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IN-PACKAGE NOR-IONIZING ELECTROMAGNETIC RADIATION
STERILIZATION

RELATED APPLICATIONS
{01] Thus present application 18 a non-provisional application which clamms the benehit of

provistonatl .S, Application No. 01/561,467 filed on November 18, 2011 which

application 1s mcorporated hercin by reference n its entirety and made a part hereot,
FIKLD OF THE INVENTION

{#32] The disclosure relates to methods for non-ionizing clectromagnetic sterihization,
mchuding microwave and radiofrequency sterihzation, of a food or beverage product

i a container.
BACKGROUND

3] Numcrous types of toods, mcluding beverages, are packed m contamners, inciuding
cans, glass bottles, or poivethylene terephthalate (PET) bottles. Many times, the
foods need to be heated for cooking and/or need to be pasteurized, and the sides of
the containers need to be stenihized. Varous methods have been developed to reduce

or eliminate the neced for preservatives to preserve foods and mcrease shell hife.

184] Hot-fill sterihization of contamners, such as bottles containing beverages, 18 a well-
known mcthod for sterilizing contamers to render the container cssentially frec of
microorganisms and microbial growth. Typically, hot-fill stertlization 1s achieved by
heating a liquid to a temperature of at least about 185 degrees Fahrenheit {85 degrees
Celsius) using a thermal process, tor exarple, clectrical resistance heating or a heat
exchanger arrangeoment. After this heating of the liquid, the heated liquid 18 placed in
a holding tube to mamtain the temperature of the tluid for a sutlicient aroount of time
so that the liguid s sterihized from commonly found microorgamsms. The heated
liguid 1s then hilled mnto containers. Prior to cooling the contamers, the containers are
often manipulated to ensure that the hot liquid comes into contact with all of the
mnterior surfaces of the contamners, mcluding any container closures {¢.g., caps). Such
manipuiation generally mvolves tilting or mverting the contamers (o contact the hot

Liquid with ail of the intenior container surfaces for a time suificient to sterihize the
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mnside of the containers and their respective closures. Once the containers have been
completely sterthzed, they way then be cooled and safely stored as a sheit stable

product without refrigeration, usually for at ieast three months.

There are drawbacks to conventional hot-fill steribization.  Certain hiquids, for
mstance beverages, contaimn sohd nclusions {e.g., particlesy as well as biguid.

Inclusions, however, may agglomerate within small portions of a container, such as

™

the neck and/or cap of a bottle. The agglomeration of inclusions may mhibit hot

4

Liquid from reaching those portions of the contamner during manipulation, and result in
4 contamer that 1s not completely sterilized. For mstance, one imversion method that
has shown to result 1 agglomeration of inclusions in the neck 1s the so-calied
“laydown method.” The laydown mcthod mvolves tiiting a hot-filled bottic from a
vertical standing posttion to a horwzontal he-down position, over a time period of
about 1-Z seconds. The bottle remains in this position for a specified amount of time,
and then 1s raised back to a vertical standing position. Another inversion method that
has shown agglomeration of inclusions i the neck 1s the so-called “camel hump

2?2

mverter.””  The camel humyp mverter method mvolves grabbing a vertical upright
bottie by rubber grippers and tilting the bottle until 1t 18 tipped 90 degrees on s side.
The bottle 1s transferred to an upright position when it reaches the top of the mverter,
and then 18 tuted 90 degrees on its side mn the opposite direction. Accordingly, it
would be desirable to prevent agglomeration of inclusions in portions of a container 1o

cnsure proper sterithzation of the mterior of the container.

Another steriization method 18 sometirnes reterred to as tunnel sterihization or tunnel
pasteurization. Conventional tunnel steribization typically mnvoives filing a container,
such as a botile, with a food, such as beverage, and then closing the contamer, such as
capping a bottle. Contaners or botties are loaded at one end of a tunnel and passed
under sprays of hot water as they move along a conveyor. The sprays are arranged so
that the bottles are subjecied to hot water untd the pasteurization temperature of the

beverage 1s reached. This also has the effect of sterihizing the contamer. The bottles

e

are then cooled with sprays of cool water until they are discharged from the end of the
tunnel. Conventional tunnel stertlization typicaily mvolves use of a fuel-burning
boiler to produce steamn, the steam 1s then cooled 1o produce hot water, and the hot

water 1s then sprayed over the capped bottles as they move along the conveyor.

{~J
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Conventional tunnei stertlization has an energy etficioncy of about 38-30%, 1.¢., about
30-50% of the amount of beat (which may be expressed 1 British Thermal Units, 1.e,,
BTU) generated by a fucl-burning boiler 1s actually delivered mnto the product.
Conventional tunmel stenlization also typically requires 10 ronutes or more, and
frequently at least 20 nunutes or more to achieve suificient pastourization of the
beverage and sterilization of the mternior surfaces of the contamner.  For exampie,
conventional tunnel stertlization typically requires the product be heated with sprayed
hot watcer for about 10-12 minutes 1 “a come up” zone of the tunncl until the product
reaches a temperature of about 160 degrees Fahrenheit, and then be held at that
temperature for about another 10 nunutcs at this target temperature. The longer a
product and contamer are subjected to high temperatures, the greater the risk of
thermal abuse of the product and the container, leading to a greater risk of adverse
taste, and degradation of the product and the contamner. Counventional tunnel
stertlization may not be possible for certain products and/or containers, or may require
an increase in the thickness of contamners, ¢.g., mcercasing the thickness of PET bottles
to achieve stertlization of PET bottles filled with beer to ensure a sufficiently strong

hottle atter sterithization.

Aseptic sterilization 18 another way to sterilize the mferior surfaces of containers. Ina
typical aseplic sterilization, a contamner is stenilized with an aqueous solution of
hvdrogen peroxide (H,0») to achieve a germ-killing effect, and a pasteunized product
1s then filled mto the stenlized bottle. The pastiecurized product 18 typically heated
using a thermal heating process, and held at a pastournization tomperature for a
sutficient period of fime e.g., in a centralized tank and/or holding tube {similar to that
used mn hot-fill sterilization}, then allowed to cool prior to being placed m a sterthized
bottic. The eqguipment usced for aseptic sterilization typically costs many nuilions of
doitars and 18 much more expensive than equipment tor tunnel stertlization. Changing
4 production lme from a4 hot-fill steriization or tunncl sterifization to ascptic

sterilization entatls high conversion costs.

The above methods typically have a large carbon {foofprmt mn that they typicaily
cquire heating of product using a thermal process, for example, heating the product
with electrical resistance heabing or a heat exchanger arrangement {(such as tor

conventional hot-1ill and aseptic stenilization), or in the casc of conventional tunnel
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steriization, heating the product with hot water, which 18 generated from steam from
a fuel burning bouer. It would be desirable to achieve stenlization of product and the
mnterior surfaces of containers filied with product that has a lower carbon footprint and
15 more energy efficient than stenhization methods that use thermal process heating. It
would be also be desirable to achieve sterithization of product and the interior surfaces
of containcrs filled with product using methods that mcrcase production rates over

conventional methods.

Microwave energy or radiation has been used to heat product to provide longer shelf
life, thus enabling central preparation of products for shipping.  Comercial food
preparation and packagimg processors have found it dithcull, however, to use

mICrowave encrgy to mcerease production rates.

Various methods for increasing heating rate with intent of increasing production rates
are known. One known method 18 1o use pulse microwave energy radiation; another
1s simultancous use of multiple sources of microwave energy, such as, for exampie,
irradiation from scveral directions, In these various methods, microwave energy has
been used both before and after product 18 packaged. However, contamers often are
damaged because 4 local product temperature excecds the service teraperature of the
container, and organcieptic propertics and characteristics of the product often are

degraded by long periods of exposure to g locally high temperature in the product.

Thus, none of these known mcthods using nmicrowave energy 18 satisfactory. Known
methods using mucrowave energy result i unevenly-heated product that do not ensure
sufficient shelt hife. Known methods using microwave energy aiso have not been
successiul at signmificantly shortening processing time, and organoleptic properties and

characteristics of product often are degraded, and containers often are damaged.

Therelore, there exists a need for a method for stertlization of product, especially food
product, which reduces processing time without damaging contamers and without
degrading organoleptic properties and characteristics of the product, yet does not have
the disadvantages of prior methods, It would also be desirable fo achieve sterilization
of product and interior surfaces of contamners for products and contamers not
achicvabie using conventional methods and/or at a lower cost than conventional

methods.
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SUMMARY

Embodiments of the disclosure are directed to methods for the reduction of

microorganisms o achieve commercially sterile product 1o a contamer.

in one aspect, a method may comprise providing a closed container, the closed
container comprising a free-tiowing product disposed within the closed container, and
conveving the closed contamer through a non-ionizing electromagnetic radiation
apparatus durmg a conveving time period.  The method includes transmitting non-
ionizing clectromagnetic radiation from the non-ionmizing electromagnetic radiation
apparatus to the free-flowing product to achieve a sterilization temperature during a
transniitting time period, at icast a portion of the transmitting time period overlapping
with a least a portion of the conveying time period.  The method mnchudes
manipuiating the closed container during a manipulating time period to achieve
stertlization of the entirety of the product within the closed container and the entirety
of miterior surtaces of the closed container, at least a portion of the manipuiating timge

period overlapping with at feast a portion of the transmitting time period.

in onc cmbodiment, the method may comprise providing 4 closed contamner, the
closed container comprising a free-flowing product disposed within the closed
container, the contammer comprising a base, placing the Closed contdainer vertically
upright on the contamer base, and subjecting the closed contamner to non-ionzing
clectromagnetic radiation sutficient to achicve commercial sterihization temperature.
The method may comprise subjecting the closed container to an mversion seguence,
the mversion sequence comprising a first inversion of the container until the container
base 1s located at an angle of up to 180 degrees relative to vertical, wherein the first
Iversion occurs over a time perniod of at lcast three scconds, and wherein the

mversion seqguence allows for sterihizing of interior surfaces of the contamer,

Another aspect comprisces a system for sterithzing contamers. The system comprises a
conveyor configured to convey a phlurality of closed containers for a conveyving time
perind, the plurality of containers comprising free-tlowmng product disposcd within
the closed contaimners. The system comprises a non-ionizing electromagnetic radiation
apparatus configured to transmit non-onizing clectromagnetic radiation to the free-

flowing product to achieve a sterthzation temperature during a fransnutting time
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criod. 'The conveyor i1s configured to convey the plurality of closed contamers
through the non~onzing clectromagnetic radiation apparatus during a conveying iime
period, at least a portion of the conveying fime pertod overlapping with at least a
portion of the transmitting time period. At least a portion of the conveyor is
configured to manmpulate the plurality of closed containers during a manipulating time
period to achieve sterilization of the entirety of the product withun cach of the
plurality of the closed contamers and the enlirety of mienor surtaces of cach of the
phurality of the closed contamners. At least a portion of the manipulating time penod

overlaps with at teast a portion of the transmutting time period.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 15 a graph of a saraplic manipulation scquence showing mversion angle versus

fime.

Fig. 2 illustrates containers A through G positioned at various mversion angles

relative to vertical.

Fig. 3 illustrates 4 conveyor for an apparatus for manipulating containers and sct for 4

spectiic manipulation sequence usetud in certain embodiments of the disclosure.

Fig. 4 tllustrates a perspective view of a portion of a conveyoer comprising pockets for

contamers.

Fig. 5 illustrates the portion of a conveyor of Fig. 4 and a top view of an enclosure

according to an embodiment.

Fig. 6 illustrates a side view of an apparatus for mampulating contamers according (o

another embodiment of the disclosure.

Fig. 7a depicts the tomperature profile of a carbonated high acid product when

subjected to conventional funnel pasteurization.

Fig. 7b depicts the femperature profile of a carbonated high acid product when

subjected to microwave radiation after being piaced v a bottle and the bottle capped.

Fig. § tllustrates a perspective view of an apparatus according to an embodiment of

the disclosure.

6
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Fig. 9 illustrates the apparatus of Fig. &, taken from a different perspective view than

the perspective view shown in Fig. &.

Fig. 10 shows a perspective view of a portion of a conveyor and portion of a non-
ionizing clectromagnetic radiation device uscful i certamn embodiments of the

disclosyre.

Fig. 11 shows a perspective view of a conveyor uscful in certamn embodiments of the

disclosure.

Fig. 12 shows a perspective of a portion of conveyor uselul i certam embodiments of

the disclosure.
DETAILED DESCRIPTION

Embodiments of the disclosure are directed to a method for commercially sterihizing
product in a contaimer. Those of ordmnary skall i the art recogrize mdustry standards
and guidelings for commercial sterilization. Those of ordinary skill in the art
recogrize that the FDA Juice HACCP ruie published i 2001 sets forth a mumimoum 3
iog reduction targeting specific pathogenic microorganisms i juwice, and that for shelt
stablc products, manufacturers desire processing that minimuzes spotlage type
orgamisms. For example, package sterdization may be a 6 log reduction of spores of
the bacteria Bacilius subtillis var. globigii. See e.g., US. Patent No. 6,752,959,
assigned to PepsiCo, Inc. Also, as outhined by the FBA CFR Title 21 Chapter 1 part
110, current good manufacturing practices m the manufacturing, packaging, or
holding human food 1s to be followed. Noun-ionzing electrornagnetic radiation has

been approved by the FDA, see e.g., 21 CFR Section 179.30.

in particular, embodiments of the disclosure are divected to a method for
commercially sterihizing product, including food product {¢c.g., boverages) m a
contamner using non~-enizing electromagnetic radiation to heat the product, including
microwave {MW) and radio freguency (RF) radiation. The freqguencies of the encrgy
contemplated m the embodiments of the disclosure inchudes the radio frequencies
(RF) 1n the range typically either in the KHz range (3KHz <t < IMHz} or in the MHz

range {1MHz < { < 300 MHz), and mucrowave fregquencies (MW) m the range

typically between 300MHz and 300 GHz. Thus, the RF and MW irequencies
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crmitted for domestic, mdustrial, scientific and medical applications may also be
used m accordance with the disclosed embodiments, mcluding but not limited to
frequencics of 13.56 MHz, 27.12 MHz, and 44.685 MHz {(ail of which ar¢c RF}, and
313 MHz, 2,450 MHz, 3.8 GHz, and 24.124 GHz (MW},

Other embodiments of the disclosure are directed to a method {for commercially
sterilizing  free-flowing  tood product 1w a  container  using  non-ionizing
clectromagnetic radiation and manipulating the contamer to cnsure sufficient heating
of the entirety of the product and the contamer to achieve commercial sterithization
without damaging the container and without degrading the organoleptic propertics and

characicristics of the food product.

Still other embodiments of the disclosure are divected to a method for quickly
commercially sterilizing free-tlowing food products in 8 contamner using non-10nizZing
clectromagnetic radiation and manmpulating the contamer to ensure suthicient heating
of the entirety of the product and the container to achieve commercial sterihization
without damaging the container and without degrading organoleptic propertics and

characteristics of the food product.

Known wmethods for heating product to extend shell hife using non-ionizing
clectromagnetic energy or radiation do not significantly shorten the time required o
achicve commercial sterihization as compared, for example, to typical heating
methods.  However, the mventors have discovered that sufficient non-iomzing
clectromagnetic energy or radiation can be muparted to a product in a contamer within
about 30 scconds to achiocve commercial sterilization temperature, and if the irradiated
container 1s manipulated m a manner that causes the product to mux and the heat to be
distributed throughout the product and to the interior surfaces of the container,
comunercial sterilization of the entirety of the product and the mterior surfaces of the
contamner may be achieved in less than 3 munutes, and may be achieved i about 1-2

minutes.

In embodiments of the method, product 18 subjected fo non-womzing electromagnetic
radigtion after it 1S packaged. The package, or container, which can be open or
closed, 1s subjected to non-ionizing electromagnetic radiation sufficient to achieve

commercial sterihzation. Typically, energy suthicicnt to achieve commercial
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stertiization temperature, even i low-acid product, can be mmparted to the product in

tess than about 30 seconds.

The skilled practitioner recognizes that the severity of the heat treatmaent required {o
achicve commercial sterilization of a tood product 1s related o the acid level i the
product. High-acid foods, i.e., foods having a pH less than about 4.0, require lower
temperatures or shorter time at temperature than do medium-~-acid foods having a pH
of greater than about 4.0 1o 4.6, and low-acid foods having a pH of 4.6 and greater o
achieve commercial sterihization. As used herewn, high-acid foods mnclude acidified
foods comprising medium-acid and low-acid foods to which acid(s) or acid tood{s)
are added, and have a finished equibibriura pH of about 4.0 or less, and medium-acid
foods include foods comprising medmuim-acid and low-acid foods to which acid{s} or

acid food(s) are added, and have a fimished equibibrium pH of about 4.0 to 4.6,

in erabodiments of the disclosure, the teraperature of a food product 1s rased to at
lcast a target tomperature so that essentially the entirety of the food product and the
mmterior of the contamner can be mamtained at the target temperature for a time
sutficient to achieve commercial stertlization. Those sklled wn the art will recognize
that commercial sterilization as used herein mcludes, but 18 not hmited to, sterilization
as may be dentified in governmental regulations and/or gutdelines, for example, U.N.
Food and Drug Adnumstration (FDA”) guidelines (for further cxample, sec

Gurdance for Industry, Acidified Foods, Draft Guidance, document being distributed

A ) . & 4 0 .

: ot purposes  only,  Scptember 2010 (available  at
for  comment  purposes  only,  September 2 available 2
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process lethahities for aciditied foods, expressed as Fz/Refl where F 18 the destruction
time, z 18 the mcrease m temperature that resuits 1 a 90 percent reduction in the D-
value, and Ref us the reference temperature, the time required to destroy 90 percent of
the vegetative cells or spores at a given temperature 18 called the decimal reduction
time, usually referred to as the “D-value.” Those skilled 1 the art wiil recogruze that
the time suthcient to achieve commercial sterilization 1o accordance with

mbodiments of the present disclosure can be determined for a particular application,
¢.g., a particular contamer filled with a particular product and contamner, without

unduc experimentation.

>,
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[41]

in other cmbodiments of the disclosure, the temperature of a high-acid food 18 raised
to at least about 83°C (1X3°F), and more typically to at least about 94°C (194°F) |, for
a period sufficient to achicve commercial stertlization. Those skilled m the art will
recognize that the time sutficient to achieve comrnercial sterihization 1 accordance
with embodiments of the present disclosure can be determined for a particular
application, ¢.g., a particular contamner filled with a particular product and container,
without undue experimentation. For a carbonated high-acid beverage, the time for
which the cornmercial sterilization step 15 held at tomperature typically 15 less than

about 3 minutes, typically at least about one to two mumites.

As the skilled practitioner recogmzes, the penod dunng {or which comaercial
sterilization temperature 1s maintamned tvpically is longer at a lower temperature,
whether for a low-acid, a medium-acid, or a hgh-acid product. These teraperature
and time relationships for low-acid, medmm-acid, and high-acid foods are well-
known, and typically do not change as the source of encrgy for the comrnercial
sterilization changes. With the gwidance provided herein, the skilled practitioner will
be able to determine both an gappropriate temperature and the period required to
achieve commercial stertization at that temperature for any product and container

without undue cxperimentation.

As used as 1t relates to embodiments of the disclosure, “cornmercial sterihization”
means that condition at which pathogens and other product spoilants are reduced ¢ a
tevel that cnables storage, typically at ambicent conditions {“‘room temperature”), for

. +N ?

the ‘shelf hite” of the product, i.e., that peried sufhicient to dehver wholesome, safe
food to a customer for later use. Commercial sterilization thus 18 a heat {reatment

sutficient to attord the product a reasonable shelf e,

The method of embodiments of the disclosure 18 applicable to foods of all acidity
levels, as described above. Thus-treated product remains sate for consumption for at
least a period equal to the shelt-life. Prolonged shelt hifc makes it possible to provide
products at reasonable cost. The method of embodiments of the disclosure attords the
possibility of significantly reducing or climinating the need for typical chemical

weservatives {tor example, benzoates, sorbates, and other known preservatives).
. : %
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Liguds of all types, mcluding beverages of all types, meal replacement products,
clear broths, and energy drinks, often are commercially sterihized. Medical solutions,
such as saling solution or glucosc solution, also must be stertle. These products or
components thereot of vanous types can be commercially stenbized using microwave
cnergy.  Similarly, food products containing solids alse can be commercially

sterilizing using non-iomzing clectromagnetic energy or radigfion.

In cmbodiments of the disclosure, food products containing solids are treated to attam
commercial stertlization. Such food products typicaily are “free-tlowing products,
i.e., the product flows mn the contammer in a manner that cnables product at commercial
sterihzation teraperature to contact the entirety of the mterior of the contamner. As the
skilled practitioner recognizes, it 18 necessary to cnsure contact of the product at
commercial sterihization temperature with the entivety of the mnterior of the countaimer
to ensure that the thus-contacted surfaces are raised to an appropriate temperature for

a time suthicient to achieve commercial steribization.

Theretore, ecmbodiments of the disclosure are directed to commercial sterilization of
products that contamn solids that have properties and charactenistics that enable the
product to contact the entirety of the mterior of the contammer. As used herem, such

p,

products are identified as “tree-tlowing.” The product may contain sohids, but the
solids 1 a free-flowing product do not preclude product frorm contacting the entircty

of the interior of the container.

Typical free-tlowing products mclude sauces that have, for example, bits of herbs and
spices, or small pieces of vegetables and other inclusions; both cream-based and
broth-based soups, stews; and beverages that contain solid bits, such as fruit juices
and fruit smoothies. These and other products typically are free-flowing products that

can be commercially steritlized in accordance with ermnbodiments of the disclosure.

Products that arc semi-solid, gel-like, or viscous, such as for cxample, cheese sauce,
also are commercially sterdized mn accordance with embodiments of the disclosure.
Such products often adsorb non-iomizing electromagnetic cnergy or radiation
etficiently and become less viscous when heated. Therefore, such products can be
constdered free-tflowing product and are commercially sterthized i accordance with

erabodimments of the disclosure.

11
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in cmbodiments of the disclosure, the container 1s filled with product at any
temperature and 1S beated to commercial sterihzation temperature by wrradiation with
non-1onizing electromagnetic radiation.  The inventors have discovered that non-
ionizing clectromnagnetic radiation or encrgy mput can be higher and/or for a shorter
period of time than has been achicvable in known mcethods, particularly known
methods using uradiation with non-ionizing electromagnetic cnergy or radiation, if
the container containing the product 1s manipulated to distribute the heat 1mparted to
the product 1n an ctficient way. The mventors have discovered that by manipulating
the contamer filled with product, commercial sterilization 1s achieved, without
damaging containers and degrading a product’s organocicptic propertics and
charactenistics due to a local product temperature exceeding the service temperature
of the container, and/or long periods of exposure to a locally high temperature in the

product that anse m known methods.

In accordance with embodiments of the disclosure, the temperature of the product
may be raised from product production temperature, typically an ambient temperature,
to comnmercial sterilization temperature within about 30 seconds by wradiation with
non-ionizing electromagnetic radiation at sufficiently high density encrgy, folliowed
by closure of the container, if necessary, and manipulation of the contammer. About
another 30 to about 90 seconds may be required for redistribution of heat in the
containcr. The contamner then is cooled. Thus, embodiments of the disclosure are
much faster than conventional retorting and essenfially as fast as aseptic filling. Thus,
time 18 saved as compared with conventional retorting, and moncy is saved as
comparcd with aseptic filling, as unetther the pre-filied contamers nor the {ilhing

portion of the production ine need be kept in commercially sterile condition.

In accordance with embodiments of the disclosure, the short heating peried s made
possible by high cnergy mput. The heat redistribution perniod chiminates hot spots and
ensures that heat 1s distributed throughout the contents of the contamner so that the
required commercigl sterihization temperature 1s reached throughout the product. In
particular, this redistribution 18 carried out by tilting or inverting the contamer from
the vertical axis. The changing oricntation causes the product to mux and & untform
temperature throughout the product to be achieved, by both mechanmcal mpang and

convection.
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The mventors have discovered that manipulation of the product 1 a manncr that
utihizes both convection and mechanical maang to distribute heat wn a hgwid or free-
flowing product atfords the opportunity to mmtroduce a guantity of heat suthicient to
cach commercial sterihzation feraperature i a shorter period than does wradiation
with microwave enerey with subsequent typical bottle transport. Therefore, time is
saved over conventional heating and retorting, and over conventional mcthods for

heating with MICrowave energy.

tThe mventors alse have discovered that appropriate apparatus for wrradiating with
non-ionizing electromagnetic radiation and manpulating the container simply can be
added to a product manufacturing ine. Product need only be packaged, heated by
irradiation with non-ionizing electromagnetic radiation or encrgy, manipulated, and
cooled. Thus, the apparatus 18 much smopler than an aseptic packaging line, which
must be kept closed and commercially sterile, yet produces commercially stenile

product 1o esseotially the same short time.

in accordance with embodiments of the disclosure, product i1s heated 1n a contamner.
In selected embodiments of the disclosure, the container 18 open uniy after the product
1s heated. In other embodiments of the disclosure, product 18 loaded info a contamer
and the contamner 1s sealed before wradiation. Heating 1s carnied out by irradiation
with non-ionmizing clectromagnetic cnergy or radiation to achieve cenergy input
sutficient to vield commercial sterdization temperature throughout the product i a

criod of less than about 30 seconds. As described above, commercial sterilization

temperature 18 related 1o the acudity level of the product 1 the contamer.

The aroount of heat that s mitroduced 1s sutficient to raise the temperature of the
product n the contamer to commercial steriization temperature from ambicnt

fcrapcrature.

in preferred embodiments of the disclosure, the container 18 closed or sealed prior to
subjecting the product to non-lonwing clectromagnetic energy or radiation. The
scaled contammer of heated product then 18 manipulated to distribute heat throughout
the product to achieve commercial sterilization temperature throughout the product
and the interior of the contaner for a time sutticient to commercially sterilize both

product and contamner.  Manipulation i accordance with embodiraents of the

IR
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disclosure changes the orientation of the container from vertical or essentially vertical
through various degrees of filt from vertical or essentially vertical and may be past
horizontal, In embodiments of the disclosure, the contamer 1s mverted or essentially
mverted, then returned through a tilied posibion to essentially vertical, This seguence
may be repeated to distribute heat by convection within the product. In accordance
with embodiments of the disclosure, the skilled practitioner will recogmize that
containers may be tilted to ensure that product heats the entirety of the nterior
surfaces of the containers. Thus, in embodiments of the disclosure, mamipulation of
contamners may be in accordance with tilting techniques used 1n conventional hot-fill
stertlization or in accordance with the mamipuiation techniques disclosed i US.
Serial No. 12/879,611, the entivety of which 18 mcorporated herein by reterence. For
exampile, i accordance with the present disclosure, manipulation mvolves tilting or
mverting the containers {o contact the hot higuid with all of the mtenor container
surfaces for a time sufficient to stenilize the mmside of the contamers and thewr
respective closures. Once the contdainers have been completely sterihized, they may
then be cooled and safely stored as a shelt stable product without retrigeration,
usually for at lcast three months. Those of ordinary skali in the art will recognize that
i accordance with the present disclosure, if the filled contamners are to be stored
under refrigeration conditions, then the clectromagnetfic radiation treatment may be
run at lower teraperature and/or shorter fime. The manipulation may comprise tilting
about a vertical axis in combination with rotation about a longitudinal axis of the
container.  In preferred embodiments, the manipulation comprises more than one
mversion about a vertical axis or rotation of a contaimner about a longitudinal axis of
the container to ensure suthicient distnibution of heat throughout the product so as to
avold degradation of organeleptic propertics and characteristics and, posstbly, damage

to the contamner duc to local overheating of product.

The mventors have discovered that free-flowing product also can be packaged and

commercially sterthized m accordance with embodiments of the disclosure.

For convenience, embodiments of the disclosure will be described with particulanty
for a method that 1s particularly effective at distributing within a container a ifree-
flowing product that contains agglomerating 1nclusions, such as fruit sacs, that may

mterfere with flow of product within a container. This cmbodiment cnsures that all

14
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portions of the mmiferior of the container are heated to conumnercial sterilization
temperature. This method 18 particularly elfective at amehorating agglomeration of
mclusions to make the product free-flowimng.,  However, other methods of
manipulating a contamer that wnclude suthcient re-onentation of the contamer,
mciuding cssentially mverting the container, to take advantage of both mechanical
and convection mixing within the container, suitably 18 used in embodiments of the
disclosure. With the guidance provided herein, the skilled practitioner wili be able to

cstablish a suitable manmipulation procedure without undue cxperimentation.

In accordance with ecmbodimenis of the disclosure a contamner comprising a heated
product 15 manipulated 1o a particular 1nversion seguence that 1s particularly ettective
i1 manipulation of a container contanung a hiquid having a plurality of agelomerating
mchusions. In accordance with embodiments of the disclosure, heating of the product
i1s achicved by transmitting non-tonizing clectromagnetic radiation to the product.
The mversion sequence may comprise at least a first mversion of the contamer untid
the base 1s located at an angle of up to 180 degrees relative to vertical and may occur
over a time period of at east three scconds. The mversion sequence allows for heat
distribution throughout the product, and allows the product to contact the inside
surfaces of the container for a time sutficient to comuncrcially sterithze the product

and the inside surfaces of the container.

‘mbodiments of the disCiosure may comprise an INversion Sequence comprising more
than onc mversion, and may comprise as many as about cight mnversions. These
MVErsIons roay occur over a period of at least about thurty seconds. o other
embodiments of the disclosure, the wnversion scquence 18 repeated i ifs ontirety at

feast once, and m some embodiments of the disclosure, twice.

in ecmbodiments of the disclosure, an apparatus for mveriing containcrs COmMprises a
conveyor for a plurality of containers and an enclosure for preventing the plurality of
containers from faliing off the conveyor. The conveyor 1s configured to subject the
plurality of contamers {0 a series of angles as the plurality of containers is conveyed.
The conveyor 1s configured to subject the plurality of containers to onc or more
MVErsion scquences comprising a first inversion of the contamers {o an angle of up to
iK{ degrees relative o vertical, occurring over a time period of at least three seconds.

The mversion sequence mixes the product by agitation and by convection, cssentially

15
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preventing inclusions from agelomerating in the closure of the container, and allows
the hot product to nmux and to contact the intenior of the contamer tor a time sutficient

to sterilize the mnternior surtfaces of the container.

the skilled practitioner recognizes that mclusions may tend together i the neck
portion of a beverage bottle which generally coraprises a base portion, a body portion,
a neck portion, and a separate cap. With respect 1o such bottles, the embodiments of
the disclosure described in detaii herein aid 1 proventing inclusions from collecting in
a neck portion or the interior of 2 cap during mversion, thereby allowing the hot-fitled

hquad to sterilize the neck portion and cap mteror, as well as the rest of the contaner.

The mventors have discovered that it 18 possible to decrease the time required to
comracreially stenlize hquids and free-flowing product in a contamer by wradiating
the filled container with non-ionizing clectromagnetic radiation or energy at a high
cnergy density m a short pentod, and then manipulating to change the onentation of
the contamer, including mversion. This manipulation of the heated, filled container
distributes the heat by mechanically mixing and by taking advantage of convection,
for example, the tendency of a hot thnd (o rise in cooler Hhud and establish circulation
i the contamer.  The mpang mduced m the contamner by the post-heating
manipulation quickly ameliorates “hot spots,” t.e., localized pockets of fiwid having
temperature above that of the surrounding fluid, and ensures that the temperature
throughout the fluid reach commercial sterthization quickly. This reduction of the
temperature cnables quickly raising the temperature to a higher than typical
temperature with the knowledge that the wmanipulation technmigue will quackly
distribute the heat throughout the product. Thus, heat at high cnergy density can be
imaparted by wrradiation with non-tomzing electromagnetic radiation or energy at high
energy density.  The iwrradiation may be concurrent with and/or foliowed by

manipulation, mcluding mversion, as sct forth below,

Thus, embodiments of the disclosure are directed fo heating products in a contamer
with a high energy density, such as non-ionizing electromagnetic radiation, untd
sufficient heat has been mitroduced mto the product to attain commercial sterihization
temperature throughout. The contamer 18 sealed, if necessary, and manipulated to,
inter alia, mvert the container to mux the product therein by both mechanical mixing

and convection nmuxing. Thus, the contarner 18 heated, manupulated, and cooled,

16
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in embodiments of the disclosure, the rate at which the containers are mantpulated,
and 1o particular ave wverted, depends, infer alia, upon the viscosity of the product.
As the skilled practifioner recognizes, more viscous product will flow more slowly
than less viscous product. Thus, steps must be taken during mampulation to ensure
that all container surfaces are heated as required. A longer tume is required for a
viscous material to tlow than the period for a less viscous product. Consideration must
be given to ensuring that heat 1s distributed and that iclusions (it present) do not
clurnp or aggilomerate during mampulation. With the guidance provided herein, the
skilled practitioner will be able to appropriately manipulate a contamer without undue

cXperimentation.

in other embodiments of the disclosure, a manipulation sequence that both distributes
heat and ensures that mclusions do not clump or agglomerate 1s used 1t the product 18

not only iquid, but rather 18 a free-flowing product containing nclusions.

Thus, some embodiments of the disclosure are directed to an mversion sequence that
will provide a serics of angles that will bring the hguid mto contact with all of the
imtertor surfaces of the contamner while preventing any inclusions from agglomerating
i any portions of the container to an oxtent that the mterior contamer or closure
surface 1s blocked from steriiization by the higuid. The specific angles and the rate at
which the contamner 18 mverted to achieve those angles are mvolved m achicving
complete steribization of the product and the mside or interior surfaces of the

contamer.

Referring to Figure 1, a graph 1s provided showing an exemplary mversion sequence
for manipulation m accordance with embodiments of the disclosure. In particular, this
sequence is particularly effective at preventing agglomeration of mnclusions, such as
citrus fruit sacs m a bguid. This sequence 1s also cffective at distributing heat
throughout the entirety of product 1n a contamner, such as heat generated by subjecting
the product to non-iomizing electromagnetic radiation. This sequence 18 also effective
at allowing heated product to contact and sierihize the mterior surtaces of a contamner,
mciuding any closure cap or scal. The graph shows that the contamner s mutially
mverted zero degrees, corresponding to the contamner being placed upright, typically
on a base of the contammer. When the container 18 a beverage bottle, an mmversion

angle of zero degrees means that the contamer 18 placed on s base and its cap 18

1
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pointing vertically upward {rom the base. Next, according to Figure |, the container
1s wverted to 30 degrees, 60 degrees, 90 degrees, 120 degrees, and 135 degrees
relative to vertical. This mversion to 135 degrees typically occurs over a time pernod
of greater than three seconds. Once the container has been wnveried to 1335 degrees, 1t
typically remains at that inversion angle tor over three scconds. The container 1s next
mverted back to just 60 degrees relative to vertical over a time period of about two
seconds, and then returned to an mmversion angle ot 135 degrees again over about two
scconds and subseguently held at 135 degrees relative 1o vertical for more than
another three seconds.  As illustrated by the graph of Figure 1, the contamner is
mverted between 1335 degrees and 00 degrees numerous times to ensure sufficient
contact between heated hguid and the upper portions of the contamer while
preventing the inclusions from blocking the interior surface of the upper portions of
the contamer. This mversion 18 also effective at distnibuting heat throughout the
entirety of product in a container, the heat gencrated by subjecting the product {o non-
wnizing electromagnetic radiation while 1 the contamer. This sequence 18 also
etfective at allowing heated product to contact and sterdize the mterior surfaces of a

container, including the mterior surtaces of the cap.

Referring to Figure 2, contamners A through G are shown, with contamer A located
upright, posttioned at zero degrees relative to vertical. Contamners B and C are cach
positioned at angles in between zero and 90 degrees relative to vertical, whereas
container D 1s postioned an angle ot 90 degrees relative to vertical.  Likewise,
containers E and F are cach positioned at angles m between 90 and 180 degrees
relative to vertical, whereas container (G 18 positioned an angie of 180 degrees relative

to vertical.

Inversion of a contamer to an angle of greater than about 90 degrees relative to
vertical assists m causing the hquid to flow to the upper end of the contamer, and
holding at that angle provides time for the hot hqud to steritize the contamner. In
addition, the mversion from the selected angle back to an angle of less than about 90
degrees causes the mclusions to flow away {rom the upper end of the contamner and
thereby prevents the mnchusions from agglomerating at the upper end. Concomitantly,
tor sterithzation of a contamner shaped dilferently than a typical beverage bottle

described herein, the angles of mversion will be sclected to prevent the inciusions
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from agglomerating in whichever area of the container 1s narrow or small. Simailarly,
the angles of mversion or speed of wmversion may be adjusted to accornmodate more
viscous material, as the skilied practitioner recognizes that more viscous material will

flow more slowly and is more bikely to trap a gas bubble 1n the contamer.

In an embodiment, the contamner 1s a closed beverage bottie and 1s mutwally placed
upright on its base, at zero degrees relative to vertical., The bottle 1s then subjected to
an mversion sequence m which the bottle 18 mmverted to between 45 and 140 degrecs
relative to vertical. In alternate embodiments, the hot-filled bottle 1s mverted to
between O and 180 degrees relative to vertical, such as between 30 and 180 degrees

relative {0 vertical or between 60 and 135 degrees relative to vertical.,

Stmilar to the sequence llustrated 1w Figure 1, the wversion sequence according 1o
certain embodiments of the disclosure comprises repeatedly mverting the container
back and forth between several selected angles. At least one of the angles 1s less than
) degrees with respect to vertical, while at least one of the angies 1s greater than 90
degrees with respect to vertical. Put another way, at icast one of the angles 18 greater
than zere degrees but less than 98 degrees relative to vertical, while at least one of the

angles 18 greater than 90 degrees but less than 184 degrees relative to vertical,

Alternating between mversion of the container at angles greater than 90 degrees and
fess than 90 degrees mutiates the flow of the haquid and nclusions towards the upper
end of the container, and then away from the upper end of the contaner, respectively.
In an ernbodiment, the mversion sequence comprises mvertimg the contamer between
mversion angles greater than 90 degrees and less than 90 degrecs relative to vertical at
feast three times.  In another embodiment, the mversion seguence COmprises
alternating the mversion angles at least four times, or at least five times. In certain
cmbodirments, the entire inversion sequence 18 repeated once or twice., Depending on
the contamer type and charactenistics of the product, any mchuding mnclusions that arg
present, the mversion sequence may be repeaied as many tuncs as necessary 1o
achieve sterihization of the hot-filled contamer.  Alternatively, a first mversion
scquence may be followed by a4 second mversion seguence that comprises mversion

angles that are ditterent from the wversion angles of the first sequence.
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The amount of time taken to invert a container 18 critical to achicving sterilization of
the container m a reduced time and to successtuliy preventing 1nclusions such as fruut
sacs, if any, from agglomerating. The manipulation of the containcr provides the
opportumity to shorten total processing fime as comparcd with typical retort
processing, or to reduce the complexity of the processing as compared with aseptic
packaging. The total time required for heating and manpulation 18 about the time
required for aseptic packaging and is shorter than known methods of rradiation with

MICTOWEVE Cnergy.

Further, other embodiments of the disclosure are directed to packagmg and
sterihization of free-tlowing product, such as hguid with mclusions, such as cifrus fruut
sacs and the like. In these embodiments of the disclosure, and in embodiments of the
disclosure directed to more viscous materials, the speed of the marspulation s
reduced because, if a contamner 1s imnverted too rapidly, the inclusions wiil be quickly
forced towards the upper portion of the contamner and will thus have a greater
hikelithood of phigging up the top of the contamer. In contrast, a slow 1nversion of the
container 18 analogous to decanting a solution, and the liquid will tend to flow to the
upper portion of the container betore the mclusions travel to the upper portion of the

contamner.

in an cmbodiment, the mversion scquence comprises an imiial mversion of the
contamner to an angle greater than B0 degrees relative to vertical over a pertod of from
(.5 10 6.5 seconds, or from 1.0 to 6.0 seconds, or from 1.5 to 5.5 seconds, or from 2.0
to 5.0 seconds, or frowm 2.5 to 4.5 seconds, or from 3.0 to 4.0 seconds. The timae at
which the container 15 held at the maximuim inversion angie 1n the Mversion sequence
may be fromn 0.5 to 8.5 scconds, or from 1.0 to X.O seconds, or from 1.5 to 7.5
seconds, or {from 2.0 to 7.0 seconds, or from 2.5 to 6.5 seconds, or trom 3.0 o 6.0
seconds, or from 3.5 to 3.5 seconds. Sinularly, the period for returning the contamer
to a smaller mversion angle, such as to an angle less than 90 degrees relative to
vertical, occurs over a fime penod of from 0.5 to 6.5 scconds, or from 1.0 to 6.0
seconds, or from 1.5 to 5.5 seconds, or from 2.0 to 5.0 seconds, or trom 2.5 to 4.5
seconds, or from 3.0 to 4.0 secconds. Moreover, each separate inversion of the
contamner to a difterent mversion angle may be performed over the time penods

disclosed above.
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As discussed above with respect to Figure 1, in certain embodiments of the disclosure,
once the container has been mnverted to the maxymum angle of the mversion seqguence,
it romains at that inversion angle for a certain amount of time, such as for over three
secconds.  In particular, bolding the contamer m an mveried position for a peried
allows convection mixing to occur and allows the hot hiquid to sterilize the mterior of
the upper portion of the contamer. In an embodiment, the contaner 1s held at an angle
greater than 90 degrees for at least one second, or at least two seconds, or at {east
three seconds, or at lcast four scconds, prior to returning the contamer to an mversion

angle of less than 90 degrees.

In certamn embodiments of the disclosure, the total time {or subjecting a container {0 a
single inversion sequence 1s at feast about 3{0 seconds, such as from about 15 to about
50 secounds, or trom about 20 to about 45 secounds, or frowm about 25 to about 40
scconds, or from about 30 to about 35 seconds. Accordingly, when a container 1s
subjected to multiple wversion scquences, the contamer may undergo mversion {or
the steriization process for up to several minutes, such as for up to two minutes, or up
to three nunutes, or up fo {four minutes, or up to five minutes. Typically, about two

minutes 1s sufticient.

The mversion sequence and timing will depend on several factors, such as the shape
and size of container being subjected to the sterihzation process, the kind of hguid,
and the type of mclusions, if any, present w the hqud. In an cmbodiment, the
container is a beverage bottle, such as a 420 mL or 1000 ml polvethylene
terephthalate (PET) bottle. In altcrnate embodiments, the container 1s a 355 ml PET
bottie, or a 240 mbL glass bottle. Typically, embodiments of the disclosure can been
apphied to almost any PET or glass bottle, or, indeed, any contaimner that 1s microwave
energy transparent, 1.¢., allows essentially all of the microwave energy to pass through

the contamner and be adsorbed by the product therem.,

Many hquids may be commercially sterilized with the sterihization process of
embodiments of the disclosures, such as aqueous hiquids. For exampie, but without
Irmitation, the hguid may be a beverage sclected from the group consisting of non-
carbonated soft drimks, ready-to-drink beverages, coftee beverages, tea beverages,
datry beverages, as well as higuid concentrates, flavored waters, cnhanced waters,

juice drimks and juice-tlavored drinks, sport drinks, and alcohohic products. The
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sterilization processes may be used with liquids having a viscosity of as low as about
0.2 centipoises up to about 200 cenfipoises, or up to 100 centipoises, or up to 30
centipoiscs, or up o 23 centipoises. Typically, the thicker the liquid, the more slowly
the contamer needs to be mverted during the one Or ruore Mversion sequences m order
to allow the hiquid to flow fo the upper end of the container upon inversion. A
Brookfield Viscometer or a HAAKE Rheometer 15 a suttable type of equipment used

to measure the hiquid viscosity for embodiments of the disclosure.

tThe mclusions provided m the hgquid are not particularly himited.  In certam
cmbodiments, the inclusions may be fruit components, for mstance fruit pulp, fruit
vesicles, and/or frunt sacs. Inclusions also way be vegetable bits, meat bits, gelied

particies, and herbs and spices.

in exemplary embodiments, the mclusions comprise a wide range of shapes, particie
s1zes, and densities, The skilled practitioner recognizes that the time selected tor cach
Imversion in an inversion sequence will be dependent on the rate at which the
particular mclusions flow within the hquid upon mmversion of the contamner. For
mstance, mclustons having high densities {1.¢., mass per unit volume} will travel faster
through the liguid and rcach the upper end of the contamer upon INVErsion more
quickly than inclusions having lower densities. Accordingly, the time penod selected
over which to subject the container to a maximum inversion angle will be longer for a
hapnd containing particies having a higher density than the time penod for a hqud

contamning particics having a lower density.

Embodiments of the disclosure are directed to free-flowing product. However, the
solids i some free-Howing products may agglomeraie or otherwise stick together to
form clumps that preclude free flow of product onto all arcas of the mtcrior of the
container.  The method of mampulation in accordance with cmbodiments of the
disclosure often will break up such clumps, as described in co-pending Application
Serial No. 12/879,611, the entirety of which 1s meorporated by reference herem. This
co-pending application describes a circumstance wherein frnnt particle mclusions

agglomerate and preclude product tlow to all arcas of the contamer.

Embodiments of the disclosure can be applied with any kind of packaging that passes

sutficient non-~oruzing clectromagnetic energy or radiation to the product. Thus,

N2
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glass and many plastics are suitably used with this method and apparatus. The
container also must remit elevated temperatures and should not become musshapen at

comunercial sterilization temperature,

A suitable apparatus for use in selected embodiments of the disclosure 1s dlustrated
the drawmg figures. Typically, the apparatus comprises a convevor for a plurahity of
contamners. The conveyor i1s configured to subject the plurality of containers to a
serics of angles as the contamers are conveyed., A conveyor 30 18 iHustrated i Figure
3. The conveyor 30 comprises a conveyor belt 32 configured to attix to and run along
4 frame {not shown) having a specific design.  For instance, according to the
cbodivaent of Figure 3, the design along which the conveyor belt 32 travels 18 a kind
of “S” shape. The shape 1s configured such that cach of a plurality of containers 34
placed on the conveyor belt 32 18 subjected to an mversion sequence. The 1lustrated
imversion sequence begins with the containers placed on the conveyor belt 32 upright,
at an angle of zero degrees relative to vertical. As the conveyor belt 32 travels in the
direction of the arrows 1n Figure 3, the contamners 34 undergo a first inversion from
zero degrees relative to vertical 1o an angle of between 90 and 180 degrees, of
approximately 135 degrees. As discussed above, the time required to complete the
first mversion of the contamners is selected according to the characteristics of the

containers and both the thnd and mclusions present within the containers.

X

The trame of the conveyor is configured o next cause the conveyor beit 32 {o
continue traveling at the same inversion angle for a predetermined period of time to
allow the Huid within the containers to remain 1 contact with the upper portions of
the container and stertlize the upper portions of the container. The containers 34
shown in Figure 3 are contaimners that cach comprises a body 31 and a neck 33,
wherein the neck 33 has a smaller diameter than the body 31, Accordingly, the neck
33 of a contamer 34 1n particular undergoces sterilization while the containers 34 are

held at the mversion angle between 90 and 180 degrees relative to vertical.

in order to ensure through mechanical nmuxing and to take advantage of convection,
the convevor belt 32 curves over as it moves, moving the containers 34 such that the
containers 34 are passed through lower mversion angles, such as down to between O
and 90 degrees relative to vertical. This manipulation alse serves to urge the

mclusions away trom the necks 33 of the contamners 34, As illustrated n Figure 3, the

23



CA 02855409 2014-05-095

WO 2013/074773 PCT/US2012/065254

conveyor belt 32 then procceds through several further mversions, inciuding holding
the contamners 34 at annversion angle between 90 and 180 degrees relative to vertical
for two more times. Typically, an apparatus according to some cmbodiments of the
disclosure 18 conhigured to provide an mversion sequence comprising at least eight
mversions, wherein cach mversion comprises crossing the 90 degree lhine relative to
vertical {1.¢., perpendicular to vertical},  In certain embodiments, the apparatus

resemables a roller coaster, wherein the contamers are analogous (o passengers and the

convevor 18 analogous to the roller coaster cars.

(86] A portion of a conveyor 1s ilustraied 1 Figure 4. Conveyor 44 comprises a plurality
of pockets 42, 44, 46, etc., whercin each of the plurality of pockets 15 configured to
contain one or more containers 41. Including pockets 1 the conveyor aliows the
containers 1o be 1solated from each other and/or to assist 1o stabilizing the containers

within the conveyor upon subjection o mnversion during sterilization of the containers.

{871 In certain cmbodiments, an enclosure is disposed above the conveyor for preventing
the plurality of contammers from falling off the convevor. In one aspect, the enclosure
comprises a i1d for the convevor, such that gravity does not cause the containers to fall
out or off of the conveyor when the contamners are mverted to an angle of 90 degrees
or greater relative to vertical, Optionally, the id comprises a metal plate. In certain
cmbodiraents, the apparatus comprises msulation disposed around at cast a4 portion of
the conveyor and the enclosure, to assist i mamtaiming the temaperature of the hquid
i the contamners during the manipulation. For example, the msulation may be
disposed around the conveyor and the enclosure over the enfive length ot the

apparatus, or over a portion of the length of the apparatus.

{88] The convevor 1s configured to subject the plurality of confamers {0 onc or more
IMVersion sequences comprising 4 first mversion of the contamer unfil the base is
iocated at an angle of up to 1RO degrees relative to vertical, wheremn the first mmversion
occurs over a time period of at lecast three scconds, and whercin the nversion
sequence prevents any inclusions from agglomerating in the phlurality of contamers

and allows the higuid to sterilize the plurality of containers.

{881  Referring to Figure 5, an enclosure 52 1s disposed above conveyor 50 for preventing

the plurality of contamners trowm falling off the conveyor, such as when the contamners
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are subjected to mversion angles. In particular, enclosure 32 of Figure 5 comprises a
lid configured to be athixed on top of conveyor 58, Accordingly, when enclosure 52
i1s employed with conveyor 50, any contaimners disposed within conveyor 54 wiil be
protected from bemg tipped out of convevor 50 when the containers are positioned at
angles greater than 90 degrees with respect to vertical. The main characteristic of the
cnclosure according to cmbodiments of the disclosure 1s that it will hold cach
container sufticiently tightly 1 place so that it does not fall off the conveyor or shift

during the mversion process.

Referring to Figure 6, an alternate apparatus 60 153 provided for manipulating
containers.  In selected embodiments, apparatus 60 coroprises a housing 62 and a
plurality of arms 64 disposed on housing 62 and cxtending therefrom perpendicular to
housing 62. Further, apparatus 60 comprises a plurality of clamps 66, and cach clamp
66 1s configured to be attached to the distal end of one of the arms 64 of the apparatus
60, One container 61 then s held within one clamp 66, The apparatus 60
manipulates contamners 01 by causing the plurality of clamps 66 to rotate, thereby
mverting the plurahity of containcers 61, The apparatus 60 may comprise a motor {not
shown} configured o drive the plurality of clamps 66 through one or more complele
IMVersion scquences as described above to carry out the sterilization of the containers

61,

N2
(A
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EXAMPLES

{91] Exampie |

{921 A juicc boverage containing mandarin orangc sacs was prepared, comprising the

mgredients hsted m Table 1.

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- Citric Acid Anhydrous 7154 KG

e — e e J;

Ascorbic Acid F.021 KG

--—-—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--'--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--— --------------------------------------------

- Beta Carotene 10% CWS | ' 0.229KG

Vitamin Premix (A&E) 0.680 KG

____________________________________________________________________________________________________________________________________________________________________________________________________________________________

'H D Orange Juice | S7.020 LT 74,950 KG
17M14HDO ’ =

--—-—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--'--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--— --------------------------------------------

Orange Flavor 38 LT 3987 K

Xanthan Gum Keltrol F.533 K

____________________________________________________________________________________________________________________________________________________________________________________________________________________________

| Whole Orange Pulp Sacs | 201,700 LT ' 209.200 KG

| Sucrose Granulated | 345.900 KG

e o e :

Treated Water {Calculated) 2.924 000 LT 2 916.000 KG

--—-—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--'--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--—--— --------------------------------------------
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Nine hundred gailons of the boverage was heated to an average temperature of 85° C
(185% F) using a thermal process, 1.¢., a heater, and held at that temperature for 30
seconds. Next, the hot beverage was filled into 428 mb PET bottles and capped.
Prior to cooling, the botties are placed on an apparatus and subiected to three
mversion sequences. Each mversion sequence comprisces the mverting the containers
to the angles plotted i the graph of Figure 1. Each mversion sequence 1s performed
gver a time pertod of 36.7 seconds, for a total of 110.1 seconds for the three inversion
scquences. The stertlization method was tested by taking tomperature measurements
on the mside of the bottle caps, as well as performing a micre wmcubation study on
303,000 bottles of product. The micro incubation analysis of the bottles showed

achievement of sterithity of 100% of the bottles.
Comparative Exarapie 2

A juice beverage contaming mandarm orange sacs was prepared and filied into 420
mi, PET bottics according to the method disclosed in Example 1. Prior to coohing, the
hot-filled bottles were subjected to a camel hump mmversion process for six scconds.
The camel hump mversion method mvelved grabbing a vertical upright bottie by
rubber grippers and filting the bottle until 1t was tipped 90 degrees on its side. The
bottle was transferred to an upright position when it reached the top, and then was
tilted 90 degrees on its side 1n the opposite direction. A micro mceubation analysis of

the bottles exhibited sterthity fatlure of 10% of the bottices.

While Exarople I wnvolved a beating of product prioy to filling containers usmg a
thermal process, t.e., heating with a heater, 1n accordance with embodiments of the
present disclosure, the product can be filled imto 420 mb PET botiles, and the
temperature of the product can be raised by irradiating the product with non-ionizing
clectromagnetic radiation from a non-onizing clectromagnetic radiation device {for
about 30 seconds to bring the average temperature of the product to about 85° € (185°
F). In an erobodiment, the bottlies can be capped after being filled with product and
prior to the uradiating of the product. Those skilled in the art will recognize that
accordance with this disclosure, higher temperatures and/or greater length of time at
an c¢levated teraperature may be required to achieve commercial stenlization for a
product having a pH that 15 higher than a product having a lower pH. For cxample, a

product having a pH above 3% may neced to be nradiated with non-ionizing

F’
4
!

”~
ya
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199

clectromagnetic radiation in & manner 1o raise the temperature of the product to higher
clevated teraperature and/or mamtamn the product at an elevated temperature for a
longer period of time than for a product having a pH below 3.8 to achicve commercial

sterihization.

The method may comprise providing a closed contamner, the closed container
comprising a free-tlowing product disposed within the closed contaner;, conveying
the closed container through 4 non-toruzing electromagnetic radiation device during a
conveving tume period, transmitling non-iomzing electromagnetic radiation from the
non-1onizing clectromagnetic radiation device to the free-flowing product to achieve a
sterihzation teraperature durning a transmitting time perniod, at least a portion of the
transmitting time period overiapping with a least a portion of the conveying time
pertod, and mampulating the closed contamer during a manmpulating tivoe penod to
achicve steriiization of the entircty of the product within the closed container and the
entirety of mtenor surfaces of the closed contamer, at least a portion of the
manipuiating time period overlapping with at least a portion of the transmitting time
period. In an embodiment of the disclosure, at least a portion of the manipulating
time pertod may overlap with at least a portion of the conveying fime period. In an
cmbodirent, at lcast a portion of the manipulating time period, at least a portion of
the transmutting tume peniod, and at least a portion of the conveving time pertod
overlap. In an cmbodiment, the transmutting comprises non-ionizing electromagnetic
radiation sclected from the group consisting of mucrowave radiation and radio
frequency radiation. In an embodiment, the non-ionizing electromagnetic radiation
has a frequency selected from the group consisting of 3KHz << 1MHz, I1MHz <{<

300 MHz, and 300MHz and 300 GHz.

In an embodiment, the transmitling tme period occurs in iegss than about three
minutes. In an cmbodiment, the conveying time period, the fransmifting time period,
and the manipulating time period take place over a coliective time period, the

collective time period being less than about three mnutes.

in an cmbodiment, the manipulating compriscs manipulating the closed container to

allow tree-tlowing product to contact the mtenior surfaces of the closed contamer.
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in an embodiment, the manipuiating comprises subjecting the closed container to an
mversion sequence, the mversion sequence comprising a first mversion of the closed
container until a base of the closed container 18 located at an angle of up to 180
degrees relative to vertical, wherein the first mnversion occurs over a firne period of at
lcast three seconds. in an embodiment, the first inversion mmverts the closed contamner
until the base of the closed container is located at an angle of up to 135 degrees

relative to vertical,

in an embodiment, the free-tlowing product comprises a food, ¢.g., a beverage. In an
cmbodiment, the free-flowing product comprises at least once aqueous biguid. In an
cbodivaent, the free-tlowing product compnises a carbonated beverage. In an
cmbodiment, the free-flowing product comprises a non-carbonated beverage. In an
cmbodiment, the free~-flowing product comprises a liquid selected from the group
consisting of a watcr, a near water, a sports drink, a juice, a non-alcoholic beverage,

an alcoholic beverage (¢.g., a beer), a spritzer, and a tome.

in an cmbodiment, the mversion sequence further comprises a second inversion of the
closed contamner back to an angle of about 60 degrees relative to vertical, The second

IMVErsion may occur over a tirme period of about two seconds.

In an embodiment, the mversion sequence comprises g third inversion of the closed
container between an angle of about 60 degrees from vertical and an angle of about
135 degrees from vertical, The third mversion may occur over a fime period of about

Pwo seconds.

In an embodiment, the mversion segquence comprises at least eight mversions and

OCCurs over an mversion tume period of at least thirty seconds.

in an cmbodiment, the method may comprise comprising subjecting the closed

container to the mversion sequence at 1east two times.

In an cmbodiment, the first mversion comprises holding the closed contamner at an

angle ot about 135 degrees relative to vertical for at {east about three seconds.

in an cmbodiment of the disclosure, an apparatus 1s provided for sterilizing

confainers. The apparatus may comprise a conveyvor configured to convey a plurality
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{148

{103

{110}

{1111

of closed containers for a conveying time period, the plurality of containers
comprising {ree~-flowng product disposed within the closed contamers, and a non-
ionizing  clectromagnetic radiation device configured o transmil nOn-10MIZINg
clectromagnetic radiation to the {ree-flowing product {0 achieve a sterihization
temperature during a transmitting time period. The conveyor may be configured {o
convey the plurality of closed containers through the non-iomizing electromagnetic
radiation device during a conveying time period, at lgast a portion of the conveying
time period overlapping with at feast a portion of the transmitting time period. At
least a portion of the conveyor may be configured to manipulate the plurahity of
closed containers during a manipulating time period to achieve sterilization of the
cntirety of the product within cach of the plurality of the closed contamers and the
entircty of mierior surtaces of cach of the plurality of the closed containers, at east a
portion of the manipulating time period overlapping with at least a portion of the

transmitting time period.

In an embodiment, at least a portion of the manipulating time period overlaps with a
least a portion of the conveying time period. In an embodiment, at least a portion of
the mamipulating tume period, at icast a portion of the transmitting time period, and at

least 4 portion of the conveying time periad overlap.

in an embodiment, the non-1onizing clectromagncetic radiation device 1s configured to
transmit non-ionizing electromagnetic radiation to the free-flowing product selected
from the group consisting of mucrowave radiation and radio frequency radiation. In
an cmbodiment, the non-iomzing clectromagnetic radiation device transmids non-
ionizing clectromagnetic radiation having a frequency seclected from the group

consisting of 3KHz < { < iMHz, 1MHz <t <300 MHz, and 300MH2z and 300 GHz.

in an cmbodiment, the transmutting time period occurs in less than about threc
minutes. In an embodiment, the conveying time period, the transmutting time peniod,
and the mampulating time period take place over a collective time period, the

cotlective time penod being less than about three munutes.

in an embodiment, the conveyor i1s configured to mantpuiate the plurality of closed
containers to allow free-tlowing product to contact the micrior surfaces of the

phuraiity of closed contaners.

3¢
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{112} In an embodiment, cach of the plurality of closed containers comprises a respective

1114]

(115]

1116]

117

base, the conveyor configured to manipulate each ot the plurality of closed containers
{0 One Or mMOre INVErsion sequences comprising a first mversion of cach of the
plurality of the closed containers unfil the respective base of the closed contamer is
located at an angle of up to 180 degrees relative to vertical, wherein the first mversion

occurs over 4 time period of af least three seconds.

In an embodiment, the one or more Mversion scquences cach comprise mverting cach
of the plurality of closed contamners until the respective base of the closed container 18
located between an angic of about 60 degrees relative to vertical and an angle of about
135 degrees relative to vertical, and wherein the one or more mversion sequences, and
wherein the one or more mversion sequences cach gccur over a time period of at least

3 seconds.

in an embodiment, the closed container contamning a free-tlowing material comprises
a gas bubble, which may also be calied a pocket of gas. The gas may be air. Those
skilled 1 the art will recognize that 4 gas bubble 1 the contamer will allow for
mcreased muxing of material mn the container as the container 18 manipulated. (as
bubble volume for optimal nmuxing 1s relaied to the size of the contamer and the
volume of material i the container. Thus, as the size of the container and/or the
voiume of material 1 the contamer icreases, gas bubble volume may be mncreased t©
mprove mixing as the contamner 1s manipulated, assuming the same manipulation {0

the container.

in an cmbodiment, the onc or MoOre mMversion scguences cach comprise holding the

plurality of closed contamers at one or more angles {or at least half ot a second each.

in an embodiment, the conveyor 18 configured to convey bottles cornpnising a volume

selected from the group consisting of 240 mi, 355 ml., 420 mi., and 1000 ml.

in an embodiment, a method for sterdization of the mterior of a container is provided,
the method comprising placing 4 contamer vertically upright on a basc of the
container, the contamner contamning a free-flowing product. The contamner 1s subjected
to non-onizing  clectromagnetic  radiation  sufficient to  achieve commercial
stertlization temperature within about 30 seconds. The contaimner 18 subjected to an

mversion seguence, the inversion sequence comprising a first inversion of the

31
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container until the basc 1s located at an angle of up to 180 degrees relative to vertical,
wherein the first wversion occurs over a time period of at least three seconds, and
wherein the version scquence allows for sterihizing of mterior surfaces of the
container. In an embodiment, the container 1s held at the angle of up o 140 degrees

clative to vertical for at least three seconds.

[118] In an cmbodiment, the mversion sequence comprises mverting the container between
an angic of about 60 degrees relative to vertical and an angle of about 135 degrecs
from vertical, and wherein the 1nversion sequence occurs over a time perod of at least

3} seconds.
{11%} Exampic 3

{1286] An orange beverage was prepared, comprising the ingredients histed in Table 2. The

pH of the orange beverage was less than 3.¥
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- Description

{Jrange

- {Concentrate |

- Low oil

Brazilian

. Orange 7
- Flavaor,

MNatural

. Brix Aimn

-------------------------------------------------------------------------------------------------

---------------------------------------------------------------------

UM | Liters

----------------------------------

----------------------------------

18,7570

Ascorbic
Acud
 FCC
Kosher

Y n Y
e e e e e ——
R

" "

USP

A s, S S S S S

- Auntifoam | None

- Calpene

- Water

Filtered

" "

---------------------------------------------------------------------

----------------------------------

Fig. 7a depicts the temperature profile of a carbonated high acid product having a pH

of less than 3.8 as wdentificd mm Table 2 when subjecied to conventional tunnel

pasteurization, 1.€., the product 18 placed i a bottle, the bottle 1s capped, the bottle 1S

sent through a tunnel pasteurization apparatus where it 1s heated by hot water sprayed

onto the bottie, and 1s then allowed to cool. In this example, the product was heated

¢

in a

»

‘come up’ zone, 1.¢., about 13 minutes, until it reached about 1607 F.

The

product was then mamtained at a target temperature of about 1607 F for about 10

e,
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minutes o ensure sterilization of the product and the mnicrior surfaces of the container,

The product and the botile were then allowed (o cool.
Example 4

Fig. 7b depicts the teraperature profiie of the same carbonated high acid product as m
Exampic 3, only this time the product 18 subjected to microwave radiation after being
placed i a botile and the bottle capped. In this example, the “come up” zonc to raisc

o

F using mucrowave radiation was about 60 seconds, and the

the temperature to 173
product was maintammed at 4 target tomperature of about 172.5° F {or about 1 munute.

The product and the bottle were then allowed o cool.

The log reduction (LR} m pathogens is exponential with temperature and linear with

time. The log reduction may be cxpressed as follows:

s,
L
;

: o
P

T #’ o IA-:,( .,

R AU SRR N
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o
o
S AL AL oA
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where Diger 18 the time required for a2 once decimal reduction in the pathogen at tho
reference temperature Trer the z-value 1s the temperature 1ncrement needed for a ten-
fold decrease wn B3, T(t'} 1s temperature at tume ¢, t 18 time, dt’ 18 the mstantancous
change mn time, D and 7 are mucrobiological parameters for specific orgamisms, and

Frer 18 the temperature that starts microorganism death.

A comparnison of Fig. 7a and 7b shows that the time of the “come up” zone, and the
time of mamntaining the product at the target temperature 18 much longer with
conventional tunmel pasteurization, 1.¢., which thermally heats product by spraying hot
water onto a bottic filled with the product, than a technique that heats product with
microwave radiation. The comparison of temperature profiles alse shows that the

time the product 1s 1n a heat abusing zone {(1.e., a zone wherein the temperature may
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csult in degradation of organcieptic propertics of the product) 18 much longer in

Example 3 than in Example 4.
Example 3

Carbonated water having a beginmng teraperature of about 67° F, plus ormunus 1 ° F,
was filled into bottles and then capped. After being capped, the bottles were sent in
the upright posttion through apparatus depicted i Figs. 8-10. While being sent
through this apparatus, the bottles were subjected to microwave radiation {or a time of
about | minute. The microwave radiation cnutted was 50 Kilowatt 1-1/2 RP. After
being sent through the apparatus for this first pass of microwave radiation, the caps
were taken oft of bottles, and the temiperature of the carbonated water measured at the
top, center, and bottom of the botties. The botties were then capped and then agitated,
1.¢., turned upside down for about 3 scconds, and then turned right side up. The caps
were then taken off of the bottles, and the teraperature of the carbonated water was
then measured at the center of each bottle. Tables 3A, 3B, and 3 show the
temperature readings for bottles numbered 1 through 24 at the top, center, and bottom
of the bottles. As shown in Tables 3A, 3B, and 3C, the temperature of the carbonated
watcr at the center of the botiles ranged from 168 to 155 ° F after being subjected fo
microwave radiation as described above and prior (o being agitated. The temperature
of the carbonated water at the conter of the bottles ranged from 157 to 151 © F after
beimng subjected to microwave radiation and after being agitated as described above.
Thus, with agitation as described above, the center temperature range varied by 6° F
versus 137 F without agitation. It will be recognized by those skalled 1o the art, that
agitation during wrradiation, such as gradually turning the botties upside down and
then right side up dunng wradiation will result 10 a center temperature range of being

~
*

iess than and/orno more than H ° F
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Table 3A — Temperatures in © F for botties numbered 1 through 8
P12 3 4 S 6 7 &
Top 165 | 163 168 168 167 172 167 164

..................................................

...............................................

e

' Center 163165 163 1165 {166 | 168 1163 | 162
Pre-

agitation

Bottom 1521153 | 150 155 1155 152 {151 | 150

- agitation

--------------------------------------

- Center post- | 153 |

-------------------------

------------------------------------

-------------------------------------------------

---------------------------------------------------

-----------------------------------------------

________________________________________________

___________________________________________________

_______________________________________________

_______________________________________________

- agitation

--------------------------------------------------

--------------------------

------------------------------------------------

36

 Center 167 1161 160|163 155|160 1160 | 163
Pre-

agitation

%Bﬁttom ---- 1:’ 2 1:‘2 ----------- 14‘3 152151 150?546 """""" 149 ------------
| Center post- | 157 | 153 | 151 155 | 151 150 1154 | 157

-------------------------------------------------
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Table 3C — Temperatures in ° F for botties numbered 17 through 24

--------------------------------------------------------------------------

Bottom 149 147 149 146 143 149 146 148

-----------------------------------------------------------------------

H e 19 20 21 22 23 74
1op é 161§ 162 159 163 P58 166 163 164
umu ---------------- 159 338 ------------ h? ------------ 161 ------------ AES(‘ ------------ ] 61133 ---------- 160 -------------
agitation

 Center post- | 155 | 154|154 [157 154 | 1s6 | 154 | 156

- agitation

Figs. 8-10 illustratc views of an apparatus according to an cmbodiment of the
disclosure. Apparatus 800 comprises a conveyor 8§02 configured to convey a plurality
of closed containers for a conveying time period, the plurality of containers
comprising frec-flowing product disposed within the closed contamers. Convevor

ROZ may comprise a {irst portion 8034 wherein closed contamers are placed 1 a

g

vertical postiion prior to being conveyed through a non-ionizing electromagnetic

racdiation device 306 {¢.g. a microwave). Device 836 may comprise a non~ionizing
clectromagnetic radiation wave generator SU¥, an clongated enclosure or tunnei 810, a
plurality of operungs 812 spaced along a section 814 of tunnel R10, and at lcast one
duct 816, In a preferred cmbodiment, at least two ducts (816 and 8167} are provided
to deliver radiation from two oppositely {acing sides 81K and 818°of section 814 and
e tunnel 810, Ducts 816 and 8167 are conhigured to dehiver radiation generated by

the generator 808 through openings 812 and to product in closed containers beng

conveyed by conveyor ROZ through tunnel 81{.

o%;ll?
i
o 1
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{138] Fig. 10 shows a perspective of an embodiment of the disclosure, with the top tunnch
810 removed tor the purpose of ilustration. As shown i Fig. 10, capped bottics 820
filled with product 822 are conveved by a sccond portion 824 of convevor 8{2

through a first subsection 826 of section 814,

{131} g 11 shows a perspective of tunnel 810 with a panel of tunnel X108 removed. As
shown wm Fig. 11, conveyor 802 comprises a third portion 828 for manipulating
containers or bottles 820, Third portion 828 provides suitable manipulation useful in
certain embodiments of the disclosure. Third portion 828 may comprise a conveyor

30 or section{s) of conveyor 30 shown m Fig. 3.

11321 Fipg. 12 shows a perspective of a portion 1201 of conveyor 1200 uscful in certain
crabodiments of the disclosure. In Fig. 11, capped bottles 1202 contam a juice 1204,
dfuice 1204 may contain inclusions, ¢.g., mandarin orange sacs. As shown in Fig. 12,
capped bottles 1202 are manipulated by conveyor 1200 from a vertical position {o a
non-vertical position as the capped bottles 1202 are conveyved in a longitudinal
direction along conveyor 1200, Conveyor 1200 may comprise a conveyor 30 or

Y

section{s) of conveyor 30 shown m Fig. 3, or a third portion 828 shown m Fig. 11,

{133] Those skilled n the art will recognize that the methods disclosed herein may be
adjusted as may be appropriate to achieve commercial sterilization. By way of
example, but not bmtation, a method to achieve commercial stertlization may
comprise subjecting closed contamners comprising carbonated orange juice with non-
iwonizang electromagnetic radiation to bring the temperature of the juice to at least
about 172.5 degrees Fahrenheit, and manipulating the containers in manner that
allows the juice to mix and contact the mierior surfaces of the contamers. In a
preferred embodiment, the closed contammers comprise a gas bubble, which will
factlitate mixing of the juice and juice contact with the micnior surfaces of the

contamners.

[134] In an embodiment, carbonated orange juice having a pH of 3.6 may be placed i PET
bottles and then capped so that there 18 a gas bubble above the juice 1n cach bottle.
The capped bottles may then be subjected to a non-1onizing electromagnetic radiation
to raise the temperature of the juice to 172.5 degrees Fahrenheit and mamntain the

juice at that elevated temperature for about 1 munute, and dunng this pened of time,
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the bottles may be subjected to one or more inversions in accordance with the angles

plotied 1 the graph of Figure 1 to achieve commercial stenthization.

{135] In an embodiment, carbonated orange juice having a pH of 3.6 may be placed in PET
bottics and then capped so that there 1s a2 gas bubbic above the juice in each bottle.
The capped bottics may then be subjected to a non-ionizing clectromagnetic radiation
to raise the temperature of the juice to about 168-169 degrees Fahrenheit and maintain
the juice at that elevated temaperature for about 2 munutes, and during this period of
time, the bottles may be subjected to one or more mversions in accordance with the
angles plotted 1 the graph of Figure 1 to achieve comracrcial sterilization. In
accordance with this disclosure, shorter tirnes for commercial stenbization may be
achieved if the “‘come up” tcmperature of the beverage 18 raised to greater than about

163-169 degrees Fahrenheit, For example, in an embodiment, capped bottles may be

-

subjected to a non-ionizing clectromagnetic radiation to raisce the temperature of the

4

juice to about 172.5 degrees Fahrenheit and mamtamn the juice at that clevated
temperature for about 1 munute, and during this period of time, the bottles may be
subjected to onc or more mversions in accordance with the angles plotted m the graph

of Figure 1 to achieve commercial sierilization,

11361 The above periods of fime 1n accordance with the present disclosure are nuuch shorter
than a conventional turmel pasteunization process. Conventional tunnel pastcurization
typically takes at least about 10 minutes to heat contamers and product with a spray of
hot water to raise the tomperature of the containers and product to about 160-165
degrees, and about another 10 nunutes to mamiain the containers and product at that

clevated temperature to achicve cormmercial sterifization.

11371 Those skilied v the art will recogmze that i accordance with this disclosure, any
suttable manipulation of contammers can be used that will result m sterihization of
entirety of product and stertlization of the eatirety of interior surfaces of containers

contaimng product.

{138} Becncefits of ermmbodiments of the disclosure include the enabling of mnovation and
manutacture beverages having shelt-life of at least three months and do not contam

preservatives  that would otherwise have been necessary using  conventional
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1139]

(140)

techniques to achicve the same sheif-life. Benefits also mclude the providing of a
way to castly and cost-effectively convert or retrofit exysting manufacturing hines
using conventional hot-fill  techniques or conventional tunnel pasteurization
techmques to achieve more ethcient sterihization of product and contamners, and
reducing the carbon footprint and/or the space footprint required by conventional
techniques. Benchits mclude at least parity or an mmproved thermal or femperature
profile than conventional hot-fill steritlization techniques, and substantially mmproved
thermal or feraperature profile than conventional tunnel pasteurization techniques.
Benetits include ability to achieve sterthization of products having inclusions and
containers that contam products having inclusions. Benetits of embodiments of the
disclosure mclude mnumizing product and contamer abuse, mwoproving PET tunnel
pasteurization, providing shorter time for manufacture, providing products packaged
m contaimers and that bave a clean preservative label, providing more ethicient heating
than conventional thermal heating {such as spraying hot water onto capped botties),
and providing opportunuty fo manufacture and package products that could not be
manutactured and packaged using conventional technigues.  Benefits mclude
providing opportunity o use contamners that could not be used using conventional
techniques. Benehits include providing improved manutacture and bottling tor a wide
variety of beverages, particularly when PET botthng used. Benefits include the
ability to use clectnicity, which may be generated by sustainable and/or non-fuel
burning generators, as opposed to fuel burning gencrators used in certain conventional

technques.

As previously noted, conventional tunnel sterihzation bas an cnergy efficiency of
about 30-50%, 1.¢., about 33-50% of the amount of energy (which may be expressed
in British Thermal Unuts, 1.c., BTU) generated by a fucl-burning botler 18 actually
delivered into the product. Benefits of the present disclosure include sterilization
having a greater encrgy efficiency of 70%, t.e., up to agbout 70% of the amount of

energy generated to provide non-tonizing electromagnetic radiation 18 delivered mnto

the product.

Whilc the disclosure has been described with respect to specific examples including
presently preterred modes of carryimg out the disclosure, those skilled 1 the art will

appreciate that there are numerous variations and pernuutations of the above described
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methods and structures that fall within the spirit and scope of the disclosure. It should
be understood that the disclosure 15 not humated m s application to the details of
construction and arrangements of the componcnts sct forth herein.  Variations and
modifications of the foregoing are within the scope of the present disclosure., s also
bemng understood that the disclosure disclosed and defined herein extends to all
alicrnative combimations of two or more of the mdividual features mentioned or
evident from the text. All of these dillerent combinations constitute various
alternative aspects of the present disclosure. The embodiments described hercin
cexplamn the best modes known for practicing the disclosure and will enable others
skilled 1n the art to utilize the disciosure. The claims arc to be construed to mmclude
alfernative embodiments to the extent permatied by the prior art.  In particular, 1t 18
contemplated to use embodiments of the disclosurcs for stertlization of the iree-
flowing product, such as juices, clear broth and soup having mclusions. It 1s therefore
contemplated that such modifications can be made without departing from the spirit or

scope of the present disclosure as defined m the appended claims.

41



CA 02855409 2014-05-095

WO 2013/074773 PCT/US2012/065254

CLAIMS

i A method for stenlization compnising:

providing a closed container, the closed containegr comprising a free-flowing product

disposed withun the closed container;

conveving the closed contamer through a non-ionizing electromagnetic radiation

apparatus during a conveying time period,

transmitting non-1omizing clectromagnetic radiation from the apparatus to the free-
Howing product to achieve a sierilization temperature during a transrmifing tirne penod, at
icast a portion of the transmutting time perniod overlapping with a8 least a portion of the

conveying time period, and

mamipulatimg the closed contamer dunng a mampulating time perniod o achieve
sterilization of the entirety of the product within the closed container and the entirety of
interior surfaces of the closed contamer, at least a portion of the mampulating time perod

gveriapping with at least a portion of the transmitiing time period.

2. The method of claim | wherein at lcast a portion of the manipulating timge

period overlaps with at {cast a portion of the conveying time pernod.,

3. The method of claim 1 wherein at lcast a portion of the manipulating timnge
period, at least a portion of the transmutting fime period, and at least a portion of the

conveying time period overlap.

4, The method of claim 1 wherein the transmitiing comprises non-1onizing
clectromagnetic radiation selecied from the group comsisiing of nmucrowave radiation and

radio frequency radiation.

A3

J. The method of claim 1 wherein the non-ionizing clectromagnetic radiation has
a frequency selected trorn the group consisting of 3K Hz < { < IMHz, IMHz <1 <300 MHz,

and 300MHz and 300 GHz.
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0. The method of claim 1, wherein the transmithing time period occurs in less

than about three minutes.

7. The method of clamm 1, wherein the conveying tune period, the transmithing
time period, and the manipulating time perniod take place over a collective time perted, the

collective time penod being less than about three minutes.

8. The method of claim 1, wheremn the manipulating comprises manipulating the
closed contammer fo allow {ree-flowmng product fo contact the micrior surfaces of the closed

container.

3. The method of clammm 1, wheremn the closed contamner further coraprises g gas

bubbile.

10,  The method of claim 1, wherem the free-flowing product compriscs a

beverage.

i1, The method of claim 1, whercin the manmipulating compriscs subjecting the
closed container to an 1version sequence, the 1Mversion sequence comprising a first mversion
of the closed container until a base of the closed contamer 18 located at an angle of up to 180
degrees relative to vertical, wherein the first mversion occurs over a time period of at least

three seconds.

i2. The method of claim 11, wherein the first inversion imverts the closed
contaimner until the base of the closed contamer 18 located at an angie of up to 135 degrees

relative 1o vertical,

i3. The method of claim 12, wherein the free-flowing product comprises at lcast

one agueous liguid.
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id.  The method of claim 11, wherein the inversion sequence further comprises a
second 1nversion of the closed container back to an angle of about 60 degrees relative to

vertical

i5. The metbod of claimn 14, wherein the second mversion occurs over a tige

period of about two seconds.

i6.  The method of claim 15, whercin the mversion sequence further comprises 4
third 1nversion of the closed container between an angle of about 68 degrees from vertical
and an anglc of about 135 degrees from vertical, and wherein the third mversion occurs over

a time period of about two seconds.

i7.  The method of claim 11, wherein the mmversion sequence comprises at lgast

cight mversions and occurs over an wversion time period of at least thirty seconds.

18.  The method of claim 11, further comprising subjecting the closed contamner 1o

the inversion sequence at least two fimes.

19, The method of claim 11, wheremn the furst mversion comprises holding the
closed container at an angle of about 135 degrees relative to vertical for at lcast about three

seConds.

23.  An apparatus for stenilizing containers comprising:

4 conveyor configured to convey a plurality of closed containers for a4 conveying timge
peried, the plurality of contamers comapnisig tree-Howing product disposed within the closed
containers,

a non-tonizing electromagnetic radiation device configured o fransmit non-10omzing
clectromagnetic radiation to the free-tlowing product to achieve a sterihization temperature

during a transmitting tirme period,
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the conveyor configured to convey the plurality of closed containers through the non-
iomzing ciectromagnetic radiation device during a conveying time penod, at least a portion of

the conveving time period overlapping with at least a portion of the transmitting time period,

at least a portion of the conveyor configured to manipulate the plurality of closed
containers durnng a manipulating tume perted 1o achieve sterihization of the entirety of the
product within cach of the plurality of the closed contamers and the entirety of interior
surtaces of each of the plurality of the closed contamners, at least a portion of the manipulating

time period overlapping with at least a portion of the transmitiing time period.

21.  The apparatus of claim 20 wherein at lcast g portion of the manipulating tirne

period overlaps with a teast a portion of the conveying time period.

22.  The apparatus of claim 20 wherein at least a portion of the manipulating time
period, at least a portion of the transmutting time period, and at lecast a portion of the

conveying time period overlap.

23, The apparatus of claim 20 wherein non-ionizing electromaguetic radiation
device 1s configured to transmit non-ionizing clectromagnetic radiation to the free-flowing
product selected from the group conswsting of mucrowave radiation and radio frequency

radiation.

24, The apparatus of clammn 20 wherein the non-iomzing clectromagnetic radiation
has a frequency selected trom the group consisting of 3KHz <t < I1MHz, 1MHz <1 <380

MHz, and 300MHz and 300 GHz.

25, The apparatus of claim 20, wherein the transmutting time pertod occurs in less

than about three minutes.

26. The apparatus of claam 20, wherein the conveving tine period, the
transmitting time period, and the manipulating time period take place over a collective time

period, the collective time period being less than about three ronutes.
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27, The apparatus of claim 20, wherein the conveyor 18 configured to mangpulate

the pluraiity of closed containers to allow free-flowing product to contact the mterior surfaces

of the plurality of closed contamers.

28.  The apparatus of claim 2@, wherein cach of the plurality of closed containers
compriscs a respective base, the conveyor configured to manipulate each of the plurahity of

closed containers to one or MOre MVErsIon sequences comprising a twst mversion of gach of

the plurality of the closed containers until the respective base of the closed contamner 1s

located at an angle of up to 180 degrees relative to vertical, wherem the first inversion occurs

Over a timge period of at least three seconds.

29, The apparatus of claim 28, wherein the one or more mversion seqguences each

comprise mverting cach of the plurality of closed containers until the respective base of the

closed container 18 located between an angle of about 60 degrees relative to vertical and an

angic of about 135 degrees relative to vertical, and wherein the one or more mversion

sequences, and whercin the one or more mversion sequences cach occur over 4 time period of

at least 30 seconds.

30.  The apparatus of claim 29, wherem the one or more mversion sequences cach
comprise holding the plurahity of closed containers at one or more angles for at least half of

a second cach.

31 The apparatus of claim 20 wheremn the conveyor s configured to convey
bottles comprising a volume sclected from the group consisting of 240 mb., 355 mL, 420

mi., and 1000 mi.

32.  The apparatus of claim 20 whercin cach of the plurality of closed containers

comprises a gas bubble.
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33. A method for sterilization of the mterior of a container comprising:

placing a contamer vertically upright on a base of the container, the contamner

comprising a free-tlowing product;

subjecting the container to non-tonizing clectromagnetic radiation sufficient to
achieve commercial sterdization temperature within about 30 seconds, and subjecting the
container after it has been closed {0 an 1nversion sequence, the Mversion sequence comprising
a first mversion of the contamner unfil the base 18 located at an angle of up to 180 degrees
relative to vertical, wherein the first mversion occurs over a time period of at least three
scconds, and wherein the mversion sequence aliows for sterilizing of mterior surfaces of the

container,

34.  The method of claim 33, wherein the container is held at the angle of up to

140 degrees relative to verfical for at least three seconds.

35,  The method of claim 33, wherein the mversion sequence comprises mverting
the contamner between an angle of about 60 degrees relative to vertical and an angle of about
135 degrees from vertical, and wherein the inversion sequence occurs gver a ime pertod of at

lcast 30 seconds.

36. The method of claim 31, wheremn the container, after it has been closed,

turther comprises a gas bubble.
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