technol ogy. These data indicate that in all cases the processes were equal

to or greghsy 'fzﬁcydlé%@ﬂr rﬂcﬁl[brﬁﬁéﬁl&&ﬁCfoﬁﬁ':dtﬂﬁfbdhdﬂbﬁo\lvﬁl&h &e%@ﬁltaf iheY; 4B at
bot ul | num; Wnk’g ans that %/3{ are at tw ce_those recommended by

vari ous GIst et WP’I‘?&‘GP?%‘[: Y?é’oﬂﬁpﬂﬁq’ M&}@gfaptgpng Preglice quidelings Pes of
foods. Theswe qaisgeaeseSoodsl e al so nore than sufficient to satisfy product
safety 5 concerns in products in which B. cereus spores may be present.
Wth respect tg@hBse proeesses wereoalesmaretthametiicientidDgisfyqiredest sxffelg. 2 mi n

(Carlig e will

el 1 ver bophzneRigMducls | yplchE 58=Rs e bl BE pleert Witfredodcficr, T

maxi num DIErepgIsaeres yith maxinum Barvaiues of 32 \min 20ty et 4/H7000), @mge%sseﬁescr i bed
i n Tabl es deséribedth TaBIéd 1 fed0, MIrdehﬁr\b%ﬁ\Fbeﬁ@m %bDQQcI@h’ Civdereadforld, 1s the
ability of the inventjon to deliver tEg t%{) ocgztzﬁé E_.t are nore severe
than t hos&oFEYE SROFEH M 'E(é i, O DePEPCESEES | gerated -
f oods (whidescribediimTables hip 200 willfdeliedy betweah B0t @rdi ssliSiDagkles.hat enabl es the

refrigerated shelf life of these products to be extended beyond those
whi ch Mer e pr eViidths apilificofites/inwnsion fq deliven therenah piocessied thad arsmeretsigvere

t echnol ogxméﬁtﬁ&smamhﬁ.eﬁd&m&i &%&@HQ hgﬁtr ﬁéamaﬁt '?tﬁ'tréfﬁgérgteH hSodstvAile>

descri bed herein wl pl i cabl e I ncl'udi ng rice,

past a, no&ﬁ'@é'"&‘ﬁda%@%ﬁ% ch%l'éctﬁﬁﬂt'Ps)éBatfePéglﬁs B@r"ﬁfﬁﬁ%@te@ shal ifeichthese uc h as

-products to be extended beyond those which were prev:ousiy achievable.

It will be appreciated that the technology that has been developed and
15  demonstrated in the trials described herein will be applicable to a range of products
including rice, pasta, noodles and beans, és well as fresh perishable materials such as
meats, fish, molluscs, crustacean, pouliry, dairy products, infant foods, soups, sauces
~ wet dishes (i.e. ready meals), companion animal (pet) foods and selected fruit and

vegetables
20 |
Pet Food
Ingredient Proportion -of batch (%)
Chicken Frames (Minced) 50.0
Diced Beef 130.0
'Water 147
Cereal Protein : 2.0
Carragesnan (kappa) _ 18
Potassium Chloride 0.10

Vitamin Mineral Premix : 1.1

Colour ' 0.30




nmeats, fish, nolluscs, crustacean, poultry, dairy products, infant foods,
soups, sauces wet dishes (i.e. ready neals), conpanion animl (pet) foods
and selected fruit and vegetables 20 Pet Food | ngredient Proportion of
batch (% Chicken Frames (M nced) 50.0 Diced Beef 30.0 Water 14.7 Cereal
Protein 2.0 Carrageenan (kappa) 1.8 PotassiumChloride-0.10 Vitamn

Mneral Premx 1.1 Colour 0.30 26 Procedure: |I. Mnce chicken frames (3
my 1. Dice beef (10 nm-15 nm I11. &dd chicken and beef to steam '
jacketed mixer 5 1V. Add water V. Add remaining ingredients VI. Begin
m xi ng VI | Prodetiame: 5 minutes turn on steam VIII. Heat to 85C 10 I X. Fill

and seal X Heat process and cool A Store chilled at :s 4C. Chicken and
Corn Soup 15 lngllr@mcbnkerpfmm(t&rmn) of batch (% \Water 41.8 Sweet Cam

Puree 24.0 II.. Dice beef (10 mm ~ 15 mim)
Ill. Add chicken znd beef o steam-jacketed mixer
5 IV. Add water
' V. Add remalning ingredients
: V1. Begin mixing
Vil After 5 minutes turn dn steam
VIli. Heat to 85°C
10 IX. Fill and seal

X. Heat process and cool

Xl Store chilled at < 4°C,

Chicken and Corn Soup

18 . .
Ingredient - Proportion of batch (%)
Water ' 41.8
Sweet Corn Puree ) 24,0

~ Potatoes 10.0
Chicken Stock 6.0
Chicken | 6.0
Onions 30
Potato Starch ' 3.0
Modified Starch 18
Sugar : 1.5
Sait 1.3
Hydrolysed Vegetable 1.0

Protein




Pot atoes 10.0 Chicken Stock 6.0 Chicken 6.0 Onions 3.0 Potato Starch

3.0 Mdified Starch 1.8 Sugar

1.5 Salt 1.3 Hydrolysed Vegetable 1.0

Protein 27 Chives 0.3 Xanthan Gum 0.2 Ri bonucleotides 0.1 Procedure: 1.

Bl end xant han gum wi th sugar

11. Add water to steam jacketed vat

5 111.

Begin m xer 1V. Add potatoes, com chicken stock, chicken, onions V. Turn
on steam Vl. Add renmining ingredients VII. Add sugar/xanthan gum m xture
10 VI11. Continue heating until the m x#réaches 92C |X. ~Hold at 75C
mninmum X. Fill and seal Xi. Heat process and cool Al. Store chilled at
4C 15 . Pygpkin and Cous Cous | ngredient Proportion of batch (% Water
21.5 Purrpmveﬁuree 60. 0 o™
: Xanthan Gum 0.2
Ribonucleotides 0.1
Procedure:

I
Al

vi.
VL.
VI

10

XI.
Xi.

15

Blend xanthan gum with sugar

Add water to steam-jacketed vat

. Begin mixer

Add potatoes, com, chibken-stock, chicken, onions
Tum on steam

Add remaining ingredients

Add sugar/xanthan gum mixture

Continue heating until the mix reaches 92°C

Hold at 76°C minimum

Fill and seal

Heat process and coal

. Store chilled at = 4°C

Pumpkin and Cous Cous

Ingredient _ Proportion of batch (%)
Water 215
Pumpkin Puree 60.0
Cous Cous 10.0
Buiter 3.0
Modified Starch 1.30
Sugar 1.50
Salt 1.20

5




Cous Cous 10.0 Butter 3.0 Mdified Starch 1.30 Sugar 1.50 Salt 1.20 28
Fl avour 0.80 Spices. 0.50 Xanthan Gum 0.20 Procedure 1. Add water and
- cous cous to steamjacketed mxer. [I. Heat to 60C. Allowto stand for 10

m nutes to prehydrate cous cous. 5 I1l. Blend xanthan with sugar |V. Add
punpkin puree to mxing vat V. Add butter and remaining ingredients V.
Heat to 92C VII. Store at >65C 10 VIII, Fill'and seal | X Heat process and

cool X Store chilled at :5 4C. Custard | ngredi ent Proportion of batch
(%9 Full Cream M|k Powder 11.6 Water 77.27 Sugar 7.30 Mdified Starch
(1422) 2. 1%6wﬁgavour. 1.00 Vegetabl gggums 0.40 (carrageenan, xanthan)

Col ours 0. alt 0.13 15
Spices- 0.50
"Xanthan Gum 6.20
. Procedure

I. Add water and cous cous to steam jacketed mixér.
Il. Heat to 60°C. Allow to stand for 10 minutes fo prehydrate Cous cous.
& Ii. Blend xanthan with sugar '
V. Add pumbkin puree to mixing vat
V. Add butter and remaining ingredients
V0. Heatto 92°C |
Vil. Store at >65°C
10 Vill. Fill'and seal
IX. Heat process and cool

- X, Store chilled at < 4°C.

. Custard ‘
Ingredie'nt Proportion of batch (%)
Full Cream Milk Powder 11.6 |
Water 77.27
Sugar ' 7.30
Modified Starch (1422) - . 2.10
Flavour 2 - | _ 1.00_

‘Vegetable Gums ' 0.40
(carrageenan, xanthan)

Colours | 0.20

- Salt ' 0.13

16



29 Procedure 1. Blend guns with sugar Il. Add water to steamjacketed vat
[11. Begin mxer 5 1V. Add sugar and guns V. Mx for 2-mnutes VI. Add
remaining ingredients VII. Heat to 92C VIII. Fill and seal 10 | X Heat
process and cool X Store chilled at s 4C Cashew Chilli and Marsal a

I ngredi ent Proportion of batch (% Water 36.0 Egg Yolk 2.0 Sunflower Ol
'12.0 Spices 5.0 Mushroons, fresh 5.0 Sugar' 3.4 Salt 1.8

Cashews-. Crushed 5.0 Marsala 18 Butt®, Unsalted 8.0 Mdified Starch 2.4
Xant han Gum 0. 33 Vinegar 0.50 30 Caranel Colour - 0.30 Procedure: 1. Add
water to sirggdduteacketed m xer U. Begin high-shear m xer.

I. Blend gums with sugar
IIl. Add water to steam-jacketed vat
lll. Begin mixer
5 V. Add sﬂgar and gums
V. Mix for 2 minutes
VI. Add remaining ingrediehts
. VII. Heat to 92°C
VII. Fill and seal
10 IX. Heat process and cool

. X. Store chilied at < 4°C

Cashew Chilli and Marsala

Ingredient Proportion of batch (%)
“Water 36.0 '
Egg Yolk - 2.0
Sunﬂower_ Gil 12.0
Spices : 5.0
Mushrooms, fresh 5.0 |
Sugar’ | : 34
Salt 1.8
Cashews- Crushed 5.0
 Marsala . | 18
Butter, Unsalted 8.0
. Modified Starch 24
Xanthan Gum : | 0.33

Vinegar _ 050




5 11l. Slowmy add egg yol k, sunflower oil, xanthan gum and softened butter
V. Mx for 5 mnutes V. Turn off high-shear mxer VI. Turn on stirrer

VII. Add sugar, spices, nmushroons, salt, cashews, starch and col our 10
VI1I. Add marsala and vinegar | X. Begin heating X Heat until mx is 92C .
Xi. All and seal Xlil. Heat process and cool 15 XIIIl. Store chilled at :5
4C Rice Ingredient Proportion of batch (%9 Cooked R ce 100% Procedure:
20 | .- Add 200 kg of water to steamjacf?eted‘m'xer 1. Bring water to the
boil I1l1l. Add 50 kg of rice IV. Heat until cooked (-15 mnutes) V. Drain

of f excess VI. Fill and seal,n31, . VIl. Heat process and cool VIII.
Store chi I‘Fge}%tﬂg{cég%c. . Table 21 showWws typical contam nation |evels that
have been - ' : ' ' '

ingredients. Table 21. Potential mcrobial contam nation levels in food

i ngr edi entprocedursr edi ent Aerobic Pl ate Count Spore Count (logio CFU g or
cn?) (logl0 CFU g or cn2) Mxed sices 6.0-8.4 5.8-7.9 Paprika 7.0 7.1
Pepper, bl ack. $Add vigatdr to steam-jacketed mixer

Il. Begin high-shear mixer.
5 | 1l Slowly add egg yolk, suﬁﬂower 0il, xanthan'gum and softened butier

V. Mix for 5 minutes

V. '.I'urn off high-shear mixer

VI. Tum on stirrer
vil. Add sugar, spices, mushrooms, salt, cashews, starch and colour

10 VIII. * Add marsala and. vinegar

IX. Begin heating |

X. Heat until mix is 92°C .

Xl.- Fill and sealr
Xll. Heat process and qool

15 XIll. Store chilied at < 4°C

Rice _
Ingredient " Proportion of batch (%)
Cooked Rice 100%
Procedure: )
20 L Add 200 kg of water to steam-jacketed mixer

~ ll. Bring water to the boil
. Add 50 kg of rice
IV. Heat ur_1ti§- cooked (~15 minutes)
V. Drain off excess water

25 V1. Fill and seal



Pepper, white 5.6 4.1 Sugar <2.0 <1.0 Starches <3.0 <1.0 Beef (frozen
2.5 <1 (est.) boneless) Lanb (frozen 3.3 <1 (est.) boneless) Pork
(chilled 2.5 <1 (est.) carcasses) Poultry (chilled 3.8 <1 (est.) birds)
Fish (frozen) 3 - 5 est. <1 (est.) Vegetables 3.6-7. 5 <3 - 4 (est.) un
rocessed Table 22 shows typical shelf-life of refrigerated foods that rave
been produced. 10 by the present invention and, for conparative purposes,
the shelf-life of simlar foods using¥he prior art methods that are on
the market. 32 Table 22. Typical shelf-life of refrigerated foods Food
Product Cur nant Hest\RedelseBnd Begi€ase (%9 process Pet food s 21 days Up to 6
nonths -> 700 Soups s 42 days Up to 9 nonths > 500 Punpkin and cops-cous <
42 days Up Vbl 6StoontHiltedat 3GOC.. Custard < 42 days Up to 6 nonths > 300
Cashew, chilli and rmarsala < 42 days Up to 6 nonths > 300 Rice < 21 days
Up to 6 nonths > 700 Abal one < 10 days Up to 12 nonths > 3.000 Whole
shel | nussels < days, Up tao 12 nont hs > 3,000, SUVMARY. The technol ogy
supporting the f)'?q%%g%?“‘?"ﬁ?/@ﬂfé‘&ﬂn@@waﬁ%'ﬂﬂﬁﬁ?f pav .eel‘.'d‘?lﬂ@“ﬂeeéir"i‘ﬁ nati on of
heat resi spetanital ¢dhtarainants of wiricuaf@dtngrédiémar gani sns i n fini shed

Table 21. Potential microbial contamination levels in food ingredients

Ingredient Aerobic Plate Count Spore Count’
‘ ' (logy, CFU/g or cm?) (togse CFU/g or cm?)
| Mixed spices _ 60-84 5.8—7.9
Paprika 7.0 7.1
Pepper, black 8.0 8.1
Peppgx; white 5.6 4.1
Sugar <2.0 <1.0
Starches <3.0 <1.0
Beef (frozen 2.5 <1 (est.)
boneless) y
- Lamb (frozen 3.3 <1 (est)
boneless)
Pork (chilled 25 <1 (est.)
carcasses) _
Poultry (chilled 3.8 <1 (est.)
birds) i
Fish (frozen) 3 -5(est) ‘<1 (est.)
Vegetables 36~-75 <3 -4 (est)
{unprocessed)

) Table 22 shows fypical shelf_-{ifé of refrigerated foods that have been produced
10 by the present invention and, for comparative purposes, the shelf-life of similar foods
using the prior art methods that are on the market.




(comrercial) products. li. Devel opnent of thermal processing and rapid
cooling schedules for selected |owacid and acid foods packed in
hermetically seal ed containers sufficient to render these products

m crobi ol ogically stable when stored at :5 4C and to 10 satisfy the

appropriate

Food Safety (bjectives (FSCs) for these categories of foods.

[11. Validation of thermal processes via Heat penetration trials
M cr obi ol ogi cal challenge tests 15 |V.*Mdel ling growth characteristics of
target m croorgani sns under standard and "abuse" conditions. V. Mnitoring

tenperature; i rofjles throyghout the cold-chain. VI. Devel opnent and
speci fi catT%Bt?:gfa T&B\Eéfhﬁﬁ'é{{?sow%g%eﬁ{%%ﬁﬁ%duct ion and distribution. 33

VIl. Devel ggggﬁ?@mm’ cr obi ol ¢gi &a],i.?ﬁﬂglrl engeeRiss ed!

moni tor ahd co
trays. VIiI.

ifget G S) 10

I
the integtity o metic seals ¢n pou cups or
Regul ar audi ting|(vP@cesectironic transfer of process data) of

records g€merated—wWite Mo orT g Critical _comtrot (pormts_(©9Ps) during

manuf act uf &

bPofleat 5 processeéd SRS |[XUpApRmanthgall i dat 78 of| per f or mance

of retort$ To _ensure conpliange UifdelTnes ol BvP a as} required,
annual. val 58485 on of new retoft g\%%‘gﬂ?'g . Brt‘bgé%@ﬁﬁ i ng’&ﬁ? h AQ'S, FSANZ,
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The fechnology supporting the present invention can incorporate:

Determination of heat resistance (D valdes) of target microorganisms in finished
(commercial) products.

. Develepment of thermal processing and rapid cooling schedules for selected
low-acid and écid foods packed in hermetficaily sealed containers sufficient to

~ render these products m!crébiologically stable when stored at = 4°C and to

- satisfy the appropriate Food Safety Obijectives (FSOs) for these categories of
foods.

Validation of thermal processes via
Heat penetration trials
. Microbiological challenge tests

Modelling growth characteristics of target microorganisms under standard and
“abuse” conditions.

Monitoring temperature-time profiles throughout the cold-chain,

Development and specification of HACCP plans covering production and
distribution. '




Shelf life enables national (and international) distribution fromone
manufacturing site. 20 It wll be appreciated by persons skilled in the art
t hat numerous variations and/or nodifications may be nade to the invention
as shown in the specific enbodinments wthout departing fromthe spirit or
scope of the invention as broadly. described. The present enbodi nents are,

therefore, to be considered in all respects as illustrative and not
restrictive. 26 34 Cains 1. A proces¥ for producing a food product having
an extended refrigerated shelf |I|ife of at |east six nonths conprising:
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and rapi dﬁif coﬁbraﬁgﬂﬁﬁﬁég‘% %gcg %gﬁ‘?ﬁs@u&ggt an%é)d &r?%@d;s engrgﬁetr%enatl on of
10 undesi r abl ewwleﬂ@nitmngwmaégont:okmwtﬂ(@ca@qwesm pturehef hegbd. 2. The
procesg accor dighskel&eddhgddn 1 Wherein the food product is selected fromthe
group consi sti ng of ready neals, wet dishes, infant foods, fruit and

velget abl edX. sanads ,vaﬁrailﬁcaeef pesfbumce\oal'em'tsatdéﬂdjré eoinplehce With gdidaiheb una,
sal non or .sar Uses, , Crus eans, pasta,
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the cont aiyner |p$oés§ﬁmgqmthsmrs- FéAIQZOU Abgxi bl e container. 4. The process
according to. any one of clains 1 to 3 V\%erel n the container is selected

from the gtoup Teomsdas bip@ricid Wainklg t6 aatsly @gdlamneRgtidmatts, flexible and 20
sem -fl exi bl e containers such as plastic or alum n| um tubs, cups, bow s and

pouchgg. 5. T 0 rein the
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t enper at uheabprocessed foods with extended refrigerated shelf life. The benefits of the -
technology include: ,

. High quality colour, flavour and texture (due to miid heat treatment),
Products can pe promoted as “fresh,” “natural,” “no breservatives”, etc.

15 Refrigerated shelf life exceeds the 6 - 8 weeks typically found with chilled
products. Current applications using the present invention aliows 12 months shelf life
declarations (depending on the barrier properties of the packaging materials). ‘

Sheff life enables nat:onal (and |nternat|onal) distribution from one
manufactunng site.

20 It will be appreciated by persons skilled in the art that numerous variations and/or
medifications may be made to the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as brdad!y described. The
present embodiments are, ther_efore.' to be considered in all respects as illusirative and
not restrictive. ' L
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about 4C. 25 6. The process according to claim5 wherein the extended
refrigerated shelf life is at |east about nine nonths. 7. The process
according to claim6 wherein the extended refrigerated shelf lifeis upto
about: 12 nonths. 8. The process according to any one of clains 1 to 7
wherein the heating 30 tenperature issbetween 80C and 110C. 9. The process
according to claim8 wherein the tenperature is between 90C and 100C. 35
10. The process according to any one of clains 1 to 9 wherein the heating
is carricthimgt frombetween 1 and 90 minutes. 11. The process according to
claim 10 wherein the, heating is carried out from between 5 and 60

m nutes; 5 12. Alprecgssdfoepmdacing adood)product hevinglah estendsidrefrigerdiedisiiely i s

carried out f”ﬁﬁ&%ﬂ%ﬁf%ﬁ%ﬁﬁ%ﬂ%@ tes. 13. The process according to

any one of cl ai pid cooling is at |east about 2C . :
per ‘minute. 14. Theegingdesd inszccantainemprics e heating18 indotivate mndésirabdepi d cool i ng -
I s bet ween 3C . ?:P aﬁu 26T m nute. 15. The process according to any one of. .
cl ai l1to 14 erel @ food is cooled to about 10C or |ess. 16. The
process accor di ng heatingythe fiaoddif the sealed dortisinébatehtempienatutedoaobievag | s

carried out using i'nati Lj tocPET . eratures,
15 chill ed wat é‘ﬂ ﬂ'gﬁ“(ﬁ'? EFP#P%IS%]@U%g trtggigﬁb%ﬁrb ?@@i@%sn{ﬂ(ﬂ oXi %E]% "%ag are used as
di rect cont actundedirablgemindargariisns Fkaly pr lox pesenico thediond; ara cl ai m 16 wherein

the rapid cooling all ' ]G '
t hermophilic mecr oﬁ?i@y ﬁ@%@gﬁé lpgéﬁegéor%tﬁast% E%%p?ﬂ@&r%@%ﬁ%@%ﬂs@ngccor di ng
to afty one of aihdesimble mizrdiialcporasdifelyio bapresgnbndhe famd. 20 positive

pressure in a vessel or retort. 19. A food product having an extended

ref ri ger at ed?.s H&efprogese ageording|te gleim Jiwhareintthe food mueruck is spledteirgmdbess
according to apyenfstifd 8t r‘éﬁdyln{e‘%is.lﬁret dishes, infant foods, fruit and vegetables,
salads, sauces, soups, value added seafood including tuna, Salrhon or '
“sardines, molluscs, crustacea, rice, wheat, beans, pasta, noodles, and pet
15 foods. | | '

3. The process according to claim 1 or 2 wherein the container is a rigid, semi-

rigid or flexible container.

4. The process according to any one of claims 1-to 3 wherein the container is
selected from the group consisting of metal cans, glass containers, flexible ar_id
20 semi-flexible containers such as plastic or aluminium tubs, cups, bowls and

pouches. -

5. The process according to any bne of claims 1 to 4 wherein the extended
refrigerated shelf life is at least about six months at a storage temperature of
about 4°C.

25 6. The process according to claim 5 wherein the extended refrigerated shelf life is

at least about nine months.

7. The process according to ciaim 6 wherein the extended reffigerated shelf life is

up to about 12 manths.

| 8. The process according to any one of claims 1 to 7 wherein the heating
30 temperature is betweeri 80°C and 110°C.

9. The_process according to claim 8 wherein the temperature is between 80°C and
100°C. '




20. A process for producing a processed refrigerated food prodUé't'

conpri si ng:

!

pl acing food material in a container; 25 hernmetically sealing

the container prior to heating to inactivate undesirable mcroorgani sns;
heating the food material in the sealed container at a tenperature to
achieve a mnimum Fp val ue equival-ent ts about 20 mnutes at 90C to

I nactivate undesirable m croorganisns likely to be present in the food

mat eri al ;

30_and rapidly cooling the heated food to substantially

prevent ger nilRalROROSESS A REding teany onecofsiims 19p Grvererpinibe Peatingde pr esent
in the food nat&}igd oﬂﬁr@ﬁb@ﬁ%eﬁ1£{@§@m%00d product having a
I s. .

refrigerated shelf
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11.The process according to claim 10 wherein the heating is carried out from

between 5 and 60 minutes.

12. The process according to claim 11 wherein the héating is carried out from
between 15 and 40 minutes.

13. The process according to any one of claims 1 td 12 wherein the rapid cooling is
at least about 2°C per minute.

14. The process according to claim 13 wherein the rapid cooling is between 3°C to
5°C per minute. '

15. The process according to any one of claims 1 to 14 wherein the food is cooled
to about 10°C or less. |

16. The process according to any one of claims 1 to 15 wherein the cooling is
| carried out using a combination of cooling water at ambient temperatures,
chilled water and/or liquid nitrogen or carbon-dioxide which are used as direct
contact refrigerants. |

17. The process according to claim 16 wherein the rapid cooling step substantially
prevents both mesophilic and thermophilic microbial spores from germinating.

18. The process according to any one of claims 1 to 17 carried out using over- or
positive pressure in a vessel or retort. '

19. A food product having an extended refrigerated shelf life of at least six months
produced by the process according to any one of claims _1 to 18.

20. A process for producing a processed refrigerated food product comprising:
placing food materiai in a contafner; '
hermetically sealing the container prior to heating to inactivate undesirable
microorganisms; ' ' _

A heating the food material in the sealed contain_er'at a temperature to
achieve a'minimum F, value equivalent to about 20 minutes at 90°C to
inactivate undesirable microorganisms likely to b'é present in the food material; =
and B , ' |

rapidly cooling the heated food to substantiaily prevent germination of
undesirable microbial spores likely fo be present in the food material to obtain a
processed food product having a refrigerated shelf life of at least six 'mbnths..




