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[0004] Irradiation technology for food sterilization has been scientifically understood
for many years dating back to the 1940's. An increasing concern for food safety
and effective medical sterilization has recently resulted in expanded government
regulatory approval of irradiation technology for food processing. Because
irradiation has proven to be an effective means of reducing the population of
harmful biological contaminants and/or pathogens, United States Government
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regul atory agenci es have approved the use of
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cylindrical accelerators, and |inear accelerators.

[ 0009] Over the past decade, substantial efforts have
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can safely and effectively irradiate food products in
an 2 industrial setting. However, in.an industria
setting, a nunber of conpeting goals exist, such as:
(1) maxim zing throughput of the food product; (2)

g]lga'tr ﬁg&haﬁélggmngefﬁo%bérvxﬁ af dushdd §etﬁr@Vz§3ht§nt§éfr of doﬁ@éﬁn@:gbélél
n

O R St aB RS e b b TR A Ko R By SRS ELS

per s @ffestive andovale le\et d iriadiatiangd e tocd. pK[d\)GIIL@} mlnnnlnnqj@qs’fst 0

prot %ggoc%?‘erd%ﬁ?@%l lrrgcﬂﬁlﬂb E@%s@t ang '@4)%%&{ SersdnA@G%om

irradiation takes place in ed area, which
ef f edqiQfieN §*RO8WEai ns the radiation. Existing systens
.ac |[00&Uﬂntol‘de8togﬁﬂéct bsrsorneldropordittion @xpustien@bedidradieion oftéror

deli verlng .4 @% se&gs’gres %Jﬂ%ﬁgadélﬁdn%sﬁﬁwa&@mnt RREEHRY

ellmnatln man i nt ervenlon and the
assodSysess ag‘»ﬁyg mawdncsofpgfqtlu%aqt?rﬂgg mtﬁﬂﬁgor dehvenng the
| ar geosta ki raditloh @ adrée theteby Bitmidkating dur@dhmhanomtenvequum amghs

an aﬂﬁégs%tpﬁaeééhgnﬁk Qﬁaistmﬁomegwe{gs IQ‘&Q?C&\%%BMaMnQﬁ i

ation
| e er ivediation LS ANGRPRE E5 A TRIBRILO dgiyes '@fge E'Eﬂ?)‘i‘ﬁs $ Shfood to
nunbehe Aldiatisr Meknaf wihbutredt aumariaaentize and e @lcopiddodsor
|ndustr|al irradi ation processing of food products.
Exa ? § of such systens are disclosed in U S. = Pate
No. [0(5115531u@nq_r of Q‘r@yxgtppg sygterps I)\ave been depgpgéqqtforenqygfgalgr%haﬂon
( Eckhgbdessind-biFood pradustd! Erantll,cb&idh sydBaty #é tll)sclo@ﬂtﬂw wss.

Pat ene ?}Aﬂﬂo é;?%;a, &l (\Ago% le&?bé L F%nt 6 o%gg%) Q gﬁ .

( Koen Pati o
syst eRaters G0p&B50, KB&tbwﬁhafFPLMﬁe’?at@m %P'ﬁ%@&@@%"ca@‘ﬂ@cl ally

VC\IhO en y&ﬁﬁbg ES7R r(R§§§§k &tlayenbwéven dxistb Gsbd Gt RiiatiprO§d2ns suffer
nveyor 1 on sSSin
ei t hefom ﬁé‘ﬁ’ﬁ%ﬂ"i"’é‘?’é’a%? '8 E%eg?'s?ﬁynvé Certal %?#F%gwtéﬁ tfood

produpmsuct$uch as liquids or gases, or are inefficient

an dgoS 1) eh ol e ifrhaigih pfo@é&im@ l%ﬁﬁéiﬁd aré BitHetlihéapable of

Shi 1 PRGSSSFY Eren BTk Eac g SOUEL BFRef Bl netrcentn
bel t . eMiosing thelfluem foof podugs taowliffistest and@cwna@eﬁf@lﬂe%(ﬁ)sof and
gr anulrﬂat.a;ﬁ&&rtb @Iluﬁn &iffe fleATESH HEHUCCRNSYDTeybY . When

T eor i, S T e ROAEF o floe

shi f t coheydritypesystérooidr ipadiatigo processigl thm}surhth@ preed and/or
direction of the conveyor belt tend to shift the fluent food product, resuiting in the
food product having an inconsistent depth during radiation exposure. Variations
in the depth of the fluent food product 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



food product having an inconsistent depth during

radi ati on exposure. Variations in the depth of the
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[0017] Yet another object of the present invention is o provide an apparatus,
system, 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.



[ 0016] Anot her object of the present inventionis to
provi de an apparatus, system and nethod for
irradiating fluent food products in a nore efficient
and/ or cost effective manner. 10017] Yet anot her
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products. [0023] In yet another aspect, the invention
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BRIEF DESCRIPTION OF THE DRAWINGS
[0027] Figure 1 is a schematic of a food irradiation system according to one
embodiment of the present invention.
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or above a desired dose that 1is sufficient to
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forming units during the experiment.
[0039] Figure 13 is a graph of experimental data comparing actual dose level vs. E.
sakazakil.

DETAILED DESCRIPTION OF THE DRAWINGS

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 to irradiate fluent food products effectively and efficiently for

bulk/industrial processing. As used herein, the term fluent food product means



sanpl es used in an experinent to determ ne the effect
of e-beamradiation on E. sakazakii in skimmlk
powder according to an enbodi nent of the present
invention. [0037] Figure 11 is a graph of

absor bed/ actual dose vs. specific absorbance at
different |ight wavel engths. [0038] Figure 12 depicts
a standard plate used for counting the nunber of
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supply fine 15 and the outlet line 25 can be constructed of any suitable material,
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 irradiation chamber 20 are smooth so as to not
significantly impede the flow of the fluent food product therethrough.



packager 60 to facilitate the irradiation processing
of fluent food products. The product flow path
extends fromthe fluent food product source 10,

through the irradiation chanber 20, and to the
packager 60. The control valve 40 and the vacuum punp
50 are operably connected to the outlet line 25 in
series. As discussed in nore detail below, the vacuum
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Vac uusbilgtehe source of e-beams. The source-beam oscillation device 30 is
positioned a distance from the first wall 21 of the irradiation chamber 20,
preferably in the range of 1 meter to 5 meter. The radiation osciliation source 30
distributes radiation energy (indicated by the dashed arrows 31) in a radiant
pattern.



[0044] The radiation source 30 is positioned outside
of the irradiation chanber 20 but within the housing
110. The type of radiation energy emtted fromthe
radi ation source will depend on the type of radiation
source inplenented. The radiation source can be any
type of radiation source that is approved for

irradi ating food products, including a source of ganma
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sufficiently rigid to hold its shape under the vacuums experienced during
processing and the loading exerted by the fluent food product.

[0049] The second wall 22 may be constructed so that it is or is not transmissive to
the radiation energy 31. Preferably, the second wall is not significantly
transmissive to the radiation energy 31. As with the first wall 21, the material of
construction of the second wall 22, the thickness of the second wall 22, and the
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The first wall 21 and the second wall 22 form a
product flow cavity 29 therebetween. The product fl ow
cavity 29 fornms a portion of the product flow path
fromthe fluent food product source 10 to the packager
60. At least a portion of the first wall 21 is
transm ssive to at least a fraction of the radiation
energy 31 emtted by the radiation source 30.
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[0052] The CPU 70 is operably and electrically connected to the vacuum pump 50,
the control valve 40, the radiation source 30, the radiation sensor 80, and the
user interface 90 for communication therewith. The CPU 70 is a suitable

microprocessor based programmable logic controlier, personal computer, or the
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Is or is not transm ssive to the radiation energy 31.
Preferably, the third wall is not significantly
transm ssive to the radiation energy 31. As with the
first wall 21, the material of construction of the
third wall, the thickness of the third wall, and the
type of radiation energy 31 being emtted by the

radi ation source 30 are all factors that may affect
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energy level and predetermined power level. When the radiation source is a
source of e-beams or x-rays, this will require activation of the radiation source 30

by supplying power thereto. When the radiation source 30 is a source of gamma
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radi ati on dosage, flow rates, processing tines,
processi ng conditions, operating power |evels, and the
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packager 60 used will be dictated by the type of fluent food product being
irradiated, but can include, for example, bottle or carton filiers, conveyor systems
for facilitating packaging, wrapping machines, and form-and-fill pouch packing

machines.
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an un-obstructing position. [0056] Upon receipt of the
activation signal fromthe CPU 70, the vacuum punp 50
is activated. Once activated, the vacuum punp 50
forces fluent food product to flow fromthe source
10, through the product flow cavity 29 where it is
exposed:-to the radiation energy 31, and into the
packager 60. Sinultaneously therewith, the CPU 70
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the present invention is illustrated. Referring specifically to FIGS. 2 and 3, the
irradiation chamber 20A comprises a first wall 21A, a second wall 22A, and side
walls 23A, 24A. The irradiation chamber 20A comprises an inlet duct portion
25A, an irradiating duct portion 26A, and an outlet duct portion 27A.
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machi nes. 13 [0060] The irradi ati on chanber 20, the
radi ati on source 30, the control valve 40, and the
vacuum punp 50 nmay be located within a housing 110.
The design of the housing 110, including the

t hi ckness and materials of which the housing 110 is
constructed, is dictated by a nunber of factors,
including, but not limted to, the type of the
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adhesion, boltmg screwing, welding, or the like. While the transmissive portion
28A is illustrated as being constructed of a different material and as a separable
component of the remammg portions of first wall 21A, the entire first wall 21A can
be constructed of the same transmissive material as the portion 28A and/or can

be formed as an integral unitary piece. Additionally, if desired, the irradiation
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irradi ati on chanber 20A conprises a first wall 21 A a
second wal |l 22A, and side walls 23A, 24A. The

‘irradi ati on chanber 20A conprises an inlet duct
portion 25A, an irradiating duct portion 26A, and an
outl et duct portion 27A. 14 [0064] First wall. 21 A
conprises a transm ssive portion 28A. The transm ssive
portion 28A is sem -cylindrical in shape, and
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first 2wl As 2f8ult te poelusidiow cadty RBA bagu ecametantidepth D. The depth
D of the product flow cavity 29A is defined as the perpendicular distance from the
substantially convek inner surface 32A to the concave inner surface 34A of the
second wall 22A. In one embodiment, where e-beams are used fo irradiate the

fluent food product, the depth D of the product flow cavity 29A is preferably
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adhesi on, bolting, screwi ng, welding, or the like.
While the transm ssive portion 28Ais illustrated as
bei ng constructed of a different naterial and as a
separabl e conponent of the remaining portions of
first wall 21 A the entire first wall 21A can be
constructed of the sane transm ssive material as the
portion 28A and/or can be formed as an'integra
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first and/or second wall 22A or secured to the first and/or second wall 22A itself,
so long as the radiation sensor 80 is 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
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second wall 22A. [0070] The concave inner surface 34A
of the second wall 22A is generally concentric to the
convex inner surface 32A of the transm ssive portion
28A of the first wall 21 A As a result, the product
flow cavity 29A has a constant depth D. The depth D
of the product flow cavity 29A is defined as the
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[00786] FIG. 7 is a side cross-sectional view of irradiation chamber 20B along section

fine VII-VIl. Unlike the irradiation chamber 20A of FIG 2, the inlet and outlet duct
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wal | 22A for measuring a characteristic of the

radi ation energy in the product flow cavity 29A. The
radi ati on sensor 80A can be a sensor for neasuring the
power of the radiation energy, a dosineter for
measuri ng a dose of radiation energy over a selected
time period, an ionization chanber, a scintillation
counter, or a solid-state detector. The radiation
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[0080] The concave inner surface 34C of the second wall 22C opposes the concave
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
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oriented so that its e-beamemtting portion is
substantially at or near the central point B. [0075]
Referring to FIG 6, the transm ssive portion 28B of
the first wall 21Bis illustrated as being renoved
fromthe irradi ati on chanber 20B so that the entirety
of its shape can be appreci ated. The convex inner
surface 32B of the transm ssive portion 28B is a
snoot h s I,C f ne
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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.

[0085] Finally, it should be noted while the three embaodiments 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
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Only those characteristics/elenents of the irradiation
chanber 20C that differ fromthat of the irradiation
chanbers 20A, 20B will be discussed in detail bel ow
with the understanding that those skilled in the art
will automatically understand the applicability of
the common characteristics/elenents. [0079] FIG 8 is
a side cross-sectional view of irradiation chanber
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via O{‘éup@?or ?h]adglng 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 radiation sensor 80.
[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
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[0083] Wiile the irradiation chanber 30C is
illustrated with transm ssive portion 28C being

sem -spherical in shape, it is possible for the
transm ssive portion 28C to be sem-cylindrical in
shape, as descri bed above with respect to irradiation
chanmber 20A. In an enbodi nent using a

sem -cylindrical transm ssive portion, the concave
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powder infant formula contacts the convex inner surface 32A near the top of the
fransmissive portion 28A of the first wall 21A, 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 until it exits the irradiation chamber 20A via the outlet 31A. As a result of the



Ent er obacter sakazakii ("E. sakazakii"). However, the
nmet hods of the present invention are not limted to
any specific type of fluent food product, radiation
source, irradiation system or contam nant irradiating
pur pose. [0087] At step 900, the irradiation system
100 of FIG 1 is provided having the irradiation
chanmber 20A of FIGS. 2-4 incorporated therein. The
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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 a theoretical dose (Dr) of e-beams while passing through the.
product flow cavity 29A. The Dy is chosen so that it is greater thanthe Dp by a
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predetermned flowrate. While a punp is illustrated
as the neans by which the flow of fluent food product
t hrough the system 100 is enabled, it should be noted
that the flow of fluent food product can al so be
gravity enabled and controlled by adjusting the valve
40, which can be a vane valve after the reservoir 10.
In such enbodi ments, the invention can be free of
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| evel wil | re I T

st e dcgiéar?ets gre east?g%ht%\}alg?(?ageofos%éélnﬁrg% éémé%hg@\#he Hwn

for m?Iaé(O'?%'Pd’PMﬁﬁ" fosSrANE REPCPBEE W’@meteis(ﬁre ghislange uum

punp 50 forces the powder infant fornmula to flow

through the supply line 25 and ;ynto the product flow

cavity 29A of the irradi al 5rff{hanber 20A via the

inlet 30A. Upon entering the pr oduct flow cavity 29A

of the irradiation, chanber 20A powder i nfant

f or ifhete: bR PaRS: & =CPRstard h T SHTERinE F Vglﬂ?”lya@? OSSP t he

t op dafredtland véldoan Seterssnies eheosé banu8As atorshast. florcatcutal |

21 '%arg%ﬂh&ges ﬁ\%'ﬁggee%éﬁ]gv ?Jkﬁzgns?w?pg are[&ggz'}hcﬁﬁ %nﬁe YAGHHEY
conti nues to operat wder 1n

f or rfm@exngnmemtaiwe by ﬁawg 3] dPﬁ@eieéﬁ@lUﬁh 18 ProHEct fpw Kty

f | ovpopaminttye RBA 18dd produadli Tak dosimeBawiDREasuA e DRtor badhtrun

eX| ts oL adi at | h

e, PR A0S0, GURTRSE <GA N Snldim bRl i
set ngramg@unmn Dir fpethey QM’éﬁsqrfﬂff@[rﬂaC"F wmﬁﬂraph &N be
f | ovﬁastt'd%fe@li@&mbtﬂﬁ PO dtpistwill disvngieamé 8. 29A at the

T I e
msm)pa;gomgms and tofstordhibe MEAgsEDY varlhlugs ﬂcg.y(-aga gg(yowgr level, to

conplygichiine 11009 3thelRwigeaaxargicat ihe BtoRiivhiigibsiid be
e- beam gurce 30 quaf E t@vaough the transm ssive
porti @ﬁ"t BREEISTHE B HEl 21A and into the product
flow cavityL@9A R = the set flow-rate of the fluent food product (m /s)
= 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 apprommated 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 fo the e-beams) (s)
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of the irradi ati on chanber 20A. Thus, as the powder
infant formula flows through the product flow cavity
29A, the powder infant forrmula is exposed to (i.e
irradi ated by) the e-beans, conpleting step 940.

[0094] The predeterm ned flowrate of the powder
infant fornmula and the predeterm ned power |evel of
the e-beans being emtted by the a-beam source 30 are

chosen such that -a ) nt J
crvouonthe proafe e SRR R o T e e
an actual dose (DA)pQdycen j; ?er

or equal to a deﬁ)lrﬁﬂfité*@&%oékfof% Qﬂ%e@PQ)whlc-ﬁréﬁamgurﬁfthe
a-beans to which theuenp@wd@rodusticdibodearkaha is to be
exposed i s chosem ssthbe tilasd of ifiberit o8 piotiuct thanpastes through the
effectively reduce wredj.@tfbwoiavityhletirEeTﬁakazaki i. In one
enbodi nent, the the e- beans to which the powder
i nfant Rof-Rupadd §reteﬁh9c5éeté’k b?%"@d’ai@'%m?é aiig staged:ip e GPY 70.
reducespl gvelefmifdd Hyliee uaﬁﬁkazgkLLto | ess than 10 %
of the original level. In this "~ embodi nent, a
sufficient Dersin be histaeenine by tenehuatid: ki |BEPafs
(kGy), and nost pref y 1.69kGy. In
anot her enbodi nent, tﬁég %'@%%ﬁee%s%:“s chygsen SO
that it reduces Ievelrslsafetetmeecﬂoytsak@aadﬂl to=HeRxT
than 1 %wf the original |evel. For this enbodi nent,
a sufficient DD e-Bedns can be between 3.2 and 3.6
kil oG ays (kGy), d@ndirmstr preferably approximtely 3.4
kGy. In still other enbodinents, the DD of the
e-beans to whi ch {ie;pg JRgwder infant formula is to be
exposed i s chosen so that it reduces levels of the E
Sak{@@%hﬂd or&é? to ér@ﬁﬁ: pt‘dbéﬂdcﬁe %xp%lsurb@ﬁﬁgtﬂi’&@séﬂm 0d s&fsor®0 for

even | ess . ht Ieve

The’ rEang PERc oltnde St PR P okt o ie? B oled
ensur Bdhe treduct flow cayity @8Ae Othsetipgs af eenghischn béesep & ieiiied,

i nf anguch@s Bubdmbter. %P LR ipswalHseRes0 & lapéraw cARASERd t6 e
m ne

th
| ool oy P raiE el et fenser o0 RS osP e R s et of
f |1 ow thateedegms amwarﬂwmtwabﬂ%oﬁbgn@dw foveravitn 294, by

the echgading OHp 650. IRk $dnsdr s0Rkatts tABRIGRAI Rakitke bas

in the ovvder I nf ant Ifo mul a being exposed to a
t heor DEFRRY SREEE' ROBT)'®HS a- beans whi | e passing t hr ough
t hel0099) e theatataf digmals @ppvir¢afediyAhe SEineor@7, the datheigrals &®

t hat {rénshﬁteg koAt @bUEB & ahgiﬁlsqu BYocBssing3 Oﬁ@é @Lfveidg trRar
Lo 1 nbPBmo e EhGde beThmy deieo orh - a1 tepros ghosgn
pr ef eviebfthé¢ e fow redm does teamedsuted elbeamtpnow&r 1&ve! indicede rttbe
pr ef epARleY infaRBRmIMAR redbiviRgY B of Rbebm-that is at or above the Dp? As
discussed above, the correlation between D,, Dp, 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 resuits.
[00100] If the answer at decision block 960 is NO, the CPU 70 proceeds to
step 970 and appropriately adjusts the control valve 40 so that the flow-rate of the
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[0096] Every material has a characteristic quality to
absorb certain anount of irradiation energy. In order
to determ ne DT, for each product that is to be
processed, an experinent is conducted to find out the
anount of energy required and the flowrate of the
product (indirectly setting the residence tinme of the
productfig the irradiation zone) to achieve a certain
: 0 I r

of " aoetoes TR AR e rogp iy balug 26 s 9E8a B W
dose ﬂtaawgy@ﬂsurfaﬁléf theBi pfye-bemp &W@%P@@ed'@@ét fgelaier y
i's esh@hb 8Raghl oldrgrdarPwan te@patfidensh) the bcmemeél ofihs -

o e S0 BUATELE 3, e LM 0B bl

vel ogowyer irfare fanatla ¢ eypesee isrequal ta or@rastes tan thel e iAftpr the

g:lt iL gtgtgn%nt% Efe @Q&%@g lggglay-%%e Kndéog gﬁ: n;g%lﬁlbﬁlbf thel &beams, the
r el at'FHRURT PSte g}fé’%étéfas {°15:Heé’ %g can bg cal culated from
ex pexbdtient aIIf tnearswinyat gegisidnridpck 96ibis YREt the imeHinted ghwddhe

pr Od:jr%ntffclrﬂ‘ﬁ{a%q {(ééed %gﬁe"ﬂa&l@gém aHj Hﬁ)@éssfn@ ctoRfidyct .

osi net er nmeasur e
bor f GeRBMInIRAR S99 dAEh hasnect AR CR.tsdad Gt sbinp Juen
adaptfest gredupr i eheeieingia Bisage Syradjatmp kinargy thitds &treoteiovDA safe
the DAeasured for each run, a graph can be
constructed relating DA to DTI. This will also give the
SF. [0097] Alternatively, Qﬁ 70 can be programed
to carry out the necessary A rlthrrB and to store
t hqoaiozles s arAn exaerinzent was, unfigrtaken tgtdgtesnide Woslkar erkegdl | t o

deter ;gbd'égsﬁdj ﬁth;ruseEh?cofrﬁknlaﬁBN v pk@e%sgmklﬁg %dlk’h e

stored variab

and n
cal cufeaging E?Fh”'ﬂ‘éets’ cqi'i“dieqLﬁ‘é é’f °b1apg&v- fé;tsgkaé?'y' r‘ﬁaCh\nP uent
f ood @nhedhms. Th8épprimant investigatechtbewtiization wbe-beam precessing for

p rod ul‘éhuéclrlgcb‘é(thgeéﬂlé Niclolht 1&adTn flﬁb@flrﬁéi"nted P\%ﬁ?forduﬂé/ gdwdef. Ehe

-beam source I'n
appr o%aﬁh’?@a“%é’ﬁ%‘}fgﬁﬂgd‘fastcﬂf PPWé%traF&?&mE? §pughput
( kg/ n8jicidhcies biverayy ertagehtite peesigrificartly dawen thaa thoemef offegmpt
]E iOOd %r%qgﬁé/e aQyplcpa@WM&\I/" r5@ Wehe- 5&%1 é&:&gﬂdf& cdnl &&EeQ@M' 409 kg
( Sj " of food per Ecguerl%t a dose of 2 kGy %Pa -ray tct> grocess produg"ts mﬁ) 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 wili 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
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24 E = the anount of e-beam energy to which an anount
of fluent food product is exposed to while passing
through the product flow cavity (J) or (MeV) DT = the
target dose of a-beam energy to which an anmount the
fluent food product is exposed (kGy) m= the nmass of
fluent food product that passes through the product
flowcavity intime T (kg) R V, P, and d are either
set or._known vari abl es that ar tored in the CPU 70.
DT i 08P SH95 R 9B WE‘ repgele ﬁa Piggessing igadiafion
wher epglicdfionscanidieenteyaizel yddst eve gtietts anfollokis =1 Row ddse (Mp
T 1's def&h oRGHinkidn e B8N AideRRg a5 | Y
by t ke eg_&-af. By B ool gy Firo e e Al
P Dr(2 R“”'[C_t%@@]a- 1P vt dpducipne BRIPROSRF GpsroiRasdacteria
eﬁposbﬂ ﬁar@hitfés;@gd (3 higlecsen@rer ¢0 S@NPMpBE: deility. MeesUmi Ng
t he power. of t 3 - P’? Laki N r i
my RS Pl puadd BHRT R 28 84 b b B ET By
type sespectivein Sods euigntydrrapdates! tp high dagasdelg- 4% inglydey
dosi ke for usBt StrdrRaidpmyshacandg andfdr tehsapition by Wospital
connected to t 7 T % power sensor 80
cont ipﬁtl'Jeé’%va'@ Sﬁ%g%!’ﬁ(%e?nég r?fﬁ%edﬁg\%é]rﬁe_ g@e > of the e-beans
at [0§A05jear {hepriseanoekicofied f trEZAPIImenhigas P aeANEY redugign in
cavil tv}éblgg&mt o0 ¥Rk L EATNSteP PP IS R. ef—ﬂaﬁﬁ\s,szﬁ ERMeRRI dose
creates sign iLndj.cative, of the. S
o e iFpoip 49878 phobbengSs Rucifin SRR gpwes
cr eattwaellopyeduttions eersioing the cowrmriy HRtimes). giglisgcondary objective
was to determine process 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 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
fyophilized for 24 h in a VirTis Model 10-117 freeze-drying chamber (Gardiner,
NY). The resulting non-fat dry milk powder, rich in £. sakazakii lyophilized cells,
was packed in NASCO Whirl-pak sampling bag (1g per 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
[00107] For determination of £. 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 streaked to VRBG plates. Typical colonies were
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transmtted to the CPU 70 for anal ysis and processing.
Once received by the CPU 70, the CPU 70 perforns
deci si on bl ock 960, and determ nes whether in view of
the set flow rate, does the neasured e-beam power

| evel indicate that the powder infant fornula is
receiving a DA of e-beans that is at or above the DD?
As di scussed above, the correlation between DA, DD

t he neasured power |evel, and: se | owrate can
b B BRAIeR 6o T O S5 s e 5 2047 REVE) AT g
dosi @ed2drasthe wotldwidd welsite addoasd cfsenidagov/pooodssesstkazizm ).
and graphing the results. [00100] If the answer at

deci sion block 960 is NO, the CPU 70 proceeds to step
970 and appropriately adjusts the control valve 40 so
that the flowrate of the 25 powder infant fornula

t hrough the product flow cavity 29A is adjusted to a
value that will ensure that the DA of e-beans to

whi ch the powder infant fornmula is exposed is equa
to or greater than the DD. If desired, the power |evel
of- the e- beans can al so be adjusted to ensure that
the DA of e-beans to which the powder infant fornula
is exposed is equal to or greater than the DD. After
the adjustnents are nmade to the flowrate and/or the
power | evel of the e-beans, the irradiation system
100 returns to step 950. [00101] If the answer at

deci sion block 960 is YES, the irradi ated powder
infant fornmula is packaged via the packager 60 and
processing is continued, conpleting 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 Ilevel. EXAMPLE [00102] An
experiment was undertaken to determ ne whet her e-beam
processi ng, when used in conbination w th proper

post - processi ng product handling techni ques, could
reduce the probability of E. sakazakii reaching
consuners. The experinent investigated the utilization
of e-beam processing for reducing pathogenic
mcrobial load in final finished infant formula
powder. E- beam radi ation processi ng was chosen over
X-rays because the throughput efficiencies of X-rays
is thought to be significantly | ower than those of

e- beans. For exanple, a typical 10 MeV, 50 kW e- beam
accel erator can process 31,500 kg
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of food per hour at a dose of 2 kGy. For an X-ray to
process products with the sanme speed as a 10 MV, .50
kWe-beam it will need to have 625 kWof power. The
t hroughput efficiency for X-rays is limted by the
fact that in addition to generating photons, heavy
nmetal targets generate considerable heat. In fact

- efficiencies are typically no higher that 5-8%
[00103] The tenperature of the powdered infant formula
roduct will be in th 35C. The
P | EéP%@&%ﬁTﬂiDE?l(ﬂ\g :

noi sture content of t er w in the range of
1 8301881506 wiDosg Levels of @5 118 apdi3-B KCK whfie-uses] e @rasessddct

t he tsamprs (8 dahlce ar dose le{w,tvgm%@cl'}é/jﬁon’(rﬂb cbgﬂoﬁln]gﬂg of non-fat dfry
noi St Lk e , 05, Qs 104] By, _way o
poc kgl eRAREE Bin DESMEEN, XL Buchal b bBeitellcalliey St
as tASEORES &0 igsobipbarallisis ga¢hsaniple wasElbraMet Bfjmes for

(KO )detenhiiging thk HaE¥rid Soudfl Uidk ekgbrimbn@ddsidf 14l sBSwrdif fable 1
klloqbreorvv or MegaRads (MR or Mad), where 1 MRS

equal 10 26 1,000,000 ergs per gram Wth respect to
food. processing, irradiation applications can be

cat egori zed by dose | evel \eﬁbé?:{os as follows: (1) |ow
dose (up to I kGy): sprout 1nhibitron of tubers,
ripening delay of fruitsy.dgsgct de-infebsimingNptatioR)
melP¥im dose §ggplest- 10 kG%s'ubLeducti on of pat hogenic
ankP¥€hoi | age bacteria andmpreasites:FnawyIqvs S“I’ﬁ;@ﬁm“‘s“b'

e fg(pk%/%{'dr,ég antk eat 550l d p@@kﬁ%.b@%ﬁ. BB/8. 8 0/E-5

and espect | y. Foods currten

irradiated to_high_doses_(e,g., 44 k i nel yde  _fho

f 9r° We by‘5 @SPr%ﬁ)aE?s du?&nfj"s?aﬁace f‘ﬁ%ﬁt&g/ﬁ%d' 9'8{5'49%%/55
consunption by hospital atients with severely

c ArRdfYmi se?j(/’iyﬁn%'r%%yste 1 2§-30105] Fee-1pt-plfiedry 1.5/E-4; 1.5/E-5
obj ective of the experinent was to quantify reduction

i 13.0 kGyabl 5 @OBNE, ME)E. saWa2ald)i, af3.@A-1expbdAir 8.0fEe4; 3.0/E-5
e=beans —at— T ncrenentatdose—tevelrsof 065 —15,—and
3.0 kGQy. The tar getoagdigradicn Fom po3EREVEakazaki i count

v P o SRS LS AL LI Dot e
pr oc elosieieamingribe dms reauicrd te achiave apanicegrcdoshabspmptigndn the

][ educﬁéé&{iléldﬂe[m%@% wé&oh&cfetu.v RinG-presRkaamkd, c§ﬁt?iﬂih§‘_§lanine
romSilliker La ository, were ropagat e n

100 e eeapgrRe o Bhreals Bresiob i Gen PrpR R el e

Di cki ¢stermingd sBtem BoaRelgrs \as|seidforttv)lable 8ipelbvozen

gl ycerol stock culture held at-70C. The broth was

i ncubated at 35C for 24 h. Gubikares were centrifuged
and—t+he—ceH

Test#1 Test# Il Test # 11

Energy 3.0 MeVv 3.0 MeV 3.0 MeV

Current 0.2 mA 0.4 mA 0.6 mA

29



pellets were washed with Butterfield s phosphate

di luent, and suspended in 10 nL sterile 10% (W v)
reconstituted non-fat dry mlk. The cell suspensions
were |yophilized for 24 hin a VirTis Mdel 10-117
freeze-drying chanber (Gardiner, NY). The resulting
-non-fat dry mlk powder, rich in E sakazaki

| yophilized cells, was packed in NASCO Wi rl - pak
sanpling bag (1 g per sanple). The sanple bags are

made ofanbligRded virgin, |oageed@nsity pojogerhyl ene andoocm
are pre-sterilized wth ethylene oxide. Bag-in-bag

configurati was used to | eve prop cont ai nne
of thguapg H@Een ENUNERATl@ﬁim[oom?] E‘gr o om

determ nati on of E. sakazakll cells, ﬁiglate count .
met hodOWE" SBeRsl oyed usi AEP SMAHHar d 8P ABAYN agar 300 cmimin

(Tryptone d ucose Yeast Extract agar, TGY) I ncubated
at 35C for 48 h. Five replicate plates were prepared
f ol0®ABh sl e (sStssvre conpytessbyinlasig HieePrpissicdPleThr ee

col onicashdsloR MelaLdt apdRbging tém@@amab |h61dér&é?ﬁi&n¢ﬂlta’é@)wth
wer e %treak

pl.cal .colonies
vone VBT sreEEo B @gg%&s Wb efiBls 5B g Tatie oG &
2002, shre'p beje TAagtmssmg npemed thieuoidie W&QIV\N@%‘U'%

addr ess.dskmaned sfaed Refer Wmﬁaﬂ&%ﬂwﬁoldﬁ and%ocation of

EXPE NTAL DESI GN se veI

and 3D wwwpﬁgg&%ﬂé&& tn SV den i gemoe
sanpl eddep passelbwalet the elbgamistan herdhalsashewe cont ai ni ng 1
9 qbofe- fatTa@reyd béld, iﬁeﬂs%ﬁ%%ﬁﬂts%tﬁlmeﬁoﬁﬁﬁaﬂsﬂd@M@or
Fi ve addltlona un- processed sanpl es served as

cont rA®®%or nicrobial anal ysis each sanpl e was
sub-sanpled 5 tinmes for determning the bacteria
count. The experimental desi'gMes shown in Table 1

below, Tabtre I M<crobial Label'i ng Not at1 on: Dose
Level Sanples SubSub- - s®wpkes Ener%y IeveE/Sa I.D

- Sub- Teshp| e Replication (KGy) urren Speed
1 0.542
2 0.543 0544kGy  0.2mA . ri?r?ﬁn
3 0.548
1 1.087
T 2 1.090 1093kGy  0.4mA 200
3 1.101
1 1.660
I 2 1625 1638kGy  0.6mA crf’]?rgin

3 1.630
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0.0 kGy 5 (A, B, C, D E) 5(1,2 ... 5) 0.0/A1;

0.0/A-2... 0.0/E-4; 0.0/E-5 0.5 kG 5 (A B, C D E
5(1,2 ... 5) 0.51A-1; 0.5/A-2... 0.5/E-4; 0.5/E-5 1.5
ky 5 (A B, C D E) 5(1,2 ... 5) 1.5/A-1; 1.51A-2...
1.5/E-4; 1.5/E-5 3.0 kG/ 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

det ermne t he SHERATIR] mmmmhmy@@mel cul ar

sorp in the

colfitBica PReAE e wepdend g kR ot m ISP AR
peI I eccselamqaredceg progssivere egsilp echiavabla onderdoee taligerg was hr ee
pel | ghisbiisRed® B khdihirblafinsip ﬁetwgﬁ'ﬁo%gé"hﬁ@ﬁjr &%&h%ﬁﬁrameters
parameters as set forth in Table 2 below T
Test 23S THOWE: 4 || Test # 111 Energy 3.0 MeV 3.0 MeV
3.0 MV Current 0.2 mA 0.4 mA 0.6 mA 29 Scan Wdth
100 cm 100 cm 100 cm Scan, Le gl 10 cm 10 cm 10 cm
Conveyor Speed 300 cnf mi n*“30 mn 300 cnfmn
[00110] Al of the tests were conduct ed by placing the

pre-test sa pouches on the top . of a ssi ng

P b1 P P WE5FUGE SRR moni £ GPERMY e atTeee
pel | edtwerniuneit endvelsEiedgiermdiee hewesebesauredried canstaph do
sanpéfeu@ /bt RRes, HaA0E: 1956 PWreldhi Bﬁshﬁﬂ’s%?eﬁ?s’e@ ds Lk &n
noved through the beamonly once wt

pr e- iRt PRiIRed speed. Referring to FIG 10, the sanple
hol der and | ocation of the dose nmap sanples on the
hol der is shown. The directTable 4hi ch sanple hol der

passedumnder the e-beam scan form 1S at SO Shown

[ 0011bbsdmbpsing, bel o eIs froth theagesyl ts
obt ai ned Haer _vari ous ﬁl K speeds. Dbswl e 3 AgghCurrent

Test Replication (kGy) Average Current Speed 1 0.542
At

0.2mA
0.2m4 05= 816( )
054 =k ——— 0.5kG )
0.2 mA, 300 (300cm/min) Y !
cm/min
Solve for .
Dose = 0.54 Calculated k= 816 _ vy = 326 cm/min
. Speed
A 0.4mA
Am
1.093 =k —— . (0.4md
0.4 mA. 300 [300cm/min) 1.5 kGy 1.5= 82% .
em/min
Dose = 1.093 Calculated k = 820 Solve for v =219 cm/min
Speed

At \ \
1638= K —2m4_} 30key 3_0=819(O.8m,4i
300cm/ min ) v )

31



1 2 0.543 0.544. kGy 0.2 mA 300 cmmn 3 0.548 1
1.087 i 2 1.090 1.093 kGy 0.4 mA 300 cnmimn 3 1.101
11.660 111 2 1.625 1.638 kGy 0.6 mMA 300 cmmn 3

1. 630 30 OPERATI ONAL PARAMETERS: CALCULATI ONS [00112]
Due to the linear nature of dose accunulation in an

el ectron beam accelerator, dose targets were easily
achi evabl e once dose delivery was established. The
known rel ati onshi p between dose and processing

par anefé&msA, 380 e as foll ows: D=kl vJ Wiere: D = Dose; k
= const afminl = Current; v = velocity. The ratio

bet ween current and velocity determ nes the dose

becausge Kk i constant. To, _ cul ate target doses; .
t he doé%serfaﬁss%/v rel ?'F%?]tg??lf ﬁg%\/\ere _uggldegfg shom‘h"?ﬁg em/min

Tabl e 4 bel ow. Table 4 Dose Mapping DeSesedi ni ng k
Ta

= 8161 0. REBJOCHRAMITOSOBTERSALACKMEATOND ABLYSIS/ )
139_&)‘:1 %]/ mn R‘:agl{ogﬂrgmibsglns\{r%etgr%rvvere 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 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 (H HEVC)- dye.
After the test, the dosimeters were retrieved by tearing open the aluminium-
laminated pouch, and placed in a photometer or spectrophotometer 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
(shown for 510 and 600nm light).

EXPERIMENTAL RUN PARAMETERS .

[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 0.6 326 274
1.5 3.0 0.4 1.2 219 1.84




Dose = 0.54 Calculated k = 816 v = 326 cmMm n Speed
At r 1.093=kl 0.4nrA (0.41nA 0.4 , 300 3 00cnt /mn)
1.5 kGy 1.5 =820} cnimn Dose = 1,093 Cal cul ated k
:8208I ve for v = 219 cmimn Speed At 1.638 = k
0.6mA 3.0 kG 3.0 = 8190.8mA", (300cin/m-l) v ) 31
0.6 mM, 300 cmimn Dose = 1.638 Cal culated k = 819

Solve for v 219 cmmn Speed RADI OCCHROM C

DCOSI METERS: PLACEMENT AND ANALYSI S [00113]

‘Radi ochrsaam ¢ dosorretersowere pazs4 ed at 2tehe top sl

bot t-em om

{;@o@g of \Fvs IYFefeEm oeTég%lﬁchl\@%nérw cé&\efe@ the$%ﬁarak.&¥§dwer

00 raloc romc dosineters -200
kGy ©ftte gertrops. NFusgt depotpsihg elgcteqmdgnsity hifing mecs@mﬁlg)
man ufsaé‘diﬂd Pedetigndtag th¥\eswer reb@idtnsr agysurfhdetarea oftressatipied

for E)é:folssre%’ilme is thlg%?h% 3L ﬁwaqllllendf th%%grgéllegéez% Fnjgldepﬁm te—'%@%m

gr adua ange fromco ess to

state asafunctl the tinme of
processi ng, thesg%lspg.ﬁ% %ﬁgtgﬁ%ﬁiﬁ@&% min
al pot1sym | aRdrratredbsp Eue@s of tbe fivectample pblidhesiwsieragyed with

fro t : )
R s B e e

dye. delﬂpﬁeeﬁurtrﬁ@rqcésoseng ff h%dlﬁ%fgﬂfﬁért elglafid dase At
t ear iog i @@ to irlaccupdteEBnibiwithe ltbid spasdahdptiec Bxpedmental
placed in a photometer or spectrophotoneter for

anal ysi's. The dosineters are shown bel ow (actual
size). Referring nowto qu iL t he absorbance
measured is a |inear functi GRSt the dose delivered to

the sample (shown for 510 and 600nm |ight).

EXPERIW&J— RUN FRARAVETERS [‘)Dose f‘t Pouch Dose
ouc ' .
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
3.0 kGy 3.08 kGy
2.9 kGy 29kGy 2.8 kGy

RESULTS: MICROBIAL COUNT
[00117] Samples processed by e-beam and control samples were sub-
sampled five 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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[00114] Table 5, below, shown the actual
run parameters used during the test.
Energy Current S Sanpl e Exposure Dose Power Speed
Time kG MeV mA WcnR2 cmmn second 0.5 3.0 0.2 0.6
326 2.74 1.5 3.00.4 1.2 219 1.84 32 3.03.00.82.4
219 1.84 [00115] Wth reference to Table 5, the
energy denotes the penetration power of the el ectrons.
Current denotes the el ectroppgiensity hitting the

&‘};@mfl c Power denotes the power required per
unlﬂOCB‘ateﬂ trat EB/Df t he sanple. Exposure Time is the

o o 3 1@1 Staﬁ‘\%l”p's% pleeNT @Bﬁ\fedt heSample5
” i & 4,090,000

each ddse | eve}-00%4eg FPB 30000 2 @Qr@ﬁ?e ‘

tbalggedzrvl th sgsiomeder 5,a0,000p 23000t 046,0004b0 e 6,000,000
el ow, .l ists ua ge deld ver diard

o ocesdi ng. - TREHEP r uUT0R0Co Ethtay coukBOBE, Chidofeoo

observdd dosé7.9®.090e $QBOGOHAL c uFHA0S. 0@6nt5@00@90t Hi$.000,000

experi nment al
Tabl e 5 Tar get

table %peed aﬁlﬂo@id?o@r Wrdoﬁenlﬂboo 080" 056?0006@@ €500000,000

PoJE‘?“i“Wé?Qé‘é“@el i ver ed Bottom O 4 k@/ 0.3 kQ{ 0.35

kGy F(bp'ﬁcét@] (Saifaﬂali(ﬁ] samqalé@ @aﬁ’npkﬁl OSéhnip@y4 1. /$ak1@e5

29,000,000

2 1 9,000,000 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
{001191 The data from Table 7 was transformed on a logarithmic scale and

statistical analysis was performed on the transformed data. Analysis of variance
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3.0 kGy 3.08 kGy 2.9 kG 2.9 kG 2.9 kG RESULTS:

M CROBI AL COUNT [00117] Sanpl es processed by e-beam
and control sanples were sub- sanpled five tines
(replicates) for enuneration purposes. A typica
standard plate used for counting the nunber of col ony
formng units (cfu) and the colony counts is shown in
FIG 12. [00118] The neasured effects of the e-beam
proc i i's

et forh el Rl o A5 ahong (28R ese GO o
Cont FgweyesmgIsigif wb#'ff@famce (BarPdNéWiS @anrybdawmrsmpbmns
Sanplsab4ahaePioemizrobiabthafleid). GRO ARSYROG VARG S ?GSQIPIQ sRRh in
46, 0 OH088|57 000, 000 2 54, 000, 000 54, 000, 000

38, 000, 003%28, 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 79,0@@PGGO 55, 000, 000 56, 000, 000
5 47,000, 000 45, 000, 000 47,000, 000 56,000,000

50, 000, 00Osoureeat ment 0. 59 cful gs Repl iFcate Sanpl e |
Sanpl e 2 ;

24,000, 000 21, 000, 000 2 4, 00 2

19, 000, 000D&e, 000, OG0 2§08§8 8%&%1 8@%8 00 26, 000, 000
3 15, 000, 000 22, 000, 000 3@ 000, 00 36, GOO 000

19, 000, 000 4 19 000, 000 23, 000, 000 18, 000, 000

33, 000, 000R&M, 000, 0G0 %.0239 00,0060 19,5200, 0ODV19

19, 000, 000 34, 000, 000 21, 000,000 Treatment 1.5

(cfu/g) Repbdetradpe Sappl @ okaHanpbes2 Samsl e Jp swnple 4
Sanple 5 1 6, 300, 000 8, 600, 000 6, 500, 000 6, 800, 000

8
8. 600, 000 8. 600, Q00 Q..700. 0 900, 000 8, 000, 000

9 100 000 =%'8’ 000 8@0 éfﬁgg o@g1 500, 000 5, 1. 00, 000
14, 000, 000 4 6, 900, 000 8, 000, 000 6, 100, 000 14, 000, 000

51.715
8, 600, 000 7oy 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 = -O_.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 36cells/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
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5 7,400, 000 9, 100, 000 5, 000, OOO 8, 000, OO0 8, 600, 000
Treatnent 3.0 (cfu/g) Replicate Sanple | Sanple 2
Sanple 3 Sanple 4 Sanple 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 Eﬁﬁ&luﬁd? ja \g%%'n&éﬁﬁfcgﬁagﬁ%f Bﬂ)érﬁ?r’zﬂ%g{gh l%céﬁaalsSores,

and statisti ana %SI S was
t r an&gk Ff’@lﬂ'snd’ﬁﬁﬁs apgh ?’s’i“%m?fﬂar\}%‘?ﬁ ance 34 showed
si poid3jcant waiié fhelireattien (xs beed dBsk)ibaiemd glubthfediRbdta S

05 Wb bl G SHeieBo] APhAL Do) THERANEGoly =

for ﬁkl&qddmhmarta\ﬂfacpu}gwpmg fhe tm!r%ndsscewe e oon

rS gs u Istpemcaw; gl‘é/;hc\)ﬂeﬁhon Tt fnitd ke amating Ak eBifiSQp &auddk

{ Rep 4
0. 023G SR i e Rupuon et ey 286 S ey
0. 53 Al paigats. rEtanbappieationsgnd Buldicgjipns|created’hagein Fgtingorpotey
[OO1@,(,)}6@'@,&,{,3e in {hg,rmﬁetyoncl uded t hat a-beam pr ocessi ng

duct i
v RFEE, ™" A8 pfalon e tiots Beneh U s, PGP ser. o
dest 1601661,59, Fisd Fefiray 601 2005; tnenire discloyies gfyvhichis). 591x +

7. 683,)c0§foréféd(ﬁere1‘3byrb{eréﬁa§ deducted that 1.69 kGy is
required to affect one log reduction in E. sakazakii

count. CONCLUSI ON
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[00121] It was concluded that the above experi nent

deci sively proved that e- beam processing hel ps

i nactivate dried E. sakazakii in skimmlk powder.
Inmost  scientific literature it is assuned that on an
average E. sakazakii contamnated infant fornula has
approxi mately 36cel | s/10kg of product. If an infant
formula contamnated at this level is processed by

a- beam at a dose level of 3.4 kGy, it wll bring down
t he WHATdHCBAIMEDAE: t 0 0. 36¢cel | s/ 10kg (al nost

i npossible to detect using current mcrobial testing
Pr oCE AN fphratus @ kaitdtiord pr@casaing umeft R prdtR BbmgRIng:

that can be elim nated/ nodified using the system and
nethodzgg@&%nsggkgde certain volatile flavor/snell
causi ng compourds, | arge nol ecul es capable of

pol yneri zin and nost bacter spor es,

mol ds, i@%&%&f‘%{w OpYRSY Cerfb%ﬁfa oRia “PW%B’F tai | e
t he radwtEmtenengy haduded by thédesdiativheaireend 1| | ustrated in
detail, wvarious alternatives and nodifications wl|

becone d@amdlmn amag"@mfa&@mamﬁ&es ficbined shrﬂacE benéfikt
Wi t ho and scope of the

i nvelf? 'ts8 e Poa{g%% ??F%Cgﬂ%’vwavtﬁh‘ﬁefeh SR on i s not I imted
to irradiating any specific type of fluent food

pr oductan iHejforningEnassaqeayinte H’el reduetdgwicavitiny speci fi c
type of radiation energy. All patents, patent

appl i ceanioytied familg puwbsdageayoutof dregatdudt flowrcevity; ande
incorporated by reference in their entirety. [00124]
Thi s apjHerenathé Mt wdilad ps&mp:ﬁeidmémeyén bem@cfuéztbn Qburkd and the

g Bg\épr%ii g@o(gvn%z%y soNI'?ag gllhgno{he ?a]dla V\%ourcE emqs rad% gnae% rggt the

her eiaﬁ'at'gﬂ qnafy passerthragigh ﬂhPINF’f yal @EAIWE@ DrOQUCtﬂOW Agyity.
apparatus for radiation processing of fluent food
pr od2cTie apparpius si akgm 1 vénereindthaduriate sfdhe seeondavdilitiies bppoadd

havi fig ;gn/eRP0NEEe Sfd tﬁé‘tewau lshfohddve buiRb! Deing

transm ssive to radiation energy produced by the
r adi gtton sou a _surface, t hat

o DL aeB St S el AP crvies § ety BERel o

f or mdeptipr oduct flow cavity therebetween; an inlet
form ng a passageway into the product flow cavity;
4. The apparatus of claim 3 wherein the substantially constant depth is

approximately 3 inches (0.0762 meter) or less.

5. The apparatus of claim 3 further comprising means to adjust the substantially
constant depth of the product flow cavity.

6. The apparatus of any one of claims 1 to 5, further comprising a third wall
forming a second cavity with the second wall, the second cavity filled with a
cooling fluid.
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an outlet formng a passageway out of the product flow
cavity; and wherein the first wall is positioned

bet ween the radiati on source and the product flow
cavity so that when the radiation source emts

radi ati on energy, the radiation energy passes through
the first wall and into the product flow cavity. 2.
The apparatus of claim| wherein the surface of the

sec oﬁdrh‘é@k)baréth@& AP BRSG Rlaintsro SONMRF cSHERG S sBlircd muem
fir concave surface. 3. The apparatus of

cl aifﬂ?dzprﬁ‘?‘{?ﬁ?P@fabfVICBWeﬁtﬁg Ay s a substantially
constant depth. 4. The apparatus of claim 3 wherein
t he &ulheteaparatys piclaine i yharen teicivent foasl preduptinsdlentaddion tge
I nchasy &n%ﬁg olRsRE ) lig@bis, bBRders, BrandiBEmABRA, 8éisi%r Of
claim Fégt er conprising neans to adjust the
substegHY! constant depth of the product flow
cavity. 6. The apparatus of any one of clains 1 to 5,
f ur t hethe@BRMRTS Piritpina 8 thptety thgaliuent feqstripdygt is Pavstep gt
cavifopmud.t h the second wall, the second cavity filled
with a cooling fluid. 37 7. The apparatus of any one

f . ns
0 C*@'T‘iﬁ% gé dérghrjsgtg wa*’“e'ﬁ Elaﬁ%mptE) b Sl @oﬁﬁféﬁ%}g sQﬂisor mea

fl uent oper ab connect ed he 1nl et

8. TR&epREtosagl &) aﬁLf”?g \ﬂﬁB‘i"é‘ft?{ isfi,f the fadiaoneRYEY
pr odermitted I8y tsetadiati@csofimcom t he group consi sting of
pastes, liquids, powders, granular naterials, gels, or

? Iem ’Pf’l ﬁh@%gpa?atug AR W@Wﬁéréiﬁ tr@fché?ljaélérl’gt@ |SWBI@E’[@(B fr‘orﬁ ﬂh@
uen 00

0
PR TSP A RPN A A<pg e ey, 3%
conpﬁﬂ@mngaamnensor means in the product flow cavity
for measuring a characteristic of the radiation energy
em t §2drHa)appdtetus afchisih it OWher6i tieesenshl medivas apparkiad s of

cl ai sr,%cl:g!iped 0, %F gosa lot r(‘:ieat SP rafat%%g a%é l)fcthé gec%r% \ﬁeﬁlt ed from

t he "ConsI' S r, radi ati on

dose, radiation |ntenS|tyl and at| Feﬂgy F
The &ppHIeAPRRHF Ol % PRT 4'F ‘”W‘ﬁa?@ﬂﬁ WIRESTy ﬁgré; AT Ss
enbedeestiation ensgcprodded oy, theradjptisi woipa aifhaut a signifiraatlossiie
surfg&ggﬁf t he second wal | .

14. The apparatus of claim 13 wherein 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. The apparatus of any one of claims 1 to 14, 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 central axis.

16. The apparatus of any one of claims 1 to 14, wherein the first wall is semi-
spherical in shape having a center point located outside of the product flow cavity,

the radiation source being positioned at or near the center point.
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13. The apparatus of any one of clainms 1 to 12,
wherein the first wall transmts the radiation energy
produced by the radiation source without a significant
loss in energy. 14. The apparatus of claim 13 wherein
the first wall is constructed of a material selected
fromthe group consisting of quartz, glass, synthetic
pol yrrers | am nates, - heavy netal plates, and heavy
et al . T

to 1 4 ?Sgar%tﬁ% ﬂf ﬁ?oﬁeo@%[a%ﬁtoqg f@ﬂyer Q%rghg?ne%é

sh ap@onﬁawan@waa@@ﬁﬂueai foegmred qutb@tl@uth@ progyal Bovpeavithe
product flow cavity, the radiation source being

posi t8.orredppraing ot dietm d2 whérain tidedios.ratd Gontrbh@eaa [xaspatably
of a@éﬁp%ﬂ‘?oﬂfhe%é‘ n@orjtht%]&tlgfl wherein the first wall

is sem - eri ca ape haV|ng a center p0|nt

| oca outside o ow. cavi t
a1 dawaga%rﬁfea Ol s g Blstates bioul Hies Forpgligno prfgs for
cent eiliptingftow cﬁﬁuebeothedtapwmuam ihe poiuct figw cavdy g the inlet

cl ai g&y dyyt© 16, further conprising means for
controlling flow rate of fluent food product through

h Th
hoSr g‘? (rTH}ehaé’p?’FR'\?\,Ofcg%mg 1%:5 gvh?r%m the rgea%g ?oz?’rfa% |l%§n£ qw of ﬁuéﬁ 17

coupfoed progugiicemnerises A eump pdapted ﬂo ‘tfh%ie eatelsw e OFI@CUUFhe

appatfbidftiaPbet@ddh tREAlePindcheduist. 1 to 18, further
conprising nmeans for facilitating flow of fluent food

prod E?t Thetgpggr%njsf?l:&y%hg g%mg %VQOC\PIZ Ir%hx th\é' tBﬁ deﬂéqu a

and out Paratus of ereln
nmean§elp@ed fFoue 2 BIOHREINSISHTA B AP BlpCton hesp SOLF%a oRPH8 Lﬁ‘i’t

CONPEbLIHES oParPuiap satépt ed to create a pressure or
vacuum differential between the inlet and the outlet.

21. th eTWEé‘dé%f Sy ABYf ids 9o B @heﬂf@m JhetsQrfé)eQ of the
whereln the radi ati onLH?ource i's

gr ouSeBR YRLsaRgNGe gYTags Bat? 8??%%%\&9@8’%?" R theacoﬁ‘é?ﬁna
ray sefagece, or an x-ray source. 22. The apparatus of
any one of clains 1 to 21, wherein the surface of the

second, wd épplaﬁ‘at@ of SHYCRE ©Ff QdlinG aecezz; Waérein ShegRBETdaldl ¥
gfo ng%gtg i |algfnoe1trgnsrji;§sns\él%)§o ragigt on\?ﬁ%grlgé %r%d%%.g %gg'r?; d‘%&lgl |

is sawstantially non- transm ssive to radi ati on energy
produced by the radiation
24. The apparatus of any one of claims 1 to 23, further comprising:

means to adjust the depth of the product flow cavity by either expanding the

second wall and/or retracting the first wall;

a source of fluent food product operably connected to the inlet; a sensor
means for measuring radiation energy levels in the product flow cavity, the sensor
means embedded within, secured to, or positioned at or near the surface of the

second wall;
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source. 24. The apparatus of any one of clainms 1 to
23, further conprising: neans to adjust the depth of
the product flow cavity by either expanding the

second wall and/or retracting the first wall; a source
of fluent food product operably connected to the
inlet; a sensor neans for neasuring radiation energy
| evels in the product flow cavity, the sensor neans
enbedd ﬁfﬁﬁgﬁ [ ar
t he Su?ﬁg@%hﬁhﬁpﬁg secoﬁ%ﬂagl{p£g%*ﬁ%§§ﬁg?§kmg&ﬂaﬁ
faci faPating fl ow of fluent food product through the
product flow cavity; neans for controlling flow rate
of the ré¢anefer cordotingflavdratetof thhrfluent tngh ptodect freduct 1 ow
cavity; wherein the surface of the second wall is a
concagrahsprodireowddint he product flow cavity has a
substantially constant depth of approximtely 3 inches

( 0. 0762NheF@?rj§ At )sur%rce Hatﬁé sec%ﬁf ifla E a$é sruggce"%'d I’(he product

tranii mts the radiation ener8¥ E g

r adi 5t Gt N85 GroLRSRutieINSaps et S7R) Pffaiper&ﬁ'f"aie FJnghgs (0.0762
ener ggter)whiesei n the first wall is a seni -spherica
shape having a center point that is outside of the

pr oducCtwierddne st tratnE}ﬁltsr tAsli=alticens Y rpﬁﬁu&@ib‘] ¢he radiation
positioned. a he center point; wherein the

radlg?W§Hm§%ﬂF§§n?§%%Ps &Y PHn beam source; wherein

the inlet fornms a vertical ssageway into a top of

t he pr oMiseqin e §igt walkiy p egmi-sghey 'Cﬁﬁgﬁf?ﬁ feving a cejiienretnt thakisrs
a Vebltsidadf tHERSSAGEMRYCatity] the fadiatibosduadbaing bbsitiongd atdd téar

flomngﬁﬁéébmﬁwhereln the concave surface is generally
oncentrlc to’'the convex surface; wherein a dlstance

separ at es th$?ra iation source fromthe first wal

and  wh¥1sEthe RABtIAR B3UrGeds BLYPHPBREHM 89 %t r oduce t he

fluent food product into the product flow cavity in
cont act whereimthelirdet fasme @xverienl ParseoayRy infrea fop pithe prapyct flons
A rretam;al Al whé@inaid ulletse @3/8HiEE phdsdgewaybond a poRtetise

conpr.i gvi di ng an apparatus conprising a
r adi 8178 g@%ﬁ% a first wall having a

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.

25. A method of radiation processing fluent food products comprising:

providing an apparatus comprising a radiation source, a first wall having a
convex surface, and a second wall having a , 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 the radiation energy
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convex surface, and a second wall having a , wherein
the surface of the second wall opposes the convex
surface of the first wall so as to form a product fl ow

cavity therebetween, wherein the first wall is
transm ssive to the radiation energy 40 emtted by the
radi ati on source, and wherein the first wall is

positi oned between the radiation source and the
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pr odbhétfaqqqf'ews@mﬁ ang therpredickflgwicadtyf | uent f ood product

t hrough the product flow cavity; and exposing the

fl uent iptratitiog a figent fadd prod@hin@rtes prpdehiidw @ditbya drhislet to the

radi ﬁghgﬂﬂoﬁgé% , the radiation energy being emtted
by the radiation source, passing through the first

wal | |n roduc nd_contacting the
Fuent "o e RsaER mesbtyobs bl arRash b BeE 11 on
cavity. 26. The nethod of claim25 wherein the fluent
food prowawng e flganbpiedtct Rraliriian errsgy givitierlRytthe ragigion
cavi Ec}ﬂr@H thd rédidtien bReAgy Befd téhﬁtfedlbp trtehsdlétloﬁ eburcef padding

d d
pro H\ gR%‘:er}gst t%qge g(}(?uc%ow cavi yh O%j co]%igég mgl d@g% food

the raoation ener

26: mdv@mvmttlr%hm@éodsﬂflp\Méa\stécond wall is a
concave surface that is generally concentric to the
conves she rf\ab@i of whait 2 whelrdrethk iflasit foaa blodua isdlowed through the

sem n%gl}& by 8 tg?‘Qtaaqgﬁh@a\{ !re@gltsa}n &E%S{t id3d 'pFHduét Bﬁ‘iﬁg bbosed

I ocaP out SI | ow cavi

r adi $3téesisotneted dose ﬁfgth?)ﬁg'ﬁi'qncﬁﬁ‘éiﬂiyat or near t he
center point; wherein the radiation source is an

el ecﬂ?’-o”ﬁhelmathmdsofmam&wdpt ed to operate at a nmaximum

energy of approximately 10 MeV; wherein the product

fl ow cawhdryin fiRSsufiacsldp ik 38doha vkl is a@osdaa@ burtiepinkt i9generally

appr%kggﬁl o%th %ps%ﬁ 0. 0762 neter) or |ess; wherein

t he contai ns one or nore b| ol ogi cal
cont am nants réﬁ t hogens, the fl|uent food

bei ng f MERED Phf ig ‘ﬁ%e"bﬁﬂlfuﬁ' shargPERg? f%}‘?era?mtéhat 's
r at e idchigt onteigel bttse pmduchiipwf damien the frastiadiop sauieedieing epsiipned at

exPOoPhkdr the@bntb&@f, @ dose of the radiation energy
that 1s sufficient to effectively reduce |levels of the
one or w rcralﬁ trpel r(a)clingtgzln%g&rceclg% glmctpo%%tegmggu eac!%%%g (o) dperate

at a maximum energy of approximately 10 MeV;

wherein the product flow cavity has a substantially constant depth of

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 io effectively reduce levels of the one or

more biological contaminants or pathogens;
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41 wherein the fluent food product is infant fornula
and the one or nore biological contam nants or

pat hogens conpri se Enterobactersakazakii, the desired
dose of the radiation energy being no nore than
approximately 5.0 kGy; 28. A nethod of irradiating a
fluent food product to reduce |evels of one or nore

bi ol ogi cal contam nants or pathogens, the nethod
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wherein the DA is at or above a desired dose (DD)that
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t hr opegdetemeingsrepagy tevell ow cavity at the predeternined
flowrate, wherein the DT is equal to the DD tines a
saf ety f{caetposing BEJlyerafodd ploduat toantdeiallesé €4) efdle radiation
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to radiation energy emtted by the radiation source,
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pr odugtait®ink ddiRkd S5arePRicY (SFFihted by the radiation
source, the radlatlon ener gy elng emtted by the

radi-ati on Sou he first wall, and
contactwrﬁ‘ﬁren ?Tﬁ@%?ﬁF m%?@8E§G(;42 30. A fluent

f ood fr oduct freat egng Q’fluentefoéﬂapro of cl.aim?25, claim

28 or Aarpﬁp%b)f wra&@ uct 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 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

through the first wall, and contacting the fluent food product.
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30. A fluent food product treated by the method of claim 25, claim 28 or claim 29. '
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