APPARATUS AND METHOD FOR RADIATION PROCESSING OF FLUENT FOOD PRODUCTS
FIELD OF THE INVENTION 5 [0001] The present invention relates generally to the field of irradiating
food products, and specifically to the field of irradiating fluent food products to reduce levels of
biological contaminants or pathogens. BACKGROUND OF THE INVENTION 10 [0002] Many food
products that argAPAFRATUR ANID IESTMIGT FTRARATIAITOROP RO RS SR TedFIsEperentially
dangerous biological contaminants or pathogens, such as, for example, microorganisms, viruses,
bacteria, (including inter- and intracellular b CQJQQ EL&@%Q%@%oplasmas, ureaplasmas, nanobacteria,
chlamydia, rickettsias), yeasts, molds, fungi, prions or similar agents. Consequently, it is of utmost 15
importance that these biological contaminants or pathogens be inactivated before the food product is
used. This is @E&Ba‘ﬂg Eﬁﬁ%}ﬂmﬁ'% material is to be administered to an infant or to a patient that
has an immun@Qf|cibrqy elispaiseantianveites gdrataity ob imerfiahityf RO {00018 foadexciuctdpgies that
are currently employeddo,iodysrhiglegicHeRIATHIBRE RLRFRAYER IBveln nRalesed food products

are: (1) exposing the food products to chemical agents in gaseous form; and (2) irradiating the food
products. It halHePRARAARIAPERNBABBEENDducts with gaseous chemical agents may adversely
impact the food product's final quality and, in some instances, may even contaminate the food 25

product. As a.?ﬁ&ﬁdﬁ%[ﬂgﬂ%ﬁ[ Jﬁﬂﬁ ﬁﬂﬁﬁd on the process of irradiating food products to

reduce biological contaminant and pa{ ogen levels. [0004] Irradiation technology for food sterilization
has been 38ielRfitdIVanydepstanerisitsinalae areprigA dB Ak RNtABHIZYNAl L anstErRIeS concern for

food safety angbAfipftastixgrenegdiogictenbnaiRndas i erbyicasthiadiiraxpapdest g ment

lat | of jrradiation technology for food ing. B e irradiation h tob
an effective mediib Y [BLEET e BERHR OP AT RHO5 o CSHERHATS Aor pathogens,

United States i@mﬂu‘m&Mamgliﬂam@he&yamammhamappmmesugemqmio_hIMSing of
various foods. 3R {AH%] Jhedh rﬁ%l&&ﬁ[ﬁﬁ\?ﬁ%ﬁ@h@‘iﬁ%FP[f!iIQPEdBHté?‘é'éﬁ%I@rntfxﬁ?ﬂ'@tt%ﬂc%gt

processing are: (1) gamma rays (typically formed by radioisotopes of cobalt or Cesium); (2) x-rays; and
(3) beams of dERIEPARSRAL ERSFPIPIOYIEBh EANRTINATHS RIRALLPUSIE R ARy RIS BRIY S FU S,
Government hasdmaodated osxinTinie Blespabialle cetige svias dosl rbateadi aionb 8 gdminid@irkdg the
energy ator b naxi ; lve.icradiati duct may
be achieved W?ér?g{u@@s%ﬁg asélfééjﬂl%rﬁg %ﬁ%%ﬁ%@@%?ﬁ@ ?‘;%eg!igc%\%g tg?% %ﬁ%ﬁ%ggss%&gying
beneficial chafidlR&tEY/properties of the food products. The currently established maximum
allowable energies for x-rays and e-beams are 5 million electron volts (MeV) and 10 10 MeV
respectively, (R0} While.ie 43s;! amime sewree radiation for foad nadiation uposes. s simple
and effective, It IS also expensive’and hazardous o hanh e,yFranspor , store T ugd comparison,
e-beam and xQapathadeitisngisdeeoidgrasiford petslivisyalien €le quinsinathsfand pigidigiandgo can be
brought Within&l&%ﬁfﬁé@ﬂi@i@bﬁl@&ﬁ%ﬂ;%ﬁ'@?ir?éﬁia%ﬂﬁ PR ot QiuaRd pi-aeegded. For
these reasons e-beﬁérap and _x-rag irra%ation have become the ,prT]ferred technologies for food product

irradiation. 008 HRAIIIR2MNG PRI TSRS LR RS TS Ah BRSPS AR PR 20 case
of x-rays, the iteizoog Edducts fiedypicaily ardyidedrby phtiocess, Begaess mootansnagy thadoorass, the
photons praduced Ry %cLay SaUkChR AR ﬁa&mﬁ@é&sga% WO JRAELiabs irRNLBMG rRgcause

electrons have a small mass, the electrons provided during e-beam processing have a more limited
penetration dePffUsE UGS ESIIRIRG Kb anRA AR a)d PaHISEBR '§Ystems employ electron
accelerators to either emit high velocity electrons directly for irradiation or to cause high velocity
electrons to collj i met i ich 1 sint Missi f x- ber of
cloctron scool A e 0 R B e, B R A b el
electrostatic aft¥NRAA AFHEdRRCKURTHEd B4fisd NS agine | 6PaESE hiPpAaael¥ @ldrators. [0009]

Over the past slesane. moaR@ial ehads ey basly wasigidakeRipLiRvelgpverataans Radiseiods that
can safely and effecti e]fy. irrﬁl'diate foqg rﬁg@d@fkﬁ an industrial setting. Hf\/ﬁever in an industrial
uc

setting, a num%%?%Y%o?nB@ %1'835% g§ :%?-"%ﬁséﬂ%x At '&HB@ 8F i€ Y604 product;

(2) guaranteeitigpeffuttffective wenkeobisticinatiativrp vitivs ffduhnid i@ ahisinigririgaotsts
associated with- g paHiaiie PAReEss Akt @) RIRIFEING-BEISORNSH BT SAHAI AP PO HE - 2
use of irradiation processing of various foods.
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[0010] In order to protect personnel from radiation exposure, food irradiation often takes place in a
sealed area, which effectively contains the radiation. Existing systems achieve this goal by
incorporating automated means for delivering the food to the 5 radiation source, thereby eliminating
direct human intervention and the associated shutdown and startup times. Thus, large-scale
application of foogsImaatieR MpbRsId @RRaETIsHRNG Fagteshtdielidmatlarde stupiddéesing food to
the radiation means, wilneut direct Auman interveivion, and on.e goniiyous basis) 10, 00LHLA
number of iradiati gyrsT}ems a é/%eer}/d%ve?opé/d foraRgUEtRa irrRaatioh procegs nb of tood
products. Exaai}sidd)dieqich yatepirrairs gieclomesi(ie UeShrmehtNth B8B83 89X ravgems et al); U.S.
Patent 6,096, $£3n(EakBA S Pt hAOR SR RS A didwdRatert feplisatign Publication

No. 2002/0162971 , (Koeneck et al). However, existing food irradiation aystems suffer from a number
of drawbacKs, "TBULELiENVAEA S8 4o BHoC R SRR SHEITETAE BB B S BY-ty pe
irradiation protasis)gftaciesris atiatethel tine qualybeootipr owgssngebervanh itientt maadimags, such as

iquids or gases o5 g lRRAI LBReRT B JURR! IARGRHRANGE L SfiiRnApR(or consistent
dose(s) of radiation due 20 to shifting of the fluent food product on the convel%ggébelt. ‘When fluent food

products, suclt 2 FORHRNES RIPEFUER IR IRATREOAEDI B8 S UREEIM RSIRRLBHSE SYXEREYor irradiation
processing, chaloges indhergieedor xnadiar aliteetimmokthe: comityioelketdandite @hifvihmduent food
product, rel%Jll'meck/irpetébee%?ogl)Product having an inconsistent depth during radiation exposure.
Variations in the depth o the*fluent food product 25 affect the actual dose of radiation to which an
amount of fluent food product receives, especially during e-beam processing where penetration depth
is limited. For pxampleniiacreasiontaareptaiitee duamsiooripsadistimmmtoin ey adintipn being
unable to penetrate fthe. fluent food product and (igffici%rtl irrehdiat? the fluen} food proaluct af
4

i it
the convevor B HEHES IS fleo e vake A BRI 0S B S Rl o tids £ thiSadthion
energy numeroospianesn;Tériseasyatidelyaffgetgiouputiaessing meutirfd 13 ekidiite eadizmeont
pfocessin%y%m%@mﬁ,eeéﬁt@eferdugﬁmimm&% iar&mtumefd 'Qﬁi\%@,tgﬁél flygmefood

product receives by applying the radiation 35 energy at increased power or dosage levels to ensure
that all of the EFOBBEMICHLRE AeRMT FOEUNGSE FFaaRtSetiPE88L I XA HRRR AR Sthese
increased powsrcomdase [aretds edaecchriblegieagoittutel pi@dbdimesligtieater than a target power or dose
level 3 that would theoretically deliver the sufficient dose of radiation energy to the fluent product. In
other words, the radiation energy is applied at a theoretically sufficient target power or dose multiplied
by a safety fad@108t 205, igfHeine radiaianaiavitaskie geherasule in theresverf elestppedRstimption,
increased pIoeassiBEXCAS!S, tABGLIiT PG AtRIBSIR GPRY desiHablrohemidienef Bredlusnpheashproduct.
[0014] A further drauback of existing rediationrpocssid systemads atdfiey dpiealiisg inear
shaped irradiation Kambers. ‘T’;Pplca Sdurces o(;rJ ré/cﬁaﬁ‘gn,ohowever, pro Gl radiation eﬂergy in
radiant patterriBatEhals. oWy enderprode Gl erisytshive aginalk s ® Ihtealerireorbuyidedmbers, the

radiation energy#kesdhe (H0eRMN A 8 R ANRREIBdRsRRIY ARt period. This results in a less
than optimal transfer of radiation energy to the food product, resulting in an increased amount of power

being used to effectuate exposure to a sufficient radiation dose. 15 SUMMARY OF THE INVENTION
[00.15] It. isgl:he[r@ﬁﬁ% Existibfe et lxfatmeap deseay imadiation Hy_sﬂan%@aﬂnawmmrand method
for iradiating fysgt SARcRIACSEPALRLAL Bpalierahieealdhs ResaitdeRYaR&o provide an

apparatus, system, and method for irradiating fluent food products in a more efficient and/or cost

effective manridfCrquD LM NERIR MEHLEP BYRIRCPrRSEM MHGEAGBH IR TR SMIRSIAR Sbfaratus,

system, 25 anchygethadnibeircidiatngriluessidegidprechittutiahanereese s dhsmpgiaute {0@S] A further

object of the p i ion | t t i iating fluent

food products éﬁgf%ﬁgﬁaﬁyr%%%g%éin&f@éﬂﬁgiﬁ?@ﬁﬁ%g %F% ué&%% I%é%?g%sﬁgg]@dsé@ @g%gtion. 30
30 accelerators, and linear accelerators.

[0009] Over the past decade, substantial efforts have been undertaken to develop
systems and methods that can safely and effectively irradiate food products in an
industrial setting. However, in an industrial setting, a number of competing goals exist,
35 such as: (1) maximizing throughput of the food product; (2) guaranteeing effective and
safe levels of irradiation of the food product; (3) minimizing costs associated with the
irradiating process; and (4) protecting personnel from radiation exposure.
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[0019] A still further object of the present invention is to provide an apparatus, system, and method for
irradiating fluent food products that reduces energy consumption while maintaining throughput. 35
[0020] Still another object of the present invention is to provide an apparatus, system, and method for
irradiating fluent food products that requires a reduced safety factor that still ensures that a desired
dose of radiation dose is delivered to a fluent food product. [0021] The present invention includes

apparalus and eifipds Wt can Mept these arie olheLOIects, Lhe presentinyentan. n one aspect,
provides an apparatus QOT FadiRtion pr%cessmg of Iuen{aftood P OAUCTS comprising:a radiation source;
a first wall haviakpa Plepedx saefaled atea findtichasflociivglir aprinRS e tadiatipnidrxishegyprrasiced by

the radiation 3%@%%@@@@8%‘9’@%8@56%ﬁg%f@:%t@!ﬁﬁféﬁﬁ@%@ﬁd@lﬁ/@m@/%%gﬁ@tﬁéthe first wall
so as to form a product flow cavity therebetween: an inlet forming a 10 passageway |Ht(%éhe product

flow cavity; an'BUREPRGRIES 4 5XE RN SRR B eREIBAN RAE RN HIPRRPERSHe first wall is
positioned betsregtotive aadistacnstonee andstHargeeshadt Hpplicaioty §dabairvadéntitng eqdi@son source

emits radiation, pagiayatie JATIAARERSHNRASIRR LiaHALL'S fishiphanddatp g pinduct fow

cavity. In some embodiments, it is preferred that surface of the second wall that 15 opposes the
convex surfac¥iBTaHediiegt BEMAEdRIVe dGRaRR] b2 SPIHIRRItRERSSpect, the invention provides a
fluent food product processing system comprising the apparatus described above and one or more

fluent food, pragy {Lj-A?QLL%%%?HG‘”%%%a@%‘%@e&éﬁr}%%\{éh&@ﬁ’ goU BéPeré’Yé??r%U%‘?r‘i%?.‘??a&‘.%ﬁr%d'a“”9
fluent food praducts comprising: providing AR apparatus comprising a radiation source, a Hrst wall
having a convesosasRite OhIRP @ OCOAE ViRIAMRIRE PEsyaRrarslemarE wligrosasf it & fhiericond wall
orﬁ]poses Lhefpﬂeveﬁsgréaqq Eﬂf%}ﬁsfgﬁélyr\,]@@gﬁﬁeﬁﬂ @mgpwm%ﬁﬂwgpmmqeb@mg :
wherein the first wall |s tr ISsive to the. radiat ner mit t Iafjon source, an
herein the i SEHEH c Ee e BEABEIC S AU e e e o Ao RSy
introducing a fiimwe\fendpstdadoactdrambadmosystdiow sHtatyoia amimtdteroofisgwbdcis. flow cavity;
flowing the, fugah ianghPrpRnct dbHaEah Jes PR A LReYiMsand exposing the fluent product to

radiation energy 30 emitted by the radiation source, the radiation energy being emitted by the radiation
source, passing through the first wall into the product flow cavity, and contacting the fluent food
product movin@ohe) Gyinthegoiyda dtridiaticavitpciB3a] spstefusthes asipadhdhealvigeriition provides
methods of inaeialag et IneflEn: Riedlcts ComPIBIRIRYBY iR AB ARpasappprising a
radiation source, a firstwall having a convex surface, wherein the first wall is transmissive to radiation
energy emitte @ RPN FAGIHHBA {RAROaYR! (DrRYEREHAPIRAGBRSIIEAEEFs8BsRIGAERLUMN 4Uside of

the first walh thatJpifing @sitecaiube: esutyproguttasietHioveng:aoil went (wae-pTosdoenterdaaaenvex
surface of the firsﬁwall' arad ex odsing the flue |ioduct tP ragiation enerqy emitte(g]b the radiation
as wae n I a ce =t e?ﬁ]/s

t
source, the raaHiCtipn_ éjr?ergyr%e_lnggerrﬁw&rj r@pﬁ%e Padiation sou%ec,?gz\ﬁgglngyﬁ?oslxa & first wall, and
contacting theifiadiatifoRl preskig. SRS imthessidedtnad/as geectiviedhitentiiveyorkidistendthods of
irradiating fluegyt JapciRr RIS IO0 BRMER IeRIRRTORSHR 1Y BrBiRlegicat i RIARIPAL PR Pathogens,
the methods ¢ m%lnsm : (g%ﬂowmg}(a fluent food product hawrrlﬁaone or Imorefbl%lo |%al contaminants
or pathogens gqy%{?}gr Al BBWaYﬁrﬁ%@ét@mﬁlga & hfptiuent food product
25 affect the actual dose of radiation to which an amount of fluent food product receives,
especially during e-beam processing where penetration depth is limited. For example,
increasing the depth of the fluent food product results in the radiation being unable to
penetrate the fluent food product and sufficiently irradiate the fluent food product
adjacent to the conveyor belt. As a result, the same food product may have to be
30 subjected to the radiation energy numerous times. This negatively affects product

throughput.

[0013] Existing radiation processing systems compensate for inconsistencies in the
actual dose of radiation that fluent food product receives by applying the radiation
35 energy at increased power or dosage levels to ensure that all of the fluent food product
actually receives a sufficient dose of radiation. Typically, these increased power or
dose levels are on the magnitude of 2-5 times greater than a target power or dose level
3



10 (b) producing radiation energy at a predetermined power and a predetermined energy level; (c)
exposing the fluent food product to an actual dose (DA) of the radiation energy produced as the fluent
food product flows through the product flow cavity, wherein the DA is at or above a desired dose that is
sufficient to effectively reduce levels of the one or more biological contaminants or pathogens; wherein

the predetermingdpiehsoidichinsesivichdhamihiraretical dasetidnonetdheo adiatientenergy will be
ransmitted to the,fluent t90d Rroductuhen fowing hrouch the produet low, cavity b
predeterminecP%w rate, wherein the }B‘\ IS equé]l T 1 BARMES & &a eefy Factory( ; and wherein the
SF is less thateagiroRivaal( e NRIGREESOPY theaBryisalkios ehadrb 1B ealtd povst edatogly less than

1.2.20 [0025] YAy RIUTIRGhGeRSEY dhertyesiampiRyidre hused ined 66%&?&1‘1%%93/ any of the
above described methods. BRIEF DESCRIPTION t?bg]THE DRAWINGS 25 [0027] Figure 1 is a
0

schematic of & P95H TPRHIGE R A0SRl AP S GRS Sn EUERTHBARENYSE the present invention.  [0028]

Figure 2 is a rear perspective view of a first embodiment of an irradiation 30 chamber according to the

present inventige, ORI rgHiRwis & P RLRAIASHMRN M Hs g 'S @HQ%‘EF‘QHH#%/ 9hicAy 2-

[0030] Figure 4 is a cross-sectional view of the irradiation chamber of FIG. 2 along 35 section line
IV-1V. [0031] RigEIE8AsSA3ReY FErdplehEIRReISr 2 4ue) e WRasolirEIRtion ahCnaRatRS A EEmber
according to thedpesesharye i cadidA0I2idriguh bsisas tieafdqoerppaititteasevsahibegsaisspherical
transmissi rtion 5 re ed from the irradiati h fF In on bodiment to
the presenislna/%ﬁ Ir(')]rr] a[i%@%ﬁ{ Ig%l lﬁé%slggéc%ds%%fégc%%%rg \%g{?vegf&ﬁwée??r?g&%?gﬁ c%?gmht?{_ﬁ@f FIG. 5
along section RRl&/fAnANY e o4 ariefiréiBsises WD ssasiesadhan et altamairl ehdaiierent of an

irradiation chagplargyaeaPEdiDed proteierassnkiy Araie thered¥izbd hiimicoP s defl @iaharsdepicting a
method of irradjating powder infant formula 15 according to an embodiment of the present invention.
[0036] Figure i el%nga ecﬁé?r?ﬁﬂ&%ﬁ%?t?ﬁ‘ﬂegts%ﬁﬂ@ rﬁgﬁfeer and location of dose map samples used in
an experiment to determine the effect of e-beam radiation on E. sakazakfi in skim milk powder

according ig ag amhraNeRt-afthRDEseRIvention. 20 [0037] Figure 11 is a graph of
absorbed/actual dose vs. specific absorbance at different light wavelengths. [0038] Figure 12 depicts

a standard plate used for counting the number of colony 25 forming units during the experiment. [0039]
Figure 13 is a[gdph lofsetkeesforetalotiet ob thpanaseactoze dosetdepelvice Bn spkarskl, SGBBRTAILED

DESCRIPTION QF THE DRI }Q/&M@ﬁ%ﬂ%%ﬁﬁ&%N SYSTEM [0040] Referring to FIG. 1, an

irradiation system 100 according to ohe embo the present invention is illustrated. The
irradiation system 100 is specifically designed

20 [0016] Another object of the present invention is to provide an apparatus, system, and
method for irradiating fluent food products in a more efficient and/or cost effective

manner.

[0017] Yet another object of the present invention is to provide an apparatus, system,
25 and method for irradiating fluent food products that increases throughput.

[0018] A further object of the present invention is to provide an apparatus, system, and
method for irradiating fluent food products that reliably exposes the fluent food product
to at least a desired dose of radiation.

30
[0019] A still further object of the present invention is to provide an apparatus, system,
and method for irradiating fluent food products that reduces energy consumption while

maintaining throughput.

35 [0020] Still another object of the present invention is to provide an apparatus, system,

and method for irradiating fluent food products that requires a reduced safety factor



35 to irradiate fluent food products effectively and efficiently for bulk/industrial processing. As used
herein, the term fluent food product means any food product that when processed can be flowed,
specifically including but not limited to liquids, gases, pastes, 7 powders, granular materials (which
includes small items processed in bulk, such as pills), gels, highly malleable materials, etc. The term
food includes fhatetinlndiataRgengeuned Gitesfalixtion oy Rnmsisdreting ingeiigpoiowever, is not
limited to use witla flyent food products. The irradiation system 100 comprises a fluent food product 5
source 10, an ﬁ)rrpadjl?;#ion chamber 20, a radiation source 30, a control valve 40, a vacuum pump 50, a
packager 60, a central processing unit (CPU) 70, and a radiation sensor 80, and a user interface 90.

[0041] The f'“ﬁﬁz‘%@@:‘é‘é@h?%@%é@iﬁaﬂd& AfREL andRetRodiomatkitn A8t HRasEVAid a
conveyor belt, or anﬁi@%tg%r device or space that can be used to hald, store, and/or %)ans ort a fluent

food product. PHE™ od"PrRIGEEPELYFONAD 18 AFATREHANNAUETD HharR At rirfr%%fﬁ't%‘n
chamber 20 viprecgysipdiné flLEnAfvadifetdfdhe argolisiignactzaiinben 20us duidiystomtidetadga the
packager 60 vig an. odl|gh lin€ o Ehian dARASh IR RIS JOURGH dFRR M RRIE L e the

packager 60 to facilitate 15 the wradiaﬂor;élf)roc_essmg of fluent food products. The prodict flow path
extends from fREIflIRMEREEpPORRIATSOUREM TN thRctit iR ERdNALRARABPS A FIMEE G UHRER S the
packager 60. Thefiesniil yake tddonmdatpeouaciow pavitp theraieogeiglly tostrieatacta the outlet line

25 in series. As discussed.in mor taj I the m 50 n in.an actiye, state,
favitates 05 o oY SRR Aot Feip enthe A BUMEn B D MRS =
differential. THr MGt Qe cRétyf aRE IEIRITJOE Predvrt iklongiRBssrBaEN@ S EMaEYbNtrolled by the

control valve 40y rdaichdstRsgiryaily i agiksiabltxaliviedQRd Zdiko eepbtdinenits aarktaa outlet line
25 can be pipes, ducts, or the like. The 25 sug%llﬁline 15 and the o H tline 25 ca onstructed of

u be
any suitable meé}%rt%’é(r,t %f&glﬁﬁoﬁl@%@qy&%%, rs%‘%‘, glf}ﬁ%\‘\éa}la%p g\l}gdfbeyp'rg HF&t@Vagencies like
FDA, USDA, etayjtyr larspohembpedevientaidh isesafedahaidifesprioiongbithesposutievid bkams and
the transpok Qfihsstuent fopddredustindtistp e calrisd st ein:eferably, the interior surfaces of
the supply line 15 and the outlet line 25, and the 30 irradiation chamber 20 are smooth so as to not
significantly impede the flow of the fluent food product therethrough. [0043] The supply line 15 and the
outlet line 25 ¢an22¢ Ildbtreoraspetadibe theevdoio psovaiaparierig Gidd @rochdiahiocessitgm 100 in a
variety of ways, | ' ' i i ' jned with sealing
tape, cIamped%é??rﬂgﬁ(})g g%?%{’(;} %%%?’ﬁ?ﬁ?sﬁe%%(r)&rﬁgm %‘gﬁ%\gﬁgﬁg %%%@gﬁ@‘%ﬁ% &e. the hermetic
nature) of the RIREUSShnection is dictated by the type of fluent food product intended to 8 be flowed
through thegrradiation system 100. For example, if the fluent food product to be processed is a liquid

or gas, all of t id connectipns will h to be hermetically sound, However,.if the fluent food
Dt to v R e b B e R e 0 e n

nature. NonetiPgusI SRSt gapIRAiDE R ABDBIRRIS GRNRESINNe RIFIBDSHsIgsed tostmalte the flow

of the fluent fogprpduehalong e Oradyeal JlawrRakahiing £a0nscdonssbRUtitbhe sattciently
hermetically sgund so as to withstand the o eratinﬁ vacuum of the vacuum ﬁé@ﬁéOOM The radiation

source 30 is pB&F5TRALYAARRASFR IFEALYShY a8 Wit 18wt ¢ RED. The type
of radiatioRrenérg\cewiitttefedatvibervadietion suuticg willl derenshossihe tty e chdadiatienesgurce

implemented. g AdiaiRn SOMGSISHURE A WREOH ARIAIGNRRYESS Bl sApRIRYES fry irradiating

food products, including a source of gamma radiation, a source of x- rays, or a source of e-beams. The
exact type of rA&HIBR HEFGyPOSEBER B GHIRNERINS Y BIERAUERS Rill LFEH RS B HHe BreLs5 the
fluent food prastoatibeiog peaitgséedn gaeetatheniroeigutalbonsadssifwane diicatsn so dadustyct
standards, posjtioni irradiati a in relatian t | work. are d other food
processing eqﬁ?@ggﬂrﬁﬁéﬁ?s%%gﬂﬂ%%@&én thée)?%%ér%és@%@rn ﬁﬁé@%ﬁﬁgﬂmg&gﬁéﬁ%&%@oduct.
30 emitted by the radiation source, the radiation energy being emitted by the radiation
source, passing through the first wall into the product flow cavity, and contacting the

fluent food product moving through the product flow cavity.

[0024] In a further aspect, the invention provides methods of irradiating fluent food
35 products comprising: providing an apparatus comprising a radiation source, a first wall
having a convex surface, wherein the first wall is transmissive to radiation energy
emitted by the radiation source, and wherein the radiation source is positioned on a
5



20 [0045] In the case of e-beams, the radiation may be conveyed to the irradiation chamber 20
through vacuum over any distance using magnetic field guides. The radiation will then be distributed
over the food product by oscillating the e-beams using an electromagnetic device. The
electromagnetic device is adapted to oscillate the source of e-beams. The source-beam oscillation
device 30 is peri@reskaidisiananaldsioppoiie Brshwalrb ot dgadiatianchambriodrogeterably in
the range of L meler 4o & meter, The dediaton osfilation sourcs 20 fistibutes rediaan, enery
(indicated by R YaEh e HroWE g(ﬁ n a radian paﬁern.ﬁ%ﬂg‘f ources of gamma Adfaton include,
without limitatiorereydeoisitrd pushs tastatiogGoircesinenagistintesner ¢y heirasindiedeynidated tungsten
or platinum Or@W&ﬁ&iﬁ%é@?gﬂ%‘ﬁﬁhﬂ?%ﬁlﬁﬁiﬂ%ﬂ%ﬁ@-%ﬂ%ﬁ@@iﬁ@ﬁ'@ﬂ@@ﬁﬁ’%@ Brogacys strike
heavy metals. Irrespective of the type of radiation source incorporated, gamma, e-beam, x-ray, or
otherwise, the radiation source 30 can be configured to emit the radiation energy in a spherical,
semi-sphericalpegbntriaakjlciugberissylawdribel invdiainngatieidesThetoedsr etiiBadiaiihgrityeattérodwill be

dictated by the isiga of i EABRION HRVEPAIA0 TS Ml DR e bRt pelow with

respect to FIGS. 2-8. [0047] The irradiation chamber 20 comprises a first wall 21 and a second walll

22. The first WAFPPEhePIRR SHSH AR WANIDE fofHERL fRed BERJIH aHRg 2R8I CPhe product
flow cavity 29 fermsninporion miitoggrroductifpw paiutromvwhealiueat dqnddeeduticspivaedie;to the

packager §Q. At\least a portior he first wall 21 is 5 transmissive t l fraction of the radiation
energy 31q§mﬁ?%§ %Oé%@ae%ﬁ;%%gnﬁsegﬂgg g@é 5&%%%%@”%@%%%@%&%@% er%[%%gﬁlg‘%%h%ﬂ |ng¥ wall 21
transmits the 18YRAtIEH LRSI IeRbRhieBr ofdtedin ansatiurltieardRe) @ 1besa@iatianenpiggmissive
portion of the firstinebiZl ihsubended yisanePasaRtRJhehravdiphsiuensaycadily WHS4BInEhe

terial of truction, the thi dthet adjati [ 31 bei itted by th
radiation sourt SR AT A AL T R S W R B Seieable
materials for conswuetindodieatreerdatisamporiethofehes; fivsewealltie pretletermingtbpovieiiiation, quartz,
glass, plasficseRalymeiisn i DetabicteA'HalexD, | Beute e iirkRRsRiR b g drRRTAYSsle portion

of the first wall 21 will be dictated by the material of construction and thée type of radiation energy 31 to

be transmitted MR RIGNSE WREASI AURGHIELIAE B RERAAFHEIR WM 2TSvill be determined on
a case by caserbdsisrritiectidlosmigsiveheostiotheCihie &gstawaltizl Bhimies esatdticiackly (BH) to hold its
shape under t ! i ' i fluent
food product. E)ﬁoadlf% grmggc%?d%\?ag 2t2 %ﬁ%ﬁgﬁ}&%@ﬁ%ﬁ%ﬁ% gﬁﬁ%ﬁ%@ %:% i%%%r%?]@ng!sgﬁle to the
radiation energ)BmosterefamYviiessE&h wvall is not significantly transmissive to the radiation energy
31. As withghe first wall 21, the material of construction of the second 25 wall 22, the thickness of the

second wall 2 the t of radiation enerqy 31 being emitted by the radiation source 30 are all

tactors that m S AHELI SR Adt e Ll e e R i dE o R gy 1.

Suitable mategalsdoihedistvaciRrgihedseedtriidvall 32 include, without limitation, concrete, quartz,

glass, plastics, paperboards, paper, polymers, thin metals or alloys 30 [0050] In some embodiments, a

third wall (not iIIustrate%énaﬁébe added to the o%{c/)osite side of the second wall 22. The third wall may
|

be constructe 8Ith&t RIFE' RO REndi RSN radiation energy 31. Preferably, the third wall is

not significantly transmissive to the radiation energy 31. As with the first wall 21, the material of 35

construction ofghe gk allheJiekmaRs R LR NabrAS/L IR s Bl idiagin eneray 3L being

emitted by the radiation source 30 are all factors that may affect whether or not the third wall is
transmissive t6THROIEBRAIGH BRSYGTESH ERLB 10 materials for constructing the third wall 32
include, without limitation, concrete, lead, steel other heavy metal. The third wall forms an additional
cavity with the 1.22. Thi itional ' A {Iﬁ% g’ t-exchanging
liquids like Wa{gwﬁﬁ%tééc%%%ﬁﬁ%qﬁ%%?ﬁg %Iée%rgé? %)ﬂgﬁeﬁﬁﬁgt e %%{g?qgggn%%% %@ the 5 residual
energy thatdnignekenpecandingde ArrieseRdWANEPN, 22. [0051] The radiation source 30 is aligned
with the first wall 21 so that radiation energy 31 emitted by .the radiation source 30 passes through the

wansmissive Rggign afthe J1st Al PLACnio e PIGYHS! 194 Y129, 8L Bpdgggation chamber

[0030] Figure 4 is a cross-sectional view of the irradiation chamber of FIG. 2 along

35 section line IV-IV.



10 when the radiation source 30 emits radiation energy 31 and fluent food product is passing through
the product flow cavity 29, the fluent food product is exposed to the radiation energy 31. The dose of
radiation energy 31 to which the fluent food product is exposed can be precisely controlled by
adjusting the flow-rate of the fluent food product through the product flow cavity 29, the depth of the
product flow cpotLPRiderapdal tesr pevipeafibisadintioscened Bmbbafwinstngreitheidhsncontrol valve
40 and/or the \éﬁcu m pump d|5no ca cor}goé rg =3 Jlsor\]/ﬁbrr?te of the fluent food product. [0052] The CPU 70
is operably an %cﬁlcﬁﬁ/ connected to°the vacaum pump 50, the control valve 40, the radiation
source 30, the radiation sensor 80, and the user 20 interface 90 for communication therewith. The

CPU 70 is a SyipdyiPriiGre BrRCe RS RASHELRIE Yiai BIAResait SR eraRShiyal perigwter, or the

like for process control and preferably includes varjous input/output ports used to provide connections
10 the variofis GSPRHERAME 5 HEURcaE S BERE HadRAEs S BEIA A0 RAPHIAT 845 be
controlled andpoessamninuemidated with. 25 [0053] The CPU 70 also preferably comprises sufficient
memory to store process recipes, parameters, and other data, such as target radiation dosage, flow
rates, processing times, processing conditions, operating power levels, and the like. The CPU 70 can
communicate Wf?ﬁ%@gﬁfﬁﬂaﬁ SIS TaREIRNBbHYHAES HRdHRtPrEhaRERe &/StemrRINE to which it is
operably connestechinrer darvm.automatically adjust process conditions, such as flow rates, radiation
energy Iev%s, radiation power levels, vacuum pump activation, etc., to achieve desired conditions. The
CPU 70 is’programmed to receive data signals from the radiation sensor 80, analyze the data signals,
and make the [REBfopifie Sdpi3phesrsestinneadvieyw abairiirrambeidmedise’ /3t rOfAlORt food 35
product being giaepesedcdiambyraied prrdsatiaivesagndepends on the exact needs of the system in
which it is incorporated. [0054] During typical operation of irradiation system 100, an operator inputs a
system activation signal via user interface 90, which can be a keyboard, mouse, touch activated
display screerl08&5] Wileertoisiifkivetieal! defispiay aoelthiedcdririzsliptiogigod/deainfaoploraniacoupled to
the CPU 79ssq thatdihg RPsRalribeaimdrrbitegliicss Reidionmade. The system activation signal can
comprise both activation and processing instructions and parameters. Once created by the user
interface 90, the system activation signal is transmitted to the CPU 70 for analyzation and processing.
Upon receipt ¢o03e]Syistemiackvationesighallitise dZiRd)a/anepiehels staratl praies sfairsemedgrs that

correspond t°éﬁﬁig)&&iﬁgéd‘%ﬂqgﬁ@ggrwéﬂ?ﬁ%%%%ﬂ%i iQHe%E%}aé-%QJH?FQ&B?}dﬂ%WEY- [0055] Once

the process parameters are retriev om the memory, the CPU 70 creates and transmits appropriate
activation/conf®k&ighihis fsifReNIkANASH GBI RARERSITHINE B BifdeRERE8Nvalve 40
that corresgond to the stored process 15 parameters for each device. Upon receipt of an activation
signal from th 0, the radiation source 30 emits radiation energy..31 at a predetermined energy
evel and predAAHROH SoHas TR T s el A T o wrays, i
will require actifgrentdptrievexeiatiomsource 30 by supplying power thereto. When the radiation source
30 is a source of gamma radiation, this may occur by a 20 shielding wail being lowered or otherwise
moved to an un-gbstructing position. [0056] Upon receipt of the activation signal from the CPU 70, the
vacuum pump[%(a?'%T EQW&?&EQ@WEQ é&f@ﬂgj@ﬂgmgt‘@éﬁ%ﬁﬁ) LERHPUEY FBFcR 8 Broduct to flow
from the se@arderfringhroitrytiutieg phedugtiioventayvity 29 where it is exposed to the radiation 25 energy
31, and into the packager 60. Simultaneously therewith, the CPU 70 also adjusts the control valve 40
as necessary to maintain a predetermined flow-rate of the fluent food product via appropriate electrical
signals. [0057{498RhG BfErkRisha HERAGEE P LEIROG! S8 IVEREIP A8 AU ISR T dn be a 30
radiation powesagarsiar, continuously measures the power of the radiation energy 31 reaching it. The
radiation sensor 80 creates a signal indicative of the measured radiation power and transmits the
signal to the CPU 70 for analyzation and processing. The radiation sensor 80 can be embedded in,

secured to3®r Pesibdl R ot REAF AN (Ahdi-SuPEA\GNGE second wall 22.

THE IRRADIATION SYSTEM

[0040] Referring to FIG. 1, an irradiation system 100 according to one embodiment of

the present invention is illustrated. The irradiation system 100 is specifically designed
35 toirradiate fluent food products effectively and efficiently for bulk/industrial processing.

As used herein, the term fluent food product means any food product that when

processed can be flowed, specifically including but not limited to liquids, gases, pastes,
7



35 [0058] By knowing the (volumetric or mass) flow-rate of the fluent food product through the product
flow cavity 23, the density of the fluent food product, the volume of the 12 product flow cavity 23, and
the power of the radiation energy 31 to which the fluent food product is exposed (which is supplied by
radiation sensor 80), the CPU 70 can approximate the actual dose of radiation energy 31 to which the

fluent food proshyadésshgiaggxposestadevbhimduers then aemparedbssapmiaximaigchagiual dose to

a 5 desired dose. If th roximated actual dose i t egual to ar.greater than t eﬁile ired dose, the
oL 70 can nile SeR R R B S e e B e S S 0 A o e
radiation sourcersumat elleeapprtkivnitavaonusiylddei eeiiginoongreats nhhkmiteddesiesed dose. 10

_[0059] The paglagrlcf0i68a %m&?ﬁ@%ﬁﬁﬁﬁﬁh%tgﬁtlﬁé(é@&%%&%fh@ﬁ i@_@éi M&ﬂwfvt being _
irradiated by the system 100. By providing the packager 60 directly in the processing equipment chain,
the fluent fob"BHER LD oaR HaTALRAGEATRRI2D e SAAP LRSI Betbm e ok B AG

re-contaminatesctitme pyjpe &0 agkadey 60a0s @ccantt dlepthctsst2oghynth€CHE 4, fluerd fadidtpmoduct being

irradiated, but can inglyde, 15 far examale, gettle or carton fillers, conveyor systems for facilitating
packaging, wrapping machines, and form-and-fill pouch packing machines. [0060] The irradiation

chamber 20, the radiation source 30, the control valve 40, and the vacuum pump 50 may be located
within a housif@a 10T Adeudasigbdipibeubossing: 20 t40 baelwdpgethe timkkaasis andimaterials of which
the housing.110 is constructed, is dictated by a number of f rs,.including, bu limit , the type
of the raciaor SoLIah B anceieD BATE G o e S B B Rt i SlR. e ome
processing fa@d/oaHansrodes ffeentHpedgrpdueapaeitiyembfaodaprpie ciiseid ¢adtrotigbyirce 30 emits
gamma fadiatlﬁ&hrﬁﬁ}%i@lﬂiiﬂgat{mléﬂﬂﬁﬁ@wwiaﬁ%ﬂf @!’Iilai*@éﬁrfmﬁﬁﬁﬁlgmﬁ@fmg. rRdligtien lWQh'@' be a
major concern. In this instance, the housing 110 will be constrycte suitable materials having a
thickness that IR AT SA i L UIRRE o B AT 0 S8 BHE L Byhane raciatior
source 30. Tymhm,ma:tmwg ﬂgbdoﬁifhbdsm_oestbé gammlmqialnemnbam @dd,fetééﬁteoncrete,
and combipatigps therenin Prevshd it sadistanrRKigs 3R EpISalesRMIPpaitalinghal Agass of

radiation, such as x-rays or e-beams, the housing 110 daes not have to provide a massive shielding

effect due to tHEIAYBMHPET AT EDH AT W Prinsr s FEAL SRATIRRIAD TR MRy .
Nonetheless, paskagerestbOkkncents)| veyestill fiay entovaeyurovpdeth 3% 400603¢ Ml edhecctadli@tion

system 100 is llusifatedasaying he KEglRtQOAMREL A0, BBRIAHEN SeLGe Afhihisy control
0 W|%]|nt ﬁf(;)ra

valve 40, and the vacuum pump 50 locate e housing 110, it Is possible y number or all

of these elemétitgnd Bekte §'8iRsiaeltrigreirpiomg a tuentoor RIRBHANRION H18RAPEEIR 5 [0062]
In FIGS. 258, thsgepethpydireaing af\aduuadidiéventanmbersuiialpbe i os@éTithatfoadigiegusystem

100 of FIG. 1 are disclosed. It should be noted that while three embodjments of irradiation chambers
are descriod TR DRV LD e AL Sa O CICPLANE Jehd Mo e
illustrated irradiditisiaelearlyers will 10 become readily apparent to those skilled in the art. [0063] In
FIGS. 2-4, an irradiation chamber 20A according to a first embodiment of the present invention is

illustrated. Referring_specifically to FIGS. 2 and 3, the irradiation chamber 20A comprises a first wall
21 A, a seconéo%%a?ié)ﬁ,sﬁﬂﬂl)éfﬁ‘g Wafos 5K %? e PR AR RIBRS AR é%'%SnTg\‘?ses an inlet
duct portiozb25ApEn imadatng theobyitmttiore 264 aarek anrcinletatlct portssoradidmaterial,

including metals, alloys, plastics, polymers, approved by regulatory agencies like FDA,
USDA, etc., or any other material which is safe to use for prolonged exposure to e-
beams and the transport of the fluent food product that is to be carried therein.
Preferably, the interior surfaces of the supply line 15 and the outlet line 25, and the

30 irradiation chamber 20 are smooth so as to not significantly impede the flow of the

fluent food product therethrough.

[0043] The supply line 15 and the outlet line 25 can be fluidly connected to the various
components of the irradiation system 100 in a variety of ways, including welding,

35 adhesion, taping, threaded connections combined with sealing tape, clamped
connections, and compressed O-ring connections. The integrity level (i.e. the hermetic
nature) of the fluid connection is dictated by the type of fluent food product intended to

8



[0064] First wail 21 A comprises a transmissive portion 28A. The transmissive portion 28A is
semi-cylindrical in shape, and specifically a half cylinder. As used herein, the 20 term semi-cylindrical
is not limited to a half cylinder, but includes any angular fraction of a cylinder. The transmissive portion
28A is oriented about a central axis A-A. When the irradiation chamber 20A is incorporated into an

irradiation systemiosieehta® syis@ikadiaidn §slerfoL duerfershiecasangudhersetisieidtadiation is
generally posijgned long or pext ipdhe ceniral gidsdufhdn iis manner, (e sadiion spegy emitted
by 25 the radiation Source will ba emittddin cy?m fical racian pattern and wi ?pass trhrougar"n he
transmissive psttiath PRwewethiéthestiveal Rodpeduetarheleroterserhigiatityarsdateois Ricshistce of

e-beams_, a pf&@ﬂl)ﬁc?@&ﬁi%ﬁﬁﬂﬁ_%hh@ﬁ&% %iﬁé"i‘i‘é’rrﬁ_@ﬂ@ﬁ{ Hﬁt@r@%ﬂ&ﬁ@w RABICA is _ _
substantiall alona the central %ils A-A. SOﬁQ%Mumm% now to FIG. 4, a sjde cross-sectional view of

irradiation chaYABEYBAABRRY CLFACIVRE Rutrdtetperh hipiedpa L Ob iR lellis A-A is
visible as pointoadpiydddietrs thalpRidctliesgesmdiviili@24g et dhe shdeldviad s@Beie @A form a
product flow cgyjty 24 theseReWseRN AR AL BHES frBASRAURNGHEI IR A BaHE flow cavity
29A at the top of the irradiation chamber 20A. An outlet 31 A forms 35 a passageway out of the
product flow cavity 29A is provided at the bottom of the irradiation chamber 20A. When the irradiation
chamber 20A je0ngprperaieidtioiosanrteagiat posiyisiea othsidy ofluas flewiatoity ZiAbtarpussatportion of
the product floy. pat . ribed | tail with.re to Fl ve. Fluent food product can
pe floned o DDA RS L2 e Ol AR RRELY e B e o v

the outlet 31AWAkdeRRESted B thieseldeaipi@s SSUOeEBIPRINGRIGNsJé¢ sMHEONROYFEASRIRH e portion
28A of the firshipd) gd 4 igdiaenaisisive tuthe dgshasiantenersidmasserRtbRydties asiatipngspurce. The

transmissive portion 28A of the first wall 21 A can_be secured intorg‘laaﬁie via adhe,F'on bolting,
1$lus

screwing, Welé’l%ﬂf: or° t%a%?mlf’g'?ﬂeqr%%tgﬁ'ﬁsogifférsﬁti8ha2§% I q’r?l?@@ 3s gil%%%nstructed of
a different matgpialohretRsienserigahleecobypbednadittine 3ystemaliingpdetens of firsttypalio®1 A, the
entire first palliZl eAGARRE FRRIENBISAS S sanedraBaRisaie JURIRSA! 3R 4l RpEIRR ARA@Nd/OT

can be formed as an integral unitary piece. Additionally, if desired, the irradiation chamber 20A can be
constructed wibSIRHE AR SRPOEHEP NP IIBRIBIRSISERAN SHanhe] RIHEERNEHRREREERR! portion 28A
of the first wall\@ikAnea pridesheciondgonassisg dqopB2at ataprefetensesface B plAlode the outer
surface 33A isf&qﬂ%y iHE; ttlﬂg H[ggsé[%ig@pmﬁu%ter surface 33A can take on any shape. The convex
inner surface 32A can beformed by a plurality of planar segments forming a general arch shape or
can be a single smooth arched surface. The convex inner surface 32A can have a 20 constant
curvature op a[genpG G\ ef Briedarablyhalbarins aidheoonex ey Berfaaaiaibh of the first wall
21A are substgﬂgr%ltl)yé F?H%ﬂistarﬁ froCnJ trp]e Sgrntral %iélts r,]%éé\uiglma r}rgrmna(eltraéﬁ(iazf\@t glirgts:tiT . [0068] Similar
to the transmissive porfion SR O e HirsPwaIr L ) fiie pOI‘tIO% Ofthe o sec%ng Wi A that
opposes the tradsissiviél iheniba dighilitaseofipsttagatpad maduss i resiiliasing-thgindmeaniusigpe. This

portion of the gacaBshWirkhgrAihaseonra R tinphasitRcISAHteand RIpRUES sstiiRge BeA. While the
outer surface 35A of this gortio ﬁconvex in the iIIus}ration, the outer surface 35A %an take on any
c

shape. The cort¢8 e SARUFFARCBAL AR AN NI CR R D RPN ES APHAARE) of planar
30 segments fioomitig dingewatia? ot hhshiajadiatidyy chamuotPOawkédaly fmcb e Thegeorfchweianer surface

34A can have @, fops A CURAHITE SE AR L R 4B IS EURESI TG GRBHEX P RRGISHIEATS, 32A of the

transmissive portion 28A of the first wall 21A opposes the concave inner surface 34A of the second
wall 22A so adhp 18RRethaEBVSBHUBHRAIBBVRIUEIA therebetween. In embodiments of the irradiation
chamber 20A that do not contain the inlet and outlet duct portions 25A, 27A, the entirety of the

product flow cayj iJl be for : . vex | : C f fiest 21 A and
the concave |m%/6sfjgr?(¥éé§4§ %ﬁﬂ%egs%%i%%?vﬂéﬁ%giwrgg%}]qﬁgal{c{éﬁc%\ge% %1??8 s% éi%%wngA of the
second waP22AG8SHERePANES RicRfRBSENFEAORRRIR GHHBI B QIaPAUBT Bhethahkefdsive portion
28A of the firshiglls2dith AigrRmeRiHg Jomprdugs HenradiedUnbas dELRSIamkeerRE Pmelasdepth D

of the product flow ca\{\i/t ﬁ i? defiqerd Q?S itrr11e eﬁ)endicrularr istancn(? from_ﬁ]he r%ug_srtantif%lly convex
inner surface 35R RS tHE A8 PR AL LI ADY FrERaLg eﬁjd WER A PR ERbSdiment,
where e-beanmevisse theoradiatiatesthedtuehtfodee madigetedth & depthd radiation energy in a
spherical, semi-spherical, cylindrical, or semi-cylindrical radiant pattern. The desired
35 radiant pattern will be dictated by the design of the irradiation chamber 20. This will be

discussed in more detail below with respect to FIGS. 2-8.



10 of the product flow cavity 29A is preferably approximately 1 foot (0.3048 meter) or less, and most
preferably approximately 3 inches (0.0762 meter) or less. By forming the product flow cavity 29A so
that it has a substantially constant depth D, the dose of radiation energy to which fluent food product
flowing therein is exposed is more uniform, can be more closely controlled, and requires a lower safety

factor to ensureduy swfiicieadiattnad donpedeivesn JASEELA Tilte Wiadiaton ehaetier RARXAT RS
e Al AR S P2t Fo SN A Ay S RS e e

throughput or orders of ‘energy apph € Tlue produc can bé dorne by constructing the
chamber so 20meritariofirsawxiR Tomnamalerrties oédundroaducDiovaratimfovatihe mngfeatple, the first

wall 21 A and/gioHifSeaa06 YRl 2\ RRR[RCOVNIE IR MY RIS HigtensRiiasks, glidaby mounted to

a stationary wall or g ?/stem c%rg be construct?d wherein the first wall is stationary and the second wall

can be disntartEE AT e REEE 0 A PSEAN AR FadaH e Ra M FARLS G VAR iAd IR nsions and
diameters to ssnucertain FmieZbigotiditicmsmissivequidgy of the fiosidvatidtiuttbsimits pnecessed. In
another embodimertihe, tH@gtﬁ% ﬂ/ipf‘oEPQ%Hgﬁ‘RiQIf@rTé@(ﬁ@@ﬂ@? figysable or disposable

material, such as natural rubber, reinforced cloth, permitted synthetic elastomers, etc. The first wall 21
A and/or the sEBBFAFFAPLERIEAPHEG BT EalscRPHASHRNY A SRR THALRS EBIRD of the
product flow caniyyd3A)is increased/decreased but 30 remains substantially constant throughout its
length. [0017(;] A radiation sensor 80A is embedded in the first wall 21 A and/or the second wall 22A for
measuring a characteristic of the radiation energy in the product flow cavity 29A. The radiation sensor
80A can be a E¥{SoTin mriggatipfranstpaiien dhendigkrsgiaanshten smes ohradisiiestenesdnddasuring a
dose of radiatiga R eraneMsy heeirraasisoareenotranigatzationshanlgfea suntliadiarsoenter, or

a solid-state detector. The radiation sensor 80A is not limited to being embedded in the first and/or
sevond wall 167858 31 PR A bWl el S IR DR SRR YRR RS PSSR U A or
secured to thetfigdirsinaadrdeiochd evallitRow iweHiiso, lguy tzasalaes.guléstion, sohsoer8Otisnpositatmed so
that it can Be%?%%%?%ﬁé%g&m%g% plthatadiation &E&N&ﬂﬁ@%&(%%ﬂ%ﬁ pRVity 29A.

5 [0073] Referring now to 5-7, a second embodiment of an irradiation chamber 20B that can be

incorporated M6 ARAIRAHISIBAIRLCRF BT B HaGAN IR DR RS PR R A0 IR fber 208 is
similar to the itrackatinedchenib ene iclkidskss (e 4rahbmiskivagnisiaf tieheridiaath Zhaitter 20B are

numbered to C&Jﬁﬁ?{ﬂﬂ%’ & H‘Sq%@ﬁfé%égﬁﬁ%%”?ﬁei%ﬂ@@% t{BHFP&{ %e"‘fi@tm%ueéic?ﬁ&% that

they conclude with the letter "B" instea etter "A." Only those characteristics/elements of the
irradiation chaPfoBiTEntHAidRHerTPEhiHHPAREE tHedRF dBfaYRf ERERKRP RISSHIN W& BiBERESSHh detail

below withytheanadréstrimhiad:KeatetnbgenskilleehiroBieppstwdll understand the applicability of the
common characteristics/elements. 15 [0074] FIG. 5 is a perspective view of the irradiation chamber

20B. The first wall 21 B comprises a transmissive portion 28B. The transmissive portion 28B is
generally semi0§99¢iibal sacsinapralbid rope difi cansauetafl SeHbas ilde @FSGoEYansnisstyhta e, the term

semi-spherica}igia@bienadya f badisRbRranbyeiiHHdRa aMTamgimmahdy IRPRIisENE #he

transmissive portion 28B of the first wall 21 B is oriented about a central point B. When the irradiation

chamber 20B BGIRUSHEPLEY fHro SR IGLALH Yiel, WScRas &) Qb iyt Sior &l e £5998nt food
processingstheab22céheftinadiatrsnoistipo semmeld all @2nead the tpetdlrpdiaidd. éndiyy Bldmiey, the

radiation energy arfigey e daslialincsosscrall R sraities ity SRIRl-RRBATISHRRIteRR. Passing

through the transmissive portion 25 28B of the first wall 21 B. In one embodiment, a properly

configured scaTHIh ¥alhAse'oHaRtausS &Hathe EABBEAR SRATENG boriBRRS SIMSEARIMMy at or near the
central point BcdRéivindtiRg ter isertodrital B 2 helirae swiksiveipasiion, 28Bopéid e)lisstzwvgithist] B is 30

illustrated as heing re rom. the irradiatj hamber t the entirety of its shape can be
Efé@ﬂcs,\?aé%f&%éaqal, g%g%%&gﬁ%r% ARORE AR Q)

appreciated. The con Inner surf e transmissive portion 28B is a smooth spherical
surface of #enerally constant curvature in two directions. However, the convex inner surface 32B of

the transmissiyg sy 19 BoARBeFabamsadthy ARl (Al RERIRBAY $egPe Attt iifgka general
spherical shapoeﬁp'(l;gﬁecsolgg%)f( tirqgggcond wall 22. The third wall may be constructed so that it is or is
not transmissive to the radiation energy 31. Preferably, the third wall is not significantly
transmissive to the radiation energy 31. As with the first wall 21 , the material of
35 construction of the third wall, the thickness of the third wall, and the type of radiation
energy 31 being emitted by the radiation source 30 are all factors that may affect
whether or not the third wall is transmissive to the radiation energy 31. Suitable

10



35 surface 32B can have a constant curvature or a varying curvature. Most preferably, all points of the
convex inner surface 32B are substantially equidistant from the central point B. [0076] FIG. 7 is a side
cross-sectional view of irradiation chamber 20B along section line VII-VII. Unlike the irradiation
chamber 20A of FIG 2, the inlet and outlet duct portions 25B, 27B of the irradiation chamber 20B do
not have a subsieeriialYor@skanidurgans sretinal B0ndutibenarsonipitipsesnitdenaleddB that
opposes the transmisive ortion 285 of ihe st wall 215 5 aenerally semizspherical i shape. This
portion of the Second wal 59Bhasa sibs antlaély concave mner sur?aceyﬂ@ andan outer surface
35B. The 10 el bisrfxitsitisBa ofvisayteniked@oapietin camtaratarxetrandiesilsyidadise. The
product flow cgiy; 2R IR BIRADRING RRUE CRHRYUAK I HEERMH ft%%gaﬁg@ﬁgﬁﬁtélﬁ%?ﬂ\’ﬁeﬂ 21 B and the

concave inner surface 34B of the second wall 22B. Because the concave inner surface of the second
wall 228 is BeFEVAHG IR Bh A BB Eors i sLARA 555998 Wrihetreewall 21 B. the product flow

cavity 29B has a substantially 15 constant depth D. [0078] Referring now to FIG. 8, a third

embodiment of g8 *AAAUANEHRTRALLIC AN BRIOMIAIRAINQ i TATiAl fiRiem 100 of

FIG. 1is illustrated. The irradiation chamber is similar to the irradiation chambers 20A, 20B of

FIGS. 2-7. 20 Fheaigerdndhs fﬁ@i%@%qlﬁﬁ%ﬁ%w&@@f%@ﬁﬁ%ﬁ@?@aiﬁéiﬁa‘wﬁiﬂﬁbo(f:g??esponding
elements of thirderadietio archmohresp?Ofuc2 0B wGEvithe st aipmdiaioineycopelade wits the letter "C"
instead of the letters "A" qr."B." Only t haracteristics/ nt the.i iation chamber 20C
et difior B Ty O B R B B e

understandingP28siRttiresEN SRR GEORUE &t GaNItA R rinaitaet (prib Psesg ke XpRRARI e the

common charasépiiRficerrRiRiyents o689t btCadidfon sisla gfeasrsanlienMeirureibsagajinrGsamber
20C. The shape of the transmissive ortiop %%gé:lpof the ir.radiﬁti n chambg%ZOF IS i?en ical to the 30

transmissive p%?‘?l%%e §8" sﬂfgtcéaef fﬂ&l g ﬁ‘%’gﬂﬂgg e B&‘ﬁ'ﬁ?f eof ﬂ?gﬁ 3t8n chamber 20C
forms the entirrgdottifdirghwe2odICT Aevireadiynig3iveeptapitnoP 8@ haslact Bovwesaiftyet3surface 32C

in the form, of 3 Al SREGIRRN I IRAUIRER TBcS RP St AbiRRING StHBERORYRINpP&ISUdace 32C are

substantially equidistant from the central point C. The second wall 22C of the irradiation chamber 20C
35 comprises AUHIRGAFEMAWRRS 3 4enGRIR MiRdPeriaifafdaeuRidenerRR U cave inner

surface 34C of the second wall 22C opposes the concave inner surface 32C of the transmissive

portion 28C s dﬁ%’fﬂ%ﬁ@% G IR &%8&@8&?@8&‘9(8&% ?@ﬁ?&‘&&ciﬂﬁnc@ﬁ%ﬁ‘é"osfﬁéace 34c

of the second 2C is generally concentric to the convex inner surface 32C of the transmissive
portion 28C, 5CHErByalErHbhedaHRPYTSREE S JUTSRMHEAYECHIERT SR ARDNGHEhout. [0081] The

inlet duct portipreAace Wither coashaiincaabammeesAOC T8 chaperds Bheuirlk3nc i esprssageway
into a top portit())n 0 th%ﬁroduculﬁolvc\)/?%avit r20 Ig:rdirectl qbove the trar{ﬁmlf{i%i e portion 28C. Lfnlike the
the 0’

f
irradiation chamaﬁg(rjsp ) a@&? iFradiation cham ae?%gug%égrno ave ah'gutiet %er]ct{%ortion.

Instead, the ométmfﬁr&bbrﬂ@c&léa%yag'@wdywt@mwhmrm@@dd@@rmdﬁmetMSTchénm|et duct
portion 25C canee BshBiltersidesiash, (9055 Whaniradiasios,shambes 2REnyseddeprocess

fluent food products, the 15 fl /ent food product is introduced into the product flow cavity 29C via the
inlet 30C. Upoft &g N BIIRAP ALY SAEC, the fluent food product immediately contacts the
convex subface 32C near its top and spreads out along the convex inner surface 32 in all directions

il it exis e BEegyGIop PR DU A ol LARAEH Wl sl chamber 30C s

illustrated with tranSmissive portion 28C being semi-spherical in shape, it is possible for the
transmissive J6AIFS 2B A0 BHerSeAMIINGH ek s Wihaprlaaecd adaHRY dasaoe viien rédpct to irradiation

chamber 20A.processing times, processing conditions, operating power levels, and the like. The

CPU 70 can communicate with any and all of the various components of the irradiation

30 system 100 to which it is operably connected in order to automatically adjust process
conditions, such as flow rates, radiation energy levels, radiation power levels, vacuum
pump activation, etc., to achieve desired conditions. The CPU 70 is programmed to
receive data signals from the radiation sensor 80, analyze the data signals, and make
the appropriate adjustments to achieve a desired radiation dose for the fluent food

35 product being processed. The type of controller used depends on the exact needs of

the system in which it is incorporated.
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In an embodiment using a semi-cylindrical transmissive portion, the concave inner surface of the
transmissive portion will be oriented about and equidistant from a central 25 axis. [0084] In some
embodiments of the irradiation processing application/system of the present invention, the surface of
the second wall that opposes the convex surface of the first wall does is not a concave surface.

Moreover, in qtiuse Dhadirypisl chseamtodiradiires sehhave, it érempoted ayalnin such
embodiments, ti}ﬁ/ fluent.fOO(‘i roduct v%/illrfggei@téo\gch dcg}]r%ctlg {i<n ??ont t with the cc%pvex surface of
i

the first wall afd & 8\%8'%8% oW zliFoerﬁg';n Re convex Surtace untir it rafs ot O(laj?ﬁjvtvmrjact e of the fluent

food product aawiivaigidisiepithescorrrn\rics WittenatdlldesiinedatdispiavimatiatethenfReeptdvdedoroduct is

eXIOOSGO'_ toa $H£fti¢§ 986 ebi @@@m@@%ﬂ%&&&ﬁ%mﬁé%ﬂt@w% Hﬂ%i@@@ﬁé?ﬁéurface-
[0085] Finally, it should be noted while the, thrTe embodiments of the irradiation chambers in FIGS. 2-8

are vertically SN&ffed "t PEEBIBTL BV NP IENA £ ARISBR HEPRBLAS UM HLAIBRIRFEPUAYled orientation
for processingin$tnecéxas boderaaioetens 0o crateddyypitecessingereees)nthestyatespace limitations,
and user prefereneas, S THE IRRADIATION RREGE SSINGII0BAI RGNS irpdughdeypbfiow chart of

an exemplary method of irradiating fluent food products according to one embodimeént of the present
invention. The"8XIM PENE Ry R YRH) beaelrikte SERWISMEEHIPHEAFHRLRM RPSRSS incorporating any
one of the irragiatineehambecsr?éhorlit Ridtustiongeimibdiisd2nIhersasy thenstibaldlgagsigned
irradiation e of description only, the method of FIG. 9 will be described in detail below
with respegﬁmpﬁ?gﬁgﬁw system 100 of FIG. 1 having the irradiation chamber 20A of FIG. 2-4
incorporated therein. For further ease of 15 discussion, the process of FIG. 9 is described in

connection witpdgsisitra e praee Bfpatdipetaitpard it phramaio trRavemiryelreot Roterobacter

sakazakii ("E. sak?zakin However, the methods.of the gresent.invintion are not limited to any specific

type of fluent 1968 6?0%1?0{%%&?0?‘%&%@? iﬁ%ta’%%?{ S 'Efgh?,'gtﬂa Sotf?tgl“ﬁi?ﬁ%ﬁ“f:?a%ﬁ'g% Opurpose. 20
[0087] At steptbetadiadimaadianier38ystehthe0m ot & GIVE i4(olttatideddsavind) tthinér sialiedionochasnber 20A

of FIGS. 214 inGREpiiRtdnereinddViecSURY H&ibpdp i SaaR'SHH sl SBO 9htageirradiation

chamber 20A at one end and to the fluent food product source 10 at the other end. Similarly, one end

of the outlet lifEHRIRSEYGRIRPINRLALEHAR SRR FH ALGH PR IEERRM IR EYS GRvhile the
other end of theenistiehine 2pasdiumiigl Cataie thorthiapackagerets . aldwe fuecft ddmehprooiuct source 10

Is a reservoir QL;PsOW%MW%%JPJ@H@a% SRR iH{?&?EH&Q'%é%ﬂ%Sﬁé%giﬁ%?%%%@mi“am E.

sakazakii. The radiation source 30 is a source of e-beams, such as a scal e radiation sensor
80 is a radiatioM}56Viee sHIBPHBRPEIND 1IS@ FRECEIRE SR pEWaRIRIN ShhBVREEHIPYedching the
sensor 80.2¢heHRemgrymedingeftheddr bkiéhhias meregesaraspsoidricidiptsgiqowder infant
formula with e-beams, including all the necessary operating parameters such as the desired flow rate,
e-beam power level, e-beam energy level, operating vacuum for the vacuum pump 50, desired e-beam
dosage, and dP@5§bribend ersteisyhe tectutioarionadiemaieeCRiva’fotetMacgs mapliaivhGiensor 80.

[0088] Once t%t%@@ﬁ@ﬁ%@ééh@aﬁ@éﬂﬂﬁ@%&ﬂﬁ%ﬂ&Q%dﬁf@ﬁ&i&qﬁém @é&%r@dh@tﬂ%rﬁéw fiRyts certain
data into the uEer interface 90, such as the ident'&/ of the fluent food product, and activates the
t

irradiation syst8fSP8tFerHE TERYIAHERHOGtT N caVINE g2 WHE - VR REROSHA LT Hist BHALNits this
system activatoergigAal, tanthaGRié packaggyddd ré&imiptarfeties vy tbenendttivati O sigoal|she CPU 70

retrieves the approprigle SIRFSAVAGLPES %@7}1éﬁ%%ﬁmqyﬁ%ﬁﬁmgﬂgﬁéﬁﬁﬁeﬁ%%%%ﬁhe

corresponding activation/operating signals to the vacuum pump 50, the control valve 40, and the
e-beam sourc8UHt IPTHRSSH i FRGRI P RIE AtRktIBNsignal from the CPU 70, the vacuum pump

50 is activated and the control valve 40 is adjusted so that the powder infant formula is drawn from the
reservoir 10 a%&%&l’lﬁbo 8&?&%&%@98%H%‘{YOR%&%B%%%E%WH'Q&%e embodiments can be a
30 radiation power sensor, continuously measures the power of the radiation energy 31
reaching it. The radiation sensor 80 creates a signal indicative of the measured
radiation power and transmits the signal to the CPU 70 for analyzation and processing.
The radiation sensor 80 can be embedded in, secured to, or positioned at or near the
inner surface of the second wall 22.
35
[0058] By knowing the (volumetric or mass) flow-rate of the fluent food product through
the product flow cavity 23, the density of the fluent food product, the volume of the
12



flow rate. While a pump is illustrated as the means by which the flow of fluent food product through the
system 100 is enabled, it should be noted that the flow of fluent 15 food product can also be gravity
enabled and controlled by adjusting the valve 40, which can be a vane valve after the reservoir 10. In
such embodiments, the invention can be free of pumps. [0090] Simultaneously, or before the activation

of the vacuumppsdnpt HowtaavaybEanndOiise P s 0f AlROr sareive © tefya G ivad wRice el siginal from the

CPU 70. As a result, the e-beam soprce. 30.is activated, thereby emitting e-hea redetermined

ot 1ove) o B e SR DI ooy e e ey, B 0 7D B

predeterminechpineimateetngraaival dptecofgaibiatiparenseay Slikawaiehshr dddnt taodnzasivist imedium of

the CPU 70. Tharredsteeningd eneioy lexetneh ablapatake Apprdmmmnsaialavsk pay be

mandated b aé;overnment agency. In the case of e-beams, the predetermlnedéﬁner y level will be no
p

more than RIFLAG5L Y M8 GPRIRINRRD IFTPACOSHISIBR AT LA BREH GG htant formula is
drawn from thdessahdusd, h¢heRaddurarpumake 30e5¢ tessesythd)pawdeatsitdahe farooula tuftgy through
the supply linesg5.andldntg) thesBroplirt iaw CAbLAAARES HRARLO EhamRRE 29 dRdhs.inlet 30A.

Upon entering the product flow cavity 29A of the irradiation chamber 20A, the powder infant formula
contacts the clRERINASYF SiffieEtRIN R 4PHHELS9 the transmissive portion 28A of the first wall 21
A, thus, completing step 920. 35 [0092] As the vacuum pump 50 continues to operate, the powder
infant formyla i thro the length of the pr. t flow.cavity,. 29A of irradiati ber 20A 21
it o R A S A0 Utk e A A A R R g

properly set bpieRUCIBINTDIrtadiaed fe thafayitesiOfh By saddingibedirekadsrdilietr aely thvity 29A at
the predeterminegiewssmg . cHoppradeterminesfirw: retsiisronecot thatesirrRrmmriers that are

tored in th di fthe CPU 5 70. Thus, step 930 i leted. [0093] The e-b
P rotion emitae e H G e e Rl L e et LR L ATSAE A the frt il
21A and into theegrotluee fisiatzl/ty PeAyprthtfivenditutohpcpréunbleeing Araniaisd asutheap avetiateinfant
formula floygs ¥BF%‘>@H1HI@ BERSISE é&rtﬂﬂ"ﬂlF&‘é’,ité’om%/cﬂ]‘%%%%ﬂ@%ﬂﬁéﬁfg‘f??&%&ﬁ@?sed to (i.e.,

irradiated by) the e-beams, completlntg step 940. [0094] The predetermined flow-rate of the powder
infant formula YFRPRHY SPaqRRE T AR BENEPHULPBr the BB MBI emitted by the e-beam source
30 15 are chosen such that as the powder infant formula passes through the product flow cavity 29A, it

' exposed (0 AbgSTIRLARSRIANN Alfrber e MetiaARASNANS® fRlEind sl ad dage of

e-beams (DD). The'Do o eams to which the powder infant alsto eéf)osed IS chosen so

that it is sufficiéSt\BCEHBLAYVEID POJURY RSVt MALEN Saheiairg. 1o hBeHesisth Rt huIHIY of the e-
beams to wiichit)enpriviagtRE kAt feramdaisdadie sHpaisrahis isheses SothRaddhsadures ievels of
the E. sakazakiji to less than 10% of the original level. In this.embodiment, a sufficient can be
etweon 1.6 A0 T O ey T b P P S SRR WALt et
embodiment, $IDD 3 BCOBAMLER iDHDENSaOiABeM Feriatet0e\enecs eslfcligakartiki 80'9eds than 1

% of the origingblesingeadhis amdadimestea sHbigRPLRARIROERMSERMSRNIPPLRINEESH3-2 and 3.6
kiloGrays (kGy), and mostgweferab%y a _proxima{%ﬁ 3.4 kGy. In still other embodiments, the DD of the
ft "Ai06

e-beams to wiicH the RSN ST s> "RUBABGYEINRERL EANABE levels of the
E. sakazakib t@tess thadiBtibdbydessibamtapt oncereymthesmsancd, 001 Hiusinthé ldrigihaklevel. 30

[0095] The iradiatian Syste Ll A A0dHARERAIEH RN HiR FAIHRE RAINGIE0 RESRGARmLAWhIch the

powder infant formula is exposed is greater than or equal to the DD. One way is to set the
predetermined BBWE? BB tRAIPR RNt IECIPAHPRIBHAtaH R 88- RIS a R an
amount of e-bassas@re esvitiedt ds ibfgadheanaaititeeditatasouitetiearrtieady result in the powder
infant formula bei 0 t ical.dose e- il ' the
product flow céﬁ%@ﬁﬂﬁﬁaﬁ@jﬁ%ggﬂ %s%gﬁlﬁﬁt% iéggggﬁersfﬁﬁﬁgég%% %ﬁ %§§ etg?%)tct r (SF) that
ensures thi tAPESOII BT, HIEH 6 &JaHP 1 roTDSTHE Brusikg Balsoesagt brwigal to 2.0, 22

preferatlﬂrslf IeS@iﬁﬂa@a Atsalve s’lp%lﬂ?n%&fféégﬁw&i Peefiessity fkﬁS@rﬁ]ﬁ*,fhﬁﬂ easlif o2 [%096] Every
material has a characteristic quality t sqrb certain amount of 5 irradiation energy. In order to
Guality o absibcartaip amou o g

determine D,, T67842IF SOl Ao B ISR s S eI &S e iR emEiS TR 1S Y P ULt the
amount of endrgvyertybérgdbsidedhe flow rate

35 [0061] While the irradiation system 100 is illustrated as having the irradiation chamber

20, the radiation source 30, the control valve 40, and the vacuum pump 50 located
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of the product (indirectly setting the residence time of the product in the irradiation zone) to achieve a
certain level of dose in kilo Grey. Due to the linear nature of dose accumulation in an electron beam
accelerator, dose targets are easily achievable once 10 dose delivery is established. The known
relationship between dose and processing parameters are as follows: V Where: D = Dose; k =

constant; | = Guithanthy Fovielagiiy.ol hesrpdissipiivireihguiieieadd Metdeiysdairimingsdhrdose
because k is a}oc%neséathSTa% %?I&%I%tgut%aeltl%oses, the 15 dose map I/v relationships are used. The
DT can be caICLﬁattedc*rom experlmentsal uns by passing a dosimeter through the product flow cavity
29A with the fluent food product. The dosimeter will measure the DA for each run performed. During

each run, the gipeanraeHIcASA SHadapied to produce a DT. By graphing the known DT to the DA
measured for each run, a graph can be constructed relating DA to DT. This will also 20 give the SF.

[0097] Alter%atively, the CPU 70 can be programmed to carry out the necessary algorithms and to
store the necd898R] iraFikkfe2-8oiveateranatjpoeves td\sel itadietemunantberSuitalhe fiollesging is an

example of thg.tored; yarlaller ANFLBN AEN NI RSERIRY 10ABIGH BB u3RA FhR Tibe set

flow-rate of the fluent food product (m3/s) V = the known volume of the product flow cavity (m3) P =
the set power fEVRPUMARIS BLLAHIIRP AR deRfsHEr o el Rsiewinyatiweielsty of the fluent
food product ierthg/enddts; dneravensgenime iificdRmanfanaltfiteatiedhpsndhahibgrasaithrough

the 30 pro%xc%fl%v ca i%ﬁi.e. the Qverage tin;%ﬁ)f FrPRUs to the e-beams) (s) E = the amount of
ccome. readily apparen SE 'deprlc} :

e-beam energy tow amount of fluent food product Is exposed to while passing through the
product flow cavity (J) or (MeV) DT = the target dose of e-beam energy to which an amount the fluent

:IOOd product i%o@é@?ﬁfﬂld@)ﬁ)-ﬂﬁhﬁ Wﬁdfﬁﬁ’@ﬁ) ﬂfaﬂﬂ@éﬂ i@ﬂ\da@é@ﬂﬁﬁé &Blad ﬂ?éﬂ%ﬁlﬁﬁ#@ﬁ élﬂ%hBVOd uct
ow cavity in time T (kg) R,.V, P, and d are either set or known vari s that are stored in the CPU
70. DT _Ey5 D prg%e&élﬁ?ﬁgarbg§ {ﬁ%s%aﬁz i&#ﬁlmng speci |cal\f\3’/ to Efcg‘gez ang t3 the |rra8|at|on
chamber 20A comprises a first wall 21 A, a second wall 22A, and side walls 23A, 24A.
15 The irradiation chamber 20A comprises an inlet duct portion 25A, an irradiating duct

portion 26A, and an outlet duct portion 27A.

[0064] First wail 21 A comprises a transmissive portion 28A. The transmissive portion
28A is semi-cylindrical in shape, and specifically a half cylinder. As used herein, the
20 term semi-cylindrical is not limited to a half cylinder, but includes any angular fraction
of a cylinder. The transmissive portion 28A is oriented about a central axis A-A. When
the irradiation chamber 20A is incorporated into an irradiation system, such as system
100 of FIG. 1, for fluent food processing, the source of radiation is generally positioned
along or next to the central axis A-A. In this manner, the radiation energy emitted by
25 the radiation source will be emitted in cylindrical radiant pattern and will pass through
the transmissive portion 28 A of the first wall 21 A. For example, if the radiation source
is a source of e-beams, a properly configured scan horn is oriented so that its e-beam

emitting portion is substantially along the central axis A-A.

30 [0065] Turning now to FIG. 4, a side cross-sectional view of irradiation chamber 20A
along section line IV-1V is illustrated. In this perspective, central axis A-A is visible as
point A only. The first wall 21A, the second wall 22A, and the side walls 23A, 24A form
a product flow cavity 29A therebetween. An inlet 30A forms a passageway into the
product flow cavity 29A at the top of the irradiation chamber 20A. An outlet 31 A forms

35 a passageway out of the product flow cavity 29A is provided at the bottom of the
irradiation chamber 20A. When the irradiation chamber 20A is incorporated into an
irradiation system, the product flow cavity 29A forms a portion of the product flow path

14



wherein E is determined by the equation: E = PxT T is determined by the equation: T = V/R m is
determined by the equation: m = dx Rx T Thus: DT - dxRxT DT dxR [0098] In order to ensure proper
dose exposure during processing, a sensor 80 for measuring the power of the e-beam radiation during
processing may be provided in the product flow cavity 29A. Other types of sensors can be used if

desired, such as @edbridegimelatilithecapan toawer sens0e Slismpesapioanoneaiess i CPU 70.
The e-beam power sensqr 8Q continuously measures power level of the e-beams at or.pear the
socond wall DA BB BB R o B e R G o e
signals indicatWietbe ilaiéddursiiedisetad Poiberdeledsio?®{0099] As the data signals are created by
the sensor 80, the data signals are transmitted to the CPU 70 for analysis and processing. Once
received by the CPU 70, the CPU 70 performs decisjon block 960, and determines whether in view of
the set floutal RO RIS B e PEE R OGRS EPEI: A T ORI it formula
receiving a DArahs+iesvagsdhiae isdittoraboeeyyhe DA byibeussediabewvercB5The correlation
between DA, hgn theeasiadhrayesdmieh-angins seidiondaiscam hedptatineddhoyan

experimental analysis by placing dosimeters in the fluent food product process stream and graphing
the results. [0GPEHRHIHEWIROWEEH W ASIBR KB K/ HbD RENBNTAESEIR LTI PR s tesERis b 70 30
and appropriatglypaiely sts e cenisobuitieeH) pattdral tel fiove rigaaiikecpmpdesintanhéormula
through the pr t flow cavi \ | juste, a value. that will ens at th -peams to
which the ggow%%hrj &Wa’{ﬁt"%%?}ﬁu a%?éﬁ\ééjrﬁgstﬁé&l éEqu?a ?ﬁrgﬁlé%eve\{ ér%ﬁ%n%#ﬁe%é?ﬂ%@ﬁ??d&tﬁje% power
level of the e- PRIEMEANRMESYHBIG]IRRS e GRsire 2%4 ane/oA)T bedernes esvaRiéNas@powder
:CInfant form Ug?; %i?ﬁ?p‘?ﬁ@@%i%@@tf@?@lﬁrigﬂégﬁﬂmﬁé‘ itriREdAASRNber 2dUstaIEpéScarR tlage to Ehe ]
ow-rate and/or.the power level of the e-beams, the jrradiation system 100 returns to step 950. [00101
If the answer é{\f'@ggi{;li%% 'B‘é%cﬂrgéﬁj Ee@é‘g? ‘ﬂ%“#PSo%&%& éWder infant formula is packaged via the
packager 60 and processing is continued, completing step 980. Thus, the sensor 80 can be used to

ensure thafsthﬁ)éiha?g{E%Q%Héﬂﬁéhq%sﬁﬁ%wmaofj@%aﬁ%t%éﬁg'@K%ﬁfbﬁ%\é thabiwé phbelow a safe

level. EXAMP 02] An experiment was undertaken to determine whether e-beam processing,

when used in €Y at R bR SHE R rote S AL SRS RILE R SRRy FeHR ER@Ves Id reduce
the probabilityilofdrasakahekiuteashifigeG3surar také e axpahapenTiny estigatadridresutibzation of

b . , gy il o~ . s der. E-
e-beam processing IR reRlyGog @?H“&ﬂ?&?@r@}('ﬁf%’é?sé’g?rﬂéﬂé'%ﬁ%@ﬁ%‘%&@ﬂ&?%@%&w er

beam radiation processing was chosen over X-rays because th iclencies of X-rays is
thought to be SRIhRRArHROIS\FEIOPHAREFHE I Bdsed R CROYEXIARRSIBY" e $8VIEVE 80 kW e-beam
acceleratoy cagoRSkpioeassdle A ke iHgedrpallho raleradfs IPH SIS BT rercnveXMhie process
products with the sa peed as a 10 .00 KW e-beam, it will need to have 625 k\W of power. The
througnput efEAGS TS0 LA e A i SRR e R T Moy
metal targets deaaeialsadirirdbestiasat. In fact efficiencies are typically no higher that 5-8%. 25
[00103] The temperature of the powdered infant formula product will be in the range of 20 to 35C. The
moisture contiﬁt of the powder will be in the range of 1 % to 5% wt/wt. For a liquid or s%mi-solid
product the terB&PArIFA'RLIP HREFLANBISIE RPTSHE SRS dHH IR b Ay BEWREIP 884D 99%. 30
[00104] By waseobhd ekdirdRadhdhemosraithefltarsrissibs pdygan 286 dinbesfirasvhik 2o86s was

measured i”ﬁ;ﬁ};@%ﬁﬁ?'&’&ﬁﬁgﬁiﬂﬁ‘féﬁi ?’r‘(_@ﬁﬁgp&. KR Foffirbitht-00QAa ek PEA KIQHBhAe

MegaRads (MR or Mrad), where 1 MR is equal to 1,000,000 ergs per gram. With resE_ect to food
processing, irfRARIRATEH REARIMS FRAUY SotEG ety BYMs Bs sl et EReR BPALIIMS RPN ow
dose (up to 1 kGoneauthaliibsicnief, theasataiparing dolay at takidsonnsacsitgpéfestatnaid) medium

dose (ca. 1-10, Gy, [PAUCYER & RAISGSIG AN SRRUANSE RAFIRHA AT, RPERSGih aRg) () igh dose

(over 25
30 segments forming a general arch shape or by a smooth arched surface. The concave

inner surface 34A can have a constant curvature or a varying curvature.

[0069] The convex inner surface 32A of the transmissive portion 28A of the first wall
21A opposes the concave inner surface 34A of the second wall 22A so as to form the
35 product flow cavity 29A therebetween. In embodiments of the irradiation chamber 20A

that do not contain the inlet and outlet duct portions 25A, 27A, the entirety of the
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10 kGy): complete sterility. Maximum doses approved for poultry and meat cold pasteurization are 3
kGy and 7 kGy respectively. Foods currently irradiated to high doses (e.g., 44 kGy) include those for
use by astronauts during space flight, and for consumption by hospital patients with severely
compromised immune systems. 5 [00105] The primary objective of the experiment was to quantify

reduction in viphlgue@Hbividvitp abazakibafte ranavkestoteelams: iRhstaeneatab desenevels of 0.5,

15, and 3.0 ki, The Jargeted reduction n £ sakazakiiqauntas uo g fesgtions (reducing the
count by 100 times). Thie secondary objective was 1o determine process 10 parameters required to
achieve the targeted reduction. [00106] Up to five E. sakazakii strains, from Silliker Lab's repository,

were prOp_aga[@dﬁOP 10R envalE A ulEEigaaPME REGHI Wit @mr@@&@lﬂme&&e@@m to
Cockeysville, MD) from frozen g%/cerol sto?k culture held at -70C. The broth was incubated at 35C 15

/ n
for 24 h. Culi&s WRVECLRGIraBEE e & tﬁ%‘l‘@f&%%?eﬂ?/é@ﬂe%%ﬁﬂtE%R@‘ﬁ‘@?d(fébﬁo’éﬁﬁ‘ate
diluent, and suspehdie pnotidanilosterigy Q%A (vals preawsiatitutgatmbnIae dispthillk of the pedidsuspensions

were yonhiizefhint 4 A9:a sl adshe Sarcrieerns Ao hamne Galagy gyl resuling

non-fat dry milk powder, rich in E. sakazakfi lyophilized cells, was packed in NASCO irl-p
sampling bag A peYHRFS A4 I9) REOBSAYBIR BRIV RS Sridie b eisgend wglh2tow!a eRsity
polyethylene anfbadnpsat Sigrdized bdimeting eedi deadBag-thdrag colbguraithirtas uspth o achieve
proper contain t of the nathogen. M ION 00107] For. determination, of E. sakazakii
cells, plat(r-‘} goéﬁ& r% trr?? Cv@&%‘r%ﬁlﬁgy%%lgi g'Fé ﬁ%ﬁg A %ﬁ%%@%é'é&?ﬁr@g’%%ge@ hegz)létrjéesast

Extract agar, PV Viegiulsatedibly 3peresiagaly Bilrehep 041463 Mmetei erdaste Far&minelth sample (5
sub-samples fpgaieReYalty DorcecoiantesianupatheayRishieawiaple rRngeaéejrwere 30

streaked to VRBG plates. Typical calonies were considered confirmatory (FDA's. procedure dated July
2002, Revised TR SRS Gty G EEONE IS BN R BBV T mosataz b,
EXPERIMEN TALfdDESIGN 8 1[0 DiSelyoxm ireNass asfdrequirss anov@& Osa@pwiacwiioeehyigrocess 15

samples (3 sagpieR RelHRsQIRE eWtheach sample containing 1g of non-fat dry milk inoculated 26
with E.sakazakin. Five additional un-processed samples served as control. For microbial analysis each

sample was sub-sampled 5 times for determining the bacterial count. The experimental design is
shown in Tabla7¢mve. ilrabialion OHRKGsS2(RA 8akbO cE)S{Lidedb30. Midt-theCdoptrD. pDtBEE-4; 0.0/E-5

0.5 kGy5 (A, %rS?dLBt @W%/?&Af’ééﬁ]ﬁeoa%{jﬁ%?eg'iﬁlgr'éErQOS(/gr';tﬁrgL}@%MétQ)At”o'l?’de% Or Edardly 2
5)1.5/A-1; 1.5/A-2,.. 1.5/E-4; 1.5/E-5
applied to the fluent food product. This can be done by constructing the chamber so

20 that the first wall 21 A and/or the second wall 22A are movable. For example, the first
wall 21 A and/or the second wall 22A can be coupled to hydraulic pistons or jacks,
slidaby mounted to a stationary wall or a system can be constructed wherein the first
wall is stationary and the second wall can be dismantled and replaced from a selection
of multiple second walls with varying dimensions and diameters to suit certain flow

25 conditions and rheology of the food product being processed. In another embodiment
the second wall 22A can be constructed of an expandable reusable or disposable
material, such as natural rubber, reinforced cloth, permitted synthetic elastomers, etc.
The first wall 21 A and/or the second wall 22A can be moved/expanded in such a
manner that the depth D of the product flow cavity 29A is increased/decreased but

30 remains substantially constant throughout its length.

[0072] A radiation sensor 80A is embedded in the first wall 21 A and/or the second wall
22A for measuring a characteristic of the radiation energy in the product flow cavity
29A. The radiation sensor 80A can be a sensor for measuring the power of the
35 radiation energy, a dosimeter for measuring a dose of radiation energy over a selected
time period, an ionization chamber, a scintillation counter, or a solid-state detector. The
radiation sensor 80A is not limited to being embedded in the first and/or second wall
16



3.0kGy5 (A, B, C, D, E)5 (1, 2... 5)3.0/A-1: 3,0lA-2... 3.0/E-4; 3.01E-5 5 CALIBRATION FOR DOSE
LEVELS [00109] Before conducting the tests on freeze-dried bacteria, a calibration test to determine
the time required to achieve a particular dose absorption in the freeze-dried 10 cultures was
conducted. Nine pre-test samples, containing alanine pellets were exposed to E-beams in three tests

(three pellets ippaasii ieshbatyaaeistaingrhsysomraneiens: andget fedbntwabie’ below. Table 2

" '
Test# | Test #%” g(reesé ffi g%gﬁr%[%g’fgr MR o MIP2 A QAW SR LR M b %8 Bh i ean
Width 109 cm cm cm

positioned so that it can measure one or more characteristics of the radiation energy in

the product flow cavity 29A.

[0073] Referring now to FIGS. 5-7, a second embodiment of an irradiation chamber
20B that can be incorporated into the irradiation system 100 of FIG. 1 is illustrated. The
irradiation chamber 20B is similar to the irradiation chamber 20A of FIGS. 2-4. The
elements of the irradiation chamber 20B are numbered to correspond to the elements

10 of the irradiation chamber 20A with the exception that they conclude with the letter "B"
instead of the letter "A." Only those characteristics/elements of the irradiation chamber
20B that differ from that of the irradiation chamber 20A will be discussed in detail below
with the understanding that those skilled in the art will understand the applicability of
the common characteristics/elements.

15
[0074] FIG. 5 is a perspective view of the irradiation chamber 20B. The first wall 21 B
comprises a transmissive portion 28B. The transmissive portion 28B is generally semi-
spherical in shape, and specifically a half sphere (see FIG. 6). As used herein, the term
semi-spherical is not limited to a half sphere, but includes any fraction of a sphere. The

20 transmissive portion 28B of the first wall 21 B is oriented about a central point B. When
the irradiation chamber 20B is incorporated into an irradiation system, such as system
100 of FIG. 1, for fluent food processing, the source of radiation is positioned at or near
the central point B. In this manner, the radiation energy emitted by the radiation source
will be emitted in a semi-spherical pattern, passing through the transmissive portion

25 28B of the first wall 21 B. In one embodiment, a properly configured scan horn can be
oriented so that its e-beam emitting portion is substantially at or near the central point
B.

[0075] Referring to FIG. 6, the transmissive portion 28B of the first wall 21 B is

30 illustrated as being removed from the irradiation chamber 20B so that the entirety of its
shape can be appreciated. The convex inner surface 32B of the transmissive portion
28B is a smooth spherical surface of generally constant curvature in two directions.
However, the convex inner surface 32B of the transmissive portion 28B can be formed
by a plurality of planar segments forming a general spherical shape. The convex inner

35 surface 32B can have a constant curvature or a varying curvature. Most preferably, all
points of the convex inner surface 32B are substantially equidistant from the central

point B.
17



Scan Length 10 cm 10 cm 10 cm Conveyor Speed 300 cm/min 300 cm/min 300 cm/min 15 [00110] All
of the tests were conducted by placing the pre-test sample pouches on the top of a processing table
(sample holder) and monitored with alanine 27 pellet dosimeters. The pouches were centered on the
sample holder as shown below. The processing table moved through the beam only once with a
pre-determined speed. Referring to FIG. 10, the sample holder and location of the dose map samples

on the holder | The direction which sample holder sed under t -beam scan 5 horn is
o shown ol % G et o et A R Al OB AR e 1O %
3 Test ReplicitielY Dyde Ykip thedirad@@uiredanteeddA of FIG 2, the inlet and outlet duct

portions 25B, 27B of the irradiation chamber 20B do not have a substantially constant

5 cross section.

[0077] The portion of the second wall 22B that opposes the transmissive portion 28B of
the first wall 21 B is generally semi-spherical in shape. This portion of the second wall
22B has a substantially concave inner surface 34B and an outer surface 35B. The

10 outer surface 35B of this portion is convex, but can take on any desired shape. The
product flow cavity 29B is formed between the convex inner surface 32B of the first
wall 21 B and the concave inner surface 34B of the second wall 22B. Because the
concave inner surface of the second wall 22B is generally concentric to the convex
inner surface 32B of the first wall 21 B, the product flow cavity 29B has a substantially

15 constant depth D.

[0078] Referring now to FIG. 8, a third embodiment of an irradiation chamber 20C that
can be incorporated into the irradiation system 100 of FIG. 1 is illustrated. The
irradiation chamber 20C is similar to the irradiation chambers 20A, 20B of FIGS. 2-7.
20 The elements of the irradiation chamber 20C are numbered to match the
corresponding elements of the irradiation chambers 20A, 20B with the exception that
they conclude with the letter "C" instead of the letters "A" or "B." Only those
characteristics/elements of the irradiation chamber 20C that differ from that of the
irradiation chambers 20A, 20B will be discussed in detail below with the understanding
25 that those skilled in the art will automatically understand the applicability of the

common characteristics/elements.

[0079] FIG. 8 is a side cross-sectional view of irradiation chamber 20C. The shape of
the transmissive portion 28C of the irradiation chamber 20C is identical to the

30 transmissive portion 28B illustrated in FIG. 6. The transmissive portion 28C of
irradiation chamber 20C forms the entirety of the first wall 21C. The transmissive
portion 28C has a convex inner surface 32C in the form of a half sphere and an outer
surface 33C. All points of the convex inner surface 32C are substantially equidistant
from the central point C. The second wall 22C of the irradiation chamber 20C

35 comprises a concave inner surface 34C and an outer surface 35C.

18



11231231230.5420.543 0.548 1.087 1.090 1,101 1.660 1.625 1.630 0.544 kGy 1.093 kGy
1.638 kGy 0.2 mA 0.4 mA 0.6 mA 300 cm/min 300 cm/min 300 cm/min 10 OPERATIONAL
PARAMETERS: CALCULATIONS [00112] Due to the linear nature of dose accumulation in an
electron beam accelerator, dose targets were easily achievable once dose delivery was established.

The known rel@iogosirieheiveaes iHase sunfddl GaessfMBd s ernatREs aueaspflbawshe concave
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inner surface 32C of the transmissive portion 28C so as to form a product flow cavity
29C therebetween. Because the concave surface 34C of the second wall 22C is
generally concentric to the convex inner surface 32C of the transmissive portion 28C,

the product flow cavity 29C has a substantially constant depth D throughout.

[0081] The inlet duct portion 25C of the irradiation chamber 20C is L-shaped. The inlet
30C forms a passageway into a top portion of the product flow cavity 29C directly
above the transmissive portion 28C. Unlike the irradiation chambers 20A, 20B, the
irradiation chamber 20C does not have an outlet duct portion. Instead, the outlet 31 C
forms a passageway directly into the product flow cavity 29C. The inlet duct portion
25C can also be omitted if desired.

[0082] When irradiation chamber 20C is used to process fluent food products, the
fluent food product is introduced into the product flow cavity 29C via the inlet 30C.
Upon entering the product flow cavity 29C, the fluent food product immediately
contacts the convex surface 32C near its top and spreads out along the convex inner

surface 32 in all directions until it exits the product flow cavity 29C via outlet 31C.

[0083] While the irradiation chamber 30C is illustrated with transmissive portion 28C
being semi-spherical in shape, it is possible for the transmissive portion 28C to be
semi-cylindrical in shape, as described above with respect to irradiation chamber 20A.
In an embodiment using a semi-cylindrical transmissive portion, the concave inner
surface of the transmissive portion will be oriented about and equidistant from a central

axis.

[0084] In some embodiments of the irradiation processing application/system of the
present invention, the surface of the second wall that opposes the convex surface of
the first wall does is not a concave surface. Moreover, in other embodiments, a second
wall does not have to be implemented at all. In such embodiments, the fluent food
product will be introduced directly in contact with the convex surface of the first wall
and allowed to flow along the convex surface until it falls off. The flow rate of the fluent
food product and radius of the concave surface are designed to ensure that the fluent
food product is exposed to a sufficient dose of radiation energy during its time in

contact with the convex surface.
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Where: D = Dose; k = constant; | = Current; v = velocity. The ratio between current and velocity
determines the dose because k is a constant. To calculate target doses, the dose map I/v relationships
were used as shown in Table 4 below. Table 4 Dose Mapping Data Determining k Targeted Dose
At Set Current At 0.2 mA, 300 cm/min Dose = 0,54 / 0.2mA 0.5 kGy Solve for Speed 0.5 = 816/ 0.2mA

Vv = 326 cm/[poB5] Finally, it should be noted while the three embodiments of the irradiation
chambers in FIGS. 2-8 are vertically oriented, it possible to orient the irradiation
chambers in a horizontal or angled orientation for processing. The exact orientation will

be dictated by processing needs, industrial space limitations, and user preferences.
THE IRRADIATION PROCESSING

[0086] FIG. 9 is a high-level flow chart of an exemplary method of irradiating fluent food
products according to one embodiment of the present invention. The exemplary

10 method may be carried out using an irradiation system incorporating any one of the
irradiation chambers 20A, 20B, 20C shown in FIGS. 2-9, or any other suitably
designed irradiation chamber. For ease of description only, the method of FIG. 9 will be
described in detail below with respect to the irradiation system 100 of FIG. 1 having the
irradiation chamber 20A of FIG. 2-4 incorporated therein. For further ease of

15 discussion, the process of FIG. 9 is described in connection with irradiating powder
infant formula with e-beams to reduce levels of Enterobacter sakazakii ("E. sakazakii").
However, the methods of the present invention are not limited to any specific type of
fluent food product, radiation source, irradiation system, or contaminant irradiating
purpose.

20
[0087] At step 900, the irradiation system 100 of FIG. 1 is provided having the
irradiation chamber 20A of FIGS. 2-4 incorporated therein. The supply line 15 is fluidly
coupled to the inlet 30A of the irradiation chamber 20A at one end and to the fluent
food product source 10 at the other end. Similarly, one end of the outlet line 25 is

25 fluidly coupled to the outlet 31 A of the irradiation chamber 20A while the other end of
the outlet line 25 is fluidly coupled to the packager 60. The fluent food product source
10 is a reservoir of powder infant formula that contains undesirable levels of the
biological contaminant E. sakazakii. The radiation source 30 is a source of e-beams,
such as a scan horn. The radiation sensor 80 is a radiation power sensor adapted to

30 measure the power level of the e-beams reaching the sensor 80. The memory medium
of the CPU 70 has a process recipe for irradiating powder infant formula with e-beams,
including all the necessary operating parameters such as the desired flow rate, e-beam
power level, e-beam energy level, operating vacuum for the vacuum pump 50, desired
e-beam dosage, and all algorithms necessary to calculate and analyze data from the

35 radiation sensor 80.

20



0.54 = 300cm / mill) Calculated k = 816 At 0.4 mA, 300 cm/min Dose = 1.093 0.4mA 1.093 = 1.5 kGy
Solve for Speed 0.4nur 1.5=820 v = 219 cm/min (300cm / min) Calculated k = 820 At 1.638 =k; 3.0

kGy
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[0088] Once the equipment of the irradiation system 100 is properly in place, an
operator inputs certain data into the user interface 90, such as the identity of the fluent
food product, and activates the irradiation system 100. The user interface 90 creates a
system activation signal and transmits this system activation signal to the CPU 70.
Upon receipt of the system activation signal, the CPU 70 retrieves the appropriate
stored recipe from its memory medium and creates and transmits corresponding
activation/operating signals to the vacuum pump 50, the control valve 40, and the e-
beam source 30.

[0089] Upon receipt of the activation signal from the CPU 70, the vacuum pump 50 is
activated and the control valve 40 is adjusted so that the powder infant formula is
drawn from the reservoir 10 and flowed along the product flow path at a predetermined
flow rate. While a pump is illustrated as the means by which the flow of fluent food
product through the system 100 is enabled, it should be noted that the flow of fluent
food product can also be gravity enabled and controlled by adjusting the valve 40,
which can be a vane valve after the reservoir 10. In such embodiments, the invention

can be free of pumps.

[0090] Simultaneously, or before the activation of the vacuum pump 50, the e-beam
source 30 also receives the activation/control signal from the CPU 70. As a result, the
e-beam source 30 is activated, thereby emitting e-beams at a predetermined power
level and at a predetermined energy level. The predetermined energy level and the
predetermined power level are two of the recipe parameters that are stored in the
memory medium of the CPU 70. The predetermined energy level, or at least a
maximum energy level, may be mandated by a government agency. In the case of e-
beams, the predetermined energy level will be no more than approximately 10 MeV.
Thus, step 910 is completed.

[0091] As the powder infant formula is drawn from the reservoir 10, the vacuum pump
50 forces the powder infant formula to flow through the supply line 25 and into the
product flow cavity 29A of the irradiation chamber 20A via the inlet 30A. Upon entering
the product flow cavity 29A of the irradiation chamber 20A, the powder infant formula
contacts the convex inner surface 32A near the top of the transmissive portion 28A of

the first wall 21 A, thus, completing step 920.

[0092] As the vacuum pump 50 continues to operate, the powder infant formula is
flowed through the length of the product flow cavity 29A of irradiation chamber 20A
21



0.8mif 3.08191 =- '\.300cin I min v 0.6 mA, 300 cm/mhi Dose = 1.638Calculated k = 819Solve forv =
219 cm/min Speed RADIOCHROMIC DOSIMETERS: PLACEMENT AND ANALYSIS 5 [00113]
Radiochromic dosimeters were pasted at the top and bottom of each of the two pouches drawn
randomly from the set of five sample pouches for each dose level. FWT-81-00 radiochromic

dosimeters (Dgag [Raxigethe. fra8Rtdayndth s 20 Miiad)iclotiexst ANas 4% ImietRashimanufactured
by Far West Technaql Inc., were used for the t Jhese are thin, colorless fiims that gradually 10
e trom SR A0 BB raNEHE S5 B BRI I BN M RIS Hted iU

processing, thésepfigthdohidre rRpHcReE sbitheipradeteiminedbininatel pbeadhedeterprpratieve dosimeters

from stray lighfaiEheepslastmeiespesaamaty draryriybemineisirhenyineeianitiie: thiEME) dye.

After the test, the dosimeters were retrieved by tearing open the aluminium- laminated 15 pouch, and
placed in a phbtoriéter BFRIELHDHABRIAESer for analysis. The dosimeters are shown below (actual
size). Referring now to FIG. 1, the absorbance measured is a linear function of the dose delivered to

the sample (i ioha L9306, ‘?9&}9{?6#1:%% VRFRAMER A JTHY fo“ﬂ%é%??r#ﬁgﬁsrﬁ&%m“] Table

5, below, shown thé actual experimental run parameters used during the test. Tabl
TargetSSampF@B?ﬁBﬁﬁ’@ Eﬂr@@y@ﬁﬁ.@fﬁpe first wall 21A and into the product flow cavity 29A of the
irradiation chamber 20A. Thus, as the powder infant formula flows through the product

10 flow cavity 29A, the powder infant formula is exposed to (i.e., irradiated by) the e-
beams, completing step 940.

[0094] The predetermined flow-rate of the powder infant formula and
the predetermined power level of the e-beams being emitted by the e-beam source 30

15 are chosen such that as the powder infant formula passes through the product flow
cavity 29A, it is exposed to an actual dose (D) of e-beams that is greater than or equal
to a desired dose of e-beams (Dp). The D, of e-beams to which the powder infant
formula is to be exposed is chosen so that it is sufficient to effectively reduce levels of
the E. sakazakii. In one embodiment, the Dy of the e- beams to which the powder

20 infant formula is to be exposed is chosen so that it reduces levels of the E. sakazakii to
less than 10 % of the original level. In this embodiment, a sufficient Dy can be between
1.6 and 1.8 kiloGrays (kGy), and most preferably approximately 1.69 kGy. In another
embodiment, the Dy of e- beams is chosen so that it reduces levels of the E. sakazakii
to less than 1 % of the original level. For this embodiment, a sufficient D, of e-beams

25 can be between 3.2 and 3.6 kiloGrays (kGy), and most preferably approximately 3.4
kGy. In still other embodiments, the Dy, of the e-beams to which the powder infant
formula is to be exposed is chosen so that it reduces levels of the E. sakazakii to less

than 0.1 %, less than 0.01 %, or even less than 0.001 % of the original level.

30 [0095] The irradiation system 100 is operated so that it is ensured that the D, of e-
beams to which the powder infant formula is exposed is greater than or equal to the Dp.
One way is to set the predetermined power level of the e-beam source 30 and the
predetermined flow-rate so that an amount of e-beams are emitted by the e-beam
source 30 that would theoretically result in the powder infant formula being exposed to

35 atheoretical dose (D;) of e-beams while passing through the product flow cavity 29A.
The D+ is chosen so that it is greater than the D, by a safety factor (SF) that ensures
that the D, is greater than or equal to the Dp. The SF can be less than or equal to 2.0,
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DosePowerSpeedTime il/10/mA kGy W/cm2cm/minsecond 0.53.00.2 0.6 326 2.741.53.00.4 1.2
2191.843.03.00.82.42191,84 10 [00115] With reference to Table 5, the energy denotes the
penetration power of the electrons. Current denotes the electron density hitting the sample. Specific
Power denotes the power required per unit surface area of the sample.
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preferably less than or equal to 1.8 to 1.6, and most preferably less than or equal to
1.2.

[0096] Every material has a characteristic quality to absorb certain amount of
irradiation energy. In order to determine Dy, for each product that is to be processed,
an experiment is conducted to find out the amount of energy required and the flow rate
of the product (indirectly setting the residence time of the product in the irradiation
zone) to achieve a certain level of dose in kilo Grey. Due to the linear nature of dose
accumulation in an electron beam accelerator, dose targets are easily achievable once
dose delivery is established. The known relationship between dose and processing

parameters are as follows:

o2

Where: D = Dose; k = constant; | = Current; v = velocity. The ratio between current and
velocity determines the dose because k is a constant. To calculate target doses, the
dose map I/v relationships are used. The Dt can be calculated from experimental runs
by passing a dosimeter through the product flow cavity 29A with the fluent food product.
The dosimeter will measure the D, for each run performed. During each run, the e-
beam source 30 is adapted to produce a D+. By graphing the known D+ to the

Da measured for each run, a graph can be constructed relating D, to D+. This will also
give the SF.

[0097] Alternatively, the CPU 70 can be programmed to carry out the necessary
algorithms and to store the necessary variables, flow-rate and power level, to
determine the D+. The following is an example of the stored variables and an algorithm
necessary to calculate Dr.

Let: R = the set flow-rate of the fluent food product (m*/s)

V = the known volume of the product flow cavity (m®)

P = the set power level of the e-beam source in (J/s) or (MeV/s)

d = the approximated density of the fluent food product in (kg/m®)

T = the average time is takes an amount fluent food product to pass through the
product flow cavity (i.e. the average time of exposure to the e-beams) (s)

E = the amount of e-beam energy to which an amount of fluent food product is
exposed to while passing through the product flow cavity (J) or (MeV)

Dt = the target dose of e-beam energy to which an amount the fluent food product is

exposed (kGy)
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Exposure Time is the time each particle of the sample spent under the e-beam. 15 RESULTS:
ACTUAL DOSE DELIVERED [00116] For each dose level, two of the five sample pouches were
tagged with dosimeters on top and bottom. Table 6, below, lists the actual average dose delivered
during processing. The difference in calculated dose and the observed dose is due to 20 inaccurate

control of the takiatrorRE D6 0L FERXPEDNAIIREE FasSes tAlegh thargeted DIesecRasemtiieuch Top
Dose at Poucq_%%t}om Pouch Average Dose Delivered 04 kGy 0.3 kGy 0.35 kGy 0.5 kGy

R, V, P, and d are either set or known variables that are stored in the CPU 70.

E
.DT =
5 D, is determined by the equation: m
wherein E is determined by the equation: E = PxT
T is determined by the equation: T = VIR

m is determined by the equation: m =dx Rx T

Thus:
B PxT
T dxRxT
D. = P
10 dx R

[0098] In order to ensure proper dose exposure during processing, a sensor 80 for
measuring the power of the e-beam radiation during processing may be provided in the
product flow cavity 29A. Other types of sensors can be used if desired, such as a

15 dosimeter. The e-beam power sensor 80 is operably connected to the CPU 70. The e-
beam power sensor 80 continuously measures the power level of the e-beams at or
near the second wall 22A of the product flow cavity 29A, completing step 950. The

sensor 80 creates data signals indicative of the measured e-beam power levels.

20 [0099] As the data signals are created by the sensor 80, the data signals are
transmitted to the CPU 70 for analysis and processing. Once received by the CPU 70,
the CPU 70 performs decision block 960, and determines whether in view of the set
flow rate, does the measured e-beam power level indicate that the powder infant
formula is receiving a D, of e-beams that is at or above the Dp? As discussed above,

25 the correlation between Dy, Do, the measured power level, and the set flow-rate can be
determined through experimental analysis by placing dosimeters in the fluent food

product process stream and graphing the results.

[00100] If the answer at decision block 960 is NO, the CPU 70 proceeds to step 970
30 and appropriately adjusts the control valve 40 so that the flow-rate of the powder infant
formula through the product flow cavity 29A is adjusted to a value that will ensure that

the D, of e-beams to which the powder infant formula is exposed is equal to or greater
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than the Dp. If desired, the power level of the e- beams can also be adjusted to ensure
that the D, of e-beams to which the powder infant formula is exposed is equal to or
greater than the Dp. After the adjustments are made to the flow-rate and/or the power

level of the e-beams, the irradiation system 100 returns to step 950.

[00101] If the answer at decision block 960 is YES, the irradiated powder infant formula
is packaged via the packager 60 and processing is continued, completing step 980.
Thus, the sensor 80 can be used to ensure that the fluent food product is receiving a
dosage of radiation energy that is at or below a safe level.

EXAMPLE

[00102] An experiment was undertaken to determine whether e-beam processing,
when used in combination with proper post-processing product handling techniques,
could reduce the probability of E. sakazakii reaching consumers. The experiment
investigated the utilization of e-beam processing for reducing pathogenic microbial load
in final finished infant formula powder. E- beam radiation processing was chosen over
X-rays because the throughput efficiencies of X-rays is thought to be significantly lower
than those of e-beams. For example, a typical 10 MeV, 50 kW e-beam accelerator can
process 31,500 kg of food per hour at a dose of 2 kGy. For an X-ray to process
products with the same speed as a 10 MeV, 50 kW e-beam, it will need to have 625
kW of power. The throughput efficiency for X-rays is limited by the fact that in addition
to generating photons, heavy metal targets generate considerable heat. In fact

efficiencies are typically no higher that 5-8%.

[00103] The temperature of the powdered infant formula product will be in the range of
20 to 35°C. The moisture content of the powder will be in the range of 1 % to 5% wt/wt.
For a liquid or semi-solid product the temperature can be between 1°C to 150°C and

moisture content between 10% to 99%.

[00104] By way of background, the amount of energy absorbed, also known as the
dose, was measured in units of kiloGrays (kGy), where 1 kGy is equal to 1,000 Joules
per kilogram, or MegaRads (MR or Mrad), where 1 MR is equal to 1,000,000 ergs per
gram. With respect to food processing, irradiation applications can be categorized by
dose level effects as follows: (1) low dose (up to 1 kGy): sprout inhibition of tubers,
ripening delay of fruits, insect de-infestation; (2) medium dose (ca. 1-10 kGy):
reduction of pathogenic and spoilage bacteria and parasites; and (3) high dose (over
25



3.2kGy 3.25 kGy 3.0key 3.08kGy 2.9 kGy 2.9 kGy 2.9 kGy RESULTS: MICROBIAL COUNT
[00117] Samples processed by e-beam and control samples were sub- sampled five 5 times
(replicates) for enumeration purposes. A typical standard plate used for counting the number of colony
forming units (cfu) and the colony counts is shown in FIG. 12. [00118] The measured effects of the

e-beam processirg PN dbehap Rilirme, Aviarikanakioses pbisreridaspsultaiad hei@voidl able 7
Inoculated COBgSE{Ie (%'lejc’!l %5 g e“gq}gysgnrgF}I?(éysr%gnrggti\%ely. Foods currently irradiated to high
doses (e.g., 44 kGy) include those for use by astronauts during space flight, and for

consumption by hospital patients with severely compromised immune systems.

[00105] The primary objective of the experiment was to quantify reduction in viable

count of E. sakazakii, after exposure to e-beams, at incremental dose levels of 0.5, 1.5,

and 3.0 kGy. The targeted reduction in E. sakazakii count was two log reductions

(reducing the count by 100 times). The secondary objective was to determine process
10 parameters required to achieve the targeted reduction.

[00106] Up to five E. sakazakii strains, from Silliker Lab's repository, were propagated
in 100 mL volumes of Trypticase soy broth (TSB, Becton Dickinson & Co, Cockeysville,
MD) from frozen glycerol stock culture held at -70°C. The broth was incubated at 35°C

15 for 24 h. Cultures were centrifuged and the cell pellets were washed with Butterfield's
phosphate diluent, and suspended in 10 mL sterile 10% (w/v) reconstituted non-fat dry
milk. The cell suspensions were lyophilized for 24 h in a VirTis Model 10-117 freeze-
drying chamber (Gardiner, NY). The resulting non-fat dry milk powder, rich in E.
sakazakii lyophilized cells, was packed in NASCO Whirl-pak sampling bag (1g per

20 sample). The sample bags are made of blended virgin, low-density polyethylene and
are pre-sterilized with ethylene oxide. Bag-in-bag configuration was used to achieve

proper containment of the pathogen.

ENUMERATION

25
[00107] For determination of E. sakazakii cells, plate count method was employed
using standard methods agar (Tryptone Glucose Yeast Extract agar, TGY) incubated
at 35C for 48 h. Five replicate plates were prepared for each sample (5 sub-samples
from one pouch). Three colonies from each sample (countable range plate) were

30 streaked to VRBG plates. Typical colonies were considered confirmatory (FDA's
procedure dated July 2002, Revised August 2002 ( at the worldwide website address

cfsan.fda.gov/~comm/mmesakaz.html ).

EXPERIMENTAL DESIGN
35
[00108] Dose Levels of 0.5, 1.5, and 3.0 kGy were used to process 15 samples (5
samples per dose level, with each sample containing 1g of non-fat dry milk inoculated
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Sample 3 Sample 4 Sample 5 1 50,000,000 56,000,000 32,000,000 46,000,000 57,000,000 2
54,000,000 54,000,000 38.000,000 46,000,000 61,000,000 3 54,000,000 51,000,000 51,000,000
50,000,000 49,000,000 4 47,000,000 60,000,000 79,000,000

with E.sakazakii). Five additional un-processed samples served as control. For
microbial analysis each sample was sub-sampled 5 times for determining the bacterial

count. The experimental design is shown in Table 1 below.

Table 1
Dose Microbial Labeling Notation:
Level Samples SUbI' Energy level/Sample ID ~ Sub-
samples sample #

0.0 kGy 5(A,8,C,D,E) 5(1,2...5) 0.0/A-1; 0.0/A-2... 0.0/E-4; 0.0/E-5
0.5 kGy 5(A,B,C,D,E) 5(1,2...5) 0.5/A-1; 0.5/A-2... 0.5/E-4; 0.5/E-5
1.5 kGy 5(A,B,C,D,E) 5(1,2...5) 1.5/A-1; 1.5/A-2... 1.5/E-4; 1.5/E-5
3.0 kGy 5(A,B,C,D,E) 5(1,2...5) 3.0/A-1; 3.0/A-2... 3.0/E-4; 3.0/E-5

CALIBRATION FOR DOSE LEVELS

[00109] Before conducting the tests on freeze-dried bacteria, a calibration test to

determine the time required to achieve a particular dose absorption in the freeze-dried
10 cultures was conducted. Nine pre-test samples, containing alanine pellets were

exposed to E-beams in three tests (three pellets in each test) at predetermined system

parameters, as set forth in Table 2 below.

Table 2
Test# | Test#1 Test # Il
Energy 3.0 MeV 3.0 MeV 3.0 MeV
Current 0.2 mA 0.4 mA 0.6 mA
Scan Width 100 cm 100 cm 100 cm
Scan Length 10 cm 10 cm 10 cm
Conveyor Speed 300 cm/min 300 cm/min 300 cm/min

15
[00110] All of the tests were conducted by placing the pre-test sample
pouches on the top of a processing table (sample holder) and monitored with alanine
27



55,000,000 56,000,000 5 47,000,000 45,000,000 47,000,000 56,000,000 50,000,000 Treatment 0.5
(cfulg) Replicate Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 22.000,000 24,000,000
21.000,000 26,000,000 14,000,000 2 19,000,000 29,000,000 23,000.000

pellet dosimeters. The pouches were centered on the sample holder as shown below.
The processing table moved through the beam only once with a pre-determined speed.
Referring to FIG. 10, the sample holder and location of the dose map samples on the
holder is shown. The direction which sample holder passed under the e-beam scan

horn is also shown

[00111] Table 3, below, sets froth the results obtained for various conveyor speeds.

Table 3
Dose
Test Replication Average Current Speed
(kGy)
1 0.542
300
| 2 0.543 0.544 kGy 0.2mA cm/min
3 0.548
1 1.087
5 300
I 2 1.090 1.093 kGy 0.4 mA cm/min
3 1.101
1 1.660
300
i 2 1.625 1.638 kGy 0.6 mA em/min
3 1.630

10 OPERATIONAL PARAMETERS: CALCULATIONS

15

[00112] Due to the linear nature of dose accumulation in an electron beam accelerator,
dose targets were easily achievable once dose delivery was

established. The known relationship between dose and processing parameters are as
follows:

Where: D = Dose; k = constant; | = Current; v = velocity. The ratio between current and
velocity determines the dose because k is a constant. To calculate target doses, the
dose map l/v relationships were used as shown in

Table 4 below.
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31.000,000 26,000,000 3 15,000,000 22,000,000 39,000,000 36,000,000 19,000,000 4 19,000,000
23,000,000 18,000,000 33,000,000 14,000,000 5 18,000,000 19,000,000 19,000,000 34,000,000 21
000,000 Treatment 1.5 (cfu/g) Replicate Sample 1 Sample 2

Table 4
Dose Mapping .. Targeted
Data Determining k Dose At Set Current
At
0.2mA
0.2mA 0.5= 816[ )
054 =k —— 0.5kG
0.2 mA, 300 (BOOCmIminj y v
cm/min
: Solve for )
Dose =0.54 Calculated k= 816 ) v = 326 cm/min
Speed
A 0.4mA
Am
1.093 = k| ——— 0.4mA
0.4 mA, 300 [30001}:/min} 1.5 kGy 1.5= 820[ N
cm/min
Dose = 1.093 Calculated k = 820 Solve for v =219 cm/min
Speed
At ]
1.638=k _i%} 3.0 kGy 3.0= 819(0 SMA]
300cm / min v
0.6 mA, 300
cm/min
Dose = 1.638 Calculated k= 819 Solve for v =219 cm/min
Speed

RADIOCHROMIC DOSIMETERS: PLACEMENT AND ANALYSIS
5 [00113] Radiochromic dosimeters were pasted at the top and bottom of each of the two

pouches drawn randomly from the set of five sample pouches for each dose level.
FWT-81-00 radiochromic dosimeters (Dose Range: 0.5-200 kGy
(0.05-20 Mrad); 1 cm x 1 cm x 42-52 microns), manufactured by Far West
Technology, Inc., were used for the tests. These are thin, colorless films that gradually

10 change from colorless to a deeply colored state as a function of
absorbed dose. At the time of processing, these films were in packed form in
aluminum-laminated pouches to protect the dosimeters from stray light. These
dosimeters use hexa(hydroxyethyl) aminotriphenylacetonitrile (HHEVC) dye.
After the test, the dosimeters were retrieved by tearing open the aluminium- laminated

15 pouch, and placed in a photometer or spectrophotometer for analysis. The dosimeters
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Sample 3 Sample 4 Sample 5 1 6,300,000 8,600,000 6,500,000 6,800,000 8,600,000 2 8,600,000
9,700,000 4,900,000 8,000,000 9,100,000 3 8,000,000 6,800,000 5.500,000 5,100,000 14,000,000 4
6,900,000 8,000,000 6,100,000

are shown below (actual size). Referring now to FIG. 1, the absorbance measured is a

linear function of the dose delivered to the sample (shown for 510 and 600nm light).

EXPERIMENTAL RUN PARAMETERS

5 [00114] Table 5, below, shown the actual experimental run parameters used during the

test.
Table 5
Target S Sample Exposure

Dose Energy Current Power Speed Time

kGy MeV mA Wicm? cm/min second
0.5 3.0 0.2 06 326 2.74
1.5 3.0 0.4 1.2 219 1.84
3.0 3.0 0.8 24 219 1.84

10 [00115] With reference to Table 5, the energy denotes the penetration power of the
electrons. Current denotes the electron density hitting the sample.
Specific Power denotes the power required per unit surface area of the sample.

Exposure Time is the time each particle of the sample spent under the e-beam.

15 RESULTS: ACTUAL DOSE DELIVERED
[00116] For each dose level, two of the five sample pouches were tagged with
dosimeters on top and bottom. Table 6, below, lists the actual average dose delivered

during processing. The difference in calculated dose and the observed dose is due to

20 inaccurate control of the table speed and other experimental errors.
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14,000,000 8,600,000 5 7,400,000 9,100,000 5,000,000 8,000,000 8,600,000 Treatment 3.0 (cfu/g)

Replicate Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 750,000 660,000 690.000 450,000
600,000 2 810,000 680,000 810,000

Table 6
Dose at
Targeted Dose at Pouch Pouch D_ose

Dose Pouch Top Bottom Average Delivered
0.4 kGy 0.3 kGy 0.35 kGy

0.5 kGy 0.38 kGy
0.4 kGy 0.4 kGy 0.4 kGy
1.4 kGy 1.4 kGy 1.4 kGy

1.5 kGy 1.53 kGy
1.7 kGy 1.6 kGy 1.65 kGy
3.3 kGy 3.2 kGy 3.25 kGy

3.0kGy 3.08 kGy
2.9 kGy 2.9 kGy 2.9 kGy

RESULTS: MICROBIAL COUNT
[00117] Samples processed by e-beam and control samples were sub- sampled five

5 times (replicates) for enumeration purposes. A typical standard plate used for counting
the number of colony forming units (cfu) and the colony counts is shown in FIG. 12.

[00118] The measured effects of the e-beam processing on the lyophilized E. sakazakii
count is set forth in Table 7 below.
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580,000 640,000 3 600,000 770,000 750,000 490,000 790,000 4 640,000 570,000 640,000 410,000
680,000 5 650,000 560,000 780,000 550,000 1,100,000 [00119] The data from Table 7 was
transformed on a logarithmic scale and statistical analysis was performed on the transformed data.
Analysis of variance showed significant difference (v = 0.01) among the various dose levels. 5
However, no significant difference (v = 0.01) was observed within replications (sub-samples for
microbial analysis). The Analysis of Variance resgdiis ghown in Table 8 below. Table 8

Inoculated Control (cfulg)

Replicate Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
1 50,000,000 56,000,000 32,000,000 46,000,000 57,000,000
2 54,000,000 54,000,000 38,000,000 46,000,000 61,000,000
3 54,000,000 51,000,000 51,000,000 50,000,000 49,000,000
4 47,000,000 60,000,000 79,000,000 55,000,000 56,000,000
5 47,000,000 45,000,000 47,000,000 56,000,000 50,000,000
Treatment 0.5 (cfu/g)
Replicate Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
1 22,000,000 24,000,000 21,000,000 26,000,000 14,000,000
2 19,000,000 29,000,000 23,000,000 31,000,000 26,000,000
3 15,000,000 22,000,000 39,000,000 36,000,000 19,000,000
4 19,000,000 23,000,000 18,000,000 33,000,000 14,000,000
5 18,000,000 19,000,000 19,000,000 34,000,000 21,000,000
Treatment 1.5 (cfu/g)
Replicate Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
1 6,300,000 8,600,000 6,500,000 6,800,000 8,600,000
2 8,600,000 9,700,000 4,900,000 8,000,000 9,100,000
3 8,000,000 6,800,000 5,500,000 5,100,000 14,000,000
4 6,900,000 8,000,000 6,100,000 14,000,000 8,600,000
5 7,400,000 9,100,000 5,000,000 8,000,000 8,600,000
Treatment 3.0 (cfu/g)
Replicate Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
1 750,000 660,000 690,000 450,000 600,000
2 810,000 680,000 810,000 580,000 640,000
3 600,000 770,000 750,000 490,000 790,000
4 640,000 570,000 640,000 410,000 680,000
5 650,000 560,000 780,000 550,000 1,100,000

[00119] The data from Table 7 was transformed on a logarithmic scale and statistical
analysis was performed on the transformed data. Analysis of variance showed
significant difference (v = 0.01) among the various dose levels.

5 However, no significant difference (v = 0.01) was observed within replications (sub-

samples for microbial analysis). The Analysis of Variance result is shown in Table 8
below.
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Source OF SSMS  50.703 16.901 1478.4 Dose3 0 627 Rep

10

15

20

Table 8
Source DF SS MS F P
50.703 16.901 1478.4
Dose 3
6 2 7
Rep 4 0.0239 0.006 0.52 0.719

Dose*Rep 12 0.0734 0.0061 0.53 0.886

Error 80 0.9145 0.0114
51.715
Total 99 4

[00120] Thus, it was concluded that e-beam processing caused a significant reduction
in E. sakazakii viability. Referring to FIG. 13, the rate of destruction is plotted. From the
curve (y =-0.591x + 7.683) of FIG. 13, it was deducted that 1.69 kGy is required to

affect one log reduction in E. sakazakii count.

CONCLUSION

[00121] It was concluded that the above experiment decisively proved that e- beam
processing helps inactivate dried E. sakazakii in skim milk powder. In most scientific
literature it is assumed that on an average E. sakazakii contaminated infant formula
has approximately 36¢cells/10kg of product. If an infant formula contaminated at this
level is processed by e-beam at a dose level of 3.4 kGy, it will bring down the microbial
load to 0.36cells/10kg (almost impossible to detect using current microbial testing

procedures).

[00122] The various food contaminants that can be eliminated/modified using the
system and method above include certain volatile flavor/smell causing compounds,
large molecules capable of polymerizing, and most bacteria, spores, fungi, molds,

yeasts, and other microorganisms.

[00123] While the invention has been described and illustrated in detail, various

alternatives and modifications will become readily apparent to those skilled in the art
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4 0.0239 0.006 0.52 0.719 Dose*Rep 12 0.0734 0.0061 0.53 0.886 Error 80 0.9145 0,0114 51.715
Total 99

without departing from the spirit and scope of the invention. Specifically, the invention
is not limited to irradiating any specific type of fluent food product, nor is the invention
limited to any specific type of radiation energy. All patents, patent applications and

publications created herein are incorporated by reference in their entirety.
[00124] This application claims priority benefit of U.S. Provisional Ser. No.60/651, 796,

filed February 10, 2005, the entire disclosure of which is
incorporated herein by reference.
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4 [00120] Thus, it was concluded that e-beam processing caused a significant reduction in E.
sakazakii viability. Referring to FIG. 13, the rate of destruction is plotted. From the 5 curve (y = -0.591x
+ 7.683) of FIG. 13, it was deducted that 1.69 kGy is required to affect one log reduction in E.
sakazakii count. CONCLUSION 10 [00121] It was concluded that the above experiment decisively
proved that e- beam processing helps inactivate dried E. sakazakfi in skim milk powder. In most

scientific Iitera\sg%FAq. i'%a@;'&m% 1t on an average E. sakazakii contaminated infant formula has
approximately 36cellsT10Kg of product. If an infant formula contaminated at this level is processed by

e-beam at a désénelasfeizfRGpdiaian brirgsiivenocfifienicksisl alregueiadeo0rB6Ells/10kg (almost
impossible to detect Ysing-piaH et ricrobial testing procedures). [00122] The various food
contaminants that can be eliminated/modified usir%%éh(ﬁ&system ?ﬁ;\d method above incg&e certain

i

volatile flavdr/smell cAlISHhY EORBISRSCOWARGE BIES LB REITNERY MY, DAt
bacteria, spores,doengly protiisegdastbe aadiaite soniceorganisms. [00123] While the invention has

been described and Wusitatad, el Ragus iR alkesalmarlisalions. v Recaraadardily

apparent to those skilled in the art without departing from the spirit and scope of the invention.
Specifically, the FRERTBACRETRPIPAREHYY TR RE 8PS YBRRIfIHESE SPRAREPHYSIP BB, nor is the
invention limited tasiaysipgatittaypedteadiasionn;energy. All patents, patent applications and

e ot DA S PSSR 0012) T el
disclosure of which igineeipbieiaing areasspgrifayentef the product flow cavity;
a sensor means in the product flow cavity for measuring a characteristic of the
radiation energy emitted by the radiation source; and
a flow cavity adjusting means for adjusting the substantially constant depth of
15 the product flow cavity;
wherein the first wall is positioned between the radiation source and the product
flow cavity so that when the radiation source emits radiation energy, the radiation
energy passes through the first wall and into the product flow cavity; and
wherein the radiation source is selected from the group consisting of an

20 electron beam source, a gamma ray source, and an X-ray source.

2. The apparatus of claim 1 wherein the surface of the second wall that opposes the

convex surface of the first wall is a concave surface.

25 3. The apparatus of claim 1 wherein the substantially constant depth is approximately 3
inches (0.0762 meter) or less.

4. The apparatus of any one of claims 1 to 3, further comprising a third wall forming a
second cavity with the second wall, the second cavity filled with a cooling fluid.

30
5. The apparatus of any one of claims 1 to 4, further comprising a source of fluent food

product operably connected to the inlet.

6. The apparatus of claim 5 wherein the fluent food product is selected from the group

35 consisting of pastes, liquids, powders, granular materials, gels, or semisolids.

7. The apparatus of claim 6 wherein the fluent food product is powder infant formula.
35



WHAT IS CLAIMED IS: 1 An apparatus for radiation processing of fluent food products comprising: a
radiation source; 5a first wall having a convex surface, the first wall being transmissive to radiation
energy produced by the radiation source; a second wall having a surface that opposes the convex
surface of the first wall so as to form a product flow cavity therebetween, wherein the product flow

cavity has a sghstantipfiiraanstaaigiaptividan e tiaraingicipassegpwaiitieibrypieduct flow cavity,

an outlet forming.a paseageuay out of e produel flow cais, Sysensordneans, i dhe product flow
cavity for measuring a Characerisie Gt the rauaten ener8y em’ittedéby the'radiation source; and

a flow cavity aitljestity anshisliggioadinstig the substantially constant depth of 15the product flow
cavity;  wherein the first wall is positioned between the radiation source and the product flow cavity

so that when the radiation source emits radiation energy, the radiation energy passes through the first
wall and intd the PIOAHBRTBHS CLSHRITRR & I ER IR Tah EFS 0 FLENE LIaR e SRRERRAPE Ghoup

consisting of gwgifetectrarobpeesnn thelswdacegdthmaa@ndowlte, and an x-ray source. 2. The apparatus
of claim 1 wherein the surface of the second wall that opposes the convex surface of the first wall is a
concave surface. 25 3. The apparatus of claim 1 wherein the substantially constant depth is
approximately @ ilOfeP R 94 BSLIMSTHE SpPARIRIR BEdist 8 BRERIMES G0 3, further
comprising a thitthvieil éosny gradieecons) cayitydidtiotha seeonitho@l k tignseeontbsaiiteidiey. with a
cooling fluid, 30 5. The apparatus of any one of claims 1 to 4, further comprising a source of fluent
food product operably connected to the inlet. 6. The apparatus of claim 5 wherein the fluent food

product is seletelifectaRi@igroRirRETdAskReRN N dstbwalidaieRNPo\weeref aranlaaamelrgiets, gels,
or semisolids. ffonh feafBapaibasHtrigion Quukergisineyiuenidper RErduahimpeydardpjantfarmula. 35

8. The apparatLIlst of cla(iin 1 wheretir] th characteristic of the radiation energy is selected from the
group consistiR&SfSrgal {?Sﬁvﬁfcﬂ)\?e?, Qiation dose, radiation intensity, and radiation energy. 5 9. The
apparatus of claim 8 wherein the sensor means is embedded in, secured to, or positioned at or near

the surfacqOf the-gecapshralls FinlthaRPRIAS PIATY, W AiCiREME St fPidanirEy g Het wall

transmits the radiation energy produced_bY the radiation source without a significant loss in energy. 10
in shape having a central axis Tocated outside of the product flow cavity, the radiation

source being positioned along the central axis.

13. The apparatus of any one of claims 1 to 11, wherein the first wall is semi-spherical
20 in shape having a center point located outside of the product flow cavity, the radiation

source being positioned at or near the center point.

14. The apparatus of any one of claims 1 to 13, further comprising means for
controlling flow rate of fluent food product through the product flow cavity.

25
15. The apparatus of claim 14 wherein the flow rate control means is operably coupled

to either the inlet or the outlet.

16. The apparatus of any one of claims 1 to 15, further comprising means for
30 facilitating flow of fluent food product through the product flow cavity via the inlet and

outlet.
17. The apparatus of claim 16 wherein the means for facilitating flow of fluent food

product comprises a pump adapted to create a pressure or vacuum differential

35 between the inlet and the outlet.
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11. The apparatus of claim 10wherein the first wall is constructed of a material selected from the group
consisting of quartz, glass, synthetic polymers, laminates, heavy metal plates, and heavy metal foils.
15 12. The apparatus of any one of claims 1 to 11, wherein the first wall is semi-cylindrical in shape
having a central axis located outside of the product flow cavity, the radiation source being positioned
along the centig| i appkdatlib@rRBEGABISI@iamE AN6 Of claigrsid ke L abetriméh dsatwall is
semi-spherical 20 1, shape avinga cenier pojpt Igcated outside of s prodgt flow cavity, e
radiation sourceabelng positionéd at or near {Re/ EMer pomE 2°The apparatus of any one of claims 1
to 13, further comprising means for controlling flow rate of fluent food product through the product flow

C?VitY- 25 _15-1-3.‘?@@9&;‘3%%&19‘:0@'&#@01{& M@é@%tb%f@YM@r&ﬁQH@‘S&%@\BW&IQ@GF&NY co_upled to
either the inlet or the QuPet. 16. The apparatus of any one of Clalmﬁféytf% 15, further comprising

means for 30 FXORIANNY Y O oY AR R G B AEG AU FOSEAY R PG BE QY8 G EARPUis S Snlet and

outlet. 17. The apparatus of claim 16 wherein the means for facilitating flow of fluent food product

comprises a pﬁﬁ‘ﬁﬁéjﬁﬂﬁ%?'aﬁﬁs%?ﬁl% %@%ﬁf%‘rﬁ@@ﬁ%@%{%Hi{é@fﬁmehﬁﬁgbetween the inlet and the

outlet. 18. The apparatus of any one of claims 1 to 17, wherein the surfaCe of the second wall is a
concave surface that T$hriHEbHEHRAEE! e BERAlSk Laiaauty DYoeithee NSRRGSR any one of
claims 1 to 18, whetend thellseepod altimh  thelistaniially non-transmissive to radiation energy

produced by the radiation sour I rat ny one of claims 1 to. 19, further comprising:
means to ggjust the déjip#%ucﬁ; hgeﬁ;:l)l#%%hfcot ﬁd%\%@ﬁél %ﬁ%@%e?@%‘%ﬁ%iﬁoﬁﬁé@%tgﬁ r\}égﬁ and/or
retracting the first RaAnN3 0 straswin fadiatipsorneraviRMesHiEr HisyEsHsE S aavibe ifeteRseEnsor

means for measunngaiHAiEHBEE KGYhIAY St iR QPEP Pasitipaacavityn dae thespaeaiembedded
within, secured to, or ?fiitiop_ed at or near the surface of the second wall; means for facilitating

flow of fluent food ?)er% va?w“ough the product flow 15cavity; means for controlling flow rate of the
fluent food product throweginstier faoititatindolowafitirent foogmsedinctitier sugtatke ofebectdovnd wall is a
concave syface ang e product flow cavity has a substantially constant depth of approximately 3
inches (0.0762 20meter) or less;  wherein the first wall transmits the radiation energy produced by

the radiation source WillRAIE iGN SOV HiF fluentinpd e HE! FPLeypkIthe 98 ftspherical

shape having a ceffderqaoityt, that is outside of the product flow cavity, the radiation source being

positioned at or near Zpine.GeMEL AN WAL BGSAAIR 'oy&%%g%%@%ﬁmn&g%v@éwme;

wherein the inlet forms a vertical passageway into a top of the pro ow cai;g\%; an erein the
outlet forms a vert{lyy pa¥safanay YitdtbotsipiAttHBRI i GaPneXMaioly S Sthaef8iR 8@ concave
surface is generally@encentrigto the convex surface; wherein a distance separates the radiation

source from the first W&Héand twh&a;eln tmquAgHﬁ Sp{ﬂsmoneﬁl to introduce Othe f er}tnfood Product into

the product flow cavity In Contac v'vﬁhvi’ e convex sur a{%g'% PETFEXNENHEL A rrelerﬁ%joa ' radiation

processing fluent fssuqsrviinets asiapifisay:loss in energy;
wherein the first wall is a semi-spherical shape having a center point that is

outside of the product flow cavity, the radiation source being positioned at or near
25 the center point;
wherein the radiation source is an electron beam source;
wherein the inlet forms a vertical passageway into a top of the product flow
cavity; and wherein the outlet forms a vertical passageway out of a bottom of the
product flow cavity;
30 wherein the concave surface is generally concentric to the convex surface;
wherein a distance separates the radiation source from the first wall; and
wherein the inlet is positioned to introduce the fluent food product into the

product flow cavity in contact with the convex surface of the first wall.

35 21. A method of radiation processing fluent food products comprising:
providing an apparatus comprising a radiation source, a first wall having a
convex surface, a second wall, and a sensor means in the product flow cavity for
37



providing an apparatus comprising a radiation source, a first wall having a convex surface, a second
wall, and a sensor means in the product flow cavity for 37 measuring a characteristic of the radiation
energy emitted by the radiation source, wherein the surface of the second wall opposes the convex
surface of the first wall so as to form a product flow cavity therebetween, wherein the first wall is
transmissive to then@dialiog Loesgmcrmitiedmydhadiatdirtionrguesitanbyeridiaibe doatwall is
positioned betweevr\ll the fa igté%pfsgeu(r)?%]gnsd Cthe palgel uoct flosw %ﬁ\éi%nvip(tgodfg%n %gaﬁgtt fO(ﬂd
product into the proguéat?low cavﬁ‘y Vid an intetto the pr%pd‘fjc%sflow cawa; L1!|rowmg the fluent Jood
product through asd asitofaite procdiectiitan cavity ierebedveen; wheredetedsrigvidesiuent product to

radiation energy eﬂ%'lﬂﬁqiQM\IE_'?orﬁf@f?‘H@iﬁtﬁﬁﬂéﬁ%réD%r"rﬁﬁ'é%ti@gﬂt_ﬁ@@é@b@ﬁ%@ﬁ&@tﬁﬂmﬂbl"ef@diatio“
source, passing through the first wall into jgl% ¥@eroduct flow cavity, and contacting the fluent food

product moving thFBEdFtHERb B AGSIRERA en the FRdIglon FRMCRANTLINS BIRELL O EALY from the
group consisting of aintidskleicyenfloeanfosorceluatgainitha paydsotifiosy eandtyarix-aaynsauocke22. The
method of claim 2 rW&WﬁB%U&W”t food product is flowed through the product flow cavity at a rate
that results in the fluent food product being exposed to at least a desired dose of the radiation energy.

20 23. The method ofQ4ilg B¢ Brersfood prrgutt tHeua - ared Ui pidhe BR Gh AR RYUBNEaR surface

that is generally congentsiedto the convex surface; wherein the first wall is a semi-spherical shape
having a cggter p°'”t%ti§‘p%ts‘.ﬁﬁf§1'8‘%%t§p‘l 8#&8\'4%‘?t8fr£{g?a86%déjn%tr§9%&%%‘&%%@%&?9@%!%@ 39HrEE being
positioned at or near the center point; = wherein the radiation’source Is an electron beam source

adapted to operatéhatradigiRmAner enBeigGaiBpeoNYHRaERHBIMSQurce, passipaéheayahdhsroduct flow

cavity has a substgriiai/ GeastanparRii 763 apiy oximatriasiing iRsi:RY RS MR @MesHg
wherein the fluid fg@db@? uct C%ﬂﬁiﬁfs one or more biological contaminants or pathogens, the fluent

food product bein d' tHrBLR OM’rS@YJ@f flow cavity at a rate that results in the fluent food
product being expos&diesein tbasadiatissesofithe isstiteddrargpergivigpsifigiimotofeffectively reduce

levels of thg one Oé@%:ﬁggmlggm@gpgpm QUrAhQegaR: x-ray WhRERIN the fluent food product

is infant formula and the one or more biological contaminants or pathogens comprise Enterobacter
sakazakfi, the desired dose of the radiation energy being no more than approximately 5.0 kGy; 5 24. A
method of irradiatifg ankitlent édothipr@dusheminptisifigent food product is flowed through the

product flow cavity at a rate that results in the fluent food product being exposed to at
least a desired dose of the radiation energy.
20
23. The method of claim 21 or 22:
wherein the surface of the second wall is a concave surface that is generally
concentric to the convex surface;
wherein the first wall is a semi-spherical shape having a center point that is
25 located outside of the product flow cavity, the radiation source being positioned at
or near the center point;
wherein the radiation source is an electron beam source adapted to operate
at a maximum energy of approximately 10 MeV;
wherein the product flow cavity has a substantially constant depth of
30 approximately 3 inches (0.0762 meter) or less;
wherein the fluid food product contains one or more biological contaminants
or pathogens, the fluent food product being flowed through the product flow cavity
at a rate that results in the fluent food product being exposed to at least a dose of
the radiation energy that is sufficient to effectively reduce levels of the one or more

35 biological contaminants or pathogens;

38



providing an apparatus comprising a radiation source, a first wall having a convex surface, and a
sensor means for measuring a characteristic of the radiation energy emitted by the radiation source,
wherein the first wall is transmissive to radiation energy emitted by the radiation source, and wherein
the 10radiation source is positioned on a side of the first wall that is opposite of the convex surface;

flowing a fluent food praghuiepnigethece@ s sotacahthe: isehwalkanthespesingthe fluent product
to radiation energ .emitteq radiﬁation squrce the radiati% E%Fc%g&greig %rq(iﬁt by the radiation
0

by the
source, passing 1 fﬂrcﬁ}% ﬁé’g‘i ATA ,%{rpoac@r%%%?iﬁa%)g%?uen product, mErein the

radiation source isdss|eaststd$eonh thrergaiaiioensIg e torP ehsce b ear domaelybdhkinia ray
source, and an X-ray source.

5 24. A method of irradiating a fluent food product comprising:
providing an apparatus comprising a radiation source, a first wall having a
convex surface, and a sensor means for measuring a characteristic of the
radiation energy emitted by the radiation source, wherein the first wall is
transmissive to radiation energy emitted by the radiation source, and wherein the
10 radiation source is positioned on a side of the first wall that is opposite of the
convex surface;
flowing a fluent food product onto the convex surface of the first wall; and
exposing the fluent product to radiation energy emitted by the radiation
source, the radiation energy being emitted by the radiation source, passing
15 through the first wall, and contacting the fluent food product,
wherein the radiation source is selected from the group consisting of an

electron beam source, a gamma ray source, and an X-ray source.
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